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The data presented i n  t h i s  r e p o r t  have been der ived from pub1 i shed 

documents and a  l i m i t e d  se r ies  o f  in terv iews w i t h  Peruvian govern- 

ment agencies and state-owned operat ing companies. A p a r t i a l  

.review of data, w i t h  emphasis on the o i l  r e f i n i n g  sector, has been 

made i n  t he  course o f  t he  "Brookhaven" sessions t o  develop energy 

opt ions,  bu t  no extensive review o f  o ther  sectors has been per- 

formed. Subject t o  t h i s  1 i m i t a t i o n ,  the. i n fo rmat ion  presented on 

e x i s t i n g  processing f a c i l  i t i e s  and planned expansions i s  be1 ieved 

t6 be a  reasonable r e f l e c t i o n  o f  a c t i v i t y  i n  s p e c i f i e d  areas o f  the 

mining, a g r i c u l t u r a l  and i n d u s t r i a l  sectors o f  Peru. 
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A. SUMMARY 

This r-ttpur-1 presents the r e s u l t s  of a br ie f  study of indus t r i a l ,  

mining and agricul tural  sector  energy demands i n  Peru. The objectives 

of the  study were t o  es tab l i sh  current  energy demands and sec tor ia l  6. 

a c t i v i t i e s ,  and t o  project  future energy needs through the year 2000. 

This information i s  intended f o r  use by Brookhaven National Laboratory 
in t h e i r  "Reference Energy Systemt' model which i s  being used as  a pr i -  

mary tool f o r  an assessment of the  energy supply-demand s i tua t ion  i n  

Peru. 
W i t h  respect t o  energy demands, this study covers the following 

subsectors: 

Mining and non-ferrous metals 

Iron and s t ee l  
Cement 

Oil . re f in ing  , 

Petrochemical s 
Chemi cal  s 
Fert i  1 i zers  
Agriculture (major crops) 

Total energy demands f o r  these subsectors were developed. fo r  1976, 
1985 and 2000, assuming f u l l  capacity operation f o r  the  majority of the 

plants.  The estimated demands a r e  as ~follows: 
15 10 Joules per Year 

1976 1985 2000 I - - 
Mining and non-ferrous metal s 28.9 51 .6 92.9 

Iron and s t ee l  8.6 22.2 80.5 

Cement 10.0 17.0 32.4 

Oil ref ining 6.6 11.3 17.9 
Petrochemicals 

Chemical s 

Fert i  1 i ze r s  .6.6 14.0 37.3 

Agricul tu re  

A number of potent ial  options f o r  reducing energy use i n  these  
sectors  were developed. These include the  f o l l  owing: -- 



(1) Increased coal use 

(2) Improved energy efficiency in the manufacturing sector 

(3) Use of agricul turai wastes as fuel 

(4) Possible displacement of oil by hydroelectricity 
(5) Use of geothermal energy 

(6) Increased use of waste materials for the cement and cori- 

struction industries 

(7) Possible promotion of cogeneration systems (electrici ty/steam) 

The 'full list is given in Section N of this report. Finally, some 

suggestions are offered for the improved usefulness and analysis of 

energy-related data. There appears to be a reasonable amount of infor- 

mation on electricity supply and demand readily available in Peru, but  . 

there is a serious deficiency in data on fuel usage, which betrays a 

lack of appreciation of the "systems" approach to energy analysis and 

planning. At a practical level, this lack of appreciation is demon- 

strated by the "gas turbine syndrome", where a deficit in electrical 

supply to a project is almost always made up by the installation of yet 

another gas turbine. The implications for energy resource consumption 

of this approach are rarely, if ever, analyzed. It is therefore 

strongly recommended that attention be paid in any follow-up activity to 

the training of appropriate government and, operating agency personnel to 

the importance o f  a rational systems approach to energy resource 

planning, and thus to the development planning of the nation. 



5. INTRODUCTION TO THE STUDY AND THE PERUVIAN INDUSTRIAL SECTOR 

The study which forms the basis f o r  t h i s  repor t  was conducted over 

a two-week per iod i n  June 1978 w i t h  a fur ther  week of review a c t i v i t i e s  

and p lan t  v i s i t s  i n  August. The primary object ives o f  the study were t o  

develop energy demand data f o r  use i n  an assessment o f  the energy supply- 

demand s i t ua t i on  f o r  Peru, being conducted by Brookhaven National Labora- 

t o r y  on behalf o f  the Department o f  Energy (US-Peru Cooperative .Energy 

Assessment Pr~gram). 

With such a short  time ava i lab le  for  t h i s  phase o f  the study, i t  

was necessary t o  be h igh ly  se lec t ive  o f  the i n d u s t r i a l ,  mining and 

ag r i cu l tu ra l  subsectors chosen for  de ta i l ed  rei iew. The fol l-owing areas 

were u l t ima te l y  covered, t o  a greater or lesser extent, through tne 

examination o f  published documents and by a ser ies o f  . , in terviews w i t h i n  

Peruvian government rninistri.es, state-owned o~era t i 'ng  c'ornpani'es, and , 

the p r i va te  sector (see Section P f o r  a l i s t  o f  contacts): 

Mining Petrochemicals 

Non-ferrous metal s production Chemicals 

I r o n  and steel  F e r t i  1 i zers 

Cement Agr icu l tu re  (major crops) 

. . O i l  r e f i n i n g  

The Peruvian i n d u s t r i a l ,  mining and a g r i c u l t u r a l  sectors are d i -  

verse and well-developed. For example, inn add i t ion  t o  the subsectors 

chosen. fo r  study, there are. s ign i f i can t  a c t i v i t i e s  i n  the fo l low ing  

areas: 

Shipbui 1 ding F ish ing 

Boi lermaking Food processing 

Heavy engineering Elect ronics 

E l e c t r i c a l  machinery Glass products 

Automotive industry  Synthetic res ins 

Machine too l s  P las t ics  (consumer products) 

Synthetic f i b e r s  Rubber products 

Pharmaceuticals Tex t i  1 es 

Wood products Pulp and paper 

Brewing 

I n  fac t ,  the subsectors covered i n  t h i s  study represented about 50% 

of the, i n d u s t r i a l  , sector energy demand i n  1976 ( r i s i n g  t o  about 70% by 

2000) and close t o  100% of the mining sector  f o r  the per iod under study. 



To put the  indus t r i a l ,  mining and agricul tural  sectors  in  

perspective, the GDP a r i s ing  from basic a c t i v i t i e s  i n  1975 was as 

follows: 

(Millions of 1970 US $) 

Agriculture 993 
Fishing 64 

Manufacturi cg 1733 

Mining and Petroleum 304 

Construction 388 

Government - 6 92 
41 74 

Source "Peru i n  Figures, 1976" Banco continental , Lima. 

Finally,  .indicators of sectoral a c t i v i t y  a re  given below f o r  some 
major areas,  including those which formed pa r t  of t h i s  study: 

(1 973=100) - 1975 - 1976 - 1977 
Overall manufacturing sec tor  117.6 123.2 115.2 

F i  s hmeal 
Food, drinks, tobacco 

Texti l e s ,  c lo th ,  lea ther  

Paper and pr in t ing  / I 

Petroleum derivates  e tc .  

- industr ia l  chemicals 

- misc. chemicals 
- petrol eun r e f ine r i e s  

- rutiber products 

- misc. p l a s t i c  products 

Non-metal 1 i c mineral s 
Basic metals 

/' - iron and s t ee l  

- non-ferrous 

.Source. "Indi cadores de1 Sector Manufacturero, Enero-Di ciembre 1977", 

~ i n i  s t e r i o  de I 'ndustria,  Comercio, Turi smo y Integration, Lima. 
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With a  few notable exceptions, the i ,ndicators show t h a t  t h e  manu- 

fac tur ing  sector i s  i n  decl ine.  This  f a c t ,  coupled w i t h  a  l a r g e  external  

debt and a d e t e r i o r a t i n g  balance of payments s i t u a t i o n ,  lends urgency t o  

the  study o f  Peru's energy supply-demand s i t u a t i o n  i n  the  overa l l  context  

o f  nat ional  development. 



C. COMMENTARY ON INFORMATION AVAILABILITY 

Although the study on industr ia l  and agricul tural  sector  energy 

demands was carr ied out over a  very brief period of time, cer ta in  aspects 

of information ava i l ab i l i t y  and usefulness becane apparent qui te  quickly. 

The following comments a re  therefore offered in  the hope t h a t  they may 

provide background t o  the ava i l ab i l i t y  of data fo r  fur ther  analyses, the 

potential  for  changes in  data gathering procedures, and on the general 

accuracy of the numbers presented in t h i s  report .  

C-1 Adequacy of Current Information on Energy Supply and Demand 

A great  many reports of a s t a t i s t i c a l  nature a re  published each 

year by the Peruvian government. Some of these cover industr ia l  and 

agricul tural  production in terms of physical uni t s ,  others report  t h i s  

production in  terms of soles.  There a re  regular reports  of indicators  

of industr ia l  production. With respect t o  energy. use, there a re  reports  

on e l e c t r i c i t y  consumption and generation for  the country as a  whole, by 

regions and, t o  some extent ,  by sector  of the economy. There appears 

to  be l i t t l e  attempt t o  break sectoral consumption down into subsectors 

corresponding t o  d i sc re t e  i  ndustri a1 a c t i v i t i e s  , i  . e. , s tee l  , cement, 

f e r t i  1  i z e r s ,  e tc .  With respect . t o  fossi  1  fuel use (coal ,  coke and 

petrol eum-based energy resources),  s t a t i s t i c s  a re  almost non-exi s t e n t  in 

publ ically-pub1 ished form. Essentially a1 1 t h i s  kind of data tha t  was 

made avai lable  in the course of t h i s  study was obtained, d i r ec t ly  or  

ind i rec t ly ,  from Petroperu (with valuable contributions from Siderperu 

and Centromin on t h e i r  spec i f ic  a c t i v i t i e s ) .  

W i t h  regard t o  new projects  in the industr ia l  and agr icu l tura l  

sec tors ,  i t  proved re l a t ive ly  easy t o  gather data on  ant ic ipated e l e c t r i c a l  

loads, but even these were not always t ranslated into annual energy 

requirements (as  kwh, f o r  example). Again, data on fuel use was almost 

en t i r e ly  unobtainable, e i the r  from publ ished sec tor ia l  plans or  from 

individual operating companies. 

In terms of i t s  usefulness fo r  eneray pol jcy ana lys is ,  the 

data available in  publ i  shed (and central  ized) reports i s  c l ea r ly  
. . 

inadequate. The emohasis on e l e c t r i c i t y  indicates a lack of 

understanding of the "systems" nature bf energy use and energy planning. 

Indeed, the  potent ial  problems of f a i l i n g  t o  f u l l y  appreciate the 

national energy balance as a  t c t a l  system are well i l l u s t r a t e d  by 

the prevalent "gas turbine syndrome". Where e'l e c t r i c i  t y  needs a re  



greater than e x i s t i n g  i n s t a l  1 ed capacity, there i s  o f ten  inadequate 1 ead 

time t o  arrange fo r  the de l i very  o f  hydroelect r ic  power. The simple 

answer i s  t o  i n s t a l l  y e t  another gas turbine, which w i l l  provide 

e l e c t r i c i t y  a t  a low, once-only, cap i ta l  cost and a t  a cont inuing hjgh 

operating cost. There i s  apparently l i t t l e  thought given t o  the 

quant i ty  o f  fue l  eequired by the gas turbine, nor i s  there an 

appreciation o f  the c o s t  t o  the country i n  terms o f  reduced petroleum 

avai l a b i  1 i t y  f o r  the generation o f  badly-needed hard currency.. The gas 

turb ine syndrome i s  p a r t i c u l a r l y  unfortunate i n  a country t h a t  has under 

2000 MW i n s t a l l e d  hydroelect r ic  capacity, y e t  has an economic 

hydroelect r ic  po ten t ia l  f o r  perhaps 50,000 MW. 

C-2 Acquis i t ion o f  Necessary Energy Information 

For the purposes o f  eval'uati ng energy options and. f o r  developing 

soundly based, energy-conscious, nat ional  development plans, it i s  c lea r  

t h a t  much data on fue l  use should be collected. I n  the shor t  term, t h i s  

e f f o r t  w i l l  requi re fu r the r  di.scussions w i t h  major f ue l  consuming 

subsectors o f  the i n d u s t r i a l  and ag r i cu l tu ra l  economies, and a de ta i led  

examination o f  t h e i r  .records. This data should be reconci led w i th  

marketing data from Petroperu. However, i t i s  not  suggested t h a t  - a l l  

consumption elements be invest igated and i d e n t i f i e d  i n  the  evaluat ion o f  

options. This would , be a major task, requ i r i ng  many manhours ang a 

s i g n i f i c a n t  calendar time, perhaps two months. Instead, each op t ion  

should be examined as t o  data def ic ienc ies and a h igh l y  spec i f i c  data. 

acquisi t i ~ n  pr,ogram should be developed and performed. The f u l l  

cooperation o f  consuming e n t i t i e s  and Petroperu w i l l  be required but,  i n  

view o f  the excel lent  assistance provided t o  date, t h i s  i s  no t  viewed 

as a ,potent ia l  problem. 

C-3 A National Energy ~n fo rma t ion  System 

While data on e l e c t r i c i t y  use requires some disaggregation t o  

enhance i t s  usefulness f o r  planning and analysis purposes, the 

conspicuous lack o f  data on h i s t o r i c a l ,  current  and fu tu re  energy flows 

corresponding t o  f o s s i l  f ue l  resources demands urgent a t ten t i on  from the 

Peruvian government. O f  course, i t  should be recognized t h a t  the lack  

o f  such data i s  by no means unique t o  Peru: indeed, the appreciat ion o f  

.the "systems" nature o f  energy resources and mater ials resources i s  

lack ing i n  many countries, o f ten  a t  the government pol  icy-maki ng 1 eve1 . 
Proper planning ,of development should take energy resources f u l l y  i n t o  

account, and t h i s  includes an awareness of the i n d i r e c t  'energy investment i n  
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mater ia l s  (mater ia ls o f  c.onstruct ion,  f o r  example, may be amenable t o  

i n t e r - s u b s t i t u t i o n  w i t h  b e n e f i c i a l  energy e f f ec t s ,  o r  r e c y c l i n g  of scrap 

mate r ia l  may prov ide a s i g n i f i c a n t  c o n t r i b u t i o n  t o  improved energy 

e f f i c i ency ) .  

The reorganizat ion of cu r ren t  s t a t i s t i c s - g a t h e r i n g  e f f o r t s  (and the  

organizat ion o f  data c o l l e c t i o n  f o r  new'projects) t o  prov ide the  requ i red  

data on t he  consumption o f  a1 1 energy resources w i l l  be a major e f f o r t .  

An , impor tant  f i r s t  step w i  11 be the education o f  those most d i r e c t l y  

invo lved i n  t h e .  gather ing and analys is  o f  s t a t i s t i c s  i n  the systems 

analys i  s approach t o  energy p l  anni ng. The " a t t i t u d e "  o f  these people 

w i l l  be c r u c i a l  t o  t he  t i m e l y  development o f  a na t iona l  energy informa- 

t i o n  system, because they are fami l i a r  w i t h  cu r ren t  procedures and w i l l  

t he re fo re  'be most apprec ia t i ve  o f  cu r ren t  shortcomings once the concept 

o f  a systems approach has been learned. 

A second step would be the requirement f o r  a l l  new p ro jec t s  i n  the  

pub1 i c  and p r i v a t e  sectors needing e l e c t r i c i t y  connections t o  submit a 

f u l l  account o f  a l l  mate r ia l s  and energy f lows f o r  the p ro j ec t ,  whether 

o r  n o t  these are d i r e c t l y  r e l a t e d  t o  e l e c t r i c a l  consumption. Th is  data  

w i l l  p rov ide  valuable i n p u t  t o  the p lann ing f unc t i on  o f  the  M i n i s t e r i o  

de Energia y Minas. Fur ther  s p e c i f i c  steps should be developed i n  

cooperat ion w i t h  the app rop r i a te  Peruvian government agencies and t h e i r  

personnel. 

F i n a l l y ,  i t  should be mentioned t h a t  a proper ana lys is  o f  energy 

opt ions cannot be undertaken w i thou t  due concern f o r  the marginal ( o r  

oppor tun i ty )  cost  o f  energy resources. I n  t h i  s connection therefore ,  i t 

i s  recommended t h a t  any t r a i n i n g  course i n  energy systems analys is  

inc lude  a thorcugh grounding i n  cos t  analy'sis: 



D. MINING AND NON-FERROUS METALS PRODUCTION 
. .. 

D-1. Introduction 

The minerals sector  i s  a par t i cu la r ly  important par t  of the  Peruvian 

economy, typica l ly  providing over half the t o t a l  value of the na t ion ' s  

exports (55.8% of t o t a l  exports of $1246 million in 1976). A large 

number of minerals a re  found i n  Peru, but those of major commercial (and 

energy) importance are  the ores of copper, lead,  z inc,  and iron. This 

section i s  concerned primarily with copper, lead and zinc extract ion.  

In terms of quant i t ies  produced, Peru ranks seventh in the world 

with respect t o  copper (4.5% of world production), f i f t h  fo r  lead (5.4%) 

and f i f t h  f o r  zinc (6.7%). Peru a l so  produces s ign i f i can t  quan t i t i e s  of 

s i lve r  ( th i rd  la rges t  production in the world, 13.3%). Proven reserves 

of copper; lead and zinc ores a re  estimated t o  be equivalent t o  about 

80, 20 and 25 years a t  current production levels .  

The non-ferrous metals sector  i s  expected t o  grow (within the 

constraints  of world market pr ices  f o r  exported commodities and capi ta l  

ava i l ab i l i t y  f o r  plant  investment) as the government continues t o  s t r e s s  

the promotion of industries '  which increase the  local added value of the 

nat ional  natural resources. For example, a large new copper re f inery  a t  

110 was brought on-stream' i n  November 1975, Cerro Verde I was commissioned 

i n  1976, as  were the Southern Peru Copper Corp. f a c i l i t i e s  a t  Cuajone 

(the la rges t  mi.ne in Peru). Plans f o r  expansions' a t  110, Cerro Verde 

and a number of other locations have been announced. A new zinc re f inery  

i s  current ly under construction a t  ~ a j a m a r q u i l l a ,  near Lima, and this  i s  

expected t o  be on-stream by the e'nd of 1981. 

With respect t o  downstream processing, there a re  many smal.1 p lan ts  

producing a wide range of semi- f inished products such as copper rods and 

wires, lead-antimony a1 loys, seamless lead piping, zinc-aluminum a1 loys 

e l e c t r i c  cables ,  extruded copper sect ions,  metal l ic  powders, sheet  

copper, screws, nuts and bolts.  

D-2' Existing and Planned Production F a c i l i t i e s  

The la rges t .  consumers of energy (and producers of non-ferrous 

products) a re  the government-owned en t i  t i e s  Mi nero Peru and Centromi n, 

and the privately-owned Southern ~ e r u  Copper Corporation. Brief descr ipt ions 

- 
of the ex is t ing  and planned f a c i l i t i e s  follow, and fur ther  d e t a i l s  of 

the most important plants a re  given in Exhibit D-1. Locations a re  
- 



i nd i ca ted  i n E x h i b i t  0-2, and interrelationships amonqst p~.;r,r\ts in 

Exhibit D-3. 

Minero Peru operates a copper r e f i n e r y  a t  110 i n  the  south o f  Feru. 

The r e f i n e r y  was designed f o r  300,000 'MT per  year o f  copper cathodes, 

produced by e l e c t r o l y t i c  processes. The f i r s t  stage, f o r  150,000 MT/yr. 

was commissioned i n  November 1975. Product ion i n  1977 reached 123,456 

MT of cathodes (99.99% copper): by-products i n c l  uded muds con ta i  n i  ny 

s i l v e r ,  gold, selenium, t e l l u r i u m  and bismuth. The second stage of the  

110 p l a n t  i s  expected t o  be commissioned by the e a r l y  1980's; say 1983. 

A major Minero Peru en te rp r i se  i s  Cerro Verde I loca ted  near Arequipa 

The complex cons is ts  o f  open-cast mines and associated e lec t row i  nning 

plants to produce 33,000 MT/yr of copper cathodes. The comvlex 

went  i n t o  o p e r a t i o n  i n  1 9 7 6 . '  F e a s i b i l i t y  s t u d i e s  f o r  Cerro 

Verde 11, a  s i m i l a r  complex t o  produce  6 2 , 0 0 0  M T / Y ~  o f  copper  

c a t h o d e s ,  a r e  i n  p r o g r e s s  and i t  i s  a n t i c i p a t e d  t h a t  t h i s  

v r o i e c t  c o ~ l l d  he fn o n e r a t i n n  h v  t h e  end n f  3 4 8 2 .  

Minero Peru i s  c u r r e n t l y  cons t r cc t i ng  a z i nc  r e f i n e r y  a t  Cajamar- 

q u i l l a ,  near Lima. Th is  i s  designed t o  produce 101,000 MT/yr o f  r e f i n e d  

z inc  from about 200,000 MT/yr o f  concentrates. In add i t ion ,  190,000 

Mt/yr o f  s u l f u r i c  a c i d  are  t o  be produced, as w e l l  as smal ler  q u a n t i t i e s  

o f  by-product metals (e. g. 335 MT/yr cadmium, 15,000 MT/yr o f  l ead  and 

s i l v e r  residues). The s u l f u r i c  a c i d  w i l l  be used f o r  t r e a t i n g  t he  Cerro 

Verde ores and i n  the  manufacture o f  f e r t i l i z e r s  a t  Bayovar. Const ruct ion 

o f  the  re f i ne ry  s t a r t e d  i n  September 1977, and i s  expected t o  take 36 

months. The. p l a n t  should be commissioned i n  1981. 

Other Minero Peru p ro j ec t s  i n  the  non-ferrous area inc lude  t he  

' f o l  Towi ng: 

Tintaya: E x p l o i t a t i o n  o f  8000 MT/day of copper .ores, t o  produce 

concentrates. 

M i  c h i  qu i  11 ay: A1 so t o  produce concentrates frcm 40,000 MT/day o f  copper 

ores. 

Q u e l l  aveco: A1 so t o  produce concentrates from 20,000 MT/day of copper 

ores. 

Antami na: To produce concentrates o f  copper and z i nc  from 20,000 

MT/day o f  mixed ores. 



. .  Further d e t a i l s  of capaci t ies and energy consumption f o r  these new 

pro jects  appear i n  the exh ib i t s  t o  t h i s  section. Other Minero Peru 

pro jec ts  are believed t o  be qu i te  ten ta t i ve  and therefore a r e n o t  l i k e l y  

t o  have a major impact on the energy s i t u a t i o n  p r i o r  t o  2000, although 

there i s  the prospect o f  the development o f  go ld mining a t  San Antonio 

de Poto: . no de ta i l s  were avai lable,  however. Minero Peru pro jects  a t  

Bayovar ( f e r t i l i z e r s )  are discussed i n  the f e r t i l i z e r  sect ion o f  t h i s  

repor t ,  and the development o f  the A l to  Chicama coal deposits i n  the 

resource sec t i on  o f  the study. 

Centromin operates the Cerro de Pasco mines and f i v e  other mining 

complexes i n  the S ier ra  Central, as we l l  as the  meta l lurg ica l  complex a t  

La Oroya. The capacity o f  the mines i s  about 16,000 MT/day o f  ores 

(copper, lead, zinc, s i l v e r ,  tungsten), and La Oroya has the capacity t o  

produce 240,000 MT/year of re f ined metals and 60,000 MT/year o f  s u l f u r i c  

acid. Plans i n c l u d e  expansicn o f  the .  mines and concentration p lan ts  a t  

Cobri,za, Casapalca and Cerro de Pasco, expansion o f  the  copper r e f i n e r y  

a t  La Oroya, and a new lead'agglomeration p l a n t  a t  La Oroya; 

Southern Peru Copper Corporation operates major f a c i  1 i ti es a t  

Toquepala and Cuajone, the l a t t e r  being s ta r ted  , i n  1976. I n  1977, 

copper production a t  Toquepal a -.was 97,834 14T and a t  Cau jone 162,359 MT, 

f o r  a t o t a l  copper production o f  over 260,000 MT, equival.ent t o  74% o f  

t o t a l  Peruvian copper output. 

D-3 A c t i v i t y  Data 

Data on the production sf a wide range o f  minerals and metals, are 

found i n  ,such publ icat ions as,  the "Anuario de . l a  Miner ia del  Peru" 

published by the M in i s te r i o  de Energia y Minas, and "La Mineria en e l  

Peru", pub1 ished annual l y  by Edi tores Tecnicos ~soc iados  S: A. o f  Lima. 

I n  summary, the major a c t i v i t y  data i s  as fol lows (based on published 

data and on f igures provided i n  discussions w i t h  the .Min is ter io  de 

Energia y Minas): 



(Thousand MT 
f i n e  metal) - 1973 1974 - 1978(est) - 1975 - 1976 - 1977 

Copper 

b l i s t e r  134.0 137.5 85.1 46.8 140.6 - 
' - 

r e f  i ned 39.0 39.0 71.5 131.6 177.7 - 
concent rates/ores 29.7 35.1 9.2- 32.8 14.5 - 
t o t a l  202.7 211.6 165.8 211.2 332.8 365.0 

Lead - 
ref ined  82.9 80.2 71.0 74.1 79.3 - 
concent rates/ores 100.5 85.6 83.2 94.9 96.9 - 
t o t a l  ' 183.4 165.8 154.2 169.0 176.2 182.3 

Zinc - 
r e f i n e d  69.0 70.8' 65.1 64.7 66.8 - 
concentrates/ores 321.6 307.2 299.8 338.6 . 369.8 - 
t o t a l  390.6 378.0 364.9 403.3 436.6 469.4 

Total  Copper/' 
Lead/Z i nc 

0-4 Current Energy Consumption 

Accurate s t a t i s t i c s  on cur ren t  energy consumption are not  readi  l y  

avai 1 able, except i n  the  case o f  e l e c t r i c i t y  where comprehensive data 

may be obtained f o r  the mining sector as a whole. A breakdown o f  

e l e c t r i c i t y  use by p lan ts  i s  not  given. De ta i l s  o f  the  consumption o f  

other f ue l s  are no t  normally published. However, a recent repor t  by the 

I n s t i t u t o  C i e n t i f i c o  y Tenologico Minero ( Inc i temi)  on the p o s s i b i l i t i e s  

f o r  coal use i n  Pe.ru ("Economia del Carbon y. Coque", November 1977) 

provides estimates o f  the  d i spos i t i on  o f  petroleum fue ls  throughout the 

i n d u s t r i a l  sector. The Inc i temi  data was based on discussions w i t h  the 

suppl ier  o f  these f ue l s  (Petroperu) and w i t h  the major consumers. Data 

on petroleum fue l s  use a t  La Oroya was given by Centromin. 

With respect t o  e l e c t r i c i t y ,  It i s  common p rac t i ce  i n  .Peru f o r  

i n d u s t r i a l  p lan ts  t o  generate much o f  t h e i r  own e l e c t r i c i t y .  I n  many 

cases, t h i s  i s  done using d iese l  engines o r  gas turbines running on 

petroleum-based fue ls .  I n  addi t ion,  s i g n i f i c a n t  amounts o f  e l e c t r i c i t y  

are suppl ied from hydroe lec t r i c  p lants.  The e f f i c i e n c y  o f  e l e c t r i c i t y  

generation by i n d u s t r i a l  f a c i l i t i e s  using petroleum fue ls  i s b  t y p i c a l l y  



around 12.5 kwh pe r  ga l l on  o f  petroleum (say 11200 Btu/kWh, 30.5% 

e f f i c i ency ) .  Some are s i gn i  f i c a n t l y  less e f f  !c ient ,  however, dropping 

t o  5.7 kwh pe r  g a l l o n  i n  the  case of one cement p l a n t  (Cemento Sur SA, 

1975 data). 

I n  summary, the  energy used i n  1976 i n  t he  mining sector ,  i nc l ud ing  

non-ferrous metal product ion and i r o n  ore' mining (but  - not  s tee l  
15 product ion) i s  est imated t o  amount t o  about 29 x 10 . joul'es. D e t a i l s  

are  g iven i n  E x h i b i t  D-4. 

0-5 Energy E f f i c i e n c y  o f  E x i s t i n g  P lants  

Since the  non-ferrous sector  produces such . a  wide and va r i ab le  

range o f  products, the  term " s p e c i f i c  energy consumption" has no p rec ise  

meaning. However, energy consumption may be re la ted ,  i n  a very 

approximate manner, t o  an a c t i v i t y  l e v e l  based on a t o t a l  product ion o f  

copper, l ead  and z inc:  

28.87 x 10'' j ou l es  = 36.85 x l o 9  joules/MT 
1 

783.5 x 10 . MT 
= 10235 kwh per  MT o f  combined 

Pb/Zn/Cu. 

D-6 Energy E f f i c i e n c y  f o r  New .Pro jec ts  

While the  energy e f f i c i e n c y  o f  e x i s t i n g  pl.ants .is, genera l l y  

speaking, d i f f i c u l t  t o  es tab l i sh  due t o  a l a c k  o f  di'saggregated data  as 

we l l  as an i n a b i l i t y  t o  de f ine  "output"  i n  meaningful terms, data does 

e x i s t  f o r  many o f  the  p ro jec ted  p l an t s  i n  t he  non-ferrous metals sector .  

Data provided by Minero Peru 'on new p r o j e c t s  was used t o  develop 

the  f o l  lowing energy e f f i c i e n c i e s .  The pr imary energy resource i n  most 

cases i s  e l e c t r i c i t y ,  and the  use o f  f o s s i l  f u e l s  i s  genera l l y  expected 

t o  be minimal i n  these ' p a r t i c u l a r  . f a c i l i t i e s .  (w i t h  the except ion o f  t he  

o i l  f i r e d  remel t  furnace a t  110); 

P ro j ec t  Operati  on .Energy Use, kwh E l e c t r i c i t y  

Cerro Verde I Oxide ore (0.95% Cu) t o  3525 per MT Cu 
copper cathodes by e lec t rowinn ing 

Cerro Verde I 1  Su l f i de  ore  (0.65 % Cu) t o  copper . 4711 per  MT Cu 
cathodes by el 'ectrowi nning rou te  

110 I, I1  Concentrates t o  cathodes 400 per  MT Cu 
( e l  ectsowi nn i  ng) (p lus  1000 kwh ' 

equ iva len t  f o r  
f o s s i l  fue ls * ) ,  , . 

T i  ntayo 2.0% Cu ores t o  .co,ncentrate 1000'per MT conc. , L:. 
. '. 

8 \ 

M i  ch i  qu i  i 1 ay 0.72% Cu ores t o  cncentrate 675 per  MT conc, 1 
Q u e l l  aveco 0.85% Cu ores t o  concent ra te '  880 per  MT conc. \ 

Antami na Ores t o  Cu/Zn concentrates ,630 per,MT conc. 
Cajamarqui l la Ores t o  r e f i n e d  z i nc  (e lectrowinning) 4455 per  MT z i n c  , 

jt Gordi an estimate. 

13 



Data from Centromin on new p r o j e c t s  was expressed i n , t e r m s  o f  

megawatt capaci ty increases needed t o  prov ide power. These were converted 
. . . . . , . . 
t o  annual kwh consumptions on the bas is  o f  8000 hours operat ion per  year 

a t  f u l l  load. Current f o s s i l  f ue l  consumption by the Centromin La Oroya 

smelter-  r e s u l t s  i n  a consumption f i g u r e  o f  about 7800 kwh equiva lent  per  

MT copper produced. 

I n  the  absence o f  s p e c i f i c  data; rough estimates o f  energy con- 

sumption may be made on the bas is  o f  the f o l l o w i n g  f igures:  

Copper 

Ores t o  concentrates 1000 kWh/MT concentrate 
(say 3300 kWh/MT Cu) 

Concentrate t o  e l  ectrowon copper 400 kWh/MT Cu 
Ore t o  r e f i n e d  copper 3700 kWh/MT Cu 

Zinc - 
Ore t o  r e f i n e d  z inc  4500 kWh/MT z inc  

For comparison, t he  f o l l o w i n g  f i gu res  were taken o r  der i ved  from 

"Energy Expenditures Associated w i t h  t he  Product ion and Recycle o f  

Metal s" (Oak Ridge Nat ional  Laboratory, November 1972): 

p e r  MT Cu 

Ore (1% Cu) t o  concentrate 1800 kWh e l e c t r i c i t y  

Smel t i n g  concentrate t o  b l  i s t e r  6500 kwh equiv. f o s s i l  f u e l  

Ref in ing b l i s t e r  t o  copper cathodes 200 kwh e l e c t r i c i t y  p l us  

1000 kwh equiv. f o s s i l  f u e l  

C lea r l y  the re  can be a wide v a r i a t i o n  i n  s p e c i f i c  energy consumption 

according t o  such f a c t o r s  as t he  q u a l i t y  o f  rzw ma te r i a l s  and t h e i r  

hardness, and the de ta i l s '  o f  the  processing. technology employed. 

D-7 Pro jec ted Energy Consumptions 

Data on proj,ected p l an t s  i n  t h i s  sec to r  were prov ided by Minero 

Peru and Centromin and t h i s  a1 lows estimates t o  be made o f  energy con- 

sumption through 2000. In fo rmat ion  on p l a n t  capac i t ies ,  maximum e l e c t r i c a l  

loads, e l e c t r i c i t y  and f u e l  consumptions, and est imated commissioning 

dates i s  sumrnarized i n  E x h i b i t  D-5. Assumirig a l l  . p l a n t s  u l t i m a t e l y  
//' 
, operate a t  ra ted  capaci ty,  t he  t o t a l  sec to ra l  energy consumption w i  11 

r i s e  t o  over 6 8 x 1 0 ~ ~  jou les  per  year  by 1985, an increase o f  3 9 x 1 8 ~ ~  

jou les  over the 1976 base year consu~p t i on .  Th is  increase ' i s  based 

e n t i r e l y '  on the commissioning o f  the named p ro jec ts ,  and does no t  make 



any allowance for  any 'projects which may be developed ' l a t e r ,  o r  fo r  

changes i n  the energy consumption o f  e x i s t i n g  p lan ts  (due t o  de te r i o ra t i on  

of equipment o r  t o  renovating and rebu i ld ing  o l d  equipment, f o r  example). 

There e x i s t  many pro jec ts  i n  a very prel' iminary s ta te  o f  i n v e s t i -  

gat ion which could be f u l l y  developed by 2000. I n  f a c t ,  the mineral 

resources o f  Peru are such t h a t  s i g n i f i c a n t  increases i n  production of 

many minerals, notably lead and zinc, could take place under favorable 

economi c condi ti ons. 
? 

On the b a i i s  o f  an annual increase i n  sectoral  a c t i v i t i e s  between . ._ 
1985 and 2000 o f  about 6.5%, the estimated energy consumption o f  the 

mining sector w i l l  r i s e  t o  121 x 10'' joules by 2000. 



EXHIBIT D-1 

ADDITIONAL TECHNICAL DATA ON NON-FERROUS PROCESSING F A C I  LITIES 

110 Refinery (Minero Peru] 

The f u l  ly-completed re f i ne ry  w i l l  have a capacity o f  300,000 MT/yr, 
s u f f i c i e n t  f o r  the t o t a l  output o f  the two SPCC mines, Toquepala and 
Cuajone. The r e f i n e r y  consists o f  two processing sections, the anode 
p l a n t  where b l i s t e r  i s  melted and remoulded t o  make copper anodes, and 
the  e l e c t r o l y t i c  p lan t  which produces copper cathodes. 

F J, A t  t h e  anode p lan t ,  the b l i s t e r  bars .(over 95% copper) are loaded . /' . i n t o  two o i l - f i r e d  furnaces, 330-ton capacity each. The copper i s  
oxjdized t o  burn o f f  su l fu r ,  and then reduced by introducing trunks o f  
eucalyptus. The molten copper i s  then cast i n t o  anodes o f  about 375 kg. 
each. 

The e l e c t r o l y t i c  p l a n t  consists o f  384 conventional c e l l s ,  constructed 
o f  concrete and l i n e d  w i t h  PVC. The c e l l s  take 45 anodes and 46 cathodes. 
The e lec t ro l y te  contains 'sul f u r i c  ac id  an$ copper su l fa te:  current  fo r  
e l e c t r o l y s i s  i s  20,100 amperes (223 amp/M ) w i t h  a voltage drop of 0.28 
v o l t s  per c e l l .  The i n i t i a l  s u l f u r i c  ac id  charge was 1500 tons, and 
about 20 tons per  month i s  required as make-up. The f i n a l  product i s  
99.99% pure copper. 

Sea water i s  d i s t i l l e d  i n  a 1500 MT per day desal inat ion p l a n t  on 
s i te .  Steam f o r  e lec t ro l y te  heating, p u r i f i c a t i o n  and vacuum ejectors i s  
provided by o i l - f i r e d  bo i l e rs  and a waste heat b o i l e r  i n  the anode 
plant.  

Cerro Verde (Minero Peru) 

Phase I i s  designed f o r  the exp lo i t a t i on  o f  an estimated 97 m i l l i o n  
. tons o f  ores (average 0.65% copper, mostly oxides) and Phase I1 f o r  an 

estimated 1000 m i l l  i o n  tons o f  low grade su l f ides  (averate 0.7% copper). 

The Phase I processing o f  the oxides i s  performed by a hydro- 
meta l lurg ica l  route ra ther  than conventional pyrometal lu rgy  (smelt ing 
and re f in ing) .  There are four  p r i nc ipa l  stages i n  the hydro process: 
crushing, 1 i x i v i a t i o n  (leaching), p u r i f i c a t i o n  by i o n  exchange and 
electrodeposi t ion (electrowinning). A f te r  mining, the f i r s t  stage i n  
processing i s  primary and secondary crushing. The ore i s  then deposited 
i n  "pads" f o r  leaching w i t h  13-14% s u l f u r i c  ac id  (100,000 tons a t  a t ime 
f o r  about 45 days). The r e s u l t i n g  copper su l fa te  so lu t i on  i s  sent t o  

: the p u r i f i c a t i o n  p l a n t  ( i on i c  interchange) which consists o f  two sections: 
ex t rac t ion  and re-extract ion. I n  the ex t rac t ion  par t ,  an organic solvent 
separates the copper from ac id  impur i t ies.  The organic copper s o l u t i c n  
passes t o  re-ext razt ion where s u l f u r i c  ac id  from the electrowinning 
sect ion i s  mixed in .  Pure copper su l fa te  i s  produced and the organic 
solvent i s  regenerated and returned t o  extract ion. 



The copper su l f a t e  i s  pumped off  t o  the  ad jo i n i ng  e lec t row inn ing  
p l an t .  Here the re  are  216 c e l l s  (46 cathodes, 47 anodes each). A 
cu r ren t  dens i ty  of 17 amps per square f oo t  (12,000 amps) i s  used i n  the 
making o f  cathodes. 

Su1furi.c a c i d  inven to ry  i s  about 20,000 tons, and a  consumption o f  
60,000 tons per  year i s  expected. Power f o r  t h e  complex i s  generated i n  
two GE t u rb ines ,  each w i t h  a  capac i t y  o f  16.5 MW. 

La Oroya (Centromin) 

The smelters and r e f i n e r i e s  a t  La Oroya are  considered, the  most 
complex me ta l l u rg i ca l  operat ion i n  t he  world. F a c i l i t i e s  inc?ude a  lead  
smel ter ,  copper smelter,  z i nc  r e f i n e r y ,  e l e c t r o l y t i c  r e f i n e r y  f o r  copper 
and lead, t he  e x t r a c t i o n  o f  gold, s i l v e r  and bismuth, and t he  p roduc t ion  
o f  a  v a r i e t y  o f  companion metals, metal products and chemical products. 

Antamina (Minero Peru) 

Proven reserves amount t o  over 120 m i l l  i o n  MT, averaging 1.56% 
copper and 1.27% zi'nc. S i l v e r  content  i s  0.51% and t he re  i s  a l s o  a  
s i g n i f i c a n t  q u a n t i t y  o f  molybdenum (0.4%). The mine w i l l  be developed 
as an open p i t .  A 20,000 MT per  day concent ra tor  w i l l  be const ruc ted a t  
t he  mine, us ing conventional crushing,  g r i n d i n g  and f l o t a t i o n  techno1 ogy. 
The copper and z inc  concentrates w i l l  be pumped along a  200 Km p i p e l i n e  
t o  t he  coast  f o r  export.  There i s  t he  p o s s i b i l i t y  t h a t  3000 MT o f  
molybdenum concentrates w i l l  be ava i lab le .  

M i c h i q u i l  l a y  (Minero Peru) 

~ e a s i b i  lity stud ies  have pos tu l a ted  a 40,000 MT per  year p roduc t ion  
o f  26.3% copper concentrates which w i l l  be shipped as a  s l u r r y  from the  
mine t o  the  p o r t  o f  Pacasmayo (211 krn). The energy demand o f  40 MW a t  
t h e  mine i s  t o  be met from the  E lec t roperu system, w i t h  t h e  energy 
demand a t  Pacasmayo met from th ree  600 KW d i ese l  un i t s .  



EXHIBIT, 0-2 

NON-FERROUS METALS: MAJOR M I N I N G  AND R E F I N I N G  SITES 
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EXHIBIT D-3 . 

SIMPLIFIED DIAGRAM OF.THE MAIN ELEMENTS OF THE COPPER INDUSTRY 
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EXHIBIT. D-4 

ENERGY CONSUMPTION I N  THE 
MINING AND NON-FERROUS METALS SECTOR, 1976 

? 

Basic Un i t s  1015 jOules 

E l e c t r i c i t y  - l ob  kwh 

S e l f  generated 
Purchased 
To ta l  

3 Petroleum fue l s  - 10 bb l s  

'For t r anspo r t a t i on  uses 
* Process. uses 

To ta l  

f o r  e l e c t r i c i t y  generat ion, 
inc luded i n  t he  t o t a l  s e l f -  
generated f i g u r e  

To ta l  t o  sec to r  4374 27.04 

Coke and Coal -' MT 

Coke f o r  La Oroya 
Coal f o r  misc. uses 

TOTAL 28.62 

* Includes H ie r ro  Peru (pel  1 e t i z i  ng p l a n t )  390,000 bb l  , Centromin (La 
Oroya complex) 446,000 bb l ,  Southern Peru Copper Corp. (smel ter)  
933,000 bb l .  

Major Sources 

1. "Anuario E s t a d i s t i c a  E l e c t r i c a  197SU, Min. Energia y Minas 
2. do.1976. 
3. "Economia de l  Carbon y Coque", I n c i t e m i  1977. 
4. I1 Censos Nacionales 1973. 
5. In te rv iews  w i t h  Centronin, June' 1978. 



~ ~ T F f N n ~ e - - -  P-Petroleum fuels. 
CM-Centromin C-Coke & coal . ~ - -  

~ ~ - s o u t h e r n  Peru Copper Co. - E-Estimated --- Ann~tal cneruv consln~mt ion  . 
- . - -  

Enegy E f f j c i enc ies  Electre --- ---- w i t h  new lG1ts a t  f u l l  ~ a , p a c i t y - ~ - -  

Date/ 3 Capacities 10 HT/Yr. F.trel -- - S+---G<?~ . . I-- - Elect .  bT 
Opera to r  Pro jec t  Renmrks - fincentrates RWXC c l ~  k M T  . l z d  MW ggn.electr?* 1oGktIh !09~'ca1 1 0 ~ ~ j o u l e s  

4! 

PIP 110 1 B l i s t e r  to 
electro.copper -- 150.0 860 ' 400 7.5 100 60 129 -0.?56 

CH La Oroya Conc. to  s~nel ted/ 
r e f .  copper 60.0 

SP Toquepa 1 a Ore t.o ti1 i s t e r  130.0 100 

Others 20.0 
rU 
-r 1976f ' Totals See Exh ib t t  0-4 1500.0 360. oE . 9 1958 P4836 20.870 E 

C 318 
- - - - - - - - - - 

1977 - EP Agufla Ore t o  
concell t r a  te 60.0 - - - - 1000 9.0 0 60 -- 0.216 

SP Cua jone Ore t o  
b l  i s  t e r  -- 170.0 6700 300 - - 100 51 1139 4.951 

MI? Cerro Ore to  elec- 
Verde 1 won copper - - 33:0 - -- 3525 17.3 100 116 -- - 0.410 

Ct.1 La Oroya 01 l s t e r  t o  r c -  
exp. f i ned  copper -- 10.0 - - 200 -- 4 -- 0.013 

3 * 19?6 energy f tgures are actuals, corresponding t o  about 21 1 x 10 MT copper production. 
** Sel f-genera ted e l e c t r i c i t y  refers to  e lec t r i c1  t y  generated by on-si t e  fossi 1 fueled equipntent only (d lesel  , kerosene o r  res idua l  fuel  o i l  ). 

where known. Self-produced hydroelectr ic  power i s  not included. 



EXIIIDIT D-5 (continued) 

ht~nual elberyy, consut~lpt io11 
w i  th!J$!:;$L!+k ~e?d!~-.-- 
Sel I'- , . ss i  1 

15 
c en.electr .  !0%wI! 1 0 ~ ~ c a l  10 j0111t 
'-7 

E n e r g  E f f i c i enc ies  -- --- 
C a ~ c i  t i es  lo3 NT/Yr.. 

Fuel Max. 
Concentrates Ref .Cu. 1 0 ~ ~ c a l / t I ~  kWh/MT . load IN -- -- - 

' Date/ 
Opera t o r  P ro jec t  - -- 
. a .  , . . 
1978 CEI - Cerro de 

Pasco 
Expand 
concentrator 
to  7500 MT 

Expand 
conccn t ra  t o r  
t o  2500 T 

~1.1 i .. San' 
Exlwdi to  

1.900 Ct4 --- Ln Oroya 

Concentrator 
n50 1' ' . . 

Z i IIC expansion 
Lo 90000 HTPY - - (20 zinc) 5000 -- 3 

C1.l Cobrlza . Expand.. concen- 
t r a t o r  to  12600T 350.0 - - - - - - 21 10 100 1GLt - -  0.605 

t\) 
IU Ct.1 ' . La 'Oroya Lead agglom - - - - - - 2.4 19 aratiott p lan t  -- 0.069 

CM . Cerro de water t rea t -  
\ Pasco l~lent ' p l an t  - - 

(101 - - 4455 60.0 
z inc)  

198; MI' ' Zinc e lec t ro-  -- - Ca jantar- 
q u i l l a  r e f i n i n g  

1902 IN' Ore to  elec- - - - ' Cerro 
Vcrde I! won copper 

CW .Orquf'deas Mine and con- 
centra tor ,  lOOT 350;U 



. 
EXI I ID IT  D-5 (con tintled) 

Annua 1 cncrgy consump t lot1 
g~;-11cwA?kn$$\fiu~ ' ? ~ l J l . i  -----. 

I'ossl\ 

gen. e l  cc t r .  .10't*l1 lo91(cn 1 ~$_",jott~cs 
2 

t t i  La Oroya ~ n o d c  res l  due 
Lrca brcn L: -- t - - -- . -- 1 .0 

110 I1 . D l l s t c r  to e1- 
actrowoa copper -- 150.0 060 4 00 7.5 

Tintayil 

M lch lq t~ l l  lay  

Gre to con- 
ccl i l r i l  tcs 00.0 - - 
Orc l o  coo- 
cen tra lcs  400.0 -- 

Ccrro de 
PJSCO 

Coaccntra t o r  cx- 
pansion to  
10,000 '! 075.0 -- 
Copper ex- 
pansio~t, - - 15.0 

Ebn tcaroras 
De Ica 

M i  ne/concen- 
t r a  tor 2000 T 700.0 - - 

-- 100 -- 0.610 

- - 2 -- 0.ODG 
Pa co s P l l o t  p lant  
141 tagct~te 301 -- . -- -- -. 0.2 

01'quf dcas Expansion to 
2000 T 350.0 - - - - - - 2.8 

La Oroya Zfnc expansion -- (100 5000 - - 27.7 
zfnc) 



w i t l r n ~ p l ~ n ~ s a t . ~ u 1 1 c a y a c 1 t y  . 

Da t c l  C s a c l  t i e s  10 En Y r  Sel f- ~ l c c .  B s s i l  

Opera t o r  - - - - - - .  - Projcc t ~cm~ilts lon'ccntrates 3& 1 0 ~ ~ c a l / ~ l ~  kLHh/MT , load MI . . - - - -  gbn.nlectr. l O 6 k ~ l l  - -  10')~cal  .--- 1 0 ~ ~ j o t 1 l e s  - 

HP (lee 1 1 ~ V C C O  Ore ' LO con- 
ce r t ra  tes 200.0 - - - - 060 26.4 100 176 -- 0.634 

n rc  l o  c [I 99.0 cu 
conccn t r a  tes 3 0 1 : ' $  ( 5 9 z i n c )  

C1.l A l l  l oca t i o~ rs  .C l i ~mr  p ro j cc l s  -- - - -- - - '1.0 - - 56 .- -  0. tf12 
. . 

Uy 1905 . Ex is t ing  p lan ts  To' Ir lgh capacity -- -- - - -- -- - - . . - * - -- 356 210 2.159 

Expans lo11 Lo 
17600: T, plus 

1 E : C M  Casapal ca Expansion to  
7.500 T 

1m Cl.1 Torot~acl~o Expanc,ioll by 15080 T 

1291 CH I1acos New p l a n t  
Ek tagcn t c  5.0 

199 C1.l La Oroya Zinc f c r r i l c  p lan t  2.0 

. . - . - .- . - 
'!'&- F o l c ~ l t  i4-'6i-wl tcl t lng f l w t  i ~ c t r o l c u ~ t ~ - b a s c ~ l  TIIC 1 s Lo coal I s  no1 rccoc~l\l.zcd ill Lltcse e~ lc rc~y !)rojccLio~rs. Also, t ronspor ta l lun  ftrel use 

excludcd i n  19U5 f iyuras. 



On t e l  
Oj'et-a tor  -. ---- Project 

OY 2000 

C1 1 Tvromocl~o Fur l l ~ e r  expansion 

Arlnual energy COIIS~II~I t i on  
~f fi cjel\ci es ' 'i "1 n ' w a ~ ' M u Q ? ~ - - - . ~ - - ~  - -- E7!cLr. self_ 

c~@L!I.~s lo3 MT&. Fue7 FEE- ,lax. Elec. Fossfl 
B ~ c e n t r ~ . c u .  lo3~cal/!1T kldl~(blT load W gen.elcc ----- tl-.. -- 10'k~ll ----. la91(cal 10'~j"g.d 

Z 

C14 Pucara Sn~cl t ing/ref  inincj copper 

CM Pocara Attotle resld~rc trea tnlent 

CEI Pucara Expansion snlel l ing/ re f in fng 

1905 "Accou~itable" energy 116.6 933 -- 3.350 
LO 
2000 

N 
ul -- 

2000 Totals (see cont l r~uatton o f  Ex l~ l b l  t D-5) 



SUkvfiRY OF CIIEIIGY UEfMND PROJECTIONS 
1 5  

10 joules&= 

O i l  f ue l  
f o r  Total  011 fue l  Subtotal 

'-3 .ElecLr lc 11.2 p,.occss uses process uses fo r  transports t l o n  ,of 1 fue l  CoalLCoke ~ o t a l  s 

1976 7.05 13.13 20.1U 7.11- 20.24 1.50 20.07 
(2 1 

~ d d i l i o n a l  '1 1.30 17.09 29.27 

19U5 10.43, . * 31.02 49.45 17.37 40.39 1.50 GO.40 
(1) 

( 3 )  
Add l t i ona l  15.04 . 23.77 39.61 

34.27 54.79 09.06 31.29 , 0G.00 3.16 
(1) (4) 

2000 123.51 

1 Transportation n~alntained a t  262 of process energy C O ~ S U ~ I P ~ ~ O ~ .  

Dascd on announced projccts.  
3)  Oased on process energy growth o f  4% p.a. I n  the per lod 1905-2000, w I t 1 1  tl ie s p l i t  between 12' 

e l e c t r l c l t y  and o i l  fuels belng 40/60, the same as f o r  announced pro jec ts  1976-1905. 
( 4 )  Assun~es doukling o f  coke use i n  lead smeltfng operatfons. 



E. IRON AND STEEL 

f-1 In t roduct ion 

The i r o n  and s tee l  industry  subsector consists p r i m a r i l y  of the  

fo l lowing elements (Exh ib i t  E-1 3 :  
(1) I r o n  ore mines a t  Marcona, near Nazca, operated since 1975 by 

Hierro Peru, and associated b l a s t  furnace charge stock production 

(s in te r ,  pe l l e t s ,  etc.)., Total capacity o f  about 10.7 m i l l i o n  MT 

per .year: 

Pel 1 ets  4.0 

S l  u r r i  es 2.0. 

S inter  and concentrates . 4.7 m i  11 i on  MT 

10.7 m i l l i o n  MT 

(2) B las t  furnaces and s tee l  production f a c i l i t i e s  . a t  Chimbote, 

operated by S i  derperu, w i th  a current  capacity o f  .about 520,000 

MT per year o f  l i q u i d  steel .  . 

I n  add i t ion  t o  these basic plants,  there are cast ing shops and r o l l i n g  

m i l l s  a t  Chirnbote, and there are two p r i va te  s tee l  r o l l  i ng  m i l l s  (Aceros 

Arequipa, Aceros Peruanos) which buy s tee l  b i l l e t s  from Siderperu. A 
number o f  other p r i va te  companies produce a range o f  products such as 

gr inding b a l l s  and welded steel  pipes. 

E-2 Ex is t ing  and. Planned Production ~ a c i  1 i t i e s  

The i r o n  ore mines a t  Marqona have not  operated a t  f u l l  capaci ty 

f o r  several years. I n  1976, f o r  example, t o t a l  p r o d u c t i ~ n  of ore and 

re la ted products was equivalent t o  about 57% o f  avai lab le capacity, 

although . the leve ls  o f  producf i o n  improved s i g n i f i c a n t l y  i n  1977. 
- Assoctated w i t h  the mines are p lan ts  f o r  the preparat ion o f  b l a s t  furntce 

chargestock, inc lud ing s in te r i ng  and p e l l e t i z i n g  plants. I n  sane a r e a  Q 

. . 
.the ? l a r ~ t s  a r e  o h c o l e t e ,  h u t ,  d i l ~ !  t ~ !  m . ~ ' i n r  cvnarrsions  of i r o n  ore 

exporting capacity i n  B raz i l  and Aust ra l ia  and the general ly weak s ta te  

of t h e  market f o r  i r o n  ore, there appears l i t t l e  incent ive fo r  major 

modernization o r  expansion. . Because o f  environmental considerations, i t  

may be necessary t o  construct a t h i r d  p e l l e t i z i n g  p l a n t  t o  produce 

pe l l e t s  w i th  a s u l f u r  content under 0.17% f o r  export ma.rkets. Apparently 
I 

there i s  an i n d e f i n i t e  long range plan t o  i n s t a l l  a d i r e c t  reduc.tion 

p lant  near Marcona t o  make sponge' i r o n  (no date avai lable).  



The s tee l  complex a t  Chimbote cons is ts  o f  an iron-making p lan t ,  a  
' s tee l  p l a n t ,  and cas t i ng  shops and r o l l i n g  m i l l s .  The iron-making p l a n t  

i s  equipped w i t h  a  s i ng le  b l a s t  furnace (5 meter diameter hearth, 27 

meters high) whose annual product ion capac i ty  i s  about 300,000 MT. Pa r t  

o f  t he  b l a s t  furnace product ion i s  cas t  i n t o  p i g  i r o n  and the  r e s t  i s  

t ranspor ted i n  the 1 i q u i d  s ta te  t o  the s tee l  p lan t .  The b l a s t  furnace 

s lag  i s  quenched w i t h  water and then p a r t  i s  sent t o  the Cementos Pacasmayo 

p l a n t  and the remainder dumped ( the amount used f o r  making s l ag  cement 

i s  no t  known). It i s  be l ieved t h a t  approximately 600,000 MT o f  s lag  i s  

ava i l ab le  annually, and t h i s  cou ld  represent a  major energy - saving if 

f u l l y  u t i l i z e d  f o r  cement manufacture. 

The s tee l  p l a n t  i s  equipped w i t h  two 30 ton  e l e c t r i c  furnaces, w i t h  
\ 

a t o t a l  product ion capac i ty  o f  190,000 MT. The p l a n t  a lso has two 

oxygen-blown converters which have a product ion capac i ty  o f  30 tons per  

cas t i ng  and 330,000 MT per  year. The raw s tee l  i s  cas t  i n t o  ingo ts  o f  

0.75, 5 o r  7 tons, o r  i s  poured i n t o  a  continuous cas t ing  machine t o  

produce b i l l e t s .  

While most o f  t he  main inpu ts  t o  the s tee l  complex are produced i n  

Peru, t he  most expensive i tem - coke - i s  imported: 

Coke Imports, MT To ta l  Value; US $ m i l l i o n  

1970 140,130 7.15 

1971 120,000 6.12 

1972 112,034 5.71 

1973 143,320 7.31 

, 1974 191,474 17.94 

'1 975 193,443 18.12 

1976 (1s t  h a l f )  140,000 13.11 

1976 (est.) 219,400 . 20.55 

Fol lowing the completion o f  t h e  expansion p lan t s  i nd i ca ted  below, over 1  

m i l l i o n  met r i c  tons of coke w i l l  be required.  As t h i s  cou ld  represent a 

f o r e i g n  exchange requirement o f  about $100 m i l l i o n  a t  present p r i ces ,  plans 
Cali f o r  the installation of a coKe plant at Chimbote to utilize 
domestic coking coal from Ovon in combination with imported 
cokinp coal. 

The cu r ren t  annual capac i ty  o f  the Chimbote p l a n t  i s  approxi'mately 

520,000 MT o f  raw s tee l ,  of which 330,000 i s  from the  oxygen converters 

and 190,000 from the  e l e c t r i c  furnaces. Charge t o  the  e l e c t r i c  furnaces 



cons is ts  of about 60,000 MT o f  in-house scrap and the balance i s  e i t h e r  . . 
domestic o r  imported scrap. It i s  planned t o  expand the  c o m ~ l e x  t o  a 

total  capac i ty  of 2 m i l l i o n  MT per  year by the mid-1980's. Included i n  

t he  expansion plans are improved p o r t  f a c i l i t i e s ,  an oxygen p lan t ,  coke 

and s i n t e r  p lan ts ,  a second b l a s t  furnace and converter, and two r o l l  i n g  

m i l l s .  A second expansion phase, now expected i n  the mid-1990is, would 

r a i s e  l i q u i d  s tee l  capaci ty t o  4 m i l l i o n  MT per year w i t h  the  i n s t a l l a t i o n  

o f  a t h i r d  b l a s t  furnace and converter ,  two continuous r o l l  i n g  m i l  1s and 

a p l a t e  m i l l .  The expansions are requi red t o  cover domestic needs, 

which - amount t o  about 1.25 m i  11 i o n  MT a t  present and are p ro jec ted  t o  

reach 4 m i l l i o n  MT by the  year 2000. 

~ o m i n i l  capac i t ies  o f  the major p l an t s  t o  be added i n  t he  expansion 

phases a re  as ' f 01 1 ows: 

Coking 

Tota l  Capacity 

M i l l i o n  MT per  Year 

1.95 (0.65 Phase I) 

B l a s t  furnaces (two 11 metre dia.)  3.97 

Stee l  converters ( three 175 T each, p l us  

th ree  continuous cas t ing  l i n e s )  3.5 

E l e c t r i c  energy w i l l  be suppl ied by the  Huallanca-Chimbote-Trujillo 

system, which i s  coupled t o  a hyd roe lec t r i c  p l a n t  o f  100 MW ( a t  Hual lanca) 

and two thermal s ta t ions ,  one a t  T r u j ' i l l o  o f  20 MW and t he  o ther  a t  . . 
,Chimbote (3 gas t u rb ine  u n i t s  o f  20 MW each). E lect roperu plans t o  

expand Huallanca t o  150 MW and in terconnect  Chimbote w i t h  t he  e l e c t r i c a l  

d i s t r i b u t i o n  system o f  cen t ra l  Peru. I n  addi t ion,  i t  i s  planned t o  

i n s t a l l  a  thermal  g e n e r a t i n g ;  s t a t i o n  a t  Chimbote t o  u t i l i z e  blast 
f u r n a c e  and c o k e  oven  g a s .   he c a p a c i t y  o f  t h i s  g e n e r a t i n g  

s y s t e m  w i l l  s t a r t  around 60 MW i n  t h e  m i d - 1 9 8 0 ' s  ( a s  soon  a s  

t h e  c o k e  p l a n t  i s  commiss ioned)  and e v e n t u a l l y  r e a c h  200 MW by 

2 0 0 0 ,  a f t e r  t h e  c o m m i s s i o n i n g  o f  t h e  f i n a l  e x p a n s i o n :  



kW h - M w  - 
1983 approx. 533 61 

1985 723 82 

1986 786 9 0 

1987 848 97 

1988 873 100 

1989 898 102 

1990 972 111 

2000 1728 197 

A f u r the r  i n te res t i ng  development i s  the new prereduction p l a n t  f o r  

i r o n  pe l l e t s ,  which i s  t o  be brought on- l ine a t  Chimbote i n  1979. The 

construct ion o f  t h i s  p l a n t  fo l lows t r i a l s  w i t h  a small p i l o t  p l a n t  (10 

tons/day) which has proven very successful. The Lurgi-designed p l a n t  

w i l l  use 90,000 MT per year o f  anthrac i te  (from A1 t a  Chicama) t o  produce 

120,000 MT per  year o f  prereduced p e l l e t s  f o r  the e x i s t i n g  e l e c t r i c  
,<. 

furnaces. I n  t h i s  way, ~mpor t s  o f  scrap can be c u t  whi le  maintaining 

s teel  production a t  maximum levels .  

~ r e l  iminary . feas i  b i  1 i t y  studies have been performed f o r  the con- 

s t ruc t i on  o f  a major in tegrated s tee l  m i l  1 a t  Nazca, close t o  the Marcona 

mines. The f i r s t  stage . . o f  the  Nazca complex would produce 2 m i l l i o n  

tons o f  l i q u f d  s teel  per year, and the second stage would double t h a t  

production. The i r o n  ore would come from the Marcona mines, and coke 

would be made a t  ~ a z c a  i t s e l f ,  poss ib ly  from the deposits o f  coking 

q u a l i t y  coal a t  Oyon. The f i r s t  studies ind icated t h a t  p i g  i r o n  would 

be produced i n  a s ing le  b l a s t  furnace o f  11 meters hearth diameter, and 

steel  i n  two 200 ton  basic. oxygen furnaces. Continuous cast ing w i l l  

probably be included. I n  view o f  the delays i n  the plans f o r  expanding 

Chimbote, arid the f a c t  that .  . the proposed capacity o f  4 m i l  1 i o n  tons per  

year w i  11 probably meet demand i n  2000,. there appears 1 i ttl e 1 i ke1 i hood 

t h a t  construct ion o f  the  Nazca p l a n t  w i l l  be i n i t i a t e d  before the  l a t e  

1990ts, o r  t h a t  i t  w i l l  be commissioned p r i o r  t o  2000. 



E-3 Activity Data 

The.major operations of Hierro Peru may be summarized a s  follows: 

1976 1977 
lo6 ~ r y z g  Tons 6 - % - '10 Dry Lona Tons % - 

Ins ta l l ed  capacity 2.700 100 2.700 
Production 1.419 5 3 2.379 

.Pel 1 e t s  

Ins ta l  1 ed capacity 3.500 100 3.500 100 
Production 2; 303 6 6 2.492 

- 
7 1 

Slurry/Filter Cake Production . 9 7 9  1.222 - 
4.701 - 6.093 Total Production - 

1 

Major a c t i v i t y  f igures  f o r  the  Chimbote i ron and s t ee l  complex a r e  
a s  follows (thousand metric tons): 

Input 

Pel 1 e t s  
Coke 
Limestone 
Manganese 
Fluor i te  

122.0 219.4 249.4 372.6 449.3 443.7 425 ( e s t )  
52.8 120.1 111.1 128.2 164.7 162.4 1 5 5 ( e s t )  
21.1 40.1 37.4 60.7 78.3 71.5 N A 

2.8 9.0 6.7 8 .9  10.0 1.4 - N A 
0.6 0.5 1 .2  2.1 1.1 N A 

Total Steel  
Products 

154.0 207.0 258.0 360.0 363.0 343.0 360.0 

E-4 Current Energy ~ o n s u m ~ t i o n  and Energy ~ f f  iciency o f  - Exist ing P l a n t s '  

The energy consumed i n  the  mining of i ron ore  i s  included i n  t he .  

. . 
non-ferrous sec tor ,  a s  most of the  a c t i v i t y  acd energy data  col lected 
and published as  p a r t  of the  mining sec tor . , ,  , 

Energy consumption i n  the  in tegrated s t ee l  complex a t  Chinbote i s  

summarized i n  Exhibit E-2. Primary energy sources f o r  steel-making a r e  
coke and e l e c t r i c i t y ,  and petroleum products a r e  in jec ted  i n to  t h e  b l a s t  

furnaces and used a s  fuel f o r  soakjng p i t s ,  reheat  and annesl ing furnaces.  



B l a s t  furnace o i l  consumption i s  estimated a t  15 Kg. per  MT o f  p i g  i r o n ,  

say 4500 MT (33,000 bbls)  hydrocarbons per year. Other uses fo r  petroleum 

f u e l s  are f,or var ious furnaces. I n  1976, t o t a l  petroleum use was 272,900 

bbls., which ind ica tes  a consumption o f  about 240,000 bbls.. f o r  furnace 

fue ls .  Over the  per iod  1972 t o  1977, petroleum fue l  usage has apparent ly 

r i s e n  from 0.67 t o  0.83 ba r re l s  per MT o f  s tee l  products, which may be 

explained by changes i n  the spectrum o f  products made, s u b s t i t u t i o n  o f  

petroleum f o r  coke i n  t he  b l a s t  furnace, etc.  For energy balance purposes, 

i t  w i l l  be assumed t h a t  the most recent f i g u r e  o f  0.83 i s  appropr iate 

for 1985 and 2000, wh i l e  the actual  f i g u r e  o f  0.80 w i l l  be u s e d  f o r  

1976. Note . t h a t  these f igures  are assumed. t o  inc lude a l l  petroleum 

fue ls  used i n  processing operations (a1 though no t  f o r  e l e c t r i c i t y  generation 

o f  any kind). The coke usage amounts t o  about 200,000 MT per year, 

equivalent t o  a coke r a t e  o f  about 610 Kg per ton  sf p i g  i ron ,  although 

a f i g u r e  o f  500 Kg. was quoted by Siderperu dur ing discussions. Coke 

rates f o r  several countr ies are shown below, i n d i c a t i n g  t h a t  the l e v e l  

achieved by Siderperu i s  representat ive o f  good modern pract ice:  

pe r  MT Hot Metal 
. . 

Coke equivalent o f  Actual coke 
coke, f ue l  o i l ,  and i n j e c t i o n  

natura l  gas, kg kg 

Be1 g i  um (1 974) 
France (1 973) 
Germany (1 974) 
I t a l y .  (1974) 
Nether1 ands (1 973) 
UK (1974) 
US (1974) 

Source Gordian Associates Inc . ,  "The Steel Indust ry"  CCMS/NATO 
47, 1977. 

E l e c t r i c i t y  consumption f i gu res  f o r  the per iod  1972 through 1990 

(estimates f o r  1978 onwards) were provided by Siderperu. The h i s t o r i c a l  

e l e c t r i c i t y  consumption per ton  o f  s tee l  products has f l uc tua ted  t o  a 

small degree from year t o  year. The average consumption i s  590 kwh per  

MT and t h i s  f i g u r e  w i l l  be. used f o r  the p ro jec t i ons  made i n  t h i s  < study. 

A t  prese'nt, a1 1 ' e l e c t r i c i t y  i s  provided by' hydroe lec t r i c  generation. 



As shown i n  e x h i b i t  E-2, energy consumption by the s tee l  complex a t  

Chimbote amounted t o  8.6 r 1015 joules i n  1976. Speci f ic  energy con- 

sumption was 23.8 joules per metr ic  ton  o f  s teel  products, equivalent t o  

about. 19 joules per metr ic ton o f  1  i q u i d  steel .  .. . . I n .  'terms o f  t y p i c a l  

steel  industry  f igures,  these appear to. be we1 1 up t o  normal .standards ,* 
as the fo l low ing  f igures (although not  s t r i c t l y  comparable) w i l l  indicate:  

GJ per MT L iqu id  Steel 

Peru - through t o  semi- f in ished s tee l  
products (1976) 19.2 

US - t o  raw steel  'only (1974) 20.5 
Netherlands - t o  raw steel  on ly  (1973) 16.7 
I t a l y  - t o  raw steel  on ly  (1974) 12.8 
Germany - t o  raw steel  on ly  (1974) 14.5 
France - t o  raw steel  ,only (197'3) . . %  18,4 

E-5 Energy Ef f i c iency  o f  New Projects 
. . 

Data provided by Siderperu on h i s t o r i c a l  . . .  operations and spec i f i c  

new pro jec ts  .was used t o  develop the t o t a i  energy consunption pro ject ions 

shown i n  Exh ib i t  E-3. Detai led energy e f f i c iency  data was no t  provided, ... 
but  i t i s  reasonable t o  assume t h a t  the  best modern p rac t i ce  w i l l  be 

, fo l lowed i n  a l l  new designs. I t  i s  i n te res t i ng  t o  note t h a t  the  use o f  

prereduced pel  1  e ts  t o  displace scrap w i  1  1 increase the energy consumption 

o f  the s teel  industry  due t o  the need t o  use coal/coke as a reducing 

reactant, whi le reducing the imports o f  scrap and thereby improving the  
. . 

nat ional  balance o f  payment s i t u a t i o n  (provided coal imports do no t  

o f fse t  a l l  the gains on scrap in~ports).  

E-6 Projected Energy Consumptions 

Using the data on ex i s t i ng  and pro jected p lants  provided by Siderperu, 

Exh ib i t  E-3 was developed. The e x h i b i t  includes information on e l e c t r i c t y  

and f o s s i l  fuel consumpticns and estimated on-'stream dates. 

It should a lso be noted t h a t  the energy data corresponds t o  spec i f ied  

production rates '  of 1  i q u i d  steel :  the f i g u r e  " for  1976 i s  derived from 

the reported production f o r  a1 1 s teel  products-of 360,000 MT, whi 1 e the 

f igures f o r  subsequent years assume f u l l  capacity operat ion soon a f t e r  

the prev iously  .mentioned expansions have taken place. 
- ' ? .  ~ . . 

- - ~ -  

* Gordian Associates Inc. , "The Steel Industry,  NATO/CCMS Study, 

repo r t  No. 47 (1977). 



Assuming the plants operate . at . the capacities indicated, the total 
energy consumption is projected to rise to 22 x 1015 joules per ye& by 

1985, and 80 x 10" joules per year by 2000, increases o f  260% and 940% 

respectively over base year 1976. 



EXHIBIT E-1' ..  ,;., 

LOCATION OF IRON AND STEEL FACILITIES' 

HIERROPERU 
MINES 

P E R U  



EXHIBIT  E-2 

ENERGY CONSUMPTION IN THE STEEL SECTOR, 1976 

Electricity 

1 o6 kwh* 

Fossil Fuels 

petroleum, bbl s. 
coke, tons . 

Specific Energy Consumption 

Basic Units joules 

201.206 0.724 

= 23.8'gigajoules per 
MT steel products 

19.2 gigajoules per 
MT liquid steel 

* A1 1 electricity provided by hydroelectric generation. 



PROJECTED ENERGY CONSUMPTIONS FOR STEEL MAKING 

\11 consumptions on an annual basis 

Production E l e c t r i c i  ty* Coal and Coke Pet ro l  eum Total  Energy 

MT L iqu id  Steel l o 6  kWh 10' 5~ - MT - 1 o1 5~ - bbl s 10153 a -. 1 0 1 5 ~  

1976 Energy Use 445,000 201 .206 0.724 200,000 6.042 272,900 1.809 8.575 
\ 

pp-~- 

: x is t ing  p lan ts  a t  
f u l l  capaci t y  520,000 236.000 . 0.850 233,700 7.060 332,000 2.201 10.111 

1979 - Prereduction 
'1 ant  

1985 - Stage I 
~xpans i  on incremental 
:omplete, p l a n t  
~pe i -a t l ng  a t  h a l f  
:apaci ty 480,000 

1985 Energy Use 1,000,000 463.650 1.669 539,400 16.296 638,500 4.233 22.1 6 4  

2000 - Stage 2 incremental 
complete, p l a n t  a t  
f u l l  capacity 3,000,000 

2000 Energy Use 4,000,000 1825.150 6.570 1,887,700 57.028 2,553,900 16.931 80.495 

Specif ic Energies 

'8.575 x 106 = 19.2 GJ per HT l i q u i d  s tee l  
445,000 



CEMENT F* ,-. . 

F-1 In t roduc t ion  

The cement industry  i n  Peru consists of f i v e  companies, a l l  o f  

which are owned by the government. The p lants  are d i s t r i b u t e d  through- 

out  the country (Exhib i t  F-1). Almost, a l l  product ion i s  grey por t land 

cement, and the value o f  t h i s  product ion i s  approximately 1% o f  a l l  

manufacturing industry. The main raw mater ia l  s are, obtained 1 ocal l y  and 

the s i x  p lan ts  are a1 1 located close t o  1 imestone deposits. 

Local demand fo l lows c lose ly  the fortunes o f  the construct ion 

industry.  Some cement has been exported h i s t o r i c a l l y  t o  Ecuador and 

sometimes t o  Chi le  and i t  appears t h a t  exports are now being d i rec ted  t o  

Ecuador, B o l i v i a  and the United States. Imports are genera l ly  small, 

usua l ly  of whi te  'cement o,r special  grades o f  por t land cement not  pro- 

duced 1 ocal ly. 

F-2 Ex is t i ng  and Planned Production Faci 1 i t i e s  

O f  the f i v e  e x i s t i n g  companies, a l l  operate dry process p lan ts  and 

Cementos Lima operates a wet process p l a n t  .a t  Chicla: The companies are 

a s  fol lows: 

~ementos C i  ma i s  the  ' 01 dest operat i  on. and continues t o  be the  

biggest, supplying the Lima, Ancash and I c a  areas. The newest p l a n t  a t  

Atocongo (rep1 ac i  ng a nearby p l  ant) was i n s t a l  1 ed i n  1969- 1970, p r i  nc i -  

p a l l y . w i t h  German equipment. The. s ing le  85 meter d ry  process k i l n  has a 

four-stage Polysius preheater. Cementos Lima a lso operates a small wet 

process p l a n t  a t  Chicla, i o u t h  o f  Lima, and the  t o t a l  i n s t a l l e d  capaci ty 

o f  the p lan ts  i s  1.15 m i l l i o n  tons per  year. The main source o f  demand 

f o r  cement i s  expected t o  continue t o  be the ~ i m a  area and therefore 

there i s  a poss ib i  1 i t y  o f  expanding the  Atocongo p l a n t  t o  2 m i l  l i o n  MT 

per  year by the  ea r l y  1980's. The p l o t  area o f  the e x i s t i n g  p l a n t  

al lows f o r  a p a r a l l e l  prqheater k i l n  and two new m i l l s ,  one f o r  

raw mix and- the other ' f o r  c l i nke r .  The Atocongo p l a n t  produces both 

Type I and I P  Cements. The IP contains 10 t o  15% locally-mined pozzolan, 

and i s  'used i n  the. l o c a l  ma.rket. Up t o  40% o f  p l a n t  product ion appears 

l i k e l y  t o  be exported i n  the near term. 

Cementos Andi no, located near Tarma i n  the cent ra l  S ierra,  supplies 

a wide area, inc lud ing  Iqu i tos  v i a  the  cent ra l  highway t o  Pucallpa and 

then down r i v e r  b y  barge. The p l a n t  was i n s t a l  l e d  i n  1958 and was 



expanded in 1962 to a total capacity of 440,000 MT per year. Minor 

revamping of the plant is scheduled for 1980 to increase consumption to 

540,000 MT per year. 

Cemento Pscasmayo supplies the north of Peru. Demand is expected 

to grow significantly in this area and a big expansion plan has been 

carried out. Installed cspacity of this plant, built in 1957, was 

original ly 380,000 MT per year. Capacity was expanded to 1 mi 1 1  ion MT 
per year late in 1977. It is important to note that. this .plant is 

supplied with blast furnace slag from the Chimbote steel' complex for 

intergrinding with clinker to form a slag cement. Quantities of slag 

utilized are not known, but the production i f  a blended cement can 

reduce significantly the energy needs for construction. 

Cemento Yura (near Arequipa) and Cemento Sur at Juliaca supply the 

south of Peru. The Yura plant was commissioned in 1968 with a capacity 

of 150;OOO MT per year, and the Juliaca plant was fnstalled in the early 
1950's with a capacity of 90,000 MT per year. The demand for cement in 
the Arequipa area is such that there are plan's to expand the capacity 

of the Yura plant to 480,000 MT per year, by the evd of 1978, a1 though 
. . 

fuil .production is not expected before about 1983. - 

The capacity of plants is summarized in Exhjbit F-2. 
'\ 

F-3 Activity Data 

Current cement production is almost 2 million MT per year: 
. . 

mi 1 iion MT per year 

1970 1.144 

1971 1.466 

1972 1.620 

1973 1.726 

1974 '1.919 

1975 . 1 ::950 

1976 1.970 

Cementos Lima 0.950 

~ementos Andi no 

Cemento Pacasmayo 

Cemento Sur 

Cemento Yura 
4 



i, P 

F-4 Current Energy Consumption 

During 1976, the cement indust ry  used about 1.57 m i l l  i o n  ba r re l s  of 

petroleum fuels ,  o f  which 89.2% (1.4 m i l l i o n  bb l )  was used as the k i l n  

fuel  and 10.8% (0.17 m i  11 i o n  bb l  . ) for  e l e c t r i c i t y  generation. Plants 

w i t h  t h e i r  own power p lants  are as fol lows: 

Petroleum .fuels f o r  e l e c t r i c i t y  generation 
Cemento Pacasmayo 109,600 

Cemento Sur (Jul iaca) 48,300 

Cemento Andi no (Tarma) 11,900 

169,800 bb ls  

(Source: I n c i  temi repor t )  

The e f f i c i e n c y  of e l e c t r i c a l  generation i s  reported i n  the Anuario 

Es tad is t i ca  E lec t r i ca  1975 as fol lows: 
6 l o 6  kwh Diesel l o 6  gal  Residual 10 gal  kWh/gallon 

C. Pacasmayo 39.782 . 0.077 4.528 9.02 
C. Sur 10.992 - 2.'027 5.67 
C. Andino 6.487 0.357 0.142 12.97 

A l l  k i l n  fuel  i n  Peru i s  provided by petroleum products. I n  summary, 

therefore,  fue l  use appears t o  be as fol lows: 

thousands' of ba r re l s  

1976 
k i l n s  elec gen Tota l  

1977 
est. 
7 

1978 
est .  -- 

Pacasmayo 31 5 318 250 110 360 350 370 
Andino, Lima 821 899 961 12 973 980 990 
Sur, Yura 198 244 196 244 242 245 - - 48 - 

1334 1561 1407 170 i!m E'Z 1605 

The Atocongo p l a n t  o f  Cementos ~ i m a '  was v i s i t e d  and k i l n  energy 

e f f i c i e n c y  i s  about 750 kcal/kg. under the best circumstances, and up t o  

780-800 kcal/kg. as a long term average. E l e c t r i c i t y  consumption ( i n c l  u- 

d ing a1 1 p lant ,  o f f  i c e  and warehouse uses) i s  about 11 0 t o  120 Kwh/tonne 

o f  cement. Based on t h i s  informat ion, an estimate. o f  the energy e f f i c i -  

ency o f  the Cementos Andino p l a n t  can be made, by d i f ference,  from the 

Inc i temi  t o ta l s .  Overal l  energy use f o r  1976 f o r  the cement indus t ry  i s  

summarized as E x h i b i t  F-3. 



F-5 Energy Ef f ic iency o f  E x i s t i n g  P lants  :.-..;-. 

Based on the  data g iven above, and assuming t h a t  an average o f  5% 

gypsum i s .  added t o  c l i n k e r  t o  make cement, and t h a t  se l f -genera t ing  

e f f i c i e n c y  i s  unchanged f o r  1.976, e f f i c i e n c i e s  may be est imated and 

compared t o  European and US p r a c t i c e  f o r  d r y  process p l an t s  as fo l lows:  

K i l n  f u e l  E l e c t r i c i t y  
kCal/Kg Cement . kWh/MT C l i n k e r  

(1) Lima 
(2) Andino 
Pacasmayo 
Sur 

Yura 

Peru Average 11 11 137 

(3) Fed. Republic o f  
Germany 800- 1200 118 

(3) I t a l y  900 127 
(3) UK 886 127 
(3) us 1358 163 

Notes (1) Inc ludes Ch ic la  p lan t .  
(2) By d i f fe rence .  
(3) Gordi an Associates Inc.  "The Cement Indus t ry "  NATO/ 

CCMS 46, 1976 (Data f o r  1974). 

The c a l c u l a t i o n  o f  e f f i c i e n c y  f o r  t he  Pacasmayo p l a n t  does n o t  take 

i n t o  account any e f f e c t  from t h e  i nco rpo ra t i on  o f  b l a s t  furnace s l a g  i n  

the f i n a l  product  cement. An unknown q u a n t i t y  o f  water-quenched gran- 

u la ted  s l ag  i s  shipped from Chimbote t o  Pacasmayo f o r  the  manufacture o f  

a  blended cement. 

These f i g u r e s  i n d i c a t e  t h a t  t h e  cement indus t ry  i n  Peru i s  opera- 

t i n g  a t  an e f f i c i e n c y  l e v e l  c l ose  t o  normal i n t e r n a t i o n a l  standards. 

F-6 Energy E f f i c i e n c y  f o r  New P ro j ec t s  

Any new p l an t s  would presumably be des'igned t o  the  h ighes t  modern 

standards o f  e f f i c i e n c y  and woul d t he re fo re  use convent ional  suspension 

preheater technology. While l ong  term opera t ing  energy e f f i c i e n c y  w i ' l l  

depend. on such f ac to r s  as raw ma te r i a l  q u a l i t y  and v a r i a b i l i t y ,  f u e l  

qua1 i ty and v a r i a b i  1  i ty, steadiness o f  opera t ion  ar,d product  speci  f i- 

cat ions,  i t  i s  reasonable t o  assure the  f o l l o w i n g  as rep resen ta t i ve  of  

best modern p rac t i ce :  



kiln fuel 790 kcal Kg cement 

e lec t r i c i ty  120 k w h  MT clinker (114 per MT cement) 

The amount of fuel . required. f o r  se l f  generation vi 11 of course 

depend on the specific plant design chosen for  new plants. For pro- 

jection purposes, an average of 25% of new e lec t r i c i ty  needs may be 
. . 

assumed. 

F-7 Projected Energy Consumption 

On the basis of new plant capacity being instal led as described 

ear l i e r  i n  t h i s  section and on a 5% growth ra te  a f t e r  1985, estimates of 

future energy needs for  the cement industry have been made (Exhibit 
F-4). A plant operating factor of 90% i s  assumed. In summary, i t  i s  
projected that  energy consumption for  this subsector of industry could 

r i se  t o  about 32 x lo1' joules. Note tha t  no specific fuel mix i s  
projected. While current operations rely enti rely. on petroleum-based 
fuel , there i s  apparently no technical reason (unless there are a1 kal l 
problems) why a1 1 k i l n  fuel should not be i n  the form of coal,  depending 

only on the economics of coal use and ' i t s  avai labi l i ty  a t  the cement 

plants. 

I t  i s  important t o  note tha t  the energy projections do  not take 
into account the potential for  energy savings by the production of 

blended cemen.ts, utili ' r ing slag from the steel  plant a t  Chimbote (as i s  
done already t o  some extent a t  Pacasmayo) or possibly naturally-occuring 

volcanic ashes (pozzolans) which may ex is t  in the Arequipa area. 
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CEMENT PLANT CAPACITIES 

Nomi na l  capa'ci ty  P l  annecl Capacity 

P lants  * Date B u i l t  M i  11 i o n  MT per  Year M i l l i o n  MT per  Year - Date 

Cemcntos Lima 

Atocongo 1970 

Ch i l ca  - 

Cen~ei~tos ' 

Andi no 1958/62 

1983 est .  
- 

Cementos 

Pascasmayo 1957 0.38 1.0 1977 

Cenlento Yura 1968 0.15 0.48 1379 

Ce~nento Sur 1963 0.09 - - 
4.26 by about 

1983 

*A1 1 plants dry process except C)licla' (wet-process) . 



Company 

EXHIBIT F-3 --- 
'SU#MARY OF ESTlHnTED ENERGY USE IN TllE CEHERT INWSTRY, 1976 

K i l n  Fuel Used 
lo6 14T Ceinerg 

K cal  per la2 1ols 
bbls Kg ceient K& 
7 

Joules -. 

Lima 0.950 ,900 0.855 3.570 ------------ 961,000 
~ n d i n o  0.445 1440 0.640 2.679 

. . 

l o t a l s  1.970 1,407,000 1111 2.189 9.162 

E l e c t r i c l  t y  

KMI per ): s e l f  1 o6 lo1 Total Enera- 

HT c l i nke r  generated - KUll Joules 10' Joules 



EXlllOlT F-h 

PROJECTED EtIERCY C0tlSUlPTIO IN TllE CWEllT IHMISTRY, 19n5 - 2000 

. 
. I1roduc t ion  . --- K i l n  Fuel ---- E l e c t r t c l  ty ---- !!!k l... s!s!!JY. 

lo6 MTLyl_ 1012 K cal  ja l t lcs : lo6  KHll 1015 Jr1111cs 15 -- --- --- i n  .JOUICS --. .. .--.- .. 
. . 

197.6 1.37 .. 2.in9 9.162 237.1 0.050" 10.012 --- 
. , h 

,. ' 
8 .  
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. . 

'. Lx i s l l t ~cJ  11la111s- a t  
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gl 'onl l~ rate, ancl l u l l  
capac I Ly opcra Lion' 
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AL f u l l  capacity 

2 0 ,  a l l  p lat l ts  n t  90% 7.96 6.9 3 2 29 .010  940.6 3.305 32.394 
.. - - - -- -- 

l IIC i lcull ~ c I u ) ~ L .  IISCS 5% grow ~II r a  tc. 
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G. OIL REFINING 

G-1 Intruduction 

The o i l  ref ining subsector of industry has taken on increasing 

importance' as the o i l  resources of Peru have been .developed. There a r e  

a t  present s i x  r e f ine r i e s  in Peru, Exhibit G-1 , although one (Conchan) 

is not currently in operation. Total crude d i s t i l l a t i o n  capacity i s  

180,000 barrels  per day, and there a re  t en ta t ive  plans f o r  a new ref inery ,  

possibly t o  be associated with the Bayovar petrochemical complex and t o  

have a design' capacity in the range of 70 t o  100,000 BPD. T h i s  ref inery 

would be commissioned i n  the  mtd-1980's.. 

Present domestic needs f o r  o i l  products a re  estimated t o  be about 

120,000 BPD. Domestic crude o i l  production i s  current ly about 160,000 

BBD. Histor ical ly ,  imports of crude have been .mostly from Venezuela 
' and Ecuador. For the near term future-, i t  appears t h a t  domestic pro- 

duction wll s a t i s f y  demand, w i t h  a surplus of up t o  about 40,000 BPD 

through 1485, a f t e r  which Peru may again become a Xet importer of crude. 

6-2 Existing and Planned Processing Faci 1 i t i e s  
The exis t ing plants  a re  l i s t e d  in Exhibit G-2. Capacities a r e  

expressed 'as bar re ls  per stream day. 
1 

With respect t o  expansion of ref ining capaci ty,  - t en ta t ive  plans 
were announced a year or  two ago fo r  a new ref ining complex a t  Bayovar, 

which would provide feedstock fo r  the proposed petrochemical complex. 

The refinery capacity was planned t o  be about 100,000 BPD, and process 

, units would include crude di s t i  11-ation, vacuum di s t i  1 l a t i d n ,  c a t a l y t i c  
reforming and merox t rea t ing .  However, i t  now appears l i k e l y  t h a t  the  

Bayovar complex w i  11 suf fer  extensive delays and mcdi f icat ions , and 

therefore ref inery plans a re  now indef in i te .  I t  i s  most l i ke ly  t h a t  a 

new refinery will  be bui l t ' ,  a t  an undetermined locat ion,  t o  process 70 

to' 100,000 BPD of crude. s t a r t - u d  i s  not l i ke ly  before 1986. The new 
refinery would probably include primary d i s t i l  l a t i o n ,  vacuum d i s t i l -  

la t ion,  f l u i d  cat.  cracking, . and . platforming. 

In addition t o  the  new ref inery ,  there  .are t en ta t ive  plans fo r  the  
addition of .a visbreaker (16,000 BPD) a t  La Pampil l a  ref inery.  Start-up 

i s .  expected t o  be 1982 t o  1984. 



6-3 A c t i v i t y  Data 

Crude o i l  runs amounted t o  about 113,000 BPD i n  1975: 

M i l l i o n  Barre ls  MBPD 

domes t i c imports t o t a l  t o t a l  

Tal a ra  21.854 3.463 25.317 63.36 

La Pampilla 0.721 11.026 11.747 32.18 
Conchan - 2.873 2.873 7.87 

Luis  Diaz 0.377 0.138 0.515 1.41 

Pucal 1 pa 0.704 - 0.704 1.93 

23.656 17.500 41.158 112.76 
4 

The usual r e f i n e r y  products, from propane t o  res idual  f u e l  o i l ,  are 

marketed: a range o f  motor gasolines i s  made, as are tu rb ine  fue ls  and 

d i s t i l l a t e  fuel  o i l s .  About 540,000 bbl. of l u b r i c a t i n g  o i l s  were 

manufactured i n  1,975. Other major products included: 

1975 (bbls) 

Greases 16,400 

Solvents 143,300 

Naphthenic acids 2,500 

Asphalt 229,600 

Because o f  a cur ren t  imbalance o f  r e f i n e r y  products w i t h  market 

demands, there are some imports o f  products (e.g. 7000 BPD o f  diesel-). 

~ p p a r e n t l y ,  demand f o r  LPG and d iesel  i s  high, wh i le  there i s  genera l ly  

a surplus o f  gasoline. Some changes i n  operations are poss ib le  t o  

a l l e v i a t e  the s i t ua t i on ,  such as changing c a t a l y s t  i n  the FCC un i t s .  and 

changing FCC conversion sever i ty .  Such changes are 1 i m i  t e d  a t  Tal a ra  

because of the  const ra in ts  on FCC operations o f  p rov id ing  propylene 

feedst0c.k t o  the adjacent solvents p l a n t  and c l a r i f i e d  o i l  as a feed- 

stock t o  the carbon b lack p lant . .  

6-4 Current Enerqy Consumption 

Petroperu ind ica ted  t h a t  about 5000 BPD o f  crude o i l  (equivalent)  

i s  requi red f o r  a l l  i n t e r n a l  company operations inc lud ing  t h a t  used t o  

process about 120,000 BPD o f  crude, as we l l  as f o r  p i p e l i n e  pumping 

operations. This fuel i s  consumed i n  the form o f  r e f i n e r y  gas, LPG, 

d iesel ,  some kerosene and gas01 ine  f ract ions,  and heavy f u e l  o i  1. Some 

natura l  gas i s  also included i n  the f' igure. 



With respect t o  natural  gas, about 65 m i l  1 i on  SCFD i s  produced i n  
associat ion w i t h  the domestic crude. I t s  d ispos i t ion  f o r  1978. w i l l  be 

approximately as fol lows: 

Feedstock f o r  urea p lan t  

MMSCFD 

7 

Ext rac t ion  operations o f  Petroperu 14 

Fuel use i n  p lants  2 5 

Domesti c/commerci a1 uses i n 

Tal ara, Negri tos etc. 9 :  
Lost t o  f l a r e  10 - 

65 

I n  fac t ,  current  losses t o  atmosphere are probably about 20 MMSCFD, o f  

which 10 are economically recoverable: plans are being made f o r  the 

commissioning o f  a gas recovery system. 

G-5 Energy Ef f ic iency o f  Ex is t ing  Plants 

Based on re f i ne ry  fue l  co.nsumption f igures f o r  the Petroperu re-  

f i n e r i e s  a t  La Pampilla, Talara, I q u i t o s  and Puc'allpa, an averase o f  150 

' t o  160,000 Btu per bar re l  o f  crude processed was estimated. For the 

. type o f  p lan ts  operated by Petroperu, t h i s  may be a l i t t l e  higher than 

might be expected. A rough estimate based. on energy consumption i n  
modern process u n i t s  suggests t h a t  the same combi n a t i  on o f  d i  s t i  11 a t i  on 

capacity and secondary conversion u n i t s  (FCC, p l  atforming, etc. ) could 

r e s u l t  i n  an energy consumption o f  about 115,000 Btu per bbl. crude: 

Energy Ef f i c iency  ( fue ls  only)* 

MBPD Capacity MMBtu/Bbl - Charge 

Crude d i s t i l  l a t i o n  178.5 0.0870 

Vacuum d i  s t i  1 l a t i o n  39.3 0.1133 

FCC 23.6 (0.0283) 

Uni f i ner 2.7 0.0677 

P l  atformer 2.0 0.3800 

Overall  . - 0.115 

* Gordian Associates Inc., 'The Data Base: Potent ia l  Energy Conser- 
va t ion  i n  Nine Selected Industr ies,"  June 1974 f o r  the  U.S. Federal 
Energy Administration. 



Note, however t h a t  t h i s  e s t i m a t e  does no t  take i n t o  account the 

add i t i ona l  processing energy needed i n  the product ion o f  1 ubo i l  s, so l -  

vents, asphalt,  etc.  Luboi 1 manufacture i s  p a r t i c u l a r l y  energy in ten-  

sive: This fact,, coupled w i t h  the  e f f e c t s  t h a t  de ta i l ed  'changes i n  

process con f igu ra t ion  from u n i t  t o  u n i t  can have, could exp la in  much o f  

the d i f fe rence  between 115,000 and 160,000 Btu per bbl .  I n  f ac t ,  our 

est imates o f  r e f i n i n g  indus t ry  energy use f o r  t h i s  study are based on 

180,000 Btu per  bbl. ,  t o  a l low fo r  terminal  and b u l k  d i s t r i b u t i o n  p l a n t  

operations, i n  add i t i on  t o  the r e f i n e r i e s  themselves. 

F i n a l l y ,  the fo l low ing  data were obtalned f o r  the r e f i n e r y  a t  La 

Pampi 11 a: 

May 1978 

: Charge t o  primary d i s t i l  l a t i o n ,  ba r re l s  1 ,640,500 
6 E lec t r ' i c i t y  used, 10 kwh 2.1941 

. , * E l e c t r i c i t y  used, Btu equ iva lent  7488.5 x l o 6  
Fuel used, bbls. 31,422 ' 

* Fuel used, Btu  equivalent  188,532 x l o 6  
Tota l  Btu  (equivalent) 196,021 x l o 6  
Energy e f f i c i ency ,  Btu per  bbl .  charged 119,500 

Th is  energy e f f i c i e n c y  suggests t h a t '  the p l a n t  i s  operated we1 1 i n  

accordznce w i t h  good modern pract ice .  

6-6 ' Enerqy E f f i c i ency  o f .  New Pro jects  

As noted above, the energy e f f i c i e n c y  o f  p l an t s  w i l l  vary according 

t o  the  d e t a i l s  o f  the design, and t h i s  i s  in f luenced by t he  type o f  

feedstock and ' t h e  nature o f  the products required. Representat.i.ve 

f ac to r s  which may be used t o  est imate energy consumption f o r  we l l  operated 

p lants ,  i n  the  absence o f  s p e c i f i c  design data, are as fo l lows:  

Fuel MMBtu/bbl E l  ec. kWh/bbl 

Crude d i s t i l l a t i o n  0.0870 0.42 

Vacuum d i s t i  1 l a t i o n  0.1133 

U n i f i n i n g  , 0.0677 

P l  a t formi  ng 0.3800 

FCC (0.283) 

O f f s i t e s  

* A t  3413 Btu/kWh and 6 x l o 6  Btu/bbl.  



G-7 Projected Energy Consumption. 

. I n  view o f  the somewhat i n d e f i n i t e  .plans . f o r  r e f i n e r y  expansion, .i't 

i s  - d i f f i c u l t  t o  p r o j e c t  energy consumption i n  the  o i  1  r e f i n i n g  sec to r  

w i t h  any degree o f  r e l i a b i l i t y .  However, it i s  reasonable t o  assume 

t h a t  the e x i s t i n g  p l an t s  w i l l  be operated at' about the  same . l e v e l :  o f  

e f f i c iency  a t  h jgher throughput as demand r i ses .  A f t e r  1985', i t  may be 

assumed t h a t  a  new r e f i n e r y  of 100,000 BPD w i  11 be constructed,  w i t h  an 

energy e f f i c i e n c y  corresponding t o  the bes t  modern p rac t i ce . .  ~ e f  i nery 
.15 energy consumption i s  therefore  p ro j ec ted  t o  t o t a l  .about 11 x 10 

jou les  by 1985 and about 18 k 10'' j ou les  by 2000 (see E x h i b i t  6-3).  



OIL REFINERY LOCATIONS 
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EXIIIBIT 6-2 

.REFINERY PROCESS UNIT CAPACITIES 
3 Sources.: (1) "Estadis t ica Petro lera del  Peru, 197St', Min. de Energia y Minas, B o l e t i n  

Of i c i a l  de 1 a D i  recc i  on General de Hidrocarburos , Numero 26. 
(2) The Andean Report, November 1977. 
(3) Discussions w i t h  Petroperu. 

(BPSD) Tal ara 

Crude Dist.. 65,000 

vacuum Dist .  20,000 

Cat. Cracking 16,600~ 

U n i f i n i n g  - 
Platforming - 
Vat. d i s t .  

' 

( l u b o i l )  1,000 

La Pampi 1 l a  

102,000 C, 

Vat. d i s t .  
(asphalt) 2,000 - 
Other - 13,000* 3, OOO** 

* ~ e r o x  t r e a t e r  f o r  Kerosene 
** Asphalt and solvents; 
A Design capaci ty: normal l y  does not exceed approximately 13,500 BPD. 
B Design capacity: normally does not  exceed about 5,500 BPD. 
C New u n i t  o f  65000 OPD capaci ty broucjht on 1 ine  i n  1977. 
D Thisp1an.t  nowshutdown. 

Pucal 1 pa - Total  

2,500 1 80.6 00 

35,500 

23,600 

2,000 

2,000 



EXllIDIT G-3 

ESTIMATED ERERGY COIISUMPT IOHS 

'EucI . t l c c .  '. 1976 1385 2000 
Process 'Put u e CC. T'put 103 ucl EIcc. 103 T p u t  I O J  cue1 ICC. 

1 Pk$%bl - Units  1 :3 UPD 109FDt:dax 1O3':Wh/daL - BrD 106 Blu/d I /  PO 10 i t a i d  105 kHh/d 

0.007 0.042 crude d l r t  i00.0 8.70 42.0 170.0 14.79 71.4 270.0 23.19 113.11 

0.1133 0.75 Vac. d l s t  25.0 2.03 10.0 34.0 3.91 26.1 55.3 6.27 41.5 

(0.2U3) 2.67 FCC 17.0 (4.01) 45.4 23.6 (6.60) 63.0 37.5 (10.61) 100.1 

. 0.0671 1.05 Un i f l ne r  2.0 0.14 . 2.1 2.7 0.10 2.0 5.0 0.31 5.3 

0.300. 3.23 Plat formcr 1.5 0.57 4.0 2.0 0.96 6.5 5.0 1.30 16.2 

- 3.0 O f f s l  tcs 100.0 - 300.0 170.0 - 510.0 270.0 - 010.0 

SUDTOTALS 7.43 413.1 1 3 . 1 9  679.8 . 21.39 1006.5 
0 1  
Cd 

Lubol l and otlsr' 
IJr~i ' ts 

TOTALS ( 1 0 ' ~  jou lcs  per ycar )  -- 6.07 0.52 10.45 0.06 16.57 . 1.37 

* ~ o u g l l  c s t l ~ m t e .  only: .these f lgurcs assume fucl for  .on-sltc c l e c t r l c l t y  included I n  t o t a l  fue l .  



H. PETROCHEMICALS 

H-1 In t roduc t ion  

A s ign i f i can t  development w i t h i n  the i n d u s t r i a l  sector o f  Peru over 

the next few years i s  1 i kely t o  be the construct ion o f  a range of petro- 

chemical plants. Under Andean Pact agreements, various products have 

been assigned t o  Peru, some exclusively and others. shared w i t h  spec i f i c  

countries. These include a c r y l o n i t r i l e ,  SBR la tex,  poly-butyl rubber, 

po lyacry lon i  tri l e ,  a c r y l i c  f i b e r s  , PVC emu1 sion grade, carbon black and 

isopropyl alcohol. Products which may be made i n  any Andean Pact Country 

include dichloroethane, VCM, phthal i c  anhydride, LDPE, polystyrene, 

suspension-grade pVC, and such basic compounds as ethylene , propyl  ene, 

bu ty l  enes , butadiene, isoprene, xy l  enes , benzene and e thy l  benzene. 

To date, Peru has not  had any s i g n i f i c a n t  product ion o f  basic 

petrochemicals. Ambitious plans f o r  a major complex a t  Bayovar, t o  be 

provided w i t h  feedstocks by a new r e f i n e r y  a t  t h a t  s i t e ,  were drawn up 

several years ago. I n  1975 ,, the t o t a l  cap i ta l  investment f o r  the  com- 

p lex was projected a t  about $2.'4 b i l l i o n .  It now appears most u n l i k e l y  

that  t h i s  amount can be ra ised w i t h i n  the t i m e '  frame o r i g i n a l l y  proposed. 

Tinere have been many delays and cutbacks i n  the scale o f  the Bayovar 
I 

plans, and i t  seems t h a t  the o l e f i n s  and der ivat ives p lan ts  w i l l  go 

ahead, w i t h  other downstream p lan ts  postponed i n d e f i n i t e l y .  

H-2 Ex is t ing  and Planned Processing F a c i l i t i e s  

The only major petrochemical p lants  cur ren t ly  i n  operat ion are both 

located a t  Talara (see Exh ib i t  H-1). A carbon black p lan t ,  o r i g i n a l  

capacity 7700 MT per year, uses 'a c l a r i f i e d  o i l  from the r e f i n e r y  f l u i d  

cat. cracking u n i t  as feedstock. This p l a n t  i s  t o  be expanded t o  15000 

MT per year i n  the near future. Most o f  the carbon black i s  sent t o  

t i r e  manufacturers, w i th  some going t o  make inks, pa in ts ,  records, and 

various miscellaneous rubber products. 

A p l a n t  f o r  manufacturing isopropyl alcohol u t i l i z e s  propylene from 

the cat.  cracking u n i t  as feedstock. This p l a n t  has a capaci ty o f  

10,650 MT per year of I P A ,  w i t h  5000 MT per year o f  acetone as a secondary 

product. 

The previously-mentioned Bayovar complex was o r i g i n a l l y  bwed  on 

gas o i l  and naphtha feed from a new 100,000 BPD re f i ne ry ,  a lso t o  be 



b u i l t  a t  the Bayovar s i t e .  It i s  no t  c l e a r  what fee.dstcic.~s wi.'l.')' be used 

for  any u n i t s  which are even tua l l y  b u i l t  a t  Bayovar.. 

I n  :add.j t,i on t o  the T.al ara  .plants:, several .  csmpafi;F.e:s ' pjrd;duce.' a range 

of sojvents, and aromat ics i n  cel,at.ively: small .  quan t i t i e s .  

H-3 A c t i v i t y  Data 

No actua l  p ' lant  product ion data was obtained f o r  TalaPa. As croted 

previously,,  . . carbon b l a c k .  capac i ty  ins 7700 MT per  year, and A sOllvents 

capac i ty  i s  166503 MT .per .year I P A  an,d:"5000: MT be.r' yeaP (i'ceti~he.; A t o t a l  
: .. 

o f  .about 12.,000 . . .  ,MT o f  var ious .organic solvents:.was pro'il'uced. in? 1975 Prom 

a ,  v a r j e t y  o f  small p l a n t s  throughout Peru. 

H-4 Cu.rrent .Enerqy ~Cons.urnpt,+on. and.. E,nergy Edf ici-ency o f '  Exist i ' i ie  P'l ants 

No :actual p1:an.t en.ergy  consumption^^ data :was pvovi'ded:, and' W e r e f o r e  

no comments. can .be made. on p l . a n t : e f f  i c iency .  .Hawei/ei-, On t h e y b a s i s  o f  

typica.1, . ,. i ndastry p r a c t i c e  ,( estimate's o.f . cwrre.nt ekebgy . consumpMori have 

heen. made. and are p:resented, . i n  Exh ib i t : .  H--2. 

. , .  H-5 . Energy Ef f.j:cd.ency o f  P.ro.posed P l  ants  

Since . pl7 ans f . 0 ~  .-ney p i  ants a re  i ndef i n i t e ,  no comment can be inade 

on. .ener,gy, ef fisi.enc:ies:, except that: any new- pl:ant wi.l:.l 'presumab'ly ' be 

designe.d.,ac.,c.ord:inq. to,: the: :best. av.a.i:labFe techmo:logy 'at '',the. ti5i:me. 

H-6 . Pro jec ted ,;E.n.ergy: C.or?:sump;tion 

Again, ..sj.nce no def ,$ni  t e .  .p.l ans::;f or .new.. .pebroch'CrniCal PVants 'have 

been made, forecasts  0.f energy . . .. us;@ ..:.can only.. .be h4.ghly ' approximate. 

Energy, ..requirements based. ,,,.Q n... : the.. c.ons~tructi'o~n of; :.&ti. etljyl ' i ine , p l a n t  

J160,000 , MT/year.), : .and.:. :assoc.i a ted u n i t s  a t  B.ayoia,' are p+e&iit'ed-, . i n  
.. . 

Exhi b i t  ..H-2.: . . .  
.. . . .:. 





EXII1I)IT ti-2 - 
ESTIl.fiTES OF PETROCllEMlCAL PLANT ENERGY COtlSUI~lPTIOItS TllROUGll 2048 

' ' Annual Ass ullled Fue 1 E l e c t r i c i t y  Total 

Date 15 15 - Plant -- Capacl t y  - Energy Ef f i c iency  1015 Joules 10 J o u w  10 Joulcs 

Carbon black 7700 E1T 13.9 x 10; J/ElT 0.11 N/A 0.11 
1 PA 10650 MT . 13.1 x 10, J/bl! 0.1'1 0.03 0 ~ 1 4  

- 
1976 Totals 0.22 0.03 0.25 

.Oy 1905 Carbon black 
exp. Oy 7300 MT 13.9 x log J ~ M T  0.10 - - 0.10 

1985 i o t a l s  0.32 0.03 0.35 
VI 

~ f t e r  1985 Integrated petro- 
c h e ~ ~ ~ i c a  l complex 
a t  Oayovar* 

- ethylene 160,000 IlT 35 x 10; J/tIT 5.54 0.06 5.60 
- VCM 50,000 ElT 13 x log J/MT 0.07 0.58 0.65 - PVC 30,000 MT 15 x l o9  J/r.lT 0.05 0.40 0.45 - LOPE 20,000 F i r  13 x 1.0~ J/MT 0.10 0.16 0.26 - Acryloni t r i l e  15,000 MT 15 x 10 J/MT 0.12 0.1.1 0.23 

2000 Totals 6,20 1.34 7.54 

'~ougti estimates o f  p lan t  s i ze  on'ly. 
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I. CHEMICALS 

1-1 Introduction - 
The subsector "chemicals1' includes a large number of products, many 

of which are made in quite sinall. quantities. About ten products repre- 

sent 90% of the tota l  production. These .main prcducts are: 

acids - hydrochloric, n i t r i c ,  su1.furi.c . 

a1 kal i s  - sodi um hydroxide, zmrnoni a 

others - chlorine, sodium chloride, calcium carbide, calcium 

disulfide. \ 

1-2 Existing and Planned Processing ~.ac ' i l  i  t i e s  - 
rhe following brief descriptions of some of the main product areas 

will provide some bzsic da t i  on the chemicals subsector. Key s i t e s  are 

'indicated i n  Exhibit 1-1. Unfortunately, time d i d  not allow a compre- 

hensive check to  be made of the plant throughput and expansion plans 

described here; these must therefore be regarded as tentative.  

The sulfur ic  acid i s  obtained as a byproduct from the mining sector 

and about 70,000 MT per year i s  manufactured a t  the Centronin La Oroya 

smelting s i tes .  In f ac t ,  a major u s o  for  sulfur ic  acid i s  the proces- 

sing of copper ores through leaching and electrowinning processing 

systerns (such as a t  ~ e r r o  Verde). A major future'  demand for  sulfur ic  

acid will be for the Bayovar phosphate f e r t i l i z e r  plants. I t  appears 

th.at t h i s  demand will be met by the production of 176,000 MT per year of 

acid from the zinc smelter a t  Cajamarquilla (now under constructicn). 

Sodium carbonate i s  not currently made in Peru b u t  there i s  a 

project ,  coordinatgd by Induperu t o  construct a plant nesr Lima in the 

early 1980' s. 

Caustic soda (sodium hydroxide) i s  produced a t  a ra te  of  bout 

40,000 tons per year by Sociedad Paranonga and 30,000 tons per year 

by ~uimica del Pacifico. Expansion o f  the l a t t e r  plant t o  a production 

of about 50,000 blT per year i s  understood to  be p l~nned  fo r  ccmpletion 

by 1581. 

Hydrochloric acid i s  produced a t  about k0,000 IYT per year by Soc. 

Pzra~onga 2nd Quisica del Pacifico.   his represents about 15,000 hlT 

spare capacity, and.  i t  i s  therefore unlikely tha t  new plants will b e  

buil t  for mEny ye'ars. 



N i t r i c  ac id  product ion a t  the Cachimayo and F e r t i  sa f e r t i  1 i z e r  

p lan ts  i s  around 96,000 MT per  yesr.  Ammonia i s  a lso prcduced.at these 

p lan ts  a t  a r a t e  o f  about 32,000 tons per  year. Energy requirements fo r  

these mater ia ls  w i l l  be . included i n  t h a t  fo r  f e r t i l i z e r s .  

About 63,000 MT , per year o f  ch lo r ine  i s  produced i n  conjunct ion 

w i t h  caust ic  soda by Soc. Paran~onga and Quimica del  Pac i f i co  not  a1 1 of 
- 

which i s  used.* Expansion o f  the Par,amonga paper p l a n t  w i l l  i nc lude 

expansion o f  e l e c t r o l y s i s  p lan ts  and therefore there w i l l  be an addi- 

t i o n a l  surplus o f  ch lor ine.  It i s  planned t o  expand the e x i s t i n g  PVC 

p lan t ,  which uses alcohol from sugar fermentat ion as a feedstock as w e l l  

as ch lor ine,  from the  cur ren t  capaci ty  o f  about 9,000 MT per year t o  

30,000 M per year. Actual product ion o f  PVC (suspension grade). was 

about 7,500 MT i n  1974 and i n  1975. 

Sodium ch lo r i de  i s  produced from the  s a l t  deposits a t  Las Sal inas 

on the  coast nor th  o f  Lima. Production i s  about 250,000 MT per  year, 

which i s  estimated t o  be about 70% o f  f u l l  capacity. There are plans 

f o r  b r i n e  deposits nezr ~ a ~ o v a r  t o  b e  exp lo i ted  i n  conjunct ion wi th  t h e  

proposed phosphate f e r t i  1 i z e r  p ro jec t :  product ion of sodium ch lo r l de  f s 

planned t o  be 120,000 MT per year and o f ,  potassium ch lo r i de  100,000 MT 

per year. Fur ther  mention o f  t h i s  p r o j e c t  i s  made i n  . t he  f e r t i l i z e r  

sect ion o f  t h i s  repor t .  

1-3 A c t i v i t y  Data 

De ta i l s  o f  product ion l e v e l s  f o r  the ch&nica l r  sector  were no t  

co l lected.  However, approximate l e v e l s  o f  product ion o f  some o f  t he  

most. important products have been ind i ca ted  above. 

1-4 Current ~ n e r ! ~  Consumotion and Energy E f f i c i ency  o f  E x i s t i n g  Plants 

. No spec i f i c  data on energy consumption o r  energy e f f i c i e n c y  was 

avai lab le.  However, using the  approximate product ion data given pre- 

v ious ly  f o r  key products and assuming representat ive energy co~sumptions 

f o r  these products, i t  was possib le t o  develop a rough estimate of 

the energy requirements of this subsector. The estimate is 

summarized in Exhibit 1-2. 

* The o f  Chlor ine i s  s to i ch iomet r i ca l l y  t i e d  t o  the  caus t i c  
product ion l e v e l ,  which i s  about 70,000 MT per  year. However., 
wh i le  demand f o r  caust ic  i s  strong, no t  a l l  o f  t he  ch lo r i ne  which 
i s  produced f i nds  a market. 



1-5 Energy Efficiency of New Projects. and ~ r o j e c t e d . . ~ n e r ~ ~  ~ o n s u m ~ t i o n s  

Where available, energy data for specific projects was used for 

energy projections. Where 'such data was not available, estimates were 

based on typical industry practice. Projections for 1985 and 2000 are 

sumnariz2d in Exhibit 1-3. 



EXHIBIT 1-1 

C:+EI.!ICALS 



EXHIBIT 1-2 

ESTIMATE ~F 'ENERGY CONSUMPTION FOR A I.ilAJOR PART OF 
TllE CII~ICALS SUBSECTOR. 1976 

Production 
Level . . 

Energy Ef f ic iency 
Assumed E l ~ l  Elect.' Energy Coniumed 10' Joules per y e a r  
MTPer Year IO"J/MT KWH/MT - Fuel - E l e c t r i c i t y  Total  

cn 
IW Sul f u r i c  ac id  70,000 -- 11 -- - - - - 

Caustic soda 70,OOQ - - 3700 - - 0.93 0.93 

Hydrochloric. a c i d  - 60,000. 9 .9 . 99 0.60 0.02 0.62 

PVC . 7,500 4.0 5 30 0.03 0.01 0.04 

Sodiu~n ch lo r i de  (sa l  t )  250,000 

* Note t h a t  ch lor ine and caust ic are produced simultaneously v i a  .e lec t ro lys fs  . o f  .brine. . 

A l l  of  the e l e c t r i c 1  ty consumed i n  the process has been a l located t o  the primary 
product,, caus t i c  soda. 



Sul f u r l c  ac id  
Sod i IIIII cartonatc 
Caustic soda 
Ilyclr-ocl~loric ac id  
Clblor.inc 
I'VC 
Sodi III;I cl1101.1 tlc(sa1 t )  
Potass lrrm cl11orlcJe 

Su l fu r i c  ac id  
Soil i IJIII carholla t e  
taus t i c  s o h  
I l ydroc l~ lo r lc  aclcl 
Cl l lor l  tie 
PVC 
Sotl lull1 ch l o r i  dc 
I'otsss l IIIII clllol.itlc 

EXllIOIT 1-3 -- 
ENERGY CONFlPT ION PROJECTIONS, 1985 and 2000 

--- 
Production E~~~-s!ESY get t r i c  Total 

Fue 1 Elect. Fuels Consuulcd -- - 
i e v e l  assrrned En;;gy Consunwd m y  Cons~rrlctl -- 
WT p e r  year - -- 'O~JII~T --.- M l / ~  10 jou lcs  per year joules per year 7' ,josles 

250.000 - - 1 b 0.010 
70, oon 12.0 -- 0.104 
90.000 -- 3700 1.199 
00.000 9.9 99 0.029 

*l lote tha t  c l ~ l o r l n e  and caust ic  are ~~roduced simultaneously I n  e lec t ro l ys i s  o f  brine. All o f  the c lec t r l c ! t y  
consu!acd I n  thc process has becn al located t o  the prlmary product, caust ic  soda. 



3. FERTILIZERS 

J-1 Introduction 

There a re  current ly three major f e r t i l i z e r  producing o p e r a t  i o n s ,  

the Petroperu urea plant  a t  Tal a ra ,  the state-owned Cachimayo ammoni urn 
ni t ra te '  plant near Cuzco, and the  Fer t i sa  ammonium n i t r a t e  and ammonium 

su l fa t e  plants in Callao. Other plants operate mixing and blending 

operations t o  produce various mixed f e r t i  1 izers .  Domestic production of 

f e r t i l  i zers  fa1 1 s we1 1 below demand, requiring s ign i f i can t  imports. 

5-2 Existing and Planned Processing F a c i l i t i e s  

The Cachimayo plant  was commissioned in  1965 with a design capacity 

sf 3000 MT per month .of 33.5% nitrogen f e r t i  1 izer .  The .plant  uses large 

amounts of e l e c t r i c i t y  t o  produce hydrogen from the  e l ec t ro lys i s  of 

water and nitrogen from an a i r  separation plant.  The nitrogen and 

hydrogen are  converted t o  ammonia, while n i t r i c  acid i s  produced from 

a i r  by an e l e c t r o l y t i c  (arc)  process. A 1  though the design capacity of 

the plant  has rarely been reached, the plant  is  apparently now producing 

. about 27,000 MT per year of ammonium n i t r a t e .  

The Fert isa  plant  a t  Callao has an ins t a l l ed  capacity f o r  15,400 MT 

per year of 21% ammonium s u l f a t e  and 36,000 MT per year of 33.5% amtxonium 

ni t ra te .  Hydrogen fo r  ammonia manufacture i s  obtained by reforming a 

residual fuel oi 1 fract ion.  

The Talara urea plant  was commissioned in  April 1975 t o  produce 300 

MT per day of ammonia from a natural gas feedstock, and t o  convert t h i s  

to  510 MT per day of urea (46% nitrogen). 

There a re  plans f o r  a major phosphatic f e r t i l i z e r  complex t o  be 

b u i l t  a t  Bayovar. The project  includes plants  t o  produce diammonium 

phosphate and t r i p l e  superphosphate f e r t i  1 izers .  I t  i s  a1 so planned t o  

develop local brine evaporation ponds t o  produce potassium and sodi um 
chlorides. According t o  the "Andean Report" of 1977, i t  i s  hoped 

tha t  the f i r s t  stage of the Bayovar complex can be commissioned i n  1982 

to  produce. the following: 

Phosphate rock 880,000 MT per year 

Sulfur ic  ac id  550,000 MT per year 

Phosphoric acid 370,000 MT per year 

Triple  ~ u ~ e r ~ h o s ~ h a t e  (46% P205) 370,000 MT per year 

Diamm. Phosphate 150,000 MT per year  



From the brine deposits, the second stage of the project will produce: 

Potass,ium chloride (60% as K20) 100,000 MT per year 

Sodium. chloride 120,000 MT per year 

Surface mining and conventional f ive-step processing (scrubbing, 

desl iming, flotation, fil teri.ng, drying) wi 1 1  produce a ferti 1 izer with 

30.5% P205, suitable for immediate local use. About 8,000 MT is to be 

marketed locally and the balance used for making phosphoric acid ,or 

triple superphosphate. 

5-3 Activity Data 

The following data is derived from government statistics: 

Metric Tons 

Agricultural amm. nitrate 57,722 53,191 52,639 
Compound fertilizers 17,759 16,036 22,572 
Calcium superphosphate 7,237 10,250 7,769 
Ammoni um sul fate 8,785 7,807 7,357 
Urea 47,492 100,364 117,862 

5-4 Current Energy Consumption and Energy Efficiency of Existing Plants 

Comprehensive data on energy consumption in the fertilizer sector 

was not available. However, some information on the Fertisa and Talara 

operations was obtained, and .approximate estimates for other activities 

were based on typical industry practice. Energy use is summarized in 
Exhibit 5-2. 

The Incitemi report quotes the following energy consumption for 

Fertisa in 1976 (apparently in the form of No. 2 oil): 

Electricity generation 127,000 barrels 
Synthetic gas and other process uses 103,000 

15 230,000 
'~quivalent energy use 1.43 x 10 . joules 

Based on discussions with Petroperu, energy use at Talara amounts 

to about 17 million SCFD of natural gas, of which 7 million SCFD represen 
feedstock and the balance is fuel for electricity generation and process 

use. Thus the total energy use (as natural gas) is about -36 x 10 9 

joules/MT of urea. 



With respect to energy requirements for mixing and blending fert.iliiers, 

data was taken from a report by Cornell University* and the total energy 
6 input calculated to be 460 x 10 joules per MT (of which about 15% is 

electricity). 

5-5 Projected Energy Consumption 

Estimates of energy consumption for 1985 and 2000 were made by 

pro-rati ng 1976 consumpti on where appropriate. Data for phosphate rock 

and associated fertilizer production was based on Cornell Unversity 

data. A summary of energy projections is given as Exhibit 5-,3. The 

growth i n  domestic fertilizer production from 1976 to 2000 represents a . 

compound rate of about 8 :% per'year. . 

* "Energy Requirements for New York State Agriculture" (Part 2, 
indirect inputs), Agricultural Extension Engineering Bul letin 400, 
Cornel 1 University (1976). . . 
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EXHIBIT 5-2 

ESTIMATED ENERGY CONSUMPTION FOR THE FERTILIZER SECTOR, 1976 
- - 

Approx. Fuel Elec. Annual Energy Consumption 10" jou les  
Production Efgic iency E f f i c i e n c y  

I tem - MT 10 Kcal /MT kWh/MT - Fuel E l  ec. - Tota l  

Amm. N i t r a t e  
(Cachimayo) 27,000 2.05 6305 0.23 0.58 0.01 (*) 

Amm. N i t r a t e  
( F e r t i  sa) 26,000 - - 1.43 ( s e l f  gen. ) 1.43 

Amm. Su l f a te  
( F e r t i  sa) 7,800 - - - - - (1 1 

Urea (Talara) 100,400 - - 4.37 ( s e l f  gen. ) 4.37 

Miscellaneous 
Compounding and 
Mix ing 40,000 - - 0.02 ' 

- o.oh2' 
TOTALS 201,200 6.05 0.58 6.63 

' {  . 

(1 ') Included !,.with ammonium n i t r a t e  f igure.  

(2) Based on rough estimate by Gordian. 



ES'TIMATES OF PROJECTED ENERGY CONSUMPTION FOR THE FERTILIZER 
SErTOR, 1985/2000 

I tern 
1985 
Anun. N i  t r a  te(Cachimay0) 
Anlrn. ~i tra te (Fe r t i sa )  
Aleal. Sul f a t e ( F e r t i  sa) 
Urea (Ta 1 a ra  ) 
M i  sc. Compoundi ng/llZi x i  ng 
~hospha t e  rock(Uayovar) 
Phosphoric acid(Bayovar) 
TSP (Bayovar) 
Dianm~. phosphate(Bdyovar) 

I tern 

Anun. Sul fa te (Fer t i sa)  
Urea(.Talara and others) 
M i  sc . Compoundi ng/Mi x i  ng 
Pi~osphate rock(Ba~ovar)  
Phosphoric acid(Bayovar) 
TSP(Dayovar) 
Dian~m. phospha te(Bayovar) 

Approximate 
Production MT 

Annual Energy Consumption 1015 Joules 
Fuel E l e c t r i c i t y  Total 

0.30 0.75 
1.97 - - 

( i  nc l  uded i n .above f i gure) 
7.40 - - 
0.02 0.01. 
0.54 0.05 
1.89 0.15 
0.02 0.02 



K. OTHER MANUFACTURING ACTVITIES 

K-1 In t roduc t ion  

The i n d u s t r i a l  sector. of Peru i s  qu i te  diverse, and there are many 

important indus t r ies  other than those' a1 ready .discussed i n  . t h i s  repor t .  

These include, f o r  example: 

Shipbui l d i n g  Machine t o o l s  

Boi 1 erma k i  ng Glass products 

Heavy engi neeri  ng Synthetic resins 

E l e c t r i c a l  machinery Synthetic f i b e r s  

Automotive industry  Text i  1 es 

Pulp and paper Brewing 

I n  terms o f  energy, these industr ies are undoubtedly much smaller ( in -  

d i v idua l l y )  than the major indus t r ies  studied i n  some d e t a i l ,  and there- 

fo re  it was decided, fo r  reasons o f  time, t o  exclude them from t h i s  

study. However i n  t h e  course of data gathering f o r  the main industr ies,  

some miscel laneous information was received on other industr ies,  and 

t h i s  i s  summarized f o r  record purposes i n  t h i s  section. 

K-2 .Paaer 

A new p l a n t  using, the "Cusi" process t o  convert bagasse t o  news- 

p r i n t  i s  t o  s t a r t  operation a t   antia ago de Cao l a t e  t h i s  year. I n i t i a l  

capacity w i l l  be 110,000 MT per year: maximum e l e c t r i c a l  demand . i s  

expected t o  be 25 MW, and annual e l e c t r i c a l  use,:ki 11 be 134,640 MWH (0.48 

x 1015 joules). The p l a n t  i s  t o  be expanded t o  220,000 MT per y e a r  i n  

the ea r l y  1980's. It should b e .  noted t h a t  t h j s  p lan t "  w i l l  i n i t i a l l y  

take 400,000 .MT per year o f  bagasse as a chargestock from the Casa- 

grande sugar complex (which normally produces 750,000 14T per year). 

This w i l l  req l j i re  replacing as a fue l .  a t  the sugar complex, and it 

appears t h i s  w i ' l l  have t o  be i n  the form o f  f u e l  o i l  (400,000 MT per  
15 year o f ,  bagasse i s  equivalent t o  about 4.4 x .. ~. 10 . joules, o r  720,000 

bbl  s. o i  1 equivalent). 

K-3 Brewing . . 

Long term; there are a number o f  expansion plans f o r  t h i s  sub- 

sector. . Capacity ' i s  1 i kely t o  increase as ' f o i  lows (Andean Report, Ju l y  



M i  11 i o n  Hectol i t r e s  

,3976 Capacity 

Backus & Johnston Lima/Rimac 2.25' 2.25 Closed down 
. ( I 1 C r i  s ta l l ' )  

Backus & Johnston 
( " C r i  s t a l  ) Lima/new - 0.50 8.0 

Comp. Naci onal 
de Cerveza ("Pi lsen") Saenz P.ena 0.65 0.65 

Comp. Nacional 
De Cerveza ( " P i  1 senn) Modelo 0.65 1.30 3:15 

Cerveceria de l .Cent ro  Huancayo - 0.25 1.00 

Soc. Cerveceria de 
T r u j i  1 l o  T r u j i l l o  , - 0.45 0.45 

Cerveceria San Juan Pucal l p a  0.30 0.30 0.30 

Cerveceri.a del  Sur 
Del Peru Arequipa (2) N/A N/A N/A 

Cerveceria de l  Sur 
Del Peru ("~uzque$a") Cuzco N/A N/A 

Cerveceria del  Sur 
Del Peru ("Cuzque'iTal') Puno - ( 3  ) 

Cerveceria de l  Norte 

No de ta i  1 s o f  energy consumption i n  these breweries was obtained. 

However, on. the  bas is  o f  t y p i c a l  i ndus t r y  p rac t i ce ,  rough estimates o f  

energy use can be made:. 
6 10 hecto1.i t r e s  Energy' . Use . 10' j ou les  



L. AGRICULTURE AND RELATED ACTIVITlES 
=. -- 

L-1 Background 

In 1976, agricultural production registered a 3 percent increase, 

about the same as the population increase, and Peru continued to import 

significant quantities of agricultural products such as wheat, feed 

grains, dairy products and soybean oil. Of the total GNP in 1976, about 
13 percent corresponds to the agricultural sector and 40 percent of the 

labor force .is engaged in agricultural activities. With respect to 

balance of trade, agricultural imports total led about $341 mil 1 ion, and 

exports totalled. $308 million. While prices for coffee, cotton and wool 

were good, there was a 71 percent drop in the export value of sugar. 

The unfavorable balance of $33 million in 1976 compares with a positive 

balance of $12 million in 1975. 

Peru's. agricultural policy revolves around the "Agrarian Reform" 

program. The purpose of the program which started (for practical purposes) 

with the passing of the 1969 agrarian law, is to redistribute land from 

the largest landowners to the people. Large estates like sugar plantations 

are now formed. into worker's cooperatives. The reform program has 

affected about one-third of all land in agricultural use, which totals 

about 30 million hectares. Of this 30 million, a little over 3 million 

is arable land (mostly on the coast) with 1.2 to 1.5 million irrigated 

and 1.8 million dry farmed. The remaining 27 million hectares is pasture, 

much of it poor qua1 ity. By December 1.976, estimates of the total land 

expropriated were as fol 1 ows: * 
Million Hectares' 

54% of coastal land 1.5 

One-thi rd of pasture - 9.0 

10.5 

In passing, it should be noted that most of the land in the coastal 

area of the country needs irrigation. However, over-irrigation in iome 

places, and a lack of attention to drainage and land contouring, have 

led t o  problems of salinity and waterlogging in about one-fifth o f  the 

irrigated area. Technical and financial assistance to a1 leviate this 

problem is being provided by the World Bank. 

* Andean Report, 'March 1977. 



L-2 Some S t a t i s t i c s  

Exh ib i t  L-1 summarizes a g r i c u l t u r a l  sector a c t i v i t y  f o r  t h e  per iod  

1961 through 1976. It i s  important t o  note from t h i s  e x h i b i t  t h a t  ' t h e  

index o f  per cap i ta  food product ion has i n  f a c t  dropped t o  81 r e l a t i v e  

t o  1961-1965 as the base period. There , i s  therefore strong emphasis .by 

the government t o  improve product ion i n  the a g r i c u l t u r a l  sector, w i t h  

the u l t imate  goal o f  becoming se l  f - s u f f i c i e n t .  

Exh ib i t  L-2 ind icates the areas under c u l t i v a t i o n  and the y i e l d s  

per hectare f o r  major crops. 

L-3 I r r i g a t i o n  

Major i r r i g a t i o n  pro jects ,  and estimates o f  the area o f  land t o  be 

brought i n t o  c u l t i v a t i o n ,  are as fol lows: 

Hectares o f  Hectares of Approx. Date o f  
New Land Improved Land Completion 

1. Chi ra-Pi ura 150,000 35,000 1978 

2. Majes I 
Majes I 1  

3, Tinajones I 6,000 59,000 - 1979 
Tinajones I1  90,000 1985 

4. Jequetepeque-Zana I 16,400 30,000 
Jequetepeque-Zana II - 10,000 

5. Olmos I 80,000 - - 1983 
Olmos I1  48,000 1986 

6. Pungayo-Tumbes 36,000 10,000 1983 

7. Patav i lca 6,700 (? 1 

8. Chao-Vi ru-Moche- 
Chicama 70,000 80,000 (? 1 

9. Coastal v a l l e y  
d r a i  nage 
( ~ i m a - ~ r e q u i  pa) - 

802,100 

A t o t a l  of about 812.,000 hectares o f  new o r  improved land  i s  expected 

t o  r e s u l t  from these pro jec ts  by about 1985, an increase o f  27% over t he  ' 

current  arable land area o f  3 m i l l i o n .  hectares. , . 'J 



. . 

L-4 Current and Projected Crop Levels and Energy Needs . . 
: .  

~ c c o . r d i n ~  t o  sources i n  the Min is te r io  de ~ i r i c u l t u r a  y A l i -  

mentacion', ' the overa l l  sec tor ia l  growth i s  expected t o  be as ' f o l  l'ows: 

1978-82 About 3.0% per year (same as populat ion increase) 
. * .  .. . 

1982-85 About 3.1% 
3 .  . ' 

1986 and beyond Between 3.5 and 4.0% 

While these f igures may seem somewhat high i n  r e l a t i o n  t o  past per- 

formance, they w i l l  be used i n  pro ject ions o f  the growth o f  energy 

consumption i n  the sector. 

I n  order t o  estimate energy needs f o r  the ag r i cu l tu ra l  sector, the  

fol lowing methodology was used. Exh ib i t  L-3 l i s t s  crop y ie lds ,  hectares 

planted, required f e r t i l i z e r  inputs and machinery-hours f o r  major crops, 

as given i n  the l a t e s t  "Plan Operativo" f o r  the year 1977. Exh ib i t  L-4 
, .. 

.shows tha t ,  based on f e r t i  1 i z e r  inputs and machinery- hours ( a t  2 gal 1 ons 

petroleum-based fue l  per hour), a t o t a l  energy input  o f  about 6.4 x 10 15 

joules i s  required f o r  the i n i t i a l  crop l i s t  (excluding sugar, cot ton 

and tobacco). 

Clearly, the f i gu re  o f  6.4 x 10'' joules does not include any 

i r r i g a t i o n  energy input. I n  order t o  estimate the probable magnitude o f  

t h i s  element, i n  the  absence o f  spec i f i c  data on d iesel  oiT consumpti~on* 

f o r  pumps, Exh ib i t  L-5 was prepared. This i s  a l i s t i n g  o f  US data on 

energy inputs f o r  various crops, from which i t may be deduced t h a t  a 

reasonable . f igure  f o r  i r r i g a t i o n  energy using groundwater pumping would 
9 be 20 x 10 joules per hectare i r r i g a t e d  (based on the f a c t  t h a t  corn; 

r i ce ,  sugar and cot ton represent the la rges t  areas .under i r r i g a t i o n  i n  

Peru). This f i gu re  i s  used i n  Exh ib i t  L-4. 

With respect t o  energy inputs . fo r  sugar cane, cot ton and tobacco, 

i t was decided t o  use US data (subtract ing t h e  i r r i g a t i o n  input,. already 

included . i n  the ca lcu lat ion) .  It i s ,  o f  course, recognized t h a t  t h i s  

provides very apprcximate f fgures , as there are obvious di f ferences i n  

, cl imate, farming methods, y i e l d s  per hectare, f e r t i  1 i z e r  sppl i c a t i o n  

rates,,: crop. s t ra ins  , etc. . . 

* Most pumping, by diesel-dr iven pumps; apparently there i s  l i t t l e  
e l e c t r i c  pumping, although. Eleetropetbu has studied the possibility 
of convert ing from diesel  i n  the Medio Sur area. 



Thus E x h i b i t  L-4 shows a t o t a l  energy i .nput  f o r  t he  l i s t e d  crops o f  

about 12 x 1015 jou les  per  year (taken as t he  base s i t u a t i o n  f o r  1976). 

For energy balance, purposes, a f i g u r e  o f  6.2 x 1015 j o u l e s  should be 

used, because the  f e r t i l i z e r  energy i n p u t  i s  a l ready inc luded i n  t h e  

i n d u s t r i a l  sector  energy consumption f o r  f e r t i l i z e r .  manufacture. Where 

f e r t i l i z e r s  are  impdrted, the  " invested" energy should n o t  be inc luded  

i n  the  domestic Peruvian energy balance. 

Pro jec t ions o f  energy needs are shown ' i n  E x h i b i t  L-6; the  bas is  f o r  

the  p ro j ec t i ons  are  ind icated.  Energy needs . f o r  t he  l i s t e d  crops r i s e  

t o  8.0 and 12.3 x 1015 jou les  f o r  1985 and 2000 respec t i ve ly .  

L-5 Livestock and Pou l t r y  

I n s u f f i c i e n t  data  was received f o r  any meaningful estimates. t o  be 

made o f  energy consumption i n  the  ra . is ing o f ,  l i v e s t o c k  and pou l t r y .  I t  
i s  known t h a t  the re  are  proposals by I n t i n t e c  t o  s t a r t  e x p e r i m e n t s  

w i t h  s o l a r  h e a t i n g  f o r . r a i s i n g  c h i c k e n s ,  w h i c h  m i g h t  b e  p a r t i -  

c u l a r l y  i m p o r t a n t  a r o u n d  Puno  w h e r e  -t .he h i g h  a l t . i t u d e  l e a d s  t o  

r a t h e r  . c o l d  c o n d i t i o n s  f o r  op t imum r e p r o d u c t i o n  a n d  e g g - l a j i i n g .  

L-6 F i s , h i n g .  
As there  was no t ime ava i l ab le  t o  i n v e s t i g a t e  the .  f i s h i n g  i n d u s t r y  

o r  o ther  a c t i v i t i e s  r e l a t e d  t o  food production, no energy .p ro jec t ions  

have been made. However, the  t o t a l  e l e c t r i c i t y  .use f o r  the  f i s h i n g  

sector  f o r  197.6 i s  repor ted by the M i n j s t e r i o  de Energia y Mines as.67.7 

x l o 6  kwh, less  than 1% o f  t h e  t o t a l  e l e c t r i c i t y  cpnsumpti.6n f o r  t he  

nation. By con t ras t ,  the  a g r i c u l t u r a l  sec to r  . i s  .. r epor ted  t o  have con- 

sumed 292.9 x l o 6  kbfh (3.7% of the t o t a l ) :  t h i s  i s  equ iva lent  t o  1.05 x 
15 10 jou les ,  about 17 percent of the  t o t a l  calculaEed.energy consumption 

f o r  the a g r i c u l t u r a l  sector  crops l i s t e d  i n  t h e  prev ious sect ion.  

From discussions w i t h  Petroperu, i t  appears t h a t  the  f i s h i n g  sec to r  

consumed the , f o l  lowing petroleum products i n  1977: 
3 10 Bar re ls  i 5  10 Joules 

No. 5 and 6 res i dua l  f u e l  800 5.30 

No. 1' and 2 .d iese l  - 600 - 3.69 

1400 8.99 

Pro jec t ions by Petroperu f o r  1985 show an increase i n  consumption t o  t he  

f o l  l ow i  ng: 



3 10 Barrels 15 10 Joules 

No. 5 and 6 res idual  f ue l  1400 9.28 

No. 1  and 2 d iesel  700 - 4.30 

21 00 13.58 

No other data was col lected. 

L-7 Food Processing 

Again, there was i nsu f f i c i en t  t ime t o  invest igate energy consumption 

i n  food processing. I n  fact, t h i s  subsector i s  general ly included i n  

t he  nat ional  i n d u s t r i a l  sector s t a t i s t i c s .  The 1977 Inc i temi  repo r t  on 

coal  use i n  Peru ind ica ted  t h a t  the major sugar cooperatives use a t o t a l  

o f  about 1,114,000 bar re ls  of res idual  f ue l  o i l  f o r  e l e c t r i c i t y  gener- 

a t i o n  and other  process uses, p lus  about. 200,000 bar re ls  o f  d iesel  o i  1  

f o r  sugar cane transportat ion. I n  add i t ion ,  there i s  an extensive use 

o f  bagasse as a fue l ,  except o f  course where bagasse i s  already being 

used as a chargestock f o r  paper p lants .  With respect t o  the cooperatives, 

the  I c i t e m i  repo r t  ind icates the fo l l ow ing  use o f  bagasse: 

Paramonga 

San Jac into 

Cartavi  o  

Casagrande 

Laredo 

~ u r n i n  

Pucal a' 
cayal ti'. 

Pomal ca 

Percent used f o r  e l e c t r i c i t y  generation 

0 (used f o r  paper) 

80 

5 0 

50' 

5  0 

-100 

-100 

-1 00 

*loo 
With the increas ing use o f  bagasse f o r  papermaking, i t i s  an t i c i pa ted  

t h a t  a l l  bagasse w i l l  have been removed from fue l  use by 1985, necessi- 

t a t i n g  replacement w i t h  petroleum based fue l s  (and poss ib ly  by coal i n  

the longer term). 

L-8 Crop Residues 

The po ten t i a l  f o r  recovery o f  useful  energy from crop residues has 

been l i t t l e  explored i n  Peru. With t he  exception o f  the use 0.f sugar 

cane bagasse, other. residues are apparently l i t t l e  used, except perhaps 

i n  .the S ie r ra  where a l l  kinds of animal' and vegetable wastes and .wood 

are bel ieved t o  be used by the v i l l age rs .  An analysis o f  the p o t e n t i a l  



f o r  energy recovery from biomass i s  outside the scope o f  t h i s  study, bu t  

the  fo l low ing  f igures  f o r  major crops ind ica te  the order o f  magnitude o f  

energy potent ia ls :  * . . 
3  10 MT Production 10' j ou l  eg/iear 

Rice 532 6.0 

Corn 394 32.0 

Sorghum 

Wheat 

Beans 5 1 4.3 

Potatoes 6 9 

Sugar cane - 

* Data source: SRI,  "Effect ive u t i l i z a t i o n  o f  Solar Energy t o  Produce 
Clean Fuel" (1974), quoted i n  the USGS "Preliminary Report on the 
Energy ~esources o f  Peru", 1978. 



C O ! ! ! ~ !  .tU. 
Wl~ca t 
R l ce , I'adtly 
Corn 
n i ~ r l e y  
M i l l c l  
Sorc~ll~l~n 
Rcalls, 1)ry 
1'0 L,I I.ncs 
Cnssava 
Swce t 1'0 La Locs 
S~lgiircdne ' 
Tobacco 
Co L Lon 
Cot t.onscctl 
Co f Cce 
C a t l l c  ~ l l ~ o r t s ( l )  
neef and Veal, 
ICltLon and 1a111b 
1'or.k 
Cloo 1 . GI-easy Bas l s 

A ' ~ y - c y a  tcs o f  ProducLiqn_ ... - Crops - Livcs tack 
- L i vcs Lock, Pccd Dctluc t i o n  
- Tn ta  l Agri  c ~ t l  Lure - ro ta  I Food 

l ~ l d f c c s  o f  Production (1961-65 = 100) 
- .Crops 100 101 93 100 ion 107 '  102 102 102 loo lo1  - ToLi11 A ~ I - i a r l  tu rc  100 101 94 99 105 108 1 102 103 102. 103 - lot i11 Food 100 110 90 100 116 121 113 112 . 114 115 119 - IJer Ci11)i t a  A~I-lc111111t-e , 100 90 0 1 84 06 85 7 11 76 . 74 72 70 - I1cr CapI La Food 100 911 . 05 91 94 96 . 07 n4 83 0.1 0 1 

j I~ i i i1 ; -03Bi ;FSK-  
Sottrcc:. I1.N. data , . . 



EXHIBIT L-2 

Wllea t 

Rice 

Corn 

Barley 

Dry beans 

Pd t a  toes 
u 
rn Cassava 

Sweet potatoes 

Sugarcane (1 ) 

Raw Sugar (2 )  

Tobacco 

Cot ton 

Coffee 

.AREA -- AND PRODUCTION OF MAJOR AGRICULTURAL.COMMODITIES 

- - -- 

Area Production Yie ld  Area Production Y i e l d  
103 Hectares l o 3  Hectares 

(1 ) Area harvested 
( 2 )  Area planted 



EXHIBIT L-3 

Rice 
Corn 
Sorghum 
Potato 
Wheat 
Beans 
Soya 
Peanuts 
Q u i  nua 
Pal 1 a r  
Onion 
Toma t o  
Chocl a 
Banana 
Orange 
A P P ~  e 
Lemon 
Mango 
Avocado 
Grapes 
Other f r u i t s  

Totals 

AND ENERGY NEEDS 

.:Area 
Hectares 

Production 
MT - 
532,103 
394,328 
45,884 
6,9,014 

876,919 
51 ; 359. 
22,781 

960 
4,558 
2,625 

58,585 
12,324. 
4,560 

Fert i  1 i zer  use MT 
N - P - 
24,173 451 
1.8,381 9,747 
3,125 906 

10,346 9,520 
2,286, 2,197 

790 982 - - - - 
1 4, .28 

365' 183 
105 157 
330 . 185 
103' 43 
42 38 

1,093 224 
525 250 
18 8 

423 9 9 
478 159 
9 1 35 

2 34. 228 
179 126 . 

63,101 25,566 

Thousand 
Machine 
Hours . . 

624.3 
1298.6 
,199.0 
537.0 
,148.0 
215.0 

23.0 - - 
27.8 -- 
23.3 
4.9 
3.0 

14.3 
2.3 
0.7' 
6.3 

' '13.4 
1 .8  

40.2 
1.9 

3185.0 

Sugar Cane 57., 000 . . 

Cotton 104~,'000 
4,228 Tobacco 

Total 
' .600,909 . . 

1015 j~u;;s 
Energy i n p u t  fo r  f e r t i l  izers  = 5.515 1 2). 
Energy input. fo r  machinery = 0.860 (1) 

9 9 (1) ~ e r t i l i z e r ~ e n e r g y  input taken as  80 x 10 J/MT f o r  nitrogen, 14 x 10 J/MT f o r  phosphate 
and::9 x &O J / W  f o r  potash. Machinery consumption averages 2 gallons per hour, say 
270.x. 10 J per machine-hour. (Sources of data: machinery, Elin. Agricul tura  y A1 imentacion;, 
f e r t i  1 izcrs ,  "Energy and Food Productiqn" by Gerald Leach, IPC Science and Technolo~y I 

Press). . .  

t2). Note,. however, t ha t  energy fo r  domestic. f e r t i l i z e r  manufacture i s  a1,ready included i n  the 
f e r t i l i z e r  subsection of t h i s  study. Also, energy included i n  imported f e r t i l i z e r s  i s  
not to  b.e counted as par t  of the domestic Peruvian energy balance. 



EXHIBIT L-4 

E3E:G.f CONSUMPTION ESTifiATES FOR AGZIC3LXRE. 1376 

10' J/yesr 

Lls t zd  Crcos . .. 

S e r t i l i z ~ r  enemy inpu t  5.52 
nzchi nery f nput . . 0.. 86 

, 
i r r i ~ a i i o n ,  (0.25 x 20 x 109 x 0.6 x 106) 3.00 

Hlscel  lzn2ous i n w t s  - 2  I 

SilBTOi.2.L 
.Less f e r t i l i z ~ r  ener3y i n ? u t  
TOTAL f o r  ene rg  balance pcrposes 

Notes - 
Asscriies 160% Srrigat.ion o f  the  niajor crop a reas  (6C2,OOO hec ta res ) .  
Host of this i s  i n  t he  coasta l  region and i t  is  assumed t h a t  the 
pumping input  is  20 x 109 J /hectare ,  but t h a t  only about 25% of 
i r r i g a t i o n  requlres th is  pu~p ing .  The balance is by ~ r a v i t y  flow 
from dzms afid r ivers .  The renaining 600,000 hectares which w e  
I r r i ga t ed  f o r  t he  producticn of o th2r  cro s i n  Peru (and for ! subsistence f aming  and 1 i.vestock rear ing are assume* to' r e ' c e i v e ,  

e s s ~ n t i c l  l y  a1 1 water by grav i ty  flcw. 

2. See Exhibit. L-5. 



EXHIBIT L-5 

Crop 

Rj ce 

Corn 

Sorghum-gral n 

Potato 

Uhea t 

Beans(dried) 

Soya beans 

.Peanuts 

Quinua 

Pa l la r  

Onfons 

Tomato 

Bananas 

Oranges 

Apples 

Lemons 

Flangos 

Avocado 

Grapes 

Other f r u i t s  

Sugar cane 

Cotton 

Tobacco 

U.S. OEPARTMEMT OF AGRICULTURE DATA ON E:!ERG'? CO:ISI!:<?TION 
11974 DATA BASEL 

3 10 9tu pcr  3 10 6 tu  per acro f o r  speci f ied inputs ) Acre l o 9  J/hectare(z) 
' F e r t i l i z e r  Pesriclde I r r i q a t i o n  Total t r r i g a t i o n  per 
Input  I n i u t  . Input  input  hecta ,-e i r r i g a t e d  

v )  Pachinery inputs by.di f ference from t o t a l  shown. 
(2) Conversion fac to r  = Etu/acre x 2607 = Joules/hectare 
(3) Energy inpu t  f o r  these crops i s  est inated as fqllows (excluding fertilize;. pest ic ides 

and i rr iga t lon ) :  l o 3  ;;;are 9 10 Joules/hectare . ,, 

Sugar cane 19.0 
cot ton 3000 
Tobacco 40000 

E a rough estima:e. 



Maclli ncry input 

Irri gat Ion 

PIIOJECTED AGRICULTURAL ENERGY CONSUMPTIONS, 1905/2000 

1976 h s e  Changes 
1Ur'Jes . , 

0.136. , Escalate a t  3.01to 1.13 Escalate a t  4% 2.03 
1902, 3.1% to 1905 a f t e r  1905 

3.00 Al~out 271 more land 3.01 Assume 253 nlore 4.76 
under I rri gat1 on 1 and under I rrl  gatlon 

. by 1905 by 2000 
E 

1~1i SC.CI 1 aneous!: 
Crops . 2.34 (see macl~l ncry ) 

TOTALS 6.20 

Escalate a t .  4%. 
after 1905 



M . SUMMARY OF ENERGY CONSUMPTION 'ESTIMATES 

Exh ib i t  M-1 presents, a  summary of the energy consump~on f igures 

derived i n  t h i s  study. As an i n d i c a t i o n  o f ' t h e  "coverage" provided by 

the indus t ry  subsectors which were invest igated i n  some d e t a i l ,  the 

t o t a l  i n d u s t r i a l ,  mining and a g r i c u l t u r a l  sector  energy use f o r  1976 was 

about 146 x l o J 5  joules.: The "calculated" energy was a s  fo l lows: 

1015 jou les  

Mining and non-ferrous metals 28.9 

Indust ry  34.6 

Agr i cu l tu re  - 6.2 

69.7 

This represents approximately 50% o f  the t o t a l  consumption by these 

sectors. 

It i s  perhaps appropr iate a t  t h i s  p o i n t  t o  note t h a t  the pro- 

jec t ions o f  energy consumption f o r  1985 and 2000 are based, f o r  the most 

par t ,  on the const ruct ion af new f a c i l i t i e s  and t h e i r  operat ion a t  o r  
near f u l l  capacity. I n  some cases, a  growth r a t e  f o r  the subsector was 

spec i f jed and used t o  est imate changes i n  energy use. I n  f ac t ,  no 

d i r e c t  economic i'nput was used f o r  the pro jec t ions.  . It i s  c l ea r  , t ha t  

the general s t a te  o f  the domestic. economy, coupled w i t h  important ex- 

terna l  fac to rs  such as the  wor ld  p r i c e  f o r  copper, i r o n  ore, sugar, 

etc., w i l l  determine the l eve l  o f  a c t i v i t y  . f o r  any subsector a t  any 

time. The energy p ro jec t ions  given i n  t h i s  r epo r t  must therefore  remain 

subject t o  mod i f i ca t ion  according t o  macro-economic p ro jec t ions  through 

2000. 

* Brookhaven National Laboratory "A Prel  iminary Assessment . o f  the 
Energy Supply-Demand S i t ua t i on  i n  Peru" ( d ra f t ,  January 1978). 

84 
- .  



EXHIBIT M-1 

'SUMMARY OF ENERGY CONSUMPTION ESTIMATES 

1976. 1985 2000 
Coal Total Coa Tof a1 Coa 1 / 

Elec. Petr. Coke' 1 0 1 5 J  Elec. Petr.  Cokl l O 5 J  Elec. Petr .  Coke 

Miming & 
Non- Ferrous 7.05 20.24 1.58 28.87 18.43. 48.39 1.58 68-40 34.27 86.08 3.16 

Industry, 
. .  . '. 

Iron &: Steel 
.i , . 

.0.72 .'1.81 .6:04 8 . 5 7 '  . 1.67 

.#  ..- , . 4.23 16.30 22.20 : 6.57 16.93.57.03 . . - . 
'?. 

Cement. '-. ; 0.85 9:16.. . o  10.01 ' .i.69 15.35 . 0 17.04 , ;-3.38 28\99 0 
' +, . . ) . L  . ' .  . 3 1  

Oil Refining ?A .0.52 ' T  ~ . ' .  . '6.07 0 , .6.59 . . - .  , 0.86, 1 0 . 4 5  0 11.31 ::: '1.37 16.57, . 0 .. . 
. .  . 

~et iochemicals  ,- - 0.03 ' ' . 0.22. 0 0.25 . . 0.03 0.32 0 0.35 .1.34 ' 6.20 . '  0 

Chemi cal s ,I. 01 1 .53 .  0 .2.54 1 .. 45 4.04 0 5.G9 2.79 4.74 0 

Fer.tf 1 f zers 0.58 6.05 0 6.63 1.01 13.02 '0 14.03 ' 1.52 35.82 0 

03 
ul - - - .  - - -- - - - .  - 

Total 3.71 24.84 6;04 34.5r .6.71 47.41 '16.30 70.42 16.97 109.25 57.03 

.Agri cul ture 6.20 0.. 00 



N. OPTIONS FOR ENERGY SAVINGS 

A prsel iminary review o t  the data co l l ec ted  i n  the  course o f  t h i s  

study, and of the discussions he ld  w i t h  a  v a r i e t y  o f  government o f f i c i a l s  

and operat ing personnel i n  the  i n d u s t r i a l  and mining sectors,  suggests 

the fo l low ing  top ics  as worthy o f  considerat ion i n  the development o f  

opt ions f o r  energy savings: 

(1) Conduct an energy e f f i c iency  a u d i t  o f  major energy-consumi ng sub- 

sectors, and develop programs and goal s f o r  energy conservation. 

(2) Inves t iga te  the appl i c a t i o n  o f  computer-model i ng techniques t o  

petroleum r e f i n e r y  operations, p r i m a r i l y  f o r  short-term p l a n t  

opt imizat ion.  

(3) Promote the use o f  coal i n  the  i n d u s t r i a l ,  mining and a g r i c u l t u r a l  

sectors. 

(4) Oevel op and i n i  ti ate  t r a i n i n g  programs t o  improve management tech- 

niques i n  energy analysts, and planning (emphasizing the  systems 

approach) and t o  improve p r o j e c t  management i n  the r e a l i z a t i o n  o f  

energy-related pro jec ts .  

(5) Inves t iga te  the po ten t i  a1 f o r  using waste i ndus t r i  a1 products 

(slags from i r o n  and copper a c t i v i t i e s , )  and na tu ra l  ly -occur ing 

vo lcan ic  ashes (pozzolans) i n  the manufacture -.-- o f  blended cements. , 

Develop an implementation plan, . i nc l ud ing  any necessary R and D t o  

establ  i sh qua1 i t y - c o n t r o l  parameters. J 

(6) Inves t iga te  the use o f  slags from meta l lu rg ica l  operations as 

l i gh twe igh t  aggregates f o r  the construct i .on industry.  

(7) Inves t iga te  the use, o f  slags from meta l lu rg ica l  operations as 

sources o f  i n s u l a t i n g  mater ia l  (giass f i be rs ) .  

(8)' ,Study .the po ten t i a l  f o r  use o f  agr icu. l tura1 waste mate r ia l s  as 

energy sources, and develop an implementation program. 

(9) . Inves t iga te  the  po ten t i a l  f o r  s u b s t i t u t i n g  (mineral) coke by char- 
.. . . . 

coal der ived from natura l  products ' i n  metal 1  u rg ica l .  operations. 

(10) Develop a  p l an  f o r  the use o f  coal as a feedstock f o r  f e r t i l i z e r  

manufacture. 

(1 1) Inves t iga te  the  extent  o f  ex i  s t i  ng =ogenerati ori . systems and the 

p o t e n t i a l  fo r  new systems ( r e t r o f i t  o r  new pro jec ts) .  

(12) Study .the s u b s t i t u t i o n  o f  o i l  by hydroe lec t r i c  p'ower i n  the i n d u s t r i a l  

and mining sectors (implementation being dependent on hydroe lec t r i c  

avai  1  abi  1  i ty).. 



(13) Study the po ten t i a l  f o r  u t i l i z i n g  geothermal .energy a t  mining s i t e s  

i n  the Arequipa aFea. 

(14) Develop an in tegrated energy -industry-agri cu l  t u r e  p lan  f o r  one 

small region o f  t h e .  country, and i n i t i a t e  a p i  l o t  'program' f o r  i t s  

evaluat ion at' a p r a c t i c a l  1 eve1 . 
Further notes on items 1 through 5 are included as attachments t o  t h i s  

section, as these measures are be1 ieved t o  have p a r t i c u l a r  mer i t  w i t h  

respect t o  the  short. t o  medium term energy s i tua t ion .  

It i s  appropriate a t  t h i s  p o i n t  t o  note ' t h a t  most ind ica t ions  

gained dur ing the two weeks o f  t h i s  study suggest t h a t  the  current  

energy e f f i c i ency  o f  the  Peruvian i n d u s t r i a l  sector i s  general ly a t  a 

good leve l  w i th  respect.: t o  standard industry  practices. For example,. 

the  petroleum r e f i n e r y  a t  La Pampilla was visited. and it appears t h a t  

t h i s  p l a n t  i s  kept i n  excel lent  mechanical condi t ion and i s  operated 

conscientiously and e f f i c i e n t l y .  ~ i s i  ti t o  other p lan ts  were made and 

the same general impression was obtained (see, Section, P). I n  a l l  plants, 
. . 

however, there w i  11 e x i s t  Some areas o f  improvement, and it i s  therefore 

considered important t ha tJan  energy e f f i c iency  aud i t  be.conducted t o  

monitor e f f i c i ency  i n  a1 1 major. energy-consumi ng s i t e s  , and a program 

f o r  promoting energy conservation be developed and i n i t i a t e d .  Often 

such energy consertati on e f f o r t s  can provide a s i g n i f i c a n t  con t r i bu t i on  

t o  energy demand reduct ion f o r  a minimum o f  c a p i t a l  investment and i n  

the  shortest possible time. 

F ina l l y ,  some of the proposed options deal w i t h  " fue l  switchi'ng", 

p r imar i l y .  the promotion o f  coal use by industry. There are undoubtedly 

many uses f o r  coal i n  industry (e.g. i n  cement plants) provided coal can 

be provided w i t h i n  appropr.iate . . economic and environmental constraints.  

One other aspect o f  " fue l  switching" i s  the .  increased use o f  hydro- 

. e l e c t r i c i t y  ( i tem 12); some thoughts on a maximum e l e c t r i f i c a t i o n  

s t rategy are giv.en i n  Exh ib i t  N-3, 



STRATEGY : INDUSTRIAL E ~ E R G Y  EFFICIEXCY- 1MPROVE.tlENT 

Prior to carrying out further investigation, it is not possible t'o,project 

potentiai energy savings with any certainty. However, useful savings appear 

highly likely because much of the fuel used in industry is petroleui-based, and 

much' of the electricity is generated from petroleum-based ' fuels. A saving of' . 

10 percent of petroleum use by.the industry and mining/non-ferrous sectors by . 

2000 is judged to be. a conservatively low estinate. In comparison, existizg 

ecergy coqservation targets' in the US are for an overall energy efficiency 

improvenent of about 14 percent by the top 10 energy consuming industries over 

the period 1972-1980. Thus potential savings in Peru shmld approach 40 X 10'' 

joules per year by 2000. A breakdown of the anticipated savings follows as 

Exhibit N-1 . 
v - I 

Xajor industrial or resource requirements 

Installation of various types of industrial equipment (heat exchangers, 

instmentation,'punps, notors, etc) will be required as measures for greater 

processing ef.ficiency are adopted. It is also likely that material needs (2.g. 

insulation) will be significant. 

Manpover requirements 

Plant modifications will be perfomed by the existing 'construction .industry 

(mechanf cal, electrica~, civil) . Some additional manpower may be require<, 

especially if a major shift to coal use also takes place over the next decade. 

General training requirercenrs 

Trgining in various aspects of energy auditing, conservation and cosc 



b e n e f i t  anz lys i s  is  suggested f o r  t echn ica l  s t a f f ,  and t r a in ing  a t  p l an t  oper- 
k 

a t o r  l e v e l  ( including operating supervision) is a l s o  suggested, t o  s t r e s s  

p r a c t i c a l  aspec t s  of energy e f f i ~ i e n c y  improvement. Training progrms  might '  

be  developed a t  US loca t ions  f o r  both operating and technical  personnel. - 
/ 

Organizational  i n f r a s t ruc tu r e  

Inproved energy e f f ic iency  depends hezvily on good management of manu- 

f ac tu r ing  f a c i l i t i e s .  While . . t he  ex i s t i ng  organizat ional  s t r u c t u r e  of companies 

may prove adequate, i t  is  reconmended t h a t  companies develop a s p e c i a l  "depart- 

ment" responsible  f o r  energy consmption monizoring and f o r  energy reduction.  

planntng. Tltls department must have proper au thor i ty  t o  perform its du t i e s ,  

and this impl ies  t he  f u l l  c~msi t tment  of company management t o  energy con- 

servat ion.  

I f  a . "targets" . system were t o  be developed, appropriate s t a f f  would b e  

required w i t &  the  Minis ter io  de  Energia y .  Minas . 

Environmental considerations 

Improved energy e f f ic iency  normally l eads  t o  a ' . reduction i n  t h e  envir -  

onmental impact of manufacturing f a c i l i t i e s  (by reducing f u e l  use,  p l an t  

emissions w i l l  be reduced). 

Other s o c i a l  and economic aspec t s  

More e f f i c i e n t  operations nus t  inprove the  economy of ind iv idua l  nanu- 

fac tur ing  a c t i v i t i e s . .  In add i t ion ,  reduced.use of domes.tic petroleum 

resources  w i l l  be  b e n e f i c i a l : '  a  sca rce  resource can be  made a v a i l a b l e '  

f o r  prekiun uses  (e.g. chemical feedstock),  2) t he  a v a i l a b i l i t y  of Peru's  

l i tc i ted  o i l  reserves  can be'extended over a  longer period of time, 3) i f  

deerned econonically and p o l i t i c a l l y  acceptable,  petroleum can be made a v s i l a b l e  

f o r  export i n  order  t o  earn hard currency end thereby a l l e v i e t e  balence of 

p a p e n i s  problercs. A s i d e  bene f i t  of improvements. i n  energy e f f i c i ency  w i l l  

be t h e  s t i inula t ion.oP t h a t  s ec to r  of t he  econt i~y whi'ch suppl ies  t h e  equiprcen: 

and m t e r i z l s  f o r  implementing energy conservation measures. 

e 

Cost %timates 

- tnvgstment needs by industry  cannot be e s t i s z t ed  without f u r t h e r . d e t a i l c C  



i n v e s t i g a t i o n .  It should be poss ib l e  t o  achieve s i g n i f i c a n t  e f f i c i e n c y  inprove- 

ment wi th  l i t t l e  o r  no investment (adopting so-cal led "housekeeping" types of 

measures).  The cos t  oZ developing energy eff&ency progzams , i n c l a d i n g  

a p p r o p r i a t e  monitoring systems and personnel  t r a i n i n g ,  r e q u i r e s  eva lua t ion  b u t  

is  1 i k e . l ~  t o  amount t o  a t  l e a s t  $500,000 f o r  a i n i t i a l  program of one gea r .  

ITEM 1 - 
Energv Option: '  . 

--.End u s e  .Energy .E f f i c i ency  1;nprovement i n  t h e  .Pndustri-a1 Sec tor .  

2% 

Proqect T i t l e :  

Improved energy e f f i c i e n c y  i n  hanufac tur ing  indus t ry .  

Obiect ive:  

To reduce cu r r en t  energy . . consuniption pe r  u n i t  output  in' t h e  i n d u s t r i a l  s e c t o r  

through improved energy management and adoption of energy conserva t ion  measures i n  

manufactur ing p l an t s .  

Scoce: - 
Useful  sav ings  i n  energy consumption a r e  obta inable  through a s y s t e n a t i c  p rog raa  

t o  fmpleznent energy conservat ion p r a c t i c e s  and tec.hnologies throughout t h e  i n d u s t r i a l  

s e c t o r .  Although a d e t a i l e d  s tudy  of conservation. p o t e n t i a l  h a s  y e t  t o  be tnade, a n  

e s t i m a t e  of probable energy savings  sugges ts  t h a t - o i l  and gas  r e sou rce  sav ings  

eqg iva l en t  t o  36.5 x 10'' j o ~ l e s l y e a r  and c o a l  resource  savings, of 0.6 x 1015 j o u l e s /  

y e a r  a r e  r e a d i l y  a t t a i n a b l e  in '2000 (based .on t r a d i t i o n a l  f u e l  u s e  p a t t e r n s ) ;  

a p p r o ~ i m a t e l y  h a l f  of t hese  savings cbuld b e  achieved by 1985. A summary of z i ssum~t ions  

used t o  deyive t h e s e  n m 5 e r s  is  a t tached  a s  E-xhibit A. 

The scope of  a progrvn t o  promote i n d u s t r i a l  s e c t o r  energy e f f i c i e n c y  could be  

. q u i t e  broad,  and t h e r e f o r e  i t  is  recommended t h a t  a phased approach b e  adopt.ed, v i t h  

t h e  t o t a l  e f f o r t  spread over  about 4 years .  Thus a p i l o t  program f o r  one o r  tvo  n a j o r  

ergy-consuning i o d u s t r i e s  could be developed i n  t h e  f i r s t  y e a r ,  and expacded t o  o t h e r  

i n d u s t r i e s  as experience is gained. The o v e r a l l  e f f o r t  could thzee fo re  be d i - ~ i d z d  3s 

fo l lows  : 



1st year 

(a) Establish. data base f o r  detersination of c u r r e n t  energy . . ef f i c i z n c i w  
i n  key i n d u s t r i e s  

(b) S e l e c t  two i n d u s t r i e s  f o r  p i l o t  program 
( c )  Develop energy eEf i c i e n c j  improvement t a r g e t s  f o r  the tuo  indus t x  l e s  

(five t o  tea year t a r g e t s ) .  
(d) S e t  p? g o d t o r i n g  procedures  d t h  t h e  p a r t i c i p a  t.ing 

r e p r e s e c & a ~ i v e s  
(e) Devalop. app ropr i a t e  t r a i l l i ~ g  p rog ram a t  plant  operator ,  supervisor  

and technical ~anagenenz levels (govzrning energy conservation 
techniques, t e chno log ica l  chzngas; cos r bncef i t  analyses, e t c . )  

(a) Rc?oz: on programs end dzta  w i t h  the f i r s t  two  i n d u s t r i e s  
(b) Extend prograa  t o ,  szy, three add i  t i o a a l  i n d u s t r i e s .  Develop ene rgy  

e f f i c i e c c y  i s l p r o v e ~ e n t  t a r g e t s , .  and i n i t i a t e  monitorfng procedures.  
( c )  ~ x t e n d  t r a f n i n ~  progrr;izs t o  cover the "new" i n d u s t r i e s  
(d)  Develop tra%ning p rog ram f o r  key management and supe ' r i so . ry  pe r so r lne l  

a t  selected US l o c a t i o n s ,  t o  provide broader  practical exper icence  
i n  energy-conservation programs. 

(e) Contioue monitoring eiiergy eEfFciezcy i n  211 selected industries- 

(a) Repor t  on progress i n  Zirst f i v e  i n d u s i r i e s  
(b) Extend program t o  five further i n d u s t r i e s  (naxi~ua of  teri being 

ficlu;?o,d i n  the t o t a l  e f f o r t )  ; develop enez37 ef f i c i ancy  iaprovereat 
tar=c:s- =d i r r i t i a t e  c o n i t o r i z z  ? ~ ~ C C ~ * . I T P _ S  

d ( c )  ExtenC t r a i n i n g  prograss t o  cover the "n2--" ,. industrizs 
(d) Conthue  eraidcg program. at US l o c a t i o n s  

. ~ .  

(a) ~ e ~ a r e '  f i n d  r e p o r t  o n  program developmeot and on all training 
prograPs 

(b) Report  on progress to date in  m e t i n g  energy . e f f i c i e n c y  
h p r o v a e n t  t a rge t s  

(c) Develop reconrmndations on maitoring procedures  and t r a i n i n g  
appropr4zte. f o r  a cont inu ing  e f f o r t -  



DOUOK A c t i v i t i e s :  

These could  i n c l u d e  p r o v i s i o n  of personnel  esper ienced  i n  a s senb iy  af  energy use  d a t a  

and i t s  z n a l y s f s ,  t o  ' a s s i s t  i n  t h e  development, i n i t i a t i c n  and conduct of t h e  . t o t a l  pro- 

graiu. For t h e  four-ye2r e f f o r t  o u t l i n e d  zbove, a  t e a n  of f o u r  eng inee r s  r e p r e s e n t s  an 

a p p r o p r i a t e  l e v e l  of e f f o r t .  v 

Peruviz XctiJitfes: 
, . .  . . . . 

P a r t i c i p a t i o n  in .  t h e  p r o j e c t  vould start a t  t h e  l e v e l ' o f  about  4 e n g i n e e r s ,  i n c r e a s i n g  . . 
. . 

. . Proc,d . lo 8s t h e  F rog ten  becone s f u l l y  o p e r a t  i o n a i  . ~ a j  o ~ . r e i p . o n s , i h ' i  l . i : tv  .f P- t h & '  
'. , ., . ,, ., . 
, .. 

. . p r o j e c t  w o u l d  r e s i d e .  w i t h  t h e  M i n i s t , e r i o  d e  E n e r g i a  y M i n a s  o p e r a t i n g  i n  ' 

c o n j u n c t  i o n  w i t h  t h e  M i n i s t e r i o  d e  I n d u s t r i a  ( c o v e r i n g  ~ i d . r p e ' r u , , ,  Ibd .bper" . ,  

a n d  t h e  cem'ent. ,  c h e m i c a l s .  f e r t i l i z e r s  e n d  p a p e r  s u b - s e c t o r s ) , .  t h e M i n i s t e r i o  

d e  A e r i c u l t u r a  ( e . n . ,  s u g a r  c o o n r r a t l v e s )  a n d  t h e  M i n i s t e r i o  d e  P e s q u e ' r i a  
. . 

( P e s c a p e r u ) ,  a s  a p p r o p r i a t e  t o  t h e i n d u s t r i e s  c h o s e n  f o r  s t u d y .  
. . 

Resoa rce  R e c d r = e c t s :  

Yea r  Year , : Y e u  . Year Year  
1 - 2 - 3 - 4 

7. 
5 

- ,  
Total - .. . .. 

60 ' 50 
. . 

P r e d u m  Cost 30 7 !I . -- 24Q 

Donor - Cost  175 225. 250 200 -- 850 
- .  - - .  

Total 205 285 330 270 -- 1090 

O t h e r  rzqui re=ents :  (equip==t, etc,) 

Computer t i m e  nay be  r e q u i r e d ' i f  t h e  da t a -ga the r ing  and moni tor ing  

a c t i v i t i e s  a r e  performed us ing  a computer-based system. 



ENERGY EFFICIENCY I?-PROVENT OPTION: 

BREAKDOlJN OF POTEXIIAL SXVISGS 3P EYERGY TYPE 

I 

The po ten t t a l ' impac t  by 2'000 of a major erfergy e f f i c i e n c y .  h p r o v e a e n t  

progra? has been estiinated using the  b a s i c  d a t a  ofi i n d u s t r i a l  energy c o n s u r t p t i ~ n  

which w c s  developed during t h e  Peru energy study. The energy saving p o t e n t i a l  

f o r  each o f ' t h e  subsectors  was der ived a s  follows: 

1. For e x i s t i n g  p l a n t s  a n d , t h o s e  brought on . l i n e  . .  by 1985, guidance was 
, . 

?b&ined from the  U. S. energy e f f i c i e n c y  improvement " targets" .  prograin. 

The fol lowing assumptions were adopted f o r  each subsec to r ,~ , f rom .; which . 

energy savings by the y e a r  2000 were est imated f o r  "ex i s t ing  plants":  

o i l  Ref in ing 

Savings of about 5 percent  of energy use  were . , judged p o s s i b l e  through 
. 1 

"housekeeping" and minimum. c a p i t a l  investment programs by 1985, wi th  

a f u r t h e r  5 percent  p o s s i b l e  through investment i n  energy-eff ic ient  

equipnent, process  changes, etc.,  by 1985. An hddit i .ona1 5 percent  

was judged a c h i e v a b 1 e . b ~  2000, r e s u l t i n g  i n  a t o t a l  savgng by 2000 o f ,  

1.5 r 1015 j o u l e s l y e a r  (some of t h i s  being n a t u r a l  gas ,  which i& usid 

as. a f u e l  a t  ~ a l a r a ) .  

F in ing and Non-ferrous'Yet&ls 

The W. S. t e r g e t  f o r  t h e  non-f e r rous  metals p'rocessing i a d u s r r y  (wi th in  

SIC 33) is about 11 percen t ,  and t h i s  r e f e r s  t o  t h e  seven year . ,per iod 

between base  yea r  1972 and January 1, 1980, h energy e f f i c i e n c y  

iroprovement of 1.5 times . . t h i s  f i g u r e  ' was , judged reasonable  f o r  t h e  

per iod 1978 t o  2000 f o r  p l a n t s  commissioned p r i o r  t o  1385 ( t h a t  is, 
. . 

16.5 percent  savings)  . 
I ron  and S t e e l  . . , 

The U. S. t 2 r g e t  i s  about 13.5 percent ;  a f i g u r e  of 1.5 t imes t h i s  

va lue  was judied :.r=asonable f o r  t h e  savings corresponding t o  elec- 

t r i c i t y  and pet ro leun f u e l s  gsage'. With r?s?ect t o  coke' use,  t h e  

Peruvizn indus t ry  is  a l rezdy  q u i t e  e f f i c i e n t ,  and t h e r e f o r e  'a lower 



f i gu re  ( 5  percent)  was judged appropriat 'e. 

Cement - 
> ' 

The'U.S. t a r g e t  is  about 18 percent ,  but  much of t h i s  'is expected 

t o  b e  achieved through the  conversion of wet t o  dry process p lan ts .  

Since most of t h e  Peruvian production is already based on e f f i c i e n t  

suspension-pseheater dry .process .kf lns ,  a f i g u r e  of 10 pe rcen twas  

adopted . 

This represen ts  a small  proport ion of t he .p re sen t  Peruvian i n d u s t r i a l  

s ec to r ;  p l an t s  a r e  judged t o  be  reasonably e f f i c i e n t  a l ready.  A 
ili f i g u r e  o f ' l O  percent was adopted. 

Chemicals 

The U.S. t a r g e t  f o r  t h e  a l k a l i  and ch lor ine  indus t ry  is  .about 9 percen t ,  

,while t ha t .  f o r  i n d u s t r i a l  organic  chemicals is 4 percent.  A f i g u r e  

05 '10  percent was adopted f o r  t h e  Peruvian industry .  

F e r t i l i z e r  

,The U.S. t a r g e t  is 15 percent ,  and it was recognized t h a t  t h e  Peruvian 

indus t ry  is  al ready q u i t e  e f  f i ~ i e n t  (based on observati;ons made during 

the p l an t  v i s i t  t o  F'ertisa a t  Callao). However, t h e r e  appear t o  be  .. 

some oppor tun i t i es  f o r '  i n s t a l l i n g  cogeneration f a c i l i t i e s  a t  ~ e r t i s a ,  ' 

and f o r  recovering waste hea t  from gas t u rb ine  exhaiist (associated 

w i t h  e l e c t r i c i t y  generation) a t  Talara.  A f i g u r e  of 15  percen t ,  t h e  

saxpe a s  the.U.S. t a r g e t ,  was there fore  adopted. 

2. For p l a n t s  bro,ught on l i n e  a f t e r  1985, which w i l l  be  

designed t o  include b e s t  modern p r a c t i c e  a t  t h e  time of cons t ruc t ion ,  

i t  was assumed t h a t  savings would t o t a l  no more than 7.5 percent  of 
I 
1 energy consumption'by 2000. These savings  would be obtained by t h e  

r e t r o f i t  of technological  developments and the i n c o r p ~ ~ r a t i o n  of 

improved types of equipsent i n  these  "best  p rac t ice"  p l a n t s ,  a s  i t  i s  

assumed t h a t  improvements,will continue t o  be made i n  a l l  s e c t o r s  of 

indus t ry  over t h e  per lod 1985 t o  2000. 

Note t h a t  a reduced l e v e l  of savings was adopted f o r  coke .used i n  t h e  

i r o n  and s t e e l  subsector:  a f i g u r e  o f '  2.5 percent was taken. 



Using these  bas i c  assumptions, po t en t i a l  savings were estimated f o r  t h e  

epec i f  i e d  ' itidus t r i e s  w i t h  ' t h e  following r e s u l t s  : 

Estimated Annial  Savings Po ten t i a l  by 2000, (10'' iou les )  , 

Oil E l e c t r i c i t y  - - - Gas Coal /Coke . - Tota l  ' 

Indus t ry  1 .8  7.5 1.1 0.5 10.9 

W n i n g  and ' 

Non-ferrous 4.3 7.6 -- . . 0.1 
' -  - - 

As X of t o t a l  
demand f o r  
epecif  i ed  
energy type 11.7 

In f a c t ,  t he  e l e c t r i c i t y  savings a r e  expected t o  r e s u l t  i n  a reduced 

demand f o r  petroleum-based f u e l s ,  a s  it is assumed t h a t  marginal savings i n  

e l e c t r i c i t y  demand i ~ o u l d  allow reduction of load on gas tu rb ine  and d i e s e l  

generators ,  while hydroe lec t r ic  p l an t s  would continue a t '  maximum output  (base 

load plan ts ) .  For an e f f i c i ency  of generation,  t ranorn i~s ion 'and  d i s t r i b u t i o n  

of say 30 percent ,  t h e  e l e c t r i c i t y  savings therefore .  amount t o  a p o t e n t i a l  
15  saving of 20.3 x 10 jou les  of oil rp,so=rce. 

By 2000, t he  "increased energy eff ic iency" option f o r  t h e  mining and 

i n d u s t r i a l  s e c t o r s  should therefore  have a t  l e a s t  the ' fo l lowing  impact on 

energy resources: 

O i l  

Gas 

Coal 



The . b e n e f i t s  of optimization w i l l  include improved product y i e ld  p a t  t e r n s  

less degradation of premium products such a s . g a s o l i n e ' t o  lower va lue 'p roduc ts  

such as r e f ine ry  gas) , and t h i s  w i l l  have a corresponding- e f f e c t  on energy 

ccnsumption. However, t he  bene f i t s  of compuCerized .optimization can a l s o  

inc lude  increased produc t iv i ty  of t echnica l  p.ersonnel, with l i t t l e  o r  no 

d i r e c t  energy bene f i t s .  It i s . a n . t i c i p a t e d  t h a t  t he  energy savings d i r e c t l y  

a t t r i b u t a b l e  t o  t h i s  p ro j ec t  w i l l  amount .to about 2.5% of t o t a l  r e f ine ry  energy 

use, assuming t h a t  reasonable e f f o r t s  t o  optimfze operations' have a l ready been 

takcn thrdugh conventional means. This i s  equivalent t o  about 0.3 x 1015 jou l e s  

pe r  yea r  by 1985, and 0.5 x 1015 jou les  by 20.00. 

Donor A c t i v i t i e s :  

This could include provis ion o f ,  say,  those technica l  personnel wi th  modeling 

and r e f i n e r y  operat ions  experience, who would work i n  conjunction wi th  Petroperu 

- s t a f f .  Training a t  appropria te  r e f i n e r y  l oca t ions  could a l s o  be provided. 

Peruvian Ac t iv i t i e s :  For p r a c t i c a l  .purposes, pa r t i c ipa t i on  i n  t h i s  p ro j ec t  would 

be l i m i t e d  t o  Petroperu. A team of about s i x  Petroperu personnel would be 

involved,  playing a major r o l e  i n  da t a  assembly and . cont r ibu t ing  t h e i r  understanding 

and knowledge of s p e c i f i c  r e f ine ry  operations.  Petroperu could a l s o  cont r ibu te  f o  

t h e  use  'of computer f a c i l i t i e s .  

Year Year To ta l  
Peruvian Cost 1 - 2 - 

Peruvian Cost ( lo3 $) 30 45 7 5 

Donor Cost 125 175 300 

Tota l  155 220 375 

Other requirements'  (equipment, e tc. ) 

Computer t i n e  (say 500 hours pe r  year)  



ITEM 2 .  

Ener gp ,@ tlon: 

End U s e  Energ.] ~ f f i d e n c y  Improvement i n  . the  I n d u s t r i a l  Sector  

Pro3 ect T i t l e :  

' computer Nodelling f o r  ~ e r ' i n e r ~ '  Op t i n i z a t i o n  

I 

Ob j ecrive: 

To improve short-term planning and day-to-day operat ion of a l l  r e f i n e r i e s  through 

computer modeling of key 'process  un i t s .  

Scope 

-. 
This  p r o j e c t  w i l l  includg a review of cur ren t  p l a n t  operat ions ,  feedstocks ,  y i e l d s  

=iG riizzket 3 ~ ~ i ~ i i d 3  i n  oidai t o  d ~ v e i o p  appropr ia te  methodoiogy f o r  t h e  a p p l i c a t i o n  

of computer modeling i n  Petroperu r e f i n e r i e s .  Follovlng d e f i n i t i o n  o f t h e  me:hodology 

and approach to  be  used, key process u n i t s  a r e . t o  be modeled, us ing a c t u a l  p l a t  

d a t a  t o  modify general ized design co r r e l a t i ons  f o r  the  s p e c i f i c  processes  under 

c,onsideration ( c a t a l y t i c  reforinizg, f l u i d  c a t a l y t i c  cracking,  e t c . )  

Following the modeling e f f o r t ,  app l i ca t i on  of t he  models t o  optimization.  of 

Idas-to-day operat ions  and t o  short-terae,pJanning w i l l  be inplemanted. A per iod  
I of a t  least- s i x  months f o r . t S i s  implementation phase is envisaged, ? a r t l y  t o  

a l low f o r  thorough t e s t i n g  of the cornput& model approach and p a r t l y  f o r  t r a i n i o g  

of l o c a l  t echn ica l  perscnnel.  Subsequent t o  t h e  t r a i n i n g  i n  Peru, i t  is  suggestsd 

t h a t  a d d i t i o n a l  t r a i n i n g  progrsms be erranged at  se lec ted  U.S. l a c a t i o n s  t o  

provide broader experience to:Petroperu persomel ;  both i n  the  use  of models 

f o r  s h o r t - t e n  plznning and operpt ioqs  con t ro l  and i n  t h e  use of xodels  f o r  

long- t e n !  plznning . 



ITEM 3 

Mqinum Coal Use 

Incr-sed .Coal Util'iza tion In Industry 

Objectiva: 

To define the potential for coal utilization in the industrial and mining sectors, 
. . ,  ' ,  .. - , . .  

' . < -  

identifyfng resource development requirements and end-use capital Fnvestnent .needs 
.. , . 

for inple~entation of ul aggressive coal utilization program. 

Essentially all fossil fuel use in the industrial ana rnlnlng sectors is petroleum-base2 
and nuch of the electricity is generated by oil-fired boilers, kerosene-fired gas 
turbines or diesel generators.. A major op.portunity for the medium to long t e n  
theref ore exists for the replacement of petroleu by domestic coal resources. 

., . # . . 

This project will include a thorough review..of.major industries with respect to 
tha potential for use of , coal in steam-raising znd process applications. The 
review will identify technical constraints, "and will 'docment the economics of 
 coal use in the various industrles. according to applications. The potential use 
of coal as .a .chemical feedstock will be included. ' 

In order to promote coal utilization in industry, it will be-necesszry to identify 
the coal resource development requirements,ain t e . 1 3 ~  of the quantity and quality 
of coals, the nature of ' distribution facilities required, and coal conversion 
requireaents for the end-use. Capital costs and manpower needs will be addressed, 
as will environmental issues which arise'. from the exploration of coal de~osits 
2nd the use of coal by industry. I I . < : ; :., '- 

In addition to defining resource requirements,.a program will be developed for 
neeting these requirenents and providing the appropriate training for end-users. 
The scope of c follow-on effort to implenent coal utilizetion will be developed. 



(con t '.d) Scope : 

The e f f o r t  w i l l  involve t h r e e  p a r a l l e l  s tudies. :  . a . t h r e e  year  s tudy of t h e  c o a l  
r e source  base and necessary i n f r a s t r u c t u r e ,  a one year s tudy of i n d u s t r i a l  coa l  
a p p l i c a t i o n s ,  and a.pr0gra.m development e f f o r t  i n  the  t h i r d  year .  These s t u d i e s  
and p r o b a b l t  p a r t i c i p a n t s  a r e  i l l u s t r a t e d  below under "Peruvian. A c t i v i t i e s . "  

T o t a l  p o t e n t i a l  f o r  c o a l  s u b s t i t u t i o n  (i .e. . ,  o i l  savings)  i n  the  s i x  major 
i n d u s t r i e s  i s  est imated a t  39.5 x 1 0 1 ~ ~  i n  the  year  2000. Assuming 5% e s c z l a t i o n  
annua l ly  i n  the  world o i l  p r i c e ,  t h i s  'amounts t o  $240 mi l l ion .  To ta l  i n d u s t r y  
o i l  Savings a r e  est imated t o  be 56.4 x 1015. J i n  2000, o r  about $343 mi l l ion .  
These savings  a r e  d e t a i l e d ,  by ' i ndus t ry ,  i n  t h e  accompanying . e x h i b i t  . 

Donor A c t i v i t i e s :  

These could include consul t ing  a s s i s t a n c e  a t  a l l  l e v e l s ,  p a r t i c u l a r l y  wi th  regard 
t o  i n d u s t r i a l  app l i ca t ions .  The need i n  the  c o a l  resource  e f f o r t s  w i l l  be f o r  
experienced geo log i s t s  and mining eggineers.  

Peruvian  ~ c t i v i  t i e s  : 

Peruvian  p a r t i c i p a t i o n  i n  the  t h r e e  s t u d i e s . i s  envisioned t o  be  a s  fol lows:  

Years P a r t i c i p a n t s  
I. Mines/searts/infrastructure~ 0-3 Energia y l l inas,  E.iineroperu,Siderperu 

11. Indust ry  s tudy  1-2 Energia y Minas, Electroperu,Indust ' r ' is  

111. Progran development 2- 3 Energia . y . Minas 

Resource Requirements: 

Year ~ e ' a r  Year Year Year 
1 2 3 - 4 '  - 5 T o t a l  

Peruvian Cost$ 100 16 0 240 500 

Donor Cost 100 400 ,200 700 - - - - 
Tota l  200 560 440 1200 

Other requirements: (equipment, e t c . )  

Kotes: - 'Srploratory d r i l l i c g  c o s t s , a r e  n o t  . . included i n  t h e  above f i g u r e s .  



EXHIBIT N-2 

INCREASED COAL USE OPTION: 

POTENTIAL OIL AND GAS SAVINGS BY 2000 

Detailed information on the potential for fuel substitution in the mining, 

non-ferrous and manufacturing industry sectors is not currently available'. However, 
, 

a< approximate estimate of the potential for increased coal use has been made as 

follows : / 

(1) Mininglnon-ferrous metals 

- Oil use for electricity generation in 19/76 = 6.8 x 1015 Jlyear 

- assume all this can be replaced by coal-fired systems by 2000 
- process uses in 1976 accounted for 13.13 x1015 J. 

- assume no more than 10% of this can be replaced by coal (technical 

limitations), say 1.3 x 1015 J. 

- for new plants (1976-2000), additional petroleum fuel use is projected 

to be 2579 x 10' KCal. 
15 - assume 10% of this consumption can.be replaced by coal, say 1.1 x 10 , J 

- total for this subsector = 6.8 + 1.3 + 1.1 = 9.2 x 1015 J 

- estimated dollar savings = $56 million 

(2) Iron and Steel 

- of petroleum fuel use, about 12% is for blast furnace injection 

- by 2000, petroleum use amounts to 16.93 x 1015 J 
- assume all blast furnace injection replaced by coallcoke by 2000 
- savings are estimated to amount to 2.0 x 1015 J 

- estimated dollar savings = $12 million 

Cement 

- in principle, all kiln fuel could probably be replaced by coal, limited 

only by environmental and economic factors 

- assume 90% of fuel is in fact replaced by coal by 2000 
15 - savings of oil amount to 26.6 x' 10 J. 

- estimated dollar savings = $162 million 

Oil Refining 

- assume about 20% o£ fuel use 'can be replaced by coal as a fuel for 

steam raising 

- savings of oil amount to 4.4 x 1015 J 
- estimated dollar savings = $27 millinn 



~etrochemical s and C i i e m  ca I s - assume about 10% of fuel use i s  fcr s t em. rz i s ing  which czn be 

carried o u t  using coal' - ssvings of o i l  m o u n t  t o  1.2 x 10" J 

~ e r t i  T i  t e r '  s t h a t e d  dol lar  savings = $7 mil l ion 

- data on Fertisa indicates 55% of petroleun feel  i s  used for  
i .  el e c t ~ i  c i ty  generati on - assuzz 211 o f  t h i s  can be replsced by coal by 2000 - - 

savincs a ~ c u n t  t o  2.1 x 10 1'5 J - es-timated dol lar  saviags =dl3 ~ i i l f o ~  
' .. 0 . :  .., . . , .  for urea mEnui2ccuPe, 3a10 or tne natural gas i s  ussd f o r  

e lec t r ic i ty  seneration end procsss fuel 
. - assuming 30% of the natural gas i s  for  e l ec t r i c i ty  generztion, 
. . 

and c l l  o f  this czn be replsced by coal, savinss of gas amount 
to. 3.2 x 10'' J 

. C estimated dol lar  savings a $19 mil l ion 
Total Indusrry Saw ncs 

. . , - from the above, industry savings mount t o  
o i  1 38.3 x l 0 l 5 J  

. .- gas - 3.2 
39.5 i - es t i ca ted  dol lar  savings - 213 mi1$ion 

- ,  . , -  ,since "covertge" of iden. i r i e d  i ndcs.try subsectors is  ebout 
. . 

e 
7O%, potential savings zre prob2bly as follows: 

. . .. . . . . 
o i  1 53.2 x 10's J 

. . '-56.4 
0 estinzated dol lar  say<ings = $343 a i l l i o n  

fotnl Mfninolllan-Ferrous. Ssw n(;s 
1 e 

Increased Cozl U s 2  - i n  the ~bsence o f  specific datz on re lat ive e f f i c i ~ n c i e s  of 

o i l ,  gas snd coel use, i t  is asswed tha t  d i r ec t  repleceaent, 
joule fo r  joule, i s  made; - increzssd coal usc incunting t3 65.6 x 10" J i s  therefor2 

. . . . :  . . 
projected by 2030 u n & r  th i s  cption: 

Industry 
O i  1 - Gas - ._ Total 
53.2 3.2 56.4 

Mini ng/ncn-ferrous 9.2  - - - 9 . 2  - 
62.4 3.2 63.6 



. . . . 
Peruvian AE.tAv5tfos: 

A l l  Peruvian actitri,ties ,in this project should be,coordinated by the Mnisterio 
de Energia y W a s ,  with participation by t'ne M i ~ i , ~ t e r i o  de Industria, and by 
various agencies such as Petroperu, Siderperu, Induperu,.,Mineroperu and 
Centromin. 

, . 

Resource. Rsav.&reents : . . I 

Year Year Pear Pear Y e a  
1 - 2 - 3 - 4 - . s  - i Total - . , - ... e-\, 

Perwian-Coat 40 40 . . . ."40 --.-- .. . . 40 . - . ,: !+ ..,. ' 4 0 .  c .  "'I , 209 \ 
Doeor Cost 16 0 '160 - 160 ' . . .,,I60 1 - I. .. 160 - 800 , 

Notes: 

Total 

Other reqdr-ts: (equipzeqt , etc.3 
:,. + 3 . . . ' - ;., . "9' " . 



ITEM 4 

Energy Ootion: 

End use energy efficiency improvement in the industrial sector. 

fng ineer ing  idanagenent. .Support.: f o r -  the  I n d u s t r i a l  Sector  

Obi active: 

To suppor t  Peruvian manpoGer development e f f o r t s ,  wi th  emphasis on n idd le  
management experience oppor tun i t ies ,  i n  t h e  i n d u s t r i a l  p lan t / .p rocess  , indus t ry  area. 

The manpower development e f f o r t s  r e l a t e d  t o  t h e  i n d u s t r i a l  s e c t o r  w i l l  p tov ide  
on-the-job experience t o  Peruvian middle managers i n  t h e  areas of cost /scbedule  
c o n t r o l ,  p r o j e c t  work scope development and implementation, p r o j e c t  a=agement, 
schedulfng, cos t  reviews, - t echn ica l  reviews, and q u a l i t y  assurance.  P a r t i c u l a r l y  
important  ~ 3 l l b e  t r a i n i n g  c r i e n t e d  t o  the  ana lys i s  of energy use and i n d u s t r i a l  
technologies  i n  t h e  context  u?cf- new p l m t  designs.  The a c t i v i t y  b i l l  extend over  
a per iod  of f i v e  years.  It w i l l  provide f o r  from f i v e  t o  t e n  people p e r  yea r  t o  
r ece ive  up t o  one year ' s  experience or ien tsd  t o  manpower development a c t i v i t i e s .  
I n  add i t i on ,  engineering management su?po,rt would be provided. on a consu l t a t i on  
basis in response t o  s p e c i f i c  requests .  Products of t h i s  p r o j e c t  w i l l  include 
reduced dependence' on e x p a t r i a t e s  f o r '  middle management a c t i v i t i e s ,  2nd the  
exposure of Peruvian managers t o  a d i v e r s i t y  of -management s t y l e s  and: experience.  



ITEM 5 

Energy Option: 

End Use Energy Eff ic iency Improvement i n  the  I n d u s t r i a l  Sector  

P r o j e c t  T i t l e :  

Use :of. Waste. Xate r l a l s  

Objective:  

To Reduce Overal l  Energy Consumption I n  The Industrial Sector  by U t i l i z i n g  

Waste Mater iz ls  

The p ro j ec t  w i l l  provide an assessment bf the  p o t e n t i a l  f o r  u s h g  waste m z t e r i a l s  . , 

i n  a l l  i n d u s t r i a l  sec tors .  Examples include . the use of b l a s t , f u r n a c e  and o the r  

mater ia l s  fo r  aggregate production, and t h e  use  of s t e e l  p l an t  s l a g s  as, raw 

p g t e r i a l s  f o r  g l a s s  f i b e r  production. Included w.itli;[in t h i s  .p ro jec t  .sho,uld. be  

t h e  use of naturally-owing possolana i n  the. manufacture of blended cenents. 

Without de t s i l ed  s t u d i e s ,  energy savings a r e  d i f f i c u l t  t o  assess .  ~Howzver,*a 

rough es t imate  may be based on the  ul t imate  replacement of 25% of the  energy 

used i n  na lufzc tur ing  cenent by the use of 5y-product s lzgs .  On :his b ~ s i s ,  

savings by. 2000 would anount t o  8.1 x 1015 joules /year  , with perhaps 2. x 1015 jcules 

achieved by 1985. 



~ ' k a o r  A c t i v i t i e s :  

Consu l t ing  a s s i s t a n c e ,  e.g., t o  provide information on the  s t a t e -o f - the -a r t  

on t h e  a p p l i c a t i o n s  of waste m a t e r i a l s .  A t h r e e  man tean working, say ,  half- t ime 

f o r  two years should be adequate. 

P e r u v i a  Bcti- tf es : 

~ c t i v i t i e s  vou.ld be .d i rec ted  by t h e  P l in i s t e r io  de E'nergia of Mines, wi th  

p a r t i c i p a t i o n  by t h e  K i n i s t e r i o  de I n d u s t r i a .  -An appropr ia te  l e v e l  of e f f o r t  

is es t ima ted  t o  be s i x  engineers ,  wdrking on say,  th ree  s p e c i f i c  a r e a s  of  

a p p l i c a t i o n .  

Resource Reqrrirmekts: 

Year Year Year Year Year 
1 - 2 - 3 - 4 - 5 - Total - 

Total Cost  $ 103 30 30 60 

Cor?or Cost  $ 103 2 150 - - - ?nn 

Total 180 180 360 

Other r e q u i r e a n t s :  (equipment, etc.) 

Motes: 



EXHIBIT N-3 
. SL@VARY OF THOUGHTS ON 

ELECTRIFICATION STUTEGY 

This s t r a f e g y  exas ices  the  impl ica t ions  of "x&kin;izing tKe use  of 
. . 

e l e c t r i c i t y  a s  an  energy source  f o r  Peruvian indus t ry .  The o v e r a l l  i s s u e  

may be  s p l i t  i n t o  two d i s t i n c t  a reas :  (1) conversion o f  e x i s t i n g  fue l -  

i n t e n s i v e  production capac i ty  t o  hydroe lec t r i c - in tens ive  p rocesses ,  and 

(2) developsent of new i n d u s t r i e s  whose process  technologies  demand an 

abundant supply of ine-xpensive e l e c t r i c  power. 

With r s r ? e c t  t o  t h e  f i r s t  a r e a  ( i . e . ,  convers ion) ,  i t  sF.ould be  noted 

t h a t  t h e  r z f z i e n c z  projection f o r  the  year  2900 provides  an  e s t l a a t e  of 

52.3 x 10'' J. of e l e c t r i c i t y  r equ i red  by i n d u s t r y ,  k which an e s t i n a t e d  

1 1 . 3  x 1015 J. a r e  se l f -genera ted.  The remaining 41.0 x  1015 J. a r e ,  of 

course ,  supp l i ed  by p u b l l c  u t i l i t i e s .  Of t h e  11.3  f i g u r e ,  922 (or 10.4 

x 1015 J.) a r +  genera ted f r o n  o i l  a t  an assuned e f f i c i e n c y  of 25%. I f  i t  

is  .assuned t h a t  90% of  thLs power can be  supp l i ed  from a hydro source ,  t h e  

r e s u l t i n g  o i l  sav ings  i n  t h e  y e a r  2000 t o t a l  37.4 x 1015 J .  The corresponding 

hydro ou tpu t  of 9.3 :c 1015 J., a t  a  load f a c t o r  of say 652, w i l l  r e q u i r e  

dedicated capac i ty  of  sone 450 .W. 

iln z d d i t i o n a l  s i p i f i c z n t  o i l  savings ,  under t h e  maxinm hydro 

s c e n a r i o ,  i s  l i k e l y  t o  cone from the  ~ i n i n g  and nonferrous  meta ls  indus t ry  
'. ' 

s e c t o r .  The r e f e r e n c e  p r o j e c t i o n  inc ludes  a n  & t i n a t e  of  about  26 x 1015 J. 

of o i l  c o n s u e d  i n  t h i s  s e c t o r  f o r  process  use  (i.e., u s e s  o t h e r  thanefor  

e l e c t r i c i t y  genera t ion)  i n  t h e  yea r  2000. A great d e a l  of this f u e l  i s  

used,  f o r  e x z q l e ,  i n  copper smel te r s  f o r  ' the product ion of b l i s t e r  copper. 

However, competing technologies  a r e  a v a i l a b l e  (and a r e  i n  f a c t  a l r eady  used 

a t  e x i s t i n g  s i t e s  w i t h i n  Feru) f o r  t h e  hydrometa l lu rg ica l  e x t  rat t ion o f  

copper f r o n  o r e .  These process  e lec t rowin copper from t h e  o r e ,  a s  opposed 

t o  t h e  p y r o n e t a l l u r g i c a l  s e ~ a r a t i o n  accomplished i n  t h e  s ~ e l t e r .  I t  is 

e s t i z a t e d  t h a t  perhaps 50% of e x i s t i n g  pyro capac i ty  can b e  conver ted  by 

t h e  yea r  2000, v i t h  a r e s u l t i n g  o i l  savings  of 1 3  x  1015 J. Of course ,  

dedicated hydro f a c i l i t i e s  would have t o  be  a v a i i a b l e  t o  a l l o w  f o r  a n  

equ iva len t  product ion l e v e l .  

The rena ln ing  p o t e n t i a l  f o r  conversion t o  e l e c t r i c i t y  i s  probably 

smll on a  r e l a t i v e  ' b a s i s .  Sone a d d i t i o n a l  s t e e l  may b e  produced i n  

induc t ion  fu rnaces ,  o r  g l a s s  i n  e l e c t r i c  fu rnaces ,  b u t  the o t h e r  l a r g e  



i n d u s t r i e s  such as petroleum r e f i n i n g  and chezdcals  o f f e r  l i t t l e  p o t e n t i a l .  

As d i scussed  above, t h e  l a r g e s t  impact w i l l  b e  f e l t  i n  t h e  convers ion  of 

e x i s t i n g  o i l - f  i r e d ,  se l f -generz ted  i n d u s t r i a l  power, and t h e  convers ion  

of trith o i l - f  i r e d  s m e l t e r s  and furnaces  t o  a l t e r n a t i v e  e l e c t r i c i t y -  
* 

i n t e n s i v e  processes .  

The p o t e n t i a l  f o r  e l e c t r i f i c a t i o n  i n  t h e  second a r e a ,  development of 

new i n d u s t r i e s ,  is  l e s s  c l e a r  and n o t  q u i t e  a s  e a s i l y  q u a n t i f i e d ,  Of course ,  

t h e  p r i 3 r y  q ~ e s t i o n  is t o  d e t e d k e  :he m u n t  2nd d i r e c t i o n  of  t h e  develop-. 

ment t o  talc= p l a c e .  A z  p r e s e n t ,  t h e r e  i s  no c o n c r e t e  p l a n  a v a i l a b l e  f o r  

use as a b a s i s  in this a n a l y s i s . ,  F u r t h e m o r e ,  the p o s s i b i l i t i e s  are many: 

product ion  of  e l e c t r i c i t y - i n t e n s i v e  meta l s  s u c h  a s  

2 l d n u n ,  mgnesim, titaniuzn, zirconium, etc. 

- developnent  o f  a s t e e l  i n d u s t r y  based on pre-reduced 

i r o n  o re .  ,, . 

* .  product ion  of high value-added products ,  such a s  f e r r o a l l o y s ,  

vh icb  nay r e q u i r e  n e a r l y  4 kWh/lb t o  produce. 

p roduc t ion  of c a l c i m  ca rb ide ,  used i n  z c e t y l e r e  product ion ,  

i n  e l e c t r i c  fu rnaces .  

e q a n s i o n  of n i t rogenous  f e r t i l i z e r  c a p a c i t y  based on  

n i t r o g e n  from a i r  and hydrogm from wzte r ,  a s  is ?res- t ly  

done a t  Cachiroayo. 

and many o t h e r s .  

These p r o j e c t s  a l l  s h a r e  one coxmon lid!: they  a r e  extremely 

e l e c t r i c i t y - i n t e n s i v e  i n d u s t r i e s .  However, t h e  l a c k  of  a d e f i n i t e  i n d u s t r i a l  

development p l a n  a t  t h i s  t ime renders  i t  i n p o s s i b l e  t o  produce q u a n t i t a t i v e  

e s t i m a t e s  of t h e  power which w i l l  u l t i m a t e l y  b e  r e q u i r e d ,  



PUBLISHED DATA SOURCES 

The most commonly used sources of data were the following: 

"La Mineria en el Peru, 1977" (annual, volume 14) published by 
Edi tores Tecni cos Asociados S. A. , Lima. 

Minerals Yearbook 1973, U. S. Bureau of Mines ("The Mineral Industry 
of Peru"). 

"A Prel imi nary Assessment of the Energy Supply-Demand Si tuati.on in 
Peru", Brookhaven National Lsboratory, Upton, N. Y. (Prel'iminary 
draft, June 1978). 

Annual Minerals Report, 1977 ' (CERP 0429), produced by the American 
Embassy, March 15, 1978. 

"Area Handbook for Peru, 1972", Foreign A;& Studies of the American 
University, Washington, D. C. 

"Anuario de la Mineria del Peru 197518, Ministerio de Energia y 
Minas, Lima. 

"La Industria en el Peru", Ministerio de Industria y Turismo, March 
1975 (prepared for the 2nd general assembly of the UNIDO). 

?The Andean Report", July 1975 to date (pub1 ished monthly in Lima). 

"Oroya ~etall urgical Operations, 197OU, Cerro de Pasco Corp. 

"Informe Anual 1975/1976/1977", Depto. de Electricidad y Tele- 
communicaciones, Centromin, Lima. 

"Estadistica Petrolera del Peru, 197511, Ministerio de Energia y 
Minas, Lima. 

"Estadi stica Industrial 1975 - Manufacturas" , Ofici na de Estadi- 
sticas, Ministerio de Industria y Turismo, Lima. 

"lndi catores del Sector Manufacturero, Enero-Dici embre 1977" (BEI-24), 
Oficina de Estadisticas y Registros,' Mirtisterio de Industria y 
Turi smo, Lima. . -. 

"Proyectos de Inversion Industria'l 1977", Ofici na Sectorial de 
Planificacion, Ministerio de Industria y Turismo, Lima. 

"Estadi stica Anual de Electricidad 1975/1976", Ministerio de, Energia 
y Minas, Lima. 

"Plan Operativo 1977-1978/1978-1979"; Ministerio de Agricul tura y 
A1 imentacion. 



P. LIST OF MEETINGS ATTENDED 
. . 

I n  o rder  t o  c o l l e c t  da ta  on c u r r e n t  a c t i v i t i e s ,  planned p r o j e c t s ,  
and .energy consumptions, t he  f o l l o w i n g  meetings were conducted: 

June - o f f  i c e / ~ ~ e n c ~  Persons Contacted 

16 I n t e r n a t i o n a l  Execut ive Serv ice Corps. Jim Winkelman ( D i r e c t o r )  

19 O f i c i n a  Sectora l  de ~1 an i  f i k a c i o n ,  Lu i s  Paz 
M i n i s t e r i o  de A g r i c u l t u r a  y Al imentacion 

20 . '  M i n i s t e r i o  de Energia y Minas Jorge Agui nags (Peru 
s tudy  coo rd ina to r )  
Ing. Haro 

2 0 O f i c i n a  Sectora l  de P l a n i  f i cac ion ,  Area Juan Aqayo 
de P l a n i f i c a c i o n  de Miner ia ,  M i n i s t e r i o  Humberto Vasquez 
de Energia y Minas 

20 D i v i s i o n  de Estudios Tecnico-Economicos Tomas Guerrero 
Minero Peru Mariano I v e r i c o  (Gerente 

, . Proyectos) ' ' 

Jaime Mercado (Gerente 
de Div. de Es tud ios  ' 

1 '  . ' 

Tec. Econ. ) 
. . 

Ing. Lescano . 

I n c i t e m i  ( I n s t i t u t o  C i e n t i f i c o  y 
Minera l  og i  co M i  nero) 

22 A g r i c u l t u r a l  Attache, U. S. Embassy 

22 M i n i s t e r i o  de Energia y Minas 

23/23 O f i c i n a  de Proyectos, M i n i s t e r i o  de 
I n d u s t r i a  y Turismo 

26 D i v i s i o n  Cent ra l  de ~l aneami ento, 
- .  Centromi n . . . , J :  :.,; . . _ 

27 0 f i c . i n a  de Planeamiento, Petroperu 

Cesar S o t i l l o  Palomino ' . 
( D i r e c t o r  General) 

Hugo Palomino Glener  

Richard L. Barnes . . 
(Attache) 

Lucho Arese 

Ricardo Saettone 'Dodds 
(Deputy M i n i s t e r )  

Godofredo Ramirez 
(D i rec to  de Proyectos) 

V i c t o r  Gonzalez Carba ja l  

Lew Gal 1 a rdy  
Renato G i b e l l i n i  

(Coord ina tor  de Proyectoc 

Jose Miguel Carrasco 
(Coord ina tor  de 
P l  aneamiento) 

27 Siderperu Rodol fo Bragagn in i  
. (D i rec to r  Teni co) 



28 Apoyo S. A. ("Peru Economi coil ) 

28 Piazza y Valdez I ng in i e ros  S . A .  

Fe l i pe  Ortiz de Zeval los  
(Ed i to r )  

Jose Valdez 
(President)  

30 Of i c i na  Sec to r ia l  de P l a n i f  i cac i on  de Marco Hidalgo 
A1 imentacion, M i n i s t e r i o  de Agr i cu l  t u r a  
y A1 i mentaci on 

3 0 P lan t  V i s i t ,  La Pampi l la Ref inery,  Car los Repeto (Gerente) 
Petroperu Donald Salazar Ruiz ' 

( D i  r e c t o r  Tenico) 
Ing. Barredo Tamayo 

30 O f i c i na  de P l a n i f i c a c i o n  de Energia, R. Montal van (D i rec to r )  
M i n i s t e r i o  de Energia y Minas Jorge Aguinaga (Peru 

Study Coordinator)  

August (P lan t  V i s i t s )  

8 Cementos Lima (Atocongo) 

8 . Metinsa (metal f ab r i ca t i on ,  tubes, sheet, f i t t i n g s ,  etc.) 

10 Backus and Johnston Brewery (Rimac) 

11 Quimica del Pac i f i co  (Cal lao)  

11 Pescaperu fishmeal p l a n t  (Cal lao) 

14 F e r t i s a  f e r t i  lYizer and chemical complex (Cal lao)  
\ 

15 Paramonga complex (Sugar Cooperative, paper p l an t ,  c h l o r i n e 1  
caus t i c ,  PVC) 

Brookhaven review per iod  - 
August 28-September 8 Options review and r e p o r t  developnent i n  

con junct ion w i t h  Peruvian counterpar ts  ( a t  
Brookhaven Nat ional  Laboratory). 
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THE TRANSPORT SECTOR IN PERU 

I. INTRODUCTION 

The purpose of this paper is to provide background information to support 

estimations of energy requirements for the transport sector; also, to help 

determine the energy implications of various options open to the Peruvian 

Government of supplying transport infrastructure necessary to meet future 

demand for movement of freight and passengers within the country. 

Based on the limited amount of data available on the ,transport sector in 

Peru and on interviews'with knowledgeable persons 'in both the private and 

government sectors, it has been possible to get together a scenario describing . . 

,the actual transport sector in the base year for this study (1976) . . and.make 

projections 'of future transport activity. A major aid in this work has been 

the existence of the National Transport Plan, 1977-1986, (PDT) made available 

to the team by the Ministry of Transport and ~ommunications. ~ 1 1 ;  numbers . in 

this report have been derived from official Peruvian documents or as a result 

of conversations with government officials. They are best estimates of likely 

activity, given officially expected gkowth trends and. the existence of, in 

some cases, a very limited data base. The projections are in no way to be 

considered prophecies, but merely rough indications of orders of magnitude 

from which some useful conclusions can be made. 



11. THE TRANSPORT INFRASTRUCTURE 

A. The Road Network 

In 1976 Peru had a road'system totalling 56,940 kilometers of which 

5,949 kilometers were paved, equivalent to 10.4% of the system. The road 

network density was only 0.04 kilometgrs/square kilometers of national land 

area. The Panamerican Highway which runs along.the coastal plan from,the. 

Ecuadorean border in the North to the Chilean border in the South is-paved in 

its entirety. Maintenance of the road network has been inadequate for several 

years. We were informed that unti1'1970-71, regular maintenance was carried 

out on most roads but that, sitice .then, only about 50% of the required funds 

for maintenance has been available annually. A recent study estimated that 

$US200 million would be needed to rehabilitate the road system to a level 

where routine maintenance could preserve acceptable road conditions; about 

5-10% of the country's roads are in i desperate ,state of. disrepair. 
. . .  

B. The Rail Network \ 

There is a total of 2,545 kilometers of track of which 1,933 kilometers 

is owned by the public sector, under the administration of the Empresa Nacional 

de Ferrocarriles del Peru (ENAFER). Over 80% of the track length is standard 

gauge (1.435 meters). Rail links penetrate the interior of the country. There 
. . 

is no coastal railway. The two main sectors are the.Centra1 Railway which 

joins Callao-Lima to the Central mining areas, and the Southern Railway which 

starts at the coast at Matarani and goes inland to Cuzco and Chaullay. A pro- 

ject currently underway is to extend the Southern Railway by connecting Puno 

on Lake Titicaca with Desaguadero on the Peruvian-Bolivian border. 



C. Airpor ts  

According t o  the  PU'l', th ree  airports--Lima, Pisco, Talara--were c l a s s i f i e d  . 

i n  1976 a s  f i r s f - c l a s s ,  capable of handling a i r c r a f t  of Boeing 707 c lass .  Eight 

f u r t h e r  a i r p o r t s  were capable of handling a i r c r a f t  of Boeing 727 c l a s s .  The 

t o t a l  number of r eg i s t e red  a i r p o r t s  i n  1975 w a s  244. I n  addi t ion ,  the re  a r e  

87 a reas  a l loca ted  f o r  seaplane landing. 

D. Seaports . .  

Of t h e  28 ' c l a s s i f i e d  seapor ts  i n  t h e  country, 12 had f a c i l i t i e s  which, i n  

1976, allowed sh ips  t o  t i e  up alongside a wharf. Ten of these  a r e  located on 

the P a c i f i c  Coast, one ( Iqui tos)  on the  Amazon, and the  o ther  (Puno) on Lake 

Ti t icaca .  The Por t  of Callao, serving t h e  Lima area ,  can accoWodate vesse l s  

up t o  9.75 meters d r a f t  and has  22 ber ths  a t  four f inger  p i e r s ,  each p i e r  

averaging 183 meters i n  length. The most important cabotage .por ts  a r e  Talara 

( d i s t r i b u t i o n  of petroleum products) ,  San Nitolas (d i s t r ibu t ion  of i ron  o r e ) ,  

Chimbote ( rece ip t  .of i r o n  o r e ) ,  Iqu i tos  (general cargo) and Callao. The prin- 

c i p a l  export  p o r t s  are Callao and La, Pampilla (petroleum). 

E. Urban I n f r a s t r u c t u r e  . . 

Lima is, by f a r ,  the  most important urban area  i n  the  country; urban 

passengers a n d ' f r e i g h t  move by road. One rail  l i n e  passes through the  c i t y ,  

connecting the  coast  with the  S i e r r a  region. There is one major expressway 

with "bus only" lanes  i n  the  center  connecting Miraflores with the  town center .  

Several boulevards a r e  wide but the  majori ty of roads ,a re  narrow, permitt ing 

only'  one-way t r a f f i c .  Congestion is se r ious  i n  severa l  par tg  of the  c i t y .  



111. TRANSPORT VEHICLES 

A. Road Vehicle8 

It has been estimated that the total road vehicle population in Peru.is 

about 464,000 units of which approximately two-thirds are registered in the 

Department of Lima. In 1976, there were approximately 270 vehicles per 10,000 

inhabitants or 17 habitants. for each vehicle. Domestic automotive assembly 

operations turned out 34,344 vehicles in 1976, of which 26,290 were auto$obiles 

and st'ation wagons. Since that time, there has been ,a drop in the number of 

domestically-assembled vehicles corresponding to the economic difficulties 

experienced in the country. ,Ro,ugh calculations indicate that the ave.rage 

automobile travels approximately 12,000 kilometers per year. The category 

"automobile" includes taxis and colectivos. The motorcycle population is 

approximately 47,000 of which 64% is registered in the Department of Lima. 

It is estimated that in 1976 about 23,000 buses operated in the country 

of which 10,000 were microbuses. About 9,300 buses operated in urban centers, 

7,900 of these in Lima. The remaining 13,700 buses are engaged in rural or 

intercity transport. 'The average urban bus is believed to operate approximately 

30,000 kilometers per year and the average rural and intercity bus is estimated 

to travel.12,OOO kilometers per year. There are about 61,000 trucks in the 

country, only 40% of which are registered in the Department of Lima. It was 

assumed, based on the limited evidence available, that the average truck tra- 

velled 15,000 kilometers per year and carried an average load of just over six 

tons. Energy intensity of trucks is very high, reflecting poor road' conditions 

and difficult terrain in the Sierra region. 



Light vans, mostly carrying out service functions, total 62,000, of 

which 55% are registered in the Department of Lima. It was assumed that in 

1976 these vehicles travelled an average of 15,000 kilometers per year which, 

given that they operate generally in urban traffic conditions and remain 

parked for some of the working day, may not be an unreasonable assumption. 

An estimation of the road vehicle fleet in 1976 is shown in Table 1. 

B. Railroad Rolling Stock 

The two main railroads, which operate under the government-controlled 

ENAFER, have a total of 107 loco~otives of which' 74 are diesel electric. 

Rolling stock includes 2,008 freight and 190 passenger cars. 

The Lake Titicaca steamship servicewhich includes one train ferry, five 

passenger-freight vessels, is also operated by ENAFER. 

C. Aircraft 

Of the 145 aircraft registered in Peru in 1976, 15 were jet-propelled, 

six turbo-propelled and 124 propeller planes. Twenty-seven aircraft were 
r 

maintained on regularly-scheduled flights--14 of these were jet-propelled. 

D. The Maritime Fleet 

The Peruvian ocean-going merchant fleet in 1976 consisted of 39 vessels 

of which 15 were under private ownership and 24 belonged to the state. Seven 

of the 39 ships are less than five years of age. In the Table below, it can 

be seen that the average deadweight tonnage (a measure of the carrying capacity 

of a vessel) of bulk carriers indicates that these vessels are capable of parti- 

cipating in the long-haul export andaimport trade of the country. Most tankers 

would'be engaged in cabotage along the coast. The general cargo vessels oper- 

ate in liner services on international routes (see Table 2). 



. . ESTIMATED AUTOMOTIVE FLEET : . .. ? ' ' ' '.  . ' :, .. ; f 

. .. 
' ( ~ h o u s a n d s  of Vehicles)  

. .. s. 
. .  . . . . . . . : . . t ,.L K i T  ,. . . .  b ? . * - , . : ,  . . . : >> 7'. :.; '.' : : , . . 

T o t a l  Department 'Department of Lima 
Goun t r y  - % of Lima 'I As % of Country 

Motorcycles 
Cars 
Microbus 
Omnibus 
Light  Vans 
Trucks 

TOTAL 

Source: Update of Table i n  Metro-Lima Study. 

TABLE 2, 
. . 

PERUVIAN MERCHANT FLEET: 1976 

Number of Vessels Average 
Deadweight ~ e a d w e i g h t l  

P r i v g t e  S t a t e  To ta l  Tonnage Vessel 

General Cargo 8 14 22 251,735 11,443 
Bulk Carrier 6 3 9 258,215 28,691 
Tanker 1 7 8 116,699 ..14,587 

- - - 
TOTAL 1 5  24 39 626,649 16,068 

1 
Excluding l a k e  and r i v e r  ves se l s .  

Source: Minis t ry  o f  Transpor ta t ion .  
E 



-There are six vessels regietered..for operation on ~ a k 6  Titicaca and a 

tota1,of 6.088 vessels of small size registeted.in the Ports of IquitoSi 
, " . . < L 3 . '  . , .i . . . , . ' . . t ,  

Pucallpa and.Yurimaguae which operate in the Amazon River system. 



IV. TRAFFIC 

A. Road 

It is estimated in the PDT that road freight traffic accounts for almost 

50% of all domestic freight in terms of ton-kilometers (see Table 3). Road 

is especially important for agricultural products. Road accounts for 94.8% 

of ton-kilometers of agricultural products and 83.7% of ton-kilometers of 

industrial p.roducts. Domestic movements by road of minerals and oil are rela- 

tively unimportant compared to .other modes. 

Although the proportion of ton-kilometers by road in ea$h of the sectors 

is expected to increase by 1986, because of the very large amount of oil by 

cabotage, $n absolute terms, road becomes less important and is expected to 

account for 41.8% of total domestic freight ton-kilometers. Road remains the 

domihant mode of transport for agriculture and industrial goods in 1986. 

The average annuaJ growth rate of ton-kilometers by road over the period 

1976-1986 is expected to be 5.33%. 

As seen in ~ablk 4 road is the dominant mode of transport for both intra- 

inter-regional passenger travel within Peru. The only areas in which serious 

competition is met from other modes are in the Southwhere there is significant 

rail passenger traffic, and between the Center and Southern regions, where air 

services are important. ' 

No forecast is made in the PDT concerning the entire inter- and intra- 

regional passenger network, but prgjections are made for 1986 for a reference 

network in which a breakdown $3 given of the passenger-kilometers expected of 

each of the modes. 



TABLE 3 

PERU: INTER-CITY ROAD FREIGHT--1976 AND 1986 . . ~  

19.76 1986 
Ton- % of W of Ton- % of % of 

Kilometers Sector All Road Kilometers Sector All Road 
x lo6 by Road Freiaht x lo6 by Road Freight 

Agriculture 2,373.6 94.8 42.7 4,519.6 95.1 48.4 

Zndus t ry 2,860.9 83.7 51.5 3,733.9 85.7 40.0 

Mining 94.0 9.5 1.7 426.5 14.6 '4.5 

Hydrocarbons 228.1 5.2 4.1 661.3 6.4 7.1' 

Fishery -- -- -- 4.0 100.0 -- - 
ro TOTAL 5,556.6 49.2 100.0 9,341.7 48.1. 100.0 

1987-1986 
% Average 
Annual 
Growth 

1 

Source: Plan Director de Transportes, 1977-1986. 



TABLE 4 

PERU: INTER-CITY PASSENGER MOVEMENTS BY ROAD--1976 

/ 

Millions of Road 1 Road 
1 

Thousands . Passenger Kilometers/ % of all Modes $ of All Modes 
of Passengers Kilometers Passenger Passengers Passen~ers/Kilometers Intra-Reg ion 

North 

Center 

South 

East 

Subtotal 

International 

Center-North 

Center-South 

- 
I Subtotal 

TOTAL 

1 '  
National traffic only. 

I 
Source: Plan Director de Transportes, 1977-1986. 



For that reference network within the Northern Region, it is expected 

that road will account for practically all passenger-kilometers in 1986. 

'1n the Central Region, rail and air are. expected to become more Important 

and in the Southern Region, road will lose some 'of its importance to rail. 

Between the Northern and Central Regions, it is expected that rail will 

account for 74.6% of passenger-kilometers, utilizing a coastal rail link to 

be constructed and air will account for 20,5%, leaving only 4.9% for road on 

this inter-regional.route. With new roads to penetrate the Eastern Region 

from the Northern Region, road will account for 84.8% of that inter-regional 

traffic. Between the Central Region and the ~odth of the country, it. is 

anticipated, in the PDT, that road's share of ' passenger-kilometers will re- 

main similar to, that .in 1976. 

Rail B* - 
In 1976, according to the PDT (see Table 5 ) ,  rail accounted for about 9.1% 

of all inter-city freight ton-kilometers. .Rail is most significant in the 

mineral sector where 35.8% of ton-kilometers-were accounted for by this mode. 

On. certain links rail is clearl) the dominant freight mode; for example, 

between Callao-Lima and La Oroya and La Oroya and Cerro de Pasco on.the Central 

Railway and between Arequipa and Puno and Puno and Cuzco on the Southern Railway. 

It is expected that rail will remain important over these links in 1986. The 

total share of rail of national ton-kilometers is, however, projected to drop 

It is only in the 'southern' Region that rail passenger traffic is competi- 

tive in terms of numbers of gassengers and passenger-kilometers, where 43.8% 

of all passengers and 41.7% of passenger-kilometers in the Region are accounted 

for by rail (see Table 6). 



TABLE 5 

Sector 

Agriculture 

Industry 

Hydrocarbons 

. Ton-. 
Kilometers 
, x 106 

PERU: INTER-CITY RAIL FREIGHT--1976 AND 1986 

Ton- 
% of Sector % of All Kilometers % of Sector 
by Rail Rail Freight. x lo6 by Rail 

% of All 
Rail Freight 

Average Annual 
Growth Rate: 
1976-1986 

Source: Plan ~irector de Transportes, 1977-1986.. 



TABLE 6 

PERU: INTER-CITY PASSENGER MOM.IENTS BY KAIL--1976 

Passenger 1 
Inter- Passengers Kilometers Kilometers per Rail Passengers Rail Passengers/Kilometers 

Regional (Thousands) (Millions) Passengers % of Total - % of Total 

Central ' 249.1 8 3 333.2 8.5 5.1 

., Southern 989.2 363 - ,367.0 

TOTAL 1,238.3 446 

Source: Plan Director de Transportes, 1977-1986. 



For the, 1986 reference network, rail passenger movements will continue 

to be significant in the Southern Region, expected to.account for 47.5% of 

passenger-kilometers. In inter-region passenger services rail will assume 

a dominant role (74.6% between the North and Central Regions), following the 

planned introduction of a coastal rail'link north from Lima. 

C. Air - 
In 1976, domestic air freight totaled about 90,000 tons--equivalent to 

90-million ton-kilometers. Most cargo is carried on passenger flights. The 

PDT does not record air cargo as a major item and as it is a joint product 

with passenger services, energy requirements can be derived by examination 

of passenger movements alone without too much chance of error. Although not 

included in the Reference Case,-it is conceivable that a significant number 

of all-cargo flights will be operating by 2000, especially between Eastern 

areas and the urban centers in the West. Some gf this .may be by nonconventional 

means as mentioned'later in this report. 

According to the PDT (see Table 7), 1.3 million passengers flew on do- 

mestic* services in 1976--equivalent to 844 nillion passenger-kilometers. Air 

accounted for 12% of all inter-city passenger movements within the country 

and 15.2% o'f passenger-kilometers. Air is especially important within the 

Eastern Region and between the Eastern Region and Central and Northern Regions 

serving as the only link in many cases. 

The reference network for 1986 suggests that air traffic will continue 

to be the sole mode of passenger traffic between centers in the Eastern Region 

and between the Central and Eastern Regions. Even with the new rail link along 

the coast joining the Central and Northern Regions, which is expected to be 

operational by 1986, it is anticipated that the percentage of passenger-kilo- 

meters by air will increase from 11.5% to 20.5%, at the expense of road 



TABLE 7 

PERU: INTER-CITY PASSENGER MOVEMENTS BY AIR--1976 

Passengers 
Passengers Kilometers ICilometers Air Passengers Air Pass/Kms 
(Thousands) (Millions) Per Passenger % of Total % of Total 

Inter 
Regional 

e 

North 
Center 
South 
East 

Subtot a1 

I-' - 
~n ~ n t e r -  

Regional 

Center-North 
North-East 
Center-South 
Center-East 

Sub t o t a l  

Mat ional 

International 

TOTAL 



passenger traffic. The portion of pasgenger-kilometers between 'the Central 

and southern Regions is expected'to remain similar in 1986 to that in 1976. 

D. Maritime 

At the'ptesent time, cabotage is restricted to minerals', which move 

between San ~icolas and ~himbote, and petroleum and products. Although the 

table of the PDT showing ton-kilometers by sector and by mode of transport 

for 1986 indicates that only these two sectors.wil1 supply cargo to cabotage 

shipping (Table 11-4 of the PDT), an examination of projected movements through, 

ports in 1986 suggests that fertilizer originating in Talora-Bayovar and general 

cargo might be expected to move in the cabotoge trade. Restricting the dis- 
. . 

cussion to the mineral and hydrocarbon sectors, ideal commodities for cabotage 

movement, it is expected that the shipping share of domestic cargo in terms of 

ton-kilometers will rise for minerals from 54.7% to 62.1% and remain the same 

for petroleum and products. Overall cabotage ton-kilometers are expected to 

grow at an annual rate of 9.7% over the period 1976-1986 (see Table 8). 

Amazon River traffic is only expected to grow modestly--by 0.6% per year-- 

through the period 1976-'1986 (see Table 9), reflecting the introduction of road 

links in the, Eastern Region whichwill'permit some direct road transport from 

the central and coastal parts of the country. 

E. Urban Passenger Movements . 

'4. e 

The Metro-Lima Study, completed in late 1973, estimated that by 1976 

4.1 million journeys per day would be made in the Metropolitan Lima area with 

an' alerage length of 'journey being 7.75 kilometers (see Table 10). By 1992, 

9 . . '  
2.6 x 10 annual jokrneys would be taken and the average distance increased 

to 11.6 kilometers, reflecting a remarkable expansion in the size of the city 



TABLE 8 

PERU: CABOTAGE FREIGHT--1976 AND 1986 

1976 1986 
Ton- X of Ton- X of Average Annual 

Kilometers . Sector  by % o f  A l l  Kilometers S e c t o r b y  % o f A l l  Growth Rate 
Sec tor  x lo6 SeaIRiver SeaIFreight  x lo6 Sea River Sea Fre ight  1976-1986 

Mining 541.4 54.7 12.1 2,018.6 62.1 17.9 14.1 

Hydrocarbons 3,921.5 89.5 97.9 9,234.2 89.5 82.1 - 8.9 
u. 

TOTAL 4,462.9 39.5 100.0 11.252.8 50. 4 100.0 9.7 

Source: Nat ional  Transport  Plan,  1977-1986 (PDT). 

TABLE 9 
k' 
4 

'PERU: RIVER FREIGHT--1976 AND 1986 

Agr i cu l tu re  ' 27.5 1.1 11.3 52.3 1.1 20.3 6.6 
.<, .,, 

Indus t ry  167.5 .: - 4.9 ' 69:> .: . 126.4 -2.9 49.0 -2.8 
hi *i 

Hydrocarbons 47. '5 - 1..1 

TOTAL 242.5 2.‘2 100.0 257.7 1.2 100.0 0.6 

...: Source: Nat ional  Transport  Plan,  1977-1986 (PDT). . . . . 
. .. . ... .. . . . - 



TABLE 10 

URBAN PASSENGER FORECASTS: LIMA--1972-1979 

Daily Journeys 
(Thousands) 

Average Annual 
Growth--% 7.07 

Length Each Daily Passenger- 
Kilometers 
(Thousands) 

Source: Metro Lima Study. 



and the  g rea te r  d ie tance  t h a t  people.would have t o  t r a v e l  t o  work and on 

t h e i r  d a i l y  a f f a i r s .  Annual passenger-kilometers by publ ic  t ranspor t  is 

expected t o  grow a t  a r a t e  of 8.32 per  year  over the  20-year period (see  

Table 11). 

No information was ava i l ab le  about passenger movements i n  urban a reas  

o u t s i d e  of Lima or' f r e i g h t .  movements i n  any urban a reas .  o'£ Peru. 



TABLE 11 . . 

URBAN PASSENGER FORECASTS: LIMA--1972-1992 

Annual Length Each Annual 
Journeys Journey ~aesen~ers/~ilometers 

109 (Kilometers) lo9 

Average Annual 
Growth--% 3.35 

Source: Metro Lima Study. 



V . PLANS FOR TRANSPORT INFRASTRUCTURE AND VEHICLES 

A. Road - , - 
..,i ... 

I n  t h e  PDT t h e  r ,eference,  long-term road t r anspor t , ne twork  f o r  1986 is  
. . . . . . ,.,: ,;.: f,'.:d 

. .,. .. . -. 
designed t o  be  capable  of handling 3,950 mi l l i on -  ton-kilometers of f r e i g h t  

and t h e  corresponding road t r a n s p o r t  f l e e t  would have a " s t a t i c "  capac i ty  of 
. , ... 

74.9 tho&and to is . '  ~d e f f e c t i v e l y  ~ o m p l e t e ,  t h e  refere&; &tern, a program 
. . 

f o r  highway cons t ruc t ion  and improvement is presented  i n  t h e  PDT ( see  Table, 12) . 
I n  o rde r  , t o  handle t he  p ro j ec t ed  ton-kilonieters of road t r a f f i c  over  t he .  

b a s i c  network, i t  is. expected t h a t  a d d i t i o n a l  road v e h i c l e s  w i l l  be necessary 
< .  

by 1986 ( see  Table 13).  

R a i l  B* - . .  . 

To handle t h e  cargo ass igned  t o  t h e . r a i 1  network i n  ,,1986, i t  i s  a n t i -  

c i p a t e d  t h a t  t h e  l i n e s  l i s t e d  i n  Table 14 w i l l  have t o  be cons t ruc ted .  

'% . TABLE .12 -, 

ESTIMATED CONSTRUCTION AND IMPROVEMENT 
OF CURRENT HIGHWAYS I N  THE PERIOD 1977-1986 

Region 

Northern 

Cen t r a l  

Southern 

East  e m  

TOTAL 

(Kilometers) . ,, . .  
. . ., . i .. . ~. . 

"Af irmadol' 
(Secondary T o t a l  

Asphalt  Roads) Kilometers 

Source: PDT. 



TABLE 13 

VEHICLE ADDITIONS TO HANDLE 1 9 8 6  ROAD FREIGHT 
TRAFFIC OVER REFERENCE NEmORK 

V e h i c l e  

T m c k  30-ton " C o a s t a l "  T r a f f i c  

Number R e q u i r e d  

1 , 1 7 0  

T r u c k  10-ton " S i e r r a "  . . a n d  " S e l v a "  T r a f f i c  3 , 9 7 0  

Bus 4 0  P a s s e n g e r s .  C a p a c i t y  . 1 , 7 2 0  . 

S o u r c e :  PDT. 

TABLE 1 4  

PROJECTED RAIL CONSTRUCTION: 1977-1986 

L i n k  - 
Lima-Tru j i l l o  

Huacho-Cerro d e  P a s c o  

Ramal ,  Car ipa-Tarma 

TOTAL 

L e n g t h  
( K i l o m e t e r s )  

S o u r c e :  PDT. - .  



4 

As shown in Table 15, in addition'to an unrecorded number of,diesel 

electric locomotives of from 600 HP to 3,000 HP, rolling stock will also be 

necessary to meet the prescribdd transport goals of the PDT. 

C., Air - 
To accommodate the expected flow of domestic. passengers by 1986,. new. 

airports are proposed for Huancayo and Puerto Maldonade and improvements made 

at Tumbes, Piura, and Chiclayo in the Nortliern ~egion, Jorge Chavez in the 

Central Region, Arequipa, Juliaca, and Tacna in the Southern Region and at 

Iquitos, Pucallpa, and Tarapoto/Yurimaguas in the Eastern Region. In addition, 

it is proposed that navigation aids be installed and improvements made to ware- 

houses, terminals and other installations in several of the country's airports. 

It is a l s ~  anticipated that the domestic airline fleet will have to be expanded 

by 10 jet aircraft of 120 passenger capacity for routes of lengths greater 

than 600 kilometers and four jet aircraft of 60 passenger capacity for routes 

less than 600 kilometers in length. 

D. Maritime 

To handle domestic and international waterborne traffic new ports are 

proposed in the PJX at Huacho (for minerals) and Pucallpa and Yurimaguas. 

(river traffic) and new wharves at Bayovar (phosphates),-Chimbote (general 

cargo, concentrates), Puerto Maldonado , Ayer Manco, Atalaya (embarcation 

landings for river traffic). In addition, improvements and extension of 

wharves and construction and improvement of transit sheds and other installa- 

tions are recommended at Talaro, Eten, San Martin, Matarani, Puno, Iquitos, 

Salovery, 110, and others. It is also recommended that appropriate cargo- 

handling equipment be acquired as necessary. 

To carry out the projected coastal and river cargo, it is proposed that 

additional vessels be added to the domestic fleet (see Table 16). 



. . TABLE . . 1 5  

RAILROLLING STOCK PLANNED ACQUISITION . 

( i w - 1 9 8 6 )  
. . . . . . . . .  . . .  / (  . . . . 

,. : . . . .  . : . .< 
. ,  . ( .  . I . . 

, I  .. . . 

Vehicle , Number .Required.:, 

F re igh t  Wagon Spec ia l  Purpose 40-60 Tons Capacity.  1,100 . . :  . .,.,,: .: 
Fre igh t  Wagon General Cargo 40-60 Tons Capacity 

' .  . . . . '  . . 4 1,200'  . . .  . . : :. . v .  I , . .  , . 
Passenger car' 70 s&& - ' ' 155 

. . . . .  . . passenger car . .  3ob1~ seats ; -.- : .. . . . . . .  ,- ' . .- * *&5i,~. .i a,$'.; 

source:  PDT. 

. . , TABLE 16 . . . .  . . . .  
. . 

VESSEL,ACQUISITIONS TO PERUVIAN DOMESTIC FLEET . . . . 
(19'17 - ,. 1 7  

Servic'es Vessel  Type ' 

. . . . 
j .  , . 

Size  Required 
. . . . . . .  (DWT) . . . . .  ; 

Cabotage Tankers 
;s ., ... 

58,000 
. . 

i 
8 .  

Cabot age Tankers 26,000 3. . 
. <  , 

Cabo t age  ~ a n k e r  s .' N'ot s t a t e d  ' 17 1: ' 

Cabo t age Ore c a r r i e r s  25,000 2 

Cabot age Grain c a r r i e r s  ( f e r t i l i z e r s )  7,500 2 

Cabo tage P a l l e t  s h i p s  ( r i c e ,  . sugar ) .  .4 ,800 2 

Cabot age General  cargo 

River  Tankers 

River  General  cargo 

River  General cargo 

Source: PDT. 



E. Urban Transport 

This discussion is confined to Lima and, in particular, to the suggested 

Metro system of 70 kilometers in length with 1992 beiag the target year for 

implementation of the network. There would be four main lines with the first 

between Comas and El Salvador being 36.8 kilometers in length. The proposed 

system would relieve the congestion problems likely to face surface transport. 

The plan called for a simultaneous rationalization of surface transport by . . 

reallocating routes, forming transport companies. to replace individual opera- 

tions, and obtaining appropriate buses that would feed the tletro system and serve 
. . 

as a complementary form of public transport. . . 

The Metro would be a conventional.two-rail system with steel wheels on 

steel tracks (rubber tires require approximately 50% more energy to perform 

the same transport service).. It was envisaged that trains would be composed 

of six coaches of a total length of 128 meters and a width of 3.07 meters. 
. .. 

The maximum speed would be 90 km/hr and the average,speed over a journey of 
. , .  

37 km/hr. To complement the full 70-kilqmeter system there would be a 

"rationalized" bus fleet of 9,300 vehicles by 1992. 



VI. ENERGY REQUIREMENTS FOR THE TRANSPORT SECTOR 

This section discusses the eqergy requirements of transport vehicles 

and does not look at the energy requirements needed to build transport infra- 

structure, which would involve detailed knowledge of materials used and 

techniques employed for each project--well beyond the scope of the current 

terms of reference. 

Roads A* - 
' 1. Automobiles 

Estimates have been made by'the team, based on gasoline sales of 

PetroPeru and an estimated breakdown of these sales among various cate- 

gories of vehicles. 

9 An activity level of 3.25 x 10 vehicle-kilometers was established 

for automobile traffic in 1976. With an automobile stock of 271,000 

unite, this implies that each vehicle travels 12,000 kilometers per year. 

Comparable figures for the United States are 15,276 kilometers per 

vehicle (1976) and 14,300 kilometers in the United Kingdom (1972). 

We estimate that average energy intensity for automobiles in Peru 

is 6.65 x lo6 Jlvehicle-kilometer. United States urban experience is 

6 approximately 5.31 J x 10 per passenger-kilometer and for inter-city 

6 automobiles 2.3 J x 10 per passenger-kilometer. United Kingdom 

6 
experience is 1.6 J x 10 per passenger-kilometer for inter-city and 

6 3.1 J x 10 per passenger-kilometer for urban driving. 

2. Buses 
I 

The PDT estimates that inter-city,passenger.traffic was 4.27 x 10 9 

passenger-kilometers in 1976. There is no breakdown between buses and 

9 other automotive travel. .The Metro Lima study projected 9.63 x 10 

passenger-kilometers for public transport in Lima for 1976. 



Based on the ratio of buses in other urban centers to those for ' 

L& and taking the same amount of passenger-kilometers per ,vehicle 

per year for those centers as for Lima, it is es.timated that public 

9 transport in other urban centers amounted to I. 64 x 10 passenger- 

kilometers in 1976. 

We have assumed, in the absence of any evidence, that 10% of inter- 

city passenger-kilometers are by automobile. Approximately 12% of public 

transport vehicles in urban centers are colectivos. Average passengers 

per colectivo, however, can be assumed to be approximately 10% of that 

of buses and it is estimated that only about 1.2% of public transport 

passenger-kilometers in cities would be accounted for by colectivo.~. 

This has been allowed for in the calculation of bus passenger-kilometers 

(see Table 17). 

Energy intensity for urban buses in the United States in the 1950's 

6 was 0.76 x 10 Jlpassenger-kilometers. In the United Kingdom in the 

1970's a 70-passenger double-decker bus used; 0.8 MJ/passenger-kilometer. 
1 

Inter-city buses in the.United States in the 1970's showed energy inten- 

sities of 1.11 MJIpassenger kilometer and in:t-he United Kingdom 

1.4 MJ/passenger-kilometer. We have used an intensity value of 1.0 

MJIpassenger-kilometer to reflect Peruvian conditions. Factors which 

would lead to high energy intensity for the Peruvian situation would be: 

a. The predominantly urban concentrationfi.of buses (two-thirds 

of passenger-kilometers are in urban areas); and 

b. The poor road surface on inter-city routes. 



BUS PASSENGER-KILOMETERS--1976 . (x lo9) 

~nter-city . .  L 3.84 
" .  . . 

Lima , . 
. ... 9.51 

.. .. 

Other Urban 1.62 
. 1 ,. ' .  

TOTAL 
9 

14.97 x 10 passenger-kilometers 
> .  . . . , ,~ . . . . ,. . . . 



On the other hand, the average.load factor would be higher than 

in the United States or the United ~in~dom. 
' 

3. Truck (Freight) 

The Ministry of Tran~port and Communications (MOTC) estimates 

9 road freight in 1976 at 5.86 x 10 ton-kilometers. On the assumption 

that negligible f oeight , movements went by bus, this figure is accepted 

as the freight movement by truck. As information about urban freight 

movements does not exist in Peru, this may underestimate total freight 

movement. The high level of energy intensity for freight truck (7.20 x 

lo6 Jlton-kilometer) reflects poor road conditibns and difficult 

terrain on inter-city routes. 

4. Truck (lion-Freight) 

This is assumed to be predominantly that movement confined to 

light vans. O n  the assumption that the entire light-van is 

comprised in non-freight movements and travels an average of 15,000 

kilometers per year,, which is reasonable given that these 'vehicles are 

predominantly involved in urban areas and are parked for considerable 

8 periods of the working day, it is estimated that 9.3 x 10 vehicle- 

kilometers per year were performed by this category of. vehkle. 

The energy intensity appears reasonable for ~erdvian conditions. .. 

5. Motorcycles 

It is estimated that the average niotorcycle travels 10,950 kilo- 

meters per year and.has an energy intensity of 0.94 Jlvehicle-kilometer. , 



B. Rail 

1. Freight 

9 The PDT estimates 1.03 x 10 ton-kilometers.performed by the rail- 

ways of the country in 1976, including the private railways. The energy 

intensity per ton-kilometer is about double recent U.S. inter-city.ex- 

perience. The difficult terrain justifies this high intensity. 

2. Passenger 

MOTC estimates that rail passenger performance in 1976 was 

8 5.28 x 10 passenger-kilometers . 
The energy intensity used by the team is between the U.S. experi- 

ence in the mid-1970's for inter-urban rail (1.97 MJIpassenger-kilometer) 

and the U.K. experience (1.0 MJIpassenger-kilometer). 

Difficult terrain.would suggest a higher intensity than U.S. or 

U. K. experience, but higher load factors significantly reduce the 

intensity per passenger-kilometer. 

C. ' & 
6 MOTC reports 868 x 10 passenger-kilometers frown on domestic routes. 

In addition, domestic airlines accounted for 490 x lo6 passenger-kilometers 

on international routes. Some fgreign airlines fuel in Peru although the 

pricing system currently discourages this. The fuel consumption for the 

air mode in 1976 was estimated from sales figures for aviation fuels by 

PetroPeru. 

D. Maritime 

9 The PDT indicated 4.71 x 10 ton-kilometers of coastal and river shipping 

performed in 1976. Most of this is cabotage movement of liquid and dry bulks, 

an efficient operation that has low relative energy intensity. The U.S. 



6 
coastal and watem&s experience in the early 1970's was 0.46 x 10 Jlton- 

kilometer. A slimilar figure should apply to the Peruvian situation. 

The Peruvian international' fleet is 'relatively skll and would only 

obtain half or less of its bunkers in Peru. Foreign shipping, although 

facing an un~orn~etitive price, can obtain bunkers at Talaro and Callao; 

The estimate for ,this mode is based directly on bunker sales of' diesel, 

intermediate fuel oil, and bunker "c" given by PetroPeru. 

Tables 18 and 19 summarize, respectively transportation activity levels 

and energy intensity for each mode and total transportation energy consumption 

by mode for 1976. 



Mode - 
Truck 

Automobile 

Air 

Ship 

Bus 

Railroad 

'TOTAL 

TRANSPORTATION ~ E R G Y  CONSUMPTION BY MODE--1976 

~, ...... . .> . . 
(101~ Joules) 

. .C.  - . _: . 

Consumption X Sectoral Total 

. . , TABLE 19 

TRANSPORTATION ACTIVITY LEVELS . . .  AND ENERGY INTENSITY BY MODE 

, . 
1976 

, , , Activity Energy Intensity 
~ctivit~ Level Joules x lo6 per 

Mode >"I Unit . . 1'09 Activity Unit 

Automobile 

Motorcycle 

Bus 

Truck (Freight) 

Truck (Non-Freight) 

Rail (Freight) 

Rail (Passenger) 

Air 

Ship 

Passenger-Km 14 .97C) 

Ton-Km 
- 8 .  

5. 86d) 
&". . . 

'Vehicle-Km 0.94~) 

Ton-Km f) 1.03 . 

Passenger-Km 0.53 d . . . . . . .  

passenger-Km, 
. C . .  . . .  , ::, . 4 

1. 36d' 

Ton-Km 4.71 f) 

6. 65g) 

0.94 h 

1.00 i 1 

7.20j) 

2.16 1) 

1.10 k) 

1.57 1) 

N .Aa. m) 

N.A. m) 



NOTES'TO TABLES 18 AND 19 

Transportation Energy Consumption By Modes: 1976 

a) Includes motorcycles. 

b) Includes sales to foreign aircraft. . 

c) Includes bunkers to fqreigq vessela. 

d) Inter-city and urban. 

e) Includes private rail lines. 

Transportation Activity Levels and Energy Intensity by. Mode 

a) Based on estimates of vehicle fleet and assumption of 12,000 kms. per 
vehicle per year. 

b) Based on estimates of motorcycle fleet and use of 30 kms per day. 

c) Inter-city from National Transport plan (PDT) less estimated 10% for 
automobile inter-city passenger-kms. 

Urban Lima from Metro-Lima study leas 1.2% for colectivos. 

Oth,er urban from estimate of urban bus fleet. 
.1 . tL, 

Outside Lima and pr~portioping passenger-kms. accordingly. 

d) From Ministry of Transportation and ~ommunicat'ions. 

e) Based on estimate of light van fleet and daily use of 50 kms, for 300 days 
annually. 

f) From PDT. 

g) Assuming two occupants per vehicle, this is about the same intensity as 
. U.K. urban automobiles in the 1970"s and between U.S. urban and inter-city 
intensities. 

h) Equivalent to U.K. average in 1970's. 

i) Below both U.S. and U.K.. inter-city bus, but'above urban bus. 

j) Approximately same level as U.S. urban in 1950's. 

k) Difficult terrain suggests such a level. 

1) High load factors bring Intensity down to between U.S. and U.K. levele. 

m) Not applicable as sales made to foreign operators. Energy requirements are 
not directly related to domestic transportation. 

. . 



V I I .  GROWTH RATES LIKELY I N  THE TRANSPORT SECTOR: 1976-2000 

A. Automobile 

Three f a c t o r s  m i l i t a t e  a g a i n s t  r ap id  ,growth of automobile passenger- 

k i lome te r s  i n  t h e  nea r  term ( t o  1985): 

1. The economic d i f f i c u l t i e s  i n  t h e  country;  

2. The mounting urban congest ion i n  Lima; and 

3. The poor condi t ion  of roads o u t s i d e  Lima. 

A 3% growth rate f o r  t he  pe r iod ,  a s  f o r e c a s t  by PetroPeru,  seemsatherefore 

reasonable ,  as i t  appears  u n l i k e l y  t h a t  a l l '  of t h e s e  d i f f i c u l t i e s  w i l l  be sur- 

mounted by t h a t  time. 

Af t e r  1985, i t  is  v e . g  l i k e l y  t h a t ,  i f  t h e  economic d i f f i c u l t i e s  a r e  

s u c c e s s f u l l y  reso lved ,  t h e  urban problem w i l l  be  tack led  probably by t h e  con- 

s t r u c t i o n  of a Metro; and i n t e r - c i t y  roads  w i l l  b e ' r e h a b i l i t a t e d  and provided 

wi th  r e g u l a r  maintenance and encourage i n t e r - c i t y  t r a v e l  by automobile. A 5% 

growth f o r  t h e  longer  term (1985-2000) 'is t h e r e f o r e  reasonable.  

Urban Lima is expanding ve ry  r a p i d l y ;  i t  i s  expected t h a t  passenger- 

k i lome te r s  i n  t he  c a p i t a l  w i l l  i n c r e a s e . a t  an  average annual  r a t e  i n  excess  

of  8% al though t h e  growth r a t e  is  expected t o  be l e s s  over  t h e  per iod  1985-2000. 

I n t e r - c i t y  bus t r a v e l  may no t  expand t o  such an  e x t e n t ,  e s p e c i a l l y  i f  a c o a s t a l  

r a i l  l i n k  n o r t h  of Lima is cons t ruc ted .  On t h e  o t h e r  hand, roads  w i l l  be b u i l t  

i n  areas p resen t ly  served only by a i r c r a f t  o r ,  p r eca r ious ly ,  by road and some 

passenger  t r a f f i c  w i l l  be generated on t h e s e  e s s e n t i a l l y  new l i n k s .  

C. Truck (F re igh t )  

For t h e  per iod  1976-1986, t he  PDT es t ima te s  an annual  growth r a t e  of 

5.3% f o r  road f r e i g h t .  Our estimate of  3% f o r  t h e  period 1976-1985 r e f l e c t s  



a ra the r  s luggish i n d u s t r i a l  growth over the  next few years but picking up 

a f t e r  1985 t o  6.5% per year. . '  

D. Truck (Non-Freight) 

~ l s o '  r e l a t e d  t o  i n d u s t r i a l  growth with s imi la r  growth rates t o  those 
* -  - . 

f o r  f r e i g h t  trucking. 

E. Ra i l  (Freight) 

The growth r a t e  projected f o r  r a i l  f r e i g h t  (4.0%) approximates t h a t  cal-  

cula ted  i n  the  PDT (3.64%). 

F. Rai l  (Passenger) 

A slow i n i t i a l  growth is fo recas t  but with the  construct ion of new r a i l  

l i n k s  and' improvement i n  t h e  economic pos i t ion  of the  country, in t e r -c i ty  

passenger t r a v e l  by r a i l  should grow f a s t e r  p0s.t-1985. 

G.. A i r  - 
Construction of new a i r f i e l d s  and improvements i n  f a c i l i t i e s  should a i d  

a heal thy expansion of domestic a i r  t r ave l .  The projec t ions  of 4.2% growth 

per  year, made by PetroPeru a r e  accepted. These a l s o  include s a l e s  of domes- 

t i c  av ia t ion  f u e l s  t o  foreign c a r r i e r s . '  
. . 

H. Aviation 

The PDT fo recas t s  an annual growth gf 9.7% i n  the  cabotage . t rade  of 

petroleum and products and minerals. F e r t i l i z e r s  and some general  cargo may 

move i f  e f f i c i e n t  cargo-handling systems can be .provided. 

Our 6% average annual growth r a t e  takes i n t o  account some bunker s a l e s  

t o  fore ign ships.  This i s  the  growth f o r  bunker s a l e s  fo recas t  by PetroPeru. 

The growth r a t e s  used t o  p ro jec t  1985 and 2000 t ranspor t  a c t i v i t y  l e v e l s  

a r e  shown i n  Table 20, and the  projected a c t i v i t y  l e v e l s  a r e  shown i n  Table 21. 



TABLE 20 

ESTIMATED GROWTH RATES OF TRANSPORTATION 
ACTIVITY LEVEL BY MODE BETWEEN 1976 AND 2000 

Average Annual Growth Rate (%) 

Mode - 
Automobile 
Motorcycle 
Bu s 
Truck (Fre ight )  
Truck (Nonf reight)  
R a i l  (Fre ight )  . . 
Rai l  (Passenger 
A i r  
Ship 

TABLE 2 1  

TRANSPORTATION ACTIVITY LEVEL PROJECTIONS 
1976-2000 

,Mode A c t i v i t y  Unit 

Automobile 
Motorcycle 
Bus 
Truck (Fre ight )  
Truck (Nonf r e i g h t  ) 
R a i l  (Fre ight )  
Rail (Passenger) 
A i r  
Ship 

Vehicle - KM 
Vehicle - KM 
Passenger - KM 
Ton - KM 
Vehicle  - KM 
Ton - KM 
Pa,ssenger - KM 
Passenger - KM 
Ton-KM 



VIII . TRANSPORT OPTIONS 

In planning transportation systemk, one is generaily faced with a seri&a 

' I 

of options. These may, be options .between different types of infrastructure or . 

. . 

vehicles in one mode or between modes. The primary transport problems that 

need to be solved in the Peruvian situation are: 

1. Urban traffic in Lima; 

2. Maintaining the existing infrastructure and vehicles; 

3. Forging links with the Eastern part of the country; 

4 .  Expanding the existing inter-city infrastructure to accommo- 

date increasing traffic; and 

5 .  Acquisition of suitable vehicles to handle increases in traffic. 

A. Urban Traffic 

The Metro-Lima study, finished in late 1973, recommended the establish- 

ment'of a metro system totaling 60 kilometers by 1992.. It has,been suggested 

that a monorail system would be a preferable solution to Lima's urban traffic 

problem. Such a system, however, would not have the capacity necessary to, 

handle the anticipated passenger traffic. A rat-ionalization.program . -.. was 

recommended to solve the confused situation in present.surface transport.' 

To date, little has been accomplished on either task. Funds have not been 

,forthcoming for the metro system and great difficulties have been encountered 

in organizing the numerous bus and minibus.operators. , . . 

Energy intensity rates per passenger-kilometer for a metro systeq which 

would run with relatively low load factors in off-peak periods, could be 

higher than for a bus system, as has been the case in the experience of, for 

6 example, London where buses have an intensity of 0.8 J x 10 per pas'senger- 

kilometer as opposed to 1.6 J x lo6 for the underground. In using such 



analogies, however, it must be remembered that the London underground receives 

electricity from thermal power stations and that the peak distribution of 

passenger traffic is dif f erenf from that of Lima. A detailed analysis .may 

prove the metro less power-intensive per passenger-kilometer than a surface 

bus system for Lima. The deteriorating situation in surfa-ce transport in Lima 

with increasing congestion could bring bus intensities up significantly above 

current levels. The use of new or different technologies', such as trolley 

buses and electrically-driven buses (being considered by MOTC) would allow 

reduction of dependence on petroleum fuels for urban' surface transport. 

B. . Maintenance of Existing Infrastructure 

As mentioned previously in this paper, the road system of Peru is in a 
. .  . 

state of disrepair over a'great part of its length. Significant reductions 

in fuel consumption can be made by improving road surfaces to allow vehicles 

.-to. trave.1 at optimal speed. Some of the main inter-city roads are too narrow 

to allow free flow of traffic; difficulty is experienced in sections with 

long stretches of inclines, as faster-moving vehicles frequently are unable 

to overtake slow vehicles. Without conducting surveys designed to.relate 

road conditions in Peru to fuel consumption, it is not possible to quantify 

likely savings, but a eaving of 5% in fuel consumption by putting roads in 

f irst-class condition, including widening to accommodate modern traffic 

requirements, would probably be a conservative estimate on intercity roads. 

C. Linking the Eastern Region to the Rest of Peru 

With a rapidly-expanding population taxing the resources of the Sierra 
'.. 

and'coastal regions of the country, it is likely that there will be a movement 
'. 

of people to the Eastern Region, many areas of which open up good prospects 



f o r - s u b s t a n t i a l  a g r i c u l t u r a l  p ro j ec t s ;  A t  t h e  p re sen t  t ime, communications 

between t h e  Eas te rn  Region and t h e  rest of t h e  country a r e  confined t o  a i r  

l i n k s  and some r i v e r  t r a f f i c ' i n  t h e  Amazon system. 

I n  t h e  PDT, a  long-term b a s i c  t r a n s p o r t  network i s  drawn up (Map 2)  

which, when compared t o  t he  a c t u a l  s i t u a t i o n  (Map l ) ,  i n d i c a t e s  t h e  e x t e n t  

t o  which road and r a i l  i s e x p e c t e d  t o  l i n k  such Eas te rn  c e n t e r s  as Yurimaguas, 

Puca l lpa  and Atalaya d i r e c t l y  w i th  urban a r e a s  i n  . the  West of t h e  country. 

I n  a d d i t i o n  t o  t h e  planned road and r a i l  l i n k s ,  a i r  s e r v i c e s  w i l l  be 

improved and b e t t e r  f a c i l i t i e s  provided f o r  r i v e r  t r a f f i c .  I n  s p i t e  of t h e s e  

ambitious schemes, t h e r e  w i l l  s t i l l  be a  need to ,provide l i n k s  ' t o  s e t t l emen t s  

t h a t  might no,t j u s t i f y  t h e  bu i ld ing  of a  road o r  a i r p o r t . .  One s o l u t i o n  t o  

t h i s  problem, suggested by t h e  Di rec to r  of t h e  Div is ion  concerned wi th  research  

and development a t  MOTC i n  Lima, i s  t o  u se  blimps o r  a i r s h i p s  which r e q u i r e  

r e l a t i v e l y  l i t t l e  i n f r a s t r u c t u r e ,  though a  s o p h i s t i c a t e d  docking system, and 

a r e  extremely e f f i c i e n t  u s e r s  of energy. It was suggested t o  u s  t h a t  a  p i l o t  

p r o j e c t  us ing  a  blimp of about t h r e e  tons  cargo-carrying capac i ty  would demon- 

s t r a t e  t h e  u t i l i t y  of t h i s  nonconventional mode of t r a n s p o r t  and r e s u l t  i n  

f u l l - s c a l e  cargo s e r v i c e s  i n  t he  f u t u r e .  

D. Expanding and Improving t h e  Ex i s t i ng  In te r -Ci ty  I n f r a s t r u c t u r e  

Congestion w i l l  be experienced on t h e  North-South Panamerican Highway 

sometime i n  t h e  1980's  and a  dec i s ion  w i l l  have t o  be made of one o r  s e v e r a l  

of t he  fo l lowing  op t ions :  

1. Widen t h e  p re sen t  highway; 

2. Construct  a  new p a r a l l e l  highway; 

3. Construct  a  r a i l  l i n k  p a r a l l e l  t o  t he  present '  highway; 

4. Expand cabotage; and/or  

5. Expand a i r  s e r v i c e s .  
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There is an optimal mode of transport for each commodity depending on 

the characteristics of the commodity and the efficiency of the mode. Changes 

in input prices can effect this; for example, an increase in the price of 

energy for an energy-intensive .mode will reduce its competitive position 

vis-8-vis a less energy-intensive mode. 

The construction of the rail line which'could carry inter-city passengers, 

general cargo and bulk freight, in competition with cabotage for bulk freight, 

road for general cargo, air for long-distance high-speed passenger traffic 

and road for shorter-distance passenger traffic, is being seriously considered 

on the route Lima-Chimbote with possible extensi-on to ~alara. A prefeasibility 

study of the Lima-Chimbote .link, carried'out in MOTC, apparently pr'esents a 

strong case for such a link. 

In constructing such a line it would be advantageous to utilize hydro- 

electric potential and provide an electrified track. In terms of energy- 

intensity, it is not at all clear that electric inter-city trains are more 

efficient than diesel. British experience with relatively high-speed passen- 

ger serviceg su'ggest that the' average intensity for diesel locomotive-hauled 

trains is about 0.9 x lo6 joules per passenger-kilometer, and for electric 

6 locomotive-hauled trains, 1.0 x 10 joules per passenger-kilometer. Other 

improvements that have energy implications are electrification of the Central 

and Southern Railway networks. 
I 

E. Acquisition of Suitable Vehicles 

The PDT has specified desired vehicle types for all modes of transport. 

Rail locomotives are to be diesel electric, trucks and buses to be predomin- 

antly diesel. It is also desired that new acquisitions be of a limited amount 

of types. To some degree, options exist; for example, in the case of 



electrification of rail links', diesel-'electric locomotives would be replaced 

by electric-traction units.. 

Quantification of options available in practically all cases depends on 

significantly more detailed knowledge. of demand data. The data. base is 

extremely weak in the transport sector--a 'fact acknowledged by MOTC, and 

currently being rectified with the help of an.aid program sponsored by the 

Canadian Government. Furthermore, Peruvian experience in transportation is 

still' inadequately documented. Such things as vehicle fuel consumption over 

different road conditions in the country or ayerage load. factors of vehicles 

are still only rough approximations. 

The Transport Ministry.Plan (PDT) was a,first step to consistently 

document and really think about the transport.sector; in many ways, it was 

a learning process for the transport planners in the Ministry. Many short- 

comings of knowledge of the demand for transport and of the transport sector, 

itself, have been revealed in compiling this document. The major issues have, 

however, been discussed.and. planners in.the Ministry are in a better position 

to proceed more in depth to plan solutions to problems in the transport sector. 



APPENDIX 1 

SELECTED BIBLIOGRAPHY 
. . 

1. Ministerio de Transportes y Cdunicaciones, "Plan Director de 
Transportes 1977-1986 ," Lima, 1978. 

2. Ministerio de Transportes y Comunicaciones, "Compendio Estadistico 
Be1 Sector Transportes y Comunicaciones 1971-1976," Lima, 1978. 

3. Ministerio de Transportes y Comunicaciones, "Racionalizacion 
del Transporte Urbano de- Pasageros," Lima, August, 1977. 

4. Electro-Watt, Deutsche Eisenbahn Consulting, Lahmeyer International 
and P&U Ingenieros, "Mee,ro Lima, Estudio de Factibilidad." 
December, 1973. 



INTERVIEWS. .IN L'IMA . .WITH.'PEOPLE IN OR 
KNOWLEDGEABLE ABOUT PERUVIAN TRANSPORT SECTOR 

VISIT OF AUGUST 7-18, 1978 

. . . > ,  ...- . FT . .  - 
7 ' .  ' 

1. Edi lbe r to  Alarc6t1, Engineer,  USAID, 
s - -  - t i .  , '.. . , ~ . .  

2.  S. C. Caj j a Maguiiia, D i r ec to r ,  Research' & Planning Off i c e ,    in is try 
of Transpor ta t ion .  

" ._I  , s . . . . 1 . 

3. Humberto Moreles, P r o j e c t  Engineer,  Inter-American ~evelopme,nt  
Bank. 

. . ,'.. . 

4,  Walter Orjeda, Economist, Nat iona l  Planning I n s t i t u t e .  

5. Ricardo Gandolfo, Executive Di rec to r ,  Mass Rapid Transport  P r o j e c t ,  
Minis t ry  of Transpor ta t ion .  

6. Col. Guillermo Ferndndez Dguila,  D i r ec to r  of Planning, Rai l roads ,  
Minis t ry  of Transpor ta t ion .  

7. A l e  jandro Quadra ,' Dire'ctor , Road Maintenance Div is ion ,  Minis t r y  
of Transpor ta t ion .  

8. Manuel Luna, Chief ,  S t a t i s t i c a l  Of f i ce ,  Minis t ry  of Transpor ta t ion .  

9. A.W. Gemmell and D. Nap&,  Canadian Transport  Commission Assigned- 
t o  S t a t i s t i c a l  Off ice ,  Minis t ry  of Transpor ta t ion .  

10. ' ~ e s a r  .A. Sandoval, Planning Divis ion ,  PetroPeru. 

11.' Sara Bael la  , Economist, Planning Divis ion,  ~ i n i s t r ~  of Transpor ta t ion .  



ANNEX - 4 

COAL UTILIZATION 

, 

BY 

ZANE E. MURPHY 

DEPARTMENT OF ENERGY 

U.S. - PERU COOPERATIVE ENERGY ASSESSMENT 

NOVEMBER, 1978 



COAL UTILIZATION 

By Zane .E. Murphy 

INTRODUCTION 

e This section discusses the potential for expanded utilization of 

coal from indigenous sources in Peru. At present, none,of Peru's coal 
resources are being developed nor to the best knowledge are there any firm 
plans by the Government of Peru or private enterprise to undertake such 
action. Discussions between the U.S. Energy Team and officials of the 
Government of Peru's Ministry of Energy and Mines revealed that a Polish- 
Swiss team has completed a study sf  the Alto Chicama coalfield to verify 
the potential coal reserves for a proposed 480 Megawatt (MW) thermal. 
electric power plant. In addition, SIDERBRAS and SIDERPERU are studying 
the Oyon coalfield to determine its potential as a blend coal to produce 
coke for the blast furnaces at the Chimbote Steel Plant. No further 
evidence of planned utilization of coal was found. The general conclusion 
drawn is that the U.S.-Peru Energy Team would investigate further other 
options which may have potential. 

According to official statistics, the last year that coal was mined 
in Peru was in 1973, when 12,000 tons of Anthracite was produced in 
La Libertad Department. Unofficial sources reportedly cite a production 
of approximately 30,000 tons for this mine that year. 1n 1971, 
Cerro de Pasco (Centramin Peru) closed its Goyllarisquizge Mine which 
had been in operation since 1908. Reportedly between 30,000 to 47,000 
tons of bituminous coal were produced during the preceding 5-vear 
period. Basically the reason for the decline and cessation 
of coal^production was due to support of subsidized petroleum 
products and rising costs of mining. These together proved 
to make Peruvian coal unattractive in the fuel market. 



In 1975, SIDERPERU imported 190.000 tons of Metallurgical coke from 
Japan for use in i't? steel plant at Chimbote. In .addit+oq a~oroximatel: 
57,000 tons of metallurgical grade bituminous coal were Imported f?om the 
U.S. for processing into coke for the copper and lead industries. An 
unofficial estimate of 12,000 tons of domestic production was cited by 
INCITEMI for that same year. No official records are compiled by. the 
Government of Peru on domestic coal production or domestic consumption 
by small domestic mines or hausehold use. 

While the coal resources of Peru are not large by world standards,, 
they may be sufficient to provide Peruvian coal needs for many decades. 
coals, differing in rank and qualfty, are known to exist in 
at least 18 areas of Peru. These coals, the areas of deposit, and the 
general subject of coal zesources and the validity of these reported 
data are discussed in the section dealing with Peru's coal resources. 

COAL UTILIZATION OPTIONS: 

Possible uses for an expanded output of coal in Peru are outlined 
below: 

1) Directly Burned as a Source of Heat - Use of coal in households 
is of limited application. Coal used in central heating systems would 
be more efficient but still of limited application in Peru: Thus this 
possibility does not have much bearing on the exploitation of Peru's 
coalfields. 

2) For Coal-Fired Power Stations - In a market of high oil prices, 
coal may become competitive as a fuel for thermal power stations. In 
locations in Peru where' hydroelectric power is not obtainable or easily 
developed, coal could be used as a furnace fuel. Because of lack of hydro- 
power, the mining operations in Southern ~ e r u  around Cuajone and Toquepala 
make use of a large thermal power station at 110. To meet the energy 
demands of the new Cajuone copper mine, the 110 Station's installed capa- 
city was increased from 110 megawatts to 176 megawatts. ' The majority 
of the steam boilers use the waste,heat of the reverberatory furnaces 
of the 110 smelter with only 3 boilers directly fired wi'th fuel oil. 
There is a possibility of using coal from the Carumas deposit located 
near Moquegua northeast of 110 and about 220 kilometers away for the 
directly - fired boilers of the 110 power station. 



Pulverized coal could possibly be used also to fire .the four 
reverberatory furnaces at 110, which use about 1.2 million barrels of 
fuel per year. This fuel oil was once imported from Colombia, but 
is supplied presently from domestic'oil production. 

However, further reserve and analytical studies of the Carumas 
coal deposits are required. The feasibility of such a fuel conversion at 
the 110 station would also have to be studied. Steam power for the 
desalinization plant at 110 is supplied from the 110 power plant. 

It is already noted 'in other sections of the report, that coal 
from the Alto Chicama deposit is currently under study by KOPEX for the 
proposed first stage 200 megawatt (f ir)  thermo electric plant. Plans 
include growth of this plant capacity to 480 MW. 

3) For Making Coke - Peruvian imports of metallurgical coke (mostly 
from Japan) are currently estimated at from 150,000 to 190.000 tons per 
year. SIDERPERU plans to1 further expand steel capacity to 1.4 
million tons by 1980 and 2.3 million tons by 1989, which would req.uire 
additional inputs of coke. 

Coal with high caking tendency and. low volatile matter cont'ent 
as well as low phosphorous and sulfur ,content is req'uired to make 
satisfactory coke. Blends of coals often prove to be acceptable. 
The potential of Peruvian coal for coking purposes would 
be a leading consideration in any program to expand production . 

in Peru's coalfields, together with electrical power generation. 
Relative to coking qualities, the Jatunhuasi coal appears to 
offer better possibilities than the coal from Oyon. Available 
test dat,a have shown that the Jatunhuasi coal is a.true bituminous 
coal which could be blended with imported coal to make a satisfactory blast 
furnace coke. 

, . 

A smaller quantity of coke is also used for the smelting of lead at 
CENTROMIN's metallurgical complex at La Oroya, east of Lima. As noted 
previously, Pery used 61,800 metric tons of coal in its mining operations 
in 1974. More current figures are not available. It should be noted 
that the Jatunhuasi coal field with coal of coking quality is closer to 
the La Oroya smelter than to the steel mill in Chimbote, north of Lima. 

4) For Conversion to Clean Synthetic Gas or Oil - It is possible 
that some of the Peruvian coal not suitable for coking could be used 
for this purpose at a later date. 

5) For Export - If and when the quantity and quality of coal avail- 
able for production has been determined, the possibility of 'resuming 
exports of Peru's surplus coal should be investigated. -Brazil imported 

. 2.9 million tons of metallurgical coal in 1976 and may be a possible 
export market in the future. 



A d i s c u s s i o n  of t h e  z p p l i c a t i o n  of P,eruvian coa l s  is  academic i n  n a t u r e  
u n t i l  such t ime as '  t h e s e  r e s p e c t l v e  coa l .  d e p o s i t s  a re '  f u r t h e r  i d e n t i f i e d  
as t o :  f i r s t ,  t h e i r  e x t e n t  and r e d b v e r a b i l i t y  i n  a  t e c h n i c a l  mining 
sense ;  second, a more thorough knowledge of t h e i r  chemical and phys i ca l  
c h a r a c t e r i s t i c s  which would a l low an assessment of t h e i r  u t i l i t y ;  and 
t h i r d l y ,  a  s tudy  of t h e i r  economic a p p l i c a b i l i t y  t o  consuming s e c t o r s  
of t h e  Peruvian economy. 

Faced w i t h  i n s u f f i c i e n t  d a t a  and informat ion  r e l a t i v e  t o  u t i l i z a t i o n  we can 
cover  t h e  above l i s t e d  r e q u i s i t e s ,  however, and po in t  o u t  what d a t a  a r e  
l a c k i n g  t o  a l l ow a  r e l i a b l e  assessment f o r  t h e  t h r e e  i tems under d i scuss ion .  

1. Coal Recovery 

Coal recovery i n  t h i s  d i s c u s s i o n  recognizes  not  on ly  t h e  a p p l i c a t i o n  
of commercialized mining technology, b u t  a l s o  t h e  t r a n s p o r t a t i o n  of t h e  
mined product  from t h e  mine t o  consumer. 

Mining Problems: 

The mining of c o a l  i n  Peru  conf ron t s  u s  w i t h  a  number of problem 
elements;  adverse  geology, l a c k  of i n f r a s t r u c t u r e  i n  p o t e n t i a l  a r e a s ,  
need t o  r e h a b i l i t a t e  abandoned mines, and l a c k  of equipment. A s tudy  
needs t o  b e  made of  t h e  f i n a n c i a l  investment requi red  t o  surmount t h e  
problems p r e v a i l i n g  i n  t h e  va r ious  c o a l f i e l d s .  Most d e p o s i t s  r e q u i r e  
underground mining methods. Sur face  mining techniques. may be  a p p l i c a b l e  

. . 
. i n  l i m i t e d  p l aces .  

Geology: The c o a l  d e p o s i t s  i n  Peru a r e  l oca t ed  along t h e  a x i s  
of t h e  Andean Mountain range. I n  some c o a l  a r e a s  l i k e  Al to  Chicama 
and Oyon t e c t o n i c  a c t i v i t y  w i th  extended f o l d s ,  o v e r t h r u s t s ,  and 
f a u l t s  has  been i n t e n s e  and t h e  o r i g i n a l  f l a t - l y i n g  c o a l  beds a r e  
q u i t e  deformed. The d i p  of t h e  beds a t  Oyon run 40 t o  50 deg rees  
and a t  Al to  Chicama from 60 t o  80 degrees.  The t e c t o n i c  a c t i v i t y  
a t  Ja tunhuas i  w a s  n o t  as i n t e n s e .  The Oyon and Alto Chicama c o a l  
beds a l s o  have igneous i n s t r u s i o n s  from i n t e n s e  magmatic a c t i v i t y ;  
whereas i n  t h e  c e n t r a l  p a r t  of J a t u n j u a s i ,  t h e  igneous i n t r u s i o n s  
a r e  p r a c t i c a l l y  nonex i s t en t ;  Coal beds a r e  t h i n  i n  some a r e a s  making 
t h e  u s e  of mining machinery d i f f i c u l t .  



Infrastructure: Most of the coal deposits are 1ocated.in remote 
areas without the support services required for mining such as water 
supply, power, and transportatipn facilities. In abandoned coal areas 
such as Santa, once natural roads are in disrepair and subjected.to 
land slides. A railroad line at Santa needs to be rehabilitated. In 
the case of the Jatunjuasi coal area, .which offers the best possibility 
of supplying coal of coking quality or for blending, there is access to 
a railway which reaches the coalfield and which connects with ,Peru's 
central railway. The main disadvantage of the Jatunhuasi coalfield is 
the thinness (between 2 and 3 feet) of the coa1,seams. Mine output 
would therefore be more limited in this area. 

Equipment: For expanded coal production, Peru would have to import a 
variety of mining equipment. In certain abandoned coal mines, locomotives 
and mine cars exist in relatively good condition. Some old mines like 
Mina Centenario in the Santa coalfield had in 1975 a well-stocked mine 
store with a variety of equipment such as pumps, electric motors, survey 
equipment, carbide lamps, etc. Other abandoned mines, however, were 
stripped of equipment. Some mine drifts were found in excellent condition. 

Labor: Peru has a long-established mining tradition with a reservoir 
of experienced miners which could probably be drawn upon for any expanded 
or new coal production. 

Relative to coal developments, in. April 1976, ~lectricid'ad del Peru 
(ELECTROPERU) and Mlnero Peru signed a contract with a joint venture of 
Kopex of Poland and Universal Engineering of Switzerland to carry out a 
technical-economic study, estimated to cost $1.8 milJion, of the Alto 
Chicama coal mine and energy complex. The Alto Chicama deposit lies 480 
kilometers north of Lima and east of Trujillo. 

The project in the first stage includes donstruction of a thermo- 
electric plant to generate 200 megawatts of power and a mine complex 
to produce 2,000 tons of coal per day. In the second stage 480 
megawatts will be produced requiring 4,200 tons per day of coal output. 
The project is expected to be operational by 1982. The plant would 
supply energy for the proposed Michiquillay copper project and the 
proposed fertilizer-petrochemical complex at Bayovar. Measured.roa1 
resourceslreserves at Alto Chicama. are estimated at 50 million metric 
tons of anthracite. Inferred Alto Chicama resourceslreserves are 250 
million tons. SIDERPERU is studying the coal in the Oyon deposit for 
possible use in production of metallurgical coke. 

Based on geologic studies and limited mining data, Peru's total 
coal resourceslreserves have been estimated at 1.06 billion tons classed 
as follows: 830 million tons anthracite, 130 million tons bituminous . ' 

and 100 million tons lignite. Of this total 130 million are'considered 
to have potential for coke-making quality. The validity of these estimates 
is questionable, due to the small aount of resource investigation that has . 
taken place previously. 



'This classification ducs not includc a k w  coal,. principally nunhanded variccus. whn* havc unusual physical and chcmical propenus and which come within tbc l imiu of  
fixai carbon or calorific valuc of the high-vubtilc h~tuminous and subb~tumlnous ranhs. Al l  o f  thnc coals cithcr contain less than 4lJ pcrccnt dry. mincrai-nutler-fm f iwd a h  
or hare more than I 5 . W  moist. mincrdl.ma~tcr-frcr British thermal units pcr.puund., 

Moist refcrs to coal containing itr na~ural ~nhcrcnt muivurc bu! not inrludtne v~siblc wrtcr on the surfacc of the coal. 
I f  agglomerning. classify in low-vulat~lc group of thc bituminuus class. 
Coals havlng 69 Frecnt or more fixed carbon on  he dry. m~ncral-matlcr-frcc hasir shall be classified according to fined carbon. rcgrrrdkss of calorific valuc. 
' 11 is rccogn~ud that thcrc may be nonagelumcralinp varirtics in these p u p s  ofthc bituminous class. and there arc nocabk exaptioas in hi& vo ls i k  C bituminous gmup. 
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2. chemical and physical Characteris tics 

Basically, all coals contain common chemical elements and possess 
relative physical characteristics. 

There are three general categories of coal that have conmercial value: 

1. Anthracite 
2. Bituminous Coal 
3. Lignite 

Each of these categories has subdivisions, but it is not 
necessary to be that specific about the classification of the coals 
for this discussion. Table I illustrates the complete classification 
of coal by rank for information purposes. s. 

Anthracite, 

This coal is termed "hard coal" and has a fixed carbon consentfrom 86% 
to 98%. 1t 'his a 'black metallic luster and ignites with difficulty, burns 
with a short blue flame and is virtually without smoke. .Anthracite is not 
.as prevalent nor as universally useful as bituminous coal. 

Bituminous Coal 

This is the most commercially desirable. coal. It has a fixed. carbon 
range.of 69% to 86% and has a volatile matter range' of 14% to 31%. Its 
calorific value ranges from 10,500 ~tullb through 14,000 ~tulib. It has the 
broadest industrial application including the source of metallurgical ,coke. 

Lignite --. 

Lignite is intermediate in the stage of coalification between peat and 
subbituminous coal. It is identified more by its calorific value than its 
fixed carbon. Heating values range from less than 6,300 Btu/lb through 8,300 
Btullb. It occurs with'broad ranges of sulfur and a high volatile content. 

r .  

Since man's first domestic and industrial utilization of coal, recognition 
of differences between the various coal deposits has been apparent.. coai 
deposits throughout the World have been categorized as to their applicability, 
to meet, first, broad market demands, and then more specifically to permit 
.selectivity of application within a definite market. For example, all coals 
contain the basic combustion ingredients carbon and hydrogen, and will 
combust to release energy in the form of heat. However, some coals combust 
more readily and with less residue left behind and are preferable for those 
reasons. On the other hand, technology evolved a method to.refine metals 
using coke (a carbon and ash residue formed when selected coals are heated 
in an,absence of air). Other uses.of coal have been found such as use of 
coal as a filter medium in municipal waste treatment plants. These are men- 
tioned to draw attention to the selectivity that is exercised in choosing 
specific coals for specific-applications. As the worldwide coal technology 



became better defined, so too, did the utilization of the various ranks 
and quality of coal. At present, coals are referred to as steam coals or 
metallurgical or coking coals utilized to produce metallurgical coke for 
use in steel making, metal smelting, or in foundries. 

Being aware of highly competitive situations that exist in the world 
as a community today, coals are developed only after careful overall 
economic considerations are studied. 

COAL CHARACTERISTICS 

Further comment on end use utilization requirements of specific 
coals is in order here. Two basic assumptions are made. They are that 
virtually all Peruvian coals developed will either be for (1) metallurgical 
coke production or for (2) electrical energy production or industrial 
plants. Little if any production is projected for domestic heating at 
present. 

In case (1) and (2) above, further discussion.follows of what coal 
specifications must be met to qualify a given coal. For consideration in the 
production of metallurgical coke for steel making, case (I), the state of the 
art in blending coal has reached an apex. Virtually, a11 metallurgical c0ke.s 
are produced from a blend of two or more coals. 

1t can be stated with a hi h degree of validity that specific coals in 
metallurgical use are selected f or their demonstrated ability to produce 
premium cokes. Further, it should be recognized that no standard definition 
exits as to what precisely defines a coking coal as differing from a steam 
coal. Simply stated, a coking coal is any coal that produces a coke residue. 
At times the same coal that is mined and shipped to the coke plant also is 
shipped to the thermal generating plant to 'generate steam in a boiler. 
This point is brought out to.indicate the degree of confusion in coal term- 
inology when reference is made to end utilization patterns. . 

Coke making, and good coal combustion in a boiler are more accurately 
described as arts, not as true sciences. The reason for this statement is 
that sciences are defsned and behave in a precise and predictable manner. 
This is not always the case in the behavior patterns for coals used to 
make coke or in the combustion process. 

It often has been stated that the coke produced is the important sub- 
stance, not the constituti0.n of the coals used to produce that coke. While 
that may sound like a paradox, it should not be considered as being so. 

Metallureical Cokine Coal 

Because metallurgical coke is so vital to heavy industry, it is worth 
some additional comment with regard to coal utilization. The process of 
making coke is carbonization of coal. 



W.h.en coal is processed to produce coke, it is carbonized or 
:.ated. in th.e absence of air to break down its constituents, The 

resulting products are coke, liquids and gas. Coal chemicals 
recovered in. the process include tar from which are produced 
crude chemicals and materi'als for creosoting, road paving, roofing, 
and waterproofing, light oils, mostly benzene and its homologues 
used for mo'tor fuels and chemical synthesis; ammonia, usually as 
ammonium sulfate, used mostly for fertilizer; to a lesser extent 
tar acids (phenol), tar bases (pyridine), and various other chemicals. 

High-temperature carbonization is carried on in ovens or 
retorts with innerwall temperatures of from 1850 to 2100oF. A 
typical yield from 2,'000 lbs of high-grade dry coal of 3 0 ~ 3 1 %  
volatile matter when carbonized in a modern oven is: coke, 
1,440 Ibs; gas, 3.48 lbs (11,200 cu ft); tar, 96 lbs (10 gal); 
water, 87 lbs; light oil, 24 lib (3.3 gal); and ammonia, 4.9 lbs. 

Chemical and Physical Characteristics 

Most high-rank bituminous coals can be used to make coke and 
gas. Those well adapted to that purpose are not numerous, The 
coal must form a strong coherent coke and must not swell excessively 
during coking to damage the oven walls. Coal for the best 
metallurgical coke should preferably have a low ash and sulfur 
content ('ash below 7.5 and sulfur below 1.0% is good). Some 
coking coals now exceed these figures. The coke produced should 
be strong and blocky. Coal for the production of gas should have 
a high volatile-matter content (30-40%). In general, the higher 
the volatile-matter content, the greater the yield of gas and 
coal chemicals; the lower the volatile-matter content, the 
stronger the coke. 

The coking quality in bituminous coals is limited also by 
the oxygen content. Coals of over 10.0% oxygen content (.on the 
dry, ash-free coal basis) generally do not coke appreciably. A 
high-oxygen content (7-10%) usually denotes poor coke. 

It is common practice in coal-chemical-recovery coking to 
mix two or more coals to make a better grade of coke or to avoid 
excessive expansion in the oven. One coal is usually of high 
(31-40%) volatile-content and the other of low (15-22%). A 
wide selection of medium-volatile (22-31%) coals are used. The 
low-volatile coal in the mix is generally in the range of 15-252, 
with as much as 50% used in coal mixtures for producing foundry 
coke. High-volatile coals tend to shrink on coking while low- 
volatile coals tend to expand. Preliminary examination of the 
plastic properties, when heated, is of value in choosing the, 
best types for blending; the high-volatile coals tending' to be 
more fluid, and the low-volatiles less so. 

Coals that are considered in coke making are selected based 
on several chemical considerations such as moisture, ash, phosphorus, 
nsygen, volatile matter, and sulfur contents. I'n addition, 
.ey must display physical attributes which upon heating produce 



a  c e . l l u l q r  r e s i . d u e , w i t h .  a  s a t i s f a c t o r y  f r e e - s w e l l i n g  i n d e x  n u m b e r .  
The. b l e n d s .  t h . a t  a r e  made r e c o g n i z e  t h e s e  r e s p e c t i v e  l i m i t s  o f  t h . e  
c o a l  a n d  t h e .  b l e n d i n g  of  t h e  c o a l  p r o d u c e s  t h e  d e s i r e d  c o k e  
p r o d u c t .  W h i l e  i t  i s  r a t h e r  m e a n i n g l e s s  t o  g e n e r a l i z e  a s  t o  c o a l  
c o n s t i t u t i o n  some i d e a  a s  t o  r a n g e s  o f  t h e s e  v a l u e s  f o r  c o a l s  u s e d  
i n  b l e n d s  a r e  . a s  f o l l o w s :  

M o i s t u r e  

( w t .  P e r c e n t )  

Ash 6 . 0  - 1 2 . 0  

S u l f u r  0 . 6  - 1 . 5  

V o l a t i l e  M a t t e r  1 6 . 0  - 3 5 . 0  

P h o s p h o r u s  , . 0  - 0 . 0 3  

Oxygen 5 . 0  - 1 0 . 0  

F r e e  S w e l l i n g  I n d e x  ( F S I )  5 . 0  - 9 . 5  

An a r e a  o f  p o t e n t i a l  f o r  P e r u ' s  i n d i g e n o u s  c o a l  r e s o u r c e s  i n  
c o n j u n c t i o n  w i t h  a  d e v e l o p i n g  i r o n  and.  s t e e l  i n d u s t r y  i s  f o r m  
c o k e .  T h i s  i s  a  m a t e r i a l  w h i c h  c a n  b e  p r o d u c e d  f r o m  v i r t u a l l y  
a n y  t y p e  o f  c o a l ,  c o k i n g  o r  n o n - c o k i n g ,  w h i c h ,  a c c o r d i n g  t o  
r e l i a b l e  r e p o r t s ,  c a n  b e  u s e d  f o r  i r o n  r e d u c t i o n  i n  b l a s t  f u r n a c e s  
i n  p l a c e  o f  c o n v e n t i o n a l  c o a l  c o k e .  A t  t h e  p r e s e n t  t i m e ,  t h e r e  
i s  l i t t l e  i n t e r e s t  i n  f o r m  c o k e  i n  t h e  U n i t e d  S t a t e s  b e c a u s e  
m o s t  o f  t h e  U.S.  s t e e l  i n d u s t r y  c o n a i s t s  o f  i n t e g r a t e d  c o k e  o v e n -  
b l a s t  f u r n a c e  o p e r a t i o n s  t h a t  o p e r a t e  i n  a n  e f f e c t i v e  e c o n o m i c a l  
e n v i r o n m e n t . .  A l s o ,  t h e  U.S.  s t e e l  i n d u s t r y  h a s  l a r g e  s u p p l i e s  
o f  c o k i n g  c o a l s .  Form c o k e ,  h o w e v e r ,  c o u l d  b e  a  m a t e r i a l  
a t t r a c t i v e  f o r  u s e  i n  new s t e e l  p l a n t s  b e c a u s e  s u c h  p l a n t s  wou ld  
n o t  h a v e  t o  b e  c o n c e r n e d  w i t h  p r o b l e m s  s u c h  a s  r e t r o f i t .  T h i s  
w o u l d  a p p l y  p a r t i c u l a r l y  t o  a  d e v e l ' o p i n g  s t e e l  i n d u s t r y  i n ' p e r u .  

P r e s e n t l y ,  t h e r e  a r e  s i x  f o r m  c o k e  p r o c e s s e s  t h a t  h a v e  
p o t e n t i a l  f ' o r  c o m m e r c i a l  d e v . e l o p m e n t  a t  , t h i s  t i m e .  T h e s e  p r o c e s s e s  
a r e :  

1. L u r g i  - BBF 
2 .  A n c i t t  
3 .  FMC 
4 .  DKS 
5 .  HBNPC 
6 .  S a p o z h n i k o v  

(Wes t  Germany)  
( N e t h e r l a n d s )  
( U n i t e d  S t a t e s )  
( J a p a n )  
( F r a n c e )  
( U . S . S . R . )  

To d a t e ,  n o n e  o f  t h e  above '  p r o c e s s e s  h a s  b e e n  t e s t e d  o n  ,a s u f f i c i e n t l y  
l a r g e  s c a l e  t h a t  w o u l d  e n s u r e  s a t i s f a c t o r y  u s e  o f  t h e  p r o d u c t  i n  l a r g e  



b l a s t  f u r n a c e s .  Ma'ny b l a s t  f u r n a c e  t r i a l  r u n s  h a v e  b e e n  c o n d u c t e d ,  
h o w e v e r ,  and  t h e  r e s u l t s  o f  t h e s e  t e s t s  h a v e  shown t h a t  f o r m  c o k e  
c a n  b e  u s e d  i n  some b l a s t  f u r n a c e s ,  a s  a  f u l l  o r  p a r t i a l  r e p l a c e -  
ment  o f  t h e i r  r e q u i r e m e n t  f o r  c o n v e n t i o n a l . c o k e .  

I n  t h e  d i s c u s s i o n  o f ' c a s e  ( 2 ) ,  c o a l s  f o r  e l e c t r i c a i  e n e r g y  
p r o d u c t i o n  o r  i n d u s t r i a l  p l a n t s ,  i t  c a n  b e  s t a t e d  t h a t  v i r t u a l l y  
a n y  c o a l  . c a n  b e  c o m b u s t e d  i n  a  b o i l e r  i f  i t  i s ' p r o p e . r ' l y  d e s i g n e d  
f o r . t h a t  p a r t i c u l a r  c o a l .  T h i s  ' f a c t  i s  b o t h  good a n d  bad  b e c a u s e  
o n c e  t h e  b o i l e r  d e s i g n  i s  s e l e c t e d ,  i t ' c a n  and o f t e n  d o e s  l i m ' i t  
t h e  u s e  o f  o t h e r  c o a l s  t h a t  may become a v a i l a b l e  a t  a . l a t e r  d a t e .  

I n t e r n a l  d e s i g n  and  t h e  numb'er' of  b o i l e r  t u b e s  a n d  b o i l e r  
c o n f i g u r a t i o n  a s  w e l l  a s  c a l c u l a t i o n  o f  r e q u i r e d  h e a t i n g  t u b e  
s u r f a c e  i n  t h e  r a d i a t i o n  and  c o n v e c t i o n  . s e c t i o n s  'o..f a.  . c o n v e n ; t i o n a l  
s t e a m  b o i l e r  a r e ' d e p e n d e n t  l a r g e l y  on  t h e  s p e c i f i . c a t i . o n  o f  t h e  
f u e l  ( c o a l ,  p e t r o l e u m ,  o r  n a t u r a l  g a s ) .  B o i l e r s  a r e  - d ' e s i g n e d  
w i t h  a  k n o w l e d g e  o f  how w e l l  p r e v i o u s  d e s i g n s  h a v e  f u n c t i o n e d  
w i t h i n  l o o s e l y ,  d e f . i n e d  l i m i t s  a c c o r d i n g  - t o  t h e  d e s i g n   engineer‘".^ 
t a l e n t .  The e n g i n e e r  w . f l l  d e s i g n  t h e  b o i l e r  . based  on. t h e  
r e a c t i v i t y . o f  t h e  f u e l ,  f l a m e  e m i s ~ i v ~ t y ,  a n d . a  h o s t  o f  o t h e r  
f a c t o r s  s u c h  a s  f u e l  c h e m i c a l  c o n t e n t  o f  m o i s t u r e ,  a s h ,  s u l f u r ,  
c h l o r i n e ,  a l k a l i  s a l t s ,  e t c . , ' a l s o  t h e  de . s ign  e n g i n e e r - w i l l  pay,' 
c l o s e  a t t e n t i o n  t o  t u b e  t e m p e r a t u r e s  t o  a s s u r e  t h a t  - t h e ' a s ' h  
r e s i d u e  d o e s  n o t  a 6 5 e r e  a n d  c a u s e  d e p o s i t i o n   problem.^, w h i c h .  
w i l l  c o a t  t h e  b o i l e r  t u b e s  a n d  s e r . f o u s l y  a f f e c t  t h e : h e a t  t r a n s f e r  
p r o c e s s  a n d  c a n  r e s u l t  i n  b o i l e r  f a i l u r e .  A l l  o f  t h e s e  f a c t o r s  
h e  mus t  c o n s i d e r  w i t h i n  t h e  l i m i t s  o f  a  s p e c i f i e d  o p e r a t i o n a l  
e f f i ' c i e n c y  r a n g e  f ' o r  t h a t  b o i l e r .  

C o n v e n t i o n a l  C o m b u s t i o n  
I * 

The d i s c u . s s l . o n  o f  t h e  c o n v e n t i o n a l  c o m b u s t i o n  o f '  l o w  q u a l i t y  
c o a l s  i s  d e v e l o p e d  t o  p r o v i d e  i n s i g h t s  on t h e : p o t e n t i a l  a p p l i c a t i o n  
o f  t h i s  t e c h n o l o g y  i n  c o u n t r i e s  c u r r e n t l y  l a c k i n g  i n  s o p h i s t i c a t e d  
i n d u s t r i a l  d e v e l o p m e n t s .  An o v e r v i e w  of some o f  t h e  t e c h n i c a l  
a n d  e c o n o m i c  p r o b l e m s  a s s o c i a t e d  w i t h  a d o p t i n g  t h e  t e ' c h n o l o g y  i s  . . 

p r e s e n t e d  i n  a n  e f f o r t  t o  e v o k e  s o i u t i o n s  t o  s o m e . o f  t h e s e  p r o b l e m s  
a n d  h a s t e n  i m p l e m e n t a t i o n  o f  t h e  t e c h n o l o g y .  T h i s  d i s c u s s i o n  w i l l  
t o u c h ' u p o n  mos t  o f  t h e  p r a c t i c a l  a p p l i c a t i o n s  b u t  a v a i l a b l e  t i m e  

, l i m i t s  t h e  number o f  t h e s e  t h a t  c a n  b e  examined  . i n  d e t a i l .    he 
o b j e c t i v e  i s  t o  d e f i n e  t h e  g r e a t e s t  number o f  a p p l i c a t i o n s  . 

a p p r o p r i a t e  f o r  a  g i v e n  c o u n t r y  i n  o r d e r . t o  e s t a b l i s h  a  . f o u n d a t i o n  
f o r  m o r e , d e t a i l e d  i n v e s t i g a t i o n s .  
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Combustion Equipment 

Selection of a coalburning system involves the operating character- 
istics desired, efficiency,' investment and type of coal burned. Three basic 
systems will be considered: 

1. Stoker firing (~imited to maximum of 30 MW) 
2. Pulverized coal firing 
3. Cyclone furnace firing 

For steam generating installations of under 100,000 pounds per hour, the 
stoker is adequate. S q e  sacrifice in efficiency is given in favor of a 
wide range of firing capacity. For industrial furnaces pulverized-coal 
firing is preferable. 

The cyclone furnace is better suited to a wider variety of ranks of 
coal even though ,the low quality coals can be burned successfully in the two 
other systems. The choice is a matter of judgment by virtue of the 
characteristics involved. A following section summarizes the primary char- 
acteristics of each system for comparison and to assist in selecting the 
right system for a given requirement. 

. . 
Generally stokers are not available in sizes over 30 MW and their use 

diminishes in applications over 200,000 lb per hour of steam generation. It 
isn't the intenti,on to rule out the possible application of stokers, but 
only to define general areas of application r.elative to energy needs.' 

Auxiliary Equipment 

, The conventional combustion .. . . of low rank coals does not require unique 
auxiliary equipment to any greater extent that for the furnaces. Combustion 
air blowers, crushers:. and pulverizers, conveyors and ash handling equipment 
are all readily available. Sizing of this equipment to the job requirements 
is the area of. major effort. certain aspects of the low quality coals require 
some additional consideration. The high moisture content will require some- 
what higher primary air volumes and pressures and cyclone furnaces again in- 
crease the pressure nereds,,over what:is required for pulverized coal burners, 
2 to lot inches of water versus 20.to.40 inches of water for cyclone furnaces. 

Precipitators or ash cyclones will also be required depending on the 
type and.size of furnaces selected. Heat recovery equipment is primarily 
used in the system to recover waste heat and preheat combustion air. The pre- 
heated air is a requirement for more effective handling of the high moisture 



content coals for use in pulverized coal furnaces. The drying effect lessens 
sticking of the coal in the pulverizers and improves furnace efficiency. Any 
new ins tallations should include waste heat recovery equipment for furnaces 
and boilers. An increase of lOOOF in combustion air temperature will increase 
combustion efficiency by about 2%. Properly operated air preheaters can im- 
prove combustion efficiency as much as 15%. The cost of installation is con- 
siderably less when furnaces are first being erected than.on retrofit of 
existing equipment. 

There at= limitations oq the maximum air temperature through a 
pulverizer. If the coal moisture 'content is fairly high arimary air niay 
enter at 65mF. However, the air must exit at 1 ~ 0 ~ ~  to f.400~ when burning 
lignite because of the danger of 'combustion in the crusher. 

Maximum temperatures for stokers are less restricted and usually only 
limited by the materials of construction of the blowers and air ducts. Ash' 
handling for stokers is usually done by dropping them into a hopper under 
the end of the grates or sides if they are stationary. From here they may 
be removed manually or enter a pneumatic or mechanical conveyor system. 
Disposal of coal ash can be a problem particularly with low rank coals . 

, 

because of the gre.ater volumes of coal required for a given amount of heat. 

On larger installations the energy requirements for the auxiliary 
equipment is considerable. Fans, conveyors,.crushers, stokers.and pumps are 
best suited to electrical power inputs. If electrical power is not available; 
on site generation might be considered.' If steam is available; it can be used 
to generate electricity or in some cases used to drive a turbine as a'direct 
applfcation to these auxiliaries. Small turbines are available to match the 
power requirements of most of the auxiliary equipment. Gas turbine,and recip- 
rocating engines are also alternative power drives to be considered. Steam 
turbines are especially desirable if low pressure process steam is needed. 

Coal Burning Equipment Operating Characteristics* 

Pulverized 

1. Load range is wide and varies with the. number +nd type .of pulverizers. 

2. Flyash carry-over in the flue gases is high, and it is finer than 
the flyash from the spreader stokers. Therefore, although the 
boiler must be designed to prevent erosion, the allowable flue 
gas velocity is somewhat higher. 

3. Initial cost for pulverized coal equipment is about the same as 
for spreader stokers at 250,000 lblhr. -It becomes less expen- 
sive above these capacities. 

4. Pulverized coal equipment can burn a very wide range of coal.' 

5. Maintenance costs for pulverizers vary considerably with types 
of coal. .. . . 



6. Response to load changes is very fast. 

7. Coal sizing to a pulverizer is 314 in. x 0. Coal segregation 
is no problem. 

8.  Repairs and maintenance on pulv'erizers may be conducted while 
the boiler is in operation by taking one of several pulverizers 
out of service at a time: 

9. Grindability of the coal is important to maintain proper 
pulverizer mill capacity. 

Cyclone 

1. Load range similar to pulverized coal but simpler to regulate. 

2. Less flyash carry-over in flue gas than pulverized coal or stokers. 

3. Lower fuel preparation cost because coal only has to be crushed 
not pulverized--95% through a 4 mesh screen versus 70% through 
200 mesh screen. 

4. Developed primarily for low rank fuels but burns all grades equally 
well. 

5. Fast response to load changes. 

6. Less maintenance on crushers than pulverizers. 

7. Heat release rates are in the 450,000 to 800,000 ~tulculft-hr 
range with gas temperatures in excess of 3,OOCoF. 

8. Reduction in furnace size over pulverized coal. 

9. Ash-fusion temperatures are critical, fusion temperature should not 
exceed 2600'~. 

*Modified from Evaluation of Low-Sulfur Western Coal Characteristics, 
Utilization, and Combustion Experience, EPA-65012-75-046, May.1975 



Chain and Traveling Grate Stoker 

1. Wide load range from banked fire to maximum capacity. 

2. Low'flyash carry-over in the flue gases. 

3. Initial cost is more than for an underfeed stoker. 

4 
4. Ash softening temperature should be reasonably high, about 2200 F 

or higher. 

5. Maintenance costs are generally low. 

6. Response to load changes is about medium, faster than the under- 
fed but slower than the spreader. 

7. Coal sizing should be 1 in. x 0 with approximately 20% to 50% 
through a 114 in. screen. 

8. Coal should havega minimum ash content of 6% on a dry basis to 
protect the grates from overheating. 

9. Sensitive to changes in coal sizing and distribution. 

10. Offered for a maximum continuous burning rate of 425.,000 Btulsq 
ft-hr with high moisture (20%), high ash (20%) bituminous coals, 
and 500,000 Btu/sq ft-hr with'lower moisture (lo%), lower ash 
(8-12%) bituminous coal. Furnace heat release should be a maxi- 
mum of 30,000 ~tu/cu ft for water-cooled furnaces. 

'11. Large (above 70,000 lblhr) front arch, chain grate stokers should 
have a maximum heat release of about 7 MKB/ft ( M a  - million Btu) 
of stoker width, depending upon the.volatile matter and heating 
value. 

12. Strongly coking coals (more than an FSI of #6) are not suitable 
for conventional chain or traveling grate stokers. 

Underfeed Stoker 

1. A wide load range banked fire to maximum capacity. 

2. Low flyash carry-over witk the flue gases, provided the stoker 
is not overloaded. 

3. Initial cost is low compared to other stokers. 

0 
4. Ash softening temperature should be 2500 F or above for best 

operation. Coals with ash softening temperature of 2200'~ may 
be utilized; however, the heat release rate per square foot 
of grate area must be reduced about 20% 



5 .  I n  genera l ,  maintenance c o s t s  are h igher  than  f o r  o t h e r  s toke r s .  

Response t o  load  changes i s  r a t h e r  slow, because of t h e  r e l a t i v e l y  
l a r g e  f u e l  bed. 

Coal s i z i n g  should b e ' l - i / 4  i n .  x 0,  nu t  and s l ack ,  wi th  no t  more 
than  50% through 114 i n .  sc reen  t o  ob ta in  proper  d i s t r i b u t i o n  on 
t h e  g r a t e .  

The f r e e  swel l ing  index' should be below six t o  maintain a 
proper  f u e l  d i s t r i b u t i o n  on t h e  g r a t e s  i n  t h e  furnace and t o  keep 
maintenance t o  a minimum. 

Grate hea t - re lease  r a t e  should be no more than 425,000 B ~ U / S ~  f t  
and a maximum furnace  h e a t  r e l e a s e  r a t e  of 35,000 Btu/cu f t  f o r  
water-cooled furnaces.  

Spreader Stoker  

t - 
Turn down o r  load  range i s  gene ra l ly  from 115 load t o  maximum 
capac i ty .  With a d d i t i o n a l  equipment, minimum load can be de- 
creased t o  about  1 / 8  of maximum load.  

Since about 20% of t h e  c o a l  burns i n  suspension, t he  f l y a s h  carry-  
over  i s  high. A d u s t  c o l l e c t o r  is  always requi red .  A p r e c i p i t a t o r  
may be  requi red  depending upon t h e  a i r  emission r egu la t ions .  

To ob ta in  t h e  b e s t  reasonable e f f i c i e n c y ,  t h e  f l y a s h  co l l ec t ed  
i n  t h e  b o i l e r  hoppers can be r e i n j e c t e d  onto t h e  s toke r  g r a t e .  

I n i t i a l  c o s t  of a d y p i n g  g r a t e  spreader  s t o k e r  is  t h e  lowest ,  
wi th  t h e  p u l s a t i n g  o r  o s c i l l a t i n g  g r a t e  nex t ,  and t h e  t r a v e l i n g  
g r a t e , t h e  h ighes t .  

The spreader  w i l l ' b u r n  wi th  l i t t l e  d i f f i c u l t y  a wide v a r i e t y  of 
coa l s  of d i f f e r e n t  f u s i o n  temperatures and d i f f e r e n t  coking in-  
d i ces .  

6. I n  genera l ,  maintenance c o s t s  a r e  approximately t h e  same a s  f o r  
a cha in  g ra t e .  

7. The spreader  s t o k e r  has  a very  f a s t  response t o  load swings. 

n 
8.  Coal s i z i n g  should i e  314 i n .  x ,  wi th  no more than 50% through 

a 114 i n .  mesh. The p u l s a t i n g  o r  o s c i l l a t i n g  g r a t e s  should be 
f i r e 6  wi th  c o a l  having an ash so f t en ing  temperature of above 

Q . 2200 F t o  ensure  proper  c o a l ' a n d  ash  flow over - t he  g r a t e s .  

9. Spreaders a r e  designed f o r  burning r a t e s  from 450,000 ~ t u / s q  
f t -h r  f o r  dumping,grates  t o  600,000 Btu/sq f t - h r  f o r  pu l sa t ing  o r  
o s c i l l a t i n g  g r a t e s  t o  '750,000 ~ t u / s q  f t-hr f o r  t r a v e l i n g  g r a t e s .  
Furnace h e a t  r e l e a s e  should be  a maximum of 30,000 Btu/cu f t .  



10. On large spreaders (above' 70,000 lb/hr steam capacity) the heat 
release per foot of a stoker width must also be considered, and 
will vary from about 8 MKB/ft-hr to 13 MKBlft-hr depending upon 
the amount and method of flyash reinjection. 

11. Some mention should be made of the two types of reinjection 
generally used: pneumatic and gravity types. The gravity type 
is much preferred for the higher steam capacities, (above 70,000 
lblhr) if equipment arrangement and building space is sufficient. 
As the name implies, the flyash flows by gravity from the boiler 
hopper and is deposited on the stoker grates. The stoker should 
be lengthened to accommodate this gravity return. 

Vibrating Grate Stoker 

1. A wide load range-form banked fire to maximum capacity. 

2. Low flyash ca~xy-over unless .the unit is overloaded. 

3,:. A dust collector may be required, depending upon local 
conditions. 

4. Sizing and distribution of. coal is important. 

5. Coking coals have been burned on this stoker. 
I 

6. Water-cooled grates tend to reduce grate maintenance when 
- properly designed. 

7. Burning rate is usually about 400,000 Btulsq ft-hr with a 
furnace heat release of 30,000 Btulcu ft: 

Coal Preparation for Conventional Combustion 

The initial steps in preparing coal for use in the conventional manner 
include receiving, 'storage for a month's supply and crushing. The size of 
coal required for the various conventional burning systems has been discussed 
in the preceding paragraphs. . No pretreatment is required. 

Atmospheric Fluidized Bed Combustion (AFBC) 

Atmospheric fluidized bed combustion is an advanced combustion tech- 
nique in which crushed coal burns'in-the presence of crushed limestone while 
held in suspension by upward-flowing combustion air:. The technique has two 
advantages. The first is that rapid heat trader and high heat-release 
rates at reduced temperature can be obtained, so that boiler tubes can 
be imbedded in the combustion zone, resulting in smaller boilers. The 
second is that the limestone acts as.a sorbent to chemically remove su1,fur 
dioxide directly from the combustion zone. As its name implies, AFBC occurs 
at near atmospheric furnace pressure. 



An AFBC utility power plant is.envisioned to consist of four separate 
modular units, each of which is composed of four fluidized-bed cells, plus 
one high-temperature carbon burnup cell (CBC), which is required to prevent 
appreciable loss of coal energy from unburned coal leaving the combustor. 
Steam from each of the modules is combined to drive a single conventional 
steam turbimgenerator. The. modular concept, which is required because of 
bed size limitations, is also expected to provide the station operator with 
some flexibility in meeting partial load demands and reducing total plant 
maintenance outages by allowing for the removal of individual modules from 
service. Stacks, fans, and coobing systems would be equivalent to those in 
conventional coal combustion systems. The overall heat rate of the AFBC 
plant would be about 9550 BtuIkWh, equivalent to a thermal efficiency of 
approximately 36%. 

In the case 2, it is reasonable to assume that any boiler selebtfon 
would be in all probability of the conventional type. This assumption is 
based on the historic trend that has been witnessed in the application 
of newly developed technology in general throughout the world. With very 
rare exceptions, a time lapse of 20 years or more has been traditionally. 
followed in the adaptation of new technology, once that technology has 
been demonstrated to be commercially available. Therefore. developing 
technologies, no matter how well advanced they may appear to be at this 
time, should be viewed with a low priority in boiler'selection. This 
implies that fluidbed combustion-type boilers, although they appear to 
show promise in other applications throughout the world,' especially.in the 
U.S. and the United Kingdom, may have limited value in Peru. 

Economic Applicability 

The discussion of economics: of reopening oil mines or development of 
new coal mines in Peru and installation of coal-fired thermoelectric or 
industrial plants is undertaken with full knowledge of the paucity of 
information available. 

The development of mine capacity would depend heavily upon the result of 
coking studies presently underway in Peru. The conclusions of that study at 
best indicate continued dependence upon higher quality coals to improve the 
qualitg of coke produced for the steel industry. The coals which could be 
produced potentially for the copper and lead industries could be of lesser 
quality. 

Based on this assumption as much as 80,000 tons per year of bituminous 
coal and an estimated 15,000 tons of anthracite may be potentially made 
available from indigenous sources to supply the need for coking coals at 
the Chimbote steel plant at .present. Future coal requirements could roughly 
double by the year 2000 according to the projected steel production level 
for that year. 



The reopening of old mines would require further economic 
evaluation of the condftion of those mines; Presently; the 
estimated cost of.installatfon of new coal mines in the U.S, 
ranges from' $30 to $45 (:US) per ton capacity of the mine. 
Con.ceivable costs to produce the coal and mine installation 
w,ould be lower in. Pe,ru due to a captive. labor supply. ~iners' 
.wages in the U . S .  presently average about $70.00 - $75.00 per 

' day. 
. . . . 
The copper smelters and lead foundries report.edly in 1977 

. . .  required.approximately 60,000 tons. . This coal was imported 
.' from the U.S. at a cost of approximately $70.00 (US) per ton. 
~once'fvably as much as. 40 to 50 percent of this coal require- 
ment could come from tndi'genous sources. 

Conclusions 

The main points that emerge from the preliminary study of 
coal utilization in Peru can be summarized-as follows: 

1. Peru undoubtedly has coal resources which could be 
developed. The existing'information and data 

. . related to t.hes& resources are not sufficient to . 

allow a good evaluation. Quantitative and qualitative 
information needs to be developed. to allow a 
reasonable assessment. 

2. Sizeable capital investments will be needed to 
establish domestic sources of coal.supply and to 

. . provide the coal burning £ac.il.ities, such' as thermal 

. .  3 .  Devela'pment ' of coal and. coal utilization, except 
. . that specifically destined for industrial. use (i.e. 

.. . coke .production. for steel plants ,or for. producing 
:;.:; ' -..- s.team':'f or' industrial use) , is in direct competition 

to the development of hydropower. Vast hydropower 
. resources are available in Peru. 

4. Both mining technology and coal utilization technology 
,.are sufficient .to mine--and use Peruvian coals. 

5. A discussion of the utilization of Peruvian coals is 
. ,academic until such time as these respective coal 

deposits are further identified and more.qbantitati+e 
and qualitative information is de.veloped. 
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The reader will note some differences between the water resource data 
presented in t hemin  Report and this Annex. This i s  a result of the 
inaccessability of some areas in Peru, the preparation of estimates 
and measurements by different organizations a t  different times; and the 
di f f icul t ies  of obtaining accurate data. Notwithstanding these differences , 
however, the conclusions in the Plhin Report and the water resources Annexes 
remain unchanged because the differences are small when compared to the 
Peruvian total water resource. 
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4.0 SOLAR THERMAL POWER 
' . -. 

/' . :r 
.< 

4.1 I n t r o d u c t i o n  

There .are a c t i v e  R&D programs i n  s o l a r  thermal power technology i n  

t he  Uni ted States, Europe, and Japan. As a r e s u l t  o f  these programs, 

several small scale (1-150 kW) u n i t s  have been i n s t a l l e d  f o r  i r r i g a t i o n  

pumping , a i r  cond i t ion ing ,  and* power generat ion appl i c a t i o n s .  These 

i n s t a l l a t i o n s  inc lude those developed by Sofretes " i n  'France, Dorn ie r  i n  

Germany, and a number of f i rms i n  the  ~ n i  ted  States. A l l  these u n i t s  

have used organic Rankine cyc le  engines t o  conver t  heat provided by 

s o l a r  c o l  1 ector's - i n t o  mechanical power. ' Sofretes uses non- t rack ing f l a t  

p l a t e  c o l l e c t o r s .  i n  order  t o  s imp l ' i f y  system opera t ion  f o r  use by 

u n s k i l l e d  personnel i n  remote areas. Most o the r  systems i n s t a l l e d  t o  

date use parabo l ic  . t rough c o l l e c t o r s  i n  order  t o  generate h igher  temper- 

atures t h a t  lead t o  h igher  e f f i c i e n c y  operat ion.  

For l a r g e  scale power generat ion, t he  pr imary focus i n  both the  

.United S ta tes  and ~ u r o p e '  has been on the  c e n t r a l  rece i ve r  concept. I n  

t h i s . sys tem, . rad ia t i on  i n c i d e n t  on the  m u l t i p l i c i t y  o f  i n d i v i d u a l l y  

c o n t r o l  l e d  m i r r o r s  ' ( c d l  l e d  he1 i o s t a t s )  i s  r e d i r e c t e d  t o  a s i n g l e  c e n t r a l  

rece i ve r  placed on a ' t ower  loca ted i n  o r  adjacent t o  t he  m i r r o r  f i e l d .  

The heat generated i n  the rece i ve r  can be used t o  operate convent ional 

steam power p lan ts  or ,  i n  advanced conf igurat ions,  Brayton c y c l e  engines. 

Many o f  the subsystems requ i red  t o  operate a c e n t r a l  r e c e i v e r  power 

system a re  i n  the advanced design and t e s t i n g  sta,ge, and the  f i r s t  

demonstration o f  a t o t a l  system (10 MW) i s  scheduled f o r  1981 i n  Barstow, 

Cal i f o r n i a .  

There a re  the re fo re  a number o f  s o l a r  thermal power system opt ions  

i n  var ious stages of development. I t  : i s  expected t h a t  ongoing develop- 

ment and demonstration programs w i  11 lead t o  the  commercial avai  l a b i  1 i ty 

o f  systems over a wide power range by the  e a r l y  t o  mid 1980s. 

So lar  thermal power systems a r e  compr i sedo f  a combination o f  
* 

thermal c o l l e c t o r s ,  r e f l e c t o r s ,  heat exchangers, and thermal engines 



which u t i l i ze  conventional manufacturing techniques in the i r  assembly and 
are made of common materials of construction ( s t ee l ,  aluminum, glass,  
concrete). With the exception of aluminum products, these systems could 
be produced in Peru, providing an additional incentive t o  consider the i r  
widespread use. Systems using aluminum could be redesigned to use s teel  
or some other more available metal. 

4.2 Description of System Options 

..As previously indicated, there are  many approaches to  solar thermal 
power being investigated. These include low to medium temberature 
(100"-300°C) systems which can u t i l i z e  low 1 eve1 s of. solar concentration, 
and high temperature systems (300"-1000°C) which r+es high levels of 

solar concentration. . Several of these system options include'; 

Low Levels of Solar Concentration (1X-1OX) : 
- Flat plate collector with Rankine cycle engine 
- Compound parabol i c  concentrator (CPC) wi t h  Ranki ne cycle engine 
- Flat plate collector using' planar ref lector  with   an kine cycle 

engine 

Medium Levels of Solar Concentration (1 OX-400X) : 
- Parabolic trough w i t h  Rankine cycle engine 
- Linear s l a t  concentrator with Rankine cycle engine 

- Linear Fresnel lens with Rankine cycle engine 

High Level s of Solar Concentration (400X-1500X) : 
- Parabolic dish with open Brayton cycle engine ' 
- Parabolic dish with S t i r l ing  engine 

- Central receiver system w i t h  steam turbine 
- Central receiver system with open Brayton cycle engine 

The economic performance .of solar thermal power systems i s  most 
influenced by the cost and thermal performance of the solar col lector  
subsystem used to  convert solar energy into heat. 

Several of these coll ector 'subsystems appropriate for  thermal power 
appl ications are discussed i n  the fol lowing sections. 



A. Low Level Concentrators 

F l a t  p l a t e  co l l ec to r s  o f  advanced design have been used as heat 

sources f o r  operat ing organic Rankine cyc le  engines a t  low temperature 

l eve l s  (90"-1 20°C) f o r  both water pumping and a i r  cond i t i on ing  appl i ca -  

t i ons .  A t  these low operat ing temperature . leve ls ,  the e f f i c i e n c y  o f  the 

engines i s  low, so t h a t  a re . la t i ve ly  la rge  area o f  c o l l e c t o r  i s  requ i red 

f o r  a spec i f i c  power.output. It i s ,  therefore,  doubt fu l  t h a t  so la r  power 

u n i t s  using f l a t  p l a t e  co l l ec to r s  w i l l  f i n d  wide use. except i n  very 

remote power appl ' icat ions where system simp1 i c i  t y  i s  o f  paramount 

importance. 

The e f f i c i e n t  operat ion o f  -organic Rankine cyc le  engines can, 

however, be accomplished 'wi th ' re la t i . ve ly  moderate heat i npu t  temperatures 

. o f  120"-300°C which can be achieved w i t h  low l e v e l s  (2X-10X) o f  so la r  

concentrat ion. 

There are  several options ava i lab le  f o r  low l e v e l  focussing which 

do no t  requi 're a'ny t rack ing  and/or on ly  per iod ic  adjustments i n  t i l t  

angle. An example o f 'one  such arrangement,. shown i n  Figure 4.1 i s  the 
. i 

Compound Parabol i c  concentrator (CPC) . One. advantage o f  t h i s  c o l  1 ec to r  

arrangement i s  the outer  glass o r  p l a s t i c  p l a t e  which protects  the 

r e f l e c t i v e  surfaces from d i r t  and sand. The CPC op t i c s  are such t h a t  i t  

can u t i l i z e  so la r  r ad ia t i on  over a wide acceptance angle ( the  magnitude 

depending on concentrat ion r a t i o ) .  Consequently, the ,col l e c t o r  need n o t  

t rack  the sun on::a. d a i l y  basis and can accept a po r t i on  o f  the d i f f u s e  

rad ia t ion .  This c o l l e c t o r  i s  i n  an advanced development s tage .a t  the 

Argonne National Laboratory, .and several i n d u s t r i a l  f i rms have 1 icense . 
agreements which w i l l  probably lead t o  i t s  near-term commercial 

a v a i l a b i l i t y .  

Low l eve l  concentrators can achieve annual e f f i c i e n c y  l eve l s  o f  35% 

t o  55% a t  temperatures o f  1 20'-220°C, which are cons is tent  w i t h '  the 

opera t i  on o f  Ranki ne cyc le  engine sys tems . 
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B .  Linear Concentrators 

Three types of medium level concentrators either in use or i n  an 
advanced stage of development are; 

o Parabol ic  Troughs, 
Segmented Mirrors, and 

a Fresnel Lenses. 

The most widely used of these designs i s  the parabolic trough 
collector, shown i n  Figure 4.2. The cross section of the reflector 
perpendicular to the major axis of the collector i s  a constant paraboloid 
which focusses the solar energy on a 1 ine. The 1 inear receiver i s  rigidly 

located a t  the focus of this parabola. 

Several types of receivers are being used depending on the operating 
temperature levels under consideration. Evacuated tube receivers, such 
as shown in Figure 4.i b ,  are often considered for use in solar power 
applications, where there i s  an incentive to  operate a t  elevated tempera- 
ture levels. 

The geometric concentration ratios for parabolic trough concentrators 
are typically i n  the 20X-40X vange. Higher concentration ratios require 
excessive contour and tracking accuracies to be practical in this or any 
1 i near concentrator configuration . 

Parabolic trough collectors are generally considered for operation 
i n the 100°-300°C temperature range. 

C. Poi n t  Concentrators 

As previously mentioned, practical 1 inear concentrators can achieve 
concentration ratios of 20X-40X and operate a t  temperatures of 100° -300°C. 
Point concentrators w i t h  similar tracking and geometrical accuracies can 
achieve concentration ratios of 400X to 1600X and the higher temperatures 
required for efficient operation of thermal engines. However, this 
higher concentration ratio capability requires two axis tracking, which 
considerably compl icates the design and operation of point concentrating 
sys tems as compared to 1 i near concentrators. 
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There are two basic approaches t o  h igh concentrat ion systems being 

investigated; 

Central Receiver, and 

D is t r ibu ted  Col lector.  

A cen t ra l  rece iver  system (a lso known as the "power tower" concept) 

u t i l i z e s  a la rge  number o f  i n d i v i d u a l l y  guided mi r ro rs  (he l i os ta t s )  

placed i n  an ar ray a t  the base o f  a t a l l  tower (such as ind icated i n  

Figure 4.3). The inc iden t  so la r  energy i s  r e f l e c t e d  from the mi r ro rs  t o  

a rece iver  mounted' on top o f  t he  tower, where i t  i s  absorbed by a heat 

t rans fe r  medium (usual ly  steam). The steam so generated can be used t o  
operate a conventional steam power p lant .  

The major cos t  component i n  such a system i s  expected t o  be the 

he l i os ta t s  which requ i re  precise two ax is  t racking,  h i gh l y  r e f l e c t i v e  and 

geometrical 1y precise surface contours, and s t ruc tu ra l  r i g i d i t y  t o  wi th-  

stand high .wind loads. Several o f  the he7 i o s t a t  concepts under develop- 
ment are ind icated i n  Figure 4.4. 

The primary advantage of the power tower concept i s  t h a t  a l l  the 

so la r  energy from a la rge  area i s  co l lec ted  i n  a cen t ra l  l oca t i on  which 
g rea t l y  reduces the requirements f o r  p ip ing  of heat t rans fe r  f l u i d s  over 

la rge  distances as compared t o  systems using a d i s t r i b u t e d  c o l l e c t o r  

a r ray  (troughs, etc.). Also, due t o  the high l eve l s  o f  so la r  concentra- 
t i o n  involved (1000X-2000X), i t  i s  possible t o  a t t a i n  temperatures 
consistent  w i t h  the operation o f  conventional steam power sys tems 

(40O0-6OO0C). 

The power tower system i s  most o f t en  considered f o r  use a t  h igh 

power l eve l s  (50 megawatt and higher)  i n  regions where a p a r t i c u l a r l y  

h igh percentage o f  the i nso la t i on  i s  d i r ec t .  However, the use o f  a min i -  
power tower fo r  ind iv idua l  i r r i g a t i o n  pumping systems a t  the 150 kW 
power l eve l  which might be appl icable for  use i n  remote areas i s  a lso  

be i  ng i nves ti gated. 

Another approach t o  h igh l eve l  concentrat ion i s  the use o f  parabol ic 

d ish  concentrators. One such system i s  shown i n  Figure 4.5. I n  t h i s  
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system the co'ncentrated so la r  energy i s  used t o  operate an open Brayton 

cyc le  engine, thereby e l im ina t ing  the need f o r  a heat r e j e c t i o n  system 

as required by Rankine cyc le  engines. Brayton cyc le  engines (which 

requ i re  temperature l eve l s  i n  excess o f  600°C f o r  e f f i c i e n t  'operat ion) 

are a lso  being considered f o r  use i n  conjunct ion w i t h  the power tower 

p o i n t  concentrator system prev ious ly  described. 

D. System Performance 

There i s  a wide range i n  the pro jec ted thermal/economic performance 

o f  the  var ious co l lec to r /hea t  engine so la r  power opt ions being i n v e s t i  - 
gated. I n  general, the higher concentrat ion systems (such as the power 

tower) are projected t o  have more favorable performance-characteri s t i  cs 

than lower l eve l  concentrator systems due p r i m a r i l y  t o  t h e i r  a b i l i t y  t o  

operate a t  higher temperatures and thereby, h igher e f f i c i e n c y  l eve l s .  

On the o ther  hand, these h igh concentrat ion systems may e n t a i l  a h igher 

degree o f  r i s k  due t o  uncer ta in t ies  i n  the nature o f  so la r  r a d i a t i o n  

(discussed i n  Section 2.1) and the requirements t o  maintain prec ise two 

ax is  t rack ing  under severe environmental condi t ions.  

The type o f  systems which a re  i n  the most advanced development stage 

a t  t h i s  t ime by v i r t u e  o f  t h e i r  use i n  several demonstration p ro j ec t s  i n  

the United States and elsewhere a re  those using parabol ic  trough ' co l -  
: 

l e c t o r s  and organic Rankine cyc le  engines. 

The pro jec ted annual system e f f i c i e n c y  of . t h i s  system combination i s  

presented i n  Figure 4.6. As indicated,  f o r  t h i s  (and any o ther  c o l l e c t o r -  

engine combination) , there i s  an operat ing temperature which maximizes 

system e f f i c i e n c y  and therefore,  minimizes c o l l e c t o r  a r ray  area requ i re-  

ments f o r  any spec i f i ed  output. For the design considered, the system 

e f f i c i e n c y  under average c l e a r  day so la r  f l u x  condi t ions i n  sunny regions 

o f  Peru i s  about 14% and o.ccurs a t  an operat ing temperature o f  about 300°C. 

By comparison, ;.he e f f i c i e n c y  o f  a system using f l a t  p l a t e  co l l ec to r s  

would be on ly  ..:r::out 4-5%. The e f f i c i e n c y  vs temperature curve i s  , f a i r l y  

f l a t ,  and there may be practicalaadvantages f o r  operat ing the system a t  

as low a temperature as possib le, ,consistent  w i t h  acceptable e f f i c i e n c y  
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l e v e l s .  Such considerat ions inc lude the  a b i l i t y  t o  use a  h o t  water 

Lhei.111d1 storage system (I l m i  ted  by opera t ing  pressures),  and choice o f  

ma te r i a l s  of cons t ruc t i on  (pumps, valves, e t c .  ) . 
4.3 Cost P ro jec t i ons  

To date, t he re  has been very l i m i t e d  experience w i t h  e s t a b l i s h i n g  

the  commercial cos t  o f  s o l a r  thermal power systems. Thus, there  i s  a  

wide v a r i a t i o n  i n  cos t  p ro jec t i ons  f o r  the d i f f e r e n t  system opt ions.  

The system opt ions f o r  which cos ts  a re  probably best  es tab l ished i s  

the  parabo l ic  trough/organic Rankine cyc le  engine combination p rev ious l y  

discussed. It i s  expected t h a t  these cos ts  w i l l  be representa t ive  f o r  

o ther  d i s t r i b u t e d  system arrangements (segmented m i r ro rs ,  CPC, e t c .  ) . 
Manufacturers p r o j e c t  t h a t  t h e  c o s t  o f  pa rabo l i c  t rough c o l l e c t o r s  

might approach $100 per  square meter i n  p roduct ion  q u a n t i t i e s .  The c o s t  

of organic Rankine cyc le  engines i s  expected t o  be i n  the $500 t o  $1000 

per  kW range depending on capac i ty .  The r e s u l t a n t  system cos t  on an 

i n s t a l l e d  basis  i s  est imated i n  F igure  4.7. As ind ica ted ,  i n s t a l l e d  

system cos t  would approach. $2000 per  peak kW ( i  . e. , no storage) ,  based 

on the  assumptions shown. The i n s t a l  l a t i o n ,  costs a re  s i g n i f i c a n t  and 

probably the  most d i f f i c u l t  t o  est imate due t o  v a r i a t i o n s  i n  l a b o r  costs,  

s i t e  preparat ion,  e t c .  The systems could , .however, be i n s t a l  1 ed w i t h  

Peruvian labor ,  thereby min imiz ing f o r e i g n  exchange costs.  

I n  the power tower system, the  major c o s t  f a c t o r s  a re  the he1 i o s t a t s  

used t o  r e d i r e c t  the s o l a r  energy t o  the  c e n t r a l l y  located rece i ve r .  

Current h e l i o s t a t  cos t  experience i s  approximately $285 per  square meter 

based on a  purchase of 144 h e l i o s t a t s  f o r  a, thermal t e s t  f a c i l i t y  loca ted  

i n  A1 buquerque, New I4exico. However, ongoing 1 ow cos t  he1 i o s t a t  develop- 

ment a c t i v i t i e s  i n d i c a t e  t h a t  product ion cos t  goals o f  $70 t o  $150 per 

square meter can be achieved. 

Based on t h i s  l a r g e  scale product ion c o s t  est imate f o r  h e l i o s t a t s ,  

i t  i s  p ro jec ted  t h a t  t he  i n s t a l l e d  c e n t r a l  rece i ve r  power system would 

have a  cos t  o f  $1300 t o  $1500 per  kW. Assuming successful  opera t ion  o f  

the Barstow p i l o t  p l a n t  f a c i l i t y ,  these cos t  goals may be achievable 
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by t h e  mid t o  l a t e  1980s. 

4.4 ' Economic Performance. - - 
The c o s t  of power f rom a  s o l a r  power u n i t  i s  a  f u n c t i o n  o f  many 

va r i ab les  i n c l u d i n g ;  

e I n i t i a l  cos t ,  

o Annual power ou tpu t ,  

o Operat ion and maintenance cos ts ,  

e I n t e r e s t  r a tes ,  and 

o Deprec ia t ion  (use fu l  1  i f e )  . 
The c o s t  o f  power generated by the  p a r a b o l i c   trough/^^^ engine system 

combinat ion when ope ra t i ng  i n  areas o f  f avo rab le  s o l a r  f l u x  (such as 

P iu ra )  i s  shown i n  F igure  4.8, assuming; 

e I n t e r e s t  Rate - 8% 

e Usefu l  L i f e  - 25 years,  and 

o Annual o&M Operat ing and Maintenance Cost o f  4%. 

The c o s t  of power produced by the  system i s  i n  the  15t-25d/kWh range 

i f  bo th  l a b o r  and purchased component cos t s  a re  cons idered.  The c o s t  o f  

power decreases w i t h  i nc reas ing  system c a p a c i t y  due t o  the  economies o f  

sca le  i n d i c a t e d  on F igure  4.7. Th i s  c o s t  o f  power i s  s t i l l  s i g n i f i c a n t l y  

h i ghe r  than t h a t  f rom l a r g e  c e n t r a l  u t i l i t i e s  but.approaches t h a t  f rom 

smal l  D iese l  u n i t s  o f t e n  used f o r  pumping and power genera t ion  i n  remote 

areas, p a r t i c u l a r l y  i f  a n t i c i p a t e d  increases i n  f u e l  cos t s  occur.  

Power cos t s  f rom l a r g e r  c e n t r a l  r e c e i v e r  power systems a r e  p ro jec ted  

t o  be i n  the  St-15QlkWh' range i f  the  lower  end o f  'the he1 i o s t a t  c o s t  

goa ls  a r e  a t t a i ned .  These r e l a t i v e l y  low power c o s t  p , ro jec t ions  r e f 1  e c t  , 
i n  p a r t ,  t h e  l a r g e  s i z e  o f  these power u n f i s  and t h e  assumption o f  l a r g e  

sca le  . p roduc t i on  . o f  key subsystems ( i n  p a r t i c u l a r ,  t h e  h e l i o s t a t s ) .  

For  bo th  d i s t r i b u t e d  and c e n t r a l  r e c e i v e r  s o l a r  power op t ions ,  over  

50% o f  t he  c o s t  would'be l a b o r  associated.\ ; i th subsystem manufacture and 
, .  . 

i n s t a l  1  a t i o n .  T h i s  f a c t o r  would g r e a t l y  reduce t h e  f o r e i g n  exchange 

requirements of t h i s  power o p t i o n  and. lead t o  s u b s t a n t i a l l y  lower  power 





costs  than i n d i c a t e d  above i f  o n l y  f o r e i g n  exchange cos ts  are  considered. 

4.5 Imp1 ementation Options 

Most a p p l i c a t i o n s  which are  appropr ia te  f o r  s o l a r  thermal power 

systems can a l s o  be served by the  pho tovo l ta i c  power systems discussed 

i n  Sect ion 6.0.  As a p r a c t i c a l  mat ter ,  there fore ,  these two technology 

opt ions  w i l l  be competing w i t h  one another over a range o f  a p p l i c a t i o n s  

i n c l u d i n g  water pumping, a i r  c o n d i t i o n i n g  and r e f r i g e r a t i o n ,  and v i  1 lage 

e l e c t r i f i c a t i o n .  

Which types o f  systems w i l l  be implemented t o  the g rea tes t  e x t e n t  

wi.11 depend on t h e  r e l a t i v e  progress made i n  lower ing  cos ts  and on f i e l d  

experience w i t h  t h e  d i f f e r e n t  system opt ions .  For purposes o f  ' t h i s  

p r e l  im inary  study,. s o l a r  thermal power and photovol t a i c s  have been 

c l a s s i f i e d  under the  common heading o f  d i r e c t  s o l a r  power systems ( t o  

d i f f e r e n t i a t e  them from the  wind and biomass op t ions ) .  The implementat ion 

r a t e  and impacts p ro jec ted  i n  Sect ion 5.0 f o r  pho tovo l ta i cs  may i n  

p r a c t i c e  i nc lude  a combination o f  pho tovo l ta i cs  and s o l a r  thermal systems, 

and, the re fo re ,  no separate implementat ion scenar io i s  developed here f o r  
I (  . 

s o l a r  thqrmal power. . 

Also, t h e  requirements f o r  r e f l e c t o r s ,  concrete foundations, support 

s t ruc tu res ,  e t c .  a re  n o t  g r e a t l y  d i f f e r e n t  f o r  t he  c o l l e c t o r s  o f .  a s o l a r  

thermal system as f o r  those o f  a pho tovo l ta i c  system us ing s o l a r  concen- 

t r a t i o n  ( i n  f a c t ,  t he  concent ra tor  subsystems cou ld  .be i d e n t i c a l  ) . The 

resource requirements f o r  t h e  pho tovo l ta i c  options, are, there fore ,  

assumed t o  a l s o  apply t o  the  s o l a r  thermal op t ion .  . 

As a general r u l e ,  pho tovo l ta i c  systems would be .used f o r  very  small  

systems ( l e s s  than 5 kW peak capac i ty )  t o  avo id  t h e  mechanical complex i t ies  

associated w i t h  s o l a r  thermal e l e c t r i c  power generat ion. ' F o r  very  l a r g e  

systems (5  MW peak and l a r g e r )  t h a t  might  be o f  i n t e r e s t  t o  a c e n t r a l  

u t i l i t y ,  s o l a r  power generat ion must u s u a l l y  compete w i t h  l a r g e , s c a l e  

hydro. Unless the  economics o f  s o l a r  power generat ion improve beyond 
? 



expectation, only systems in the 5 kW to 1 MW size range will be utilized, 
mostly in rural areas. 

Due to the nature of the applications outlined above, the central, 

receiver type systems will,$ind limited application in Peru, since the 

economies of scale associated with these systems are evident at relatively 

high power output, (these .systems are primarily being investigated for 
power outputs of 50 megawatts and larger). Also, uncertainties in the 
nature of solar radiation (Section 2.1) may decrease performance, 'making 
the economics look even less promising. 

These simplifying assumptions will have to be reviewed in future 

program phases in order to more:carefully indicate the relative merits 

of the solar thermal and photovoltaic power options given the environ- 
ment and resources of Peru. 



5.0 PHOTOVOLTAICS 

5.1 Background and Status 

Solar c e l l s  a re  semiconductor devices which convert so la r  energy 

d i r e c t l y  in to  e l e c t r i c i t y ,  a s  depicted in Figure 5.1. These devices 

require no moving par t s ,  as  do thermal power systems, and have demon- 

s t ra ted  long-term r e l i a b i l i t y  in both space and t e r r e s t r i a l  applicat ions.  

The present cos t  of t e r r e s t r i a l  so l a r  c e l l  panels i s  $12-930 per * 
peak watt ,  depending on quanti ty purchased. In s p i t e  of t h i s  high cos t ,  
so la r  c e l l  panels a r e  increasingly being used f o r  remote power applica-  

t i o ns ,  such as  mountain top communication equipment and cathodic protec- 

t ion of pipe1 ines .  The worldwide market in*  1977 f o r  such applicat ions 

was estimated t o  be 750 kW annually and i s  projected t o  increase rapidly 

in the future .  The cos t  o f ' s o l a r  c e l l  panels i s  expected t o  decrease 

dramatically over the next 10 years ;  the goal of the United S ta tes  

Department of Energy i s  t o  reduce the cost  of so la r  c e l l  panels t o  $2.00 

per peak watt in  1982, 50.50 per peak watt in  1986, and 50.15 - $0.30 

per peak watt in 1990-2000. The lower end of these cos t  goals, wil l  be 

qu i te  d i f f i c u l t  t o  achieve, given the very low un i t  area cos t s  they 

imply (%$I .50 - $3.00 per square foo t )  and the need f o r  rugged weather 

r e s i s t an t  construction.  However, there  i s  a  high probabi l i ty  t ha t  a  cos t  

of $1 .OO - $2.00 per peak wat t 'can be obtained in  the ea r ly  1980s by 
using so la r  c e l l s  combined w i t h  so la r  concentration. By using so la r  
co'ncentration, cos t ly  so la r  c e l l  area can be replaced by r e l a t i ve ly  in-  

expensive r e f l e c to r  (o r  lens)  area.  As the cost  of so l a r  c e l l s  f a l l s  t o  

the  point where r e f l e c to r  area cos t s  as much as  so l a r  c e l l  area t o  

achieve a  given output, there  wil l  be no incentive t o  use so l a r  c o x e n - .  
t r a t i on  and most so la r  c e l l  arrays wil l  then be of the f l a t  p la te  var ie ty .  

Numerous photovol t a i c  material combinations involving several f ab r i -  

cat ion processes a r e  being investigated by corporate,  government, and 

* Power output under high solar' f lux conditions associated with 
operation a t  noon on a  c l e a r  day ( spec i f i c a l l y ,  1  k~ /m2) .  



Figure  5.1 Schematic of solar c e l l  operation . 



academic organizations. However, most solar cell panels now in use (for 

both terrestrial and space applications) utilize single crystal silicon, 
rl 

due to its demonstrated high reliability, long life, and relatively high 

efficiency. 

It is expected that in the near to intermediate term (5-10 years), 

most solar cells will continue to be made from single crystal silicon, 

using steadily improving material purification and cell fabrication 

techniques to lower costs. This well -proven and highly re1 iable material 

shows the potential for achieving the 1985 goal of $0.50 per peak watt. 

The electrical output characteristics of a, silicon solar cell are shown 

in Figure 5.2. As indicated, they generate about 0 . 5 ~  at the optimum 

effici,ency point. Generating elevated voltages requires connecting a 

mu1 tiplicity of individual cells in series'. Output .voltages of solar 

cell panels, which typically measure 2' x 4", are generally 12v to 24v. 
. . .  . 

The efficiency of individual cells in converting solar energy into 

electricity is typically 11%-15%; however, when the packing density of 

cells within a panel and resistance' losses are taken into account, the 

efficiency of panels is usually around 10%. 

Alternative materials to single crystal silicon which are farthest 

along in their development are gallium arsenide, cadmium sulfide, and 

amorphous silicon. The primary incentive for developing these alterna- 

tives is that they can be effectively utilized in very thin films 

(2p to lop), which is consistent with low cost manufacture. 

Although there are numerous R&D programs sponsored by both government 
and industrial organizations to improve the performance of these a1 terna- 

tive materials, none of them is sufficiently far advanced to have a 

significant influence before 1985. 

Solar concentrators are being developed over a wide range of con- 

centration l'evels for use in solar thermal systems, where the high 

temperatures resulting from concentration have thermodynamic advantages. 

For the most part, solar concentrators for use with solar cells will be 

similar to those developed for thermal systems (discussed in Section 4.0), 



FIGURE 5 . 2  SOLAR CELL PERFORMANCE - ,  - 



except t h a t  t he  thermal r e c e i v e r  p laced i n  t h e  f o c a l  plane w i l l  be replaced 

- by a  proper ' ly  des igned 'so la r  c e l l  a r ray .  

Concentrator systems range from simple f l a t  r e f l e c t o r s  t o  r e f r a c t i v e  

Fresnel lens  systems and pa rabo l i c  dishes.   he type o f  concent ra t ing  

system u t i l i z e d  i s  l a r g e l y  dependent on the  l e v e l  o f  concent ra t ion  desi red.  

The f l a t  p l a t e  o r  passive r e f l e c t o r  i s  h a s i c a l l y  a  p lanar  r e f l e c t o r  f o r  

concent ra t ion  r a t i o s  up t o  2X., Compound ',parabolyic concentrators a re  best  

s u i t e d  f o r  concent ra t ion  r a t i o s  i n  t h e  2X - 10X range. L inear  concentra- . . 

t o r s ,  such as pa rabo l i c  troughs, can best  be u t i l i z e d  f o r  concent ra t ion  

r a t i o s  i n  the  10X - 40X range. For concent ra t ing  systems g rea te r  than 

40X, p o i n t  concentrators (parabol i c  dishes, etc: ) a re  used. 

5.2 Desc r ip t i on  o f  System 

There are  two impor tant  f a c t o r s  which must be taken i n t o  account i n  

t h e  design o f  a  pho tovo l ta i c  power system. 

Power i s  produced by t h e  s o l a r  c e l l s  o n l y  when the  sun 

i s  sh in ing .  The output  o f  t h e  sola'r c e l l  a r r a y  i s ,  

t he re fo re ,  h i g h l y  v a r i a b l e  even on a ' c l e a r  day, peaking 

a t  s o l a r  noon and f a l l i n g  t o  aboilt. one h a l f  t h e  peak 

power 3 hours e i t h e r  s ide  o f  noon. ' L i t t l e  o r  no power 

i s  produced d u r i n g  per iods  o f  .cloudy weather. The 

h i g h l y  v a r i a b l e  nature o f  power output  f rom the  s o l a r '  

c e l l  a r r a y  requ i res  energy storage ( b a t t e r i e s ,  hydro- 

storage, e t c  .) f o r  most appl i c a t i o n s ,  ,and 

The output  from t h e . s o l a r  c e l 1 , a r r a y  . . i,s i n  t h e  form o f  

d i r e c t  c u r r e n t  power. Many on -s i te  a p p l i c a t i o n s  which 

may be o f  i n t e r e s t  i n  Peru ( i r r i g a t i o n  pumping, r e f r i g -  

e ra t i on ,  etc. )  can use DC power; however, be fore  t h i s  

power can be used by conventional '  appl iances i t  must 

be converted t o  AC power o f  t h e  appropr ia te  vo l tage 

and wave form. 

A schematic of a  photovol t a i c  'power u n i t  t h a t  accounts f o r  the  above 

fac tors  and i s  capable o f  i n t e g r a t i n g  w i t h  a  convent ional  AC power system 



is shown i n  Figure 5;3. This system consists o f ;  
r Solar ce l l  power modules tha t  make u p  the co l lec tor  

array (shown as a f l a t  p la te ) ,  
0 A mounting rack t o  properly or ien t  the so lar  ce l l  

modules (tracking systems would be used : w i t h  

concentrating designs) , 
r A DC-AC inverter t o  cbnvert DC output of the so lar  

cell '  array and the battery storage into-AC power 
consistent w i t h  'operati on of co~vent ional  e lec t r ica l  
appl iances , 

r AC switchgear to  ensure a proper phasing of power 
suppl ied ,by the photovol t a i c  power u n i t  and u t i  1 i t y  
power, 
A control l e r  (consisting ,, . .of DC swi tchgear and central  
c i r c u i t s )  which. controls the selection of 'load 
a1 ternatives between the d i r e c t  use and i torage ,  

o A storage subsystem t o  s tore  excess power produced 
during peak solar  flux periods f o r  l a t e r  use. The 
storage i s  shown as  a battery ppck which is  thd most' . . 

1 i:kely storage approach in the near-term, and ' 
r Wiring t o  connedt solar  t e l l  panels i n  the proper 

series-para1 1 e l  'arrangements. 
( (, .. . . 

' Most of the ' cos t  of-solar ce l l  power systems i s  now associated with 
the so lar  ce l l  array i t s e l f ,  due to  the present high cost of so lar  c e l l s .  
As the cos t  of the s o l a r - c e l l s  is  reduced t o  the point where' their  use 
wiil  be practical for  general appl icat ions,  thg e f fec t  o f  the power 
condi t ioni  ng and energy storage-~subsystens on overall ~ s j s t e m  cos t  wi 11 

- ,.. -. . .. . .. . "  
become increasingly important. ... . 

: .. ..'_. , 
.;,,; . 

These subsystems af fec t  system costs i n  two ways;:: 
r They a re  themselves rather  cost ly  components, and .. . 

r They have ineff iciencies-associ.at,eti ,  . , with . . t h e i r  
opera t i  on whi&;h 1 owey= , i 6e ra l i  . systetd~ff  iciency , 

'>,, ,/ 
thereby i ncreisi  ng the . area , -. of . ~ o l a r , ~ c e l l  s required 

' 4  

fo r  a given power ~ut!~ut : - -  : - "'./. - 
, -56:' 
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FIGURE 5.3 SCHEMATIC OF A PHOTOVOLTAIC POWER SYSTEM 



Even the  use of ve ry  e f f i c i e n t  i n v e r t e r s  and.energy s to rage sub- 

systems (such as ba t te r i es , ) ,  w i l l  r e s u l t  i n  a 30% l o s s  o f  power between 

t h e  s o l a r  c e l l  a r r a y  and t h e  ouput o f . t h e  i n v e r t e r  system, i f  a l l  power 

were t o  " cyc le "  through t h e  b a t t e r y .  These system i n e f e i c i e n c i e s  w i l l  
s i g n i f i c a n t l y  increase the  s o l a r  c e l l  area ' requirements (and thereby  

c o s t )  f o r  a  g iven n e t  sys.tem output .  

5.3 Cost P ro jec t i ons  

Most o f  t he  equipment t h a t  i s  used i n . a  p h o t o v o l t a i c  system has been 

manufactured on a  l i m i t e d  bas is  so t h a t  bas ic  cos ts  a re  known. Because 

o f  t h i s  l i m i t e d  product ion,  t he  u n i t  cos ts  o f  most o f  these components i s  

r e l a t i v e l y  h igh.  When a  l a r g e  enough market' f o r  t h i s  equ'ipment i s  

r e a l i z e d ,  t he  cos ts  w i l l  come down as p roduc t i on  increases.  These 

decreases i n  cos t  a re  expected t o  occur d u r i n g  a  1980-1990 t ime frame. 

5.3.1 Subsysteni Costs: 

The cos ts  associated w i t h  a  p h o t o v o l t a i c  system can be broken down 

i n t o  f o u r  major areas; " 

So la r  C e l l  Array, 
I 

e Power Cond i t ion ing  Equipment, 

B a t t e r y  Storage, and 

Elect r ica l /Mechanica1 I n s t a l l a t i o n .  

C u r r e n t l y  the  major c o s t  o f  a  pho tovo l ta i c  sys.tem' i s  f o r  t h e  s o l a r  

c e l l  a r ray .  However, i n  t he  near f u t u r e  those cos ts  a r e  expected t o  

decrease r a p i d l y  such t h a t  t h e  o the r  cos ts  assoc ia ted  w i t h  a  p h o t o v o l t a i c  

system w i l l  become impor tan t  f a c t o r s  i n  de termin ing  the  o v e r a l l  c o s t  o f  

t h e  system. A summary of t h e  p ro jec ted  cos ts  f o r  t h e  1980-1990 t ime 

p e r i o d  f o r  t he  above four  areas i s  .presented i n  Table 5.1. The f o l l o w i n g  

subsect ions c o n t a i n  a  more d e t a i l e d  d e s c r i p t i o n  o f  these cos ts  and t h e  

reasons f o r  . the  p ro jec ted  decreases ( i f  any) i n  those cos ts .  

(a) So la r  C e l l  Panel s /Array 

Current  s o l a r  c e l l  panel cos ts  i n  l a r g e  q u a n t i t i e s  a re  i n  t h e  

$1 2-$181~-W range, which makes photoval t a i c  sys tems economical l y  



Table 5.1 

SUBSYSTEM COST SUMMARY 

Solar Cel l  Panels $4/P-W* $ ,501~-W* $. 25/p-W* 

Power Condi t i o n i  ng $200-$1,200/ kW $1 00-$200/kW 
1 ' 

$50-$loo/ kW 

Bat tery  Storage $751 kwh $50/ kwh $301 kWh 

I n s t a l l a t i o n  
n 

- Panel Mounting 
$3/ f tL - f l a t  surface 
$4 / f t 2  - t rack ing  

$100/kW - 10% e f f i c i e n t  arrays - E l e c t r i c a l  $ 75/kW - 15% e f f i c i e n t  arrays 

2  
? p - W  = peak wat t  output a t  so la r  i nso la t i on  l eve l  o f  1  kW/m . 



u n a t t r a c t i v e  except f o r  h i g h l y  spec ia l  i zed  remote power systems 

(communication equipment, e t c .  ) . These cos ts  a r e  expected t o  decrease 

t o  $4/p-W by 1980 and t o  $0.50/p-W by 1986. DOE has a l s o  s e t  a  c o s t  goal 

o f  $0.25/p-W by t h e  year  2000 which w i l l  r e q u i r e  new technology t o  

achieve. As mentioned e a r l i e r ,  w i t h  these c o s t  reduc t ions  i n  s o l a r  

panels, t he  cos ts  o f  o the r  p a r t s  o f  t h e  p h o t o v o l t a i c  system become 

impor tan t  f a c t o r s .  

(b )  Power condi t i o n i n s  Equipment- 

The c o s t  o f  i n v e r t e r s ,  as w i t h  many o t h e r  pieces o f  equipment, i s  

d r i v e n  by t h e  q u a n t i t y  o r  capac i t y  manufactured. For smal l  i n v e r t e r s  

(%I0  kW) o f  p r imary  i n t e r e s t  i n  remote l o c a t i o n s  i n  smal l  q u a n t i t i e s ,  t h e  

c o s t  i s  i n  t he  range o f  $2-0-$1200/kW. The lower end o f  t h i s  range i s  
i n d i c a t i v e  o f  t he  cos ts  o f  line-commutated ' inver te rs  which use u t i l i t y  

power f o r  frequency c o n t r o l .  The upper end of t he  range represents 

r e l i a b l e ,  s o l i d - s t a t e ,  self-commutated i n v e r t e r s .  These a r e  most l i k e l y  

t h e  type t h a t  would be requ i red  i n  Peru f o r  these . a p p l i c a t i o n s  r e q u i r i n g  

AC power. 

As t h e  product ion  capac i t y  of imver te rs  increases, t h e i r  cos ts  a r e  

expected t o  decrease s u b s t a n t i a l l y ,  such t h a t  f o r  smal l  u n i t s  (10 kW) 

i n  modest p roduct ion  the  c o s t  w i l l  be i n  t he  $100-$200/kW range. 

( c )  B a t t e r y  Storage 

Lead-acid b a t t e r i e s  a re  c u r r e n t l y  be ing  manufactured i n  modest pro-  

d u c t i o n  q u a n t i t i e s  f o r  i n d u s t r i a l  a p p l i c a t i o n s ,  such as mobi le  e l e c t r i c  

powered equipment. The c o s t  of these b a t t e r i e s  f o r  t h e  near f u t u r e  (1980) 

w i l l  be about $75/kWh. Th i s  c o s t  i s  n o t  expected t o  decrease d r a m a t i c a l l y  

as product ion  c a p a c i t i e s  increase. The c o s t  o f  t h i s  type o f  b a t t e r y  w i l l  

p robab ly  bottom o u t  a t  about $5O/kWh by the  year  1985 based p r i m a r i l y  on 

m a t e r i a l  cos ts .  If new b a t t e r y  technology c u r r e n t l y  being developed i s  

successfu l ,  b a t t e r y  cos ts  may be reduced t o  $30-$35/kblh by t h e  year  2000. 



d )  ~ l e c t r i c a l / ~ e c h a n i c a l  I n s t a l l a t i o n  

I n s t a l l a t i o n  c o s t s ' i n c l u d e  t h e  l a b o r  requ i red  t o  mount and i n s t a l l  

t h e  s o l a r  panel s /arrays and associated equipment, and the m a t e r i a l  s  used 

f o r  t h e  i n s t a l l a t i o n .  

E l e c t r i c a l  i n s t a l  l a t i o n  cons is t s  o f  t he  m a t e r i a l s  ( u s u a l l y  copper 

w i r e )  and l a b o r  requ i red  t o  in terconnect  the  s o l a r  c e l l  arrays,  t h e  

power c o n d i t i o n i n g  equipment, t h e  b a t t e r i e s ,  and t h e  d i s t r i b u t i o n  t o  t h e  

load, a s ' w e l l  as any spec ia l  c o n t r o l s  which may be requ i red .  

The cos ts  associated w i t h  i n s t a l l a t i o n  o f  a  pho tovo l ta i c  system a re  

r io t  expected to:decrease i n  f u t u r e  years due t o  the  basic na tu re  o f  

these cos ts .  '.Mechanical i n s t a l l a t j o n  cos ts  a re  c u r r e n t l y  est imated t o  
2 be $2-$4/ f t  o f  c o l l e c t o r  area, depending on t h e  t ype  o f  system, as 

i n d i c a t e d  i n  Table 5.1. E l e c t r i c a l  i n s t a l l a t i o n  cos ts  are  est imated t o  

be $100/kW f o r  10% e f f i c i e n t  s o l a r  arrays.  These cos ts  a r e  expected t o  

be somewhat lower f o r  15% e f f i c i e n t  a r rays  s ince the re  i s  l e s s  w i r i n g  

w i t h i n  t h e  a r r a y  i t s e l f .  For t h i s  study, these cos ts  a re  p ro jec ted  t o  

be $75/kW f o r  15% arrays, 

5.3.2 System Costs: 

As i n d i c a t e d  above, t h e  c o s t  o f  a  system depends s i g n i f i c a n t l y  on 

how much energy storage and power c o n d i t i o n i n g  i s  requ i red ,  as w e l l  as 

on t h e  c o s t  o f  the  s o l a r  c e l l  panels. Table 5.2 shows a  t y p i c a l  c o s t  

breakdown per  peak kW o f  ou tput  f o r  a  system based on two separate 

system designs as desc r i  bed be1 ow. 

Case 1  : No Storage o r  I n v e r t e r s .  Th is  system would use t h e  

power produced by the  s o l a r  c e l l  a r r a y  d i r e c t l y  so t h a t  t h e  

a r r a y  output  i s  t he  system ou tpu t  capac i t y  s ince the re  a r e  

no storage o r  i n v e r t e r  losses. 

Th is  would be cons is ten t  w i t h  a p p l i c a t i o n s  such as water  

pumping o r  r e f r i g e r a t i o n ,  where no energy storage o r  power 

c o n d i t i o n i n g  i s  requ i red  and the  a r r a y  ou tpu t  i s  used t o  

d r i v e  DC motors d i r e c t l y .  Th is  type o f  a p p l i c a t i o n  cou ld  

be o f  p a r t i c u l a r  i n t e r e s t  i n  r u r a l  areas o f  Peru i n  o rde r  



Table 5.2 

SYSTEM COST BREAKDOWN - 1978 DOLLARS 

($/kWp-output) 

Solar  Ce l l .  panels ($2/p-w 

B a t t e r y  Storage ($75/kWh') 

Power Cond i t ion ing  ($1 50/kW) 

To ta l  (Components) 

2 Panel. 1ns ta l  l a t i o n / ~ t r u c t u r . e  ( $ 2 / f t  ) 

E l e c t r i c a l  ~ n s t a l l a t i o n  ($100/kW) 

TOTAL 

Case 1 Case 2 

* Increased area i s  due t o  main ta in ing  ou tput  capac i ty  w i t h  
reduced system e f f i c i ency  due t o  b a t t e r i e s  and i n v e r t e r s .  



t o  improve a g r i c u l t u r a l  sec tor  p r o d u c t i v i t y .  

Case 2: F u l l  Storage Capacity.  The assumption used i n  

d e f i n i n g  t h i s  system i s  t h a t  a l l  power must go through 

storage and the  i n v e r t e r s .  Th i s  would approach t h e  case 

f o r  a  v i l l a g e  e l e c t r i f i c a t i o n  system where most o f  t h e  

load occurs i n  t he  evening o r  e a r l y  morning hours. 

The cos ts  ' l i s t e d  i n  Table 5.2 a r e  based on what i s  expected f o r  

those components i n  the  1980-1985 t ime frame based onmoderate produc- 

t i o n  l e v e l s .  

5.4 Economic P ro jec t i ons  - . . . . 

The c o s t  o f  power f rom any s o l a r  power genera t ing  system depends 

upon i t s  ou tpu t  which i s  a  f u n c t i o n  o f  t he  s o l a r  f l u x  i n p u t  t o  t he  

system. Thus, t he  capac i t y  o f  a  system i s  r a t e d  i n  terms o f  peak wat ts ,  

where system ou tpu t  i s  determined f o r  a  s o l a r  f l u x  o f  1  kW/m 2  

2 (316 B . tu / f t  - h r )  which i s  t he  t h e o r e t i c a l  maximum p o s s i b l e  s o l a r  i n p u t  

t o  a  t e r r e s t r i a l  system. The annual power ou tpu t  o f  a  system i s  then 
2  g iven by t h e  system capac i t y  (kW) t imes the  annual s o l a r  f l u x  (kWh/m ) 

a l l  d i v i d e d  by 1  peak w a t t  ( 1  kw/m2). A l o c a t i o n  w i t h  average Peruvian 

s o l a r  f l u x  w i l l  y i e l d  1900 kwh per  kW o f  capac i t y  annua l ly .  Lima w i l l  

produce o n l y  about 1580 kWh/kW capac i t y  w h i l e  southern Arequipa and 

western sec t ions  o f  Pu i ra  have f l u x  inc idences s u f f i c i e n t  t o  produce 

as much as 2530 kWh per  kW capac i t y  annua l ly .  

The annual charges (amor t iza t ion ,  ope ra t i on  & maintenance) associated ' 

w i t h  ope ra t i ng  a  pho tovo l ta i c  system a re  based on; 

e I n t e r e s t  Rate - 8% 

e Usefu l  L i f e  - 20 years 

O&M - 2% 

The c o s t  o f  power i s  then found by d i v i d i n g  these annual charges by 

t h e  annual 'kwh produced. Power cost's were c a l c u l a t e d  f o r  2  d i f f e r e n t  

system c o n f i g u r a t i o n s  each f o r  a.',solar f l u x  range f rom t h e  Peruvian h igh  



* 
t o  average. The r e s u l t s  a r e  p l o t t e d  i n  ~ i g u r e s  5.4 and 5.5 f o r  bo th  

t r a c k i n g  and non- t rack ing  systems. Each band represents a d i f f e r e n t  

system and the  top  o f  t h e  band (h igher  c o s t )  represents average f l u x  and 

t h e  bottom ( lowest  c o s t )  h igh  f l u x .  

A t  t h e  c u r r e n t  s o l a r  c e l l  panel c o s t  o f  $15/peak wat t ,  t h e  r e s u l t a n t  

power cos ts  a r e  p r o h i b i t i v e  f o r  widespread a p p l i c a t i o n .  As t h e  cos ts  o f  

' panels approach t h e  $2/peak w a t t  range, which i s  expected i n  t h e  e a r l y  

1980ts,  t h e  t o s t  o f  power f rom systems r e q u i r i n g  minimal s torage capac i t y  

i s  about 15t/kWh f o r  a non- t rack ing system t o  about 10&/kWh f o r  a 

t r a c k i n g  system loca ted  i n  an area o f  average Peruvian s o l a r  i n s o l a t i o n ,  

power cos ts  reduce t o  about I l d l kWh f o r  a non- t rack ing  and 8t/kWh f o r  a 

t r a c k i n g  system loca ted  i n  a h igh  f l u x  area. These cos ts  a r e  compe t i t i ve  

w i t h  opera t ing  sma.11 Diesel  generators (per  Appendix A) even a t  p resent  

f u e l  cos ts .  The economics o f  photovol t a i c s  , the re fo re ,  appear promi s i n g  

i n  an. e a r l y  t o  mid 1980's t ime frame f o r  those a p p l i c a t i o n s  where power 

m igh t  a l t e r n a t i v e l y  be generated by smal l  D iese l  o r  gaso l i ne  engines. 

T h i s  represents a p o t e n t i a l  market i n  Peru where many areas a re  n o t  

serv iced b y . a  u t i l i t y  g r i d  and do n o t  have,min i -hydro p o t e n t i a l .  

I f  t h e  1986 goals o f  t h e  Un i ted  Sta tes  Department o f  Energy were 

achieved, ' t h e  c o s t  o f  power f rom photovol t a i c  systems would reduce t o  

about 10Q/kWh f o r  systems ope ra t i ng  i n  areas o f  average ' f l u x  and t o  a 

5$/kWh f o r  those opera t ing  i n  h i g h  f l u x  areas, depending upon the  systems 

s torage and power c o n d i t i o n i n g  c a p a b i l i t i e s .  A t  t he  lower end o f  t he  

range, photovol t a i c s  become compe t i t i ve  w i t h  a1 1 f u e l  f i r e d  power p lan ts ,  

b u t  probably n o t  w i t h  hydropower unless the  c o s t  o f  t ransmiss ion  f rom 

v i a b l e  hyd ros i tes  i s  very  high. 

5.5 Implementat ion Options and Energy Impacts, 

Because o f  t h e  r e l a t i v e l y  low c o s t  o f  hydropower and Peru 's  e f f o r t s  

t o  connect more o f  t he  power genera t ing  systems t o  a common g r i d ,  photo- 

v o l t a i c  power systems a r e  f e a s i b l e  o n l y  i n  remote areas which have no 
' i .  ". :" " 

* - I t  was assumed t h a t  pho tovo l ta i cs  would n o t  be considered i n  
l o c a t i o n s  such as Lima, which have low annual i n s o l a t i o n  l e v e l s .  



FIGURE 5.4 COST OF POWER ---. FOR A TRACKING SYSTEM 



I I I 
1 2 3 

S O L A R  ARRAY COST ( $ / p - w )  

FIGURE 5.5 COST OF PC)P!EF? FOR A -- NON-TR.ACKI?,!G SYSTEM 



v i a b l e  hydro resources, and/or t h e  cos t  o f  extending the  g r i d  i s  p r o h i b i -  

t i v e .  Today, 48% o f  Peru 's  16 m i l l i o n  p e o p l e . l i v e  i n  r u r a l  areas most o f  
which have no e l e c t r i c i t y .  The i n t r o d u c t i o n  o f  e l e c t r i c i t y  i n  these areas 

would improve r u r a l  p r o d u c t i v i t y  and r a i s e  t h e  standard o f  1  i v i n g  which 

may, i n  tu rn ,  l e a d  t o  a  more s t a b l e  r u r a l  popu la t ion .  Also, t h e  use o f  
e l e c t r i c  1  i g h t i n g  would d i sp lace  t h a t  of keroseme-burning 1  amps. 

The implementat ion r a t e  f o r  pho tovo l ta i c  power u n i t s  i n d i c a t e d  i n  

Table 5.3 assumes tha t ;  

I n  t h e  1980-1990 t ime pe r iod  small pho tovo l ta i c  power 

u n i t s  a re  i n s t a l l e d  i n  v i l l a g e s  t o  prov ide  small 

amounts of,power t o  c r i t i c a l  f unc t i ons  such as water 

pumping ( f o r  c a t t l e ) ,  smal l  v i l l a g e  i n d u s t r i e s ,  and 

" l i g h t i n g , . a n d  

s I n  the  post  1990 t ime per iod,  the  cos t  o f  pho tovo l ta i cs  

i s  reduced t o  the  l e v e l  where they  a re  used t o  rep lace 

o r  supplement power generated by D iese l  engines i n  bo th  

pumpi.ng and e l e c t r i c  power generat ing . appl . i c a t i o n s .  
. . 

As a  r e s u l t  o f  t h e  i'mplementation scenarios o f  Table 5.3, t h e  cumu- 

l a t i v e  capac i t y  o f  i n s t a l l e d  pho tovo l ta i c  systems and t h e i r  power ou tpu t  

i n  two Peruvian s o l a r  i n s o l a t i o n  regimes a r e i n d i c a t e d  i n  Table 5.4. 

Based on t h e  r e s u l t s  o f  t h e  scenar io considered and Peru 's  p ro jec ted  

capac i t y  requirements; pho tovo l ta i c  power would s a t i s f y  l.ess than 1% of 

Peru 's  power even by t h e  year  2000. 

The assumptions l ead ing  t o  t h i s  low impact would r e q u i r e  rev iew 

should t h e  ex ten t  o f  min i -hydro resources n o t  be as h igh  as expected 

and/or the  c o s t  o f  connect ing the  g r i d  t o  l a r g e r  hydropower resources 

prove p r o h i b i t i v e .  

5.6 Resource Requirements 

Tab1 e  5.5 provides a  p r e l  i m i  nary  i n d i c a t i o n  o f  the  resource r e q u i r e -  

ments o f  t h e  implementat ion scenarios .+ The resource requirements 

i n d i c a t e d  a r e  consi .s tent  w i t h  the  use o f  a  5X concent ra tor  us ing  the  

comp'ound parabol i c concent ra tor  design. 



Table 5.3 

IMPLEMENTATION SCENARIO 

Number o f  U n i t s  

. . 200 

5 

Size ,  kWp Capacity, kWp 



Table 5.4 

ENERGY IMPACT OF.  IM'PLEMENTATION SCENARIO 

_ I .  ' <  . . 
c .  .i. , . . . - . . . .  

I n s t a l l e d  Capacity . 
6 Annual Power Generation (10  kwh) 

MW - Avg . Flux High ~ l ' u x '  



Table L5.5 , 

RESOURCE REQUIREMENTS OF PHOTOVOLTAIC IMPLEMENTATION SCENARIO 
. .. . .  . . 

ANNUAL MATERIAL REQUIREMENTS (tons) 

Glass 

A1 umi num 

Steel 

Copper 

Cement 

!J; 

ANNUAL MANPOWER REQUIREMENTS (man-years) 

* Production & 
Instal lation 30. 85 : 190 

Operations & I 

Maintenance 5 25 11 5 

ANNUAL FINANCE REQUIREMENTS (1978 $ x lo6) 

Solar Cell s .4 .5 .6 

Materials & Comps. 
(W/O solar cells) .5 1.5 3.3 

Labor (Fabrication 
& Installation) .3 .9 2.0 

O&M - .5 .3 - 1.2 - 
TOTAL. 1.7 3.2 7.1 



The resource requirements tha t  would be associated with systems using 
other solar  ce l l  panel configurations ( i  .e., f l a t  plates ,  parabol i c  trough, 
Fresnel lens,  e t c . )  would depend on the material and labor requirements 
for  the selected configuration. For example, with,a , f l a t  plate  panel the 
aluminum used for  ref lector  area would be replaced by solar  ce l l  area. 
I f  solar  c e l l s  are to  be imported, th i s  would increase the foreign 
exchange component of system manufacture. 

For the case considered, the major material requirements a re  for  

s t e e l ,  glass ,  aluminum and concrete. The steed i s  used for  both struc- 

tural  support and as an enclosure for  the solar  ce l l  and ref lector  

subassemblies. Concrete i s  required for the collectors support founda- 

t ions.  

A major portion of the financial requirements a re  associated with 
labor or materials other than solar  c e l l s .  In f a c t ,  the percentage of 

total  costs associated with the solar  cel ls ,decreases in time as the 

cost of solar c e l l s  decreases due t o  the worldwide R&D e f fo r t s  and 
increased production quantit ies.  This system (common with other arrange- 
ments using concentration) has the advantage, therefore, of having a 
large (and increasing) value added by Peruvian resources. 



6.0 WIND POWER GENERATION 

6.1 In t roduc t ion  

Wind energy conversion has been pract iced f o r  centur ies  ; there 

present ly  e x i s t  over 150,000 wind power systems i n  the United States 

alone. Small u n i t s  ( less  than 15 kW) have a we l l  -developed technology 

a n d  a growing worldwide market (estimated a t '  $2-85 m i l l  i o n  annually) 

t ha t  inc ludes over ten. establ  i shed manufacturers i n  the Uni ted States, 

Europe and Aus t ra l ia .  I n  Peru, the use o f  small wind-powered water 

pumps i s  f a i r l y  widespread i n  Puira and ~ r e q u i p a ,  prov id ing a  good basis 

- f o r  more wides,pread use o f  wind powered pumping and e l ec t r i c i t y -gene ra t i ng  

sys terns. 

There are  present ly many a g r i c u l t u r a l  areas i n '  Peruwhich requ i re  

water pumping f o r  i r r i g a t i o n .  ~ f f o r t s  . . t o  expand crop lands by the 

in t roduc t ion  o f  water are  dresently being made, espec ia l l y  i n  the desert  

sect ion o f  Piura. Large and small wind 'pumps could p lay  a  l a rge  p a r t  i n  
. . 

these e f f o r t s .  

The performance, and therefore  the cost  o f  power, o f  a wind tu rb ine  

system i s  q u i t e  sens i t i ve  t o  the wind regime o f  i t s  locat ion,  s ince the 

energy ava i lab le  t o  a  system i s  propor t iona l  t o  the cube o f  the wind 

ve loc i t y .  Normally, a  wind generator ' i s  p r a c t i c a l  on ly  i n  areas where 

the average wind speed i s  greater than 4.5 m/s (10 mph) . Several 

s ta t ions  i n  Peru repo r t  average annual winds i n  excess o f  t h i s  threshold 

l eve l  ( f o r  example Chiclayo and San Juan). This i s  i n d i c a t i v e  o f  a  

reasonably good wind power potentia.1 i n  Peru. 

Because the prox imi ty  o f  a  h i l l  o r  t rees can so g rea t l y  a f f ec t  wind 

v e l o c i t y  i n  'a given locat ion,  a  s t a t i o n ' s  measurements can be somewhat 

misleading. Other su i tab le  locat ions may e x i s t  i n  remote areas, where 

there i s  a  need f o r  power bu t  where. an extension o f  the e x i s t i n g  g r i d  i s  

p roh ib i ted  by . i t s  great. expense. For t h i s  reason, the wind resource 

estimates ou t l i ned  below may be somewhht conservative. That there are  



p r e s e n t l y  wind energy, conversion systems i n  Peru supports the  f e a s i  b i  1  i ty  . . 

of wind t u r b i n e  implementation. 

6.2 Design Options 
* .  

Various designs f o r  small system ( those w i t h  r a t e d  power outputs o f  

from 1-15 kW) have been developed, i n c l u d i n g  mul t i -b laded,  low speed, 

h i g h  torque con f igu ra t i ons  f o r  water pumping app l i ca t i ons .  ' ~ i g u r e  6.1 

shows such' a  machine t h a t  i s  manufactured i n  t h e  ~ n i t ' & d  States, b u t  

which i s  b a s i c a l l y  the  same as those i n  opera t ion  i n  Peru. There a re  

.several k inds o f  h igh  speed wind tu rb ines ,  ( i n c l u d i n g  some recen t  

v e r t i c a l  a x i s  designs) bu t  those w i t h  proven re1 i a b i  1  i ty  and es tab l  i shed 

economics are  o f  a  h o r i z o n t a l  a x i s  design (F igure  6.2). Such u n i t s  a re  

commerci'ally ava i l ab le ,  w i t h  r o t o r s  o f  2  o r  3  blades t h a t  a re  from 1.5 

t o  8 m i n  diameter.  't 

I n  order  t o  lower the  c o s t  o f  e l e c t r i c  power generated by wind 

tu rb ines ,  l a r g e  u n i t s  w i t h  outputs i n  the  100 - 200' kW range (F igure  6.3) 

a r e  c u r r e n t l y  being demonstrated i n  t h e  Un i ted  Sta tes  today, and l a r g e r  

MW s i z e  u n i t s ,  w i t h  r o t o r  diameters of 60 - 90 m, a r e  under development. 

F igure  6,4 shows a  small  wind t u r b i n e  generator as i t  might  be t i e d  

i n  w i t h  a  Diesel  generat ing f a c i l i t y  such as commonly used i n  areas n o t  

serv iced by a  u t i l i t y  g r i d .  Ba t te ry  storage i s  used t o  f l a t t e n  s h o r t -  

term t rans ien ts '  i n  power output  from the  generator.* Since the  ou tpu t  o f  

a  l a r g e  wind t u r b i n e  i s  constant  frequency power, an i n v e r t e r  would be 

necessary on ly  if b a t t e r y  storage was used ( l a r g e  g r i d  connected kystems 

won ' t requ i  r e  storage).  

6.3 Economic Cons i d e r a t i  ons 
. a  

The economies o f  sca le  associated w i t h  . .  , , .  wind t u r b i n e  systems are  

i l l u s t r a t e d  i n  Table 6.1. The 6  kW c o s t  nymbers a r e  c u r r e n t  Un i ted  

Sta tes  market p r i c e s  l e s s  25%, r e f l e ~ t i n g ~ e x p e c t e d  cos t  reduct ions  

associated w i t h  h igher  product ion  l e v e l s .  The two l a r g e  systems cos ts  

are  based on s tud ies  o f  u t i l i t y  i i z e d  sys,tems >prodysed i n  small  q u a n t i t i e s ,  

and assume no s i g n i f i c a n t  ilnprovements i 11 technology. The annual ized cos ts  
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Figure 6.2 HORIZONTAL AXIS WIND TURBINE 
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Fiaure 6.3 100 - l r i l owat t  yind turbine generator 



Figure 6.4 SCHEMATIC OF A WIND POWER SYSTEM 



Table 6.1 

COST SWRY FOR 3 Sf ZE WIND TURBINES ( in ,  $/kW i n  8 m/s wind) 

Nameplate Rating 6 kW 100 kW 1001) kW 
Rated. wind speed 
O u t p u t  in 8 m/s wind 

Component @st f& System 
Rotor (Blades , Pitch Change, 

Hub) - 
Mechanical (Gear Box, Bed 

Plate, -Yaw Control, 
Shafts) 

E l  ectrical '(Generator, 
V 
00 

Controls ,. etc.  ) 

Tower and fmundati on 
Total ~ ~ h p m e n  t Costs 
Transportation, Si te  Prep, 

Installation & Testing 

COSTS ASSUMING 

r Conditioning 

TOTAL EQUIPMENT COST 

OF BLADES, ELECTRICAL EQUIPMENT AND MATERIAL 
350 225 
160 65 
70 40 
30 10 

ONLY - PURCHASE 

400 
250 
1 00 
50 

-* Measured a t  15 meter height. 
** Percent of total equipment costs. 



are  based on 4% opera t ion  and maintenance costs,  8% mortgage, and 30-year 

l i f e  o f  equipment. 

F igure  6.5 i nd i ca tes  the  cos t  o f  power f o r  each o f  the  th ree  s i z e  

systems o f  Table 6.1 f o r  a  range o f  average wind speeds. These cos ts  are 

based on constant  wind speeds and would be lower i f  t y p i c a l  v a r i a t i o n s  i n  

wind speed over the  year were accounted fo r ,  s ince  t h e  power output  o f  a  

wind tu rb ine  system i s  p ropo r t i ona l  t o  the  cube o f  t he  wind v e l o c i t y .  

Therefore, a  12.7 mph average annual wind (such as t h a t  i n d i c a t e d  i n  

Chiclayo and San Juan) w i l l  produce power a t  a  somewhat lower cos t  than 

i nd i ca ted  i n  .Figure 6.5. Thus, i t  i s  n o t  unreasonable t o  assume t h a t  t he  

cos t  o f  power can range from 46 t o  12t/k\dh depending upon the  system s ize .  

For r u r a l  power generat ion app l i ca t i ons  i n  Peru, these cos ts  compare 

favo rab l y  t o  those o f  a  sinall Diesel  powered system. I t  should be r e -  

emphasized here t h a t  a l l  power costs  and outputs are based on i n d i c a t i o n s  

o f  Peru 's  wind regime and n o t  on h i g h l y  r e l i a b l e  data. 

6.4 Imp1 ementation Scenario 

As w i t h  photovol t a i c  power systems, t he  low cos t  o f  hydropower 1  i m i  t s  

t he  implementat ion o f  wind t u r b i n e  generators and pumps t o  areas remote 

from a  g r i d  o r  w i t hou t  min i -hydro p o t e n t i a l .  Table 6.2 descr ibes a' 

scenar io  f o r  i n s t a l l i n g  wind power systems f o r  r u r a l  e l e c t r i f i c a t i o n  and 

water pumping i n  Peru. I n  the  1g80s, the,  use o f  small systems i s  increased, 

and by 1990, when the  l o c a t i o n s  w i t h  the  best  wind regimes have been de te r -  

mined, systems o f  proven re1  i a b i l  i t y  w i l l  be i n s t a l l e d  f o r  l a r g e r  sca le  

Pumping and supplementary power f o r  convent ional  f u e l - f i r e d  u n i t s .  

F igure 6.6 shows the  nameplate capac i t y  i n s t a l l e d  annua l ly .and the  

resu.1 t a n t  t o t a l  capac i ty  o f  .wind t u r b i n e  systems i n s t a l  l e d  according t o  

t he  scenario.  F igure  6.7 shows the  t o t a l  annual power ou tpu t  cor re -  

sponding t o  a  capac i t y  f ac to r  o f  27% f o r  smal l  wind machines and 32% 

fo r  l a r g e  machines. These capac i ty  f a c t o r s  a re  cons i s ten t  w i t h  an : 

average wind speed o f  5.7 mls, found i n  severa l  areas o f  Peru, and system 

opera t ion  f o r  8000 hours per  year .  
6 





T a b l a  6 .2 

WIND TURBINE IMPLEMENTATION SCENARIO 

NUMBER OF U N I T S  AVERAGE NAMEPLATE 
INSTALLED ANNUALLY . .RATED S I Z E  (kW) . 

2 0 1 0  

2*. 1 0 0  

TOTAL NAMEPLATE 
CAPACITY (kW) 



YEARS 

Figure 6.6 -- WIND POWER I N S T A L L A T I O N  SCENARIO ------- -- 
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Figure 6.7 ANNUAL POWER OUTPUT FOR WIND POWER SCENARIO 



6.5 Resource Requirements 

The implementation scenario outlined above results in the annual 

resource requirements outlined in Table 6.3. This use of materials 

represents about 0.1% of steel and only 0.01% of cement production in 

1976. The labor requirements indicated are quite modest so that labor 

availability will not be a constraining factor. 

The operation and maintenance requirements associated'with the 

installation scenarios are also indicated in Table 6.3. In the year 

.2000, about 300 people are needed to operate and take care of the 

country's wind turbine installations. This is a greater portion of the 

labor force than will be used to manufacture the wind turbines installed 

in that year. This is primarily due to the cumulative nature of equip- 

ment installations; i.e., equipment is only fabricated once, but it must 
be operated and maintained all during its useful life. 



Table6.3  . -. . 
RESOURCE .REQUIREMENTS FOR WIND POWER INSTALLATION SCENARIO 

Steel . 

ANNUAL MATE RIA^ REQUIREMENTS ( tons)  
" J.1 

290 35'0 400 

Copper . .  6 7 8 

Cement 180 210 " " 240 
. . 

F iberglas & Resin . . . 11 13 .; 15 

ANNUAL MANPOWER REQUIREMENTS (man-years) 

Tech/Manage. 5 6 7 

Manuf. / Instal l .  11 0 130 150 

O&M 40 90 290 

FINANCIAL REQUIREMENTS ($ X 1 06) 

Mater i  a1 s/Comp. 

Labor 

O&M 

TOTAL 



7.0 SOLAR DESALINATION 

7.1 I n t r o d u c t i o n  

Despi te Peru 's  many r i v e r s .  and vas t  hydropower p o t e n t i a l  , the re  i s  

an inverse d i s t r i b u t i o n  between the  coun t ry ' s  water supply and popu la t ion  

and econoinic centers.  For example, t h e  coasta l  reg ion  holds 46% o f  the  

populat ion,  b u t  o n l y  2.3% o f  Peru 's  water  resources. 

Present a c t i v i t y  i n  water d e s a l i n a t i o n  i s  l i m i t e d  i n  Peru; i n " l a r g e  

p a r t  due t o  t h e  r e l a t i v e l y  h i g h  c o s t  o f  operat ing..conventional desa l ina-  

t i o n  systems. However, i n  a r i d  regions wi,th a  s c a ~ c i . t y  o f  f r e s h  ground 

water,  t he re  cou ld  be a  demand fo r  d e s a l i n a t i o n  systems i f  t h e  opera t iona l  

cos ts  (which a re  h e a v i l y  energy dependent) cou ld  be ,reduced f rom present  

l e v e l s .  Any such water produced, however,,. would probably be o n l y  f o r  

consumption by people and 1  i ves tock  i n  areas.  where potab le  we1 1  water i s  

n o t  ava i l ab le .  The po tens ia l  f o r  us ing  desa l ina ted water f o r  i r r i g a t i o n  

i s  probably q u i t e  low due t o  the  expected h i g h  c o s t  o f  d e s a l i n a t i o n  (even 

i f  s o l a r  energy i s  used). ' 

T h e , d i s t i l l i n g  o f  sea. and. b rack i sh  water  was one o f  t h e  e a r l i e s t  

p r a c t i c a l  a p p l i c a t i o n s  o f  s o l a r  energy. A system was b u i l t  i n  C h i l e  i n  

t h e  l a t e  1800's and systems a re  opera t i ng  today i n  Greece, Mexico and 

A u s t r a l i a .  There i s  s t i l l  a  g rea t  deal  o f  i n t e r e s t  i n  t h i s  sub jec t  area 

and one o f  t he  groups do ing R&D i s  t h e  ITINTEC i n  Peru. To date, however, 

s o l a r  d e s a l i n a t i o n  has n o t  been used t o  any s i g n i f i c a n t  degree i n  Peru. 

7.2 System Design 

Most s o l a r  d i s t i l l a t i o n  u n i t s  ( s o l a r  s t i l l s ) '  have u t i l i z e d  some form 

o f  t he  " h u m i d i f i c a t i o n "  process whereby s o l a r  energy passes through t h e  

g lass  ( o r  p l a s t i c )  cover and i s  absorbed by t h e  water conta ined i n  a  

shal low pond (F igure  7.1 ) . Vapor forms above t h e  s o l a r  heated water 

( t y p i c a l l y  a t  a  temperature o f  45"-70°C) and condenses on t h e  r e l a t i v e l y  

cool  cover p l a t e  and dr ibb les ,  ..down t o  a  t rough and then t o .  a  c o l l e c t i o n  
. _ . I  . --.. . . 

p o i n t .  
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BLACK SURFACE FRESH WATER 

~ i g u r e '  7 . 1  A SIMPLE SOLAR ---- STILL 



Much work has been done t o  lower t h e  c o s t  and, improve t h e  e f f i c i e n c y  

o f  t h e  s o l a r  "humid i f i ca t i on "  process. The performance o f  t h i s  arrange- 

ment, however, i s  sub jec t  t o  two fundamental l i m i t a t i o n s ;  

e Each k i  1 ogram o f  water requ i res  over  555 K-cal o f  

energy  i n p u t  f o r  t h e  p u r i f i c a t i o n  process, and 

e The basic heat  t r a n s f e r  processes a re  such t h a t  

t h e  thermal e f f i c i e n c y  i s  i n  t h e  40%-60% range. 

As a r e s u l t ,  t he  h u m i d i f i c a t i o n  process requires a minimum o f  0.2 

square meters o f  c o l l e c t o r  area f o r  each l i t e r - p e r  day . , o f  capac i ty .  

So la r  s t i l l s  now i n  opera t ion  have c a p a c i t i e s  r a n g i n g ~ f r o m  400 t o  28,000 

l i t e r l d a y .  The i r  s ized range from 100 t o -  8,000 square meters and average 
2 . . - ,  

.product ion i s  2.86 1 i t e r / m  -day. 

For 1 arger  systems i t  may be p re fe rab le  t o  - u t i  1  i ze s o l a r  energy t o  

d r i v e  more energy e f f i c i e n t  desal i n a t i o n  processes than t h e  simple 

d i s t i l l a t i o n  process p rev ious l y  described. 

One such process i s  mu l t i - s tage  f l a s h  d i s t i l l a t i o n  (MSFD) as shown . I 

i n  F igure  7.2 coupled w i t h  a s o l a r  c o l l e c t o r  a r ray .  As a r e s u l t  o f  us ing  

m u l t i p l e  d i s t i ! l a t i o n  steps, these u n i t s  r e q u i r e  only.15X t o 2 4 0 %  o f  the  

heat  i n p u t  pe r  k i logram o f  water desa l ted  as do simple s o l a r  s t i l l s  w i t h  

corresponding decreases i n  c o l  1 e c t o r  area requirements i f  s u i t a b l y  

designed c o l l e c t o r s  a re  used. A t  t he  r e l a t i v e l y  modest temperatures 

requ i red  o f  MSFD systems, c o l l e c t o r s  us ing  low l e v e l s  o f  concent ra t ion  

such as Compound Parabo l ic  Concentrators, .parabol i c  troughs, o r  1 i nea r  

Fresnel lenses cou ld  be used. Capaci t ies o f  mu1 ti -stage f l a s h  d i s t i  l l a -  
6 6 t i o n  u n i t s  run  from .004 X 10 t o  4 X 10 l i t e r /day . '  ... .. i . 

I n  another process, vapor comp,ression, water vapor i s  compressed 

a d i a b a t i c a l l y  causing a temperature r i s e  i n  t h e  vapor, which provides 

heat  f o r  d i s t i l l a t i o n  o f  incoming seawat.er, and t h e  vapor i n  t u r n  con- 

denses t o  produce f r e s h  water. . 
. . 

t '  . 
There i s  a l s o  t h e  reverse osmosis process where one s ide  o f  a - e. 

membrane ( t y p i c a l l y .  c e l l  u1os.e. aceta te)  i s..suppl i,ed w i t h  sa l  i n e  water a t  
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2 a h i g h  pressure (14-105 kglcm ) and these semi-permeable membranes 
preferentially di f fuse  pure water leaving the strong brine behind. The 
pressure di f ference required across the membranes increases with the 
degree of s a l i n i t y  which i s  one reason why reverse osmosis systems a re  
usually used w i t h  brackish water with s a l t  levels  well below tha t  of 
ocean water such as  t ha t  often found i n  dese r t  wells .  

Both vapor compression and reverse osmosis systems require power 
input for  t h e i r  operation which could be supplied by so la r  thermal power 

units, photovoltaic generators, o r  wind turbine systems. Typical s i z e  
6 range fo r  these type of units a r e  -02 t o  4 X 10 l i t e r /day .  

7.3 Cost Estimates and Economics - 
* 

According t o  a Bechtel repor t ,  the actual cos t  of so la r  s t i l l s  i n  
2 2 the 1960s varied from about $20/m i n  developing countries t o  $29/m i n  

indust r ia l  countries and a t  present these costs  a r e  estimated t o  be i n  
the range of $32 t o  $60 per square mter of collector area* Based on the 

1ower.end of t h i s  cos t  range the resu l t an t  cos t  of water from so la r  
s t i l l s  i s  estimated t o  be about $2.91 per 1000 l i t e r s  ($11.02/1000 gal lons)  
assuming a useful 1 i f e  of 20 years and an i n t e r e s t  r a t e  of 8%. 

The cos t  of water from so la r  " f i red"  mu1 t i - s t age  f l ash  d i s t i l l a t i o n  
systems i s  shown in Figure 7.3 as a function of capacity. This analysis 

assumes MSFD and 5X CPC co l l ec to r  cos t s .  As indicated,  the MSFG uni ts  
a r e  more economical i n  the larger  s i zes  due primarily t o  the energy e f -  
f iciency associated w i t h  mu1 t i p l e  stages of evaporation as compared t o  a 
s ing le  evaporation process i n  a  so la r  s t i l l .  

The cost  of water from the so la r  f i r ed  MSFD u n i t  a re  about the same 
as  from an o i i  f i r ed  system w i , t h . $ n  o i l  cos t  of lOb/l i t e r  (o r  40&/gallon, 
about world o i l  p r i ces ) .  The economic advantages of the so la r  f i r e d  
systems should, therefore,  increase w i t h  time as fuel prices increase - 
par t i cu la r ly  in remote regions where fuel t ransportat ion costs  must a l so  
be considered . 
* "Technical and Economic Assessment of Solar  D i s t i l l a t i on  f o r  Large 

Scale Production of Fresh b!ater," Bechtel Corp, December, 1977. 
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Most of the cos t  f igures used i n  t h e  above study were,obtained f o r  the 

pre l im ina ry  assessment so t h a t  no r igorous  op t im iza t i on  o f  cos t  o f  

soph is t i ca ted  ana lys is  i n  economics were performed. It i s  be l ieved t h a t  

f o r  MSFD-solar, l abo r  c o s t  i s  approximately 50% o f  the  t o t a l .  Should 

Peru f a b r i c a t e  some po r t i ons  of  the  s o l a r  c o l l e c t o r s  and the  storage 

tanks, the c o s t  due t o  l abo r  w i l l  be g r e a t l y  reduced, as w i l l  the  cos t  

o f  water produced by MSFD-solar. 

The c o s t  o f  water from s o l a r  o r  wind operated reverse osmosis and 

vapor compression u n i t s  should a l s o  be es tab l ished so t h a t  t he  most 

economical approaches f o r  producing ' fresh water can be i d e n t i f i e d  f o r  a  

v a r i e t y  o f  s izes,  loca t ions ,  and water c h a r a c t e r i s t i c s .  

7 .4  Conclusions 

Since the  cos t  o f  these s o l a r  d e s a l i n a t i o n  systems i s  n o t  expected 

t o  change g r e a t l y ,  t h e i r  use i s  n o t  u s u a l l y  economically f e a s i b l e  where 

convent ional d i  s t i  11 a t i o n  systems a re  n o t  a1 ready being considered. The 

r i s i n g  cos t  o f  f o s s i l  f ue l s ,  however, makes s o l a r  d i s t i l l a t i o n  compet i t i ve  

w i t h  convent iona l ly  operated systems i n  the  t ime frame under considera t i on .  

The most l i k e l y  a p p l i c a t i o n  f o r  desa l i na t i on  systems i s  i n  areas where 

po tab le  water must be c a r r i e d  i n  ( w i t h  r e s u l t a n t  h igh  water cos ts )  and/or 

where the  potable we l l  water i s  unava i lab le  a t  reasonable cos t .  



8.0 .SOLAR AIR CONDITIONING AND REFRIGERATION 

8.1 Background 

Using solar energy for  a i r  conditioning has generally been considered 
an a t t rac t ive  application due, in par t ,  to the tendency for  high a i r  
conditioning load to  occur under conditions of high solar  flux. The 
equipment used to  provide a i r  conditioning i s  often similar to  tha t  
required for refrigeration (both chi l l ing of fresh foods and freezing) so 
that  developing solar  a i r  conditioning capabili ty leads to  a solar 
refrigeration capabi 1 i t y  (and vice versa). . 

Presently, neither a i r  condi ti'oning nor warehouse refrigeration are  
large energy users' i n  Peru. This s i tuat ion will probably change to some 
degree as living standards increase and the use of food preservation 
faci 1 i t i e s  to  reduce storage and transportation 1 osses become more 
wjdespread, myer, the very small current demand does not warrant large 
implementation outlines for the near future. 

As .indicated below, so la r  cooling i s  basical1.y.a special application 
of one of the solar power or heating options discussed i n  previous sections. 
This application i s ,  however, discussed as a separate issue due both to  the 
special in te res t  consistently shown in th i s  subject and i t s  special 
character is t ics  which benefit economic performance. 

8.2 Description of System Options 

There are  a number of approaches for providing a cooling ef fec t  w i t h  

solar  energy. These include; 
e Production of power via a solar power arrangement and 

operation of vapor compression units. In t h i s ,  arrange- 
ment, shaft  power may be direct ly  coupled t o  a 
compressor (Figure 8.1 ) or e l ec t r i c i ty  can be generated 
which drives a motor operated compressor (Figure 8.2).  

o Use of solar heat to  operate absorption cooling uni ts ,  and 
e Use of evaporative cooling arrangements. 
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The l a t t e r  arrangement i s  commonly used i n  a r i d  regions w i t h  low 
humidity t o  provide some degree of cooling fo r  small buildings. As such, 
i t  may be appropriate f o r  use i n  many par ts  of Peru. However, only the  
f i r s t  two arrangements a r e  amenable t o  provide cooling f o r  l a rge  building 
un i t s  (which a r e  more l i ke ly  t o  be a i r  conditioned) o r  t o  provide suf- 
f i c i e n t l y  low temperatures f o r  re f r ige ra t ion  applicat ions.  

Both Figure 8.1 and,Figure.8.2 indicate  a "cold storage" volume 
which would usually be ch i l l ed  water. This i s  an important advantage of 

s o l a r  cooling systems where power i s  produced t o  operate vapor compres- 
sion uni ts .  The ab i l i tyy to  s t o r e  the form .of ch i l l ed  water el iminates 
the  need fo r  more cost ly  bat tery  storage 'un i t s  which favor t h i s  appl ica-  
t i  on over power generati on appl ica t ions  i n  general . 
8.3'  System Costs and Economics 

Solar Driven Vapor Compression: 

Those systems which use so l a r  energy t o  power conventional vapor 
compression uni ts  have the same basic economics as the so la r  thermal, 
photovoltaic, and wind turbine generator prrangements discussed i n  

Sections 4.0,  5.0, and'6.0. That i s ,  the economics of the  so l a r  power 
generation options i s  unaffected by the end use of the power except t o  
the  degree t h a t  the need fo r  storage o r  other auxi l iary  equipment 
( inver te r s  , swi tchgear , e tc .  ) can be reduced. The economic analys is  of 
the  technology sections a l l  assumed t ha t  a t t r a c t i v e  applicat ions (such as  
so l a r  cool ing) were s t ressed so t ha t  the need f o r  auxi l iary  equipment was 

,minimized. 
$- 

As indicated in  these sect ions ,  even the near-term so la r  power 
systems could be used t o  operate conventional cool ing upi ts  i n  remote 
areas a t  a lower cos t  than Diesel generators. This &s an attractive early 

applicat ion of so l a r  power f o r  remote ho te l s ,  c l i n i c s ,  cold storage 
f a c i l i t i e s ,  e tc .  



Solar Operated Absorption System: 

Solar derived heat can a l so  be used t o  d i r e c t l y  operate absorption 
a i r  conditioning systems; pa r t i cu la r ly  those usjng 1 i thium-bromide a s  the  
working f l u id .  Commercially'available equipment can operate e f fec t ive ly  
(COP % 0.5 - 0.6) with heat i n p u t  temperatures i n  the 190' - 220°F range. 
These temperatures cannot be e f f i c i en t l y  and r e l i ab ly  a t ta ined w i t h  the  
simple f l a t  p la te  co l l ec to rs  normally used f o r  water heating. However, 
e i t h e r  f l a t  p la te  co l l ec to rs  of advanced design (good s e l ec t i ve  coatings,  
h i g h  transmission covers, evacuated tubes,  e t c . )  o r  those using some 
degr.ee of so l a r  concentration (1 inear  Fresnel lenses ,  parabol i c  troughs, 
e t c .  ) can e f fec t ive ly  operate a t  the required temperatures. Over 20 
systems using so1a.r driven absorption un i t s  have been b u i l t  and operated 
i n  the United S ta tes ,  thereby demonstrating t h i s  approach t o  so la r  a i r  
conditioning. 

A so la r  operated absorption cooling system i s  bas ical ly  a so la r  hot 
water system " f i r i ng"  a commercial lithium-bromide absorption un i t .  The 
absorption u n i t  could a l so  be operated w i t h  a  gas o r  o i l  f i r e d  burner. 
As such, the economics'bf the so l a r  f i r e d  u n i t  ik ' indicated by the  cos t  
of so la r  heat a s  compared t o  supplying heat by conventional sources. 

The co l lec to r  configurations which can supply heat a t  the required 
temperature 1 eve1 a re  usual l y  more cos t ly  than simple wat'er heaters .  
Manufacturers of high performance co l lec to rs  project  a  production cos t  of 
about $108 per square meter. The resul tant .  ins ta l  led system cost  fo r  a 
.hot water del ivery system capable of . . operati.ng absorpti'on cool i ng systems 
would be about $150 t o  $180 per square meter. Based on a 20-year l i f e ,  
an i n t e r e s t  r a t e  of 8% and a 2% O&M' charge, the cos t  of heat del ivered by 
the high temperature so l a r  water system ( t o  dr ive  the absorption un i t )  

9 would be about $8 per 10 joules. By comparison the cos t  of delivered 
heat from 10b/ l i t e r  o i l  (approximate wor~h  pr ice)  would be about $5.50 per 
9 10 joules.  The cos t  of so la r  driven absorption units, therefore ,  

approaches being competitive with fuel operated systems with the  breakeven 
cost  being about 15t / l  i t e r .  This fuel cos t  i s  probably applicable t o  
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remote areas when the costs of transportation and storage are  cnnsidered. 

As with the solar heating ,systems of Section 3 . 2 ,  most of the solar 
coliector configurations could be made in Peru further improving the 
economics of solar cooling. 

8.4 Comparison.of Options 

The solar drive,n vapor compression units offer  a higher degree of 
f eas ib i l i t y  than the absorption systems since any form of solar power 
(photovol t a i c s ,  wind generators, e tc .  ) can be used for the i r  operation. 
The performance of solar driven absorption units,  on the . other . hand, i s  
presently better demonstrated than the other solar options. The economics 
of th is  arrangement, therefore, are  betger defined than systems such as 
photovoltaics which require significant cost reductions in. order to  be 
practical.  Drawbacks to the absorption units , however, include; 

o Their re lat ively limited use and resultant lack o f ,  
in-country personnel experienced with the i r  
operati on, and 
The requirement for a cooling tower which for 
re1 iable operation could be a s ignif icant  problem 
in Peru due to  lack of.,water and/or high maintenance 
requirements . 

8.5 Conclusions 

Presently food preservation f a c i l i t i e s  in Peru are in very limited 
use which leads to  significant spoilage. Furthermore, the need for  food 
preservation can be particularly acute in remote regions where rapid 
access to  transportation, e i ther  to export or import food, i s  limited. 
In the near-term solar refrigeration could, therefore, provide much 
needed cold storage f a c i l i t i e s  in remote regions of Peru thereby 
improving productivity in these areas where the government hopes to  
s tab i l ize  the population. 

. 3 



:. . Appendix A 

COST OF POWER FROM DIESEL ENGINES 

Where the  need f o r  smal l-scale power generat ion has a r i sen  i n  t he  

past ,  t he  convent ional mode has been t o  i n s t a l l  a  small f u e l - f i r e d  engine 

generator o r  pump, genera l l y  a Diesel  engine. It i s  w i t h  these tech- 

no1 og i ca l  1 y  adva.nced engines t h a t  renewabl e power genera t i  ng sys tems 

(photovol t a i c s ,  s o l a r  thermal, biomass, and wind tu rb ines)  compete i n  a 

1980s t ime frame, when the  p r i c e  o f  f o s s i l .  f u e l s  r i s e s  and the  c o s t  o f  

these new technologies f a l l s .  It would the re fo re  be i n s t r u c t i v e  t o  

examine the costs o f  power associated w i t h  Diesel  engine generators f o r  

comparison t o  the  costs o f  renewable energy generators. 

The i n s t a l l e d  c o s t  o f  engine powered generat ing systems i s  a f u n c t i o n  

o f  the  system's l oca t i on ,  a p p l i c a t i o n  and s i ze .  P Diesel  e l e c t r i c  

generator w i t h  backup i n  a very  remote area, f o r  example, requ i res  f u e l  

storage, c i r c u i t  breakers, re lays ,  and a p r o t e c t i v e  bu i  l ' d ing  which can 

more than doubsle the  i n s t a l l e d  system c o s t  over the  generator cos t . .  , 

A1 t e r n a t i v e l y ,  a  simple water pump can operate i n  ' the open w i thou t  most 

o f  the  anci 1 l a r y  equipment 1 i s t e d  above. 

The cos t  o f  power from.Diese1 power u n i t s  i s  .a f u n c t i o n  o f  many 

o the r  var iab les  such as f u e l  e f f i c i e n c y ,  f u e l  cost ,  use fu l  l i f e ,  and 

maintenance costs.  For purposes o f  t h i s  ana lys i s  i t  was assumed t h a t ;  

o <ngine costs range from $700/kW f o r  very small systems 

t o  l ess  than $300/ kW f o r  very ,  1 arge sys tems , 
Engine cos ts  have been m u l t i p l i e d  by an average 

f a c t o r  of 1.5 t o  account f o r  i n s t a l l a t i o n  and 

subordinate equipment, 

e The engine runs a t  a 33% capac i t y  f a c t o r  (equ iva len t  

t o  f u l l  capac i ty  opera t ion  f o r  8 hours/day), 

a A major overhaul i s  needed every 5000 hours w i t h  

cos ts  a t  30% o f  i n i t i a l  engine cost ,  

o Resul tant  engine l i f e  i s  10 years, 



e Engine efficiency i s  25% for  smaller units and 
30% for  the very large units, 

e Diesel fuel has a heat content of 140,000 Btu/gal , and 

. o There i s  an 8% interest  ra te  on borrowed money. 

Figure A.l shows the cost of power vs Diesel generator s ize for  three 
Diesel fuel costs.   h he $.50/gallon figure i s  consistent with the world 
market cost of fue l ,  and $1.20/gallon i s  presently appropriate to  remote 
areas where the transportation costs become signif icant ,  and in a future 
time frame will be appropriate to  world market oi l  prices. 

For many remote areas in Peru, a delivered fuel cost of $.80/gallon 
may be more applicable. .The associated cost power for  a small pumping or 
e l ec t r i c i ty  aenerating system (10 kW) i s  about 14$ to 18t/kWh. Power 
from larger ~ i e s e l  generators and pumps cost about 10& to 12d/kblh with 
current fuel:  prices,  b u t  can be expected to  r i s e  with the cost of fossil  
fuel ,  so that these prices can be cons'idered the bottom l ine  for future 
instal la t ions.   o or very large systems in the l4W range (used in some 
larger towns, nines, a"d industrial complexes) h e  cost of power reduces 
to  about 8 t  or 9t/kWh. ' Other considerations associated w i t h  fuel-fired 
engine generators i s  t he i r  h i g h  emission levels ,  noise, and high main- 
tenance requirements.' 

I t  should be noted that  the power costs of F i ~ u r e  A.l are relat ively 
optimistic. Significantly higher costs than those indicated are often 

experienced'in remot? areas where maintenance of systems i s  poor and 
,ski1 led repair personnel 'are not readily available. 
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1.0 INTRODUCTION AND SUMMARY 

1.1 Advantages o f  So lar  U t i l i z a t i o n  

The renewable resources addressed i n  t h i s  s e c t i o n  i n c l u d e  d i r e c t  * 
s o l a r  energy and wind 'power.. 

' 

Despi te i t s  p r o x i m i t y  t o  t he 'equa to r ,  t h e  s o l a r  a v a i l a b i l i t y  i n  Peru 

i s  q u i t e  v a r i a b l e .  Very h i g h  i n s o l a t i o n  l e v e l s  a r e  predominant i n  some 

coasta l  and .S ie r ra  region's (P iu ra ,  Arequ'ipa, e t c .  ) ; however, t h e  h i g h l y  

populous Lima reg ion  ( w i t h  25% o f  the  popu la t i on )  i s  sub jec t  t o  a  per -  

s i s t e n t  (but .  somewhat 1oca. l ized) c loud cover f o r  about h a l f  t h e  year  

which reduces s o l a r  a v a i l a h i 1 , i t y  i n  t h i s  reg ion  t o  about 1580 kWh/year-m 2 

6 2 ( . 5  X 10 B t u l y e a r - f t  ) (about t h a t  i n  t he  .nor theastern Un i ted  S ta tes ) .  

A1 though wind ava i  l a b i l  i ty  i.s n o t  well1 -def ined,  i t  appears t h a t  some 

coas ta l  reg ions  such as Piura,  Paracas, e tc . ,  have average wind v e l o c i t i e s  ** 
c o n s i s t e n t  w i t h  e f f e c t i v e  ope ra t i on  o f  wind tu rb ines .  

Several f ac to rs ,  combined w$ t h  renewabl e  good resource a v a i  1  a b i  1  i t y  

cou ld  make the  use o f  s o l a r l w i n d  energy systems i n  Peru p a r t i c u l a r l y  

a t t r a c t i v e .  These f a c t o r s  a r e  discussed below. 

Rural Devel opment : 

Peru i s  a  l a r g e  count ry  w i t h  over  3,000 v i l l a g e s  sca t te red  through- 

o u t  t h e  country .  Consequently, o n l y  about 30% o f  t h e  popu la t i on  

has access t o  e l e c t r i c i t y .  Furthermore, t he  rough t e r r a i n  and 

d ispersed loads make i t  u n l i k e l y  t h a t  s u b s t a n t i a l  e l e c t r i f i c a t i o n  o f  
, . 

r u r a l  areas w i l l  occur by normal ex tens ion  o f  t h e  u t i l i t y  g r i d .  

So la r  power genera t ion  i s  i d e a l l y  s u i t e d  f o r  use i n  r e l a t i v e l y  smal l  

increments i n  d i s t r i . b u t e d  power . . systems. . .  The near-term use o f  s o l a r  

power, there'fcire, i s  considered w i t h i n , t h e  con tex t  o f  a  need f o r  r u r a l  

e l e c t r i f i c a t i o n  which cou ld  r e l i e v e  on f o s s i l  f u e l  f i r e d  

systems and on the  need t o  extend t h e  u t i l i t y  g r i d  t o  s e r v i c e  uneconomical 

1  oads. 
* Bioniass i s  discussed i n  another s e c t i o n  o f  t he  r e p o r t .  

** As evidenced by the present  use of  wind punips i n  these areas.. 



. . 

Rural Migrat ion:  

one o f  the most pressing social/economic problems fac ing  Peru i s  the 

m ig ra t ion  o f  r u r a l '  res idebts  t o  the urban areas, and i n  p a r t i c u l a r  t o  

Lima.  here are a l so  energy imp1 i ca t i ons  associated w i t h  t h i s  m ig ra t ion  

s ince urban residents* use:~much more energy f o r  u t i l i t . i e s  and t ransporta-  

t i o n  than do r u r a l  residents,. , It i s  expected t h a t  modest improvements i n  

1 i v i n g  standards t h a t  would. r e s u l t  from supplying e l e c t r i c i t y  and ho t  

water t o  r u r a l .  residents might reduce th,e r u r a l  t o  urban mig ra t ion  w i t h  

r esu l t an t  benef i ts  f a r  i n  excess o f  the energy a c t u a l l y  provided. 

In-Coun try Manufacture : 
- 4 .  

For the most par t ,  both so la r  heat ing and so la r  power systems. could 

be manufactured i n  Peru using indigenous labor  and mater ia l  resources. 

Manufacture i n  Peru has the advantage o f  reducing the f o re i gn  exchange 

component o f  developing energy resources. Possibly o f  equal importance 

would be the p o s i t i v e  soc,ial /economic bene f i t s  resu l  ti ng from bu i  1 d ing 

up an in-country c a p a b i l i t y  i n  a growing technology f i e l d  which can he lp  

create  a j ob  producing i n d u s t r i a l  base both f o r  i n t e r n a l  and export  

markets. 

Technical Status: 

Several o f  the so la r  technologies considered are al ready q u i t e  we l l  

developed. Combined w i t h  the  incremental nature o f  most so la r  r e l a ted  
systems, t h i s  would a l l ow  Peru t o  i n i t i a t e  a so la r  development p lan w i t h  

a minimum time delay and modest f r on t  load c a p i t a l  requirements. 

The above fac to rs  could provide an.  incen t i ve  f o r  Peru t o  consider 

s t rong ly  supp,orting the widespread u s e o f  so la r  energy i n  appropr iate 

appl i ca t i ons  . 
Somewhat counteract ing the above f ac to r s  favorabl  e t o  sol  a r  u ti 1 i za- 

t i o n  i n  ,Peru i s  the f a c t  t h a t  Peru has many .non-solar energy a1 te rna t i ves  

ava i lab le .  . For examp.le, 1 t appears t h a t  many. o f -  the remote v i l l a g e s  i n  

the S ier ra  reg ion could be provided w i t h  power by means o f  mini-hydro 

sys tems which would usual l y  have b e t t e r  economic performance than 
r , L . .  



so lar /w ind systems. Also, aLuu t 74% o f  the. electric, power i s .  now produced 
\ . '  

by l a r g e  sca le  hydro f a c i l  i t i e s  ..which make. ti un.1 i k e l y .  tha.t. ~ ? l a r / w i n d  
, , 

sources w i l l  become g r i d  connected dur ing.  t h e  time; frame .of i n t e r e s t .  
. / .  s .  . , 

The scenarios deve,lop.ed i n  t h i s  repo r t ,  therefore;. '  assumes t h a t  

solar /wind power systems a re  used p r i m a r i l y  t o ;  - . . 

e Provide small sca le  e l e c t r i f i c a t i o n  t o  r u r a l  v i l l a g e s  
, which do n o t  have a v i a b l e  min i -hydro resource and a r e  

too  remote from the  g r i d  t o  j u s t i f y  a g r i d  extension, and . 

a Rep1 ace and/or supplement power produced., by D iese l  ( o r  

o i l  f i r e d  steam) power systems i n  those reg ions  remote 

f rom the  g r i d  serv iced by - ' hyd r6 ' fac i l  i t i e s ' .  G c h  ap- 
p1 i c a t i o n s  a re  assumed t o  come on 1 i.ne'.i?'the ' pos t  1985 

.. , , .  . 
t i m e  pe r iod  when the  economics' o f  so lar /w ind power u n i t s '  ' 

. . 
. . h i v e  been demonstrated . 

. .. . . . .. . . .  . 
% .  . .. 1 .: . . '. 

As i nd i ca ted  l a t e r ,  t h e  r e s u l t a n t .  impact p o t e n t i a l  o f  so lar /w i  nd 

power.systems i s  q u i t e  l i m i t e d .  . , y .  ' , ' 

1.2 So lar  Technologies..Considered 

The renewable energy resources s t ressed i n  t h i s  assignment were; 

e Solar  water  Heating ' 

. . 
. . 

e Solar  E l e c t r i c  Power G e n e r a t i ~ n .  . ... I 

, . 
- So lar  Thermal P :  

- Photovo l ta ics  . , .. . . , 

e Wind Power Generat ion 
. . .  . .1. I 

A b r i e f  summary o f  t he  s ta tus  o f  t h e  technology op t ions  and t h e i r  . . . . . . L*;, 2: . , 

a p p l i c a b i l i t y  i n  Peru i s  g iven below. 

So lar  Water Heating: ): ! , ,; . 
, , ". 

. So lar  water  heat ing  i s  a wel l-demonstrated technology which a l r e a d y .  

has widespread a p p l i c a t i o n  on a wor ldwide*~bas is .  These systems cou ld  be 

i n s t a l l e d  on r e s i d e n t i a l ,  i n s t i t u t i o n a l ,  ,and commercial bu i ld in ,gse in  

Peru r e s u l t i n g  i n  reduct ions  i n  'the use .o f  b o t t l e d  'gas, e l e c t r i c i t y  and 

kerosene now used f o r  water heat ing  a p p l i c a t i o n s .  

. .! 
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It should be noted, however, t h a t  water heat ing  i n  rgsidences i s  

s t i l l  considered a l uxu ry  i n  Peru and t h a t  t h e  i n t r o d u c t i o n  o f  s o l a r  

water heaters w i l l  o f t e n  show up as an i n c r e a s e ' i n  energy demand r a t h e r  

than as a s u b s t i t u t e  f o r  conventional energy sources. 

Solar  Power Genera t i on : 

The operat ion o f  small scale (1-50 kW) s o l a r  thermal power u n i t s  has 

been demonstrated, by a number o f  u n i t s  fab r i ca ted  i n  France, t h e  Un i ted  

States and Germany. These systems u s u a l l y  operate a t  modest temperature 

l e v e l s  o f  180'-300°F and convert  heat generated by f l a t  p l a t e  o r  trough * 
c o l l e c t o r s  i n t o  power by means o f  s p e c i a l l y  designed heat engines. The 

most common a p p l i c a t i o n  f o r  these smal ler  power u n i t s  has been f o r  water 

pumping which i s  a l so  o f  p?imary concern i n  Peru. 

There are  extensive i n d u s t r i a l  and government sponsored programs t o  

improve the technical/economic performance o f  these systems so they are 

more compet i t ive w i t h  conventional power sources; p a r t i c u l a r l y  Diesel  

engines which are o f t e n  used i n  remote areas f o r  power product ion. 

The major e f f o r t  i n  l a rge  scale s o l a r  power generat ion i s  d i r e c t e d  

toward the cen t ra l  rece ive r  concept whereby an ar ray  of ' .mi  r r o r s  r e d i v e c t  

s o l a r  energy t o  a b o i l e r  placed on a tower. I n i t i a l  t e s t i n g  o f  major 

subsystems associated w i t h  t h i s  concept has been i n i t i a t e d  and a 10 MW 

power p lan t  i s  scheduled t o  begin operat ion i n  1981 a t  Barstow, Ca l i f o rn ia .  

I f  successful ,  l a r g e  power u n i t s  based on t h i s  concept could be commer- 

c i a l l y  a v a i l a b l e  by the l a t e  1980s. 

Photovol ta ic  power u n i t s ,  which d i r e c t l y  convert  s o l a r  energy t o  

e l e c t r i c i t y  w i t h  no moving pa r t s ,  are present ly .  i n  widespread use through-,  

o u t  the  wor ld t o  supply small amounts o f  power t o  such app l i ca t i ons  as 

remotely 1 ocated communications equipment . The performance o f  these 

systems i s  we1 1 -demonstrated and present e f f o r t s  are  d i r e c t e d  p r i m a r i l y  

toward lower ing t h e i r  c o s t  so.  they are, competi . t ive wi t h  conventional power 

systems. The l a r g e  developmental e f f o r t  i n  t h i s  f i e l d  .by major companies 

* Organic Rankine cyc le  engines' which use h i g h l y  v o l a t i l e  r e f r i g e r a t i o n  
f l u i d s .  



increases the  p r o b a b i l i t y  t h a t  subs tan t i a l  cos t  reduc t ions  i n  pho tovo l ta i c  

s o l a r  c e l l  power u n i t s  w i l l  occur so t h a t  t h e i r  widespread use i n  the 

1980s p a r t i c u l a r l y  f o r  use i n  remote areas n o t  serv iced by the u t i l  i t y  

g r i d ,  can be j u s t i f i e d .  

Wind Power Generation: 

The performance and r e l i a b i l i t y  o f  smal l  wind power u n i t s  f o r  e l e c t r i c  

power and water pumping has been well-demonstrated and over 10 f i r m s  i n  the 

Un i ted  States, Europe, and A u s t r a l i a  manufacture systems i n  the 1 kW t o  * 
25 kW range. These systems a re  r e a d i l y  ava i lab le .  f o r  use i n  Peru i n  

remote areas. 

Large wind power systems w i t h  r a t e d  outputs o f  100 kW t o  4 MW are  now 

under development and several systems w i t h  10.0-200. kW capac i ty  a r e  under- 

going performance t e s t i n g  i n  the  Uni ted States.  The technology o f  wind 

power systems i s  ' r e la t i ' ve l y  s t ra tgh t fo rward  so t h a t  the goal o f  having 

l a r g e  systems r e a d i l y  a v a i l a b l e  by the  e a r l y  t o  mid 1980s should be 

a t ta ined .  

The advanced s t a t e  o f  development o f  both l a r g e  and small wind power 

u n i t s  and the  favorab le  wind regimes which appear t o  occur i n  some coasta l  

areas cou ld  l ead  t o  a s i g n i f i c a n t  r o l e  f o r  wind power i n  Peru. 

So lar  crop dry ing ,  a i r  cond i t ion ing ,  and d e s a l i n a t i o n  were a l s o  con- 

s idered as p a r t  o f  t h i s  study. Analys is  o f  these app l i ca t i ons  ind ica ted ,  

however, t h a t  t he re  was no widespread need f o r  these func t i ons  and, 

there fore ,  t h e i r  implementation would' probably n o t  have a s i g n i f i c a n t  

impact. 

1  .3 Impact Summary 

Tables 1.1 and 1.2 summarize the p o t e n t i a l  energy impact o f  s o l a r  

technologies i n  Peru through the  year  2000. The implementat ion rates of 

var ious s o l a r  technologies requ i red  t o  achieve the  impacts o f  Tables 1.1 

and 1.2 a r e  discussed i n  the  i n d i v i d u a l  technology sec t ions  o f  Sect ions 

3.0-6.0. 
" Small wind powered water pumps @r@, i n  f a c t ,  now used i n  Peru i n  

several windy coasta l  areas such '9.s: P i  ura. 



Table 1.1 

ELECTRIC POWER GENERATION IMPACTS OF RENEWABLE RESOURCES 

Photovol t a i c s  

Tota l  I n s t a l l e d  Capacity, MW 1 

6 Annual Power Output, JQ (10 kWhr) 2 0.017 (4.7) 0.45 (120) 

I " 

. . 

:.- Wind .Power 
. . I .  . . 

Tota l  1nstal.led Capacity, MW3 6.5 50 

4 Annual Power Output, JQ ( l o 6  kWhr).. . ...' 0.068" (19) .52 (150) 
. . .  

1. Capacity a t  Peak Solar Flux. 

2.. Assumes 0.25 Capacity Factor 

3. C a p a c i t y i n a n 8 M / S W i n d  

4. Assumes 0-33 Capacity Factor 

15 1 JQ = 10 Joules 



Table 1.2 

SOLAR WATER HEATING . IMPACT 

'Total. Insta l led Area, . 
6 1'0 Square Meters 0.20 0.23 

Annual Heat -Del i vered, 

JQ 0.068 



The scenario i nd i ca ted  assumes t h a t  the  b e n e f i c i a l .  s o c i a l  and f o r e i g n  

exchange f a c t o r s  associated w i t h  s o l a r  op t ions  induces the government t o  

a c t i v e l y  pursue a s o l a r  p o l i c y  ( v i a  low cos t  f inancing,  requirements f o r  

s o l a r  i n  new const ruc t ion ,  etc .  ) . I n  t h i s .  scenario, so la r /w i  nd power 

generat ion would c o n t r i b " t e  about 270 X l o 6  kwh (1  3Q) of e l e c t r i c i t y '  

( o r  s h a f t  power equ iva len t )  i n  t h e y e a r  2000: Th is  represents about 1% . 

o f  p ro jec ted  e l e c t r i c i t y  demand a t  t h i s  t ime,   he s o l a r  o p t i o n  i s  seen, 

therefore,  t o  have o n l y  a modest impact on o v e r a l l  e l e c t r i c i t y  energy 

use. . However, the  s o l a r  opt ions are  assumed t o  be implemented p r i m a r i l y  

i n  r u r a l  areas where the  impact o f  small amounts o f  power cou ld  be q u i t e  

la rge .  Also, the  l a r g e r  power generat ion u n i t s  would tend t o  p rov ide  

power which would of ten be suppl ied by Diesel  d r i v e n  generators or pumps. 

As such, the  e l e c t r i c i t y  generated by s o l a r  w i l l  t e n d  t o  d isp lace o i l  I 

which has benef ic ia l  f o r e i g n  exchange ramifications. ' . 

The water heat ing  impact i nd i ca ted  i s  equ iva len t  t o  about .06% (about 

.75 JQ) o f  Peru's p ro jec ted  energy use i n  the  year  2000. Th is  impact 

assumes t h a t  about 100,000 r e s i d e n t i a l  u n i t s  a re  i n s t a l l e d  by the  year  

2000. It i s  expected t h a t  about ha l f  o f  the  s o l a r  c o n t r i b u t i o n  w i l l  essen- 
t i a l l y  be an increase i n  demand s ince h o t  water i s  p resent ly  n o t  a l a r g e  energy 
consumer i n  Peru. The remaining 50% i s  assumed t o  d isp lace b o t t l e d  gas 

3 .  

and e l e c t r i c i t y  which 'a re  i nc reas ing l y  being used i n  h o t  water systems. 

The c o s t  o f  s o l a r  heat ing  and power u n i t s  i s  expected t o  decrease as 
a r e s u l t  o f  con t i nu ing  R&D e f f o r t s  and l a r g e r  p roduct ion  volumes. The 

r a t e  and ex ten t  o f  c o s t  reduc t ions  w i l l ,  however, depend on the .present 

development s ta tus  o f  the  technologies. For example, the  u n i t  cos t  o f  
2 s o l a r  ho t  water systems were assumed t o  average about $ l O / f t  ( i n s t a l  l e d )  

and o n l y  l i m i t e d  fu r the r  c o s t  reduct ions were expected i n  the  f u t u r e  s ince 

the  technologies requ i red  a r e  well-developed. 

The .average u n i t  i n s t a l  l e d  c o s t  o f  t he  s o l a r  power generat ing op t ions  

decreases from about $1400 per  kW i n  1985 t o  $1 100 per  kW i n  2000. The 

average capac i ty  f ac to r  f o r  the  generat ing mix o f ,  d i r e c t  s o l a r  and wind 

i s  about 0.3. I 



The r e l a t i v e l y  modest decrease i n  u n i t  cos t  i s  due p r i m a r i l y  t o  two 

fac tors ;  ,(I ) the technologies considered w i l l  a1 ready be q u i t e  we1 1 -devel- 
I \ ;  , , 

oped by 1985 ( i  e . ,  the major cost  reduct ions w i l l  occur. before t h a t  t jme), 

and (2)  a la rge  pb r t i on  o f  system costs i s  associated w i t h  conventi,onal 

equipment, each as 1 i g h t  s tee l  support s t ruc tures,  p ip ing,  systems, etc., 

f o r  which the cos t  r e d u c t i o n  oppor tun i t ies  are 1 i m i  ted. The i n s t a l  l e d  

system costs are over 50% labor  r e l a ted  and many o f  the mater ia ls  requ i red 

a re  produced i n  Peru.. Therefore, the f o re i gn  -exchange value o f  system 

costs i s  considerably less than t h a t  ind icated above. 

The costs ind icated above were considered t o  j u s t i f y  the ind icated 

use o f  so la r  opt ions i n  Peru;. p a r t i c u l a r l y  i f  the favorable fo re ign  ex- 

change aspects o f  so la r  are considered. - 
* I 

1.4 Resource Requirements 1 

Each o f  the so la r  opt ions can be accomplished w i t h  a v a r i e t y  o f  system 

opt ions each o f  which would.have d i f f e r i n g  requirements f o r  manpower, 

f inances, and mater ia ls .  The basel ine opt ions selected i n  the technology 

sections, however, were considered t o  be cons is tent  w i t h  Peru's resources 

i n  the above areas. The resource requirements oi ' these opt ions are, there- 

. fo re ,  probably i n d i c a t i v e  d f  those o f  most systems which would be i n s t a l l e d  

i n  Peru. 

Resource requirements t o  implement the opt ions lead ing t o  the energy 

savings o f  Tables 1 .I and 1.2 are ind icated i n  Table 1.3. Solar  r e l a ted  

energy systems are fab r i ca ted  p r i m a r i l y  from b a s i c  const ruct ion mate r ia l s  

such as s tee l ,  cement, glass, and copper a l l  o f  which are  manufactured i n  

Peru. 
J .  

The f i n a n c i a l  requirements ind icated i n  Table 1.3 are broken down 

. between mater ia l  s/components and 1 abor t o  ind ica te .  f o re i gn  excharige imp1 i 

cat ions.  To ta l  annual out lays f o r  manufacturing and i n s t a l  l a t i o n  increase 

t o  $6.5 m i l l i o n  i n  1985 and $14.2 m i l l i o n  by the year 2000 w i t h  roughly 50% 
of out lays being labor  associated d i r e c t l y  w i t h  the f a b r i c a t i o n  and 

i n s t a l l  a t i o n  o f  so la r  r e l a ted  systems. ~ d d i  t i o n a l  l abor  inputs  ere  asso- 

c l a ted  i n d i r e c t l y  wi.th so la r  appl i ca t i ons  by v i r t u e  o f  in-country 

t 

4- 



Table 1.3 

RESOURCE REQUIREMENTS FOR RENEWABLE ENERGY IMPLEMENTATION SQWiRl06 

ANNUAL MATERIAL REQUIREMENTS ( tons)  

S tee1 

Glass 

A1 umi num 

Cement 

Copper 

F iberg las  & Resin 
( i n c l u d i n g  i n s u l a t i o n )  60 65 7 5 

ANNUAL FINANCIAL REQUIREMENTS ( S  x l o 6 )  
, . 

Ma te r i a l  s/Comp. 2.7 4.3 6.9 

Labor 3.8 5.3 7.3 

TOTAL . 7.4 10.8 18.4 

LABOR REQUIREMENTS (person-yrs) 

Tech/Manage . 19 27 44 

Manuf . / I n s t a l l .  230 . 330'  470 



manufacture o f  some o f  t he  bas ic  m a t e r i a l s  used i n  t h e  f a b r i c a t i o n  o f  

subsystems ( s t e e l  , copper, e t c .  ) . 
The annual O&M a re  a l s o  i n d i c a t e d  i n  Table 1.3. Dur ing t h e  e a r l i e r  

years,  O&M cos ts  and manpower requirements a re  r e l a t i v e l y  modest compared 

t o  t h e  cos ts  associated w i t h  manufactur ing and i n s t a l l i n g  the  equipment. 

However, O&M resource requirements become s i g n i f i c a n t  a f t e r  1990 s ince 

t h e  i n v e n t o r y  of equipment a l ready i n -  t h e  f i e l d  (and r e q u i r i n g  t h e  a t ten -  

t i o n  o f  O&M personnel) s t a r t s  t o  predominate over t h a t  i n s t a l l e d  on an 

annual bas i  s  . 
However, t he  cos ts  associated w i t h  t h e  O&M func t i ons  a re  predomi- 

n a n t l y  those requ i red  f o r  semi -sk i l l ed  l a b o r  .which reduces the  f o r e i g n  

exchange component o f  t h i s  c o s t  f a c t o r .  

The breakdown o f  Table 1.3 requ i res  making assumptions r e l a t i v e  t o  

which components a re  purchased abroad and which are. manufactured i n  Peru. 

S p e c i f i c  assumptions a r e  out1 ined i n  the  technology d e s c r i p t i o n s  o f  

Sect ions 3.0-6.0. . I n  general i t  was assumed t h a t  components which do n o t  

r e q u i r e  spec ia l  i zed  techno1 ogy and/or manufactur i  ng capabi 1  i t i e s  a re  made 

i n  Peru. Th is  would i nc lude  such components as t h e  towers o f  wind t u r b i n e  

u n i t s ,  c o l l  e c t o r  a r r a y  support  s t ruc tu res ,  and f l a t  p l a t e  thermal c o l -  

l e c t o r s .  More soph is t i ca ted  subsystems, such as t h e  blades o f  l a r g e  wind 

tu rb ines  and pho tovo l ta i c  s o l a r  c e l l s  were assumed t o  be purchased abroad. 

These judgements a re  somewhat a r b i t r a r y  and would r e q u i r e  c a r e f u l  s c r u t i n y  

i n .  t h e  f u t u r e  as a  s o l a r  program- develops. Also, dec is ions  as t o  purchase 

o r  i n -coun t ry  manufacture w i l l  change i n  t ime as Peru 's  i n d u s t r i a l  capa- 

b i  1  i ty improves. 

The l a b o r  requirements o f  Table 1.3 i n d i c a t e s  t h a t  about 250 people 

would be working i.n the  s o l a r  energy sec tor  (manufactur ing p lus  i n s t a l -  

l a t i o n )  o f  t h e  economy by 1985 and 550 people i n  2000. The employment 

o p p o r t u n i t i e s  a r i s i n g  f rom a  s o l a r  u t i l i z a t i o n  are  q u i t e  modest due t o  

t h e  r e l a t i v e l y  l i m i t e d  pene t ra t i on  o f  so la r lw ind  systems i n  Peru .du r ing  

t h e  t ime pe r iod  o f  i n t e r e s t .  



It should be emphasized t h a t  the l e v e l  o f  spec ia l ized t r a i n i n g  

requ i red f o r  the fabr icat i .on,  i n s t a l  1 at ion,  and operat ion o f  so l a r  

1' ' r e l a t e d  systems i s  f a r  l ess  than t h a t  requ i red f o r  most advanced energy 
conversion f a c i l i t i e s  such as nuclear power p lan ts  o r  l a rge  o i l  r e f i n e r i e s .  

For example, the manufacture o f  so l a r  water heaters i s  p r i m a r i l y  a simple 

sheet metal farming process and most o f  the i n s t a l l a t i o n  e f f o r t  f o r ' a  

s o l a r  power p l a n t  i s  associated w i t h  pouring concrete foundations f o r  

mounting the  c o l l e c t o r  support s t ruc ture .  As such, i t  should no t  be 

d i f f i c u l t  t o  t r a i n  people t o  take advantage o f  the  employment opportu- 

n i  t i e s  resu l  t i n g  from. the so la r  implementation scenarlos. 



2.1 So la r  Energy 

There a re  s i x teen  (1 6) Peruvian s t a t i o n s  t a k i n g  s o l a r  r a d i a t i o n  data, 

and seventy-e ight  (78) record ing b r i g h t  sunshine du ra t i on .  The s o l a r  

r a d i a t i o n  s t a t i o n s ,  however, a re  n o t  w e l l  - d i s t r i b u t e d  and t h e i r  a c t i n o -  

graphs were c a l i b r a t e d  too.  i n f r e q u e n t l y  so t h a t  t h e  data recorded i s  o f  

l i t t l e  vaiue. The b r i g h t  sunshine measurements, on t h e  o the r  hand, a r e  

made w i t h  l ess  s e n s i t i v e  apparatus and ar.e more r e l i a b l e .  1; o rde r  t o  

conver t  these t o  s o l a r  i n s o l a t i o n ,  Eldon ~ ' ~ o e s  est imated t h e  r a d i a n t  
2 energy i n t e n s i t y  of Peru 's  " b r i g h t  sunshine" t o  be about 900 w/m ; i.e., 

one hour o f  b r i g h t  sunshine has a s o l a r  i n s o l a t i o n  o f  0.9 kWh/m 2 

(285 ~ t u / f t ' ) .  Al though t h i s  data o n l y  approximately accounts f o r  t he  

day-to-day and year- to-year v a r i a t i o n s  i n  s o l a r  r a d i a t i o n ,  i t  can serve 

t o  i n d i c a t e  t h e  amount o f  t ime a c o l l e c t o r  can.operate and the re fo re ,  

Peru's, p o t e n t i a l  f o r  tapping sorlar energy. 

Table 2.1 shows the  average d a i l y  number o f  hours o f  " b r i g h t "  sun- 

shine by season f o r  Peru. From t h i s  data, i t  can be c a l c u l a t e d  t h a t  
2 the re  a re  areas i n  P iu ra  and Arequipa r e c e i v i n g  about 2500 kWh/m - y r  

2 (800,000 B t u / f t  - -yr )  , b u t  because o f  about f i v e  months a year  o f  c loud 

cover, t h e  Lima area has a y e a r l y  s o l a r  r a d i a t i o n  o f  d n l y  about 
2 2 1600 kWh/m -yr (500,000 B t u / f t  -yr) which i s  comparable t o  t h a t  o f  t he  

nor theastern  U n i t e d  States.  The average i n s o l a t i o n  f o r  the  seven.ty-eight 
2 2 (78) Peruvian . s t a t i o n s  . i s  about 1900 kWh/m -yr (600,000 B t u / f t  - y r ) .  

Th is  i n s o l a t i o n  l e v e l  i s  a l s o  typ.ica1 o f  , the S i e r r a  reg ion.  

2.2 Wind Energy 

The available data f o r  ana lyz ing  t h e  wind energy resources o f  Peru 

come from several  hundred s i t e s  b u t  a r e  l i m i t e d  t o  magnitude and d i r e c -  

t i o n  measurements j u s t  th ree t imes a day a t  unknown he ights ,  and t h e r e f o r e  

o f f e r  o n l y  a suggest ion as t o  the  c a p a b i l i t i e s  o f  Peru 's  wind energy. 

* Per data  contained i n  r e p o r t  by Eldon Boes o f  Sandia Labora tor ies .  
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Abancay 5.5 6.9 6.3 4.4 . La Molina 6.4 2.2 4.0 
Accnococha 5.7 7.6 6 .1  4.3 Lampas A l t o  No. 2 5.1 8 .1  5.4 
Andahusasi 7.7 7.7 8.2 6.5 Lampas Alto.No. 3 5.5 8.4 6.5 
Assoc. Agri.  I c a  7.4 6.2 7.8 7 .1  La P u n t i l l a  7.3 4 .5  6.7 
Bernales  6.5 '4 .4  6.3 6.7 ' La S a l l e  8.5 9.7 9.8 

Ca jamarca 4.6 . 6.0 5 .2  4.7 Lomas de  Lachay 6.9 1.5 3.0 
Calana 7.9 7.5 8.3 7.7 Los Cedros 6 . 6 .  4.9 4.8 
Camp0 d e  Marte 6.0 1.1 2.8 6.3 Majoro 8 .1  6.9 8 .2  
Canyar 6'.4 2.8 4.4 6 .1  . ManchayBajo 5.8 2 . 1  4.9 

. Cane te  5.8 1.8 3.2 ' 5.8 Manrique 6.4 4.6 6.2 

C a r t a v i o  6.2 4.3 5.5 6.5 Moqueqba 8.9 9.5 10.3 
Casagrande 6.5 4.4 5.9 6 .6  Negr i tos  7 .5  7 . 1  7.9 
Caucato 7.8 4.3 5.4 7.3 Pacococha 6.7 9.6 7.6 
C a y a l t i  7.7 6.7 8 .0  8 .1  Pachachaca 4.9 7.7 5.0 
Conococha No. 1 5.5 8.5 5.9 4.6 Pampa d e  Majes 9.6 10.4 10.7 

Mda. .,Chocaca 6.6 2.9 4.6 7.1 Parananga 5.9 2.2 4'.3 
Chachapoyas 7 . 1  7.6 7.5 6.9 P a r q u e d e l a R e s e r v a  6 . 1  1.1 2.8 
Characa t o  8.6 9 .9  10.2 7.4 P i u r a  7 .5  . 6 . 8  7.9 
Desaguadero 8.7 9.4 8.1 7.3 P,uerto Chimbote 5.8 3.1 5.6 
E l  Porven i r  4.2 5.4 4.7 4.7 P u l t o c  6.8 8.6 7.6 

E l  Tablazo 7.1 6.8 7.7 7.2 Pun0 
Granja Salcedo 7.7 8 .8  8.5 6.4 P u n t a A t i c o  
Guadalupe 6.6 5.0 6.3 6 . 1  Punta Coles 
Guayabamba 3.8 5.4 5.3 4.6 Puracana 
Huacatambo 7.1 4.8 6.6 7.3 Quillabamba 

Huancabamba 3.9 4.6 4.5 4.0 Rinconada 7 . 1  5.4 6.9 
Huanuco 5.6 7 .2  5.8 4.6 San Ignac io  3.9 5.1 5.3 
Huaraz 8.1 9.5 7..8 6.5 San J a c i n t o  d e  Nepena 6.5 5.5 7.0 
Huayao 6.5 8 .2  6.4 5.5 S a n J o r g e  4.5 6.3 5.3 
Hunaya 6.9 5 . 1  6.9 6 .8  San Ramon 4.9 6.3 5.2 

I b e r i a  5.1 7.0 5.8 4.6 S a n t a ~ n a  7.3 8.8 7.7 
I c a  7.6 6.6 8.0 7 . 1  Tejedores  6.2 7 . 1  7.8 
I s l a  Don Wartin 4.5 1.5 3.4 5.6 ~ r u j i i l o  (Univ.) 5 . 1  3.4 4.4 
I s l a  Guanape Norte 6.5 4.4 5.4 5.9 Hacienda Valor 5.4 6.3 6.4 
Lobos d e  Afuera ' 8.6 5.0 4.8 8.2 V i t o r  10.1 10.1 9.9 

Jayanca 6.4 6.3 6.8 6 .1  Yanamachay 
Kayra 6.5 8 . 1  6.4 4 .8  Ya,patera 
La Joya 8.6 9.6 10.2 8.2 Yucay 
Lambayeque 6.9 5.5 6.5 7 .1  Yu'rac 

Table  2.1 Average D a i l y  Number of Hours of "Br igh t "  Sunshine by Season .for 
Pcru ( F a l l  = March, Apr i l ,  !.lay; Winter = June ,  J u l y ,  August; e t c . )  



Table 2.2 AVEIUGE WIND SP-S BY IIm 

STATIM IAT . 

CURAmY 2 .4  

0 0 1 0 0  
4 4 6 2 2  
0 0 1 0 1  

1 1 0 0 1  
5 5  5 5 4  
4 3 4 4 4  

0 0 0 . 0  0 
5 6 6 6 6  
3  2  1 1  1 

0 0 0 0 1 
4  5 4  5 5 
3 4 3 3 3  

2 2 2 2 2  
4 4 3 4 4  
3 4 4 4 3  

0 0 0 0 0  
1 1  2  2  2  
o p o o o  

2 2 2 3 1  
4  4  4.. 4  4  
3  4  4  3  2  

0 0 0 0 0  
6 6 6 5 5  
3 3 3 2 2  

Average Wind Speeds by h t h s  for. the noks of 7 ,  13, and 19 a t  s Samele 
of Psruvim sites (-ters per second). 



Table 2.2 provides average wind speeds over the l a s t  f i v e  ( 5 )  years 

by month f o r  the hours 7, 13, and 19 for'some Peruvian s i tes .  The s ta -  

t i o n  Nana i s  i n  the Lima area and averages a 2.3 m/s (5.1 mph) wind, but  

more comprehensive data o f  t h i s  area would probably reveal  spec i f i c  s i t e s  

o f  be t t e r  wind energy. 

Good wind i s  ind icated along the southern coast by the s ta t i ons  * 
Ocona and Punta de Coles o f  about 5 .4  m/s (1 2 mph). ~ n o ' t h e r  source 

repor ts  both the southern.coasta1 s ta t ion ,  San Juan, and the nor thern 

coastal  s ta t ion ,  Chi,clayo, as having average wind speeds o f  5.7 m/s 

(13.7 mph). Data from Cruzeta, i n  the northern coastal  region,. a l so  

suggests good wind resources i n  t h a t  area. 

Ava i lab le  data f o r  the S ier ra  region (Lampos A l t o  and Tayabamba) 

i nd i ca te  on l y  marginal winds f o r  these areas, but  f u r t h e r  measurements i n  

more exposed areas, where wind s ta t ions  are not  usua l l y  located w i l l  

probably reveal some good wind resources, t yp i ca l  o f  mountainous,areas. 

2.3 Conclusions 

The data ex i s t i ng  t o  date f o r  both so la r  r ad ia t i on  and wind resources 

ind icates the p o s s i b i l i t y  f o r  u t i l i z i n g  appropr iate renewable energy 

technologies i n  Peru, as we l l  as provide some rough f i gu res  w i t h  which t o  

perform ca lcu la t ions  t o  f u r t he r  inves t iga te  those poss ib i  1 i t i e s .  Before 

i n s t a l l i n g  more than demonstration systems, however, more precise and 

geographical ly  comprehensive measurements must be made i n  order t o  

i d e n t i f y  the best  s i t e s  f o r  the various technology systems. 

. *  United States Geological Survey and Argonne National Laboratory;' 
"Prel iminary Report on the Energy Resources o f  Peru!'. 



3.0 SOLAR WATER . HEATING .- -..- 

3.1 1.ntroduction 

The .heating o f  water f o r  bathing and 1aunderin.g purposes i s  s t i l l  con- 

sidered a  l uxu ry  i n  Peru. Consequently, . . very few dwel l  ings have ho t  water 

systems. I n  the heav i ly  populated coastal  areas, most washing i s  done w i t h  

tap water w i thout  addi t ional .  heating.' I n  these areas the temperature o f  the 

tap water i s  s u f f i c i e n t l y  modi f ied t o  make t h i s  p r a c t i c a l  ( a l b e i t  there  i s  

a  tendency t o  take shor t  showers). I n  the mining towns and r u r a l  areas o f  

the S ie r ra  reg ion however, the temperature o f  the. water i s  always near the 

f reez ing ,po in t  and consequently any washing which i s  done requ i res  heated 

water. - 
There are several trends, however, which favor  the ingroduct ion .of so la r  

water heaters i n  Peru. There has been an increase i n  the sa le  o f  water heaters 

so t h a t  p resen t l y  about 20,000 u n i t s  are  so ld  annual ly. E . l e c t r i c i t y  and 

b o t t l e d  gas are  the primary energy sources used fo r  hot  wa te rhea t i ng  i n  Peru 

w i t h  e l e c t r i c i t y  appeari'ng t o  be the l a rges t  f a c t o r  a t  t h i s  t ime. This i s  

due, i n  pa r t ,  t o  the f a c t  t h a t  most ho t  water heaters are  so ld  i n  the Lima . 

area where both these energy forms a re  avai  1  able. . I n  r u r a l  areas, however, 

the i n t r oduc t i on  o f  s o l a r  ho t  water heaters may have the e f f e c t  o f  d i sp lac ing  * 
ke.rosene o f t en  used f o r  water heat ing and cookirig , p ~ i p ~ s e s .  

Recent l e g i s l a t i o n  requ i res  t h a t  t h e . l a r g e r  mines provide t h e i r  workers 

(about 60,000 miners), w i t h  ho t  water i n .  order t o  improve hea l th  cond i t ions.  

P a r t l y  i n  response t o  t h i s  l e g i s l a t i o n  ITINTEC has i n i t i a t e d  the te 's t ing o f  ** 
so la r  water heaters i n  a  mining community and a  mining company i n  the S ie r ra  

region has a1 ready set-up, several systems f o r  i t s  workers. 

There appears t o  be, therefore,  a  r e a l  po ten t i a l  f o r  so l a r  water heat ing 

i n  Peru f o r  domestic water purposes which w i l l  grow i n  f u t u re . yea rs  as l i v i n g  

standards increase and hot  water is .  no longer considered a  luxury.  

This sect ion deals p r i m a r i l y  w i t h  r e s i d e n t i a l  water systems. There 

could, 'however, be a  market f o r  so l a r  water heaters. on i n s t i t u t i o n a l  bu i ld ings  

(hosp i ta l s  , sc'hool s ,  hote ls ,  e tc .  ) and f o r  heat ing water i n '  i n d u s t r i a l  processes. 

* Only t o  the ex tent  t h a t  cooking invo lves heat ing ' :of  water. 
** Cia. de Minas Buenaventura S . A .  



These a p p l i c a t i o n s  a re  assumed t o  comprise about 20% of the  market f o r  

s o l a r  c o l  1 e c t o r s  . 
' 3.2 Technology S ta tus  

There i s  a v a r i e t y  o f  s o l a r  water  hea t i ng  systems designs which may 

be u t i l i z e d  i n  Peru t o  s a t i s f y  t h e  needs o f  t h e  d i f f e r e n t  market sec to r s .  

The performance o f  s o l a r  water hea t i ng  systems i s  we1 1 idemonstrated by 

years  o f  exper ience i n  c o u n t r i e s  such as ~ u s t r a l i a ,  I s r a e l ,  Japan and 

t he  Un i t ed  States.  Hence, a1 1 t he  systems 'descr ibed h e r e i n  c o u l d  be used 

i n  Peru w i t h  a minimum o f  t echn i ca l  r i s k .  

For l a r g e r  systems such as m igh t  be used 'on  institutional/commercial 
b u i l d i n g s  i n  urban areas, a c t i v e  systems t h a t  use a pump t o  c i r c u l a t e  t h e  

water  f rom a s to rage  tank up t o  and through t he  s o l a r  c o l l e c t o r  would 

probably  be used. F igure  3 i l  shorvs such s. system schematic t y p i c a l  o f  

designs used i n  t h e  Un i t ed  S ta tes  and'Europe. 

A second technology commonly used i n  non- f reez ing  c l  imates . ( I s r a e l  , 
A u s t r a l i a ,  e t c . )  which i s  expected t o  become t h e  main source o f  h o t  wa te r  

. i n  urban res idences i s  thermosyphon hea t ing .  T h e  schematic o f  such a * 
system i s  shown i n  F igu re  3.2. I n  t h i s ,  t h e  s to rage  tank i s  p o s i t i o n e d  

h i g h e r  than  t h e  c o l l e c t o r  so t h a t  t h e  heated wate r  f l ows  by n a t u r a l  con- 

v e c t i o n  f rom t h e  c o l l e c t o r  ' i n t o  storage, removing t h e  need f o r  e l e c t r i c i t y  

consuming pumps and c o n t r o l s .  

The c o l l e c t o r s  o f  the  two systems mentioned above a r e  u s u a l l y  a f l a t  

p l a t e  des ign (F igu re  3.3) where t h e  cover  i s  g e n e r a l l y  made o f  g lass,  and 

sometimes o f  p l e x i g l a s  o r  f i b e r g l a s .  The absorber p l a t e  i s  t y p i c a l l y  o f  

aluminum o r  copper. Copper i s  .common f o r  Un i t ed  S ta tes  absorbers as i t  - 
has excel  1 e n t  thermal ' conducti 'vi t y  y e t  r e s i s t s  c o r r o s i o n  u n l  i ke a1 umi num 

and i t s  use w i l l  be assumed here because Peru has an abundance o f  t h i s  

resource.. The c o l l e c t o r ' s  frame can be f a b r i c a t e d  o f  aluminum o r  s t e e l .  

A t h i r d  and even s imp le r  system which e l i m i n t e s  s torage tank  r e q u i r e -  

ments i s  a r e f i l l a b l e  system where t h e  absorber p l a t e  o f  t h e  c o l l e c t o r  i s  

* I n s t a l l e d  by Cia de Minas Buenaventura S.A. Th i s  i s  a l s o  t h e  approach. 
be ing  pursued by ITINTEC i n  t h e i r  R&D work. 
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Figure 3 . 2  SCHEMATIC OF A THERMOSYPHON SOLAR WATER SYSTEM 
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the  storage tank (Figure 3.4). This system must be r e f i l l e d  a f t e r  the 

ho t  water has been used and may be su i t ab le  f o r  r u r a l  areas where t h i s  

process could become j u s t  another chore, and where the more complex and 

expensive systems mentioned prev ious ly  may no t  be economically feasib le.  

3.3 System Cost Estimates 

The p r i nc i pa l  components o f  so l a r  ho t  water systems (excluding the 

r e f i l l a b l e  system) include; 

r Solar c o l l e c t o r  panels, 
~. 0 .  Structure  f o r , c o l l e c t o r  mounting, 

r Storage tank, 

0 Piping, and 

r Pumps and c o n t r o l l e r  ( ac t i ve  systems on ly) .  

Estimates o f  the i n s t a l l e d  costs 'of so l a r  ho t  water systems as a  

func t ion  o f  s i ze  are  shown i n  Figure 3.5. . Economics o f  scale are poss ib le  

w i t h  ac t i ve  systems because, o f  'the r e l a t i v e l y  h igh cos t  o f  pumps and 

con t ro ls  which a re  v i r t u a l l y  the same f o r  small and la rge  systems. These 

cos t  estimates assume de l ivered c o l l e c t o r  costs o f  $75 pe r  square meter 

and $.I5 t o  .30 per l i t e r  (depending on s i ze )  f o r  an insu la ted  galvanized 

s tee l  storage tank, 

I n s t a l l a t i o n  costs are  estimated t o  range from $30 per square meter 

o f  c o l l e c t o r  area f o r  small systems t o  $20 per square meter fo r  l a r g e r  

ones. However, i t  i s  1  i ke l y  t h a t  small prepackaged systems may be o f fe red  

which could be i n s t a l l e d  by the homeowner t o  save on i n s t a l l a t i o n  costs. 

The economics of so l a r  water heaters w i l l  be a  primary determinant , '  

of t h e i r  market acceptabi l  i ty .  Systems economics w i  11 be in f luenced 'by; 

r I n i t i a l  i n s t a l  l ed costs ,. 
, . .  

r Operating and' maintenance costs, 

r Financing costs ( i n t e r e s t  ra tes ) ,  

r System 1 i f e  (depreciat ion),  

r Cost o f  conventional energy, 

r System performance (e f f i c iency )  , and 

o I nso la t i on  leve ls .  



Figure 3.4  SCHEMATIC OF A " R E F I L L "  SOLAR-WATER SYSTEM ---- 
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There are a number o f  d i f f e r e n t  approaches f o r  determining the 

economics o f  so la r  water heaters. . I n  t h i s  pre l iminary  analysis,  the cos t  

o f  de l ivered heat f o r  so la r  water heat ing i s  ca lcu la ted so as t o  a l low 

comparison t o  the cost  o f  kerosene, b o t t l e d  gas, and e l e c t r i c i t y .  The 

cos t  f i gu res  t ha t  r e s u l t  provide a basis f o r  determining whether so la r  

water heaters should be supported by government po l  icy'. 

F igure 3.6 shows the cost  o f  de l ivered heat f o r  so la r  water heaters 

operat ing under three d i f f e r e n t  so la r  f l u x  regimes i n  Peru. 

e A h igh i nso la t i on  area (su,ch as Arequipa), 

e Average i nso la t i on  condi t ions ( t he  S ier ra  region),  and 

e Low f l u x  condi t ions such as Lima. '. 

The curves assume an i n t e r e s t  r a t e  o f  8%, a ,  20-year 1 i f e ,  and an 

operat ing and maintenance.charge o f  2% o f  i n i t i a l  costs. With f u l l y  

i n s t a l l e d  systems costs o f  $51 per square meter, ( t y p i c a l  o f  pumped 
9 systems) the cost  o f  del ivered heat would range from $2.00 per 10 J t o  

9 $2.74. .per 10 J depending on locat ion. .  

As ind icated i n  Figure 3.6, so la r  water heaters show promise o f  

d e l i v e r i n g  heat a t  a lower cost  than the conventional a1 ternat ives.  Even 

i n  the Lima region, i t  appears t h a t  s,olar water heaters would be eco- 

nomical ly  j u s t i f i a b l e  when used t o  supplement e l e c t r i c  heating. This i s  

despi te the f a c t  t h a t  f o r  several months o f , t he  year the so la r  heaters 

would del  i ver a negl i g i  b l  e amount o f  heat. ~ h e s e  economic comparisons 

would be expected t o  improve i n . t h e  f u tu re .as  the .costs o f  conventional 

energy forms increase a t  a faster  r a t e  than the cost  o f  so l a r  equipment. 

It should be noted. t h a t  the favorable comparison between so la r  

heaters and conventional energy sources i s  h i gh l y  inf luenced by the cos t  

o f  money assumed i n .  the economic analysis.  This parameter was assumed 

t o  be 8% per year i n  the above analysis;  an assumption which may be 

op t im i s t i c  a t  the present t ime due t o  Peru's present f i n a n c i a l  d i f f i c u l -  

t i e s .  

One o f  the compel1 i n g  ~ r g u d e n t s  f o r  the widespread implementation of 

so l a r  water heaters i s  the saving o f  fo re ign  exchange. The i n s t a l l e d  
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systems cos ts  have a h i g h  l a b o r  c o n t r i b u t i o n ,  rough ly  65% i f  a l l  subsystems 

a r e  considered. These systems cou ld  be f u l l y  manufactured i n  Peru us ing  

m a t e r i a l s  made by Peruvian i n d u s t r i e s .  One measure o f  t h e  s o c i e t a l  c o s t  o f  

s o l a r  hea t i ng  i s  t h a t  which takes i n t o  account o n l y  t h e  f o r e i g n  exchange 

value of m a t e r i a l s .  On t h i s  bas is ,  s o l a r  water heaters can d e l i v e r  heat  
9 a t  a c o s t  o f  l e s s  than $1.78/10 J which i s ,  w e l l  below t h e  c o s t  o f  kerosene. 

Based on the  above, i t  appears t h a t  s o l a r  water heat ing  i s  economical ly  

j u s t i f i e d  i n  Peru and should see i nc reas ing  acceptance i n  t he  t ime pe r iod  

o f  i n t e r e s t  . 
3.4 Implementat ion Scenario 

I n  developing an implementat ion scenario, t he  market f o r  s o l a r  water 

heaters was d i v i d e d  i n t o  . th ree  segments ; 

e Urban areas, 

Min ing  towns, and' 

e ~ u r a l  areas. 

Each o f  these market segments has spec ia l  needs and c h a r a c t e r i s t i c s  

wh ich  w i l l  r e s u l t  i n  a wide range o f  market pene t ra t i ons  and a v a r i e t y  o f  

system con f i gu ra t i ons .  The s p e c i f i c  assumptions used i n  t h e  scenar io  a r e  

ou t l i ned '  below. 

(a )  Urban  r re as 
I t  i s  est imated t h a t  about 20,000 b o t t l e d  gas o r  e l e c t r i c  water  * 

heaters a r e .  s o l d  annua l l y  i n  Peru, p r i m a r i l y  i n  urban areas. Th i s  would 

imp ly  t h a t  a s i g n i f i c a n t  percentage o f  new ,dwell i n g s  b u i  1 t under conven- 
Y* - 

t i o n a l  f i n a n c i n g  arrangements (about 40,000 per  yea r )  a r e  i n s t a l  1  i n g  

water  heaters.  I t  appears, therefore,  t h a t  t h e r e  i s  an urban demand f o r  

water  hea t i ng  which cquld, i n  p a r t ,  be s a t i s f i e d  w i t h  s o l a r  water  heaters.  

One f a c t o r  l i m i t i n g  t h i s  p o t e n t i a l  market cou ld  be t h e  heavy concen t ra t i on  
. . 

o f  t he  urban popu la t i on  which,-could a f f o r d  water heaters being l oca ted  i n  

Lima which has a r e l a t i v e l y  poor s o l a r  f l u x  regime ( p e r  Sect ion  2.0).  

* Per A l f r e d o  O l i ve ros  D. 
** These would tend t o  be dwe l l i ngs  f o r  t he  middle and upper c lasses .  



Based on the  above considerations,  i t  was assumed tha t  the  potential  
fo r  so l a r  water heaters would be only a modest percentage of the conven- 
t ional  water heater market even i n  a year 2000 time frame. The number 
chosen was an average of about 3,000 per year during the 20-year time 
frame o r  about 60,000 un i t s  t o t a l .  This represents about 10% of the t o t a l  
demand for  hot water heaters (conventional and so la r )  assuming average 
sa les  of 30,000 units per year duiing t h i s  period. 

Mini ng Towns : 

There a r e  presently about 60,000 miners i n  Peru and t h i s  number might 
be expected t o  grow t o  90,000 by the  year 2000 assuming growth in  t h i s  
industr ia l  sector .  The mining companies a re  now expected t o  provide the 
miners with hot water in the mining towns. Energy costs  a r e  par t i cu la r ly  
high in the remote.mining areas which could provide a good opportunity fo r  
so l a r  water heaters i n  a t i gh t l y  controlled market environment. I t  was 
assumed tha t  30,000 uni ts  a re  ins ta l l ed  i n  t h i s  market segment t o  the year 
2000 (corresponding to  t h e i r  use i n  roughly 30% of the dwellings in  mining 
a reas ) .  

Rural Areas: 

A common comment from several individuals interviewed i n  Peru i s  t ha t  
the  population in rural  areas of the Sierra  region does not wash frequently 
leading t o  overall poor hygenic conditions and a high r a t e  of re la ted 
diseases.  Several factors  lead t o  t h i s  problem including the f a c t  t ha t  
the  water i n  the Sierra  region i s  always a t  a temperature near freezing 
which makes i t  nearly impossible t o  'bathe in unheated water (as can be 
done in most coastal  urban areas where the temperature of the tap water 
i s  great ly  modified). In many cases,  heating water f o r  bathing (and 
other  washing functions) i s  made d i f f i c u l t  by the high expense of kerosene 

and/or the increasing d i f f i c u l t y  i n  gathering fibewood in many areas.  One 
benef i t  of providing aconvenient ,  low cos t ,  source of hot water (simple 
so l a r  water heaters)  may, therefore ,  be improved hygiene conditions in 
these poor rural areas which may, i n  turn, have other important soc ia l /  
ins t i tu t iona l  ramifications (improved productivity,  reduced tendency to  



migrate t o  urban areas ,  e t c ) .  I t  should, however, be noted t h a t  the  

benef i ts  resul t ing from use of so l a r  water heaters i n  rural  areas  a r e  
s t i l l  not well-defined and wil l  require a c a r e f u l . 1 ~  monitored t e s t  
program t o  ver i fy .  

Taking i n to  consideration the economic/social uncer ta int ies  asso- 
c ia ted  with using so la r  water heaters i n  rural  .areas, i t  was assumed 
t h a t  t h e i r  use was very l imited in  t h i s  market sector  during the time 
period of i n t e r e s t .  The resu l t an t  implementation assumption.is for an 

average of 500 un i t s  per year f o r  a t o t a l  of 10,000 un i t s .  This very 

modest implementation assumption may, however, require s i gn i f i c an t  modi - 
f i c a t i on  i f  subsequent demonstration programs show good. acceptance by 

rural  populations ' for  so la r  water heaters and t h e i r  use r e s u l t s  i n  

quant i f iable  national benef i ts .  

The resu l t an t  so la r  water heating scenario i s  summarized in Table 
3.1. As indicated,  by the  year 2000 there  would be about 100,000 
res ident ia l  un i t s  ins ta l l ed  w i t h  a t o t a l  co l l ec to r  area of over 2 
mil l ion square f e e t .  

In addit ion . t o  res ident ia l  systems, there  i s  expected t o  be a s ign i f -  

i can t  market i n  the i n s t i  tutional/corcmerci a1 sec to r  on such buildings as 
hospi ta ls ,  schools o r  hote ls .  Based on previous experience, these market 
sectors  a r e  assumed t o  add 20% in ins ta l l ed  co l lec to r  area over t ha t  
indicated in Table 3.1. The t o t a l  ins ta l l ed  area f o r  so l a r  water heaters 

2 i s  therefore  projected t o  be 2,400,000 f t  by the  year 2000,' w i t h  an 
annual heat delivery of 0.75 JQ (which would displace  roughly 0.37 JQ 

of bott led gas assuming 60% heat t r an s f e r  e f f i c iency) .  

3 .5  Resource Requi rernents 

Table 3.2 indicates  the resources necessary t o  implement the r e s i -  
dent ia l  and insti'tutional/commercial uni t s  a t  the r a t e  outl ined i n '  the  
scenario above. Both s t e e l  and coppcr a r e  produced in Peru and the  range 
of fabricated shapes avai lable  from ,Peruvian industry i s  expected t o  
increase in the future  a s  these indust r ies  become more ve r t i c a l l y  
integrated.  As a pract ica l  matter ,  therefore ,  so la r  water heaters could 



Table 3.1 

SOLAR WATER HEATING IMPLEMENTATION SCENARIO . 

(Res ident ia l  Only) '  

Cununulat iveCol lector  , 

Number I n s t a l  1 ed Co l l ec to r  Area Annual Heat 
Annual l y  I n s t a l  led* D e l l  vered ; * 

( l o 3  u n i t s  ) 3 2 (10 ft ) j ou l es )  

1980 Urban - .45 
Mining - .22 

Rural - ,  .08 

TOTAL 0 . 7 5 .  15 0.00475 

1985 Urban - 3 . 0  

Mining - 1.5 

Rural - - 0.5 

TOTAL 5.0 

1990 Urban - 3.6 

Mining - 1.8 

Rural - 0.6 
TOTAL 6.0 

2000 Urban - 4.2. 
Mining - 2.1 

,Rural - 0 . 7  - 
TOTAL 7.0 2,030 . 0.643 . 

2 2 * Assumes average co l  l e c t o r  area o f  20 ft per u n i t  (1.9 m / u n i t )  . 



Table 3.2 
I ., 1 

- RESOURCE REQUIREMENTS OF SOLAR WATER HEATING IMPLEMENTATI.ON SCENARIOS 

Glass 

F i  berg1 as 

Steel 

Copper 

ANNUAL MATERIAL REQUIREMENTS . ( tons) 

140 170 200 

ANNUAL MANPOWER REQUIREMENTS (man-years ) 

ManagernentlTechnical 9 11 12 

. Production & I n s t a l l a t i o n  90 110 130 

ANNUAL FINANCIAL REQUIREMENTS (1978 $ X l o6 )  

Mate r ia l s  & Components . 6 .  .7 1 .O 

Labor (Fab & I n s t )  - 1 .O - 1.1 - 1.3 

1.6 1.8 2.3 



be made using primarily indigenous labor and .material resources, a factor 

with important foreign exchange imp1 icati ons. The magnitude of the 

requirements for.materials and labor is in scale with the modest imple- 

mentation rates assumed. The financial requirements imposed on the 

government or private resources. wi 1 1  1 i kewise. be modest. The production 

of solar water, heaters '\s labor intensive but will b e  welcome W Peru's 
fast-growi ng labor force. 



A r t i c l e  26. - Ful l - t ime-workers  employed by Mixed Mining En te rp r i s e s  dur ing  
l e g a l  working hours  s h a l l . r e c e i v e  10% of t he   company"^ p r o f i t  

i n - c a s h ;  t h i s  sum s h a l l  be d i s t r i b u t e d  i n  propor t ion  t o  each ind iv idua l ' s  
s a l a r y  a s  l i s t e d  i n  t he  .corresponding pay ro l l .  

A r t i c l e  27. - Non-resident i n v e s t o r s  a r e  hereby au thor ized  t o  remit t o  t he  
count ry  of o r i g i n  of t h e  investment a l l  t h e  p r o f i t s  they a r e  

e n t i t l e d  t o  a s  shareholders  of the  Mixed Nat iona l  En te rp r i s e  i n  which they 
par  t i c  i p a  te . 

CHAPTER I V  

SUPPLEMENTARY PROVISIONS 

One. - The Peruvian I n s t i t u t e  of Nuclear Energy may i n c r e a s e  t he  l i s t  of - 
r a d i o a c t i v e  o r e s  included i n  t he  p re sen t  Decree-Law on which the  

corresponding c o n t r a c t s  may be  en te red  i n t o .  

Two. - The Peruvian I n s t i t u t e  of Nuclear Energy s h a l l  update t he  amounts - 
s t i p u l a t e d ' i n  A r t i c l e s  8 and 1 1  of the  p re sen t  Decree-Law every  two 

years .  

Three. - Mining E n t e r p r i s e s  e s t a b l i s h e d  i n  accordance wi th  t h e  provis ions  
of t he  p re sen t  Decree-Law s h a l l  be incorpora ted  under the  s t i p u l a -  

t i o n s  of Corporat ion Law No. 16123 but s h a l l  be exempt from t h e  p rov i s ions  
of t he  second paragraph of A r t i c l e  16 of s a i d  Law. 

CHAPTER V 

FINAL PROVISIONS 

One. - The promotional i n c e n t i v e s  contained i n  Chapter 11 s h a l l  be i n  f o r c e  - 
f o r  30  y e a r s  t o  run as of t he  d a t e  of enactment of t he  p re sen t  

Dec ree-Law. 



Two. - A l l  l ega l  provisions contrary to  the present Decree-Law are hereby - 
revoked or suspended, a s  may be the case. , 

Issued by the presidential  Office,  i n  Lima, .......... 
. . . . , . .  



CHAPTER I11 

J 

INCENTIVES 

A r t i c l e  21. - Mixed Mining En te rp r i s e s  e s t a b l i s h e d  i n  accordance with the' 
p rov i s ions  of t h e  p re sen t  Decree-Law s h a l l  pay a s  a  s o l e  t a x  

the  Income Tax c r ea t ed  by Supreme Decree No. 287-68-HC. They s h a l l  apply 
on ly  50% of t h e  r a t e s  l i s t e d  i n  A r t i c l e  119 of t he  General Mining Law No. 
18880, and s h a l l  be exempt from the  tax c r ea t ed  by Decree-Law 21529. This 
b e n e f i t  s h a l l  equa l ly  extend t o  t he  personnel  of t he se  e n t e r p r i s e s  exclu- 
s i v e l y  f o r  t he  income der ived  from these  a c t i v i t i e s .  

A r t i c l e  21. - Mixed Mining En te rp r i s e s  a r e  hereby au thor ized  t o  re - inves t ,  
t ax- f ree ,  up t o  80% of t h e i r  ne t  p r o f i t s - i n  a c t i v i t i e s  

i nhe ren t  t o  t h e i r  f i e l d  s u b j e c t  t o  p r i o r  approval  of t h e i r  re investment  
programs by t h e  Peruvian I n s t i t u t e  of Nuclear Energy. 

A r t i c l e  23. - Imports , fo r  Mixed Mining En te rp r i s e s  a r e  hereby exempted from 
s p e c i f i c  d u t i e s  and o the r  cha rges  i n c l u d e d  i n  t h e  C u s t o m s  

T a r i f f ;  from t a x e s  on goods and s e r v i c e s  a s  w e l l  a s  from any o t h e r  charges  
l ev i ed  on imports.  Such imports a r e  l im i t ed  t o  the  equipment, new o r  used 
machinery, v e h i c l e s ,  i n p u t s ,  and spa re  p a r t s  i n  g e n e r a l ,  which a r e  t o  be 
employed, wi th  except ion ,  by s a i d  e n t e r p r i s e ,  provided they a r e  not  ava i l -  
a b l e  i n  t he  count ry  o r  do not  conform with minimum s t i p u l a t i o n s  a s  t o  
des ign ,  q u a l i t y ,  q u a n t i t y ,  t iming .  and p r i c e ,  s u b j e c t  t o  a  favorab le  p r i o r  
r e p o r t  from t h e  Peruvian I n s t i t u t e  of Nuclear Energy. These h e n e f i t s  a l s o  
extend t o  those i n d i v i d u a l s ,  corpo.rat ions,  whether n a t i o n a l  o r  f o r e i g n ,  
e n t e r i n g  i n t o  c o n t r a c t s  with t h e  Peruvian I n s t i t u t e  o f , N u c l e a r  Energy t o  
c a r r y  o u t  p rospec t ing  and exp lo ra t i on  a c t i v i t i e s  f o r  r a d i o a c t i v e  o re s .  
Temporary internment  of s i m i l a r  goods s h a l l  be taxed accordingly.  

A r t i c l e  24. - A l l  those who, w i th in  t he  p rov i s ions  of the  presen t  Decree- 
Law, engage i n  prospec t ing  and exp lo ra t i on  f o r  r a d i o a c t i v e  

o r e s ,  s h a l l  deduct from t h e i r  g ros s  p r o f i t s  t h e  amounts spen t  i n  these  
a c t i v i t i e s  dur ing  t h e  corresponding f i s c a l  year .  

A r t i c l e  25. - Mixed Mining En te rp r i s e s  e s t a b l i s h e d  according t o  the  p re sen t  
Decree-Law a r e  no t  sub j ec t  t o  t h e  p rov i s ions  of t he  P a r t  111, 

Sec t ion  I, of t h e  General Mining Law No. 18880. 



A r t i c l e  14. - The Mixed Mining En te rp r i s e  set up f o r  t he  e x p l o i t a t i o n  and 
process ing  of r a d i o a c t i v e  o r e s  s h a l l ' i n v o l v e  p a r t  o r  the  

e n t i r e  a r e a  covered by exp lo ra t i on .  .-. . f . 

3 . .  2 

. , . . . .  

A r t i c l e  15. - The e n t e r p r i s e s  p a r t i c i p a t i n g  i n  prospec t ing  and exp lo ra t i on  
c o n t r a c t s  s h a l l  submit t o  IPEN a l l  t h e  information a v a i l a b l e  

a s '  r e g a r d s  d e p o s i t s  found, t e c h n i c a l  . f e a s i b i l i t y  s t u d i e s  f o r  t h e i r  exp lo i t a -  
' t t o n  ,', economic , p r o f i t a b i l i t y  , o p e r a t i o n a l  program, e v a l u a t i o n  on requi red  
investments ' ,  technology t o  be used,  and a l l  o the r  r e l e v a n t  information t o  
determine the  concret 'e c h a r a c t e r i s t i c s  of t h e  exp lo i t a . t i on  and processing 
of those '  d e p o s i t s ,  without .except ion o r  l i m i t a t i o n  whatsoever. 

. A r t i c l e  16. - The c o n t r a c t s  en te red  i n t o  by t h e  Peruvian I n s t i t u t e  of 
Nuclear Energy and t h e  establ ishment  of Mixed Mining Enter- 

p r i s e s  i n  keeping wi th  t he  p rov i s ions  O E  the  p re sen t  Decree-Law, s h a l l  'bh 
approved by supreme-~ecree  , and s h a l l  be r e g i s t e r e d  i n  t he  Publ ic  Reg i s t ry  
of Mining . 

A r t i c l e  17. - The Peruvian I n s t i t u t e  of Nuclear Energy i s  hereby au tho r i zed .  

. . 
t o  make cont rac t s .  wi th  t h i r d  p a r t i e s  f o r  purposes-  of obtain-  

ing  uranium, thorium o r  radium, when p re sen t  i n  t h e  form of by-products of 
o t h e r  ores , '  under . the  terms and condi t ions  stip,u$ated he re in .  

A r t i c l e  18. - A s  r ega rds  mining h e a l t h ,  d i s p o s a l  of r a d i o a c t i v e  waste ,  
environmental p r o t e c t i o n  and e f f e c t s  of r a d i o a c t i v i t y  dur ing  

t h e  e x p l o i t a t i o n  and process ing  of r a d i o a c t i v e  o r e s ,  s p e c i f i c  i n t e r n a t i o n a l  
p rov i s ions  a s  w e l l  a s  those  s t i p u l a t e d  by IPEN s h a l l  be complied with.  

, d  
A r t i c l e  19. - E n t e r p r i s e s  e n t e r i n g  i n t o  c o n t r a c t s  wi th  IPEN f o r  the  exploi-  

t a t i o n  and process ing  of o r e s ,  s h a l l  be sub jec t  t o  the  
p rov i s ions  of t h e  I n t e r n a t i o n a l  S a f d u a r d  Conventions f o r  Nonpro l i fe ra t ion  
of fluclear Weapons s igned by Peru. 

A r t i c l e  20. - Peruvian Law s h a l l  be t he  s o l e  l e g i s l a t i o n  governing the  
c o n t r a c t s  executed i n  accordance w i th  t h e  p re sen t  Decree-Law, 

whichever the  n a t i o n a l i t y  of  t h e  i n d i v i d u a l s  o r  co rpo ra t i ons  involved and, 
i n  any circumstances p a r t i e s  s h a l l  exp re s s ly  be  s u b j e c t  t o  t he  j u r i s d i c t i o n  
and province of t h e  judges and c o u r t s  of  Lima. 



. . 

A r t i c l e  9. - Those enterpr-i-ses having completed t h e  prospec t ing  s t a g e  a s  
provided f o r  in the  preceding a r t i c l e  s h a l l  have exc lus ive  

r i g h t s  t o  explor ing  t h e  a r e a s  prospected.  This  r i g h t  s h a l l  be exe rc i s ed  
wi th in  a  maximum per iod  of 3 months a q . o f  t h e , d a t e  when prospec t ing  was 
concluded. 

A r t i c l e  10. - Explora t ion  c o n t r a c t s  s h a l l  cover an a r e a  no t  longer  than 10% 
of the  t o t a l  p rospec t ing  u n i t  and s h a l l  have a  maximum dura- 

t i o n  of 2  y e a r s ,  a t  t h e  end of .which the  exp lo ra t i on  a r e a  s h a l l  be reduced 
by 50%. The subsequent exp lo ra t i on  of t h i s  remaining 50% s h a l l  extend f o r  
a  maximum of 3  y e a r s  and t h e  corresponding f e a s i b i l i t y  s tudy  s h a l l  be 
requi red .  

A r t i c l e  11. - Mtnimum investments i n  exp lo ra t i on  - con t r ac t s  s h a l l  be a s  .. 
fo l lows:  . 

1st year  t he  equ iva l en t  of s/. 80 per  Hectare.  

2nd year  t he  equ iva l en t  of s/. 160 pe r  Hectare.  

3rd year  t he  equiva len t .  of Sl.280 per  Hectare.  

4th year  t h e  equ iva l en t  t3gLC SI .350 pe r  Hectare.  

5 th  year  t he  equ iva l en t  of ~ 1 . 5 5 0  per  Hectare.  

A r t i c l e  12. - I n  t he  event  t h a t  t he  term of t he  . c o n t r a c t  is  no t  s u f f i c i e n t  
t o  permit .coverage o f  t he  e n t i r e  a r e a ,  s a i d  term may be  

extended f o r  an a d d i t i o n a l  year provided t h a t  a l l  condi t ions  of t h e  con- 
t r a c t  have been f u l f i l l e d .  I n  such a  case  t h e  minimum investment f o r  t h e  
a d d i t i o n a l  pear  s h a l l  not  b e  less than t h a t  demanded f o r  the  5 t h  y e a r , o f  
work. ., .: . 

A r t i c l e  13. - The e n t e r p r i s e  t h a t  has  completed explor ing a c t i v i t i e s  i n  
keeping with t he  p rov i s ions  of the  presen t  Decree-Law, s h a l l  

have .  t he  exc lus ive  r i g h t  t o  e s t a b l i s h ,  t oge the r  with t he  Peruvian I n s t i t u t e  
of Nuclear Energy, a  Mixed Mining);Enterprise t o  c a r r y  ou t  t h e  e x p l o i t a t i o n  
and process ing  of t he  radioactive;or.es.deposit~ i n , t h e  explored a r ea .  
This  r i g h t  s h a l l  be.  exerci.se_d w i t h i n ,  no more than .  6  months t o  run a s  of t h e  
d a t e  ' t he  exp lo ra t i on  ended. . , % .  ., . . . . 



A r t i c l e  5. - The Peruvian I n s t i t u t e  of Nuclear Energy s h a l l  a l s o  be  re- 
. . spons ib le  for: :,>T 

a )  Exclus ive ly  ca r ry ing  out  a l1 ,min ing  a c t i v i t i e s .  r e l a t e d  t o  r a d i o a c t i v e  
o r e s  i n  e x i s t e n c e  i n  t he  n a t i o n a l  t e r r i t o r y ,  whether d i r e c t l y  o r  through 
t h i r d  p a r t i e s .  

b)  Con t ro l l i ng  on behalf  of t he  S t a t e ,  the .min ing  of r a d i o a c t i v e  o r e s  
throughout t h e  n a t i o n a l  t e r r i t o r y .  

c  j I3n<,ering i n t o  agreements and maintaining l i n k s  with s i m i l a r  fo re ign  
agenc ies  i n  r e ' l a t i on  t o  r a d i o a c t i v e  o re s .  

d )  Lega l i ze  c o n t r a c t s  f o r  performing t h e  prospec t ing  and exp lo ra t i on  mining 
a c t i v i t i e s  r e f e r r e d  t o  i n  the  p re sen t  Decree-Law. 

CHAPTER I1 

ON CONTRACTS 

A r t i c l e  6. - A s  provided f o r  i n  the  p re sen t  Decree-Law, i n  s e t t i n g  up Mixed 
Mining En te rp r i s e s ,  i t  is mandatol'y . iha t  t he  p a r t i c i p a t i o n  of. 

t h e  Peruvian government amount t o  no less than 25X, bo th  a s  r ega rds  the 
investments  and t h e  p r o f i t s  de t i ved  from c o n t r a c t u a l  mining a c t i v i t i e s .  
These p r o f i t s  s h a l l  c o n s t i t u t e  t he  i nhe ren t  'income of the  Peruvian I n s t i -  
t u t e  of Nuclear Energy. 

A r t i c l e  7. - Prospec t ing  and exp lo ra t i on  expenses s h a l l  be exc lus ive ly  
covered by t h e  En te rp r i s e  o r  En te rp r i s e s  engaged i n  those 

a c t i v i t i e s ,  b u t  t h e  updated t o t a l  s h a l l  be computed a s  a  c o n t r i b u t i o n  t o  
t h e  Mixed Mining E n t e r p r i s e  e s t a b l i s h e d  in .  accordance wi th  t he  p re sen t  

t .  
,<  . 

Decree-Law. 

A r t i c l e  8. - Prospec t ing  c o n t r a c t s  s h a l l  be executed f o r  a maximum of two 
' y e a r s ,  ex tendable  f o r  an a d d i t i o n a l  year .  These c o n t r a c t s  may 

cover one o r  more prospec t ing  u n i t s .  Eac&prospect ing u n i t  s h a l l  cover a 
maximum a rea  of 2,000,000 Hectares  and s h a l l  r equ i r e  a  minimum annual 
investment equ iva l en t  t o  S1.25 (twenty-five Soles )  per  Hectare.  
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THE PRESIDENT OF THE REPUBLIC, .and THE REVOLUTIONARY 

GOVERNMENT Enact the  following Decree-Law: 

a ,  

CHAPTER I 

GENERAL PROVISIONS 

A r t i c l e  1. - Mining a c t i v i t i e s  covering t h e  prospec t ing ,  exp lo ra t ion ,  
e x p l o i t a t i o n ,  process ing ,  r e f i n i n g  and marketing of t he  

r a d i o a c t i v e  o r e s  e x i s t i n g  wi th in  the  n a t i o n a l  t e r r i t o r y ,  inc luding  those 
loca t ed  i n  concessional  a r e a s  and i n  t e r r i t o r i a l  waters  o r  i n  the  maritime 
s u b s o i l ,  s h a l l  be governed by t h e  provis ions  of t he  p re sen t  Decree-Law. In  
t h i s  con tex t ,  a l l  matters not  con templa t ed  h e r e i n  s h a l l  b e  s u b j e c t  t o  
t h e  n o r m s  s t i p u l a t e d  i n  t h e  G e n e r a l  M i n i n g  Law No. 1 8 8 8 0 .  

A r t i c l e  2.:- Fot ,purpose  o f . t h i s  Decree-Law i t  s h a l l  be understood t h a t :  , 

L .  ' 

a ) .  Radioact ive ores':' a r e  a l l  minera ls  conta in ing  uranium, thorium o r  
radium. 

b) Radioact ive Ore Deposits:  t h e  r e a l  and continuous element t h a t  con ta ins  
uranium, ,thorium o r  radium i n  such q u a n t i t i e s  and condi t ions  

a s  t o  a l low f o r  cons idera t ion  of the  p o s s i b i l i t y  of i ts  economic explo i ta -  
t i o n  e i t h e r  independently o r  i n  a s soc i a t ion  with o t h e r  mineral  subs tances  
contained the re in .  

~ r t i k l e . 3 .  - . i ~ ~ ~ : ( t h e  Peruvian : ~ n i t ~ t u t e  of Nuclear Energy) s h a l l  be the  
publ ic  agency i n  charge  of r egu la t ing  and enforcing the  

present  Decree-Law. 

A r t i s l e  4. - IPEN is hereby authoriz'ed t o  represent  t h e  S t a t e  i n  s e t t i n g  up 
Mixed Mining E n t e r p r i s , e s ,  w i t h  n a t u r a l  i n d i v i d u a l s  o r  

c o r p o r a t i o n s ,  e i t h e r  n a t i o n a l  o ?  f o r e i g n ,  f o r  t h e  s x p l o i t a t i o ~  
a n d  p r o c e s s i n g  m i n i n g  a c t i - v i t i e , s  w h i c h  a r e  t h e  s u b . ) e c t  m a t t e r  o f  
t h e  p r e s e n t  Decree-Law.  



DECREE-LAW 

WHEREAS : 

By Decree-Law 21297 the  S t a t e  was granted exclusive r i g h t s  t o  
the  prospection,  e x p l o i t a t i o n ,  smelting and r e f in ing  of radioactive ores  
deposited i n  the na t ional  t e r r i t o r y  a n d ,  f u r t h e r ,  t o  the  complete process- 
ing of nuclear energy, forbidding the granting of any o the r  concessions on 
these  substances: 

h e  above was set f o r t h  i n  A r t i c l e  6, c lause  2 of the. Consti- 
t u t i o n a l  L.aw'af ' the Peruvian I n s t i t u t e  of Nuclear Energy a s  approved 'by 
~ecree-Law '.2 18'75, 'encompassing a l s o  the  deposi te  o f  the  mentioned sub- 
s t ances  loca'ted' i n  concessional a reas  and t e r r i t o r i a l  seas ;  

It is imperative to promote such mining a c t i v i t i e s  i n  l i e u  o f  
the  present '  '1ncr~a~ing"demand f o r  radioact ive  o res ,  given t h e i r  s ign i f f -  
cance in  energy suppl ies  and the pa r t  they play i n  na t ional  economy; 

 he. investments demanded and the  specia l ized  technology re- 
quited ' c * u i i ~ e l  t h a t ,  .withbat  impairing d i r e c t  a c t t e n  by the  S t a t e  i n  prede- 
termined zones, permission be granted f o r  cont rac tual  a c t i v i t i e s  r e l a t i n g  
t o  &e' . 'ex$loi tat ion of radioact ive  o res  i n  the  na t iona l  te r r . i tory ;  

In  order  t o  accomplish these purposes adequate l e g i s l a t i o n  is 
necessary f 6 r  regula t ing  S t a t e  mediation and the  p a r t i c i p a t i o n  of na t ional  
and fore ign inves tors  i n  carrying out a c t i v i t i e s  involved' i n  ' t he  exploi ta-  
t i o n  of r ad ioac t ive  ores ;  

In  use of' the "powers with which they a r e  invested,  and 
with the  approval .of  the  C o u n c i l  o f  ' ~ i n ' i s t e r s  



Cc.)UNTRY : PERU 

PROJECT No. : PER/76/002/A/01/18 

TITLE: NUCLEAR ENERGY 

PROJECT BUDGET - UNDP 'CONTRIBUTION 

PRWRAN V - -0RY SERVICPS AN11 GENERAL COORDINAm 

-. ' T A L  , 1977 . 1978' 1979 
10. PROJECT ' PERSONNEL man- man- man- man- 

mo~ie_hs $ moi~tl~s $ months $ months $ 
. 11. EKPFJTS , . . . .. 
11.01 Principal Technical .- . 

Advisor , . .*. . . " 60 276,000 '12 55,200 12 55,200 12 55,200 . . 

11.99 Subtotal 60 276,000 12 55,200 , ' 12 55,200 12 55.200 - .  

13. Administrative Support . 
Personnel " . ' . 30,000 . , 

.. . 
1 Official Travel 9,000 1.800 1,800 1,800 

I 

9 Component Total ' 315,000 , 63,000 63.000 63.000 

. . 
99. . TOTAL UNDP CONTRIBUTION 315,000 63,000 63,000 63,000 

1980 1981 
man- man- 
months $ months $ '  



'Place -. Date -- Dur at i on 

secretarial qnd auxiliary per- Lima January Entire 
sonnel: 1977 project 

D. Government-Furnished Buildings; 'Equipment 'and Supplles 

. . Place 'Delivery Cost 

Materials and Supplies, 

Office materials and supplies Lima As needed 100,000 

Buildings and Equipment 

Office facilities grid equipment Lima Jariuary 
' 1.977 

. .  . 
2. Description of UNDP-Furnished 1nputs 

B. Assignment of International.Personne1 

PART 

'Place 

Principal Advisor and Project Co- Lima 
ordinator - Expert.in nuclear 
planning and execution of large- 
scale nuclear projects, able to 
correctly advise the Government ' 

of Peru and IPEN in the executive 
preparation and implementation of 
the Plan and coordination of the 
Project 

Starting 
Date Dul'at i on 

January Entire 
1977 project 

SCHEDULE OF SUPERVISION, EVALUATION AND REPORTS - 

1. Technical Report Submittal Schedule 

Project progress report - e$ery six months starting in June 1977. 

i. 
Final report. - at completion .of execution'- December 1985.. ' 

PART IV. BUDGET 1;'' 
... 



PROGRAM :V : GENWAL.'ADVISORY ' SERVICES 'TO THE GOVERNMENT AND :IPm 'AND ' COORDI- 
NATION 

PART 11. D . BASES OF. THE PROJECT 

2. PROGRAM JUSTIFICATION 

The na tu re  and complexity o f  t h e  sub jec t ,  i n  conjunction wfth- t h e .  f a c t  t h a t  
Perg. ,is .embarking,, f o r  t h e  f irst  , t ime i n  a ,Nuclear Plan of t h i s  magnitude, 
r equ i res  outs ide  advice i n  t h e  i n i t i a l  s tages  of i t s  execution and'coordina- 
t i o n  of  t h e  a s s i s t a n c e  received. 

PART 1I.E.  OUTPUT 

The a c t i v i t y  w i l l  produce t h e  following concrete r e s u l t :  

A Peruvian organizat ion with t h e  c a p a b i l i t y  requi red  t o  ensure t h e  r a t i o n a l  
incorporat ion of peaceful  uses o f  :nuclear power i n t o  t h e  na t iona l  development 
process ; 

Proposed Duration 
Place - -- and S t a r t i n g  Date 

Assistance t o  t h e  Government and t h e  Peru- 
v ian  Nuclear Energy I n s t i t u t e  f o r  t h e  
s tar t -up  and execution of  t h e  ' f i r s t  s t age  
o f  t h e  Nuclear Plan (1977-1981). Tech- 
n i c a l  and s c i e n t i f i c  advisory se rv ices  f o r  
evaluat ion of  i t s  progress and coordina- 
t i o n  of i t s  a c t i v i t i e s  within!  t h e  tech- 
n i c a l  pol icy  and guidel ines  of t h e  plan 

Coordination of  t h e  Technical Assistance Lima January 1977 
furnished by UNDP and t h e  IAEA ~ e g u l a r  December 1981 
Program with t h e  ' Government . : .. . 

i 

PART 1 I . G .  INPUTS 

1. Description o f  Government-Furnished Inputs  - 

B. Assignment of Domestic Personnel 

Place Date - Duration 

Projec t  Direc tor .  This pos i t ion  Lima. January . E n t i r e  4 
1977 

. . i s  f i l l e d  by t h e  Pres ident  of t h e  p ro jec t  
Peruvian Nuclear Energy I n s t i t u t e ,  
who, a c t i n g  together  with t h e  Prin- 
c i p a l  Technical Advisor, w i l l  pro- 
vide general  o r i e n t a t i o n  u n t i l  t h e  
completion o f  t h e  P ro jec t .  



COUNTRY: PERU 

I'RO.IEC1' No. : ~0~/76/002/A/01/1.8 

TITLE: NUCLPAR RNERCY 

PROJECT RUUCET - UNDP CONTRIBUTIOI 

PROCRAM IV - RADIATION PROTECTI_ON AND NUCLEAR SAFETY 

10. PROJECT PERSONNEL TOTAL ' 1977 1978 1979 ' 1980 1981 
man- ; man- man- man- man- man- 
months $,. months $ months $ months $ months $ months $ 

11.  EXPERTS - 
1 1.. 2. Radiation Protection 

Colrrses 3 ,12,000 

11.22 Installation Control ," 
and Licensing 9 36.000 

11.99 Subtotal 12 48.000 

' ,  30. TRAINING 32.000 

40. EQU I P?n?NT - 20,000 , 

99. TOTAL'UNDP CONTRIBUTION 100,000 
.. .. 



. r' 
E . UNDP-Furni shed Equipmerit. arid ' Supp1i.e.s 

- Starting 
SIac e Date Cdst - 

Buildings and Equipment Lima i979/80/81 20 ,'OOO 

PART 111. SCHEDULE OF 'SUPERVISION, 'ENALUATIDN 'AND 'REPORTS 

1. Technical Report Submittal 'Schedule 

Progress reports - every three months of each expert's mission, and Sy subject. 

Final reports - upon completion of each expert's inission. 
PART IV. BUDGET 



2.  Descript ion of  UNDP-Furnished Inputs  , !., , . .- . . .. . . .  
. . . .  . 

B. Assignment .of h t e r n a t  idrial 'Personnel 

Expert i n  r a d i a t i o n  p ro tec t ion ,  Lima 
capable of teaching ~ o s t d g r a d u a t e  
profess ional  courses.  Profession- 
a l  experience i n  waste and shie ld-  
ing  cont ro l  and technology 

Expert i n  nuclear  i n s t a l l a t i o n  Lima 
l i c e n s i n g ,  p ro tec t ive  s$s%ems and ' 

s a f e t y  standards t o  be met by 
such i n s t a l l a t i o n s  

S t a r t i n g  
'Date ' " '  'Duration 

, March 1979 3 months 
. . . . 

March 1980 6 months 
. . 

Similar ly  q u a l i f i e d  expert  f o r  Lima March 1981 3 months 
con t ro l  and l i c e n s i n g  of  new in-  
s t a l l a t  ions 

D .  Training Provisions 

Nuclear Safe ty  a i d  Radiation Pro- Braz i l  May 1979 6 man-months 
t e c t i o n  Argentina 
Operational Control Systems Spain 

France 

Licensing of  nuclear  f a c i l i t i e s ,  Argentfna - March, 1979 ' 4 man-months 
standards 'and procedures Braz i l  

Canada 
Spain 

Licensing of nuclear  f a c i l i t i e s  Germany Apr i l  1980 6 man-months 
( p a r t i c u l a r l y  r e a c t o r s  ) lJ.S. 

France 
Argentina 

Pro tec t ive  systems -- sh ie ld ing ,  Canada June 1980 6 han-months 
rai l ioact ive wastes Braz i l  

Argentina 
Spain 

Protec t ion  technology and systems Argentina January ' 4 man-months 
France 1981 
Spain 

Medicine, and a c t i o n  3n t h e  event Argentina March 1981 6 man-months 
of  nuclear  acc idents  Spain 

Braz i l  



Proposed Duration 
Place  'arid s t a r t i n g  .Date 

( 4 )  Preparatory A c t i v i t i e s  To Be Undertaken 
By t h e  Goverriment 

Issuance of  re levant  l e g i s l a t i o n  and Lima 1977-1978 
'standards 

Execution of l abora to r fes  and f a c i l i t i e s  L i m a  1977-1978 
a s  provided i n  t h e  1977-1981 Nuclear Plan 

PART 1 I . G .  INPUTS 

1. Description of Government-Furnished Inputs 

Assignment of  Domestic Personnel 

Place; - Date - Durat ion 

Chief, IPEN Department of Radia- Lima January En t i re  
t ion Protec t  ion and Nuclear 1977 projec t  
Safety.  W i l l  coordinate a c t  i v i -  
t i e s  with t h e  exper ts  

Seven profess ionals  spec ia l i z ing  Lima January En t i re  
. . 

i n  t h e  science and technology of 1977 pro j ec t  
r ad ia t ion  protec t ion ' 

'Auxiliary labora tory  'techn.ic ians  Lima ~ a n u a r y  En t i re  
and o f f  i c e  personnel 1979 pro j ect  

D. Government-Furnished Buildings,  Equipment Cind Supplies 

 ater rials and Supplies Place Delivery - Cost 

Office and labora tory  ,materials  Lima A s  needed 1,000,000 
and suppl ies  

'Buildings 'arid. .Equipment 'Place . S t  a r t  Cost 
. . .- 

Laboratory under construc%ion a t  Lima March 1977 2,500,000 
IPEN 

Instruments and. equipment , . - do..:.- -. do.: - 
. . 

. ~2,000,000 

E. Miscellaneous Expenses 

.Operating .expenses - .annual L i m a  A s  needed 5.,000,000 
budget provided in. t h e  Nuclear 
Plan 



APPENDIX ' I V  

PROGRAM IV : .RADIATION PROTECTION .AND .NUCLEAR . SAFETY 

PART 1 I . D .  'BASES OF THE PROJECT 

2.  PROGRAM JUSTIFICATION 

Peaceful app l i ca t ions  of nuclear  power a r e  not poss ib le  -unless  t h e  e f f e c t  of 
r a d i a t i o n  is adequately cont ro l led .  I n  t h i s  r e spec t ,  t h e  most important pro- 
v i s ion  f o r  t h e  use of nuclear  energy i s  t h a t  concerning s a f e t y  and protec t ion .  
The Projec t  has considered t h e  as s i s t ance  necessary t o  achieve t h i s  condit ion.  

PART 1I.E.  OUTPUT 

This a c t i v i t y  w i l l  produce t h e  following concrete r e s u l t :  

A system t o  ensure protec t ion  of  t h e  population and t h e  environment agains t  
t h e  e f f e c t  of t h e  r ad ia t ions .  

PART 1I .F .  ACTIVITIES 

The expected UNDP ass i s t ance  t o  t h i s  a c t i v i t y  w i l l  s t ~ r t  i n  1979, complementing 
t h e  as s i s t ance  requested bv t h e  Peruvian Government from IAEA ( ~ ~ ~ / 9 / 0 6  ) under 
i t s  Regular Program. The purpose of  t h e  a s s i s t ance  w i l l  be t o  immediately 
overcome t h e  country ' s  present  l ack  o f  l e g i s l a t i o n  and regu la to ry  standards 
i n  t h e  f i e l d  o f  r ad ia t ion  protec t ion  and vuclear  s a f e t y  and t o  organize t h e  
corresponding na t iona l  agency i n  accordance with t h e  emerging requirements of 
t h e  Plan. 

Such an agency w i l l  obviously r equ i re  q u a l i f i e d  personnel and a p ~ r o p r i a t e  
equipment . 
I n  t h i s  regard,  t h e  UNDP Pr.oject provides f c r , t h e  following items: 

Proposed Duration 
Place and S t a r t i n g  Date 

( 1 )  Assistance through exper ts  i n  r a d i a t i o n  ,Lima 1979-1980-1981 
p ro tec t ion ,  l i cens ing ,  . r ad ia t ion  con- 
t r o l ,  i n s t a l l a t  ion s e c u r i t y ,  dosimetry, 
e t c .  

( 2 )  Teaching of  radiat , ion protec t ion  courses Lima 1979 

( 3) Training o f '  s p e c i a l i s t s  abroad Argent fna  1979-1980-1981 
Braz i l  
Spain 
Mexico 



COIINTRY: PERU 

PROJECT NO. : PER/76/002/A/01/18. 

TJTLE: NUCLEAR. ENERGY 

PROCRAn 111, - NUCLEAR APPLICATIONS IN THE AGRICULTURAL SO-R - 

TOTAL 1977 1978 
10; ~ROJECT PERSONNKL man- man- man- 

months, , $ montl~rr .$ nbntlis $ 
ILod EXPERTS 

Progrq 111 Director 
Course! and Laboratory 
Organization. 
General Program 
Coordination. 30 120,000 
Animal Husbandry and 
Nutrition 6 24,000 
Animal Pathology 3 12,000 
Plant Physiology 6 24,000 , 

Genetic Upgrading 
IInd~~ceme~lt of Mutations) 6 26.000 
Food and Feed Conservation 6 24,000 
Forestry Research 3 12,000 
Consulfants 8 32,000 

11.99 Subtotal 68 272.00(! 

30. TRAINING 44,000 

40. P.11UIPNWI 153,000 

99. TOTAI. ~ M D P  COKPRIRIJTION 469,000 

i979 
man- . 
months S 

1980 1981 
man- " man- 
.months B .. . months $ 



Starting 
'Place Date C6st - 

a 
Laboratory equipment and mate- Lima 1$80/81 11,000 
rials for animal nutrition and 
pathology 

Shop machinery .and tools Lima 1979/51 5,000 

PART 111. SCHEDULE OF SUPERVISION,'ENALUATION AND REPORTS 

1. Technical Report Submittal'Schedule 

General report of activities - quarterlx, starting in July 1979 until late 
1981. 

Final report upon completion of each expert's mission - starting..in 1979. 
PART IV. BUDGET 



St art ing 
Place Date 

' Use of nuclear techniques in Spain ' ' i  August 
vegetable production Brazil , . 1.980 . 

Argentina 

Food irradiation techniques Canada May 1981 
France 

t ,  Spain 
Arge3t ina 

Isotopic techniques in forestry Canada March 1981 
, research, Spain 

Germany 
England 

Plant physiology Spain . - ' . .  April.1981 
Brazil 'i." 

Argentina 
Canada 

E. UNDP-Furnished Equipment and Supplies 

Starting 
Place Date 

Materials and Supplies 1979/80/81 

Buildings and Equipment 

Laboratory materiel for research Lima 1979/81 
on plant physiology, especially 
photosynthesis (including instru- 
ments for field measurements of 
photosynthetic activity) 

2 plant cultivation chambers, 
germinators and accessory materiel 

Complementary electronic equipment 
counters for detection and measure- 
ment of radioactivity (including 
current stabilizers and other ac- 
cessories) 

Neutron sondes and accessories 

Biological materials irradiation 
unit   amm ma cell type) 
2 vehicles 

Mass spectrometer and accessories 

Duration 

4 man-months 

3 man-months 

3 man-months 

3 man-months 

Cost - 
19,000 



' S t a r t ing  
Place ' D a t e  ' Durat ipn  

Expert i n  t h e  app l i ca t ion  of nu- - .do. 1979/80'/81 6 mancmonths 
c l e a r  techniques i n  p lan t  genet- 
i c s  (.inducement o f  mutations].  
Course teaching,  laboratory,  and 
f i e l d  work 

Expert i n  t h e  use of in tense  ra-  - do. - 19'80/1941 6 man-months 
d i a t i o n  sources t o  preserve food 
and feed,  course teaching,  confe- 
rences,  and ana lys i s  o f  p o t e n t i a l  
i n  Peru 

Expert i n  t h e  appl ica t ion  o f .  ra -  - do. - 1980/1981 3 man-months 
d io isotopia  techniques i n  f o r e s t r y  

. research  - course teaching - con- 
ferences and labora tory  work and 
f i e l d .  experiments 

Consultants,  p a r t i c u l a r l y  with - do. - 1979/80/81 ' 8 months 
r e spec t  t o  t h e  u s e . o f  a n a l f l i c a l  
and experimental techniques 

S t  art ing ' 
D .  Training Provisions Place " Date - Duration 

Radioisotoplc techniques 
Analysis 

Plant  Physiology - 
Photosynthesis 

Braz i l  March 1979 6. man-months 
Spain 
Argentina 
France' 

Spain May 1979 6 man-months 
France 
Braz i l  

-Application of radio isotopes  France J u l y  1979. 3 man-months 
Radiochemistry Spairi 

Argentina 
Braz i l  

Radiation protec t ion  - 
Dosimetry , 

.France J u l y  i979 4' man-months 
Spain 
~ r ~ e n t  ina  
Braz i l  

Animal n u t r i t i o n  evaluat ion Argentina' May 1.980 6 ma&-months 
study U . S . -  

Spain 

' ~ i o d e s s  and e v a l i a t i o n  of .mineral Spain May 19'80 6 man-monthq 
nuLri t ion , . i n  p l a n t s  , France 

, ' Arge'nt i n a  
Braz i l  



D . ~overnment-~u*ni'$:he!d' Buildings ; ' EquiprhPrit ' and ' Supplies 
. . 

Mater ia ls  and Supplies 

3 * 

Officeandlaboratorymaterials ; d o .  4 - d o ,  - 
and suppl ies  C~JNA 1 

Radioisotope labora tory ,  winter  Li& S t a r t i i ~ g  
. pas tu res ,  experimental p l o t s ,  e t c  . UMA . . i n  ,1977 

Complementary equipment Lima - do. - 
. . .  . 

UNA 
- 4 '  : ;  

, * 

E.  #iscel laneous Expenses, 

Equipment maintenance, f i e l d  ex- Lima 1979 
periment support- UNA . 

&. , 

2. Descript ion of UNDP-Furnished Inputs  

B. Assignment of In te rna t iona l  Personnel 

S t a r t i n g  
Place Date 

!.4V 

Program I11 Director .  ~ x p e r t  i n  Lima . - - '  June 1979 
- organizat ion of courseg and labo- UNA & , .  

r a t o r i e s  . coordinat ion '03 elit i r e  
a c t i v i t y  in '  use of  radioisotopes 
..in a g r i c u l t u r e  and c a t t l e  raislng 
S p e c i a l i s t  i n  s o i l s  and f e r t i -  
l i z e r s .  

, . 

Expert i n  t h e  app l i ca t ion  of  nu- .Lima. ' : : 198,011981 
c l e a r  techniques i n  animal. n u t r i i  UNA' ' + .  ' 

t i o n ,  course teaching .and, appl,ied . . 3 '  

work 

.. . Expeyt. .in the .appli.cation. .of ..nu- - do. bz . 19,80/1?81. 
c l e a r  techniques.  l n  animal Pa- 
thology,  course teaching and 

, . 
guidance of  appl ied  work ' ' 

.Expert: i n  the. .appl  jca t io?  ,of  nu- Lima ' -, .'- 1980/1981 
.' f ; .  c l e a r  techniques,  p lan t  pk;jrsiol- UNA :. ' ...-, 

ogy, course teaching,  app1i:ed. ..,.. .. , work 

cost  - 

1,~290~,000 

Duration 

30 man-months 

3. man-months 

6 man-months 



Proposed Duration 
PlBce 'and ' S t a r t i n g  'Date 

Acceptance o f  equipment' furnishes by Lima 
5 UNDP 

Trafning of profess ionals  Abroad 

F ie ld  work and research  Lima 

/ 6 )  Preparatory ~ c t i v i t i e s  To ~e Undertaken 
By t h e  Government , . 

I n s t a l l a t i o n  of radio isotope  labora tory  Lima 
and equipping of  experimental winter  UNA 
pas ture  and p l o t s  

Coordination of  P i l o t  Center a c t i v i t i e s  Lima and 
with o the r  u n i v e r s i t i e s  and i n s t i t u t i o n s  o ther  
connected with a g r i c u l t u r e  regions 

Formation of  requi red  Peruvian personnel Lima 
s t a f f  

January 1979 
t o  l a t e  1981 

January 1979 
t o  l a t e  1981 

January 1979 
t o  l a t e  1981 

PART 1 I . G .  INPUTS 

'1. Descript ion of  Government-Furnished Inputs  . 

B. Assignment of  Domestic Personnel 

S t a r t i n g  
Date of 

Place Service Duration 

Program d i r e c t o r  a t   bicultural Lima January En t i r e  
Universi ty - a nuclear. .physics UNA. 1979 ~ r o  j e c t  
s p e c i a l i s t  who w i l l  coordinate 
t h e  a c t i v i t y  with t h e  exper ts  

Two s p e c i a l i s t s  i n  i so tope  appl i -  Lima January - do. - 
ca t ions  i n  s o i l s  and mineral nu- UNA . 1977 
t r i t i o n  

Two biophysics s p e c i a l i s t s  - do. - - do. - - do. - 

Professors i n  physics and mete- - do. - - do. - - do. - 
oro loe~r  departments 

Radiology .professor - do. - - do, - - do. - 
Adininistrative personnel and - do. - - do. - - do. - 
a u x i l i a r y  labora tory  personnel 



2. .Bette,r ,food .conservation systems. 

3. Pest  eradica t ion.  

4. Introduction of more productive species .  

PART 11. F . ACTI:V.ITIES 

(1 ) Pregaratory Stage 
-.. . 

The' supp0jrt.l bemn by IAEA i n  t h e  form of .  exper ts ,  equipment and scholar- 
sh ips  under P E R / ~ / O ~  and P E R / ~ / O ~  w i l l  be .continued during t h e  i n i t i a l  
years  of t h e  Pro jec t ,  while t h e  construction and equipping of t h e  Radio- 
isotope Laboratory, t h e  P i l o t  Center and t h e  Complementary F a c i l i t i e s  a t  
t h e  National . . .. . Agricul tura l  . Universi ty (,DIA) a r e  under way. 

Massive UNDP-IAEA assistai ice w i l l  start to '  be provided t o  t h i s  activity 
i n  1979, a s  follows: 

. . 

Proposed Duration 
(2) A c t i v i t i e s  Place and S t a r t i n g  Date 

Organization of courses,  labora tory  re- Lima and January 1979 
searcli e;nd'work i n  experiinental p l o t s  elsewhere u n t i l  .late 1981 
and i n  t h e  f i e l d  on t h e  a p p l i c a t i o n . o f  in-  Peru 
nuclear techniques t o  p lan t  physiology, 
genetic upgrading, animal husbandry, ani-  
mal n u t r i t i o n  and metabolism, f o r e s t r y  
research,  s o i l s ,  f e r t i1 ize r s ;minera l  nu- 
t r i t i o n ,  food and feed conservation, e t c .  

( 3 1 Furnishing o f ;  eq~ipment  , instruments and Lima January 1979 
spec ia l  materials..:flor radioisotope appli-  u n t i l  mid-1981 

. c a t  . i,ons . .  i n  the..  a g r i c u l t u r a l .  sec to r  . . .  

( 4 )  P r e p ~ g . t i o n  of ,sp.ec.ialists from UNA .and. Lima+ and . January. 1979 
other :  . . cen te r s  and: ,agencies t o  t each ,  'ap-' elsewhere t o .  l a t e  1081 
p ly  and control  nuclear techniques in .  . . ., '- i n  Peru' . . .  

t h e  sec to r  

General A c t i v i t i e s  
. . .  

Seryices of a ,  s p e c l a l i s t .  responsible  f o r .  LZma. and . January 1879 
course organizat ion and general  coordi- " other  pro- t o  l a t e  1981 
nat  ipn .. . .. ' . , j e c t  areas 

. . 

Services of seven o r  e igh t  add i t iona l  ex- Liina and .January 1679 
p e r t s  i n  animal husbandry, ,p lant  physf 01- other  pro- t o .  l a t e  1,991 .... _ , .  .. 
ogy, genet ics ,  food ferti- . . j e c t '  a reas  
l i z e r s ,  . s o i l s  and f e r t i l i z e r s ,  .. . . r a d i a t i o n  . . . .  

protect ion " 



PROGRAM 111: NUCLEAR APPLICATIONS IN'THE AGRICULTURAL'SECTOR 

PART 1 I . D .  BASES OF THE PROJECT 

2. PROGRAM JUSTIFICATION 

The use  of nuc lear  techniques  o f f e r s  s i g n i f i c a n t ,  very  va luab le  resources  
which can a c t  r a p i d l y ,  e f f i c i e n t l y  and economically t o  so lve  va r ious  of Pe ru ' s  
a g r i c u l t u r a l  problems, such a s  s o i l  f e r t i l i t y  and aggrega te  f e r t i l i t y ,  mois- 
t u r e  c o n t r o l ,  ' p l a n t  gene t i c s  and physiology,  p e s t  c o n t r o l  and d i s i n f e s t a t i o n  
of  g r a i n ,  q u d i t a t i v e ' a n d  q u a a t i t a t l v e  improvement of food p r o t e i n  con ten t ,  

. . 
and s o  f o r t h .  

This i s  why t h e  Peruvian Nuclear Plan has given s p e c i a l  p r i o r i t y  t o  a  program 
d'f nuc lear  appl ic 'a t i6ns ' i n  t h e  a g r i c u i t u $ a l  and ' l i v e s t o c k  s e c t o r ,  intended t o  
i nc rease  food p roduc t iv i ty ;  t h i s  program inc ludes  t h e  f u t u r e  es tab l i shment  o f  
a  P i l o t  c e n t e r  f o r  Appl ica t ions  of  Nuclear Sciences i n  t h e  Agr i cu l tu ra l  Sec to r .  

The means t o  permit developing t h i s  a c t i v i t y  immediately and e f f e c t i v e l y  i s  
a l r eady  . i n  e x i s t e n c ~ ;  it s p e c i a l i z e s  i n  teaching  l ead ing  t o  t h e  use  of i so -  
t opes  and r a d i a t i o n  ,and t o  t h e  o rgan iza t ion  of  post-kraduate courses  on t h e  
use  o f  i so topes  a n d ' r a d i a t i o n  i n  a g r i c u l t u r a l  r e sea rch .  

. I  . 

I n  f a c t ,  t h e  i n i t i a l  nucleus of  t h e  p ro j ec t ed  P i l o t  Center w i l l  b e  t h e  present  
Radio iso to l~e  Laboratory and t each ing  program i n  , t e c h n i c a l  nuc lear  a p p l i c a t i o n s  
of  t h e  National  A g r i c u l t u r a l  u n i v e r s i t y  ( U N A ) ,  c r e a t e d  by v i r t u e  o f  t h e  Agree- 
ment between UNA and JCEA (now IPEN) and implemented wi th  a s s i s t a n c e  fiom t h e  
I n t e r n a t i o n a l  Atomic Energy Agency ( P E R / ~ / O ~  ) . 
The primary purpose of  t h e  P i l o t  Center w i l l  b e  t h e  p r a c t i c a l  d i sseminat ion  
of a g r i c u l t u r a l  a p p l i c a t i o n s  o f  n u c l e a ~  sc iences  i n  t h e  r u r a l  a r e a s ,  with t h e  
o b j e c t i v e  o f  i nc reas ing  t h e  output  of  t h e  f a r &  s e c t o r  and improving t h e  tech-  
niques employed i n  it. 

To c a r r y  ou t  i t s  miss ion 'and  a t t a i n  t h e  probosed o b j e c t i v e ,  t h e  P i l o t  Center 
w i l l  coord ina te  i t s  a c t i v i t i e s  by'means o f  b i l a t e r a l  c o n t r a c t s  and/or  agree- 
ments w i th  o t h e r  u n i v e r s i t i e s  and i n s t i t u t i o n s  a c t i n g  i n  t h e  f i e l d .  . The P i l o t  
Center w i l l  provide t o  t h e s e  o rgan iza t ions  t h e  teaching, ,  r e sea rch  and f a c i l i t y  
u t i l i z a t i o n  s e r v i c e s  t hey  may r e q u i r e ,  provided such s e r v i c e s  l i e  w i th in  i t s  
a v a i l a b l e  capac i ty  and a r e  intended f o r  t h e  proposed end. 

I n  p r i n c i p l e ,  t h e  s e l e c t e d  a r e a s  f o r - p r i o r i t y  concern inc lude  s o i l s  and f e r t i -  
l i z e r s ,  p l a n t  physiology, animal husbandry and gknet ic  improvement. Research 
a c t i v i t i e s  have already, 'begun i n  t h e  f i r s t  o'f t h e s e  a r e a s .  

s . A ,  . 
PART 1I .E .  

I 
r 

OUTPUT 
..' _ 

This  a c t i v i t y  w i l l  produce. the , fo$2oving- 'concre te  results':" 
- .  2 . .  ' I. <. , . . .  . 

1. Grea ter  and G e t t e r  product ion of  foods tuf fs ' ,  'U 



COIINTRY: PERU 

PRO.IECT No.: PER/76/002/A/01/18 

TITLE: NUCLEAR ENERGY 

P W E C T  BUDGET -- ---- -- UNDP CONTRIBUTION 

PROCRAH I1 - EVALUATION O f  URANIW RESOURCES 

TOTAL 1977 1978 1.979 
man- m-n- man- man- 
montl~s $ months $ months $ months $ 

PROCRAU PERSONNEL 
EXPERTS 
Program I1 Director . . r 36 144.000 
~edirnentar~ and Strnti- 
.graphical Geologist :27 '108.000 
Aerial Prospecting . . 
Expert : d 24,000 
Geochemist ' ' '1; 24 96 ,000 
Econmic Geologist ;. . .14 56,000, . 
Uranium Sedimentation 
Ceelogist ' 30 120,000 

, . 
. . 

. * 

11.99 Subtotal 137 548,000 12 48,000 ., 51 208,000 ': 60, 2t&,b00 
. . .. . , I j - -  . ,>> ;-; 

16. Other Costs ' , t . '  a ... : ? %  .,,,.12:ofj0 6,OOrl . : 

19, Total 560,000 48,000 210,000 240,000 

29. Subcontracts 11,000 . 6,000 5,OOo 

30. TRAINING -- 132,000 54,000 40,000 30.000 

40. EQU I P H E ~  184,000 65,000 76,000 40,000 

50. MISCELLANEOUS EXPENSES 1& 000 1.000 5,OM) 5 . m  

99. TOTAL UNDC CONTRCOUTION 903,000 168,000 337,000 120,000 



- Reports on test drillings in the areas 

- Reports on 1979 field operations 
- Reports on economic evaluations pertaining to the areas 
- Review of Program 11. 

These.reports will be prepared and submitted to the Government immediately 
upon completion of each stage of the work. .In addition, reports discussing 
the progress of the Project will be prepared every six months, in accordance 
wTth a schedule to be jointly established by the Government, UNDP and T A M .  

PART 1II.C. SPECIAL CONSIDERATIONS 

1. Provisions on Complementary Government Activities 

The Peruvian Government recognizes that, given the country's geological and 
morphological reality, the planned uranium resources evaluation and develop- 
ment activity will have a scale of operations that may well go beyond any more 
detailed execution program. Consequently, the Government will strive to apply 
the most modern prospecting methods and techniques in the selected and evaluated 
areas, so as to achieve the goals of the Project to the greatest extent pos-., 
si3le. While uranium reserves may indeed be discovered in these areas, one 
of the principal objectives. of the Project is to train ~eruvian personnel so 
that, once the Project'has been completed, they will-be abie to extend their 
activities to other parts of the country under Peru's long-term uranium explo- 
rat ion program. 

If any of the areas included in the activity should be found to contain a sig- 
nif icant , economically workable deposit. of uranium, the Peruvian Government 
intends to then prepare a Detailed Worki~g Plan to extract the ore as soon 
as it has available the appropriate technical conditions. 

The Peruvian Government recognizes that the areas chosen in the preliminary 
selection cover a considerable extent,and that each of them possesses its own 
characteristic geomorphology. As a result, it will' be necessary to redefine 
the covered areas and conditions in order to limit their extent to a value that 
can be adequately investigated. 

PART IV. BUDGET 



- The Peruvian Nuclear Energy I n s t i t u t e  w i l l  coordinate t h e  ac t ive  p a r t i c i -  
pa t ion of t h e  followi.ng na t iona l  'organizations i n  t h e  execution of t h e  
p r o j e c t :  

. i' . 
- I n s t i t u t e  of Geology and Minfng 

- PetrBleos d e l  Per6 

-' National Aerophotographic ,Service 
. . 

- Empresa Minero-Per6 

- Empresa Centromina 

- National Office of Natural Resource Evaluation 

- Transportation Service of  t h e  Peruvian A i r  Force 
. . 

- Directora te  of Highways, of t h e    in is try‘ of Transportation 

- Mili tary  Geographic ~ n s t i t u t e  

- ~ i n ' i n g  scidnce and Technology I n s t i t u t e .  
, a 

A l l  s tages  of  Program 1 1 ' w i l l  be implemented a f t e r  study i n  coordination 
with t h e  responsible  t echn ica l  personnel of t h e  above-mentioned geological  
and mining organizat ions ,  a s  c a l l e d  f o r  by th'e nature of t h e  mat ter ,  with 
' the  p a r t i c i p a t i o n  of t h e  UNDP and IAEA d i r e c t o r  representa t ives  accredi ted  
t o  t h e  Projec t .  

The progress of t h e  program w i l l  be reviewed annually 'in coordination 
with t h e  planning 'sector  of t h e  Ministry of  Energy and Mines and t h e  
IPEN-UNDP techn ica l  o f f i c e .  

. -  . 
1. Technical Report Submittal Schedule 

The ' Implement iqg  Agency k i l l  d r a f t  technical ,  r epor t s  on t h e  following subj  e = t s  
f o r  submission t o  t h e  Government: 

SUBJECT 

- Preliminary repor t s  on t h e  geological  s u i t a b i l i t y  of t h e  areas  

- Preliminary r e p o r t s  on t h e  a e r i a l  prospecting of t h e  areas  

- Reports on 1978 f i e l d  operat ions 
i 

- Reports on radiometric prospecting of  t h e  areas-, including both s e l f -  
c a r r i e d  and t e r r e s t r i a l  prospecting i n  general  

- Reports on geochemical explorat ion 



Delivery Cost 
Place Date ( Dollar s ) 

4 binocular microscopes for mine- Lima and July 1978 2,000 
ralogy field 

Sample preparation Cgrinders, Lima ~uly 1978 8,000 
mixers, splitters, etc.) 

Analytic a1 Laboratory 'Equipment 

1 fluorimeter (wl 40 platinum Li'ma July 1977 7,500 
discs) 

1 atomic absorpti6n spectrophoto- 
meter 

Miscellaneous Field and Office 
Equipment 

Field geological equipment 

Field geochemical equipment 

Office drafting equipment 

Radio communication equipment 

Miscellaneous Expenses 
. . 

. . 

Equipment use and maintenance 

Report preparation . . 

Miscellaneous . 

Lima January 
1978 

Project July 1977 
areas 

Lima and July 1977 
.pro j ect 
areas 

Lima July 1977 

Lima and January 
project 1978 
areas 

PART 1I.K. INSTITUTIONAL STRUCTURE 

- Program I1 will be managed by the Office of the Uranium Exploration Plan 
of the Peruvian Nuclear Energy Institute's Division of Raw Materials. 

: L 

Acting within the scope stipulated by the General Law on Peruvian Mining 
(Decree-~aw 18880), the Peruvian Nuclear Energy Institute (IPEN) will in- 
form the Government of the need to reserve for the use of the State the 
areas included in the Peruvian Uranium Prospecting Project, as well as 
any changes that may be made to them, for as much time as may be neces- 
sary. 



Delivery 
Plaoe -  ate 

- .  
Buildings and Equipment 

1 van or light truck 

b jeep-type vehicles 

Lima and June 1977 
project 
areas 

Lima and June 1977 
project' 
areas 

. . .  . . , ,  rillin in^ Equipment ,' . ., . 
1 percussion hammer, cobra type, Lima and July 1979 
or light prospecting drill project 

areas 

Field Radiometry Equipment 

9 scintillation counters Lima. and June 1977 
project . . 
areas 

1 radon monitor or emission meter Lima and January 
project 1978 
areas 

. .. .. ,.-. 

1 test-pit radiometric sounding Lima and January 
system, with scintillation sound project . 1978 

areas 
:I . . . -  

1 field gamma spectrometer Lima and January 
project 1978 
areas 

. . 
Field Geophysics Equipment 

1 complete resistivity-type ex- Lima and June 1978 
ploration set .proJ ect 

,areas -: . . 

1 proton' magnetometer Lima and June 1978 
project 
areas 

Cost 
(~ollars ) 

Photointerpretation equipment (to Lima and July '1978 
be specified) fie1.d 



S t a r t i n g  
'Date ' ' 

, ,  . . . I .. 'Place - 
. .  . .. -. 

Duration 

. - Working of .uranium deposi t s  France 
U.S .  

6 months 
(21" 

Canada 

, - Training .of. prospectors  France 
Spain 
Argentina 
( ~ r a z i l ]  

September 
1977 

6 months 
(2 1 * 

. . 

- Economic evaluat  ion,of deposi t s  
cJ ::* France 6 months 

(2)" 
Apr i l  1979 

- Planning and execution of  t e s t  Argentina 
borings Spain 

' - ~ a l c u l & i o n  6 f '  resekfes '  i n  sedi -  . Argentina 
mentary rocks t i U.S. 

March 1978 . . 
6 months 
( . l l*  

- Maintenance and nuclear  i n s t r u -  France January 
1978 

3 months 
(2 )"  mentat ion f o r  prospecting 

? 

Canada 
'I1.s.. 

- S c i e n t i f i c  t o u r  f o r  t h e  Ass i s t an t  Argentina 
Projec t  Director  U.S. 

Canada 
Aus t ra l i a  

6 months 
(1)" 

. .. 

D . UNDP-Furnished ~ ~ i i ~ m e n t  and Supplies 

. Ad Place 
Delivery 
Date 

Cost 
( ~ o l l a r s  ) 

Mater ia ls  and Supplies 
I '  

. . 

. . Supplies C _  1 . 
. .  . . 

Chemical supp l i e s ,  labora tory  re- Lima 
placements and mate r i a l s  

From J u l y  
1077 

Mater ia ls ,  spares and acce'ssories ' ~ i m a  and 
f o r  geologica l ,  radiometr ic ,  f i e l d  
geochemical and geophysic'a;l pros- 

From Ju ly  
1977, a s  
needed 

pect ing  and sounding equipment 

Materials  and spares' f o r  vehic les  Lima and 
p ro jec t  

From Ju ly  
1977., a s  
needed a reas  

. . 
.. .. .. . . 

a ,  . 
.. , 



start ing 
I Place - Date Duration 

Pro3 e c t  Supervision 'Duties 

C . Subcontracts 

Lima. and 1978-19'80 
p r o j e c t  
a reas  

S t a r t i n g  , 
Place Date 

Computer processtng of sampling Canada 1978-1980 
d a t a  

Ver i f i aa t ion  of chemical and mine- Aust r ia  1978-1980 
r a l o g i c a l  ana lys i s  and o ther  

countr ies  

D. Training Provisions 
S t a r t i n g  

Place Date 

- Methodology o f  uranium explorat ion UNDP September 
i n  sedimentary rocks Projec t  1977 

Argentina 
U.S. 

- Aeria l  radiometric  prospecting UNDP September 
Projec t  1977 

Canada 
Argentina 

- Geochemical prospecting techniques UNDP September 
Projec t  1977 

Canada 
Spain 
France 

- Geological photoin terpre ta t ion  Colombia February 
Nethey- 1977 

lands 
Spain 

- Mineralogy and petrography of  France February 
rad ioac t ive  minerals  U.S. 1978 

Spain 

- Geophysics/Radiometric p r o f i l i n g  U.S. February 
of  t e s t  p i t s  Canada 1978 

Argentina - 

Cost 
( ~ o l l a r s )  

Duration 

3 months 
( 4 ) "  

3 months 
( 2 ) "  

6 months 
(2 )"  

6 months 
(2)"  

6 months 
(2)"  

3 months 
(2 )"  

- Treatment and concentrat ion of Argentina February 6 months 
r ad ioac t ive  mtnerals  Spain 1978 (2 )"  

U.S. 

* ( ) = Number of scholarships .  



Uranium 'geologist spec ialiilng 
in sedimentary 'areas 

Geologist specializing in uranium 
prospecting in sedimentary forma- 
tions. Should also have experi- 
ence in radiometric prospectihg 
(:both self-carried and terrestrial 
in general) , photointerpretation, 
radiometric sounding of test pits 
and evaluation of sounding data 

Expert in aerial radiometric 
prospecting 

Geologist or.geophysicist spe- 
cializing in management of aerial 
radiometric prospecting by total 
counting or gamma spectrometry and 
using fixed-wing aircraft or heli- 
copters, and in the recording and 
interpret at ion of the obtained 
data 

Stratigraphic expert 

Geologist with experience .in sedi- 
mentary environments, stratigraph- 
ic and paleographic correlations, 
and uranium deposition environ- 
ments similar to the cordilleran 
deposits. Useful knowledge of 
geology and evolution of the An- 
dean Cordillera 

Geochemist 

Geologist or geochemist with ex- 
perience in the planning and man- 
agement of modern chemical methods 
of prospecting for uranlum and 
other methods, as well as in data 
interpretation using computer pro- 
grams. Will also manage the radon 
method prospecting. 

Economic geologist 

Economic geologist or economic 
mining engineer with experience 
in the evaluation of sedimentary 
and veined uranium deposits. A 
knowledge of production of: uranium 
as a byproduct is desirable. 

'Place 

Lima 

Lima and 
field 

Lima and 
field 

Lima and 
field 

Lima and 
field 

Starting 
Date DuPat i on 

October 30 man-months 
1977 

October 6 man-months 
1977 

January 27 man-months 
1978 

January 24 man-months 
1978 

October lk man-months 
1978 



S t  art ing  Cost 
Buildings and Equipment Place Date ( s o l e s  ) 

Buildings and f a c i l i t i e s  f o r  labo- Lima. A s  needed . 24,800,000 
r a t o r i e s  , off i c e s ,  equipment, e t c  . 
Vehicles 

- 4 jeeps 
- 4 s t a t i o n  wagons 
- 4 jeep vans 

Prospecting Equipment 

- Aerial  prospecting - Geochemical prospecting - T e r r e s t r i a l  prospecting 
- Test boring equipment 

Laboratory Equipment 

- Chemical analys is  
- Photointerpre ta t  ion 

Fie ld  July 77 4,240,000 
F ie ld  Jhnuary 78 
Fie ld  January 78 

F ie ld  July 77 1,650,000 
F ie ld  J u l y 7 7  ' 2,070,000 
F ie ld  July 77. 1,650,000 
F ie ld  A s  needed 4,950,000 

F i e l d  A s  needed 1,250,000 
Lima July 77 . 850,000 

Miscellaneous Expenses 

Aer ia l  services  F ie ld  A s  needed 32,000,000 
3;t . .. . 

Operational expenses F ie ld  A s  needed 15,000,000 

Equipment use  and maintenance F ie ld  A s  needed 3,000,000 

Miscellaneous 
.- . 

Lima and' '.As needed 1,825,000 
f i e l d  

' , , . .. ' . ' 
3 .  

- .  . 
2. - Descript ion of UNDP-Furni shed inpu t s  

B. Assignment o f  In te rna t iona l  Personnel 

S ta r t ing '  
Place . , Date. -. Duration 

program I1 Director  

Geologist with extensive experi- . .  Lima and ' July '  19'77 . 36 man-months 
ence i n  t h e  planning and execution f i e l d  
of uranium prospecting p r o j e c t s  

, . using rnodern'techniques. W i l l  co- . .  > .  .,. . . 
ord ina te  the'work of t h e  exper ts  

I . ,  . .  and supervise and exped2te t h e  ad- :'' , .,' .J:, ' . . . 
:..,;np .: . . . . , .  . 

visory  services  i n  accordance with 
t h e  dates  and d e t a i l s  spec i f i ed  
under ACTIVITIES i n  t h i s  document. ~: . . .:< 



Starting 
Date of 

Place Service Dur at ion 

Three terrestrial prospectors - do. - January 126 months 
(engineers ) 1977 

One geologist for laboratory -do. - January 42 months 
work 1977 

Non-Professional .Personnel 

One secretary Lima January 54 months 
1976 

One secretary Lima January . . \ 36 -.: months . 

1977 ' . 

Four office clerks Lima and January 156 months 
field 1977 

Three drivers, - do. - . July 1977 117 months 

Three drivers 

Three semi-skilled technidians 

Five semi-skilled technicians 

Five semi-skilled technicians 

Ten semi-skilled technicians 

Lima and 1978 81' months 
.field 

- do. - January 162 months 
1976 

- do. - April. 1978 195 months 

-do. - January 150 months 
1978 

- do. - January 180 months 
1978 

C. Subcontracts 

Aerial prospecting subco.ntract Field April 1978 14-16 
with a Peruvian firm' months 

, D. Government-Furnished Buildings, Equipment .and Supplies 
, ,  

. . Starting Cost 
Materials and Supplies Place Date . (soles) 

Fuel for aerial and terrestrial , ,  Lima and As needed 2,526,000 
field vehicles and equipment .. " . - 

. . 
Office and other supplies , . Lima and. As needed 820,000 

field 



PART 11. 'C . INPUTS 

1. Description of  Govermerit-FurnishCd Inputs 
7. 

B. A s s i m e n t  of Domestic 'Personnel' ' 

S t  a r t  ing 
Date of . 

'Place 'Selivice Duration 

One Chief Engineer from t h e  Ura- . Lina and January 42 months 
nium ~ x ~ l o r a t i o n '  Division, t o  f i e l d  1977 
furnish  information and ass i s t ance  
t q  t h e  UNDP exper ts  

One a e r i a l  prospector (geo log i s t )  Lima and January . . 42 months 
f i e l d '  ' .. 1977 

,3 .. 

Two t e r r e s t r i a l  prospectors (geo- Lima and January 108 months 
l o g i c a l  engineers)  f i e l d  1976 

One t e r r e s t r i a l  prospector (geol- Lima and June 1976 49 months 
ogi st ) f i e l d  

One e lec t ron ic  engineer . - do. - Ju ly  1977 36 months 

One geophysical engineer - d o .  ,- Ju ly  1977 36 months 

Three t e r r e s t r i a l  prospecting - do. - January 162 months 
engineers - 1976 

One chemical engineer f o r  labora- Lima January 54 months . ; 

t o r y  work 1976 

Two geochemists (geo log i s t s )  Lima and January 84 months 
f i e l d  1977 

One t echn ica l  draftsman - do. - January 42 months 
1977 

One 'mining engineer - do. - Ju ly  1978 ' 30 months 

One labora tory  chemist Lima J u l y  .1978 30 months 

One photointerpre ter  ( geologist  ) ~ i m a '  and January 42 months 
f i e l d  1977 

One d r i l l i n g  engineer ' - do. - ,. Ju ly  1978 24 months 
, . . . 

:* 

One a e r i a l  .prospector , , . - do. - , . Ju ly  1978 24 months 

0.ne a e r i a l  prospecting engineer - d o .  - J u l y 1 9 7 8  12months 

Three t e r r e s t r i a l '  prospectors - do. - January 126 .months 
1977 



Proposed Duration 
Place &id .S tar t i r ig  'Date 

Preliminary t r a i n i n g  of  contracted Peru- Lima and January 1977 
vian personnel i n  a e r i a l  and t e r r e s t r i a l  Program' t o  May 1977 
methods of radiometric  surveying and i n  Areas 
geochemical techniques,  followed by on- 
the-job t r a i n i n g  i n  t h e  f i e l d  

Contacts with supp l i e r s  of a e r i a l  radio- Program October 1977 
.metry equipment and he l i cop te r s  f o r  Areas 
a e r i a l  prospecting operat ions 

F ie ld  Operations 

Planning of f i e l d  operat ions by t h e  . Lima and Ju ly  1977 . 

Program I1 Director  and Ass is tant  D i -  Program t o  November 1977 
r e c t o r  Areas 

Aer ia l  and geochemical reconnaissance Program Apri l  1978 
surveys of  se lec ted  p ro jec t  a reas  Areas t o  November 1979 

T e r r e s t r i a l  [radiometric  ] and geological  Program Apri l  1978 
reconnaissance surveys Areas t o  November 1938 

Aer ia l  and t e r r e s t r i a l  radiometric  pros- Program November 1978 
pect ing ,  geophysical aria geochemical Areas and t o  end of program 
s t u d i e s ,  with t h e  p a r t i c i p a t i o n  of labo- Lima 
r a t o r i e s  

/ 

Exploratory. borings ( geological  da ta )  , Program Apri l  1979 
radiometric soundings of  t e s t  p i t s -  Areas t o  end of program 

Economic evaluat ion of  uranium occur- Program Apri l  1979 
rences Areas and t o  end of program 

other  areas  
of i n t e r e s t  
t o  IPEN 

( 7 )  Tra in inq 

a )  Peruvian counterpart  personne'l w i l l  be granted 25 scholarships ,  f o r  a 
t o t a l  of  132 man-months, t o  s tudy abroad various t o p i c s  pe r t a in ing  t o  
t h e  execution of t h e  program. . . 

b )  I n  addi t ion ,  IPEN's Center f o r  Advanced Nuclear Studies (CSEN) has sched- 
uled. t r a i n i n g  courses f o r  ~ e r s o n n e l  t o  be contracted f o r  t h e  p r o j e c t ,  t o  
be taught  with t h e  a s s i s t ance  of Peruvian o r  fore ign exper ts .  These 
courses w i l l  cover t echn ica l  aspects  r e l a t e d  t o  t e r r e s t r i a l ,  a e r i a l ,  geo- 
chemical and o ther  prospecting of radioact ive  ma te r i a l s .  



Whenever a discovery i s  made which c l e a r l y  ind ica tes  t h e  f inding o f , a  uranium 
deposit  o f  considerable p o t e n t i a l  value,  t h e  Government, UNDP and IAEA w i l l  
be  immediately n o t i f i e d  by means of  a ,  Specia l  Report of Disoovery, so t h a t  
they  may consult with each o the r  with respect  t o  any changes t o  t h e  prospecting 
program t h a t  may be advisable a s  a r e s u l t  of t h e  discovery. 

( 6 )  Promam I1 General A c t i v i t i e s  

Proposed Duration 
Place and ' St  a r t  ing  Date 

Services  of Program 11 Director ,  re-  Lima and 3 years 
sponsible f o r  t h e  preparat ion and execu- P r ~ g r a m  from 1 Ju ly  1977 
t i o n  o f  t h e  plan of  work Areas t o  30 June 1900 

Services  of another seven s h o r t - t e r m  Lima and Up t o  3 .years ,  
exper t s  and consultants  i n  prospecting,  Program between 1 July 1977 
evaluation and ana lys i s  of uranium Areas and 30 June 1980 

Delivery of equipment f'urnished by UNDP: Lima and 1977-1980 
Program 
Areas 

Training o f  approximately 25 geologis ts ,  Spain, Tota l  of 132 man- 
mining engineers and chemists abroad France, months between 1977 

U.S., and 1980 
Brazi l  , 
Canada, 
e t c .  

F ie ld  work -- geological ,  radiometric Program 3 years ,  
and geophysical reconnaissance surveys, Areas from 1 Ju ly  1977 
bor ings t o  30 June 1980 

Preparatory A c t i v i t i e s  To Be Undertaken 
By t h e  ~ov'ernment t o  Ensure Completion 
Of t h e  Projec t  Within t h e  Scheduled Term 

Compi.lation of background da ta ;  prepara- Lima 
t i o n  and furnishing of a l l  repor ts ,and 
maps pe r ta in ing  t o  a l l  work preyiously 
accomplished i n  t h e  pro,lect a reas  and . 
required f o r  execution of t h e  program 

Procurement of such s e t s  of topographic Lima 
mips and a e r i a l  photographs a s  may be . . .  
required f o r  Program I1 

Appointment and marshalling of a l l  Lima 
Peruvian personnel needed f o r  t h e  i n i -  
t ial .  s tages  of  t h e  program 

Select ion and contr ibut ion of equipment Lima 
from ava i l ab le  Peruvian organizat ions 
and l abora to r ies  

October 1976 
t o  March 1977 

January 1977 
t o  March 1977 

January 1977 
t o  March 1977 

January 1977 
t o  March 1977 



- Use of t e r r e s t r i a l  radiometric and geochemical methods, a e r i a l  pro- 
specting,  e t c . ,  m-ti1 t h e  se lec ted  areas'mentioned i n  t h e  preceding item 
a r e  completely surveyed.' 

, - 2  

C '  ( 4 )  Regional Prospecting , 

. . 

On t h e  b a s i s  of t h e  r e s u l t s  of  t h e  i n i t i a l  reconnaissance survey a c t i v i t i e s ,  
t h e  most promising areas  w i l l  be s tudied i n  more d e t a i l ,  a s  follows: 

- Geologic maps based on t h e  a e r i a l  photography products and t h e  overland 
reconnaissance a c t i v i t i e s  w i l l  be prepared, t o  t h e  ex ten t  necessary f o r  
t h e  prospecting t a sk .  

- High resolut ion aerial'lr2afliometric survey. 

- More d e t a i l e d  geochemical analyses of water and a l l u v i a l  deposi ts ,  radio- 
hydrological s t u d i e s ,  and more d e t a i l e d  surfade radiometric surveys. 

. . 

- Preparat ion of  maps and'-reports showing anomalous area; and geological ,  
mining, radiometric and. geochemical data.. 

( 5)  Systematic Prospecting . . 

THe information obtained i n  t h e  f i r s t  two s tages  w i l l  make it possible t o  
.'. determine t h e  most promi.s,,ing a reas ,  which w i l l  t hen .be  covered by a sys- 

tematic 'prospecting e f f o r t  including t h e  following methods: 
1 L 

- Ter res t r i a l . r ad iomet r i c  survey and d e t a i l e d  geologic survey (1.:5,000 - 
1: 10,000 s c a l e )  of t h e '  se lec ted  areas .  

- Systeniatic .geochemical analyses i,! areas  s u i t a b l e  f o r  t h e  use of t h i s  
t e c k i q u e .  ..* .,. . , 

- Systematic reconnaissance using s o i l  and water radon content techniques. 

- Surface geophysical studies,,when'ever indica ted  by t h e  geological  charac- - .  . 
t e r i s t i c s .  

- Whenever .appropr ia te ,  opening ..of t renches . i n  outcroppings and systematic 
'sampling of uranium ind ica t ions .  

- Boring programs t o  l o c a t e  favorable s t r a t a  and poss ib le  beds, including 
radiometric soundings i n  se lec ted  t e s t  p i t s .  

- Compilation of geologica.1-, radiometric and geochemical da ta  fn  appropr ia te  
maps and reppr t s .  

, - Preliminary evaluation of t h e  geologi'cal p o t e n t i a l  of  a l l  discovered ura- 
nium, deposits  and prev.iously known ;occurrences. 

Although t h e  program I1 personnel w i l l  be concerned with t h e  two 
designated a reas ,  t h e  program I1 Blreztor  and t h e  o the r  exper ts  w i l l  provide 

"advice,  ' i f  s o  requested.,.-ona,.the explorat ion and exp lo i t a t ion  of  uranium i n  
o the r  Peruvian regions.  . . 



I, 11, etc.: "Regional Uraniferous Geologic Environments" I 
11-1, 11-2, etc. : "Uranium Prospecting Units" I 

Prospecting Units Selected 
fo r  the IPEN-UNDP Project 

\ . .  . 

I I 



(2)  Selec ted  Areas 

P r i o r i t y  a reas  f o r  uranium prospecting under Program I1 were se lec ted  by Mission 
~ER/38/06, a s  p a r t  of  which an IAM expert  prepared a geologic-uraniferous 
sketch of t h e  country. Two of t h e  geologic u n i t s  deemed t o  be of t h e  f i r s t  
p r i o r i t y  were se lec ted  f o r  t h e  purposes and object ives  of t h i s  p ro jec t .  Fac- 
t o r s  taken i n t o  account i n  making t h e  s e l e c t i o n  included t h e  importance of 
each area ' s  favorable geologic i n d i c a t o r s ,  i t s  support i n f r a s t r u c t u r e  and t h e  
var%ety of .prospect ion methodologies t h a t  could be used. 

The two se lec ted  areas  a r e  ( s e e  MAP 1) : 

- Prospecting Unit VI-4 -- Tingo Marfa-OxapampaSatipo 

This u n i t  predominantly contains-Cretaceous and Ter t i a ry  cont inenta l  sedi-  
mentary formations having l i t h o l o g i c a l  and s t r u c t u r a l  c h a r a c t e r i s t i c s  re- 
garded a s  ind ica t ive  of good p o t e n t i a l  favorableness. It a l s o  includes a 
widespread i n t r u s i v e  body   an Ram6n g r a n i t e )  with high radiometric readings 
and permeable l e v e l s  containing remains of organic matter  (carbonaceous 
t r e e  t runks ,  fronds,  e t c . ) .  The a rea  exh ib i t s  in tens ive  weathering. The 
prinuipal .  physiographic fea tu res  include a craggy Eastern f ron t  (1,500- 
2,000 m)  which drops s t eep ly  toward low (1,000 m)  mountain rarges  and then 
becomes l e s s  rugged, gradually changing i n t o  l e v e l  t e r r a i n  toward t h e  North- 
e a s t .  The a rea  shown i n  MAP 1 amounts t o  41,000 square ki lometers.  

- Prospecting Unit V -- Puno 

This region cons i s t s  of a wide v a r i e t y  of geologic u n i t s  and chronost ra t i -  
graphic locat ions .  It contains s i x  formations of Upper Cretaceous-Tertiary 
con t inen ta l  sedimentary rock whose uraniferous parameters meri t  i n t e r e s t .  
I n  addi t ion ,  t h e r e  a r e . o t h e r  favorable condi t ions ,  such a s  the. presence of 
ext rus ive  volcanic rocks . ( ~ a c a z a  , Si l l apaca  and Barroso   or mat ions ) . The 
physiography of t h i s  region i s  t y p i c a l  o f  t h e  Andean Pla teau (4,000-m e le -  
v a t i o n ) ,  mildly t e c t o n t c ,  with fo ld ing o f  t h e  Andean cycle and longi tudinal  
f a u l t i n g  which c rea tes  loca l i zed  basins f i l l e d  with ~ u a t e r n a r y  sediments. 
The a rea  shown i n  MAP 1 amounts t o  approximately 38,000 square ki lometers.  

The areas  discussed above correspond t o  t h e  geological  u n i t s  which have t h e  
highest  p o t e n t i a l  f o r  prospecting. For t h e  purposes of implementing Program 11, 
however, a t o t a l  a rea  of not more than 35,000 square kilometers w i l l  be defined 
f o r  t h e  f i r s t  s tages  of  f i e l d  work. The t a s k s  described i n  t h e  plan of work 
w i l l  be ca r r i ed  out i n  t h i s  l imi ted  a rea  only. 

( 3) I n i t i a l .  Reconnaissance A c t i v i t i e s  

- Sectors w i l l  be del imited i n  t h e  ( se lec ted)  p r i o r i t y  zones, with a t o t a l  
a rea  such as can be feas ib ly  covered during t h e  term of Program 11. 

The boundaries of t h e  sec to r s  w i l l  be t r a c e d  .on t h e  bas i s  of a previous 
s tage  involving de ta i l ed  uranium geology s tud ies .  

The c h a r a c t e r i s t i c s  of th.e prospect i i~g methodology most s u i t a b l e  t o  these  
sec to r s  w i l l  be r e i t e r a t e d  during t h i s  s tage .  



b. Meet the requirements of uranium prospecting systematically and intensively, 
' 

using the latest available'techniques and processes for prospection, evalu- 
ation and working of' uranium-bearing minerals, particularly in sedimentary 

' format ions. 

c .  Enable an intensive prospection program to serve two purposes simulta- 
neously: 

- Determine, as rapidly as possible, the level of uranium resources in 
preparation for the installation of fluclear power plants- 

- ht the same time, create the technical and operational infrastructure 
necessary to accomplish all stages of the process, from the prospection, 
development and working of uranium deposits to the production of.conc~n- 
t rates 'on a, regular, economic basis, 

PART 11. E. ' OUTPUT 

This activity will yield the PollowOng concrete results: 

1. Systematic, intensive uranium prospecting, employing the latest available 
techniques and processes for prospecting, evaluating and working uranium- 
bearing minerals, particularly in scientifically selected sedimentary 
formetions . 

2, This intensive prospeetion program will also result simuPtanegusly in an 
evaluation, within the shortest' possible t jme, of the uranium resources 
in the.se1ected areas. 

3 .  A national infrastructure in the technology and operating capacity neces- 
sary to accomplish'all stages of the project, starting with the prospec- 
tion, -development .and working of uranium deposits, 

4. An economically significant economic resource with a guaranteed demand 
('favoring economic growth). 

5. Scientific and technological ability in the field, permitting sound, well- 
supported decisions to be made in the national interest. 

PART 1 I . F .  ACTIVITIES i 

( 1 ) Imp1 ement at ion St ages 

According to the overall pr2ject for peacefil hpplications of $uclear energy 
(19'77-1981), . . this program is scheduled to last five years. For execution pur- 
poses, however, Program I1 will have a term of three years. Upon completion 
of this stage, the development of the work and the results obtained in each 
aspect of the assistance effort will be analyzed, with special attention being 
devoted to the immediate prospects; if the results of! the analysis are positive, 
then a possible second stake will be studied, establishing priorities in a new 
plan of work and budget. 

This project review should be conducted six months before the completion of 
the first stage, in order to ensure continuity. 



The available technical information is being analyzed, having already yielded 
a first, priority-ranked selection of mines, locations and areas that should 
be reevaluated and investigated in accordance with a working procedure designed 
to concretely define the significance of the discovered uranium traces. This 
task has been under way for the last two years and can be expected to pick up 
momentum as encouraging results are obtained, as has already been the case for 
a mine in the center of the country. 

In regard to the preceding program, the need'for a project for prospecting 
uranium in sedimentary rocks has been under consideration in the recent past. 
The scale of operation-of this proJect will probably require national and 
international cooperation, and IPEN is expected to begin its first organiza- 
tional stage before the end of this year. 

b ,  

Justification 

The research already carrled out indicates that uranium is present in Peru at 
sites ranging from high-temperature, deep, intermediate-age environments to 
lower-temperature, shallow, younger ones. These hydrothermal environments 
(hypothermal, mesothermal and epithermal) respectively correspond to the 
coastal strip and Western Andean slope, the summit of,the Western and Eastern 
Andes, and the Eastern Andean slopes and Amazon Basin. Although the most ex- 
tensive research efforts were devoted to the high- and medium-temperature loca- 
tions, radioactive anomalies are more clearly evident in the epithermal loca- 
tions and appear to increase as the temperature decreases tqward the East. 
This suggests a probability that the largest concentrations of hydrothermal 
uranium will be discovered in surficial epithermal environments in the sec- 
tors of the country's Western Region, which are the least known and least in- 
vestigated ones. Uranium-bearing mineralization can also be expected to occur 
in other sectors, but on a smaller scale. 

The preceding conclusion reinforces l!PENts decision to implement a ciomprehe!isive 
Project for prospecting for uranium in sedimeqtary rocks. Continental and semi- 
continental sedimentary rocks (red strata) are exte~sively distributed in Peru, 
generally covering the Eastern strip, the Amazon Basin and portions of the An- 
dean Plateau. In other parts of the world, the largest uranium deposits are 
found in this type of rock. Intensive investigation must be carried out in 
Peru to determine whether the characteristics of local rocks ranging in age 
from Mesozoic and Tertiary to Paleozoic are-favorable for the occurrence of 
signifiaant uranium-bearing deposits. 

Planned Courses of Action 

Given the situation discussed in the preceding paragraphs and taking into ac- 
count the need to accelerate the process, the following courses of action have 
been established: 

a: Conduct a reconnaissance survey to search for uranium minerals in a new 
area, tP include a series of increasingly more complex and more costly 
measures or stages of work, each tending to increase the reliability of 
uranium potential estimates and reduce the risk of later investment for 
working them. 



APPENDIX I1 
I nr 

PROGRAM 11: EVALUATION AND DEVELOPMENT OF URANIUM RESOURCES 

PART BASES OF THE PROJECT 

2. PROGRAM JUSTIFICATION 

Background 

Exploration f o r  radioact ive  o res  was begun i n  Peru i n  1955.. An in tens ive  
e f f o r t  was undertaken during th'e f i r s t  seven years of t h e  present  decade, 
aimed a t  inves t iga t ing  mixed metal o re  deposits  i n  t h e  Coast and S i e r r a  re-  
gions. This e f f o r t  followed t h e  o r i e n t a t  ion and methodology used elsewhere 
i n  t h e  world a t  t h e  t ime,  a l s o  t ak ing  i n t o  account t h e  f a c t  t h a t ,  i n  a mining 
country such a s  ours ,  some uranium concentrat ion worthy of i n t e r e s t  might be 
associa ted  with mineral izat ions of base. metals ,  p a r t i c u l a r l y  those  of t h e  
veined type.  

A l a r g e  p a r t  of t h e  p r inc ipa l  metal o re  deposi ts  of t h e  Higher Andes and 
Central  Andes was covered, a t a s k  t h a t  was made e a s i e r  by t h e i r  moderate re-  
l i e f  and easy a c c e s s i b i l i t y .  The Western Slope of t h e  Andeg received.normal 
coverage, while t h e  ore  deposi ts  i n  t h e  Eastern Slope of t h e  c o r d i l l e r a  w a s  
l e s s  thoroughly inves t igated ,  because l e s s  information i s  ava i l ab le  about it, 
i t s  topography i s  very rugged and access t o  it is more d i f f i c u l t .  

'7 ' 

Although t h e  e f f o r t  was not comprehensive'insofar a s  a r e a l  coverage and ex- 
tension and i n t e n s i f i c a t i o n  of  t h e  inves t igat ion i n  s p e c i f i c  s i t e s ,  numerous 
occurrences of uranium i n  associa t ion with o ther  metals were discovered, in-  
cluding some which merited de ta i l ed  a t t e n t i o n .  Nevertheless, none of  t h e  
discovered t r a c e s  of uranium was economically s i g n i f i c a n t .  

Given t h e  country 's  wide- va r ie ty  of geological  environments, t h e  f i r s t  s t e p  
of t h i s  prospecting e f f o r t  cons i s t s  of a thorough examination of s i g n i f i c a n t  
mines and ore  samples and t h e  execution of radiometric land p r o f i l e s .  These 
t a s k s  a r e  conducted i n  p a r a l l e l  with o r  followed.. 5.r very l imi ted ,  s t u d i e s ,  i n  
f avorahle a reas ,  of cont inenta l  sedimentary rocks , s t r u c t u r e s  oi l-bearing 
provinces ( a s p h a l t i c  and bituminous s h a l e s ) ,  i n t r u s i v e  imeous  rocks,  metac 
morphic rocks,  lake  bas ins ,  and pyroc las t i c  volcanic mate r i a l s .  These s tud ies  
a r e  followed by attempts t o  s t a r t  ana ly t i c  s tud ies  .of l a t e r a l  secre t ion and 
hydrothermal zoning of t h e  uranium. Although t h e  r e s u l t s  of t h i s  e f f o r t  may 
seem t o  have been negative,  they do furnish  a panoramic view--as f a r  a s  i s  
known--of t h e  d i s t r i b u t i o n  of uranium i n  t h e  country and of what may be ex- 
pected from fu tu re  research.  The bas ic  da ta  i s , c o n t a i n e d  i n  some 700 repor t s  
prepared by Peruvian personnel i n  cooperation with s p e c i a l i s t s  from t h e  Nu- 
c l e a r  Power Commissions of t h e  United S t a t e s  (p r imar i ly ) ,  West Germany and 
France. 

S t a r t i n g  i n  1963, t h e  prospecting e f f o r t  .was severely cu t  back, t o  t h e  extent  
t h a t  i t  was almost completely hal ted .  Since t h a t  time it has been gradually 
increas ing once more, though modestly, by means of t h e  in t roduct ion of more 
expedit ious methods such a s  a e r i a l  radiometric surveying and, l a t e l y ,  geochem- 
i c a l  prospecting. 



.COUNTRY: PERU 

PRO.lE(3 No. : PER/76/002/A/01/18 

TIT1.E: NUCLP'. ENERGY 

PROJECT BUDGET -- - UNDP CONTRIBUTION 

PROCRAM I - INCOWORATION OF NUCLEAR ELECTRICITY ---- 

PROJECT PERSONNEL 

EXPERTS -- 
Power Plant S i t i n g  
Cal l  for  B i d s  
Propoual Evaluation 
I n s t a l l a t i o n  Inspection 
and Control 
Trainin8 of  Operators 

TOTAL 1.977 1.978 
man- man- man- 
months $ months $ mantits $ 

99 TOTAL UNDP CONTRIBUTION ' 113,000 

1979 
Mn- 
months S 

1980 1981 
man- man- 
w n t h s  $ ncmths $ 



'; PART 1I.K. INSTITUTIONAL STRUCTURE 

In regard to EJuclear Power, it is associated with: 

- the'Directorate General of Electricity, 
, . 

- the National Energy Research Institute, 
- and other specialized agencies in .the energy sector. 

PART 1I.L. PRIOR COMMI-TMENTS.AND PREREQUISITES -- None. 
PART III. SCIJEDULE OF SUPERVISION, .EVALUATION AND REPORTS 

1. Technical Report Submittal Schedule 

The implementing .agency will.prepare technical reports on the topic listed 
below, for submission :to -the Government according to the following scHedule: 

Partial reports every three months an expert remains in the country;by 
expert and by topic. , 

Final Report -- Upon completion of each expert ' s mission. 
PART IV. BUDGET 



2. 3escription of UNDP-Furnished Inputs 
'0: 

B. Assignment of International Personnel 

-.- 

Place 

Nuclear Power Plant Siting Expert - Lima 
analysis of local conditions, pre- 
paration of local group 

Expert in the preparation of pro- Lima ' 
cedures for analysis of power plant " 

types - call for bids, specifica- 
tions, etc. 

Expert to provide advice on pro- Lima 
posal evaluation, contracting prob- 
lems, etc. 

Expert to provide advice on metho- Lima 
dology and procedures for training 
the construction inspection and con- 
trol technical group 

Expert in the organization of a Lima 
power-plant pperational personnel 
training system 

Starting 
Date 

Apri 1 
1979 

January 
1981 

September 
1981 

September 
1981 

August 
1981 

Duration 

4 man-months 

4 man-nonths 

4 man-months 

3 man-months 

3.5 man- 
months 

C. Subcontracts -- Not applicable. 
D. Training Provisions 

Nuclear Power Plant Siting Argentina May 1979 5 man-months 
Methodology Study Canada 

France 
Spain 

.- 

Training in Nuclear Fuel.Cycle England June 1979 4 man-months 
Economy Analysis Argentina 

Spain 
France 

Nuclear Power Plant Engineering Argentina March 6 m&-months 
1981 (5) 

- - Construction and Operation Brazil 
Mexico (~otal 30 
Spain man-months ) 
France . . : '7 1' , Canada .: 

E . Equipment and 'supplies -- Not applicable. 
F. Miscellaneous Expenses -- Not -applicable. 



PART 1 I . C .  INPUTS 

1. Descript ion of  Government-Furnished Inputs  

B. Assignment of  Domestic Personnel 

Chief Engineer, Nuclear Power 
Department, IPEN, - Coordinates ac- 
t iv i . t ?es  , expedites  furnishing of 
information and ass i s t ance  to ,  t h e  
experts  

Three senior  engineers spec ia l i z ing  
i n  nuclear  power planning 

One engineer s p e c i a l i z i n g  i n  e lec-  
t r o n i c  f a c i l i t i e s  and equipment 

Auxil iary t echn ica l  personnel - 
Draftsmen, s e c r e t a r i e s  

S t a r t i n g  
Place Date ,  

Lima January 
1977 

Lima January 
1977 

Lima January 
1977 

Lima January 
1977 

Duration 

E n t i r e  
P ro jec t  

E n t i r e  
Projec t  

E n t i r e .  
p ro jec t  

E n t i r e  
Projec t  

NOTE: A l l  l o c a l  personnel w i l l  be employed 
a t  IPEN before t h e  . s t a r t  o f  t h e  Pro- 
ject ' .  

Government-Furnished Buildings,  Equipment hnd Supplies 

Delivery Cost 
Mater ia ls  and Supplies I Place Date (.Soles) 

o f f i c e ,  cklculati 'on and d r a f t i n g  Lima A s  needed 300,000 
suppl ies  

Buildings and Equipment 
Delivery Cost 

p lace  Date ( s o l e s  ) 

Exis t ing  IPEN bui ld ings  and o f f i c e s  Lima Ex i s t ing  , 5,000,000 

Typewriters and ca lcu la to r s  L i m ~  Exi s t ing  600,000 

Office f u r n i t u r e  Lima  xis st in^ 5OO,OOO 

E. Miscellaneous Expenses , . 

S t a r t i n g  
Place  Date Cost - 

Group opera t ing  expenses (according Lima From 1977 12,700,000 
t o  1977-1981 Nuclear p lan)  t o  1981 



( i i )  Optimal mix of  power p l a n t s  us ing f o s s i l  f'uels aya i l ab le  i n  Peru. 

( i i i )  Pos'sible use o f  geothermal energy. 

(iv) Optimization i s  understood t o  be  i n  economik terms,  t ak ing  i n t o  a c t  
count t h e  fu tu re  growth o f  e l e c t r i c i t y  consumption and t h e  need f o r  
cont inui ty  i n  t h e  supply o f  e l e c t r i c i t y ,  and favor ing ' tbe  use of 
Peruvian n a t u r a l  and human resources.  

. . " . .  . . 

T.he investment moddl t o  b e  used f o r  t h e  e l e c t r i c i t y  s e c t o r  w i l l ' b e  IAFA'B 
WASP Program, which w i l l  be t r imsfe r red  t o  Peru a t  a c l a t e r  da te .  Using t h i s  
model, a s  well a s  o the r s  t h a t  may r e s u l t  from revi ' s ions 'of  it, Peruvian engi- 
neers  w i l l  be ab le  t o  p e r i o d i c a l l y  r e v i s e  t h e  long-term plans  f o r  expansion 
o f  t h e  e l e c t r i c i t y  generat ion systems. , . 

. . . . 

The d e t a i l s  of UNDPts a c t i v i t i e s  a r e  a l s o  contingent on t h e  r e s i l t s  obtained 
i n  t h e  Nuclear Power Planning Study. Generally, however, t h e i r  main ob jec t ive  
i s  t o  achieve maximum p a r t i c i p a t i o n  o f  t h e  l o c a l  economy and technology i n  t h e  
i n s t a l l a t i o n  and operat ion o f  t h e  power p l a n t s .  

PART 1I.F.  ACTIVITIES 

The two previous s t ages  were defined i n  1976 and 1977: 
I 2 , '  

( 1 )  Fprm a profess ional  group s u f f i c i e n t l y  q u a l i f i e d  . t o ' ? l a y  an a c t i v e  r o l e  
i n  t h e  planning of  nuclear  e l e a t r i c i t y  programE":'by means of t h e  p a r t i c i -  
pa t ion  of sen io r  profess ionals  from IPEN, t h e  Direc tora te  General of 
E l e c t r i c i t y  and the. .National  Energy'Research I n s t i t u t e  i n  t h e  IAEA In te r -  
Regional Courses on ' the '  Establishment and Execution o f  Nuclear Power Pro-' 
j e c t s  held i n  Karlsruhe (1975.), ~ r g o n n e  (1976) and Saclay ('1976). 

( 2 )  Nuclear Power Plannlng Study t o  be performed by IAEA s p e c i a l i s t s  with t h e  
p a r t i c i p a t i o n  of  Peruvian profess ionals  s p e c i f i c a l l y  qual.if  i e d  f o r  it. 

A t h i r d  s t age  s t i l l  remains t o  b e  implemented before t h e  F i r s t  Nuclear Power 
Plant  i s  i n s t a l l e d .  This s t age  w i l l  include a l l  t h e  d e t a i l  s t u d i e s  and t h e  
d i f f i c u l t  and complex procedures of  t h e  c a l l  f o r  b i d s ,  s e l e c t i o n  of  type of  
power p l a n t ,  con t rac t  award, e t c .  

197911981 -- I n  t h i s  s t a g e ,  t h e  p r o j e c t  contemplates the '  furnishing of  oTDP-IAEA 
a s s i s t a n c e  through t h e  appropr ia te  t r a i n i n g  of  Peruvian engineers and t h e  t imely 
advice o f  foreign exper ts  i n  t h e  following'manner: 

. . 

TRAINING PLACE' DATE - - .  

Training of Peruvian s p e c i a l i s t s  i n  Nuclear Power Lima and From 1979 
Power Plant  S i t i n g  '- Power Plant  Engineering - . Abroad t o  1981 
Operation - Fuel  Economy 

('4 

" ;: 1 . . 

ADVISORY SERVICES 

Ass i s t a rce  by exper ts  i n  Power Plant  Plannin'g - Lima : From 1979 
F e a s i b i l i t y  - S i t i n g  - Management - I n s t a l l a t i o n  t o  1981 
and Operation 



APPENDIX I 

PROGRAM I: PREPARATION FOR THE INCORPORATION OF NUCLEAR ELECTRICITY 

PART I1 .D. BASES OF THE PROJECT 

2. PROGRAM JUSTIFICATION 

Peru i s  a rap id ly  developing coimtry, with a g rea t  demand f o r  energy. It pos- 
sesses  extensive p o t e n t i a l  hydroelec t r ic  resources which, however, l i e  i n  
complex geographic s e t t i n g s ,  so t h a t  a r e l a t i v e l y  s i g n i f i c a n t  thermal genera- 
t i o n  capacity w i l l  apparently a l s o  be needed by t h e  1990s. 

It i s  thus  important t o  determine, a s  soon a s  poss ib le ,  t h e  most advisable 
share o f 'nuc lea r  energy i n  t h a t  add i t iona l  thermal generation capacity,  so  
t h a t  adequate preparat ion can be made, including a l l  ac t ions  necessary t o  make 
it poss ib le  f o r  nuclear  in tegra t ion  t o  t ake  p lace  i n  a r a t i o n a l  manner appro- 
p r i a t e  t o  t h e  country 's  i n t e r e s t s .  

To t h i s  end, a group of profess ionals  w i l l  be t r a i n e d  t o  be able  t o  play an 
a c t i v e  r o l e  i n  t h e  Planning, Select ion i d  Operation of t h e  F i r s t  ~ u c l e a r  
Generating P lan t ,  thus  s tar t ing  t h e  Peruvian equipment program with a view t o  
achieving a growing l e v e l  of .domestic pa r t i c ipa t ion .  The formation of  t h i s  
group w i l l  enable Peru t o  reach independent decisions on what options a r e  t h e  
most appropriate and advisable f o r  t h e  country whiie favoring t h e  domestic 
technological  and productive. s t r u c t u r e .  

Worldwide experience shows t h a t  t h e  pr0ces.s of preparing t o  achieve a domestic 
capab i l i ty  t o  p a r t i c i p a t e  i n  t h e  f i e l d  of  nuclear  power generation equipment 
requires  much time. Consequently, it i s  advisable t o  s t a r t  t h a t  process a s  
soon a s  poss ib le .  , 

PART 1 I . E .  OUTPUT 

A Nuclear Power Planning Study t o  be performed by IAEA i n  1977 a s  a r e s u l t  of  
a request  from t h e  ~overnrnent of  Peru w i l l  provide t h e  country with compre- 
hensive bas ic  information obtained by a n e u t r a l  consultant  using t h e  most up- 
to-date techniques. The information, which w i l l  become ava i l ab le  within a 
shor t  time, w i l l  be used t o  develop not only PCrurs nuclear  program but  a l s o  
i t s  e n t i r e  energy planning a c t i v i t i e s .  

The information from t h e  IAEA. study w i l l  enable Peru t o  proceed i n  d e t a i l  with 
t h e  process o f  in tegra t ion  of  nuclear  e l e c t r i c i t y ,  su i t ab ly  advised by t h e  
in te rna t iona l  organizat ions (UNDP and IAEA) and thus  avoiding p o l i t i c a l  and 
economic commitments and technological  dependence. 

The Nuclear Power Planning Study wil.1 make it poss ib le  t o  determine t h e  num- 
be r  of  nucl'ear power p l a n t s ,  t h e i r  optimum s c a l e ,  and t h e  i n s t a l l a t i o n  dates 
( i n  t h e  period 1985-2000)'most advisable f o r  bringing them i n t o  t h e  country's 
power g r i d ,  t ak ing  i n t o  account t h e  following considerat ions:  

(i) Optimal u t i i i z a t i o n  of  hydroelec t r ic  resources. . 



APPENDICES 

INTRODUCTION 

The body of  t h e  o v e r a l l  document covers general considerat ions per ta in-  
i n g  t o  t h e  following t i t l e s :  

PART I. LEGAL CONTEXT 

PART 11. THE PROJECT 

PART 1I.A. DEVELOPMENT OBJECTIVES 

PART 1I.B. . IMMEDIATE OBJECTIVES 

PART 1I.C. SPECIAL CONSIDERATIONS w 

PART 1I.D. BASES OF THE PROJECT 

1. A c t i v i t i e s  included i n  t h e  plan of operat ions.  

'PART 1I.G. INPUTS 

PART 1I.H. PREPARATION OF TIiE.FINAL PLAN,OF WORK 

PART 11.1. FRAMEWORK FOR.EFFECTIVE PARTICIPATION OF DOMESTIC AND INTER- 
NATIONAL PROJECT PERSONNEL 

PART 1I.K. INSTITUTIONAL STRUCTURE 

PART 1II.A. TRIPARTITE SUPERVISORY REVIEWS .. . . 

PART 111. B. EVALUATION 

PART 1II.C. SPECIAL CONSIDERATIONS 

RELATED ACTIVITIES 

PART IV. BUDGET 

The fo l lowing  appendices cover t h e  s p e c i f i c  aspects  of t h e  re levant  preceding 
t i t l e s  and of .the complementary t i t l e s  which p e r t a i n  t o  each of  t h e  f i v e  ac- 
t i v i t i e s  comprised i n  t h i s  p ro jec t .  



COUNTRY : PERU 

PR0.IECT No.: PER/76/002/A/Ol/lR 

TI.TLE: NUCLEAR FJERGY PART 1V. BUDGET -- -- 
A. X D P  CONTRIBUTION (cont . ) 

TOTAL 1977 1978 1979 1980 
man- . man- man- man- man- 
months. $ months $ months $ months $ months $ 

30. TRAlNINC 247.000 54,000 40.000 68,000 6 6 ,  000 
.. . 

40. EQU I PUENT ' . 357,000 65,000 76,000 78.000 107.000 

50. NISCELLANEOUS EXPENSES i6 ,000 t 1,000 5,000 5.000 5,000 

99. ,TOTAL UNDP CONTRIBUTION 1,900,000~ ZJl.000 400.000 533.000 437;?00 

1981 . 
man- 

jmonths $ 



COUNTRY: PdRU 

PRalECT No. : ~ E ~ / 7 6 / 0 0 2 ' / ~ / 0 1 / 1 8  

TITLE: NUCLEAR ENERGY. ' PART IV.  BUDCET 

A. UNDP CONTRIBUTION (cont.)  

. . 1977 TOTAL 1978 ' 
. . man- man- man- 

months $ montha $ months $ 

11.14 Animal Husbandry 
and  Nu.tri t h n  6 24,000 

11.15 Animal Pa thology 3 12,000 
. 1 1 . 1 6  . P l a n t  .Phys io lngp 6 24,000 

11.17 G e n e t i c  Improvement 
(Hc~ ta t i on  Indue.-nt) 6 24,000 

. . l l . . lRL '  Food and Peed Conse rva t i on  6 26,000. 
.I 1.. 19  . F o r e ~ t r y  Research  3 12.000 
1 l .20  C o n s u l t a n t s  8 32,000 

Rad i a t i on  P r o t e c t i o n  and S a f e t y  

1.1.21 Teaching  of  R a d i a t i o n  
i. 

P r o t e c t i o n  Courses  3 12.000 
11.22 F a c i l i t i e s  and . . 

L i c e n s i n g  Con t ro l  , 9 ,  36,000 

11.99 S~ rh  T o t a l  295.5 IJ18,OOO 24 103,200 63 259.200 

13. ~ d a i n i s  t rat i v e  Suppor t  
Pe r sonne l  

- 15. O f f i c i a l  T r a v e l  9,000 1,800 1 , R 0 0  

16. O the r  C o s t s  12 , 000 6,000 

19. ' Coapoment T o t a l  1,269,000 . lL1 ,OO ' 2 7 3 . 0 0  

1.979 
man- 
montlis $ 

191W) 
man- 
months $ 

'1 9Rl 
man- 
months $ 



..: : .' 

' COUNTRY: PERU 

PRM,ECT No. : , PER/76/002/A/Ol/l8 . . . .. 

T1TI.E: NUCLEAR ENERGY 
. .  " 

PART IV.  , BUDGET 

UNDP CONTRIBUTION 

1977 1978 
man- man- 
months $ months $ 

TOTAL . 
man- 
months $ 

1979 
man- 
'montlis $ 

1980 ' 

mnn- 
montl~s $ 

1981. 
man- . 
months $ 

10. PROJECT PERSONNEL 
11. EXPERTS 
11.01 .- Y r i n c i ~ a l  Technical 1 

' 'Iiiciear E l e c t r i c i t y  liicokporation 

. :,Power Plant S i t i n g  . 4 ..-].6.000 
"Ca 1" ,for' Rids ' 4 :' 16,0(!0 

- -:Ev.iluation of .Proposalsd . 4 .: 16,000 
Lr fs ta~ la f ion  Inspection :: * ?.: 

::and:Control - -  . . 3 12,000 
'TrBiriing"of Operatnrs 3.5 "14;OOO 

i'. : 'a ' :?  : c " '  :. . , 

~ u a l u a t i o n .  of 'Uranium Resources . . 
. .. . .* * .. I .  

Program I1 Director 36 144,000 
Sedimentation and S t r a t i -  _ .  .. 
graphy Geologist " 27 108,000 
Prospecting Spec ia l i s t  . .6 . 24.000 
Geochemist 24 96.000 
Economic Geologist 14 56,000 
Uranium Sedimentation 

: Geolog'ist' 30 120,000 

.. : :' ' Nuclear Applications 

.11. I ?  . Program 111 Director. 
Course and Laboratory 
Organization, General 
Program Coordination 30 120,000 



A. Nuclear Electricity 
Incorporation 
Experts 
Training 
Equipment 

B. Evaluation and Development 
of Uranium Resources 
Experts 
Training 
Equipment 

C. Nuclear Applications in 
Agricultural Sector 
Experts 
Training 
Equipment 

D. Radiation Protection . 
and Nuclear Safety . 

Experts 
Training 
E ~ U  ipmen t 

1 (Phase Qg) - , CPBaae-Txd , , 

E. Advisory Services 
and General Coordination 
Expert 



RELATED ACTIVITIES 

A s .  i ts ,  National Prospection Plan i s  implemented, t h e  Peruvian Nuclear Energy 
I n s t i t u t e  may request  UNDP and IAEA t o  d i v e r t  al1:or p a r t  of i t s  support t o  
t h e  Projec t  t o  mee t ' the  needs.of  o the r  research being conducted a t ' t h e  same 
time toward t h e  same object ive .  

IPEN has been receiving continuous ass i s t ance  i n  t h e  form of equipment and 
mater ia ls  from IAEA f o r  use i n  a c t i v i t i e s  r e l a t e d  t o  prospecting,  nuclear  ap- 
p l i c a t i o n s ,  and t h e  l i k e ;  t h i s  ass is tance  may be placed a t  t h e  d isposal  of t h e  
Projec t .  

IPEN plans to.  t r a i n  any Peruvian personnel it may contrac t  domestically i f  pos- 
s i b l e ,  before considering sending them abroad f o r  t r a i n i n g .  



former Atomic Energy Control Board. The agemJcy has jurisdiction over all 
matters pertaining to the development and applic,ation of nuclear energy for 
peaceful purposes in the country and is responsible for planning, programming 
and developing the scientific and technological infrastructure in all areas 
in its purview. 

The Peruvian Nuclear Energy Institute is guided-by a Board of Directors which 
sets the policies of the institution. It is managed and administered by an 
Executive President [who combines the hnctions of Chairman of the Board and 
Chief Executive officer] and an Executive Director [or General ~anager]. The 
Board consists of eight- members, namely: 

- The Executive President [ chairman] , representing the President of the 
Republic, 

- the Vice President [vice Chairman], representing the President of the 
Republic, 

- one representative appointed by the Ministry of Economics and Finance, 
- two representatives appointed by the Ministry of Health, 
- one representative appointed by the Joint Command of the Armed Forcea, 
- one representative appointed by the National Board of Trustees of the 
Peruvian University, and - 

- one representative appointed by the Ministry of Energy and Mines. 
1 .  

The Project is located at the Peruviaq Nuclear Energy Institute, which reports 
to the Ministry of Energy and Mines. >+ 

. ' . I  .-, - -L 
PART 1II.A. TRIPARTITE SUPERVISORY REVIEWS 

The Project is subject to peri~dic review and revision in accordance with the 
policies and procedures established by UNDP for the monitoring of projects and 
program implementation and by the Republic of Peru's sectoral planning and 
control system. 

PART 1II.B. EVALUATION 
,:" 9 

The Project will be subject to evaluation in accordance with the policies and 
procedures established by UNDP for the purpose,' The organization, terms and 
conditions, and timing of evaluations will be.deqided in joint consultations 
between the Government, UNDP and the Implementing Agency, IAEA. 

PART 1II.C. SPECIAL CONSIDERATIONS - 
The Government will take all necessary measures to ensure that all work per- 
formed under the scope of the Projec$ will comply with the relevant IAEA 
safety standards. Reports of compliance with paragraphs 25(a), 26 and 27 of 
IAEA Document INFCIRC/~~ will be submitted periodically to IAEA. 

, f c' 

The Government agrees that none of the assistance it may receive by virtue of 
the Project will be used for any military purpose. - - .. 

The Government of Peru is a-signatgry:party to.the Non-Proliferation Treaty. 



Nuclear Physics Course 
Nuclear Chemistry Course 
and others .  

Preparat ion,  t r a i n i n g  and re f resher  programs t o  increase  t h e  knowledge 
of  t h e  profess ionals  and technic ians  who play  a d i r e c t  r o l e  i n  t h e  
Plan--and the re fo re  i n  the'  Project--is one of  t h e  p r i o r i t y  object ives  
of t h e  Nuclear Plan,  which has made provision f o r  t h e  resources and 
means necessary to.implement such courses. The Nuclear Plan has pro- 
vided a t o t a l  of S/ .  (Fi9ur.e omitted i n  o r i g i n a l )  mi l l ion  (1976 
pr ices)  f o r  these nur?oscs. 

2. Description bf Inputs  Furni'shed by UNDP 

A. P r i o r  Considerations 

The contribution from UNDP, t o  be made ava i l ab le  through t h e  IAEA, 
t h e  Implementing Agency, pe r ta in  t o  a l l  components and w i l l  be d is -  
bursed i n  accordance with t h e  usual  procedures. 

B. Assignment of  In te rna t iona l  Personnel -- See'.the appendix corre- 
sponding t o  each progr,am. 

PART 1 I . H .  PREPARATION OF THE FINAL PLAN OF WORK 
' 1  

A "Detailed Plan of  Work" f o r  implementation of  t h e  Projec t  w i l l  be prepared 
by t h e  Pr inc ipa l  Adviser and In te rna t iona l  Personnel Coordinator assigned t o  
t h e  Pro jec t ,  i n  consul ta t ion  with t h e  Projec t  Director .  The plan w i l l  be 
prepared a t  t h e  beginning of  t h e  Projec t  and then revised pe r iod ica l ly .  The 
Plan of  Work agreed t o  w i l l  l a t e r ' b e  included i n  t h e  Projec t  Document a s  an 
Appendix and w i l l  be regarded as  an i n t e g r a l  p a r t  of t h a t  Document, not l a t e r  
than s i x  months a f t e r  t h e  s t a r t  of  t h e  Projec t .  The per iodic  revis ions  w i l l  
be draf'ted t h r e e  months before  (and a f t e r )  t h e  mid-Project revis ion and t h e  
Final  Evaluation. 

PART 11.1. F'RAMEWORK FOR EFFECTIVE PARTICIPATION OF DOMESTIC AND INTERNATIONAL 
PROJECT PERSONNEL 

The work r e q u i r e d ' t o  produce t h e  r e s u l t s  and achieve t h e  immediate object ives  
of t h e  Projec t  w i l l  be performed j o i n t l y  by t h e  domestic and in te rna t iona l  
personnel assigned t o  t h e  Pro jec t .  Their individual  r o l e s  w i l l  be determined 
by t h e i r  Chief through discussion and:mutual agreement a t  t h e  beginning of t h e  
Pro jec t ;  and w i l l  be recorded i n  a "framework" f o r  e f f e c t i v e  pa r t i c ipa t ion  of 
t h e  P r o j e c t ' s  domestic and in te rna t iona l  .personnel. This framework, which 
w i l l  c o n s t i t u t e  an appendix t o  t h e  Projec t  Document, may be revised periodic-  
a l l y .  The r o l e s  of both t h e  domestic and t h e  in te rna t iona l  personnel must 
always be i n  conformity with c u r r e n t  guidelines and t h e  spec i f i c  purposes of 
t h e  t echn ica l  cooperation e f f o r t .  

PART 1 I . K .  INSTITUTIONAL STRUCTURE 
. . 

The Projec t  w i l l  be managed by t h e  Office of  t h e  President  of t h e  Peruvian 
Nuclear Energy I n s t i t u t e  (IPEN), an agency es tabl ished on 4 February 1975 by 
Decree-Law No. 21094 t o  regu la te  t h e  Energy and Mines Sector ,  replacing t h e  



b. Evaluation and development of uranium sesources. 

c. Radiation protection and nuclear safety. ---.- r . . - . - - <  

d. General advisory services to the Government and IPEN, and coordination. 

The appendices to thfs document contain detail informatibn on the. Justifi- 
cation, expected output, included activities, estimated inputs and other f ac- 
tors pertaining to each subproject of each of the above-listed programs of this 
overall project. 

PART 1I.E. OUTPUT -- See the appendix corresponding to each program. 
. . . 'LCi' . - " 

PART 1I.F. ACTIVITIES -- See.the appendix corresponding to each program. 
PART 1I.G. 'INPUTS -- See the appendix corresponding to each program. 
PART 1I.L. PREVIOUS COMMITMENTS AND REQUIREMENTS -- See the appendix correspond- 

ing to each program. 

PART 1I.N. FUTURE UNDP COOPERATION -- See appendix titled "Uranium Resource 
Evaluation. and Development Program" . . . - . .  

PART 111. SCHEDULE OF SUPERVISION, EVALUATION AND REPORTS -- See appendiaes 
for each program. 

PART 1I.G. INPUTS 

1. Description of Inputs Furnished by .the Government 

A. ,'Financial Commitments 

The State will provide'the financial resource~s necessary to carry out 
the activities contemplated under the present Project. The estimated 
cost of these activities, as provided in the.Nuclear Plan,, First Stage, 
1977-1981, amount? t:0 a total of S/ .(Figure ,omitred i;l orieinal) in 1.976 terms 

B. Assignment of Domestic Personnel -- See the appendix for each program. 
>; . , . . I . L 

C. Training F'unds 

The Center for Advanced Nuclear studies (ce,ntro superior de Estudi.0~ 
~ucleares--CSEN) ,, a branch .agency. of IPEN, has scheduled training 
courses to be held from 1976 to 1981 for personnel contracted or 
brought into the project as a whole. 

5 , .  I 

' These courses will be taught by :domestic aid foreign teachers and 
experts and will, cover the following axeas: 

. . .:. ,*I 

Nuclear Engineering Course. . . . . .  . 

Radiation Protection Course * . .  - - , . . 

Uranium Ore Prospection,Technology Course 
. Radiation Employment Methodology Cou~se 



c .  Enact t h e  appropriatg l e g i s l a t i o n  and standards. 

5 .  Technical Advisory S e r v i c e s ' t o  t h e  GoverMent of  Peru and to'IPEN, and 
General Coordination 

a .  Availing i t s e l f  of  t h e  advice provided by t h e  In te rna t iona l  Atomic 
Energy Agency ~ x p k r t  ( P E R / o ' / o ~ )  , t h e  Peruvian Government, a c t i n g  
through t h e  Peruvian Nuclear Energy I n s t i t u t e  , (IPEN.) , has es tabl ished 
a r e a l i s t i c ,  concrete plan whose f i r s t  s tage  i s  scheduled t o  be i m -  
plemented i n  t h e  period 1976-1981. 

b. It i s  e s s e n t i a l  f o r  t h e  Government and t h e  ~ e r u v i a n  Nuclear Energy 
I n s t i t u t e  t o  continue t o  make use of  such t echn ica l  advice during 
t h e  d i f f i c u l t  procZ5s of  implementation of  t h e  p lan ,  p a r t i c u l a r l y  
i n ' r e g a r d  t o  t h e  t echn ica l  and sc ien t i , f i c  aspects  per ta in ing t o  t h e  
t a sks  of research and development, personnel t r a i n i n g ,  organizat ion,  
execution planning, and t h e  l i k e .  

I 

c .  'The t a sks  involved i n  t h e  Projec t  w i l l  be coordinated a t  t h e  same 
t ime . - *.. 

PART 1 I . C .  SPECIAL CONSIDERATIONS 

Not applicable.  -.-.... .., 1 1  , . . 

PART 1 I . D .  BASES OF THE PROJECT 

1. . A s  i s  mentioned i n  t h e  Nuclear Plan i t s e l f ,  i t s  object ive  cannot be a t -  
t a ined  unless Peru can obta in  t h e  g r e a t e s t  possible amount -o f  t echn ica l  
a s s i s t ance  and know-how through i n t e r n a t i o n a l  c o o ~ e r a t i o n  ( in te rna t iona l  
organizat ions,  b i l a t e r a l  agreements, e t c . )  a s  p a r t  of  a well-planned and 
well-coordinated a c t i v i t y .  Conditions must be such a s  t o  ensure t h a t  
every s t e p  of such ex te rna l  assistance--no matter  how s m a l l - - w i l l  mean 
an ac tua l  increase i n  l o c a l l y  ava i l ab le  knowledge, represent ing a gradual 
accuinulati6n of  informat'ion which, when applied t o  t h e  country's own do- 
mestic experience, w i l l  make it poss ib le  t o  c rea te  a sound implementation 
capacity . 

9 - I - .  ,: . - 
"Well-planned and well-coordinated a c t i v i t y "  i s  understood t o  mean not 
only t h a t  appropriate in te rna t iona l  cooperation w i l l  be ava i l ab le  a t  t h e  
'proper moment, but  a l s o  t h a t  a p o s i t i v e  a t t i t u d e  w i l l  be ensured--on both 
t h e  b i l a t e r a l  and t h e  in te rna t iona l  organizat ion level--with a view t o  
supporting t h e  Peruvian e f f o r t  toward t h e  peaceful use of nuclear  eneagy, 
preventing duplicat ion of  e f f o r t  and counterproductive ac t ions .  

The cooperation requested from UNDP-IAEA per ta ins  t o  those t a sks  which 
most c lose ly  complyiwith' t h e  s p i r i t  and philosophy of t h e  United Nations 
Development Programme, i n  t h a t  they have t h e  g rea tes t  s o c i a l  and economic 
impact and capacity t o  develop s c i e n t i f i c  and technological  knowledge so 
a s  t o  permit making decisions i n  t h e  na t iona l  i n t e r e s t ,  This plan of ac- 
t i v i t i e s  includes t h e  following t a s k s  : 

8 , . *. 

a .  Preparation f o r  ?ncorporation o f  n u d e a r  e l e c t r i c i t y .  



of the incorporation of nuclear electricity into the system, and its 
most suitable siting. 

2. Evaluation and Developmerit of UrdniM-bear in^; '~esources 

a. Contribute toward making the. National Radioactive Resources Plan 
an effective means of implementing its extensive program of prospec- 
ting and studying in detail Peru% uranivm resources., and of training 
its personnel in all modern techniques.used in that kind of work. 

b. Use modern prospecting techniques to investigate potential uranium 
resources in the designated areas, which cover a total of approxi- 
mately 35,000 square kilometers. ?I 

c. Perform a technical and economic evaluation of all deposits of uranium- 
bearing ores and help to promote the recovery of uranium from copper 
and other ores already mined in the country. 

d. Train. Peruvian Nuclear Energy Institute (IPEN) personnel in modern 
uranium prospection techniques. 

3. Nuclear Applications in the Agricultural Sector 

a. Training of highly qualified personnel and intermediate supervisory 
personnel in the application of the nuclear sciences to agriculture 
and animal husbandry. 

b. Determination of priority implementation areas, in which the applica- 
tion of nuclear sciences will have the greatest impact on the national 
economy and society. 

c. Development of research programs in the areas selected in %he .preced- 
ing Section b. 

d. Practical application of the results of the implemented programs and 
transfer to the productive sectors. 

4. Radiation Protection and Nuclear safety 

a. By means of the necessary technical assistance: and training, obtain 
a professional team with sufficient scientific and technical know-how 
to adequately draft the applicable standards and compliance guide- 
lines, while ensuring the protection of the population and the environ- 
ment from the effect of radiation. 

b. Develop radiation protection technology, including training and develop- 
ment, implementation of personal dosimetry techniques, radiation pro- 
tection technology, protection from radioactive aerosols, decontamina- 
tion o'f equipment and materials, final management of redioactive re- 
sidues, transportation .and storage of irradiated fuel, ete . . and pro- 
cedures to be followed in the event of personal radiation exposure . 

accidents . 



Stage 1 - 1977-1981 --  as?; support 

Stage 2 - 1981-1986 - Obtaining o f  domestic experience and beginning of 
'concrete.  r e a l i z a t i o n s .  

Stage 3 - 1985-2000(?);-- ~evelopment  o f  nuclear  e l e c t r i c i t y .  

The f i r s t  s t age  of  t h e ' P l a n  (1977-1981) e s t a b l i s h e s  a schedule of  t a s k s  designed 
so  t h a t  Peru w i l l  'have ' avai lable ,  by 1981 : ' 

a. A s i g n i f i c a n t  professiontil  cgdGe o f  nuclear  s p e c i a l i s t s  t r a i n e d  i n  t h e  
l a t e s t  techniques and advances i n  . the f i e l d .  This group w i l l  c o n s t i t u t e  
t h e  foundation f o r  t h e  immediate t: .ctivities, ,  providing t h e  Plan with i t s  
e s s e n t i a l  domestic charac ter  and nature .  

b .  A modern Nuclear Center;equipped with a research  reac to r  and operat ing 
on a regular  b a s i s ,  run'by Peruvian profess ionals .  

c .  A r e a l  evaluat ion o f  t h e  country 's  p o t e n t i a l  uranium production, 
based on an in tens ive ,  systematic program of uranium prospecting.  

d. A r a t i o n a l  u t i l i z a t i o n  o f t h e  p o s s i b i l i t i e s  o f fe red  f o r  huclear  applica-  
t i o n s  i n  hea l th  m d  a g r i c u l t u r e .  

, . . ,  j . .  . . , . 

e .  An e f f e c t i v e  nati6nai"aGthdrity which can 'guarantee t o  ' the country t h a t  
t h e  use of nuclear  energy w i l l  not a f f e c t  t h e  populat ion o r  t h e  environment. 

Five programs--each of which i s  divived i n t o  subprograms--have been defined i n  
order  t o  a t t a i n  these  goals ;  a l s o ,  required investments of human and f i n a n c i a l  
resources have been est imated f o r  each of  them. 

Implementation of t h e  Plan w i l l  r equ i re  a s u b s t a n t i a l  t echn ica l  cooperation 
e f f o r t .  I n  t h i s  regard ,  t h e  Government has requested UNDP t o  provide advisory 
se rv ices  i n  t h e  planning and general  execution of  t h e  Plan,  t echn ica l  and eco- 
nomic ana lys i s  of t h e  nuclear  e l e c t r i c i t y  incorporat ion p o t e n t i a l ,  and, most 
s p e c i f i c a l l y ,  t h e  uranium resource evaluat ion  and development, a g r i g u l t u r a l  
nuclear  appl ica t ions  and rad io log ica l  protec t ion  and nuclear  s a f e t y  programs. 
These a c t i v i t i e s  together  c o n s t i t u t e  t h i s  P r o j e c t ,  designated ~ ~ ~ / 7 6 / 0 0 2  - 
Nuclear Energy. 

The immediate objec t ives  of  t h e  P r o j e c t ' s  a c t i v i t i e s  include:  

1. Incorporat ion of  Nuclear E l e c t r i c i t y  
, 3 , ; 1.. 1.. . '  .: .. . I '  

1 '.., . . ' 

a. E s t a b l i s h  8 . t e a m ' o f ' ~ e . r u v i a n  engineers and s c i e n t i s t s  with s u f f i c i e n t  
know-how t o  play an .  e f f e c t i v e  r o l e  i n .  t h e  planning of nuclear  e l e c t r i -  
. c i ty  and t6  advise t,hk '%oirer&nen't ' s .policymakers i n  a f i e l d  which 
requires a s igni?icant4 'nat ion 'a; i  e f f o r t .  

.. , . . . . , 1 .  L t :. . 

b. To perform t h e  necessary s tud ies  t o  allow determining, on t echn ica l  
and economic bases ,  t h e  a d v i s a b i l i t y ,  scheduling and c h a r a c t e r i s t i c s  



fu ture  energy supply; the re fo re ,  t h e  country must acquire sqf- 
f i c i e n t  s c i e n t i f i c  and technological  s k i l l s  t o  ensure t h a t  it 
w i l l  have autonomy of decision and a s i g n i f i c a n t  p a r t i c i p a t i o n ,  
tending t o  develop t h e  na t iona l  productive t echn ica l  s t r u c t u r e .  

c .2  Develop t h e  nuclear  f'uels indust ry  s o  a s  t o  achieve self-suf-  
f fc iency of supply t o  meet t h e  fu tu re  domestic demand i n  t h e  
f i e l d  of  nuclear  e l e c t r i c i t y  app l i ca t ions ,  a s  wel l  a s  eventually 
t o  p a r t i c i p a t e  i n  supplying t h e  world market f o r ' s u c h  fuels .  

d. Radioactive Mineral Resources Factor 

d .1  I n t e n s i f y  opera t ions  r e l a t e d  t o  the prospection ,. exp lo i t a t ion ,  
processing and r e f i n i n g  of radioact ive  o res  i n  domestic deposi ts ,  
so a s  t o  provide t h e  country with a s i g n i f i c a n t  productive capa- 
c i t y .  i n  t h i s  f i e l d .  

d.2 Inves t iga te  a l l  exported ores with a view t o  determining t h e i r  
radioact ive  mate r i a l  content ,  i n  order t~ obta in  t h e  highest  
poss ib le  t o t a l  value from t h e i r  s a l e .  

e .  Training and Human Resources Factor 

e . 1  Develop a high l e v e l  of t echn ica l  and s c i e n t i f i c  know-how i n  all 
aspects  of  t h e  nuclear  energy f i e l d ,  so  as t o  have avai lable  a 
human resources i n f r a s t r u c t u r e  s u f f i 6 i e n t l y  s k i l l e d  t o  conceive, 
d r a f t ,  program, execute and con t ro l  such nuclear  plans a s  may be 
adopted by t h e  Government. 

e.2 Promote t echn ica l  and s c i e n t i f i c  t r a i n i n g ,  research and dissemi- 
nat ion i n  nuclear  energy u t i l i z a t i o n ,  incorporat ing i t s  advances 
i n  t h e  na t iona l  developmental process. 

f .  Human and Environmental Protec t ion Factor 

f.1- Ensure adequate protec t ion of t h e  population and environment 
agains t  t h e  r i s k s  as'sociated with t h e  use of ioniz ing rad ia t ion ,  

g. Inter-Sector Coordination Factor 

g.1 Establ ish  a program t o  ensure t h e  s i g n i f i c a n t ,  coordi;lated par- 
t i c i p a t i o n  of a l l  the country's productive sec to r s  i n  the  ' f ie ld  
of rluclear energy, guiding t h e  process so  a s  t o  guarantee t h e  
f i l f i l l m e n t  of t h e  na t iona l  developmental objec t ives .  

2. On t h e  b a s i s  df t h e  es tab l i shed  general  pol icy  and object ives ,  t h e  Govern- 
ment has d ra f t ed  a concrete,  r e a l i s t i c  Plan specifying t h e  goals and t h e  
means of a t t a i n i n g  them and thus  making it poss ib le  t o  achieve t h e  objec- 
t i v e s  a t  reasonable cos t  and within a reasonable period,  

The Plan covers t h e  period from 1977 t o  2000. I n  view o f t h e  present  
s t a t e  of development of  nuclear  energy i n  Peru, however, it was deemed 
advisable t o . d i v i d e  t h e  Plan i n  severa l  successive s t ages ,  t o  w i t :  



PART I. LEGAL CONTEXT 

1. This P ro jec t  Document w i l l  be t h e  instrument ( h e r e i n a f t e r  c a l l e d  t h e  " 

Operations plan) r e fe r red  t o  i n  A r t i c l e  1, Paragraph 2 of  t h e  Agreement Be- 
tween t h e  Government of  Peru and t h e  United Nations Specia l  Fund signed by 
both p a r t i e s  on 19 January 1960. The Projec t  t o  which it r e f e r s  is executed 
within t h e  scope of Peruvian Decree-Law No. 18742, on In te rna t iona l  Technical 
Cooperation i n  t h e  Republic of  Peru, and i t s  implementing r e w l a t i o n s .  

PART 11. THE PROJECT 

PART 1 I . A .  DEVELOPMENT OBJECTIVES 

1. The Government of Peru 's  1975/1978 Sectora l  Development Plan s t a t e s  t h a t  
"Nuclear science and nuclear  energy w i l l  be in tens ively  promoted, together  
with t h e  u t i l i z a t i o n  of nuclear  energy and techniques i n  those  f i e l d s  where 
t h e i r  appl ica t ion w i l l  cont r ibute  t o  na t iona l  development." 

An overa l l  pol icy  capable of covering t h e  remainder of  t h i s  century has 
been es tabl ished under t h i s  c r i t e r i o n ,  with t h e  following object ives :  

a .  National Development Factor 

a . 1  Develop a scientific/technological s t r u c t u r e  of  s u f f i c i e n t  capa- 
c i t y  t o  ensure an adequate response t o  req,uirements a r i s i n g  from 
t h e  in tegra t ion  of Nuclear Energy t o  t h e  country's development, 
tending t o  keeping t h e  nation up to"da te  insofa r  a s  t h e  know- 
ledge and appl ica t ions  o f  t h e ' n u c l e a r  sciences.  

b . Socioeconomic Factor 

b . 1  Enable nuclear  science and technology innovations and develop- 
ments of i n t e r e s t  t o  Peru t o  be t r ans fe r red  t o  t h e  appropriate 
socioeconomic sec to r s .  

b.2 Develop an in tegra ted  nuclear  indust ry ,  with a view t o :  

- Diversifying energy resources.  

- Creating new sources of s ign i f i can t  economic resources.  

- Promoting s ign i f i can t  scientific/technological and i n d u s t r i a l  
progress having a p o s i t i v e  economic and s o c i a l  impact by v i r t u e  
of i t s  high technology l e v e l  and aggregate value. 

c .  Energy Resources Factor 

c .1  I n  s p i t e  of t h e  f a c t  t h a t  Peru possesses s i g n i f i c a n t  hydroelec- 
t r i c  resources,  t h e  expected long-term increase  i n  t h e  demand 
f o r  energy w i l l  r equ i re  a l a r g e  addit ion of  thermal generat ion 
capacity a f t e r  1990, t o  be implemented i n  accordanc'e with what- 
ever na t iona l  energy pol icy  may be i n  e f f e c t  at t h a t  t ime.  
Nuclear pQwer must play an extremely important r o l e  i n  t h a t  



U N I T E D  NATIONS DEVELOPMENT PROGRAMME 

CAVERNEIENT O F  PERU P R O J E C T  

Projec t  D o c u m e n t  

T I T L E  : 

NUMBER : 

PRIMARY OBJECTIVE! : 

SECTOR : 

SUBSECTOR : 

NUCLEAR ENERGY 

~ ~ ~ / 7 6 / 0 0 2 / ~ / 0 i / 1 8  

E n e r g y  

D u r a t i o n :  60 m o n t h s  

N a t u r a l  R e s o u r c e s  - 50 

E n e r g y  and M i n e s  Fuel and E n e r g y  - 5020 

IMPLEMENTING 'GOVERNMENT AGENCY: PERUVIAN NUCLEAR ENERGY I N S T I T U T E  (IPBN) 

IMPLEMENTING AGENCY: INTERNATIONAL; ATOMIC ENERGY AGENCY (IAEA) 

S T A R T I N G  DATE: 1 January.1977 

CdVERNMENT CONTRIBUTION : UNDP CONTRIBUTION : US$ 1,900,000 
( i n  cash) 

D a t e  : 
For t h e  G o v e r n m e n t  ( s ignature  ) 

. .  . D a t e :  
For t h e : I m p l e m e n t . i n g  A g e n c y  ( s i r n a t u r e )  

D a t e :  
For UNDP ( s i g n a t u r e )  

. . 



ATTACHMENT 2 TO ANNEX 6 

U N I T E D  N A T I O N S  D.EVELOPMENT PROGRAM 

GOVERNMENT OF P E R U  P R O J E C T  
M I ~ I S T R Y  OF M I N E S  A N D  E N E P G Y  

P R O J E C T  DOCUMENT 
N U C L E A R ,  ENERGY 

( O P E R A T I O N S  P L A N )  

. D u r a t i o n :  . 6 0  m o n t h s  
U N D P  C o n t r i b u t i o n :  $ i , 9 0 0 , 0 0 0  
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Within t h i s  concept  a s t r a t e g y  was designed t o  achieve long-range o b j e c t i v e s .  
This  s t r a t e g y  was planned i n  t h r e e  phases,  t o  be executed succes s ive ly ,  and 
which could accomplish s i g n i f i c a n t  r e s u l t s  before  t h e  end of  t h e  century., On 
t h e  b a s i s  of t h e  above mentioned concepts  a p l an  f o r  t h e  f i r s t  phase has been 
worke'd o u t  t o  be executed wi th in  t h e  medium-tern (1976-1981) a s  p re sen ted  
i n  t h i s  document. @ 

Lima, June 19 76 
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i s s u e s  l i c e n s e s  fol lowing v e r i f i c a t i o n  o f  adherence t o  t h e s e  r u l e s .  

Following t h e  s e c u r i t y  r e p o r t  on t h e  uranium p r o  uc t ion  p l a n t s ,  t h e  r e sea rch  P r e a c t o r  .and p e r i p h e r a l  l a b o r a t o r i e s ,  t h e  f a c i l i t r e s  f o r  t h e  s e a l e d  sources ,  
t h e  i r r a d i a t i o n  p l a n t ,  and a l l  l a b o r a t o r i e s ,  a l i c e n s e  w i l l  be  issued.  

A l l  u s e r s  of r ad ioac t ive  m a t e r i a l  and t h e  nuc lea r  r e a c t o r  must a l s o  be l i censed .  

Though t h e  t e c h n i c a l  and s c i e n t i f i c  t a s k s  r e l a t e d  t o  r a d i o l o g i c a l  p r o t e c t i o n  and 
n u c l e a r  s e c u r i t y  a r e  inc luded  i n  Program I V ,  it is  necessary t o  c r e a t e  a 
c o l l e g i a l  corpora t ion  t h a t  w i l l  a s s u r e  t h e  r u l i q g  and c o n t r o l l i n g  a u t h o r i t y  a t  
t h e  h i g h e s t  l e v e l  wi th  complete l i b e r t y  t o  set and enforce  s tandards .  

This  co rpo ra t ion  w i l l  be  e s t a b l i s h e d  a s  soon as p o s s i b l e  and w i l l  work d i r e c t l y  
w i th  t h e  p r e s i d e n t  of  PINE. 

SUB-PROGRAM 4 - INTERNATIONAL COOPERATION 

It has  been agreed t h a t  t h i s  Plan is  s u b j e c t  t o  t h e  t e c h n i c a l  a i d  and "know how" 
which f o r e i g n  a s s i s t a n c e  w i l l  o f f e r .  

The p lanning ,  coord ina t ion ,  and procurement of  t h i s  a s s i s t g n c e  wi th in  t h e  limits 
o f  t h e  Plan and i n  agreement wi th  t h e  p o l i c y  and arrangements s e t t l e d  by t h e .  
corresponding agency w i l l  r e s u l t  i n  e f f e c t i v e  a c t i o n  t o  p l ace  Peru a s  an a c t i v e  
p a r t i c i p a n t  i n  nuc lea r - r e l a t ed  i n t e r n a t i o n a l  o rgan iza t ions  t o :  

a. Gain f o r  Peru t h e  most and b e s t  t e c h n i c a l  a s s i s t a n c e  

b. P r o t e c t  loca4 ,  r eg iona l ,  and group i n t e r e s t s  a c r o s s  o t h e r  geographical  
o r  s e c t o r i a l  p o s i t i o n s '  

c. E s t a b l i s h  a p o s i t i v e  image o f  the.  l e v e l  of  development reached by Peru 

d. Coordinate nuc lea r  t e c h n i c a l  a s s i s t a n c e  w i t h ' t h e ' n a t i o n a l  fo re ign  
p o l i c y  (PINE - FFRR - PNI) 

e. Coordinate t h e  procurement of t e c h n i c a l  a s s i s t a n c e  and n u c l e a r  a n f o r q t i o n  
t o  maximize i ts  use wi th in  t h e  P lan ,  and t o  c o n t r o l  and eva lua t e  t h e  
r e s u l t s  ob ta ined ,  r e p o r t i n g  t o  t h e  managing s e c t o r s .  

Th i s  management and c o n t r o l  a c t i v i t y  w i t h i n  t h e  Plan w i l l  be cen te red  i n  t h e  
Bureau of I n t e r n a t i o n a l  Rela t ions ,  and f o r  t h a t  purpose t h e  above mentioned 
Bureau w i l l  be a p p r o p r i a t e l y  organized.  

SUB-PROGRAM 5 - LEGAL ADVICE AND LEGISLATION 

Development of  t h e  Plan must reach .as soon a s  p o s s i b l e  i t s  au tho r i zed  l e v e l ,  
e s t a b l i s h i n g  r e s p o n s i b i l i t i e s  and j u r i s d i c t i o n s .  



- PROGRAM V - 

MANAGEMENT, ADMINISTRATION, AND INFRASTRUCTURE 

OBJECTIVES 

To e s t a b l i s h  t h e  cond i t i ons  . t h a t  w i l l  permi t  development of t h e  Plan by means 
of  app ropr i a t e  d i r e c t i o n  and supe rv i s ion ,  f l e x i b l e  and e f f i c i e n t  management, 
and e f f e c t i v e  func t iona l  suppor t .  

STRUCTURE OF THE PROGRAM 

Management 
Administrat ion 
National  Authori ty  of Radio logica l  P ro t ec t ion  and Nuclear Secu r i ty  
I n t e r n a t i o n a l  Cooperation 
Legal Advice and Leg i s l a t i on  

FORMS OF ACTION 

For every sub-program, t h e  fo l lowing  forms of  a c t i o n  have been e s t a b l i s h e d .  

SUB-PROGRAM 1 - MANAGEMENT 

Though PINE has  been organized t o  develop a  primary nuc lea r  a c t i v i t y  w i th in  a  
s p e c i f i e d  f i n a n c i a l . p l a n  and wi th  l i m i t e d  means, it must adopt  t h e  app ropr i a t e  
s t r u c t u r e  and execut ive  capac i ty  t o  qu ick ly  and sys t ema t i ca l ly  achieve the  
o b j e c t i v e s  o u t l i n e d  i n  t h e  Plan. 

I t  w i l l  be t h e  r e s p o n s i b i l i t y  of  PINE p r e s i d e n t  t o  

a. Organize and c o n t r o l  t h e  I n s t i t u t e  s o  a s  t o  shape it t o  t h e  cond i t i ons  
and requirements o u t l i n e d  i n  t h e  Plan.  

b. Propose an o rgan iza t ion  & h a t w i l l  b e s t  i n s u r e  f u l f i l l m e n t  of  t h e  Plan. 

c. .Implement t h e  proposed o rgan iza t ion  a s  soon a s  p o s s i b l e  (by t h e  f i r s t  
semester  of 1977) t o  a c c e l e r a t e  development of t h e  Plan. 

SUB-PROGRAM 2 - ADMINISTRATION 

S i g n i f i c a n t  changes i n  t h e  investment budget and o p e r a t i o n a l  e q e n s e s  f q r  t h e  
new Plan and t h e  f i n a n c i a l  and o p e r a t i o n a l  complexity of  i t s  development and 
equipment requirements u rgen t ly  n e c e s s i t a t e  o rgan iza t ion  of  t h e  admin i s t r a t i ve  
agency and adap ta t ion  of  it t o  t h e  cond i t i ons  and magnitude of t h e  Plan. 

S tud ie s  u n d e r t e e n  i n  1976 i n d i c a t e d  t h e  b e s t  o rgan iza t ion  and systems t o  o b t a i n  
a r a t i o n a l  and e f f i c i e n t  admin i s t r a t i on  of  t h e  Plan. 

SUB-PROGRAM 3 - NATIONAL AUTHORITY FOR NUCLEAR SECURITY AND RADIOLOGICAL PROTECTION 

PINE, de f ined  a s  t h e  National  Author i ty ,  s e t s  t h e  r u l e s  ( s ee  Program I V )  t h a t  
must be f u l f i l l e d  i n  t h e  b u i l d i n g  and ope ra t ion  of  nuc lea r  i n s t a l l a t i o n s .  PINE 
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SUB-PROGRAM 2 - OPERATIONAL SECURITY AND PROTECTION 

a .  F u l f i l l m e n t  o f  nuc lea r  s e c u r i t y  and r a d i o l o g i c a l  p r o t e c t i o n  r u l e s  i s  a c r u c i a l  
func t ion  of PINE. Schduled and unscheduled in spec t ions  must be c a r r i e d  o u t  
a t  every  i n s t a l l a t i o n  inc luded  under t h e  Plan and a t  any o t h e r  i n s t i t u t i o n  
employing r a d i a t i o n .  S t a t i s t i c s  on a l l  r a d i o a c t i v e  m a t e r i a l  i n  t h e  country 
must be c e n t r a l i z e d .  In  every case  PINE,  i n  agreement wi th  t h e  i n t e r n a t i o n a l  
agreement s igned ,  w i l l  apply and. enforce  t h e s e  s e c u r i t y  measures. 

b. P r o t e c t i o n  measures w i l l  be i n s t i t u t e d  and enforced i n  every nuc lea r  ope ra t ing  
i n s t a l l a t i o n  inc lud ing  those  t h a t  employ r a d i o a c t i v e  sources  o r  m a t e r i a l .  To 
t h a t  end, s tandards  f o r  p r o t e c t i o n  dur ing  ope ra t ions  and f o r  t h e  surrounding 
environment must be def ined  . 

SUB-PROGRAM 3 - COMPLEMENTARY TECHNICAL AND SCIENTIFIC ACTIVITIES AND ACTIONS 

The e f f e c t i v e  f u l f i l l m e n t  of t he  Program requ i r e s ,  t h e  fol lowing a c t i v i t i e s :  

1. Personnel  dosimetry 
2 .  Radiat ion p r o t e c t i o n  technology 
3. Mate r i a l  and. equipment decontamination 
4. Action i n  case  of r a d i o l o g i c a l  acc iden t s  
5 .  Dosimetry and c a l i b r a t i o n  of  sources  
6 .  Ins t rumenta t ion  and development of equipment and techniques 
7. Updating and d isseminat ion  of  knowledge regard ing  r a d i o l o g i c a l  

p r o t e c t i o n  methods and systems 



- PROGRAM I V  ' -  

RADIOLDGICAL PROTECTION AND NUCLEAR SECURITY 

OBJECTIVES 
I. 

The cont inued implementation of t h e  Nuclear Plan i s  p o s s i b l e  i f  r a d i a t i o n  e f f e c t s  
a r e  con t ro l l ed .  The most important  of  t h e  p rov i s ions  i n  t h e  employment of 
nuc lea r  energy regard  s e c u r i t y  and p r o t e c t i o n .  ~ e t w e e n  1976 and. 1981 we must: 

a. E s t a b l i s h  t h e  National  Authori ty ,  which w i l l  i s s u e  r u l e s  f o r  t h e  cons t ruc t ion  
and ope ra t ion  of every nuc lea r  p l a n t  ( o r  f a c i l i t i e s  where r a d i a t i o n  i s  used ) ,  
au tho r i ze  ope ra t ions ,  and 'ex tend  l i c e n s e s .  

b. Assure e f f e c t i v e  enforcement of t h e  r u l e s ,  c a r r y  o u t  i n spec t ions ,  and oversee 
c o r r e c t i v e  a c t i o n s  where necessary.  

c .  Assure maintenance of e f f e c t i v e  o p e r a t i o n a l  s e c u r i t y  and p r o t e c t i o n  dur ing  
cons t ruc t ion  and ope ra t ion  of i n s t a l l a t i o n s  t o  p r o t e c t  t h e  p u b l i c  and t h e  
environment. 

d. Develop and apply personnel  dosimetry techniques ,  r a d i a t i o n  p r o t e c t i o n  
technology, techniques f o r  decontamination of ma te r i a l .  and equipment, p l a n s  
f o r  f i n a l  d i s p o s a l  of  r ad ioac t ive  r e s idues  and f o r  t r a n s p o r t a t i o n  and s t o r a g e  
of  i r r a d i a t e d  combust ibles ,  and be prepared  t o  t ake  a c t i o n  i n  t h e  case  of 
r a d i o l o g i c a l  acc idents .  

PROGRAM STRUCTURE 

SUB-PROGRAM 1 - NUCLEAR RULES, REGULATIONS, AND.LEGISLATION 

The w r i t i n g  of  nuc lea r  and r a d i o l o g i c a l  r u l e s  and r egu la t ions  t o  minimize 
r i s k s  and acc iden t s .  

Through q u a l i f i e d  s e c u r i t y  o f f i c e r s ,  assurance of f u l f i l l m e n t  of r u l e s  and 
r egu la t ions .  

SUB-PROGRAM 3 -COMPLEMENTARY TECHNICAL AND SCIENTIFIC ACTIVITIES AND ACTIONS . 

Personnel  dosimetry; r a d i a t i o n  p r o t e c t i o n  technology; decontaminatjon i n  case  
of r a d i o l o g i c a l  acc iden t s .  Dosimetry and c a l i b r a t i o n  of  sources.  Tools ,  
equipment, and techniques.  Updating and d isseminat ion  of knowledge.. General 
management and coord ina t ion .  

FORMS OF ACTION 

SUB-PROGRAM 1 - NUCLEAR RULES, REGULATIONS, AND LEGISLATION 

Inc ludes  t h e  w r i t i n g  of nuc lea r  and r a d i o l o g i c a l  s e c u r i t y  r u l e s  and r e g u l a t i o n s  
t o  minimize t h e  r i s k s  a s soc i a t ed  wi th  i o n i z i n g  r a d i a t i o n  and t o  reduce 
accidents. .  
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The m a t e r i a l  means a r e  a l r eady  a v a i l a b l e  t o  f a c i l i t a t e  t h e  development of  t h i s  
a c t i v i t y  immediately and e f f e c t i v e l y ,  w i th  s p e c i a l i z a t i o n  i n  t h e  teaching  of  
t h e  use of i s o t o p e s  and r a d i a t i o n s  and i n  organiz ing  a pos tgraduate  course on 
t h e  use o f  i so topes  and r a d i a t i o n s  w i t h i n  farming ?esearch. 

The p r e s e n t  laboratory of r ad io i so topes  and t h e  teaching  programs. in  t h e  f i e l d  
of  n u c l e a r  a p p l i c a t i o n s  techniques o f  t h e  National  Agrarian Univers i ty  (NAU, 
c r e a t e d  by an agreement between t h e  NAU andCommission f o r  Control  of  Nuclear 
Energy under t he  auspices  o f  t h e  I n t e r n a t i o n a l  Organizat ion f o r  Atomic Energy) 
w i l l  s e r v i c e  as an i n i t i a l  nucleus of  t h e  p r o j e c t e d  p i l o t  cen te r .  

This  p i l o t  cen t r e  w i l l  coord ina te  i t s  a c t i v i t i e s  through c o n t r a c t s  o r  b i l a t e r a l  
agreements with o t h e r  u n i v e r s i t i e s  and i n s t i t u t i o n s  involved i n  t h i s  f i e l d  of  
a c t i v i t y .  The p i l o t  c e n t r e  w i l l  p rovide  t h e s e  i n s t i t u t i o n s  i t s  teaching  and 
r e sea rch  s e r v i c e s  and use of  i t s  f a c i l i t i e s  w i th in  t h e  p i l o t  c e n t r e ' s  
c a p a b i l i t i e s  and o b j e c t i v e s .  

I n  p r i n c i p l e ,  t h e s e  p r i o r i t y  a r e a s  of  a c t i o n  have been se l ec t ed : .  s o i l s  and 
f e r t i l i z e r s ,  vege tab le  physiology, zootecnic  and improved gene t i c s .  Research 
work h a s  a l r eady  been i n i t i a t e d  i n  t h e  f i r s t  o f  t h e s e  a r eas .  

SUB-PROGRAM 4 - STUDY AND PROMOTION OF OTHER APPLICATIONS OF INTEREST I N  
THE NATIONAL ENVIRONMENT 

To o b t a i n  t h i s  o b j e c t i v e  an i n t e r d i s c i p l i n a r y  group w i l l  be formed, capable  
of c a r r y i n g  ou t  t h e  technical/economic a n a l y s i s  of  t h e  f e a s i b i l i t y  of t h e  use 
of o t h e r  nuc lear  a p p l i c a t i o n s  ( indus t ry ,mining ,  e t c ! )  t o  improve and inc rease  
p r o d u c t i v i t y  and o t h e r  ends. 
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SUB-PROGRAM 3 - NUCLEAR APPLICATIONS I N  THE FARMING SECTOR 

P r i o r i t y  a i m :  t h e  p r a c t i c a l  p r o j e c t i n g  o f  t h e  nuc lea r  s c i e n t i f i c  a p p l i c a t i o n  
i n  t h i s  s e c t o r ,  wi th  t h e  o b j e k t  of achiev ing  an inc rease  i n  product ion as w e l l  
a s  an improvement i n  t h e  techniques employed. 

SUB-PROGRAM 4 - A STUDY AND PROMOTION OF OTHER APPLICATIONS OF INTEREST TO 
THE NATIONAL ENVIRONMENT 

A technical/economic a n a l y s i s  o f t h e  use of  nuc lea r  a p p l i c a t i o n s  of i n t e r e s t  
and f o r  t h e i r  immediate u s e o r  use a t ' s u c h  a t ime when t h e  p r o j e c t e d  
f a c i l i t i e s  contained i n  Program I a r e  a v a i l a b l e .  

SUB-PROGRAM 5' - ADDITIONAL TECHNICAL SERVICES 

The formation of a technologica l  suppor t  i n f r a s t r ' u c t u r e ,  e s p e c i a l l y  i n  t h e  
e l e c t r o n i c s  and t h e  in s t rumen ta l  f i e l d  which would f a c i l i t a t e  on a n a t i o n a l  
b a s i s  t h e  advisory work and s e r v i c e s  f o r  t h a t  complex ins t rumenta t ion  e s s e n t i a l  
f o r  t hese  a c t i v i t i e s  

GENERAL DIRECTION AND COORDINATION 

The Plan contemplates t h e  c r e a t i o n  o f  a nuc lea r  medicine and b i o l o g i c a l  p i l o t  
u n i t  a t t ached  t o  PINE where new techniques ,  procedures ,  and c l i n i c a l  
a p p l i c a t i o n s . w i l 1  be developed. The r e s u l t s  of  t h i s  research  w i l l  be 
a v a i l a b l e  t o  o t h e r  i n s t i t u t i o n s  f o r  t h e  development of  nuc lea r  b i o l o g i c a l  
and medical techniques i n  t<e  whole of t h e  country and w i l l  s i g n i f i c a n t l y  
a s s i s t  achievement 'of t h i s  o b j e c t i v e .  

A s  i n d i c a t e d ,  t h e  i n t e n t i o n  i s  t o  c r e a t e  nuc lea r  medical and b i o l o g i c a l  p i l o t  
u n i t s  t h a t  would depend d i r e c t l y  on PINE and be loca t ed  i n  a medical h o s p i t a l  
cen te r .  New techniques and procedures  would be developed o r  e x i s t i n g  ones 
adapted,  employing marked products  from t h e  PINE l a b o r a t o r i e s .  C l i n i c a l  and 
t h e r a p e u t i c  a p p l i c a t i o n s  w i l l  be developed and fundamental research  w i l l  be 
c a r r i e d  o u t  wi th  s p e c i a l  emphasis on i n h e r e n t  problems of ou r  environment. 
Advice and support  w i l l  be o f f e r e d  t o  o t h e r  i n s t i t u t i o n s  f o r  t he  development 
of  nuc lea r  b i o l o g i c a l  and medical techniques ,  i n  Lima a s  w e l l  a s  i n  o t h e r  
reg ions  of  t h e  ~ o u n t r y ~ n a t u r a l l y  e x e r c i s i n g  due and necessary c o n t r o l  o f  same. 

I 

EXPANSION PROCESS 

I n  1977 t h e  r econd i t i on ing  f o r  d i agnos t i c  and medical research  of  t h e  
nuc lea r  medical u n i t  o f  t h e  N a t i o n a 1 , I n s t i t u t e  of  Neoplast ic  Nurses 
(PINE) w a s  i n i t i a t e d .  Simultaneously, i n i t i a l  cons t ruc t ion  w i l l  t ake  
p l ace  i n  some o f  t h e  p r e s e n t  headquar te rs  of  PINE. Then w i l l  begin 
cons t ruc t ion  of  t h e  f i e l d  i n s t a l l a t i o n s  i n  t h e  area$ of the new 
headquar te rs  o f  PINE. 

SUB-PROGRAM 3 - NUCLEAR APPLICATIONS I N  THE FARMING SECTOR 

This  sub-program o u t l i n e s  p l a n s  f o r  cons t ruc t ion  of  a nuc lea r  s c i ence  a p p l i c a t i o n  
p i l o t  c e n t r e  i n  t h e  farming s e c t o r .  



- PROGRAM I11 - 
NUCLEAR APPLICATIONS 

OBJECTIVES 

To promote the  use c f r a d i o i s o t o p e s  and r a d i a t i o n s  f o r  those  a p p l i c a t i o n s  o f  
a social/economic i n t e r e s t  and t h e  r e g u l a r  product ion  of  r a d i o a c t i v e  ma te r i a l .  

Of t h e  numerous a p p l i c a t i o n s  which a r e  o f f e r e d  by t h e  peacefu l  use of  nuc lea r  
energy,  it has been considered convenient  t o  emphasize those  wi th  t h e  g r e a t e s t  
economic and s o c i a l  b e n e f i t ,  p a r t i c u l a r l y  medical and a g r i c u l t u r a l  app l i ca t ions .  

For both a p p l i c a t i o n s  it is p o s s i b l e  t o  r e a l i z e  an immediate i n c r e a s e  and 
improvement without  n e c e s s a r i l y  wa i t i ng  f o r  t h e  i n s t a l l a t i o n  of t h e  Nuclear 
Centre  o r  ex t r ao rd ina ry  resources  o r  means. Through a well-planned and co- 
o rd ina t ed  a c t i o n  between PINE and i n s t i t u t e s ,  u n i v e r s i t i e s ,  and p r i v a t e  
c e n t e r s ,  t h e  fol lowing can be obta ined:  d e t a i l e d  and e x a c t  information on 
t h e  p roces s  and any d i s c o v e r i e s  made i n  t h i s  f i e l d ;  promotion and suppor t  
f o r  t h e  use of such r e s u l t s  o f  s p e c i a l  i n t e r e s t  i n  t h e  f i e l d  of  h e a l t h  and 
t h e  economy of the  country. 

SUB-PROGRAM 1 - RADIOACTIVE MATERIAL 

Up t o  t h e  p re sen t  t ime a l l  t h e  r ad ionuc l ides  have been imported; they  a r e  
s p l i t  and d i s t r i b u t e d   PINE. Af te r  t h e  i n s t a l l a t i o n  of  t h e  r e a c t o r  i n  t h e  
Nuclear Centre ,  primary is-opes w i l l  be produced i n  Peru and s imultaneously : 

- The l i n e s  of  product ion of  marked components w i l l  be en larged  p r i n c i p a l l y  
wi th  I-12S4, Cr-51, and Tc-99 i n  connect ion wi th  medical and b i o l o g i c a l  
a p p l i c a t i o n s  and wi th  P-32 f o r  a g r i c u l t u r a l  and b i o l o g i c a l  app l i ca t ions .  
It is  t h e r e f o r e  somewhat premature t o  s u s t a i n  t h e  s y n t h e s i s  wi th  t h e  
C-14 and H-3. 

- The techniques w i l l  be  made known i n  d e t a i l  t o  t hose  working i n  t h e  
va r ious  f i e l d s  of app l i ca t ion .  

A t  p r e s e n t  r a d i o a c t i v e  .mater ia l  i s  supp l i ed  t o  20 h o s p i t a l  and u n i v e r s i t y  
i n s t i t u t i o n s .  However, t h e  use of radi*oact ive m a t e r i a l  i s  low and l i m i t e d  
nea r ly  exc lus ive ly  t o  t h e  c i t y  o f  Lima. This  is n o t  i n  keeping wi th  t h e  
popula t ion  d i s t r i b u t i o n  of t h e  country nor  t h e  p o s s i b i l i t i e s  and b e n e f i t s  
o f f e r e d  by r a d i a t i o n .  

The main reason f o r  t h i s  unfavorable  s i t u a t i o n  is  a l a c k  of  continuous and 
well-planned a c t i o n ,  of  in format ion ,  and of t h e  promotion of t h e  use of 
r a d i a t i o n ,  mainly i n  medicine. It  is  t h e s e  problems t h e  Plan i s  in tended  
t o  so lve .  

SUB-PROGRAM 2 - BIO-MEDICAL APPLICATIONS 

To a t t a i n  d e t a i l e d  and p r e c i s e  informat ion  on t h e  . s c i e n t i f i c  p rog res s  achieved 
i n  t h i s  f i e l d  w i th in  t h e  framework of  an equal  economic and s o c i a l  a s  w e l l  
a s  r eg iona l  d i s t r i b u t i o n .  

. . 
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SUB-PROGRAM 5 - COMPLEMENTARY TECHNICAL SERVICES 

Through management and guidance o f  t h e  ~ r o g r a m ,  l a b o r a t o r i e s ,  t o o l s ,  and 
e l e c t r o n i c s  and p r o v i s i o n  o f  l o g i s t i c a l  s u p p o r t ,  e t c . ,  s u p p o r t  w i l l  be  g i v e p  
t o  t h e  s c i e n t i f i c . a n d  t e c h n o l o g i c a l  development o f  a l l  phases .  

FOREIGN TECHNICAL ASSISTANCE - UNDP-IAEO* 

The p l a n n i n g  and programming between t h e  PINE and UNDP h a s  been c o o r d i n a t e d  i n  
d e t a i l ,  s o  t h a t  t h e  c o n t r i b u t i o n  o f  IAEO w i l l  be t o t a l l y  i n c o r p o r a t e d  i n  t h e  
p r o v i s i o n s  o f  t h e  Peruv ian  Nuclear  P lan  ,(Program 11). 

The most s i g n i f i c a n t  c o n t r i b u t i o n s  a r e :  s c h o l a r s h i p s  - US$168,000; e x p e r t s -  
US$608,000; equipment-;lS$l50,000;, w i t h  a . t o t a 1  e s t i m a t e d  amount o f  US$926,000. 
(S/.60'109,00,0.00 a t  W.65.00 t o  USS1.00.) 

I n  a d d i t i o n ,  t h e r e  i s . - t h e  p o s s i b i l i t y  o f  n e g o t i a t i n g  and o b t a i n i n g ,  on a y e a r l y  
b a s i s ,  l i m i t e d  t e c h n i c a l  a s s i s t a n c e  w i t h i n  t h e  framework o f  t h e  OIEA r e g u l a r  
program, t h e  d e t a i l s  o f  which are d i s c u s s e d  y e a r l y  w i t h  t h a t  o r g a n i z a t i o n .  

BILATERAL TECHNICAL ASSISTANCE 

Act ing w i t h i n  t h e  requ i rements  o f  t h e  Nuc lea r  P l a n ,  PINE w i l l  r e q u e s t  b i l a t e r a l  
t e c h n i c a l  a s s i s t a n c e  y e a r l y  from t h e  c o u n t r i e s  w i t h  which Peru h a s  s i g n e d  
n u c l e a r  agreements .  The purpose  i s  t o  s h a p e , i n  d e t a i l ,  t h i s  y e a r l y  c o o p e r a t i o n  
( s c h o l a r s h i p s ,  technicianss.'equipment, e t c . )  through P r o t o c o l s  o f  Immediate 
Act ion t o . b e  s i g n e d  by PINE and t h e  n u c l e a r  o r g a n i z a t i o n  o f  each  c o u n t r y .  
Such a c t i o n s  w i l l  be  c o o r d i n a t e d w i t h  t h e  M i n i s t r i e s  o f  Energy and ~ i n e s  and 
Fore ign  A f f a i r s  and t h e  N a t i o n a l  I n s t i t u t e  of  P 3 a r i n i n g .  

I n  t h i s  c o n t e x t ,  t h e  a c t i o n  o f  PINE w i l l  be  o r i e n t e d  w i t h  p r i o r i t y  t o  t h e  
f o l l o w i n g  c o u n t r i e s :  Argen t ina ,  B r a z i l ,  Mexico, F rance ,  England, Spain,Belgium, 
Hol land,  F e d e r a l  Germany, Sweden, Denmark, I t a l y ,  C a n a d a ,  U S A ,  ~~d ia 

a n d  J a p a n .  G ' 
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f o r  uranium p rospec t ing  i n  Peru be b e s t  pursued through t h e  United Nat ions 
Development Program wi th  t h e  I n t e r n a t i o n a l  Atomic Energy Organiza t ion  (OIEA) 
a s  t h e  execu t ive  o rgan iza t ion .  Such a n i n t e r n a t i o n a l  coopera t ive  system b e t t e r  
a d j u s t s  t o  t h e  cond i t i ons  and purposes  o f  t h e  p lan .  

With i n t e r n a t i o n a l  coopera t ion  and advice  (UNDP, I A E O ) ,  s i x  sedimentary a r e a s  
a l r e a d y  s e l e c t e d  i n  p re l imina ry  s t u d i e s ,  as w e l l  a s  o t h e r  a r e a s  o f  i n t e r e s t  i n  
Peruvian t e r r i t o r y ,  w i l l  be surveyed. L a t e r ,  i n  t h e  chosen a r e a s ,  t h e  sys t ema t i c  
t a s k s  o f  p rospec t ing  and e v a l u a t i o n  w i l l  be concent ra ted  f o r  f i v e  y e a r s  (Plan 
UNDP-IAEO) . The o t h e r  a r e a s  w i l l  be prospec ted  from 1981 onwards , o r  simultaneous 
p rospec t ing  might be done accord ing  t o  t h e  p o s s i b i l i t i e s  o f  n a t i o n a l  or  fo re ign  
r e sou rces .  

SUB-PROGRAM 2 - EXPLORATION OF FILONIAN TYPE INDICATIONS 

Sys temat ic  i n v e s t i g a t i o n s  f o r  uranium evidence i n  new p l a c e s  and i n  those  a l r eady  
i d e n t i f i e d  a r e  p lanned ,  whi le  developing p o s s i b i l i t i e s  o f  recover ing  uranium from 
o t h e r  minera l s .  

Avai lab le  in format ion  has  pe rmi t t ed  t h e  s e l e c t i o n  of  mines, s i t e s ,  and a r e a s ,  wi th  
i n d i c a t i o n s  of p r i o r i t i e s  f o r  a r e e v a l u a t i o n  and prospec t ing .  This  t a s k  has  been 
undertaken i n  a l i m i t e d  way f o r  t h e  last  two yea r s  and w i l l  grow when new and 
encouraging r e s u l t s  a r e  ob ta ined ,  such a s  t hose  i n  t h e  c e n t r a l  a r e a  of  t h e  country.  

With improved technology and mine i n v e s t i g a t i o n ,  t h e  a c t u a l  work w i l l  be in -  
. -  -' F ; ~ d ,  simultaneously deepening t h e  i n v e s t i g a t i o n  of  t hose  a r e a s  showing 

3 with  o t h e r  impor tan t  b a s i c  minera l s .  

- . , A M  3 - EVALUATION AND DEVELOPMENT OF URANIUM FIELDS 

This  e n t a i l s  e s t a b l i s h i n g  geo log ica l  and mining t a s k s  t o  e v a l u a t e  and develop 
t h e  uranium i n d i c a t i o n s  and t h e  necessary  s t a n d a r d s  f o r  t h e i r  e x p l o i t a t i o n .  

The sea rch  f o r  uranium i n  a new a r e a  (as  i n  o i l  p rospec t ing )  normally i nc ludes  
a s e r i e s  o f  work phases ,  each t i m e  more complex and expensive a s  each phase 
tends  t o  g i v e  more assurance  t o  c a l c u l a t i n g  t h e  r e s e r v e s  and t o  reducing t h e  
r i s k s  of  f u r t h e r  investment  and e x p l o i t a t i o n .  De f in i t i on  of  t h e  r e s e r v e s  i s  
t h e  most d i f f i c u l t  phase of  t h e  p roces s .  

The s c i e n t i f i c  c a p a c i t y  f o r  e v a l u a t i n g  t h e  uranium re se rves  w i l l  be augmented 
a s  much a s  p o s s i b l e ,  p e r m i t t i n g  p rope r  d e c i s i o n s  i n  t h e  n a t i o n a l  i n t e r e s t .  

SUB-PROGRAM 4 - PROCESSING AND CONCENTRATION OF URANIUM MINERALS 

A s  it i s  necessary  t o  p r o g r e s s i v e l y  p repa re  f o r  i n s t a l l a t i o n  of t h e  va r ious  
phases  o f  t h e  n u c l e a r  f u e l  c y c l e ,  an impor tan t  economic and p o l i t i c a l  s t r a t e g y  
i n  energy independence, a p i l o t  p l a n t  a t  t h e  l a b o r a t o r y  l e v e l  t h a t  can be 
t e c h n i c a l l y  and economically adapted t o l o c a l  cond i t i ons  w i l l  be i n v e s t i g a t e d  
and developed. I n  a d d i t i o n , s f u d i e s  w i l l  be made, i nco rpo ra t i ng  in format ion  
on n a t i o n a l  development and expe r i ences ,  a l lowing  us t o  cope wi th  t h e  phases  
of  r e f i n i n g  and concen t r a t i ng  nuc l ea r  minera l s  a s  soon a s  t h e  f i r s t  ecqnomically 
e x p l o i t a b l e  uranium f i e l d  begins  producing.  
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Therefore ,  keeping i n  mind t h e  need b a c c e l e r a t e  uranium p rospec t ing ,  t h e  
fol lowing p l a n  o f  a c t i o n  i s t o  be fol lowed:  

STRUCTURE OF THE PROGRAM 

SUB-PROGRAM.1 - SYSTEMATIC PROSPECTING I N  SEDIMENTARY AREAS 

Many sedimentary a r e a s  show e s s e n t i a l l y  f avo rab l e  geo log ica l  c h a r a c t e r i s t i c s .  
Those most promising a r e a s  must be s c i e n t i f i c a l l y  s e l e c t e d  f o r  sy s t ema t i c  
prospecting..  

SUB-PROGRAM 2 - EXPLORATION OF FILONIAN TYPE OF INDICATIONS 

E f f o r t s  must be i n t e n s i f i e d  t o  l o c a t e  uranium i n  new a s  w e l l  a s  e x i s t i n g  a r e a s ,  
and methods developed t o  recover  uranium &om o t h e r  minera l s .  

StJB-PROGRAM I11 - EVALUATION AND DEVELOPMENT OF URANIUM FIELDS 

Necessary s t anda rds  f o r  e v a l u a t i n g  and developing uranium resources  must be 
e s t a b l i s h e d .  

SUB-PROGRAM 4 - PROCESSING AND CONCENTRATION OF URANIUM MINERALS 

In  o r d e r  t o  i n v e s t i g a t e  t hose  uranium p roces se s  most t e c h n i c a l l y  and economically 
f e a s i b l e  f o r  l o c a l  use ,  a p i l o t  p l a n t  a t  t h e  l a b o r a t o r y . l e v e 1  must be developed. 

SUB-PROGRAM 5 - COMPLEMENTARY TECHNICAL SERVICES 

This  i nc ludes  management and guidance of  t h e  program, a c q u i s i t i o n  o f  l a b o r a t o r i e s ,  
t o o l s ,  and e l e c t r o n i c s ,  development o f  l o g i s t i c  suppor t ,  e t c .  

PLAN OF ACTION 

The fo l lowing  p l an  o f  a c t i o n  has  been e s t a b l i s h e d  f o r  each sub-program: 

Sedimentary a r e a s  t h a t  show favorab le  geo log ica l  c h a r a c t e r i s t i c s  have been 
chosen; p r i o r i t i e s  have been e s t a b l i s h e d  f o r  sys t ema t i c  prospec t ing .  A p re l imin-  
a r y  e x p l o r a t i o n  p r o j e c t  ha s  been prepared ,  fo re see ing  a s i g n i f i c a n t  expansion of  
t h i s  a c t i v i t y ,  i nc lud ing  e s t a b l i s h i n g  t h e  necessary  means and resources  f o r  i t s  
achievement. The p r o j e c t  f o r e s e e s :  

a .  Pursuing uranium p rospec t ing  i n  a sys t ema t i c  and i n t e n s i v e  manner us ing  t h e  
most modern techniques  and p roces se s  f o r  e v a l u a t i n g  and e x p l o i t i n g  uranium 
mine ra l s ,  e s p e c i a l l y  i n  sedimentary formations.  

b. Simultaneously b u i l d i n g  t h e  t echno log ica l  and ope ra t i ve  i n f r a s t r u c t u r e  
necessary  t o  accomplish a l l  s t a g e s o f  t h e  p roces s ,  from p rospec t ing  and 
e x p l o i t a t i o n  t o  t h e  r e g u l a r  and economic product ion  o f  concen t r a t e s .  

It i s  ev iden t  t h a t  an a c t i o n  o f  t h i s  n a t u r e  r e q u i r e s  s i g n i f i c a n t  c o l l a b o r a t i o n  
and t e c h n i c a l  a s s i s t a n c e  from o t h e r  c o u n t r i e s .  - 

While n o t  excluding o t h e r  p o s s i b i l i t i e s ,  it is f e l t  t h a t  t h i s  i n t e g r a l  p r o j e c t  



- PROGRAM I1 - 
EVALUATION AND DEVEXAPMENT OF . U R A N I U M  RESOURCES 

. . ~, . 

OBJECTIVES 

It is necessary  t o  determine t h e  r e se rves  o f  uranium w i t h i n  Peru i n  hopes of 
d i v e r s i f y i n g  energy sources  and o f  gene ra t ing  p o s s i b l e  e x p o r t s .  Uranium 
p rospec t ing  w i l l  be  pursued i n  a systematLc and i n t e n s i v e  manner, u s ing  t h e  
most modern techniques and procedures .  Peru must a l s o  b e  prepared  t o  e x p l o i t  
d i scovered  resources .  

Geographical and geo log ica l  cond i t i ons  o f  t h e  count"ry i n d i c a t e  t h a t  approxi- 
mately 15 yea r s  of work. is requ i r ed  t o  acqu i r e  d e f i n i t e  in format ion  on p o s s i b l e  
uranium depos i t s .  What t h i s  p l a n  fo re sees  i n - t h e  1976-1981 p e r i o d  is  t o  o b t a i n  
guid ing  informat ion ,  a s  s i g n i f i c a n t  a s  p o s s i b l e ,  t o  pe rmi t  w i t h i n  a reasonable 
margin of  e r r o r  es tab l i shment  of  a p o l i c y  regard ing  t h e  i n t e r n a l . s u p p l y  of  
uranium. This  should a l s o  i n d i c a t e  t h e  p l ace  of  Peru i n  supply ing  uranium t o  

, . 
t h e  world market. 

This  requirement ,  of g r e a t  p o l i t i c a l  and economic importance, demands 'special  
e f f o r t  and p lanning  t o  permi t  sho r t en ing  t h e  usua l  t ime r equ i r ed  f o r  t h i s  
process .  I t  is  planned t o  achieve t h e  fo l lowing  i n  t h e  next '  f i v e  years': 

a .  Sys temat ic  p rospec t ing  i n  some sedimentary a r e a s ,  which have n o t  as y e t  
been s t u d i e d  i n  Peru. Atthe same t ime,  t h e  necessary  t r a i n i n g ,  equipment, 
and o r g a n i z a t i o n  w i l l  be  acqui red  t o  c a r r y  on t h i s e  type  of prospec t ing  and 
e v a l u a t i o n  i n  a l l  t h e  a r e a s  o f t h e  count ry  where uranium could  poss ib ly  be 
found. 

b. Explora t ion  of  i n d i c a t i o n s &  t k f i l o n i a n  type ,  s c i e n t i f i c a l l y  ' in tens i fy ing  
geo log ica l  and mining i n v e s t i g a t i o n s ,  and development of  t e c h n i c a l  and 
economical p o s s i b i l i t i e s  t o  recover  uranium from o t h e r  mineral 's .  

c. I n v e s t i g a t i o n  and development a t  t h e  l abo ra to ry  and p l a n t  l e v e l  o f  t h e  
methods t h a t  can b e t t e r  be t e c h n i c a l l y  and economically adapted t o  l o c a l  
cond i t i ons  t o  produce and process  concen t r a t e s  o f  uranium. 

Analysis  of  t h e  a c t i o n  undertaken-  d a t e  determines t h a t :  

a .  Uranium p rospec t ing  has n o t  been cont inuous nor  sys temat ic .  Thus, t h e  uranium 
re sources  i n  ou r  country wi th  i t s  p e c u l i a r  geo log ica l  and topographica l  
c h a r a c t e r i s t i c s  remain undetermined. 

b .  I n  g e n e r a l ,  t h e  geo log ica l  formations i n  Peru a r e  considered favorable  t o  
t h e  e x i s t e n c e  o f  uranium d e p o s i t s ,  a s  s t a t e d  by t h e  ma jo r i t y  o f  e x p e r t s  who 
have worked i n  Peru. 

c .  Uranium p rospec t ing  i n  Peru , fo l lowing  t h e  o r i e n t a t i o n  proposed by t h e f i r s t  
mission of e x p e r t s  who ope ra t ed  i n  t h e  country i n  1955-1962, w a s  c h i e f l y  
focused on t h e  f i l o n i a n  forms. Very l i t t l e  was done i n  exp lo r ing  sedimentary 
formations,  a l though a c t u a l l y ' t h i s  type  of formation is  now t h e  c e n t e r  of  
i n t e r e s t  i n  r e l a t i o n -  prospec t ing  f o r  uranium n e a r l y  a l l  over  t h e  world. 
Also, it is  i n  t h i s  formation t h a t  t h e  most important  d e p o s i t s  i n  South 
America have been f o u n d . 6 i e r r a  P in t ada  - Mendoza, Argent ina) .  
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So as t o  permi t  a l l  phases  of t h e  p roces s  t o  be developed w i t h i n  t h e  program 
a c t i v i t i e s ,  .it has  been decided t h a t  it i s  convenient  t o  have w i t h i n  t h e  
program t h e  fo l lowing  o p e r a t i o n a l '  areas: 

- Engineering s e r v i c e s  
- Auxi l ia ry  t e c h n i c a l  s e r v i c e s  

FOREIGN TECHNICAL ASSISTANCE - IAEO-UNDP 

The p lanning  and programming c a r r i e d  o u t  between IPEN and IAEO has  been 
c a r e f u l l y  coord ina ted  i n  such a way t h a t  t h e  suppor t  of UNDP i s  f u l l y  
inc luded  wi th in  t h e  p r o v i s i o n o f t h e  Nuclear Plan f o r  Peru. 

I n  a d d i t i o n ,  t h e r e  i s  t h e  p o s s i b i l i t y  of ob t a in ing  l i m i t e d  t e c h n i c a l  
a s s i s t a n c e  annual ly  w i t h i n  t h e  framework of  t h e  r e g u l a r  program of t h e  
IAEO, d e t a i l s  o f  which a r e  d i s cus sed  annual ly  wi th .  t h a t  body. 

BILATERAL TECHNICAL ASSISTANCE. 

Acting wi th in  t h e  requirements  of t h e  Nuclear P lan ,  PINE w i l l  annua l ly  
r eques t  b i l a t e r a l  t e c h n i c a l  a s s i s t a n c e  i n  nuc l ea r  energy. Cooperation 
i s  t o  be assured  through annual a c t i o n  ( t r a i n i n g ,  t e c h n i c a l  a s s i s t a n c e ,  
equipment, e t c . )  , according t o  t h e  I m e d i a t e  Action Pro tocol  t o  be 
s igned  by PINE wi th  t h e  r e s p e c t i v e  nuc l ea r  body o f  each country and 
coord ina ted  wi th  t h e  Minis t ry  o f  Mines and Energy - Foreign A f f a i r s  
and t h e  Nat ional  I n s t i t u t e  o f  Planning. 

. Support f o r  t h e  Nuclear Centre  

Severa l  fo r e ign  proposa ls  f o r  t h e  des ign ,  c o n s t r u c t i o n ,  and equipping 
of t h e  Nuclear Centre f o r e s e e . i n c l u d i n g  t h e  p rov i s ion  o f  t e c h n i c a l  
a s s i s t a n c e  and expe r t s .  

Experts  . 108 m/h $228,000. 
Fellowships 312 m/h 600 ,000. 

' T o t a l  $828,000. 
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Other  c o u r s e s ,  c o n f e r e n c e s ,  and mee t ings  o f  i n t e r e s t  
It i s  f o r e s e e n  t h a t  t h e r e  w i l l  be c o u r s e s ,  l e c t u r e s ,  and r o u n d t a b l e  
meet ings  on d i f f e r e n t  s u b j e c t s  r e l a t e d  t o  t h e  p e a c e f u l  a p p l i c a t i o n  
o f  ' n u c l e a r  energy .  'L- 

T e c h n i c a l  a s s i s t a n c e  from abroad  
Within t h e  s t r a t e g y  mentioned i n  t h e  f o r m u l a t i o n  o f  t h e  P l a n ,  a program 
h a s  been des igned  i n c l u d i n g  f o r e i g n  a s s i s t a n c e  o f  e x p e r t s ,  s c h o l a r s h i p s ,  
and equipment t o  be p r o v i d e d  by t h e  c o u n t r y  s u p p l y i n g  t h e  Nuclear  Cen t re  
i n  c o n j u n c t i o n  w i t h  t h e  t e c h n i c a l  a s s i s t a n c e  o f  t h e  OIEA. 

There a r e  o t h e r  t y p e s  o f  complemerltary a s s i s t a n c e  which w i l l  comprise  
f i n a n c i n g ,  t r a i n i n g ,  f a c i l i t i e s ,  and customCtax exemption on p a t e n t s ,  
s u b s i d i e s ,  and d o n a t i o n s .  T h i s  t y p e  o f  a s s i s t a n c e  and c o o p e r a t i o n ,  
even i f  n o t  i n c l u d e d  i n  t h e  P l a n ,  w i l l  be  promoted b e a r i n g  i n . m i n d  
n a t i o n a l  i n t e r e s t .  

SUB-PROGRAM 3 - TRAINING FOR THE IMPLEMENTATION OF NUCLEAR POWER 

The bas ' i s  o f  t h i s  sub-program t a k e s  i n t o  account  t h e  Medium Range (1976-1981) 
P l a n  whose p r o j e c t i o n  r e a c h e s  long-range and comes w i t h i n  t h e  framework o f  
t h e  g l o b a l  energy c r i s i s  and t h e  f u t u r e  energy  p e r s p e c t i v e  o f  Peru.  

NUCLEAR POWER 

It i s  a w e l l  known f a c t  t h a t a c o u n t r y  needs  adequa te  e l e c t r i c a l  power 
i n  t h e  a r e a s  o f  i n d u s t r i a l  development and i n  urban and r u r a l  zones  i n  
o r d e r  t o  make p o s s i b l e i t s  development and improve t h e  s t a t u s  o f  t h e  
u n d e r p r i v i l e d g e d .  

The program f o r  t h e  i n t e r c o n n e c t i o n  o f  t h e  n a t i o n a l  e l e c t r i c a l  network 
i s  i n  t h e  p r o c e s s  o f  e x e c u t i o n .  The i n c r e a s e  i n  t h e  c o s t  o f  hydrocarbon,  
as w e l l  as t h e  c o s t  o f  e n g i n e e r i n g  c o n s t r u c t i o n ,  and t h e  t ime r e q u i r e d  
t o  p u t  t h e  i m p o r t a n t  p o t e n t i a l  h y d r o e l e c t r i c  r e s o u r c e  a t  t h e  d i s p o s a l  
o f  Peru i n d i c a t e t h e  n e c e s s i t y  o f  a the rmal  complement, t o  be  o f  r e l a t i v e  
s i g n i f i c a n c e  i n  t h e  1990 ' s .  T h e r e f o r e ,  it is, i m p o r t a n t  t o  de te rmine  as 
soon as p o s s i b l e  t h e  degreeof  n u c l e a r  p a r t i c i p a t i o n  i n  t h a t  the rmal  
complement. T h i s  p e r m i t s  adequa te  p r e p a r a t i o n  t o  make p o s s i b l e  n u c l e a r  
i n t e g r a t i o n  i n  a r a t i o n a l  and conven ien t  way, a lways i n  t h e  b e s t  
i n t e r e s t  o f  t h e  coun t ry .  3: 

Fore ign  T e c h n i c a l  A s s i s t a n c e  

Within t h e  announced s t r a t e g y  i n  t h e  f o r m u l a t i o n  o f  t h e  P l a n ,  we 
have d i r e c t e d  t h e  .program i n  t h e  l i n e  o f  f o r e i g n  c o o p e r a t i o n  i n  
t e c h n i c a l  a s s i s t a n c e ,  t r a i n i n g ,  and equipment.  

SUB-PROGRAM 4 - COMPLEMENTARY TECWlICAL SERVICES' 
1 

Genera l  s u p p o r t  f o r  t h e  program c o o r d i n a t e s  t h e  a c t i o n  o f  t h e  d i f f e r e n t  
sub-programs t o  o b t a i n  acommon o b j e c t i v e ,  as w e l l  as implementat ion o f  
s e r v i c e s  o f  a s c i e n t i f i c  and t e c h n i c a l  c h a r a c t e r  n e c e s s a r y  t o  s u p p o r t  and 
f a c i l i t a t e  t h e  r e a c h i n g  o f  e s t a b l i s h e d  g o a l s .  
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SUB-PROGRAM 2 - TRAINING OF HUMAN RESOURCES 

Personnel  must begin t r a i n i n g  p r i o r  t o  t h e i r  work a s  o u t l i n e d  i n  t h e  P lan ,  
wi th  t r a i n i n g  t o  cont inue  throughout  t h e  Plan.  Not on ly  personnel  covered 
i n  t h e  Plan must be t r a i n e d ,  b u t  a l s o  t hose  whose research  involves  r a d i a t i o n .  

The process  w i t h i n  t h e  p l an  foresees t h e  fo l lowing  phases:  

Cdordinat ion axid suppor t  t o  t h e  u n i v e r s i t i e s ,  t r a i n i n g  f o r  u n i v e r s i t i e s  
S e l e c t i o n  and inco rpo ra t i on  o f  personnel  
Complementary t r a i n i n g ,  a d a p t a t i o n o f  knowledge t o  cond i t i ons  and medium 

i n  which a c t i v i t i e s  w i l l  develop 
Gaining exper ience ,  counse l ,  and corresponding documentary suppor t  
Scholarsh ips  abroad 
Permanent updat ing of  knowledge and of  s p e c i a l i z a t i o n  

The s p e c i f i c  t r a i n i n g  of personnel  i n  s b j e c t s  of  nuc l ea r  s c i ence  and 
technology i s  t o  be cont inu ing .  Constant change and p rog re s s  i n  t h i s  f i e l d  
demand a framework which w i l l  a l low a cont inuous and un in t e r rup t ed  p roces s  
o f  l e a r n i n g  and updat ing& knowledge. 

. . 
I n  .:his r e s p e c t  f o r e i g n  t e c h n i c a l  a s s i s t a n c e  i s  a determining f a c t o r  du r ing  
a l l  phases of  t h e  cont inuous process  of t r a i n i n g  i n  t h e  s c i ence  and technology 
of  nuc l ea r  energy. I n  o r d e r  t h a t  t h i s  t r a i n i n g  w i l l  b r i n g  t h e  d e s i r e d  r e s u l t s ,  
it w i l l  be planned and c a r r i e d  out. bea r ing  i n  mind t h e  requirements  and needs 
a r i s i n g  from t h e  Plan and t h e  n a t i o n a l  i n t e r e s t .  

7 =  

TRAINING OF PERSONNEL 

The Centre of  Advanced Nuclear S tud ie s  (CSEN) of  t h e  Peruvian I n s t i t u t e  
of Nuclear Energy has  a s  i t s  goa l  t o  f a c i l i t a t e  t h e  process  o f  t r a i n i n g  
and updat ing t h e  knowedge o f  a l l  p r o f e s s i o n a l s  t h a t  w i l l  be involved  
d i r e c t l y  o r  i n d i r e c t l y  i n  t h e  Plan.  

,J 
Bearing t h i s  i n  mind, an i n c r e a s e  i n  i t s  c u r r e n t  a c t i v i t i e s  i s  fo re seen ,  
upgrading it t o  a s t a g e  i n  accordance w i th  t h e  needs o f  t h e  Plan.  The 
curr iculum of  t h e  Centre w i l l  be: 

Postgraduate  t r a i n i n g  and s p e c i a l i z a t i o n  course f o r  p r o f e s s i o n a l s  
Radio logica l  p r o t e c t i o n  
Provis ion  f o r  nuc l ea r  medicine 
Methods f o r  t h e  use of  r a d i a t i o n s  
Modern phys i c s  
Radiochemistry 
Geology, p rospec t ing  and eva lua t ion  o f  uranium bear ing  resources  
Technology f o r  d e s a l i n i z a t i o n  
Technology of  m a t e r i a l s  
~ n s t r u m e n t a t i o n  

Course on t h e  method and a p p l i c a t i o n  o f  t h e  use of r ad io i so topes  
A pos tgradua te  course on t h e  methodology and a p p l i c a t i o n  of  
r ad io i so topes  wi th  t h e  purpose of  t r a i n i n g  professional-s  i n  t h e  
use of r a d i o a c t i v e  m a t e r i a l -  
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Meteorological l abora tors  and tower t h a t  w i l l  permit recording 
and processing of meteorological data.  

General worksho~ t h a t  i e  equipped f o r  mechanical, e l e c t r i c a l ,  
and e lect ronic  r epa i r  and maintenance of equipment and 
i n s t a l l a t i ons .  

Administration building and train in^ auar te r s  that w i l l  provide 
a base f o r  the  di rect ion,  organization, and support of t he  
f a c i l i t i e s  f o r  ins t ruc t ion  and t ra in ing  of personnel both of 
the  Centre and other authorized In s t i t u t e s .  

& I  

Auxiliary services  a t  the  Centre t h a t  w i l l  comprise vigi lance 
service,  emergency e l e c t r i c  generators, drinking water supply, 
a plant  f o r  the  treatment of sewerage, medical f a c i l i t i e s ,  
f i r e f i gh t i ng  and garage f a c i l i t i e s ,  ca fe te r ia ,  kitchen, and 
other services.  

The ac t i ve  Peruvian par t i c ipa t ion  i n  the  in te rna t iona l  order and within 
the  framework of the  postula tes  of the  Peruvian Revolution shall 
promote the agreement and appl icat ion of covenants which w i l l  favor 
t he  country and the  region as a whole. 

The programming f o r  e f f ec t i ve  and r a t i ona l  use of the  reactor  i s  one 
of t he  fundamental aspects of t he  problem, which w i l l  be given the  
utmost a t t en t i on  pr io r  t o  and during construction of the  reac tor .  
Accordingly, an in te rd i sc ip l inar ian  group w i l l  be formed which w i l l  
supervise the program pr io r  t o  and during the  r eac to r ' s  operation. 

Auxiliary and complementary buildings and i n s t a l l a t i ons  
The execution of the  plan demands'an immediate increase i n  
current  a c t i v i t i e s  i n  a l l  executive bodies and i n  t h e  d i rec t ion  
of IPEN;  t h e r e f o r e , i t  is  necessary t o  a l l o y - i t s  development 
within reasonable conditions of operations,  bearing i n  mind 
t h a t  the  newentre  w i l l  beoperating i n  approximately f i ve  years. 

According t o  t h i s  r e s t r i c t i v e  c r i t e r i a ,  the following provisional  
expansions and complementary i n s t a l l a t i ons  have been devised. 
These w i l l  be s i t ua t ed  on land assigned by the  Ministry of 
Energy and Mines, where the  o f f i c e s  of the  Peruvian I n s t i t u t e  
of Nuclear Energy a re  current ly  located. These other areas 
a r e  the following: 

Provisional Complementary In s t a l l a t i ons  Area-Sq.. .Meters 
Nuclear Engineering Office,  Central Planning - 2 80 
IPEN's  Combustion 
IPEN's  Laboratory f o r  Radiological Protection 35 0 
Laboratory f o r  Nuclear Medicine i n  INFN 15 0 
Locale.and laborator ies  f o r  the  teaching . 
of CSEN, Library, Documentation Centre 500 

I P E N ' s  service Area . 180 
Offices of the  ~ i r e c t o r a t e  cf the  Nuclear. 
' Centre Project  400 
Equipment,of t h e  Office of the  Directorate of 

the Nuclear Centre Project  



(d ) Task IV:  Construction, Equipping, and Commencement of 
Operation of the  Nuclear Centre 

Equipment f o r  t he  f i r s t  phase includes: 
- 4 

Pool-Tspe Reactor:. : 
10 MW and Peripheral  Circui ts  

Auxiliary Laboratories 
Zero Power Reactor 
Neutronographical Laboratory 
Physics Laboratory 
Physic-Chemical Analysis Laboratory 
Chemistry Laboratory 
Radiochemistry Laboratory 
Auxiliary Workshop 
Others 

Plant  f o r  the  production of radioisotopes t h a t  w i l l  be 
dedicated i n  the  f i r s t  phase t o  the  production of a range 
of radioisotopes and marked compounds, with addi t ional  
f a c i l i t i e s  f o r  teaching and laboratory research work. 

Plant  f o r  the  treatment of wastes t h a t  w i l l  be designed 
f o r  the  treatment of wastes of low and medium in t ens i t y  
f o r  the  f i r s t  phase of the  Nuclear Centre. 

> 
National Centre f o r  R a d i o l o ~ i c a l  Protection) i n  accordance 
with the  OEIA recommendations, that w i l l  be designed t o  
o f fe r  the following: 

Personal dosimetries on a nat ional  l eve l  
Radiophysical heal th  services  
A i r  pol lu t ion monitoring 
Pathological examinations 
Emergency services 
Training f a c i l i t i e s  
Gauging f a c i l i t i e s  
Assessment services  f o r  users 

Plant  f o r  the  vroduction of combustible elements t h a t  w i l l  
produce combustible elements of t he  type used i n  the  10 MW 
reac tor  (On the  basis  of enriched UF6). It i s  estimated 
t h a t  it w i l l  use 10 kilograms of.uranium per annum. 

lilineraloeical Centre ( ~ e o l o m  and uranium ~ r o s ~ e c t i d  t h a t  
w i l l  have i n s t a l l a t i o n s  and equipment su f f i c i en t  t o  ca r ry  
out the  rout ine  analysis  of f i s s ionab le  material  up t o  a 
capacity f o r  100 samples. It should a l s o  include f a c i l i t i e s  
f o r  mineralogical research,  examination of material ,  a e r i a l -  
photography, and projection and t ranspor t  equipment. 
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In this first phase it will be necessary to carry out a general survey 
of future possibilities in national industry'and local labor. Such 
information should help in planning for participation by Peruvians in 
the design, engineering, construction, equipping, and supervising of 
this phase of the Nuclear Centre. 

3. The Reactor 

At this stage within the Centre, the reactor constitutes the fundamental 
and determining element in the overall activity. It is of the utmost 
importance that the reactor should be built and operated bearing in mind 
local conditions and needs. 

The installation of a reactor that can be used in the production of 
radioisotopes for training of highly specialized personnel, for teaching 
of nuclear technology, and for serving as a tool of research and 
experiment for the universities, industry, and private and public 
services, will be without doubt the answer to a host of technological, 
scientific, and economical problems. 

Among the reactors for research and training that are already installed 
in the world market, it is believed the Pool-Type reactor of 10 EMS is 
most suited to our multiple needs. 

The installation of the reactor has been taken as the critical parameter 
for construction of the Centre, as the reactor is the Centre'e most 
important and most technically and operationally complex element. It 
has thus been decided that: 

The building, commencement of operations, and regular operation 
of the reactor should not go beyond 1981. All scientific and 
technological personnel that will be in charge of its operation 
and maintenance should be trained simultaneously. 

4. Implementation 

(a) Task I: Study of the Locality 

This comprises topographical surveys and seismic and geotechnical 
studies of the Huarangal site. 

(b) Task 11: Study of the Ecology 

This comprises meteorological and radioambiental studies of the 
selected site and the surrounding area. Said radioambiental 
studies should continue for several years in order to evaluate 
the effects on the ecology in the area. 

(c) Task 111: ~stablishrnent of a Nuclear Security Commission 

This Commission, with adequate assistance, should have sufficient 
competence a,nd knowledge to establish security standards and 
regulations for the design, production, installation, and 
operation of the nuclear reactor and associated installations. 
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who have specialized abroad, but who cannot apply their knowledge for 
the benefit of the country due to the lack of an adequate scientific 
and technological base. 

2. A Nuclear centre reasonably planned, well executed, and above all properly 
conducted would allow: 

- developing installations and operational means to facilitate formation 
of the fundamentals in science and nuclear technology. This would, 
simultaneously, permit the adaptation of knowledge and experience 
acquired abroad to local conditions. 

- integrating a necessary core of scientists and technicians of different 
',specialities who would contribute professionally to specific tasks 
related to nuclear energy. 

- encouraging the progress of overall activity in the scientific and 
technological field throughout the country as well as the training of 
youth in science. 

- promoting advancements in many other:: fields of science and technology, 
The multiplying effect of nuclear.energy has been recognized nearly 
'everywhere in the world. 

Finally, the construction and installation of the h'uclear Centre is 
indispensable to achieving the development of nuclear activity in Peru. 

3. Therefore, within the objectives aimicg toward rapid development of the 
scientific and technological base to meet the integrated expansion of 
nuclear activity, the Nuclear Centre constitutes a determining element 
of the operational possibilities indispensable for this deve1opment.a~ 
.well as for ecientific and technological training. 

b. Construction and E a u i ~ ~ i n ~  of the Nuclear Research Centre 

1. Locality 

The st,udy of the locality in its first phase has already been carried 
out. Various favorable plant sites have been identified, among which 
within the corresponding established priorities, the locality of 
"Huarangal" in the Chillon River area has been selected. 

The choice of the locality is of great importance in the development and 
rational operation of the Centre. Considered were technical complexities 
associated with security and protection of people and with air pollution 
problems. Also considered were the special seismelogical conditions of 
the Lima area, as well as regulations regarding use of the land. 

2. Composition 

For .the period of the 1976-1981 Plan, it is intended to build the first 
phase installations,on a forty hectare site. These installations are 
only a part of' the successive phases that will make up the Nuclear Centre. 



- PROGRAM I - 
ESTABLISHMENT OF A SCIENTIFIC AND TECHNOLOGICAL BASE 

a. To create a base, the Nuclear Research Centre, which will allow for an 
important group of scientists and technicians trained in the country 
and abroad, to form a solid base for research and development in those 
nuclear areas with priority in Peru, making possible technology transfer 
to the appropriate, economical social sectors. 

b. To make possible a rational'and methodical techno-economic analysis which 
will permit the determination of the characteristics for and the date on 
which the first nuclear station could be incorporated into the national 
electric network. 

STRUCTURE OF THE PROGRAM 

SUB-PROGRAM 1 - OPERATIONAL FACILITIES 
Design, construction, equipping, and operating of the Nuclear Research Centre. 

SUB-PROGRAM 2 - TRAINING OF HUbiAM RESOURCES 

The incorporation and training of a basic group of professionals (carried out 
simultaneously to the construction of the Nuclear Centre). 

SUB-PROGRAM 3 - PREPARING FOR NUCLEAR ELECTRIC INCORPORATION 
Techno-economical definition of the timing and considerations in which the 
incorporation is to take place. Determines future concrete nuclear planning. 

SUB-PROGRAM 4 - COPlPLEMENTARY TECHNICAL SERVICES 
Overall direction and coordination, engineering services, and technical aid. 

The following forms of action have been established for the execution of each 
of the sub-programs. . 

a. Scope 

1. Lack of a Nuclear Centre limits the possibility of obtaining from national 
experience the ability to innovate in the scientific and/or technological 
fields directly connected with nuclear development, such as physics, 
nuclear engineering, electronics, chemistry, metallurgy, etc. 

In this respect the nation is losing a significant amount of intellectual 
competence from those who have been academically prepared, including those 



I N  OPBER TO ACCOMPLISH THE O B J E C T I V E S  FORESEE?! I N  THE S4EDIUM- 

RANGE (1976-1981) PLPJJ ( F I R S T  PHASE - PREPARATION O F  THF, 

F o U R ~ A T I O N S ) ,  T h T  O B J E C T I V E S  AND TIIE FRAMEWORK O F  EACH PROGFW4 

HAVE BEEM ESTABLISHEC,  INCLUDING' T)iE APPROXIMATE ECOROMICAL 

COST, TKE NECESSARY J4UKAN RESOURCES I N V O L W D ,  AND A PRELIMINAF!.Y 

ESTIMATE O F  TECHNICAL ASSISTANCE, ALL OF W)iICH ARE DETAILED FOR 

MCH PROGRAM A S  FOLLOWS: 

PROGRAM I: E S T A B L I S m N T  O F  B S C I E N T I F I C  AND TECENOLOGICAI, 

BASE . 
PROGRAM 11: EVALUATION AND DEVELOPMEKT OF URANIUM RESOURCES 

PROGRAM 111: NUCLEAR APPLICATIONS 

PROGU'4 I V :  RADIOLOGICAL PROTECTION AND hTCLEAR SEClTEITY 

PROGRAM V: ADYJNISTRATION , EfANAGENENT, AM! SUPPORT 



I t  is following t h i s  concept that we  should seek the transference of 
technology by way of t reat ie s  and agreements, thus increasing national 
competence i n  the nuclear f i e l d .  . 



As regards the  t r a i n i n g  program, t h e  Peruvian I n s t i t u t e  of Nuclear 
': . Energy ; w i l l  . a c t  . a s  . the.-promoter f o r  : the  Peruvian Government among a l l  a reas  

t h a t  a r e  i n t e r e s t e d  in.,the..:appl.ication of nuclear  techniques i n  t h e i r  respec- 
tj.ve f i e l d  of a c t i v i t i e s .  . . . .  . . ?  

2.6 ELEMENT OF PROTECTION FROM CONTAMINATION 

2.6.1 To insure  agains t  the  p o s s i b i l i t y  of a i r  
contamination giving the  population adequate 
protec t ion  agains t  the  r i s k s  en ta i l ed  i n  the 
use of ionized radia t ion .  

Although nuclear  energy does o f f e r  m i l t i p l e  peaceful app l i ca t ions ,  i t  
a l s o  represents  a  p o t e n t i a l  r i s k  which has t o  be adequately cont ro l led .  

Such protec t ion  w i l l  be achieved with the  a id  of adequate regula t ions ,  
including a  na t iona l  au thor i ty  t o  oversee a l l  nuclear a c t i v i t y .  Peruvian 
profess ionals  w i l l  be t ra ined i n  radio logica l  protec t ion  i n  order  t o  guar- 
antee  s e c u r i t y  aga ins t  pollut ion.  

2  7  .INTERSECTORAL ELEMENT 

2.7.1 To e s t a b l i s h  a  s i g n i f i c a n t  and coordinated 
p a r t i c i p a t i o n  of a l l  s e c t o r s  of na t iona l  
a c t i v i t y  concerned with nuclear energy by way 
of guidel ines  guaranteeing the  fu l f i l lmen t  of 
the  objec t ives  of na t iona l  development. 

2.8 ELEMENT OF-INTERNATIONAL RELATIONS 

2.8.1 To propose the  t ransference  of technology and 
the  growth of na t iona l  capaci ty  i n  the  
nuclear  f i e l d  by way of t r e a t i e s  and interna-  
t i o n a l  ageements, which w i l l  encourage the  
a c t i v e  p a r t i c i p a t i o n  of Peru within interna-  
t i o n a l  organizat ions according t o  the  postu- 
l a t e s  of the  Peruvian Revolution. The 
worldwide progressive development of tech- 
nology f o r  the  peaceful app l i ca t ion  of 
nuclear energy suggests  t h a t  the  p r a c t i c a l  
o r i e n t a t i o n  f o r  the  acqu i s i t ion  of knowledge 
i n  t h i s  f i e l d  should be the t ransference  of 
technology. It would not be convenient 
under present  circumstances nor in the 
immediate f u t u r e  to  t ax  our s k i l l s  i n  the  
development of our own technology. Top 
p r i o r i t y  should be given t o  the adaptat ion of 
the  most advanced technology t o  the needs of 
na t ional  development. 



The ana lys i s  of t h e  "World Energy Perspectives" al lows us t o  apprec ia te  
how important nuclear  energy is f o r  t h e  development of a country and t h e  
advantages it o f f e r s  v i s  a v i e  petroleum and coal  a s  a source of energy. 

The prel iminary f e a s i b i l i t y  s t u d i e s  p r i o r  t o  a "nucleo-electric" p lan  
cur ren t ly  being developed have been considered a s  a medium range objec t ive .  
However, the  p ro jec t ion  and sequence of s t u d i e s ,  work p ro jec t s ,  and supp l i e s ,  
e t c .  derived from them necessa r i ly  w i l l  p lace  them i n  the  "long-range" p lan  
according t o  what the  na t iona l  pol icy  w i l l  be on t h i s  sub jec t  i n  t h e  fu ture .  

The i n i t i a l  p l a se  of t h i s  technological  development is  the  ob jec t ive  of 
a medium range plan: the  equipping of opera t ional  f a c i l i t i e s  f o r  the  produc- 
t i o n  f u e l  f o r  the  lOMW experimental r eac to r  a t  the  Peruvian Nuclear Centre. 

2.4 ELEMENT OF RADIOACTIVE M I N I N G  RESOURCES 

2.4.1 To i t e n s i f y  mine explora t ion  a c t i v i t i e s ,  mine 
development and exp lo i t a t ion ,  and r e f i n i n g  of 
r ad ioac t ive  minerals with t h e  i n t e n t i o n  of 
giving t h e  country a s i g n i f i c a n t  production 
capacity i n  t h i s  f i e l d .  

2.4.2 To i n v e s t i g a t e  a l l  mineral exports  i n  order  
t o  determine the .presence  of r ad ioac t ive  

. proper t i e s  f o r  accura te  aggregate value. 

2.5 ELEMENT OF TRAINING AND HUMAN RESOURCES 

2.5.1 To develop high s c i e n t i f i c  technological  
t r a i n i n g  a t  a l l  l e v e l s  i n  the  f i e l d  of 
nuclear  energy, which w i l l  allow us t o  have a 
workforce s u f f i c i e n t l y  t r a ined  t o  conceive, 
design,  program, execute, and con t ro l  t h e  
nuclear  p lans  decided on by the  Government. 

2.5.2 To promote the  teaching, research,  and 
d i f f u s i o n  of s c i e n t i f i c  and technological  
knowledge i n  t h e  use of nuclear  energy, 
incorpora t ing  i ts  progress t o  t h e  process of 
na t iona l  development. 

The t r a i n i n g  of Peruvian p ro fess iona l s  i n  the  f i e l d  of nuclear  sc ience  
w i l l  take  p lace  i n  Peru and abroad on t h e  b a s i s  of t h e  "Centro Superior de 
Estudios Nucleares" (CSEN).' Such a c t i o n  has been coordinated with the  
Peruvian Universi ty,  which w i l l  be augmented when t h e  Nuclear Centre of Peru 
comes i n t o  operat ion.  
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2.2 ECONOMIC AND SOCIAL ELEMENT 

2.2.1 To make p o s s i b l e  t h e  t r ans fe rence  of nuc lea r  
innovat ions  and s c i e n t i f i c  and t echno log ica l  de- 
velopments of i n t e r e s t  t o  Peru t o  t h e  app ropr i a t e  
economic and s o c i a l  a r eas .  

2.2.2 To develop an i n t e g r a t e d  indus t ry  i n  t h e  
nuc lea r  f i e l d  wi th  an  a b i l i t y  to: 

o achieve  a d i v e r s i f i c a t i o n  of energy resources ;  
o c r e a t e  new s i g n i f i c a n t  economical resources ;  
o promote an important s t e p  forward i n  the 

f i e l d  of s c i ence ,  technology, and indus t ry  
t h a t  w i l l  have a p o s i t i v e  s o c i a l  and eco- 
nomic r e s u l t  due t o  i ts  technologica l  and 
aggrega te  values.  

The "Transference of Nuclear Technology" can be def ined  a s  t h e  introduc-  
t i o n  of new processes  and products  a s  w e l l  a s  t h e  improvement of c u r r e n t  
products  by the  a p p l i c a t i o n  of nuc lea r  methods. These could t ake  t h e  fo l -  
lowing forms: 

o The a c q u i s i t i o n  of C a p i t a l  Stock and in t e rmed ia t e  products  i n  whiah 
n a t i o n a l  technology has  been incorporated.  

o Transference and r e g i s t r y  of fo re ign  trademarks regard ing  products  
and/or  c h a r a c t e r i s t i c s  of processes .  

o Nonpatented t e c h n i c a l  a s s i s t a n c e  o r  "know how" obta ined  from abroad. 

o Foreign personnel  whose experience and knowledge is used w i t h i n  t h e  
country. 

o Tra in ing  of Peruvian personnel  i n  nuc lea r  technology abroad by way of 
b i l a t e r a l  agreements o r  through t h e  United Nations. 

o Technical  in format ion  through books, b u l l e t i n s ,  p e r i o d i c a l s  and o t h e r  
pub l i ca t ions  i n  c i r c u l a t i o n  t h a t  would be  incorpora ted  i n t o  t h e  
11 Information Centre." 

2.3 ELEMENT OF ENERGY RESOURCES 

To e s t a b l i s h  a schedule f o r  u t i l i z a t i o n  of nuc lea r  
e l e c t r i c  energy i n  t h e  f u t u r e  t h a t  t h e  country w i l l  need 
t o  s a t i s f y  t h e  growing demand f o r  e l e c t r i c  energy. 



INTRODUCTION 

Nuclear energy des t ined  f o r  peacefu l  uses  has  v a s t  a r e a s  of appl ica-  
t i o n s ,  among which s p e c i a l  cons ide ra t ion  should be  given t o  t h e  p o s i t i v e  use  
i n  t h e  f i e l d s  of h e a l t h  and n u t r i t i o n ,  i n  mining and i n d u s t r i a l  technology, a s  
w e l l  a s  i n  t h e  product ion  of e l e c t r i c  energy. A l l  t h e s e  a p p l i c a t i o n s  have 
proven i n  r ecen t  yea r s  t h a t  t h e  n a t i o n s  of t h e  world can reach development 
and improved well-being through t h e  use  of nuc lea r  energy. 

The Peruvian I n s t i t u t e  of Nuclear Energy was c rea t ed  by Decree 21094 on 
t h e  4 t h  of February 1975 a s  a  decen t r a l i zed  p u b l i c  i n s t i t u t i o n  w i t h i n  t h e  
a r e a  of t h e  Minis t ry  of Mines and Energy, with t h e  purpose of "promoting, 
coord ina t ing ,  and c o n t r o l l i n g  t h e  development of nuc lea r  energy and i ts  
a p p l i c a t i o n s  i n  t h e  country." Thus a  forward s t e p  was taken i n  t h e  e s t a -  
bl ishment  of means and cond i t i ons  t h a t  w i l l  make p o s s i b l e  an e f f e c t i v e  
pa ; t ic ipa t ion  i n  t h e  evo lu t iona ry  process  of t h e  sc i ence  of nuc lea r  tech- 
nology, i nco rpora t ing  t h e  innovat ions  and advances achieved i n  t h i s  f i e l d  f o r  
t h e  b e n e f i t  of ' na t iona l  development, and welfare .  

With t h e  above mentioned i n  mind, t h e  necessary s t e p s  were taken i n  
working ou t  t he  long range s t r a t e g i e s  and p o l i c i e s  i n  t h e  f i e l d  of nuc lea r  
energy. As a  r e s u l t  of t h e  a n a l y s i s  of t h e  development of nuc lear  energy i n  
Peru and t h e  ensuing c r e a t i o n  of t h e  Peruvian I n s t i t u t e  of Nuclear Energy 
wi th  i t s  o b j e c t i v e s  p l ac ing  i t  wi th in  t h e  scope of n a t i o n a l  development, 
cons ide ra t ion  could be given t o  t h e  s i t u a t i o n  of t h e  country wi th in  t h i s  
f i e l d  no t  only because of i ts  own needs b u t  a l s o  i n  r e l a t i o n  t o  o t h e r  coun- 
t r i e s .  

. . 

w i t h i n  t h i s  concept , af ter s e t t i n g  t h e  long-range o b j e c t i v e s  , a s t r a t e g y  
was designed t o  achieve  t h e s e  ob jec t ives .  The s t r a t e g y  was planned i n  t h r e e  
phases t o  be executed succes s ive ly ,  r e a l i z i n g  s i g n i f i c a n t  r e s u l t s  be fo re  t h e  
end of t h e  century.  On t h e  b a s i s  of t h e  above mentioned concep'ts, a  p l an  f o r  
t h e  f i r s t  phase has  been worked o u t  t o  be executed wi th in  t h e  medium term 
(1976-81) a s  presented  i n  t h i s  document. 

Lima, June 1976 

The scope of t h i s  ,g loba l  long-range po l i cy  is  
p ro j ec t ed  t o  t h e  end of th,e century  and i ts  o b j e c t i v e s  
a r e  t h e  fol lowing:  

2.1 ELEMENT OF NATIONAL DEVELOPMENT 

To develop a  t e c h n o l o g i c a l - s c i e n t i f i c  framework wi th  
t h e  necessary  capac i ty  t o  a s s u r e  a response t o  t h e  needs 
of i n t e g r a t i n g  nuc lea r  energy i n t o  n a t i o n a l  development 
with t h e  i n t e n t  of no t  f a l l i n g  behind i n  t h e  knowledge 
and a p p l i c a t i o n  of nuc lea r  s c i ence  as r ega rds  o t h e r  . . .  

c o u n t r i e s  on t h e  same l e v e l  of development a s  ou r s  and t o  
achieve,  a s  we l l ,  a  reasonable  t echno log ica l  independence. 



ATTACHMENT 1 TO ANNEX 6 . ;  

MINISTRY OF MINES AND ENERGY 
PERUVIAN INSTITUTE OF NUCLEAR ENERGY 

NUCLEAR PLAN FOR PERU 

Medium Range (1977-82) 

(FIRST PHASE) 

SUMMARY 



Next Steps  

In  view of the  p o t e n t i a l  f o r  uranium resources,  . . .  wi th in  ' t h e  nex t  f e w  'years  
Peru should: . . 

1. resolve  Current ques t tons  concerning uranium resources by 
e s t a b l i s h i n g  the quan t i ty  and' q u a l i t y  of . reserves  i n  p resen t ly  known 
promising areas ;  

2. undertake a broad-based e f f o r t  t o  i d e n t i f y  add i t iona l  promising 
geologica l  a reas  f o r  f u t u r e  uranium ore  inves t iga t ion ;  

. . 

3.- . ob ta in  an 'improved' knowledge .of p o t e n t i a l  uranium or.e resources by 
obta in ing the  necessary modern labora tory  equipment. and f a c i l i t i e s ,  and 
t r a i n  personnel t o  analyze ore ;  . . 

4. encourage p r iva te  indust ry  and inves tors  t o  prove out  uranium 
resources., and e s t a b l i s h  the  required uranium mines and m i l l s  t o  exp lo i t  
any economically recoverable reserves  which may be found. 
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IJuclear ~dwer p l a n t  Pi-ogram - " ~ h b . ~ b ; v e r n i i & n t  of Peru c u r r e n t l y  has  no 
f i r n  p l a n s  o r  p r o j e c t i o n s  f o r  c o n s t r u c t i o n  of nuc lea r  power p l an t s .  However, 
Peruvian o f f i c i a l s  a r e  now c o n s i d e r i n g .  the ,  p o s s i b l e  . cons t ruc t ion  of a  nuc lea r  
power p l a n t  wi th  a gener , i t ing  .' &paci ty '  .. i .  .. of fFbm 450'. t.o 600 14J with c 6 n s t r u c t i o n  
s t a r t i n g  i n  approximately' i995. Thei r  Gr ' rkn t  i nc ludes  i n i t  i a t i ~ g  
a c t i v i t i e s  t o  develop t,he necessry-.. i n f r a s t r u c t u r e ,  i d e n t i f i c a t i o n  of s p e c i f i c  .. . 1. ,. 
program requi rements  'and means t o  achieve  'them, educat ion of the  gene ra l  ., 
p u b i i c  i n  f a v o r  of nuc lea r  power, p repa ra t  i , o i  of l i c e n s i n g  r e g u l a t i o n s ,  
c r e a t i o n  of a nuc lea r  r egu la to ry  commission, and eva iua t ion  and s e l e c t i o n  of a 
p o t e n t i a l  s i te  us ing  IAEA,and & . . .  U.S. . . ,s$,ting ~ r f t e r i a .  

. , . . .,. . , : ..,.*, ...,.- :, ::A: . , 

Peruvian  o f f i c i a l s  a r e  "" i i ih ing  t e c h n i c a l ,  economic and pbi i t ica l  f a c t o r s  
i n  detemining whether t o  proceed wi th  t h e i r  nuc lea r  power plans.  P r i o r  t o  
making a  commitment t o  a  nuc lea r  power program, they  w i l l  u t i l i z e  c o s t  
e f f e c t i v e n e s s  s t u d i e s  t o  determine whether t h e i r  energy needs could  
p o t e n t i a l l y  be met with increased  use of hydropower o r  o t h e r  lower c o s t  ene,rgy 
a 1  t e r n a t i v e s .  Peruvian o f f i c i a l s  have i n d i c a t e d  t h a t  they would r e q u i r e  
f o r e i g n  a s s i s t a n c e  t o  pursue a  nuc lea r  power program. 

uranium Resources - Uraniun has been d e t e c t e d  i n  a  number of d i f f e r e n t .  
p l a c e s  i n  Peru,  bu t  none of the  occurrances  has been of s u f f i c i e n t  grade o r  
s i z e  t o  warran t  phys i ca l  exp lo ra t ion .  The b e s t  hope f o r  f i nd ing  .economic 
workable d e p o s i t s  seems t o  l i e  i n  t he  l i t t l e -known and uiiexplored e a s t e r n  
s l o p e  of C o r d i l l e r a .  h- a d d i t i o n ,  uranium-bearing phosphat ic  rocks are 
p r e s e n t  i n  nor thwes tern  Peru. Analyses show t h a t  the  uranium con ten t  of 
phosphat ic  rocks is  lower than t h a t  which has been exp lo i t ed  anywhere i n  t h e  
U.S. f o r  f e r t i l i z e r  wi th  uranium a s  a  byproduct. However, t h e  e x t e n t  of t he  
phosphate d e p o s i t s  has not been determined. Thus a  sound f o r e c a s t  cannot be 
made wi thoa t  a d d i t i o n a l  p e r t i n e n t  information.  The prospec ts  f o r  f i n d i n g  and 
b r ing ing  i n t o  product ion  an economic source  f o r  uranium by 1985 a r e  s l i g h t ,  
bu t  a cont inuing  search  is  warranted. By the  year  2000, o r  sooner ,  t h e  
e f f o r t s  should determine the  a v a i l a b i l i t y  of economically workable uranium 
d e p o s i t s  and may have l ead  t o  the product ion  of economic sources  of uranium. 

To sharpen i n c e n t i v e s  f o r  t he  p r i v a t e  s e c t o r  t o  explore ,  mine, r e f i n e ,  
and market uranium and thorium, Peru has prepared and is reviewing a 
Decree-Law ( s e e  Attachment 3 )  which d e s c r i b e s  t h e  incen t ives .  However, t h e  
c u r r e n t  s t a t u s  of t h i s  decree  i n  Pe ru ' s  l e g i s l a t i v e  process  is not  known. 



s h i e l d i n g ,  b r i cks ,  cement, cons t ruc t ion  and c e r t a i n  s k i l l e d  laborers .  Peru 
w i l l  a l s o  pf'ovide some of the p ro jec t  management s t a f f .  The Nuclear Center 
w i l l  produce, package and prepare f o r  shipment pur i f i ed  radiosotopes f o r  
medicinal ,  i n d u s t r i a l ,  a g r i c u l t u r a l  and o ther  uses, p a r t i c u l a r l y  f o r  the  
Andean Common Market a s  well  a s  f o r  i n t e r n a l  Peruvian use. A secondary 
o b j e c t i v e  of the  nuclear  cen te r  is t o  help t r a i n  personnel requi red  f o r  a 
nuclear  power program. This i n f r a s t r u c t u r e  could be i n  place i f  a decis ion  is 
made t o  bu i ld  a nuclear  power p lant  i n  1995. 

The Center w i l l  cons i s t  of the  following: 

Reactor  - A 10 megawatt swimming pool type reac to r  w i l l  provide t h e  
neut rons  to  transmute source elements i n t o  radioisotopes.  It w i l l  be l i g h t  
water cooled and moderated with a neutron f l u x  of 6 x 1014 neutrons per crn 2 
per  second and w i l l  use a f u e l  enriched reac to r  with 20 percent  uranium-235. 
The f i r s t  core w i l l  be f ab r i ca ted  i n  Argentina according t o  present  plans. A s  
Peru i s  i n  an a c t i v e  seismic region,  the  r eac to r  w i l l  be conservat ive ly  
designed f o r  seismic loadings. At tent ion  is being given to  the  prepara t ion  
and enforcement t o  a q u a l i t y  assurance program. 

Radioactive Waste Plant  -. Low-level r ad ioac t ive  waste from the  s i te  
a c t i v i t i e s  w i l l  be t r e a t e d ,  s to red ,  packaged and eventual ly  disposed of from 
t h i s  f a c i l i t y .  The use of the  f a c i l i t y  is  not expected t o  produce s i g n i f i c a n t  
q u a l i t i e s  of high l e v e l  r ad ioac t ive .  waste. 

Fuel  Element Fabr ica t ion  F a c i l i t y  - A f u e l  element f a b r i c a t i o n  f a c i l i t y  
i s  planned with the c a p a b i l i t y  t o  supply f u e l  elements f o r  the  reac tor .  The 
est imated uranium content  of these  elements w i l l  be about 50 ki1ograms;having 
an enrichment of 20 percent  uranium-235. 

Other F a c i l i t i e s  - The Center w i l l  have o ther  f a c i l i t i e s  required i n  
suppor t  of the radiosotope program and other  nuclear  energy a c t i v i t e s :  
chemical processing f o r  sepa ra t ing  and pur i fy ing radio isotopes ,  the  National  
Center f o r  Radiological  Protec t ion  f o r  nuclear '  workers and members of. the  
genera l  publ ic ,  the. Mineralogical  Center f o r  Geology and Prospecting f o r  
Uranium, the  Training Center f o r  Personnel,  and a Maintenance Department. 



Peru rece ived  U.S. o r i g i n  enr iched  uranium i n  1978 t o  ope ra t e  t he  ze ro  
power r e s e a r c h  r e a c t o r  (RP-0) from t h e  Argent ina Nat iona l  Nuclear Energy 
C o m i s s i o n  through a q u a d r i p a r t i t e  agreement among the  governments of Peru ,  
Argentina, t h e  U.S. and t h e  I n t e r n a t i o n a l  Atomic Energy Agency. Peruvian 
o f f i c i a l s  have i n d i c a t e d  an i n t e r e s t  i n  s e v e r a l  a r e a s  of nuc lea r  coopera t ion  
wi th  t h e  U. S. A d r a f t  copy of a model agreement f o r  coopera t ion  i n  t h e  
peace fu l  uses  of nuc lea r  energy with t h e  U. S. has  been provided t o  Peru. The 
d r a f t  model agreement r e f l e c t s  t he  c r i t e r i a  of t h e  U.S. Nuclear Non- 
p r o l i f e r a t i o n  Act of 1978. This  agreement is being reviewed by IPEN.* 

The Peruvian I n s t i t u t e  of Nuclear Energy (IPEN) is loca t ed  i n  Lima. 
Within t h i s  c e n t e r  a r e  t he  o f f i c e s  of t h e  lcey management s t a f f ,  e d u c a t i o n a l  
f a c i l i t i e s  i nc lud ing  classrooms and experimental  l a b o r a t o r i e s ,  t h e  z e r o .  power 
(approximate ly  10 w a t t s )  r e s e a r c h  r e a c t o r  and computer support .  S tudents  from 
t h e  nearby Peruvian  Un ive r s i t y  may r ece ive  t r a i n i n g  i n  nuc lea r  engineer ing  a t  
t h e  I n s t i t u t e .  

The r e sea rch  r e a c t o r  ( l i g h t  water  moderated) is  housed i n  a conc re t e  
s t r u c t u r e .  Because of t h e  se i smic  a c t i v i t y  of t he  a r e a ,  t h e  f a c i l i t y  was 
designed and b u i l t  t o  accommodate expected se i smic  loadings.  The r e a c t o r  was 
designed i n  Argent ina and b u i l t  a t  IPEN by Peruvians  i n  5 months wi th  the  h e l p  
of a smal l  group provided by the  government and Argentina. The growing 
i n t e r e s t  i n  t he  use of U.S. nuc lea r  codes and s t anda rds ,  as w e l l  as 
ccmmunications wi th  t h e  U. S. Nuclear Regulatory Commission, i n d i c a t e s  Peruvian  
ada reness  of t h e  need f o r  d i s c i p l i n e d  engineering.  

. . .  
, . 

The Nuclear c e n t e r  

Cons t ruc t ion  on a nuc lea r  c e n t e r  a t  Huangaral,  about 40 km. e a s t  of Lima 
has  begun and is  scheduled t o  be completed i n  about  41 months. Peruvian 
t e c h n i c i a n s  a r e  t o  be a s s i s t e d  with t h e  des ign  and c o n s t r u c t i o n  by Argent in ian  
s p e c i a l i s t s .  Peru w i l l  f u r n i s h  domes t i ca l ly  a v a i l a b l e  m a t e r i a l s ,  such a s  l e a d  

* U.S. Embassy i n  Lima Peru advised i n  January 1979 t h a t  n e g o t i a t i o n s  have y e t  
t o  be i n i t i a t e d .  



STATUS AND PLANS OF NUCLEAR ENERGY I N  PERU 

I n t r o d u c t i o n  

The government of Peru is g iv ing  d e l i b e r a t e  cons ide ra t ion  t o  t he  use of 
n u c l e a r  energy t o  meet i ts p ro j ec t ed  e l e c t r i c i t y  requirements.  It is 
p r e s e n t l y  cons ider ing  the  p o s s i b l e  c o n s t r u c t i o n  of an i n i t i a l  n u c l e a r  power 
p l a n t  wi th  a  gene ra t ing  c a p a c i t y  of from 450 t o  600 megawatts e l e c t r i c  w i t h  
c o n s t r u c t i o n  t o  be i n i t i a t e d  about 1995. Attachment 1 provides  a  summary 
p r e s e n t a t i o n  of  Peru 's  nuc lea r  energy p l ans  f o r  t h e  period from 1977-1982; 
Attachment 2 (The P r o j e c t  Document f o r  Nuclear Energy: An Operat tons P l an )  
provides  a d d i t i o n a l  d e t a i l  and d e s c r i b e s  t he  program from 1977-2000. 

P lans  a r e  now being implemented t o  b u i l d  t he  requi red  i n f r a s t r u c t u r e  and 
key n u c l e a r  r e sea rch  and development f a c i l i t i e s .  This involves ,  f o r  example, 
t r a i n i n g  of engineers ,  s k i l l e d  t echn ic i ans  and p r o j e c t  managers, a s  w e l l  as 
t h e  p r e p a r a t i o n  of necessary s t anda rds  and r egu la t ions .  A d e c i s i o n  whether o r  
no t  t o  proceed wi th  a nuc lea r  power program however w i l l  depend h e a v i l y  upon 
t h e  e x t e n t  t o  which h y d r o e l e c t r i c i t y  can meet Peru 's  e l e c t r i c a l  energy 
requi rements  cheaply and e f f i c i e n t l y .  

An agreement f o r  nuc lea r  coopera t ion  between Argentina and Peru is i n .  
e f f e c t . u n d e r  which Argentina has suppl ied  a  zero power r e sea rch  r e a c t o r  t o  
Peru f o r  t h e  Peruvian I n s t i t u t e  of Nuclear Energy (IPEN) i n  Lima. In  a d d i t i o n  
Argent ina  is providing an  e n t i r e  r e sea rch  complex scheduled f o r  o p e r a t i o n  by 
t h e  end of t he  ca l enda r  yea r  1982, which inc ludes  a  10 I l W ,  r e s e a r c h  r e a c t o r ,  a 
r a d i o i s o t o p e  f a c i l i t y ,  and f a c i l i t i e s  f o r  admin i s t r a t i on ,  r a d i o l o g i c a l  h e a l t h  
and s a f e t y ,  sa feguards ,  phys i ca l  s e c u r i t y  and t o  provide t r a i n i n g  f o r  Peruvian 
n u c l e a r  t echn ic i ans .  

Peru has s igned  and r a t i f i e d  t h e  Non-Prol i ferat ion Trea ty  and t h e  Trea ty  
of  T l a t e l o l c o .  A sa feguard  agreement pursuant  t o  t he  T r e a t y  of T la . t e lo l co  has. 
been s igned ,  bu t  is not ye t  i n  force .  
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Recommendations 

1. Hydropover should be emphasized in meeting t h e  e $ e c r r l c s l  

energy .denancis in Peru s i n c e  t h e  p o f e n t i a l  is great, and t h e  water 

controls .  required f o r  hydroe lec t r i c  genera t ion  can be u t i l i z e d  f o r  

m e t i n g  o the r  needs f o r  water. 

2. Comprehensive-coordinated water respurce  planning and dev~lopment  . 
should be acce lera ted  i n  harmony wi th  t h e  d i r e c t i v e 8  t o  t h e  M u l t i s e c t o r i a l  

Commission af t h e  National  ~ l &  f o r  the  Water &esourcss ~ r d f n a t l o n .  

The United S t a t e s  should o f f e r  app ropr i a t e  a s s i s t a n c a  t o  t h i s  program 

if t h e  Peruvians seek, such, assistance., . 
I 

3 .  The mini-hydrogover program fnltSatrd by tPa ParuvZan I n a t i t u t a  

of  Inves t iga t ion  TechnoiogLcal I n d u s t r i a l  should be accqlera ted  t~ 

provide e l e c t r i c i t y  t o  small  c p m n f t i e s  i n  t h e  rural arras of Peru no t  

now served by e l e c t r i c a l  energy. Such a prosram should provm t o  ba B 

c a t a l y s t  in Imgroving human conditions. I t  can a l s o  providr  rmploymant 

t o  those t h a t  a r e  semed from t h e  u n i t s  t h a t  are i n a t a l l a d ,  Tha Unferd 

S t a t e s  a l s o  should o f f e r  app ropr i a t e  a a s i r t a n c e  t o  t h i o  program i f  

t he  Peruvian's seek such a s s i s t ance .  

4. It is evident  throughout Peru t h a t  t he  most ' d i f f i c u l t  probtem 

is f inancing of resource developments. This appears to  b e  bas i c  t o  a l l  

f a c e t s  of the  economy. . - . 
. - 



OBSERVATIONS AXD R E C O ~ A T I O N S  

Observations 

14 .Hydr~power does not pollute the water or air. It provides 

clean energy. Often, the storage lakes and controlled river flove 
?., 

provide improved habitats for fish and wildlife, 

2. Since most of the load requirements to the year 2000 are in 

western Peru, future developments will largely depend on dlva~sions 

of water from the east slope of the,Aades and from generation in the 

.4mazon drainage area. Xddgtional water and water regulation ia needed 

for irrigation, municipal, and industrial purposes to meet the growing 
- r  

needs in westera Peru as the population and economy continues to 

expand. 

3 .  Emphasis on hydropower will save gas and oil supplies. This 

will help Peru -iqtain.a favorable balance of trade, thus bolstering its 

financial and economic welfare. 

4. Water diverted from the east to the west of Peru for'hydropower 

must be coordinated.with other uses, including irrigation, municipal, 

industrial and recreatiopal needs. The objective is to promote multiple- 

purpose projects .that yield the greatest,overall benefits to Peru. 

This will expand the economic base gnd enhance the present,and future 

welfare. 
. . 

. 5 .  Expansion of the hydropower system, along with gncreasing the 
. . 

irrigation, municipal, and industrial water supplies, will accelerate 

the expansion of the transmission system, which will make it possible 

for dispersion agd expansion of industrial and municipal growth. A l l  

of this will provide more jobs which in turn will create more demari'ds 

for goods and services. ' 



COORDINATION OF MULTfPLE PURPOSE PROJECTS 

Peru is growing in popu la t i an  and economic a c t i v i t y  p a r t i c u l a r l y  

in t h e  c o a s t a l  p o r t i o n  where t h e  water  supply has. beqn l a r g e l y  u t i l i z e d  
.,-s ' 

by i r r i g a t i o n ,  municipal ,  i n d u s t r i a l  and power developments. The 

growing energy needs of 'tbe met ropol i tan  a r e a  of Lima have r equ i r ed  

d ive r s ion  o f  water  from t h e  east throegh dev~ lopmsn t  o f '  t h e  -taro 

h y d r o e l e c t r i c  projet&.. F u l l  development of t h i s  p r o j e c t  from t h e  

p re sen t  342 MW capifcity t o  798 MW u % l l  not  only be  necessary t o  meet 
. . 

a ?ort; iop 'of' t h e  groving hydropower nee4s bu t  in meeting water requi remei t s  
. ; 

f o r  o t h e r  p m o s e s .  

The growth of p i p u l a t i o n  and r e l a t e d  developments a t  Tru j  i l l o ,  

Lima, k e q u i p a ,  and .dther p l a c e s ,  f o r  isstance, Fndicate  t h a t  p r o j e c t s  

i n i t i a t e d  p r imar i l y  f o r  poorer can be of g r e a t  benefit ia these  and other. 

po r t i ons  of westem P&U when they"are c o o r d k c e d  t o  meet t h e  m u l t i p l e  
i .  

uses or' water. 

P re sen t  'observat ions and magnitudes of such problems emphasize th& 

increas,fmg tmportance tha;3mitltiple-p&pose water resource  developnen't$ 
, . ., . . 

w i l l  have as t h e  resouti=es a r e  mire  f u l l y  u t i l i z e d . '  ~equ i r eme=t s  fo r - .  
. . 

q u a l i t y  and q u a n t i t y ,  csPe&l ly  in such c o a s t a l  a r e a s  as a t  Lhm,  hre 
. . 

or' g r e a t  importance i n  p re sen t  'and f u t u r e  planning. Hydroprojects t h a t  

supply ener& and qualit+ water  f o r  o t h e r  uses  must be  given top 

f o r  t h e  economic w e l l  being of Peru 



Table 11 

TllE PROJECTED COSTS OF IIYDROPOWER* 

(In. Millions of Dol.lars-1977) 

* From "Plan De Electrificncion Nncional", Ministerio D e  Energia Y Mines. December 1977. 

AVEIUCE COST PER KILOWATI' OF CAPACITY S2p322*530p000 = $889 say $900 
2,612,400 

TOTALS 

2,229.29 
83 

1.,853.15 

383.26 
9 3 
358.09 

114 ; 28 
9 7 
111.29 

2,726.83 
8 5 

2,322.53 

REGION 

CENTRAL-NORTH 
Total power costs  
Ilydro X of t o t a l  
Hydropower costs ,  

SOUTl WEST 
Total power costs 
llydro X of t o t a l  
llydropower costs  

SOUTllEAST . 
Total power costs 
llydro % of t o t a l  
Ilydropowcrcosts 

SUHMARY 
Total power costs 
Ilydco % of t o t a l  
llydropower costs  

YEAR . 
1978 1979 ; I 9 8 0  1981 1982 1983 1984 1985 1986 1987- 1988 

133.19 143.89 209.72 312.53 332.17 373.39 283.84 197.50 80.95 92.29 69.82 
61 64 7 1 8 7 75 7 7 100 100 100 100 i00 
81.30 91.88 149.53 270.58 247.49 287.97 283.84 197.50 80.95 . 92.29 69.82 

34.05 29.47 44.44 44.95 61.48 57.96 ' 60.09 29.95 20.87 
54 75 9 5 100 100 100 100 100 i00 
18.54 22.23 42.02 44.95 61.48 57.96 60.09 29.95 20.87 

17.05 33.99 30.41 3.69 5.42 6.17 . 5.24 5.70 6.61 
82 100 100 100 100 100 100 100 100 
14.06 33.99 30.41 3.69 5.42 6.17 5.24 5.70 6.61 

184.29 207.35 284.57 361.17. 399.07 437.52 349.17 233.15 108.43 92.29 69.82 
62 7 1 7 8 88 79 80 100 100 100 100 100 

113.90 148.10 221.96 319.22 314.39 ' 352.10 349.1.7 233.15 108.43 92.29 69.82 



summarized in Table 11. This is for the specific power units'- listed 

on Table 10. The average cost:per kilowatt of capacity ts $889, which 

includes transmission lines as well as the basic nydropover. installations 

and related works. Apparently financing and related administrative costs 

I 
are not included. 

The following costs are based on $900/KW of estimated installed 

capacity, a d  on the,growth of hydropower demands as summarized in Table 9. 

ESTWTED 'ELXCTRICAL COSTS - 1977 THROUGH 2000 
I 

IXCREMENT ~ l l i o n s  of Dollars-1977) 
.Total Costs Hvdropower Costs 

1996-2001) 1,570 

Totals 5,834 



of t h e  l o c a l  people who would be served; ' 

Such mini-hydroplants a r e  e x p e c t e d t o  *range from about 5 KW t o  50 KW 
... . . . . . .  . . . . 

in capac i ty ,  ,+th heads up t o  about 100 meters ,  u t i l i z i n g  PVC ( p l a s t i c )  

p ipe  and other* c o s t  saving m a t e r i a l s , . a n d  l o a a l  l abo r  f o r  i n s t a l l a t i o n  

of t h e  works under t h e  guidance of t e c h n i c a l l y  t r a ined  s tuden t s  who 

a r e  adept  a t  ,surveying and cons t ruc t ion .  
, > 

The pro jec t ,  under t h e  d i r e c t i o n  of Engineer Enrigue Indacochea, 

is  preparing handbooks f o r  Pe l ton  and Michell  t u rb ines  of .varying s i z e s  
. . 

a d a p t a b l e - f o r  pre-manufacture which could be assembled and shgpped from 
. . 

warehouses in-Lima where t h e  works would be manufactured. 

Current ly,  t h e  I n s t i t u t e  is developing a p i l o t  p l an t  se rv ing  a r u r a l  

community loca ted  near  can& about 100 Kn nor theas t  of L h a z  .which involves 

a head of 56 meters ,  gn a l t e r n a t o r  of 4 KVA, another  a l t e r n a t o r  of 20 KVA, 

and a synchronous generator  of about 15 KVA. One Pel ton  wheel and 2 Michell- 

Banki t u rb ines  a r e  included. The small  t u r b i n e  i s  expected t o  3e i n s t a l l e d  

i n  August, 1978.. The t o t a l  c o s t  (1977) is about 15,000,000 s o l e s  ($142,000). 

I n s t a l l a t i o n s  of mini-hydropower p l a n t s  a r e  expected t o  number 3000 

by t h e  year  2000. This  would amount t o  a t o t a l  capac i ty  of 90,000 t o  

120,000 KW, wi th  t h e  p l a n t s  ranging i n  s i z e  from 5 t o  50 KW. It is  

est imated t h a t  15,000 t o  20,000 KW would b e . i n s t a l l e d  by 1985. 

The I n s t i t u t e  a l s o  is considering a small ~ o w e r ~ l a n t  program ranging  

from 50 KW t o  500 .KW o r  thereabouts ,  wi th  40 M heads a s  a l i m i t .  Fur ther  

i n  t h e  f u t u r e  another  program involving p l an t s  of 5 KW t o  50 KW and low 

heads of 20 meters f o r  adapt ion t o  jungle  conpi t ions  i s  being considered. 

Projected Costs of Hydro~ower 

For t he  period 1977 through 1989, the  Minister  of Energy and Nines 

l i s  t s d  needed hydropower developments t o t a l l i n g  2,612.4 MW of increased 

capac i ty  a t  a t o t a l  c o s t  es t imated a t  S2,322.53 mi l l i on  d o l l a r s  (1977) as 



Table 10 
, PLANS FOR ADDITIONS TO 

PRINCIPAL RYDROPOGTER PLANTS 9 PERU, * 
. . 

MEGAWATTS 

Mantaro 4 
Mantaro 4,6,7 
. C h  del Pato' 
Restitution 
Yuscay 
Poechos 
Cuntmuy 
Culqui 
Carhuaquero -:. . 
E l  Chorro . 
yuncan . . 

Sheque 1 
Sheque 2 
Sheque 3-4 
olmos 1 
OLmos 2 

Subtotal. 

SOl33WEST REGION 

Charcani 135 1983 
Lluta 1 13 7 1985 
Lluta 2 137 : 198.6 

Subtotal 409 

Machu picchu' , 69 .9  1981 
Quis huar ani 

. . 4 6 1987 
Subtoral lJ5.9 

* From "Plan De Electrir'icacion ~acional",  Xinisterio De Eaergia Y Hsnee. 
December 1977.- 
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hydropower p l a n t s  have been shown on a m p ,  copy included, t i t l e d  "Plano 

De q i c a c i o n  be Las Cent ra les  De Generation Y Sisteznas Intgrconectados 

Proyectados" dated 7-12-1977. 

In a d d i t i o n  a l is t  of t h e  p r i n c i p a l  hydropower p l a n t s  has  beeq 
, . 

prepared and summarized in Table 10,  which shows the  addloions by region,  

and the  megawatts of capac i ty ,  and the  year  t h a t  t he  p l a n t  is expec tp i  t o  be 

in operat ion.  Some of t hese  p r o j e c t s ,  such a s  Hantaro 4, a r e  under 

c o n s t n a ~ t i o n .  These add i t i ons  w i l l  provide 2,612 megawatts pf additfona+ 

power capac i ty  by 1990. Presumably u n i t s  not now scheduled may be added 

from time ts time. The small sini-hydropower u n i t s  a r e  not  included i n  these  

pro jec t ions .  

Plans f o r  Mini-Hydropower P l a n t s  

Eost of t h e  i n s t a l l e d  capac i ty  and e n e r g y . i n ' h y d r o e l e c t r i c  power 

systems i n  Peru is provided by r e l a t i v e i y  l a r g e  pbwerplants se rv ing  t h e  

major c i t i e s  and indus t r i e s .  The l a r g e  p l an t s  provide maximum capac i ty  

and pnergy a t  p r a c t i c a l  c o s t s  which is d i s t r i b u t e d  t o  load cen te r s  by 

<ransrcission l i n e s  ranging from 10 KV t o  220 KV capac i ty .  Addit ional  

l a r g e  powerplants and t ransmission l i n e s  a r e  scheduled f o r  cons t ruc t ion  

t o  meet the  growing loads found mainly a t  the  l a r g e r  c i t i e s  west of t h e  

.Andes, such a s  Lfna, Chimbote and T r u j i l l o .  

. In  c o n t r a s t ,  a l a r g e  po r t ion  of Peru is not  served by e l e c t t i c  power 

i n  any form, b c l u d i n g . s ~ e  communities up t o  4,000 populat ion,  a s  we l l  

a s  t h e  smaller  i s o l a t e d  groups of dwell ings throughout t he  country. 

Accordingly, t h e  I n s t i t u t e  of I n d u s t r i a l  Technology Research and Technical 

Standards (ITNTEC) has . underway . a program t o  provide f a c i l i t i e s  and 

technology f o r  design and i n s t a l l a t i o n  of small hydroplants .  The. p l a n t s  

yould be i n s t a l l e d  mainly a t  e x i s t i n g  cana l s  and d ive r s ion  wor.ks where 

such i n s t a l l a t i o n s  would be p r a c t i c a l ,  with approval and p a r t i c i p a t i o n  



. . Table 9 

' ELECTRICAL DEMANDS 
of 

, PI1LVCIPBZI SYSTEMS - TOTAL .DEMANDS EYDROPOWER D-S 
CAPACITY ENERGY CAPACITX ENERGY 

MW* GWH Mw GWH 

* From "Plan De Electrificacion National", Minister10 
De Eaergia Y Minas. December 1977. 

** Estimates by U.S. Hydropower Team based on principles 
endorsed by Minister of Energy and Mkres. 



CHART 2 
(Projections of the Electrical  Demands) 

(Iouthwest, Southeast - ,, (Cupco), Isolated Loads) 

Source: Ministry of Energy and Mines 
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CHART' 1 . ,. . . 

( ~ r b j e c t i b n s  of the Elec t t i ca l  e em and) ' .. 

(National Total.',- ~ o r ' t h  .central ~ r e a )  

Source: Ministry of Energy and Mines 



Table 8 HYDROPOWER POTENTIAL ' I /  concluded - 
. .  . , 

TOTAL HEAN ANNUAL RUNOFF POTEXTIAL HYDROPOWER 

RIVER BAST3 

Atlantic continued 
Amazonas 
Napo 
Putunrayo 
Yavari 
Parus 
Madre De Dios 
Inambari 
Tambopata 
Acre. 
Las Piedraa 
Yurua 
Sub totals 

TITICACA 
Suches 
Huancane 
Ramis 
Coata 
Illpa 
Ilave 
Haur e 
2apaii lla 
Sub totals 

SUMMARY OF TOTALS 

PACIFIC 
ATLANTIC 
TITIOICA 

TOTALS 

LENGTH OF 
RIVERS & DEPTH VOLUME MEWATTS 
TUB. e 

Km HM MILLIONS TOTAL IN PERU 

1/ Preliminary data from studies made by Lahmeyer International for - 
Rapublic of Germany in cooperation with the Coverinnant of Peru, and 
is the theoretical potential. 



RIVER BASIN 

Pacific cont. 
Tambo 
Osmore 0 Moquegua 
Locumba 
Sama 
Cap lina 
Subtotal 

ATLANTIC 
Alto Maranon 
Chrisne j as 
Llaucano 
Chamaya 
Huancabamba 
Cho tano 
Chinchipe 
Tabaconas 
Cenepa 
Santiago 
Maranon Medio 
Xorona 
Pastaza 
Tigre 
Bajo Maranon 
Utcubamba 
Chiriaco 
Nieva 
Huallaga (Upper) 
Huallaga (Lower) 
Urubamba 
Vilcano ta 
Apurimac (Upper) 
Santo Tomas 
Punanqui 
Vilcabamba 
Pachachaca 
Apurimac (Lower) 
Pampas 
Xantaro (Upper) 
Mantaro (Middle) 
Mantaro (Lower) 
Pachitea 
Aquayt ia 
Ene 
Tambo 
Ucayali 1 

- Perene 1 

Table 8 BYDROPOWER POTENTIAL I/ continued 
TOTAL - ANNUAL RUNOFF POTLWIAL HYDROPOWER 
LENGTH OF DEPTH VOLLiE 
RIVERS & 4. 

r - MEGAWATTS 
TRIB . 
Km MM MILLIONS M~ TOTAL IN PERU 

919 91 ' 1155 1423 - 1423 
3 21 37 U 3  170 17 0 
384 25 133, 384 384 
278 16 7 7 83 8 3 
126 37 6 0 5 4 5 4 

29,949 29,954 

1932 815 23227, 8572 8572 
7 00 251 1170- 605 605 
303 525 1497 759 759 
197 476 1609 7 27 727 
301 261 900 310 310 
183 577 977 333 333 
375 569 4071 814 499 
225 716 2715 889 88 9 
434 441 3246 313 3 13 
2091 1699 5607 5509 3277 
1854 553 13396 6503 6503 
83 0 1571 25246 2585 1753 
2692 1457 5972 10953 1651 
1914 1838 6271, 4817 4817 
1867 1164 520?, 2731 2731 
354 512 3844- 1232 1232 
247 458 1889 832 832 
355 247 1070 258 258 
4324 7 44 5590 21834 21834 
1158 715 12465 823 823 
682 392 2851 5795 5795 

3536 677 352-3 '10591 ,10591 
1522 337 4562 1884 1884 
372 600 1843 593 593 
7 9 605 480 9 9 99 
227 634 1633 568 568 
427 596 3342 1347 1347 

1057 64 5 9905 12644 12644 
1446 324 7692 4403 4403 
917 308 283‘6- 683 683 
1207 336 6243 4469 4469 
555 572 3 903 5026 5026 
1355 1428 3850 6146 6146 
652 1244 14356 1085 1085 
451 1099 8326 2015 2015 
293 1121 5797 2127 2127 
4667 1145 12815 14203 14203 
1146 694 14263 6785 6785 

. * < I -  i 

-.  



Table 8 HYDBOPOWFB POTE2TTUL I/ 
I TOTAL I f U N  ANNUAL RUNOFF POTENTIAL HYDROPOWER ~- - - .  ~ 

LENGTH OF DEPTH VOLUME - tllxAWATTS 

' 1M MILLIONS TOTAL N PERU 

Tumbes 
Chira 
Piura 
~ a s c a  j a1 
Olmos 
Mo tupd 
La Leche 
Chancay-Lambayeque 
Zana 
chaman 
Jaquetepeque 
Chfcama 
a c h e  
viru 
Chao 
Santa 
Lacramarca , 

Nepena 
Casma 
Culebras 
~ & e y  
Fortaleza 
Pativflca 
Supe 
Huara, 
Chancay-Eiuaral 
Chillos 
Bimac 
Lur in 
Chilca 
*la 
Omas 
Canete 
Topara 
San Juan 
Pisco 
Ica 
Grande 
Acari 
Tauca 
Chalo 0 Indio Muer 
Chaparra 
Atico 
Caraveli 
Ocona 
X,a j es-Camana 
Quilca 0 Chili 



A suxuary of t h e  t h e o r e t i c a l  p o t e n t i a l  ,hydropower by r i v e r  bas ins  

in t h e  P a c i f i c ,  A t l a n t i c ,  and LakeTLt icaca  a r e a s  of Peru is  shown in 

Table 8. That' t a b l e  a l s o  shows t h e  l e n g t h  of t h e  r i v e r s  in ki lometers ,  

t h e  depth  of runoff  in &I, t he  annual runoff in mi l l i ons  of M~ as w e l l  

as t h e  est imated power in MU. 

Projec ted  Load Growth 

The Minis te r  of Energy &id Mines of Peru has est imated t h e  .National 

load 'growth a t  7 percent . '  I n  c o n t r a s t ,  t h e  load  growth in t h e  Central- 

North a r e a  of Peru, which inc ludes  Lima, is  f o r e c a s t  t o  grow a t  a r a t e  

of 11.5 percent  from 1977 t o  1996. 'Two c h a r t s  showing t h e  pro jec ted  

n a t i o n a l  growth o f  capac i ty  demands, and the  pro jec ted  growth f o r  t h e  

p r i n c i p a l  areas of Peru a r e  included. in Charts  1 and 2. These ' cha r t s  

.cover t h e  period of 1977 through 1996, and were prepared .in Octqber, 1977. 

The t o t a l  e l e c t r i c a l  demands and t h e  demands f o r  hydropower of the 

p r i n c i p a l  e l e c t r i c  systems are shown in Table 9 f o r  years  1977, 1985, 1989, 

1996, and 2000. The t o t a l  demand e s t ima te s  w e e ~ e  made by t h e  Minis te r  of 

Energy and Mines as shown in t h e  December, 1977 ...I' P l an  De ~ l e c t r i f  i c a c i o n  

Nacional". The 'estimates f o r  hydropower. and f o r .  ex tens ion  of t h e  t o t a l  

demands t o  t h e  year  2000 were made by t h e  U.S. Hydropower Team based on t h e  
El8 

p r i n c i p l e s  endorsed-by t h e  Maisten: of Energy and Mines. The key p r i n c i p l e  

r e l a t e s  t o  meeting f u t u r e  e l e c t r i c a l  demands mainly by hydropower, thus 

decreasing t h e  use  of o i l  and gas f o r  e l e c t r i c a l  energy. 

P l ans  f o r  Addi t ions .  t o  P r i n c i p a l  Hvdropower P l a n t s  

The ~ e ~ u b l l c  of Psru has  scheduled the  deyelopment of needed e l e c t r i c a l  

f a c i l i t i e s  t o  1990. These p ro j ec t ions  a r e  descr ibed and evaluated i n  t h e  

r e p o r t  by t h e  Minister  of Energy and Mines t i t k d  "Plan D e  E1ec:rificacion 

Nacional" dated December 1977. The p lans  f,or add i t i ons  t o  t he  p r i n c i p a l  



. Hydropower P o t e n t i a l  

Hydropower depends on head and water supply. I n  Peru both 

of t hese  v a r i a b l e s  range between wide limits. Eleva t ions  range 

from sea level t o  over 6760 X (22,200 FT) above s e a  l e v e l  a t  

Mount Huascaran. The dra inage  area of Peru t o t a l s  1,285,220 square 

ki lometers  (496,200 M i z )  of which about 11 percent  d r a i n s  t o  t h e  P a c i f i c  

and t h e  remainder t o  t h e  ' b t l a n t i c  and t o  Lake T i t i caca .  The P a c i f i c  Sor western 

po r t ion  of Peru has runoff i n  depth ranging from zero along po r t ions  of t h e  

coas t  t o  about 400 mm (16 in) annual ly i n  t he  Santa River bas in  i n  nor thern  

Peru. I n  c o n t r a s t ,  t h e  e a s t e r n  o r  A t l a n t i c  po r t ion  of Peru ,has  runoff 

ranging in depth from about 400 mm t o  2000 am (16 t o  79 i n ) .  Hydropower 

development a l s o  depends on s to rage  r egu la t ion  and on t h e  c r i t e r i a  used f o r  

formulat'ing p lans  f o r  development which is l a r g e l y  a func t ion  of engineering 

and ~conomics  . 
During qhe l a t e  1960's t h e  government of Peru with the  a s s i s t a n c e  of 

t h e  Federal  Republ ic  of ~e-ny undertpok an assessment of t h e  f u t u r e  

demands f o r  e l e c t r i c  energy.and t h e  hydroe lec t r i c  p o t e n t i a l  of Peruvian 

water suppl ies .  The assessment d pro jec t ions  were c a r r i e d  f o w a r d  to2' year  

1985. This previous assessment is now being updated. The German 

consul t ing  f i rm  of Lahmeyer I n t e r n a t i o n a l  is  providing t echn ica l  a s s i s t a n c e  

and working wi th  Peruvian personnel on t h e  e l abo ra t ion  of a n  opt imal  =pansion 

program f o r  t h e  e l e c t r i c a l  supply system of t h e  country. ' T)le hydropower 

1-,.T i 

es t ima te  has taken i n t o  account 'drainage a reas ,  e l eva t ions ,  l engths  of r i v e r s  

.and. streams, r a i n f a l l ,  and runoff covering a t o t a l  a r e a  of 698,391 KM 
2 

(269,650 ?fiz). Each stream has been broken i n t o  increments f o r  computing 

p o t e n t i a l  hydro capaci ty.  The c o m b t a t i o n s  have been 'computer-programmed 

and co r re l a t ed  with a v a i l a b l e  streamflow, r a i n f a l l ,  runoff;and e l s v a t i o n  

records.  



Table 7 

PRESEST PmCIPU HYDROPOWER P W S  

PERU '** 
NORTH. REGION (Chimbote-Trui ill0 , etc .l t 

Canoo Del Pato 
Cahua 

Subtotal 

P~~~~~ REGION (Lima-Pisco-, etc. ) 

Chaprin 
Yaupi 
Malpaso 
La Oroya 
'Carpapa ta 
Pachachaca 
Huinco 
Matucana 
Callahuanca 
M ~ Y ~ P F P ~  
Huampani 
Ingenio 
Sicaya Huarisce 
Mantaro 

Subtotal. 

Capacity-Megawatts 
100 

*.. 
SOUTH REGION (Arequipa-Cuzco-Moquq~ua, et;.) 

/ - 
Machupicchu ? 

Char~ani N-VI 
Charcani 1-11-111 
Aricota 1-11 

Subtotal 

NORTH REGION 

CEXlWL REGION 

S O m  REGION 105.6 

TOTAL 
-, . .  . 

1,330.5 
. . 

*From "Plan De Electrificacion ~acional", Ministerio De Energia 
Y Mines. December 1977. . - . , 
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HXDROPOWER 

Peru.has many large streams which gre sources of hydropower to meet 

a large portion of the electr.ica1 demands of the country. The Peruvian 

Government has recognized this resource and has established a policy 

promoting its development for multiple.purposes, particularly for irrigation, 

municipal, and industrial water supplies. 

Hydroelectric development is concentrated i n  the caastal zone,to, 

service the large metropolitan and industrial dband.  located in that zone. 

X substantial portion of the hydropower is 'located in vicinity of Lima which 

is growing rapidly. Its present metropolitan population of some 4,500,000 

is expected to be 10,000,000'to 15,000,000 at the turn of the century. 

Thus the urgent need for additional electrical service is apparent. 

present Electrical ~acilities 

In 1975, the hydroelectric power generation was 5470 gigawatt-hours 

(GWII), or 73.1 percent of the total electrical generatien of 7486.2 GWH. 

Unofficial figures for the year 1977 show that the installed hydroelectric 

capacity was 1406.5 MW with a corresponding energy production of 5825.3 

GWH. The 1977 values for hydroelectric installed capacity and energy are 

about 55.3 and 71.4 percent of the corresponding total values for the 

country. Mush of the thermal power is in diesel plants. 

The Minister of Energy and Mines of Peru has prepared a map 

dated October, 1977, shoving the principal electrical facilities in 

exfstence which is included in this report on page 31. The present 

principal hydropower plants in Peru, as shown on the map are summarized 

in Table 7. 



mil l ion  kf3 (18,691,000 AF) , o r  about 95 percent  of the t o t a l .  Urban use 

accounts f o r  about 947 mi l l i on  M~ (768,000 AF) , o r  about 4 percent  of t h e  

t o t a l ,  leaving 294 miLlion 2 (238,000 U) , o r  1.2 percent of the  t o t a l  

which is used for mining and l ives tock .  

h e  water used is divided among the  t h r e e  genera l  region$ aa follows: 

Region 

Costa 

S i e r r a  

Selva 

To ta l  

Percent 

Water used annually - Mil l ion  m3 

I r r i g a t i o n  Urban Livestock Mine8 

15878.78 736.04 35.86 168.12 

6187.44 176.28 49.91 38.52 

992.77 34.59 1.88 0 - 
23058.99 946.91 87.65 206.64 

94.89 3.90 0.36 0.85 

., 
- Total 

16818.83 

6452.15 

1029.24 

24300.19 

100.00 



P a c i f i c  Number - 
Santq River Basin 
Huanney River Basin 
Canete River Basin 
Chaacay-Huaral River Basin 

At lan t i c  

Mantaro River g a g h  
Perene River Basin 

T i t i caca  

m u r e  River Basin 
Costa River Bask 
I l p a  River Bas- 

Development of ava i l ab le  su r face  water suppl ies  in the  p a c i f i c  

drainage is near a waximum e t h o u t  add i t iona l  s torage  regula t ion  of tbe  

seasonal high flows. The l ack  of rainfall on the  ~ q c i k l q  s lopes  and 

yeasonal deficiencieg In f lows,pf  the r i v e r s  t h a t  c ross  the  coastaT'  

d e s e r t  havq l ed  t o  the  c@nstructfon of dams which only p a r t l y  

r egu la te  flows so  t h a t  + r r iga t ion  as wel l  a s  some muniaipal and i n d u s t r i a l  

requirerpents a r e  not f u l l y  s a t i s f i e d .  This s i t u a t i o n  resul$q .in economic 

l o s s e s  as w e l l  as unccrta$nties  i n  a g r i c u l t u r a l  production and i n  

fu tu re 'wa te r  suppl ies  f o r  r ap id ly  growing coas ta l  c i t i e s .  

The ava i l ab le  suppl ies  in the  p a c i f i c  area  a r e  present ly  .supplemented 

by transmountain d ivers ions  of water from the  Maranon and Hontaro River 

systems of the  ~ t l a n t ' i c  wahctrshed; Other traugmountaia diversion9 of 

water from the  At lan t i c  a r e  needed t o  sustain ,growth i n  

the  coas ta l  region. 

p resen t  Water Uses , 

E e  present annual water use i n  Peru t o t a i s  about 24,300 a i l l i c n  >i3 

(19,700,000 AF) . O f  chis  amount i r r i g a t e d  a g r i c u l t u r e  accounts f o r  23,059 



Table 6 

~ E N E ~ U L  RESULTS OF TIlE NATIOMAI. SURVkY OF LAKES 

NUMBER OF NUMBER .OF 
WAIERSIIED SURVEYED UNSUHVEY ED TOTdL LAKES DEVELOPED LAKES UNDER STUDY LAKES 

LAKES LAKES : LAKES N U ~ U B R  CAPACITY* NUMBER CAPACITY * UNUETERHINYU 

P A C I F I C  .: 2,&5 1,651 3,896- 105 1,378.58 .204 616.42 
I: r u4 

3 3 
.t . 

CLOSED B A S I N S  8 15 . 23. 3 41.00 1 185.00 - 
ATLANTIC .4,138 . 3,303 7,441 . . 76 . 1,604.3'7. 133 3,006.42 7 

3 * U s a b l e  C a p a c i t y  ' i n  #illions of H . 



- 
as dams, tunne ls ,  cana ls ,  and pumping p l an t s .  A gene ra l  survey made 

- by t h e  Goverpment of Peru i d e n t i f i e d  a t o t a l  of 12,20L n a t u r a l  l akes  of which 

about  6,855 have been surveyed. The remaining 5,346 l a k e s  have only been 

counted. 

Table  6 shows t h a t  186 l akes  have been developed wi th  a t o t a l  

usab le  capac i ty  of 3,028 mFllion M~ (2,455,000 A F ~  ; 342 Jakes wi th  a 

3 t o t a l  usgble  capac i ty  of 3,952.84 m i l l i o n  M (3,205,000 AF) a r e  being . 

s tud i ed ;  and 42 l akes  a r e  of undetermined s t a t u s ,  

The genera l  survey shows t h a t  t h e  l a r g e s t  capac i ty  for s to rage  r e g u l a t i o n  

3 i n  n a t u r a l  l akes  i s  i n  t h e  Locumba River watershed (906.6 m i l l i o n  M ), followed 

by t h e  Camana River watershed (95 n i l l i o n  M3) , and t h e  Rimac River (83.87 

m i l l i o n  ~ 3 )  , a l l  i n  t h e  P a c i f i c  drainage.  I n  t h e  A t l a n t i c  watershed t h e  r i v e r  

ba s in s  wi th  t h e  l a r g e s t  s t o r age  capac i ty  a r e  t h e  Mantaro Basin (1,329.82 

m i l l i o n  ~ 3 )  and t h e  Pampas Basin (224.58 m i l l i o n  M3). 

The genera l  survey a l s o  i d e n t i f i e s  r i v e r  basLas wi th  t h e  l a r g e s t  number 

of l a k e s  under p re seq t  development as follows: 

P a c i f i c  Watershed Number 
I 

Huarmey River Basin 
Rimac River Basin 
Chancay-Huaral Rivers  Basin 

A t l a n t i c  

Mantaro River Basin 
Perene River Basin 

T i t  i c aca  

Ran?is River Basin 
Maure River Basin 

River bas ins  wi th  t he  l a r g e s t  number df l akes  under i n v e s t i g a t i o n  

a r e  i d e n t i f i e d  by t h e  survey a s  fol lows:  



Ju ly  through September. The c o a s t a l  s t ream d , t h  t he  l a r g e s t  annual d i scharge  

is t h e  Rio Santa which e n t e r s  t he  P a c i f i c  a t  Chimbote. The second l a r g e s t  

i n  poin t  of mean annual d i scharge  is t h e  Rio Tumbes i n  t he  extreme no r th  

of Peru. 

Headwater t r i b u t a r i e s  of t he  Amazon a r e  fed by snowmelt from Andean 

snow f i e l d s  a s  we l l  as by runoff from convent ional  summer storms on t h e  

higher  mountain s lopes .  On t h e  e a s t e r n  s lopes  of t h e  Andes r a i n f a l l  is in 

p laces  extremely heavy and occas ionz l ly  t o r r e n t i a l ,  causing ex tens ive  

f looding in t h e  e a s t e r n  lowlands along the  3laranon, Huallaga, aud Vcayali  
\ 

Rivers and t h e i r  l a r g e r  t r i b u t a r i e s .  

Water Q u a l i t y  

'Re la t ive ly  few chemical analyses  have.been made of t he  waters  of 

Peru, 'and most of t hese  concern the  c o a s t a l  d e s e r t .  Here t h e  water  is 

genera l ly  of acceptab le  q u a l i t y  f o r  most uses ,  bu t  i n  p laces  it is 

mineral ized beyond persiseab ' le  s tandards.  High boron and f l o r i d e s  a r e  

common in su r f ace  and groundwater der ived  from t e r r a i n s  of vo lcanic  

a c t i v i t y  a s  i n  t h e  Departments of Arequipa, Moquegua and Tacna. ~ 1 ~ 0 ,  i n  : SOme 

p laces ,  t o x i c  elements  such as a r s e n i c ,  l e a d ,  and z inc  a r e  present . ,  - .  , . 

p a r t i c u l a r l y  where water has c i r c u l a t e d  through o r  near mineral ized rocks. 

Few d a t a  a r e  a v a i l a b l e  on the  chemical q u a l i t y  ofgroua&-ater i n ' t h e  

Andean reg ion  and the  e a s t e r n  lowlands. The chemical q u a l i t y  o i  t h e  v a t a r ,  

however, appears  t o  be genera l ly  acceptab le  f o r  most uses.  

S toraqe* 

Few storage r e s e r v o i r s  have been cons t ruc ted  i n  Peru. There 

a r e ,  however, a l a r g e  number of n a t u r a l  l a k e s . i n  t h e  highlands t h a t  

3rovide s to rage  capac i ty  f o r  s t r e a n ' r e g u l a c i o n .  X number of t hese  $akes 

have been converted t o  s to rage  r e s e r v o i r s . r ' o r  hydropower, i r r i g a t i o n ,  urban-, 

i n d u s t r i a l  and mining uses  by cons t ruc t ion  or' appropr i a t e  s t r u c t u r e s  such 
* Source of ~ a t u r a l  Lake Data - "Invzntorio D e  Lagunas Y Bepresmientos-OSELV. 



TABLE 5. OISCBABGE OF SELECTED RIVERS I N  PERU 

Basin Mean monthly d iecharge ,  m3Ia Number o f  
area yea r s  o f  

River and s t a t i o n s  km2 Jan.  Feb. Har. Apr. May Jun. J u l .  Aug. Sep. Oct. N w .  Dec. Year record 

P a c i f i c  Slope 

Tumbes. Pta .  Tmbea 1.940 140.5 217.1 314.3 318.4 171.1 85.9 45.7 29.6 42.1 41.1 44.2 43.0 124.6 1 3  

Chira ,  Pta .  Su l l ana  10.100 79.2 205.1 288.4 293.2 137.1 80.6 55.9 39.6 32.5 31.9 27.9 35.3 109.4 21 

P iu ra ,  Pta .  Piura 12.540 3.6 59.9 108.2 89.7 30.0 12.5 6.1 3.4 1 .8  1.1 0.7 0.5 25.4 4 7 

La  Leche. Puchaca 1.740 5.4 10.0 17.4 14.5 7.6 4.9 3.1 ' 2 . 3  3.6 4.0 2.9 1.0 6.6 44 

Chancay ( e b . ) .  
Carhuaquero 5.130 24.7 44.0 66.4 69.5 38.2 20.0 10.8 7.3 8,.4 15.3 16.3 18.0 28.2 ' 5 0  

Zana, El  Baran 2.000 5.5 10.2 15.3 17.2 11.2 0.8 4.1 2.8 2.7 3.8 3.7 3.7 8.3 41  

Jequcecpcquc, 
Ven tan i l l aa  4.200 24.8 51.5 93.4 81.0 32.0 13.2 7.1 4.8 3.9 7.9 10.1 13.0 28.5 38 

Chicama, S a l i n a r  4.770 33.1 66.9 102.5 78.2 29.6 12.4 7.6 5.5 5.9 6.4 5.7 8.7 30.2 49 

Hoche, Quir ihua 2.130 9.9 16.8 34.2 29.6 10.1 2.5 1.2 0.7 0.8 1 .6  2 .3  3.9 9.6 4 7 

Viru,  Huacapongo 1.950 4 . 3 . 1 0 . 4  14.8 10.0 4.0 0.7 0.3 0 .  0 .1  0.5 1 .0  1 . 3  3.9 2 3 

S a n c a , P t a . C a r r e t e r a  11.700 203.5 270.1 350.7 274.1 146.1 91.5 60.3 53.9 53.8 67.3 85.3 125.0 149.1 23 

Nepena, San J a c i n t o  1.810 2.1 6.1 9 .0  5.1 1.9 1.0 0.8 0.6 0.4 0.4 0.4 0.7 2.4 23 

C a m a , P e a . C a r r e c e r a  2.900 5.6 18.4 23.2 14.6 3.7 1 . 0  0.5 0 .3  0.2 0.3 0.8 1.5 5.7 27 

P a t i v i l c a ,  Alpas 4.700 63.5 102.3 123.4 77:5 36.4 20.4 1 5 . 5 '  14 .1  15.2 22.3 28.0 33.0 46.0 24 

Huaura, Casa Blanca 5.470 40.6 57.8 65.1 43.1 22.9 15.6 12.7 '10.9 10.5 14.0 17.9 24.8 27.9 31 

Chancay (Huar) , 
Santo Owingo 3.030 23.3 36.1 40.1 24.6 10.4 5.3 4.6 4.0 4.3 5.1 6.4 9.5 14.6 35 

Ch i l lon ,  Pta .  Magdalena 2.020 13.3 24.3 31.1 16.8 5.7 3.3 2.5 2.0 1 .9  2.0 2.4 5.2 9.3 37 

Rimac. Chosica 3.540 39.5 64.6 78.1 41.4 21.8 14.3 12.0 11.8 12.8 13.4 15.8 22.5 29.0 50 

Lurin,  Hanchay 2.500 6.3 15.0 9.3 8.2 2.5 0.8 0.2 0.0 0.0 0.0 0 . 5 '  0.6 3.7 20 

Mala, La C a p i l l a  2.130 37.1 50.8 62.1 20.5 7.2 2.8 2.1 1.8 1.6 2.8 6.9 13.8 18.0 23 

C a n e ~ a . T o m e I m p e r i a 1  8.750 94.8 144.0 160.9 87 .1  38.2 20.8 14.7 12.0 11.2 13.1 24.4 42.2 55.1 48 

San Juan. Canta 3.910 25.7 52.5 67.8 21.5 4.3 1 . 3  0.7 0.3 1.4 2.1 2.1 6.6 15.7 33 

Pisco,  Letrayos 4.440 52.2 86.7 93.3 35.5 10.5 4.3 2.4 2.1 1.9 3.5 7.8 16.2 26.5 46 

Ica .  Huarmani 7.300 17.4 39.7 43.6 14.2 2.2 0.7 0.3 0.2 0.3 0.8 0.8 5.2 10.6 4 7 

Grande, Pta .  Car re te ra  12.594 30.5 75.8 68.1 27.3 5.2 2.,9 0.4 0.3 ' 0.3 0.0 0.0 0.7 17.5 2 7 

A c a n . T . B e l l a U n i o n  4,131 20.8 50.6 48.5 16.7 6.7 3.1 2.0 0.9 8.7 0.7 1 .3  3.2 12.9 12 

Yauca, Pea. Yaqui 4.541 13.9 35.5 33.4 10.7 3.5 1 .5  0.8 , 0 . 9  0.8 0.8 1.0 2.3 8.7 14 

Camana o Hajes ,  
Huariaua 17.300 170.5 260.2 267.5 109.0 64.5 41.1 35.9 30.4 27.7 27.1 28.4 51.1 93.6 15  

C h i l i ,  Charcani 12,843 24.6 38.9 34.3 15.4 6.6 5.0 5.0 4.6 4.4 4.4 4 .3  7.2 12 .3  30 

Tambo, Chucara 12,910 44.5 100.4 38.1 35.0 24.3 20.7 18.7 .16.5 12.5 12.5 9.9 ,18.7 33.2 19 

Moquequa, Tumilaca 3.441 2.5 4.7 5.0 1.7 1.4 1.1 '1.1 '1.0 1.1 1.1 1.2 1.2 1.9 11 

Caolina,  C a l i e n t e s  2.246 1 . 5  2.9 2.1 1 .0  0.7 ' 0.8 0.8 0.8 ' 0.8 0.8 0.8 0 .8  1 . 2  2 3 
Uchusuma, Piedra Blanca - 0.4 1 . 0  0 . 5  0 .3  0.4 0.4 0.4 0.4 0.3 0.4 0.2 0 .3  0.4 20 

T i t i c a c a  Basin 

R a m i a , P t a . C a r r e t e r a  14.840 150.8 217.0 208.1 112.5 55.8 32.3 21.8 16.2 14.0 18 .0  21.3 68.1 77.8 7 

Amazon Basin 

Huancabamba - 17.2 23.2 24.0 24.1 20.4 18.2 14.8 15.3 12.5 14.8 16.3 14.4 17.9 

Plantaro, La  Mejorada 17.500 216.7 348.0 389.3 239.9 158.4 124.3 117 .1  105.7 105.3 107.9 122.9 173.8 184.0 1 6  

Chamsya. La Sav i l a  2.000 52.0 73.4 105.4 105.7 81.4 59.7 49.4 41.2 43.4 53.9 49.2 37.0 63.7 11 

1/ Boscd on d a t a  from ECLA, 1968. - 



T=ble 4.  WATER RESOURCES Concluded 

Atlantic continued 
Xmazonas 
Napo 
Putumayo 
Yavari 
Purus 
Madre D e  Dios 
Inambari 
Tambopata 
Acre 
Los Piedras 
Y urua 

Subtotal 

TI TI CACA 
Suches 
Huancane 
Ramis 
Coata 
I l l?a  
Ilave 
Maur e 
Zapatilla 

Subtotal 

S W & Y  OF TOTALS 

PACIFIC 
AT'LANTIC 
rxTIuc.4 

TOTAL NCLUDED 
El STCDIES 

AREA Muti r n O E  Z 4 N  Am& Rmon 
ELEV. ' COF. DEPTH MILLION 

I 
I/ ?relbbary.data  fromstudies made by Lahmeyer International for'  - 

Federal Republic or' Gefiany Fn cooperation with the Goverament of 
Peru. 

F A. .I , I 

* Corrected subtotal as some discrepancies were noted i n  areas for each 
stat ion of Atlantic watershed 



Table 4 WATER RESOURCES Continued , 

I 

I - MEAN MEAN RUNOFF !JEAN BNMJBL RUNOFF 
LIVER MIX ELEV. AN. COF. DEPTH MILLION 

, 
Pacific cont. 
Tambo 12697 
Osmore 0 Moquesua 3595 . 
Locumba 5316 
Sama 1 4809 

ATLUiIC 

Alto Faranon 
Chrisne j as 
Llaucano 
-ya 
Hriancabamba 
~hoto;LPd 
Chinchipe 
Tabaconas 
Cenepa 
Santiago 
Xaranon Medio 
Morona 
Pas taza 
Tigre 
Baj o Marmon 
Utcubamba 
Chir4ac0 
Nieva 
Huallaga Sup 
Eiuallaga bf. 
Urubamba 
Vucano ta 
Apurinac Sup 
Sarto Thomas 
Punaaqui 
Vllcabamba 
Pachachaca 
Apurimac Id. 
Pampas 
Mantaro Sup 
Mantaro Med 
&-taro Inf . 
Pachitea 
~ q u i ~ t i a  
-me 
Tambo 
Ucayali 
Per ene 

CapliPll 
Sub tot& 

1629 
219,095 



Table  4. WBTEB RESOURCES 

RIVEB 3ASN 

PACISIC 
ZaPumilla 
Tumbes 
=a 
P i u r a  
Casca j a1 
Olmos 
Motupe 
Laieche 
Chancay-Lambayeque 
Zana 
Chaman 
Jaquet  epeque 
Chlcama 
.Xocha 
V i m  
Chao 
Santa  
Lacramarca 
Nep eaa 
Casma . 
~ d e b r a s  
Huanney 
For t a l eza  
FativLlca 
Supe 
Eiuara 
Chancay-Buar a1 
Chi l lon  
RFnac 
Lur- 
Chi lca  
.Hala 
Omas 
Canet e 
Topara 
Sap Juaa 
Pisco  
Ica 
Grande 
A c a r f  
Yauca 

BREB MEAN W Y  RUZSOFF m u  hVM3AL RUNOFT 
ELEV. AN. COF. DEPTH XILLION 

PRECR . 3 
m 2  ' Y m m tl 

'817 279 369 0.58 214 17 5 
'2729 362 422 0.47 198 340 

US64 960 530 0.35 193 223 2 
10475 539 377 0.23 87 9 11 
4147 227 219 0.10 22 9 1 

965 730 385 0.06 23 22 
1951 665 279 0.33 92 1 174 
l.578 1255 584 0.34 199 314 
4906 1509 669 0 .31  207 1015 
2080 1069 514 0.18 9 3 193 
1248 671 370 0.17 . 6 3  79 
4257 2220 731 0.22 161  685 
4454 1772 598 0.36 201 895 
2161 2221 496 0.25 124 268 
1967 2015 429 0.10 43 8 5 
1443 1433 324 0.23 7 5 108 

12478 3410 651 0.58 378 4717 
685 l.560 161 0.01 2 1 

1885 2034 266 ' 0.08 21  40 
3064 2309 315 0 . U  4 7 144 

671 1615 191 0.01 2 1 
2343 2488 353 0.18 64 15 0 
2342 2434 330 0.06. 20 4 7 
4908 3078 480 0.64 307 I507 
1078 2165 302 0.14 4 2 43 
4483 3061 592 0.38 225 1009 
3382 . 2663 410 0.46 189 639 
2364 2478 361 0.43 159 366 
3 U 4  3157 520 0.61 317 993 
1600 2436 326 0.27 88 1 L 1  

798 l.589 170 0.33 5 6 43 
2522 2999 427 0.51 218 530 
1741 1702 188 0.37 70 122 
5981 3645 541 0.56 303 1812 

494 1993 216 0.36 7 8 38 
S333 2567 353 0.34 120 640 
4054 3049 468 0.29 136 351 
7366 1756 183 0.37 6 8 5 01  

10522 2138 285 0.16 4 6 45 4 
4082 3 0 U  438 0.26 114 46 3 
4589 2757 380 0.21 80 367 

Chalo 0 I d i o  Xuerto 1284 2072 234 0.18 42 34 
Chaparra 
h t i c o  
Carave l i  

. . 
O C O U ~  
W j  es-Camana 
Quilca 0 C h i l i  

U 8 7  2776 332 0.18 60 8 3 
1425 2239 226 0.14 3 4 48 
2009 ' 2516 286 0.17 49 98 

l.5908 3719 768 0.18 i38  2193 
17141 3509 552 0.20 110 1835 
U254 3'422 3L3 0.19 63 561 



remote a r e a s  and l a c k  of s t rong  socioeconomic incent ives .  Moreover, i~: t he  

e a s t e r n  lowlands, p a r t i c u l a r l y ,  t h e r e  is an abundance a f  s t reapf low v h i c h .  

f a r  exceeds present  water deslands o r  those pro jec ted  in t h e  foreseeable  

fu tu re .  

It is imprac t ica l  f o r  t h e  purpose of t h i s  r e p o r t  t o  list t h e  400 

o r  more s t a t i o n s  a t  which hydrologic d a t a  have been obtained. The dqta 

have been used, .hqwever, i n  es t imat ing  runoff from. t h e  numerous r i v e r  

bas iqs  on both s i d e s  of t he  Andes i n  c o ~ e c t l o n  wi th  cu r r en t  s t u d i e s  

d i r e c t e d  a t  Inventorying the"  coun t ry ' s  resources  f o r  hydropower development. 

.Br ie f ly  , the. method being used i n  e s  t i ,mating , runoff involves  t he  

fol lowing s teps :  

1. Creat ion of a hydrological  d a t a  bank of streamflow, r a i n f a l l ,  
sedimentation, and eyaporation. 

2 .  Creat ion of a mathematical model of each r i v e r  bas in  opera t ing  
on derived hydrologic-morphometric r e l a t i onsh ips .  

3. The h i s t o r i c  da t a  was fed  i n t o  t h e  c o r r e l a t i o n  models f o r  
racord extenoion. 

4 .  Curves of e l e v a t i o n  vs s p e c i f i c  d i scharge ,  and e l eva t ion  v s  mean 
r a i n f a l l  were developed f o r  use in t h e  mathematical models. . 

. . 

5 .  Runoff c o e f f i c i e n t s  were developed f o r  each r i v e r  bqsin i n  percent  . 
of mean annual r a i n f a l l  t o  ob ta in  t h e  depth of r a i n f a l l  on t h e  , . 

watershed t h a t  c o n s t i t u t e s  outflow from the  basin.  

6. The runoff c o e f f i c i e n t  mu l t ip l i ed  by t h e  mean anoual r a i n f a l l  
mul t ip l ied  by t h e  drainage a rea  g ives  t h e  mean annual discharge 
from the  basin.  

.Pre l imipary  r e s u l t s  of t h e  s t u d i e s  a r e  shown i n  Table 4 f o r  some 

110 r i v e r  bas ins  i n  t he  P a c i f i c ,  A t l a n t i c ,  and Lake T i t i c a c a  watersheds. 

Table 5 presents  t h e  mean monthly aad annual discharges of a  nurdber 

of r i v e r s  i n  Peru where d e t a i l e d  da t a  were ava i l ab l e .  Most of t h e  r i v e r s  

a r e  on t h e , P q c i f i c  s lopes  where . the  b e s t  .and most complete records  e x i s t .  

A s  shown i n  the  t a b l e  t he  high flows of P a c i f i c  s lope  s t reams.comonly  

occur during the months of February through Apr i l  with low flows during 



Table 3 
Hean Annual W a l l  (am) 

- - In River Ba'ins of Peru 
Blver aasin .Rafnfall .  I River S a s h  R a i n f a l l  1 Rfver Basin 3aiafaU 

ZatrrmiUa 
Tumbes 
CUra 
Piura  
Casca j a1 
O l m o s  
& a p e  
La Leche 
Chancay-huubayeque 
zaaa 
chaman 
Jequetepequa 
w c a m a  
Moche 
viru 
ma0 
Santa 
Licramarca 
Nepena 
Casma 
Culebras 
Euamay 
Eor ta leza  
Pa tav i l ca  
Supe 
Huara 
Chaucay-Huaral 
W l o u  
Rimac 
L u r i n  
Ckilca 
%la 
Omas 
Cane t e 
Topara 
San Juan 

Pisco  
Ica 

468 . Huallaga (Lower) 
193 I ~ k b a m b a  

* Data : in this table was obtained from prelfminary s t u d i e s  made by 
, Labmeyer I n t a r n a t i o n a l  f o r  the Federal  ~ e p u b l i c  of Gzzaany ln  

. cooperat ion wi th  t h e  Govexmaat of Peru. 
**,River Basins l i s t e d  above Caplina are in P a c i f i c  drainage. 

*- River Sasins l i s r e d  below' Caplina are in A t l a n t i c  d r a b a g e .  
**d* River Basins l i s t e d  below Yurua are i n  Lake T i t i c a ~ a  ara iaage .  

G r  ande 285 
&ari 438 
Yauca 380 
Chala 0 Lndio Xuerto234 
Chaparra 332 
Atico 226 
Caravelf 286 
Ocona 768 
Majes-Camana , 552 
Q u i l c a  0 Chill 343 
Tambo 351 
Osmore 0 Moquequa 108 . 

Lbcumba 176 
Sama 107 
CapliPa 167M 
Alto Xaranou 8U** 
Crisne j as 762 
Llaucano 1030 . 

Chaniaya 1035 . 

Huancabamba 688 
Cho tano 1068 
ChFnchipe 1074 
Tabacouas 1234 
Cenepa. 939 
,Santiago 2655 
Maranon Medio U.77 
Maroaa 2534 
Pas taza 2389 
Tigze 2964 
Sajo Maranon 2376 
Utcubamba 840 
Chiriaco 803 
Nieva 603 . 

Huallaga (Upper) 1403 

*. 

Flcanota 
Quri3lac (Uppe~)  
Santo Tomas 
Punanqui 
VFlcabamba 
Pachachaca 
Aputimac 
P-s 
Mantaro (Upper) 
Xantaro (ZLiddle) 
Xantaro (Lower) 
Panch i t t a  
Aquaytia 
Ene 
Tambo 
Ucayall 
P e r m e .  
Amazonas 
Xapo 
.Putumayo 
I a v a r i  
Purus 
Hadre D e  Dios 
I-ari 
Tambopaca 
Acre 
Las Piedras  
Y u r a  
Suches 
Euancane i 

Ramis 
Coata 
I l l p a  
i l a v e  
Xaure 
Z a p a t U  
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Table 2. Xonthly &an R s i n f a l l  (Inches) f o r  Se lec ted  S t a t i o n s  
i n  Peru (Source: Wcrnstcdt ,  19.72) 

- - - - - - - - - 

S t a t i o n  J a n m  Feb- Mar. A p r l l  Mag June J u l y  Aug. Sept .  Oct. Nov. Dec. Annual 
- -- 

A r  equipa 1.22 1.02 1.14 0.04 0.00 C.00 0.00 0.00 0.04 0.00 0.04 0.20 3.70 

Ca j amarca 3.74 4.46 5.36 4.25 1.46 0.50 0.19 0.34 '1 .20 3.42 2.83 3.05 30.80 

Ca r t av io  0.04 

Ce r ro  d e  Pasco 5.27 

Cuzco 6. 23 

Chacapoyas 3.26 

Huancayo 5.36 

Iinata 5.84 

I q u i t o s  . 10.24 

Juan j  u 3. 62 

Lambayeque 0.04 

Lima .' 0.03 

Molina (La) 0.04 0.04 0.04 0.04. 0.08 0.12 . 0.12 0.12 0.08 0.04 , 0.04 0.04 0 . 7 9  

P l u r a  0.43 0.67 0.75 0.59 0.04 0.00 0.00 0.04 0.00 0.04 0.04 0.24 2. 83 

Puno 5.32 5.42 4.31 1.56 0.36 0.24 0.19 0.25 0.93 1.47 1.08 3.45 24.59 

San Ramon 9-55  9.61 9.57 8.03 4.72 2.13 2.83 4.57 . 5.04 6.54 4.88 8.62 76.46 . 

Tingo Maria 16.69 15.88 18.48 13.83, 8.53 6.90 6.17 ' 4.41 7.23 13.42 11.37 11.38 134.24 



0 
Table, 1. Monthly Mean Temperatures ( F) f o r  Selected S ta t ions  i n  Peru (Source: Wernstedt, 1972) 

S t a t i o n  Jan. Feb. Mar. A p r i l  May June July Aug. Sept. act.' Nov. Dee. Annual 

A r  equipa 57.4 57.7 58.1 56.1 54.9 5 2 . 2 .  52.7 53.8 55.2 56.1 56.1 56.3 55.6 

Ca j amarca 58.3 57.4 57.6 56.8 57.0 55.8 55i.6 57.2 58.1 ' 57.7 58.3 57.7 57.2 

Cartavio 73.4 75.4 74.8 71.6 6 9 . 8 .  ' 6 6 . 6 .  . 64.9 . ' -64.4 64.2 64.8 . 6 6 . 2  69.3 68.7 

Cerro de  Pasco 37.0 36.3 37.9 35.8 34.9 35.8 .34.3 36.7 36.0 36.7 38.5 37.6 36.5 

Cuzco 53.6.  ,52.5 53.4 52.5 50.4 49.1 '  4 7 . 8  50.4 52.7 54.1 '55.2 54.3 51.6. 

Chacapoyas 60.6 60.3 ' 60.1 59.7 60.4 59.4 . 58.1 ' 59.2 57.4 60.6 61.7 61.2 60. 1 

I Huancayo 53.8 53.6 53.1 52.9 50.4 49.6 ' 48.7 50.4 53.4 54.3 54.9 54.0 ' 52.2 
. '+ 
" Imata 40.1 40.5 40.5 38.7 ' 35 .4  . 34O.5 . 3 4 . 9  33.8.  36.0 36.9 38.5 40.1 37.2 
.I . . 

Juanj  u 81.3 79.9 79.7 79.5 78.8 78.1 78.1 79.3 79.9 80.1 80.4 81.5 79.7 

. . 
Lima 70.5 72.0 72.3 67.6. 63.'5 60.1 .59.4 59.0 .59'.7 . 6 1 . 2 .  . 63.3 66.4 64.'4 

. . .  

Molina -(La) 73 .0  74.5 73.9 70.5 65.5 61.9 60.6 60.4 61.7 63.7 - 65.8 69.1 66.7 

P l u r a  81.9- 84.0 8 4 . 0 ' 8 i . 5  77.2 74.3 72.6 73.2- 74.3 74.1 ' 7 5 . 0  77.5. 78.1, 

Puno 47.3 41.3 : 48.0 46.4 43.9 42.4 4 2 . 8  ' 44.2 45.9 48.6 49.1 48.7, 46.0 

Tacna . ' 69.1 .69.3. ... 66.9 63.7 59.2 . 56.1,. ,S4.9 '55.4 , 57.2 S8.8 ' 62. 6 .65.1 ' 61.7 
. . . . . . 

Tingo Maria 7 3 . 0 ' . 7 1 . . 8  -.-72;3 7 2 . 1  . .  . ' 7 2 . 3  71.2.. 71.6. . . .72.7 72.5 73.0. .79.9 74.1 72.5 
. . . . 

V i t o r  . .., : 6 2 . 8  6 3 . 9  64.9 63.9. 64.4 64.0. 63.5 64.0 6 4 . 6  63.4 63.3 . . 63.5 6 4 . 0  



Temoerature Data 

Climatological  records  a r e  a v a i l a b l e  a t  a number of s t a t i o n s  loca ted  

throughout t h e  country. Mean monthly temperatures a t  a few s e l e c t e d  s t a t i o n s  

a r e  given in Table 1. Mean monthly temperatures range 'at  t hese  s t a t i o n s  from 

a low of 33.a°F a t  Imata t o  a high o f 8 4 . 0 ° ~ a P i u r a .  Average ampal 

temperatures  range from a ' l o w  of 36.5OF a t  Cerro de  Pasco t0 .a  high of 

79.7OF a t  Juanju. 

R a i n f a l l  Records 

Table 2 g ives  t he  mean rainfall i n  inches f o r  each month a t  s e l ec t ed  

s t a t i o n s  throyghout the  country. Monthly p r e c i p i t a t i o n  a t  t h e  s t a t i o n s  v a r i e s  . 
between 0.00 g t  P iura  and Lambaysque t o  18.48 inches a t  Tingo Maria. Mean 

annual p r e c i p i t a t i o n  v a r i e s  from 0.31 inches a t  Cartavio t o  134.25 inches at 

Tingo Maria., Table 3 g i v e s ' t h e  mean annual r a i n f a l l  I n  each of t he  major 

r i v e r  bas ins  east and w e s t  of t h e  Andes. P r e c i p i t z t i o n  i n  r i v e r  baqins 

d ra in ing  t o  f h e  P a c i f i c  is gene ra l ly  l e s s  than 600 am2 (24 i n )  while  r a i n f a l l  

in t h e  bas ins  dra in ing  t o  t h e  A t l a n t i c  ranges up t o  3358 arm (132 i n )  i n  t he  

Madre De Dios r i v e r  basin.  

S treamf low 

Hydrologic d a t a , h a v e  been obta ined  a t  more than  400 gaging s t a t i o n s  on 

r i v e r s  and s t reams in Peru. Owing t o  t h e  parvnount h p o r t a n c e  t o  i r r i g a t e d  

a g r i c u l t u r e  in t h e  c o a s t a l  d e s e r t ,  a s  wel l  a s  t o  p r o v i s i o n . o f  b a s i c  water  

supply f o r  t h e  urban and i n d u s t r i a l  water requirements  of c o a s t a l  c i t i e s ,  

p r i o r i t y  has been given by t h e  Peruvian governmeat t o  c o l l e c r i o n  of such d a t a  

f o r  development and managment of t h e  r i v e r s  or' t h e  'Fac l f  i c s lopes .  Less 

a t eene ion  has been given t o  c o l l e c ~ i o n  of streamflow d a t q  f o r  r i v e r s  of 

t h e  .Mean r eg ion  a n d , e a s t e r n  lowland's. The 1 o w e r . p r i o r i t y  given t o  t h e  

r i v e r s  of t h e s e  two r eg ions  may be- a t t r i b u t e d  t o  such f a c t o r s  a s  i n a c c e s s ~ b i l i t y  

of gaging s i t . e s  , t echni t ia l  d i f f  i p l t i e s  in. measurwent  of l a r g e  r i v e r s  in 

, '  



WATER SUPPLY 

,Climate 

The c l imate  of t h e  c o a s t a l  a r e a  is dominated by a cold ocean 

cu r ren t  (Humboldt,Current) . 3, ... flowing no r the r ly  f rom, the  Antarctic along 

the  western coas t  of South'America from n o r t h e r n ' c h i l e  t o  nor thern  . . . - - - . . . - . .. - 

Peru. Due t o  t h i s  cu r r en t  t h e  average a i r  temperature of t h e  Coas ta l  

region ranges from 66°F t o  73°F during the  year .  I n  gene ra l  t h e  c l ima te  

is dry  and cool ;  r a i n  almost never . . f a l l s  and l i t t l e  vege ta t ion  grows, unlegs 

i r r i g a t e d .  

Eastward From the  c o a s t a l  area, c l i m a t e  is dete-ed by a combination 

of e a s t e r l y  triads ~ r e v a i l h g  t o  t h e  east or' t h e  Andes and by t h e  m o u n t a b  

cha in  itself. The warm.. mist 'winds blowing a c r o s s  t h e  c o n t i n e n t  from t h e  

A t l a n t i c  drop varying.amounts or' mois ture  on t h e  s lopes  and peaks of t h e  

.Andes. Some of t h e  h igh  v a l l e y s  and deep gorges berieen t h e  western and ' 

c e n t r a l  mountain ranges  r e c e i v e  only  meager amounts 'of rain because of t h e  

d e p l e t i o n  of m o i s t  a,& by t h e  mountain mass, whereas i n  mast areas b e w e e n  

Cie c e n t r a l  and e a s t a r n  mountain ranges  t h e  annual rainfaLLis k t r e a e l g  

heavy. The per iod  of heavy rain is dur ing  t h e  months September t o  AprQ. 

There is a marked d r y  season Fn most of t he  S i e r r a  dur ing  t h e  w i a t e r  

months of May through August. 

~t a l t i t u d e s  above 3350 M (10990 FT) scme snow falls dur ing  t h e  winter  

and a t  a l t i t u d e s  above 45,75 M (15,000 FT) p r a c t i c a l l y  a l l  p r e c i p i t a t i o n  is i n  

t h e  form of snow. . . 

R a i n f a l l  in t h e  high Selva averages 2400 am (134 i n )  annual ly  a t  Tingo 

%ria where days a r e  h o t ,  bu t  n i g h t s  a r e  o f t e n  cool.  Temperature averages 

inc rease  a t  lower a l t i tudes , ,  although humidity remains high a t  a l l  e l eva t ions  

I n  t he  low Selva, r a i n f a l l  averages s l i g h t l y  more than.2560 mm (100 i n )  : 
* f 

annual ly,  and the re  is no dry season. ,  A t  Iquitee,  on ehe a z o n  River ,  t he  
.* . 

mean d a i l y  temperature is  v i r t u a l l y  cons tan t  throughout t h e  year .  
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a t u n a e l  through t h e  Andes and drops the  water some 4000 rcl (13,120 FT) 

t o  genera te  power and provide municipal water f o r  t h e  Ci ty  of Lima and 

surrounding met ropol i tan  a reas .  

It was est imated t h a t  about 55 percent  of t h e . t o t a 1  e l e c t r i c a l  

capac i ty  of 2,542.3 KW i n  1977 w a s  hyd roe lec t r i c  and i t  generated 71 

percent  of t he  t o t a l  e l e c t r i c a l  energy of 8,155 GWH. A s  time goes on, 

i t  is 'errpected t h a t  more or' t he  e l e c t r i c i t y  of t h e  country w l l l  be 

produced by hydropower. 

The t o t a l  e l e c t r i c a l  needs a r e  expected t o  i nc rease  about 40 t o  50 

percent  by 1985, and t o  about double from 1985 t o  1995. The growth 

p o t e n t i a l  of Pe tu  is s o  g r e a t  t h a t  t h i s  e s t ima te  could e a s i l y  be kxceeded. 

I n  any event, t h e  condi t ions  a r e  favorable  !or Peru t o  meet a l a r g e  

po r t ion  of its e l e c t r i c a l  demands by ~ x p a n s i o n  of its hydrosystem, which 

is i n  accord wi th  n a t i o n a l  po l icy  and goals .  

Hydropower has been developed through regula ted  su r f ace  water of 

t h e  Andes dropped through penstocks a t  high heads t o  powerplants below. 

ContFnuation of such development, along wi th  inc reas ing ,  transmountain 

d ive r s ions  from the  Amazon drainage t o  t h e  ' c o a s t a l  a r ea ,  w i l l  provide 

a d d i t i o n a l  oppor tun i t i e s  f o r  power generat ion.  A s  t he  transmountain 
. . . . . .  . 

d ive r s ions  become more c o s t l y  due t o  increased  pumping and longer  

t unne l s ,  s u b s t a n t i a l  hydropower can be  developed i n  t h e  Amazon bas in  

and t r ansmi t t ed  t o  l oad  c e n t e r s  by l a r g e  capacitiy:high v o l t a g e  t ransmiss ion  

l i n e s .  



and p a r z l l e l s  its northward course  on t h e  oppos i t e  s i d e  of t h e  Cardil,,lera 

Central. Two Sranches of another  m a j o r , ' t r i b u t a r y ,  t h e  Apurimac Rivet, a l s o  

rise near  ~ e r r o  d e  Pasco - one f lowing e a s m r d  and t h e  o t h e r ,  the .>fantaro  

Pdver, flowing south. *The main branch or' t h e  iLpt;r&c and t h e  Urubamba c u t  

great gorges between p a r t s  of t h e  c e n t r a l . r m g e  and l a t e r  combine t o  form t h e  

Ucapali .  Tlzis river f lows northward a c r o s s  tfie Se lva  t o  j o i n  the Maranon 

sou th  of I q u i t o s  t o  form t h e  Amazon Blver.  

Geneiral Overview - Eydrooajer 

The ajusldance of water e a s t  of the Contfaental  3 ivfde ,  conjiaed with 

the  l a r g e  2 o t e n t i a l  head e a s t  and w e s t  of t h e  Divide provides opportuni ty 

f o r  increas ing  t h e  hydropow& genera t ion  by more than 40 t imes 

t h e  present  capaci ty.  This  p o t e n t i a l  can be achieved by systenrattc river 

basin p l a ~ n i n g  t o  provide f o r  t h e  b e s t  combination of uses  of t he  water 

suppl ies  to ,  meet needs of i r r i g a t i o n ,  municipal,  indus t r ia .1 ,  and hydroe lec t r f  c 

keneration. Inasmuch as t h e  g r e a t e s t  need . . f o r  water  and power is i n  the  

c o a s t a l  area where water supp l i e s  a r e  d e f i c i e n t ,  r i v e r  bas in  planning $n t h e  

S i e r r a  reg ion  must consider  p o t e n t i a l  s to rage  p o s s i b i l i t i e s  f o r  stream 

regu la t ion  and expor ta t ion  of water t o  t h e  Coastal  reg ion  i n  connection wi th  

hydroe lec t r i c  generat ion.  ' The Peruvian Government has recognszed t h e  

p o t e n t i a l  of i t s  water resources and has , e s t ab l i shed  a Nationai Water 

Besources Commission t o  promote multiple-purpose development. 

Hydroelectr ic  development p re sen t ly  is  concentrated i n  t h e  c o a s t a l  

a r ea  t o  serve  the  metropol i tan and i n d u s t r i a l  demands t h a t  have concentrated 

there .  A s i g n i f i c a n t  por t ion  of t he  n a t u r a l  runoff from t h e  Andes t o  the  

P a c i f i c  has been developed f o r  hydropower and r e l a t e d  uses .  Waters are being 

Inported from the  Amazon drainage t o  the c o a s t a l  a r e a  from the  Maranon 

and Mantara River systems, and more such t ra i lmounta in  d ivers ions  a r e  

underway o r  envisioned. The Ifantaro P r o j e c t ,  now p a r t l y  constructed and 

i n  opera t ion ,  pumps water from the  Mantaro River up 600 N (1970FT) t o  
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."La Problematica D e l  Desar ro l lo  E l e c t r i c o  ~ a c i k a l " ,  Conf e r ~ n c i a  Del ' 
Ingeniero Azi Wolfenson U. P re s iden te  Ejecut ivo De Electroperu,  
Lima, July 7,  1977. 

"Electroperu Y La Problematica Del Desar ro l lo  E l e c t r i c o  National", 
Asociacion E lec t ro t ecn ica  Peruana, Lima, 11.01.1978. 

> i,: '. 

"A Prel iminary Assessment of t h e  Energy Supply-Demand S i t u a t i o n  
. . .  .. in Peru1', Brookhaven National  Laboratory, 1978. 

"Prellminnry Report on t h e  Energy Regources of Peru", U.S.G.S., 
U.S.B.M, U.S.B.R., and Argonne National  Laboratory, 1978. 

. . 

'World Energy Resources, 1985-2020", Executive summaries on resources ,  
conservat ion and demand t o  t h e  Conservation Coannission- of t he  World 
Energy Conference, 250 pages, IPC Technology Press ,  ~ o n d o u ,  1978. 

"Impact of t h e  World's Energy Problems on Low Head Hydroe lec t r ic  
Power", by D r .  E l l i s  L. .Armstrong, June 6, 1978. 

"The World's Energy Problems and Utah's Futiire", by D r  i E l l i s  .L. 
Annstrong, May 13, 1977. 

General Overview - Water Suooly 

The water resources  of Peru a r e  tremendous but  a r e  sub jec t  t o  wide 

v a r i a t i o n s  between reg ions  and wi th in  reg ions  of t h e  country. Water supp l i e s  

a r e  scarce '  ih t h e  c o a s t a l  reg ion  where t h e  c l imate  is dry and p r e c i p i t a t i o n  i s  

minimal. Agr i cu l tu ra l ,  municipal,  and i n d u s t r i a l  water needs a r e  - 
mostly m e t  from r i v e r s  d ra in ing  t h e  western s lopes  of t h e  Andes. The 

major i ty  of t h e s e  t i v e r s  a r e  lesb' than LOO KX (250 >Li) in l eng th  and a i l  bu t  . . 

a few a r e  seasonal  s t reams t h a t  become swollen and turbulen t  during the  

summer months, and a t  o t h e r  t imes become dry channels.  

The Andes, which comprise t he  S i e r r a  reg ion ,  have mountain peaks 

6700 M (21,980 FT) above sea l e v e l .  This  l o f t y  mountain raoge g r e a t l y  

i n f luences  t h e  climace and the  water supp l i e s  of the  Coas ta l  and Selva 
f -  

regions.  A complex and ex tens ive  system of r i v e r s  o r i g i n a t e s  i n  t h e  S i e r r a  

c l o s e  t o  t he  c o n t i n e n t a l  d i v i d e  but  flows eastward . i n to .  t h e  Amazon Basin. 

The l a r g e s t  is  t h e  Maranon River; which flows northward from Lake Lauricocha 
. . 

almost t o  t h e  icuador ian  border before  turn ing  eastward i n t o  the  Amazon 

Basin. The Huallaga River r i s e s  near t he  Yaranon c l o s e  t o ' C e t r o  de Pasca 



t u rbu len t  during the  summer months. The c o a s t a l  a g r i c u l t u r a l  l a d s  a t e  

i - r r i g i t ed  by wacer from these  streams. East of t h e  d i v i d e  t h e  streams d r a i n  

i n t o  t h e  At l an t i c .  Most of t h e s e  streams fo l low t h e  sou theas t e r ly  t rend  of 

t h e  mountains which they eventua l ly  c ros s  in g r e a t  canyons and gorges t o  t h e  

e a s t e r n  lowlands of t h e  Amazon River bas in ,  o r  Selva,  and merge t o  form t h e  

Amazon River. 

Between t h e  western and e a s t e r n  mountain ranges of southern Peru is 

a high closed bas in  in which lies Lake T i t i caca .  This  l a k e  is  a t  a l t i t u d e  

3814 X (12,510 FT) above sea l e v e l  and has a water su r f ace  a rea  of 8288 FX2 

(3200 Mi2) . The Peruvian-Bolivian border roughly , d iv ides  t h e  l ake  'between 

t h e  two count r ies .  It serves as t h e  m a i n  avenue of t r a d e  between t h e  tyo 

count r ies .  

Sources of 1nf o k t i o n  

Severa l  ~ e r u v i a n  agencies  and cooperating a u t h o r i t i e s  have furnished 

d a t a  and r e p o r t s  t h a t  have b e e ~ ' i u n d A e n t a 1  sources of information f o r  t h i s  

r epo r t .  same of t h e  p r i n c i p a l  documents' obtained from Peruvian 

agencies  and a u t h o r i t i e s  a r e  l i s t e d  below, along w i t h  r e f e rences  

t o  two prel iminary r e p o r t s  compiled by agencies  of t h e  United S t a t e s ,  one 

r e p o r t  on "World Energy Resources, 1985-2020", and t o  two statements  

r ecen t ly  documented by ' ~ r  . E l l i s  L. hms t rong  r e l a t i n g  t o  vor ld  energy 

problems. 

"The Water Resources of Peru Problematical  and Ordination", 
Republic of Peru, October 1977. 

"Proyecto de Inves t igac ion  Microcentrales  ~ i d r o e l e c t r i c a s " ,  
Direction De Tecnologia, 1977 ' (IL?ITLN'EC) . 

"Plan De ' E l e c t r i f  i cac ion  Xacional" , Mini s t e r io  D e  Energia Y Miaas , 
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home of more than half of t h e  populat ion.  The g r e a t  lowlands sasr of t h e  

Andes make up more thaa  h a l f  of t h e  n a t i o n a l  t e r r i t o r y ,  bu t  'they remain 

s p a r s e l y  populated and l i t t l e  developed. 

The gene ra l ly  recognized geographic reg ions  are i d e n t i f i e d  by naue, 

and t h e i r  l-ts a r e  prescr ibed  by l e g i s l a t i o n  enacted i n  1960. The Costa 

reg ion  inc ludes  the  c o a s t a l  d e s e r t  and t h e  f o o t h i l l s  of t h e  Andes below 

2000 meters  (6569 FT) e l eva t ion .  The Selva reg ion  inc ludes  t h e  t r o p i c a l  

rain' f o r e s t  and mountain s lopes  east of t h e  Andes below t h e  2000 meter 

l eve l .  Setween these  .two reg ions  a r e  t h e  highlands i d & t i f i e d  a s  t h e  S i e r r a .  

The Costa reg ion  has a c o a s t l i n e  of about 2250 iM '(1400 411) and is 40 

t o  80 Rlf wide (25 t o  50 M i ) ,  being broadest  in t'he nd r th  where i t  c o n s i s t s  

p r i n c i p a l l y  of sand dunes. .. . . . . . t h a t  make up t h e  Sechura Desert .  Sear  t h e  ~h i l e ' an  

border  t h e  low Costa is nea r ly  el iminated by a c f a s t a l  range wi th  a l t i t u d e s  up 

The Andes form t h e  backbone of South America, &tending south  from . 
t h e  Caribbean Sea along t h e  e n t i r e  P a c i f i c  coas t  t o  Cape Horn. I n  P e n  

:r. 

the  Andes a r e  only about 97 KM (60 Xi) v i d e  a t  the  Ecuadorian border ,  bu t  

widen g radua l ly  t o  t h e  sou th  u n t i l  they  become 325 KM (202 Mi) wide near  

Lake T i t i caca .  The Andes a r e  d iv ided  i n t o  western,  c e n t r a l ,  and e a s t e n  

nountain ranges,  o r  c o r d i l l e r a s ,  whose summits range i n  e l e v a t i o n  above 

6000 M (19,680 Ff). The wester* ra*ge 'of mountains form 

the  c o n t i n e n t a l  d i v i d e  which in  p laces  is l e s s  than 100 IC4 (62 M i )  from 

the  west coas t .  About 50 r i v e r s  flow from t h e  Andes t o  t h e  P a c i f i c  ac ros s  
I 

t he  Coas ta l  region.  A l l  r i v e r s  flow gene ra l ly  westward excepi  the l a r g e s t ,  

t he  Santa River,  which runs a hundred s i l e s  from sou th  t o  nor th  through the  

Cal le jon  de  ~ u a y l a s  Valley before  turn ing  westward through a deep canyon t o  

t he  ~ a c i r ' i c . '  The a j o r i t y  of the  P a c i f i c  r i v e r s  a r e  400 Q1 (249Yi) o r  l e s s  

in l ang th  and a l l  bu t  a few a r e  seasonal  streams t h a t  become sGollan and 



INTRODUCTION 

This r e p o r t  inc ludes  a summary of t h e  water supply znd t h e  e x i s t i n g ,  

planned, and p o t e n t i a l  hydropower developments in Peru. Data support ing 

t h i s  r e p o r t  has been furnished by s e v e r a l  Peruvian agencies  and cooperat ing 

a u t h o r i t i e s ,  and from d a t a  compiled by' t h e  United S t a t e s  Department of 

Energy, Department of s t a t e ,  and the  Department of t h e  I n t e r i o r .  Data 

from p r i v a t e  consul t ing  f i rms  a l s o  has been used. 

Funds f o r  making t h i s  assessment have been provided by t h e  Department 

of Energy which is  inves t iga t ing  p o s s i b i l i t i e s  f o r  a s s i s t i n g  developing 

na t ions  t o  i d e n t i f y  t h e i r  a l t e r n a t i v e  domestic sources of hydropower and 

f o s s i l  f u e l s ,  and t h e  l e s s  developed sources of s o l a r ,  wind, biomass'and 

o the r  energy sources.  

Descript ion of Peru 

2 Peru has an a r e a  of 1 ,28j ,220 square ki lometers  (196,200 Xi ) and is 

t h i r d  l a r g e s t  among t h e  South American count r ies .  It is loca t ed  e n t i r e l y  in 
1 ( 

t h e  t r o p i c s .  The narrow c o a s t a l  lowlands a r e  temperate i n  c l imate ,  p r i n c i p a l l y  

because of t h e  presence of t h e  cold Peru o r  Humboldt Current t h a t  f l w s  ou t  of 

t h e  A n t a r c t i c  c l o s e  along t h e  P a c i f i c  c o a s t l i n e .  These c o a s t a l  l ands  r ece ive  

p r a c t i c a l l y  no p r e c i p i t a t i o n .  

The middle p a r t  of Peru is made up of convoluted r idges  and interraontane 

depressions of t he  Andes t h a t  extend in a sou theas t e r ly  d i r e c t i o n  from 
/ 

Ecuador on the  no r th  t o  Bol iv ia  and c h i l e  . . .  on the  south,  roughly p a r a l l e l i n g  t h e  

P a c i f i c  coas t l i ne .  By v i r t u e  of t h e i r  l o f t y  he igh t s ,  many of which exceed 

6000 meters (19,680 FT), these  mountains have temperate t o  cold c l ima t i c  

condit ions.  East of t h e  Andean c r e s t s ,  the  country s lopes  down from the 

mountains i n t o  the  t r o p i s a l  humidity of thenvast  Amazon jungle lowlands. 

The narrow c o a s t a l  lowlands a r e  t h e  most densely populated p a r t  of 

the  country. The ex tens ive  v a l l e y s  and high p l a i n s  of the  Andes t h a t  

vere  t he  cen te r  of pre-Columbian populat ions,  however, cont iaue  t o  be t h e  

. .  8 
> 

. I 



of water from e a s t  of '  t h e  con t inen ta l  divide.  Such d ivers ions  need s to rage  : 

t o  r e g u l a t e  widely f l u c t u a t i n g  streamflows. There are-  many n a t u r a l  lakes  . 

t h a t  a r e  now i d e n t i f i e d  a s  s u i t a b l e  f o r  s to rage  regula t ion ,  which w i l l  

b e n e f i t  not  only hydropower but  i r r i g a t i o n ,  municipal, and i n d u s t r i a l  

water suppl ies-  Storage s i t e s  on many western streams apparently a r e  l i n f t e d  

because of sediment and' seepage problems and because of e x i s t i n g  developments . . 

and communities. 

. . 
5. It is evident  t h a t  the  most d i f f i c u l t  problem t o  so lve  i n  Pen, is ' . 

. . 
t he  f inancing of resource developments. The so lu t ion  must be based on sound 

' 

. . 

economic p r inc ip le s  whether i t . b e  f o r  t5e  Peruvian Government o r  f o r  p r i v a t e  

. . 
an te rp r i seq  within Peru. 

6 .  Peru has an  abundance of bas i c  .resources in its water supply, o i l ,  

gas,   mineral.^, t a l e n t  and energy of its people, and i n  t h e  outstanding 

beauty of the countlzy. Sound planning and development w i l l  i n su re  a 

promising fu ture .  



interests of Peru now and in the future. The Government . . also has officially 
> .  

supported a.comprehensive multiple-purpose approach to water .resource 

development, Thus hydropower generation of electricity appears to be the 

practical option of greatest importance in Peru. 
. d d  

Atomic,energy, where uranium is available, is a practical source of 

electrical energy, since it would also preserve fossil fuels for other .. , 

uses and could be constructed near load centers. 

. . 
, Assessment 

1. Bydropower should be emphasized in meeting the electrical energy . . 
demands 13 Peru since the potential for expansion is great, and since the 

vater developed for hydropower may,then be utilized for needed additional 

irrigation, municipal,_and industrial water supplies which will strengthen . . 

and broaden the economic base. 

2. Comprehensive-coordinated water resource planning and development 

should be accelerated in harmony.with the directives to the Multisectoria: 

Commission of the National Plan for the Water Resources Ordination. The 

United States should offer appropriate assistance to this program if the 

Peruvians . . seek. suih assistance. 

3. The mini-hydropower program (defined as installations less than 

about 50 KW),initiated by the Pemvian Institute of Investigation 
' 

Technological Industrial, should be accelerated to provide electricity to 

rural areas of Peru not now served. Bringing electrical energy to many 

snall comntnities where none is,now available, will in a small but important 

way provide nems for further growth of the Peruvian economy. 1.t will also 

provide work for those that are directly served. from the hydropower units 

that are installed. The United States also should offer appropriate assistance 

to this program if the Beruvian's seek such assistance. 

4 .  The ceeds for electrical energy an? greatest in western ~~~ along 

ar near the coast. These growing needs can be met by.transmountain diyersions 



Projec ted  Costs of Brdropower 

For t h e  period 1977 through 1989, t h e  m i s t e r  of Energy and !lines 

l i s t e d  needed hydropower developments t o t a l l i n g  2,612.4 MW of increased 

capac i ty  a t  a t o t a l  c o s t  es t imated a t  $2,323 d l i o n  (1977 d o l l a r s ) .  nis 
is f o r  s p e c i f i c  power u n i t s  in t h e  n a t i o n a l  system. The average c o s t  per  

k i lowa t t  of capac i ty  is $889, which inc ludes  t ransmission lines a s  w e l l  as 

t h e  bas i c  hydropower i n s t a l l a t i o n s  and r e l a t e d  works, bu t  does no t  lnc lude  

financing and r e l a t e d  admin i s t r a t i ve  cos t s .  

A l t e rna t ives  

Besides hydropower, t h e r e  a r e  s e v e r a l  a l t e r k t i v e  sources ' of e l e c t r i c a l  

energy in Peru. These inc lude  f u r t h e r  development of thermal energy .us iag  

f o s s i l  f u e l s  in  t h e  form of oil, gas,  and coa l ;  development of energy from 

t h e  sun and wind; development of atomic energy al though uranium resources  

may be small ;  and development of energy from t h e  hea t  of t h e  e a r t h  and from 

biomass. Production of e l e c t r i c a l  energy from f o s s i l . f u e l s  and from atomic 

esergy  has been proven t o  be  p r a c t i c a l .  Production of energy from t h e  

sun and wind has been used f o r  c e n t u r i e s  t o  meet small l o c a l  needs, bu t  

these have not yet been proven as sources of practicql -$& e lec t r id  

energy. 

!lowever, t h e  need on t h e  c o a s t a l  a r e a  f o r  water t o  b o l s t e r  t he  food 

and f i b e r  supply-through i r r i g a t i o n  and t o  meet t h e  munfcipal and i n d u s t r i a l  

demands appears t o  be  as g r e a t  as t h e  need f o r  e l e c t r i c a l  energy. Bydro- 

power is t h e  only  source of e l e c t r i c a l  energy t h a t  a l s o  can supply water 

t o  meet o the r  urgent  needs. Water t h a t  is needed f o r  i r r i g a t i o n ,  

municipal,  and i n d u s t r i a l  supp l i e s  can a l s o  be used t o  genera te  hydropower- 

,- -ne,Government of Peru has recognized t h i s  and has mphasized the  

development of hydropower over t h e  use  of f o s s i l  f u e l s  as being i n  t h e  b e s t  



genera t ion  of e l e c c r i c  power. me imported Later is d i v e r t e d  from 

t h e  ;laranon and Mantaro River systems of t h e  A t l a n t i c  drainage.  

I n  1975, t h e  hyd roe l ec t r i c  power genera t ion  was 5470 gigawatt  hours 

(GWf I ) ,  o r  73.1 percent  of t h e  t o t a l  e l e c t r i c a l  genera t ion  of 7486.2 GWB. 

TJnofficial  f i g u r e s  ' for  t h e  year 1977 show t h a t  t h e  i n s t a l l e d  h y d r o e l e c t r i c  

capac i ty  w a s  1406.5 MW wi th  a corresponding energy product ion of 5825.3 GWEI. 

The 1977 va lues  f o r  hyd roe l ec t r i c  i n s t a l l e d  capac i ty  and energy a r e  about 

55.3 and 71.4 percent  of t h e  corresponding t o t a l  va lues  f o r  t h e  country.  

The fol lowing t a b l e s  show t h e  i n s t a l l e d  capac i ty  and energy o u t ~ u t  f o r  

1977: 

=STALLED CAPACITY ?fW ENERGY' OUTPUT GWH 
YEAR - 

TOTAL KYDRO Z OF TOTAL -- - TOTAL - HYDRO I OF TOTAL 

1977 2542. . 1406.5 55 8155 5825.3 71.4 

P o t e n t i a l  Demand of Hvdro-Snerp - 1985-2000 

A p r o j e c t i o n  of demand f o r  e l e c t r i c  capac i ty  and energy f o r  Peru was 

made:by t h e  Minis te r  of Energy and Mines in December, 1977. That p r o j e c t i o n  

was based on sound p r i n c i p l e s  of development a t  least c o s t ,  i a t e n s i f y i n g  

development of hydropower i n  p l ace  of therinal power us ing  gas  and o i l ,  and 

t h e  expansion and in t e r connec t ion  of t ransmiss ion  systems t o  b e t t e r  serve 

t h e  country.  The pro jec ted  demands and t h e  amount of t h e  demands est imated 

t o  be suppl ied  by p r i n c i p a l  hydropower systems a r e  shown i n  t h e  fol lowing:  

TOTAL ELZCTRICAL DDIANDS* RPDROPOWER** 

YEAR CAPACITY MW ENERGY GWII PERCENT OF TOTAL CAPACITY ENERGY 
- MW ax m GbH 

- 

* From the  Nation21 Plan  of E l e c t r i f i c a t i o n  of Peru by Minis te r  of 
Energy and Mines. 

** Estimates  by E.S. Hydropower Team based on p r i n c i p l e s  endorsed 
by t h e  Minis te r  of Energy and Mines. 



t h e t o t a l  a r e a  of Peru. The a r e a  not  included is mostly t h e  lower p a r t  of 

t h e  Selva region.  Complstion d a t e  f o r  this progrvn is Narch, 1979. Pre- 

l iminary  es t imates  of t h e  t h e o r e t i c a l  hydropower p o t e n t i a l  developed by t h a t  

program gives t h e  fol lowing power p o t e n t i a l  b3 ,pr inc ipa l  dra inage  a reas :  

ESTIMbTED HYDROPOWER POTENTIAL 

DRAINAGE CAPACITY 
i44 

P a c i f i c  29,954.5' 

A t l a n t i c  163,617.5 

Lake T i t i c a c a  557.0 ' 

T o t a l  194,12g1.b - 

The est imated achievable  hydroe lec t r i c  development, t ak ing  i n t o  account 

present  economics and problems r e l a t e d  t o  g e ~ & ~ h i c .  and topographic r e s t r i c -  

t i o n s ,  is about 30 percent  of t h e  p o t e n t i a l ,  o r  58,000 megawatts. The t o t a l  

p o t e n t i a l  is somewhat smaller than  o t h e r  e s t ima te s ,  bu t  t h e  achievable  is  

l a r g e r  and is over 40 tines t h e  1977 i n s t a l l e d  capac i ty  (1406.5 MI?) of t h e  

p re sen t  hydropower system, and is 7 o r  8 t imes t h e  year  2000 ' p ro j ec t ed  demand. 

Present  Hydropower Developed 

As a developing country i n  t h e  e a r l y  s t ages  of i n d u s t r i a l i z a t i o n ,  - d t h  

an annwl income.of around $800 per  c a p i t a ,  Peru ' s  energy demand is r e l a t i v e l y  

low. The demand f o r  energy w i l l  i nc rease  as the s tandard  of l i v i n g  h p r o v e s .  

Peru is endowed wi th  many streams which a r e  sources of hydropower t o  

meet a l a r g e  po r t ion  of t h e  e l e c t r i c a l  demand.'$f t h e  country. aYdrb- 

e l e c t r i c  development is concentrated in t h e  p a c i f i c  c o a s t a l  zone t o  m e e t  

t h e  l a r g e  met ropol i tan  and i n d u s t r i a l  requi r&ents  in t h a t  zone. The Tumbes, 

P iura ,  Chira ,  Santa ,  C h i l i ,  Rimac, and Hwura and many o the r  c o a s t a l  r i v e r  

systems a r e  tapped of a a t u r a l  runoff ,  o r  a r e  used a s  c a r r i e r s  f o r  imported 
* 

water  f o r  i r r i g a t i o n ,  domestic,  munici?al,  and industrial uses ,  and f o r  



SURFACE WATER SUPPLY (Millions M3) 
WATERSHED 

a Total Actual Usable Volume 

Pacific 33,972 20,577 

Titicaca 23,705 702 - 
Total 1,494,678 51,011 

* 8,922 million ~3 (7,233,000 AP) used in Pacific 
watershed by transmountain diversions. 

Over 12,000 natural lakes are scattered throughout the country, gf 

vhich 6,855 have been euxveyed and 5,346 are unsurveyed. Of the lgkes 

2 surveyed 862 have catchment areas of 4 RM (1.5 Mi2) or more. A total of 

186 of these lakes having a total usable capacity of 3,028 u~lllion M~ 

(2,495,000 AF) have either been developed, or are being developed for one 
I 

or more uses. An additional 342 lakes having a total usable capacity of 

3,993 million M3 (3,205,000 AF) arc under investigation. ' Both actual and 

potential regulation afforded by lakes under development and aakee under 

efudy coupled with high heads provide the ingredients for additional hydropower 

development. 

Potential Hydropower 

During the late 1960's the Government of Peru with the assistance of 

the Federal Republic of Germany undertook an assessment of the future damads 

for electric energy and the hydroelectric potential of Peruvian wazer supplies. 

The assessment and projects yere carried forward to year 1989. pis previous 

assessment, is now being updated. The German coksulting firm of Lahmeyer 

International is providing . technical . assistance and working with Peruvian 

personnel on the elaboration of an optimal expansion program for the 

electrical supply systems of the country. This assessment covers 140 of the 

hydrologically important basins'of the country .in the Pacific, Atlantic, and 

Lake Titicaca watersheds. These river basins conprise about 54 percent of 
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. . SUMMARY 

The Department of Energy is i n v e s t i g a t e g  p o s s i b i l i t i e s  f o r  a s s i s t i n g  

developing na t ious  t o  i d e n t i f y  . t he i r  domestic energy resources ,  inc luding  

hydropower, nuc iear  and f o s s i l  f u e l s ,  a s  w e l l  as t h e  l e s s  developed sources 

such a s  s o l a r ,  wind, geothermal and biomass. This  r e p o r t  i nc l sdes  a 

summary of t he .wa te r  supply and' t h e  e x i s t i n g ,  planned, and p o t e n t i a l  

hydropower developments in Peru. Data support ing t h e  r e p o r t  has  been 

furn ished  by s e v e r a l  Peruvian agencies  and cooperat ing a u t h o r i t i e s ,  and 

from d a t a  compiled by t h e  United S t a t e s  Department of Energy, Department 
. . 

" of S t a t e ,  and t h e  Department o t h e  I n t e r i o r .  1 

Water Supply 

Mean annual r a i n f a l l  i n  Peru ranges from near  zero i n  t h e  c o a s t a l  
. . . . 

d e s e r t  a r e a  t o  as h igh  as 3400 mm (134 i n )  a t  Tingo ,Maria i n  t h e  high - .  . . 

Selva  region. . The Coas ta l  regfoll 'is depende& .on streamflow i n  r i v e r s  

d ra in ing  the  western s lopes  of t he  Aades. Present  water supp l i e s  in t h e  

Coas ta l  reg ion  are approaching f u l l  development f o r  i r r i g a t e d  ag r i cu l tu re ' ,  

municipal , .  , i n d u s r r i a l  and hydrop&ir needs. Future 'development i n  t he  c o a s t a l  

a r e a  w i l l  l a r g e l y  depend on water imported from t h e  e a s t e r n  s lopes  of t h e  
\ 

Andes. 
. . 

The water, .supqly and head f o r  p o t e n t f a l  hydropower ~ . development i n  Peru 

is g rea t .  The t o t a l  annual  s u r f a c e  water supply, as est imated by t h e  Peruvian 

National  Of f i ce  of Evaluat ion of Natural  Resources (ONm), averages about 

1.5 x 1012. cubic  meters  (1,212 a i l l i o n  .G) . About 3 perce'nt of t he  t o t a l  
> . '  

has been i d e n t i f i e d  a s  p r a c t i c a l ' f o r  near f u t u r e  development. The s u r f a c e ,  

water supp l i e s  a r e  divided between t h e  . P a c i f i c ,  A t l a n t i c  and T i t i c a c a  

watersheds .as follows: 
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