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1" REPACK 

( ' l ima ha.- experienced remarkab le -.{• >n I »l«—•! ig. 1 t-i •< .n< >m ic u row lh over I In- la.-t eight 
year- Th i s g r o w t h ha.- I ecu ace. .in panu' . l by commensura te nun-ax- 111 energy c n - u m p -
t i . .ii a l l . t i l at a slower pace Much of th is iucrea.se 111 energy c< •iisum |>t it >n ha.- been sup­
ported by li lt- niiTfa-st'il development . .t" the count ry 's vast c. ial resource-

The p r o m i - m g ml finds of the early 1<)S0- has:- g i \e t i way i n more -ober a.-se-v-mtTit 
•I th"' . - . .untry 's o i l res, .uro-- I I i l l /a t 1. «i. . <f na iu ra i g:is f i n d - . . f i -hon has been - l ow . given 

1 !u- !a- k . .f iii l 'ra.-i r i i .- iurt- m-ar i h r na tu ra l na> l ie ld-

( h n i a - C O P 1- gr.-wing :.t a rap id rale Pi iergy resource- 1.. support th is rait- • if 
t-v-. < i:>. >n 111- dt-\ t-1' 'pmi ' i i t art- expected to i-niiif f rom t ra t i i l i- ' i ial sources Th i s may require 
tha i coal prod net 1. 11 increa.se by tiO'V by 20(10 Tht- t-ffi( u-iu-y • .f energy list' wou ld also 
ha\ ' - i " liiirt-a.-t- - ignd ica i i l 1> la order i n achieve l lus 1-0 iii> >mit- goal Fa i lu re I n achieve 
••nht-r i-'itild h u r l eo >n* MU if di 'Vt-l. ipnii-i i i <T r e p i n e that Ch ina import energy n->. . l ines 
lr.- in other ' .o i in t r i i - - .11 tin- Pacific Ha.-m 

know lot 1 VT»- abroad about C h i n a ' - energy demand pat te rns and its l ike ly fu tu re 
ur-.wth of demand 1- l imi ted l . ikewi-e. ('him-se planners are eager to seek add i t iona l 
i n fo rmat ion and knowledge aim lit energy u.-e and government policy in the I t i l ted States. 
In order i n exchange in fo rmat ion ami v iewpoints , a Sympos ium was sponsored j o i n t l y by 
the Slate P lann ing Commission of Ch ina and the OHice of Pol icy. P lann ing , and Fva lua-
I !• .11 • .f 1 hi- I S , Depar tment ' 'f F l l tTgy 

The Sympos ium >\as organized by the I'.nergy Research Ins t i tu te o f the State 
P ' ' •t i" i i i ic ('• •mini—ion ' 1 Ch ina, and the l.awretice Berkeley Labora tory and Johns i l op -
k m - Ptnvers i ty f rom the F i i i ted States It wa.s held at the Johns Hopk ins I n i v c r s i t y 
Nan j ing Center in laic June H)SX It was attended by about 15 Chinese and an equal 
number of I *-" exper t - on \ a n . . i i - topics related to energy demand and supp ly Pa th 
pre-ei i ier 1- '-lie of ihe best • bservcr.- of the energy s i t ua t i on in their held A Chinese and 
I S -peaker pre-eui i -d paper- • 'ii each topic. In a l l . about :{(! papers were presented over a 
p e n . - ! of us.1 and one half day- Pach paper wa.s t rans la ted i n to Pnglish and Chinese 

The Chinese papers provide an excellent overv iew o f the emerging energy demand 
and supply s i t ua t i on in China and the obstacles the Chinese planners face in manag ing 
the expected iiurca.se m demand for energy These are matched by papers that discuss 
the energy sit uat ion in I he I'.S and wor ldw ide , and t he implicati< 'lis of the changes in the 
wor ld energy s i t ua t i on on both count r ies 

The paper by Zhu in Part 1 in t roduces the Chinese energy s i tua t ion and that by 
Stagl iano presents a s imi lar overv iew for the P S . They prov ide h istor ical background 
and discuss f u t u r e direct ions. 

Part 2 focuses on the h is tor ica l development of energy p lanning ami pol icy 111 each 
country and the methodologies and tools used for p ro jec t ing energy demand and supply 
One " I the Chinese paper- l / h o i i l also provides an excellent overview of the energy pric­
ing - i i u a l i o n in Ch ina The emerg ing Chit ie-e concern w i t h an pol lu t ion 1- h igh l ighted 111 
the paper by W a n g and Zhau. whi le M i ! . present- an overs n-w of global env i ronmenta l 
• " i i ' ' T i i - l inked w i ' h energy use 

http://iucrea.se
http://increa.se
http://iiurca.se


The papers in 1'ail 'A examine the pat tern of energy demand th< f-•!. .— d r u i n i : 
demand, and oppor t unit les |\ <r energy ei >n>er\ ai i -n m m . Ii I i he ma_p r -••. I. i - in ( 'Ii ma 
and the l S T h e Chinese paper- h igh l ight the need !'• r • iii w e. •!'.-! i \ at i. >n 111 i i i n ldn i i : -
l l .a i i i r i the rap id g row th in t ranspor t i"<il demand ( Y a m : 1 and the pr -co.--- made in mdii-.-
t r ' a l energy coi isercat loii (\\'ang> A l i i e r n a n paper- i.>\i-r -m i l i a r J. •( > (• - !••!• the I v 

Topics such its petrochemicals are n i \ ci: special t rea tment I rban e in - rs* u-e a 
phenomena of g r o w i n g impor tance, is examined separate ly, a.- i- t he t - \ o | \ m i : r u ra l energy 
s i tua t ion m C h i n a 

The papers in i 'a r t 1 deal w i t h the •.>m i<»>k for g lobal and Pacific region energy 
markets and the d c \ e l o p t m n l of the o i l and na tu ra l g:is s<-rt..r in Ch ina i n ia l l v . the 
paper by M a o presents a Chinese perspective on ihe evo lu t ion • >f the I ' S energy <••. n-
oiny 

The S y m p o s i u m papers p rov ide the reader w i t h a rare insight i n to the ( 'h ine-e 
energy demand s i tua t ion observed f r o m a nol -so-mono| | i hie (dunese perspective H <• hope 
that this set of papers wi l l serve to prov ide a good background on the energy demand 
s i tua t ion in C h i n a in compar ison to tha t in the I ' S 

Zhou Fei igqi .lay ant Sat have 
Fnergy Research Ins t i tu te Lawrence Berkeley Labora tory 
Meij ing Berkeley 



TABLE OF CONTENTS 

Part 1: Introduction 

PRESENT AND FUTURE STATUS OF CHINA'S ENERGY — Zhu Liangdong 1-1 

THE U S ENERGY SITUATION Yiio Siagliano 2-1 

Part 2: Energy Planning and Policy 

APPLICATION OF NATIONAL ENERGY DEMAND MODEL 
AND SOME POLICY SUGGESTIONS — Qiu Daxiong and Wu Zongxin 3-1 

ENERGY SCENARIOS — G.R. Davis -4-1 

THE REFORM OF ENERGY PLANNING IN CHINA — Zhu Liangdong 5-1 

U.S. ENERGY POLICY SINCE 1973 — Wilfrid L. Kohl ft-1 

ENERGY PRICE MANAGEMENT IN ECONOMIC 
SYSTEM REFORM — Zhou Dadi 7-1 

APPROACHING LONG-TERM ENERGY DEMAND: 
ENERGY DEMAND FOR PRODUCTION OR PLEASURE? — Lee Scbipper 8-1 

AIR POLLUTION CONTROL AND ENERGY USE IN CHINA — 
Wang Hanchen and Zhau Dianwu 9-1 

ENVIRONMENTAL CONCERNS OF ENERGY USE — Alan S. Miller 10-1 

DEVELOPMENT AND ENERGY CONSUMPTION OF 
THE COAL CHEMICAL INDUSTRY IN CHINA — Li Shilun 11-1 

THE ROLE OF COAL IN THE U.S. ENERGY ECONOMY — Manfred Raschkc 12-1 



Part 3: Energy Demand and Demand Management 

ENERGY USE IN BUILDINGS THE U S EXPERIENCE 
AND LESSONS EOR CHINA Mark D Lcvine and Bo Adamson 1 V 1 

ENERGY USE IN CHINESE BUILDINGS Lang Siuci 14-1 

URBANIZATION AND MODERN LIFESTYLES: 
IMPLICATIONS FOR FUEL USE - Jayanl A. Salhaye 15-1 

URBAN ENERGY SUPPLY AND UTILIZATION IN CHINA Zhang Tingwu lh-1 

REDUCING ENERGY DEMAND WITH COMMUNITY BASED SYSTEMS: 
A NATIONAL ENERGY POLICY VIEWPOINT EOR CHINA Fred S. Dubin 17-1 

ENERGY AND TRANSPORT IN CHINA--Yang H.mgnian IS-1 

THE U.S. TRANSPORTATION SECTOR IN PERSPECTIVE — Vito Slagliano I'M 

ENERGY USE IN CHINESE INDUSTRY — Wang Jiacheng 20-1 

INDUSTRIAL ENERGY USE AND CONSERVATION 
IN THE UNITED STATES - Marc Ross 21-1 

ELECTRICAL ENERGY SOURCES AND CONSUMPTION IN CHINA — Hu Zhao-yi 22 1 

STRUCTURAL CHANGES IN THE U.S. BUSINESS ENVIRONMENT AND 
ELECTRICITY MARKETS: POTENTIAL LESSONS FOR CHINA Oliver S. Yu 23 1 

PROGRESS OF ENERGY SAVING IN CHINAS 
PETROCHEMICAL INDUSTRY — Wang Ring Shen 24 1 

TRENDS IN DEMAND FOR PETROCHEMICALS Edward Flom 25-1 

ENERGY UTILIZATION IN RURAL CHINA Qiao Mu 2h 1 

THE ENERGY CONSERVATION CENTER 01 JIANGSU NANJING 
Zhang Xiaodan 2" 1 



Part 4: Global and Regional Energy Markets and China 

THE WORLD OIL OUTLOOK TO 1W5 John H Lichiblau > i 

PACIFIC REGION OIL PRODUCT TRADE -Dennis J. O'Brien :» I 

PACIFIC REGION COAL TRADE — Smart B. Ehrcnreich Mi-l 

PROSPECTS FOR CHINA'S PETROLEUM TRADE 
AND INVESTMENT — Kim Woodard M l 

CHINA'S OIL SECTOR — Lu Huaihin ^M 

THE U.S. ENERGY ECONOMY AFTER ENERGY CRISES — Mao Yushi v-1 

List of Panicipants 



P R E S E N T AND F U T U R E STATUS O F CHINA'S E N E R G Y 

Zhu I.iangd.>ng* 

Energy is important fur developing the social economy and improving people's living 
standard In the course of China's modernization drive, dealing with energy issues has 
been a constant concern of government staff and intellectuals working in the energy 
domain Since the founding of the People's Republic of China, the energy industry has 
been developed greath At present, both China's energy production and consumption 
rank third in the world. The great increase in energy production has supported the stable 
development of the national economy and constant improvement of people's life In order 
to speed up the modernization, developing the energy industry will be an important task 
for the future 

Of course, today's energy issue is not only met by an individual country, but is faced 
by the whole world, so it is very significant for us to hold this Sino-American energy sem­
inar and to approach this world-wide issue commonly This seminar will be beneficial to 
further strengthen the information exchange and technical cooperation between our two 
countries 

China's Energy Resource is Abundant 

CoafTBKfae Major Resource of Conventional Energy 

By the end of 1985, China's proven coal reserves had reached 780 billion tons. 
According to data from the World Energy Conference, this figure makes up about 35 r c of 
total proven reserves of the world, ranking first. There is a complete range of coal 
varieties with bituminous, anthracite, coking coal, lignite, and so on. 

Geographically, there are different quantities of coal reserves spreading from the 
northeast to the southeast part of China, but they are mainly concentrated in the north 
and northwest The coal base with Shanxi province as center accounts for 70% of the 
total reserves The reserve in several provinces in south China is relatively less. This 
uneven distribution results in a coal transportation pattern from west to east and from 
north to south 

With the decrease of oil reserves in the world, and coal being one of the most realis­
tic conventional energy resources, the significance of China's rich coal reserve is that coal 
from China will play a role in expanding coal trade in Asia and the Pacific basin as well 
as the world 

* Deputy Director. Department of Resources Saving and Comprehensive Utilization, State 
Planning Commission 
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Hvdropower is Plentiful 

H.i\ 1111: TII .i rt v I I W T - and rii h r:i:nt.i!l • :r . . •' i;; T r V lui.-. ;i w r \ l.tr n-- h\ Jr. •;.. u.-r 
resource Tin- t he. • r-, • I K -a! i>-.<r\e rt-.i- tr.- b^n * A\ w:'!, <\\,\ :\ .,\ \<- . .1}. :i. i I \ ;1M) ( AV 
The annual hy.ii electricity .-input < •( I'in" TW'ii r.nik- hr-t in th-- w..rld Tin hydr.-
power resource i> tin' treasure-house . . four • • u n f r> and 1- a!-. ;I clean, renewable energy 
resource 

China s hydropower resource is mainly in the western area, with about 70' I concen­
trated in the southwest The resources in Yunnan and ^hichuan provinces and Tibet area 
all exceed 100 G W separately T h e famous " three r ivers" valley in Henduan moun ' t i n 
area the upper and middle reaches of the ^arizhi River, the upper reaches of the ^eiiow 
River the Huiigshui River valley and the upper and middle reaches of the Yaluzhanghu 
River are all areas rich in hydropower resource With poor hydropower resource in the 
east part of China, the hydropower reserve in northeast , north, and east China accounts 
for only 6 6'7 of the whole country, but it can be used to build many small and medium-
sized hydropower stat ions The development of hydropower in large scale and transmis­
sion of electricity from west to east will be another featuif- and inevitable trend of 
China 's energy industry 

Oil and Natura l Gas Resources Need Fur ther Exploration and Development 

Explorat ion and development of China 's oil and na tura l gas resources has produced 
great achievements Especially since adopting the policy of opening to the outside world. 
China's oil industry has made new advances. By cooperating with foreign countries, 
import ing advanced technologies and raising foreign funds for exploration. C h i n a ' s proven 
reserve of oil and natura l gas has been increased year by year. 

The proved oil reserve of our country is mostly concentrated in the north and 
northeast area, while the gas reserve is concentrated in Shichuan province. Exploration 
of oil and gas reserves on the seashore has also made some progress. 

The increase in China's oil and gas reserves depends on the s t rengthening of explora­
tion There are large areas of sedimentary basin, cont inental shelf in coastal areas, and 
the western wide districts that have abundant oil and gas resources. The a rea tha t has 
been explored accounts for only a small part ; most of the areas remain to be explored and 
developed. 

Theoret ical ly, the future of na tura l gas is very hopeful, but the proven reserve is 
relatively less because of lack of geological exploration work. China's coal reserve is rich, 
so the natural gas resource associated with coal could also be abundant. Therefore, the 
exploration of natura l gas is wor th paying more a t tent ion to. Experts e s t ima te that in 
average dep ths of 300u m, there are dozens of trillion cubic meters of na tura l gas waiting 
for us to exploit. 

Evaluation of China ' s Conventional Energy Resources 

In future decades, the energy demand for China ' s modernization drive will still rely-
on conventional energy resources, and the proven reserve is basically sufficient The fact 
that the main conventional energy resource is coal has shaped the orientat ion of utilizing 
energy resources in the future Increased attention should be paid to solve the problems 
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Ti l ' ' p o t e n t 111! f t i l ' \ el- • J • -!l f l ; t i ' f l i \ l r o p . ' W e t I* • • l l ' T i l i - M l * 1". • b u i l d h y d l • • ] ' W ' T 

stall.cs* in i he n \ i-r-x'i 11 • •!!- with ru li reserve .nnl g • •• >d .•• -in.1:11 -ii- oiii pri -v i.l< multiple 
benefit* . t' 5 • r • 'il ;i. i ii c t-lf> t n. ,t v . prf\ ciii nit I! '••<{- and de\ el ping n.i\ icit i"ii -ml — i I j • j • t > -
i ii ii water for industry and itgrnu It u rf 

Although i In- !•• •ii\fin i -nil energy resource is r u b . energy • • u t put per capita i* !••** 
th;ui ttif work! ;iVtT;i(f hecau*e of China 's large p. »|>u l:it i< -n Therefore. Clisn.i should 
; r til '•.• i'f!: .•!'•!: t u*e v<\' I'luTi:) and per-i.-i m gell ing the best s.o,-ial-ec. •!!• >nn. re*uh* 
ir.-i. i.i • •!" i- nij'.iring energy consumption per capita with developed rciuiiirns 

Willi the development i>f science and technology, the obtainable energy will be 
in. re.ising constantly Tin* mean* that with thorough and wide exploration, proven 
re*. Tve- will in. rca.*e and that advanced technology can 'iicr<-:ise the recover) rat io I-«>r 
instance, at present, the final re.. .very rati... m petroleum exploitation is only 1 3 li the 
secondary aiul tertiary recovery technique is developed to it* practical level, the obtain­
able oil resource can be increased 

Fea tu re s of China ' s Energy Production and Consumption 

The Growth ^>( Ktn-rgy IV' "In- lion IS Fast 

Since the founding of new China, the energy industry has made t remendous pro­
gress In 19S7. the total output of primary energy reached 0 91 billion tons. 38 times the 
1919 level Coal output wa* 0 92 billion tons, crude oil output was 0 131 billion tons. 
natural gas output was 13 S billion cubic meters, and hydro electricity produced 99 5 
TWh Table 1 shows China's energy production over the past three decades. 

In different periods, the average annual growth rales, were as follows: 

1919 - 19*7 10 f 7 
1919 - 19G5 13 S'7 
1966 - 1980 S.5C7 
1 9 8 1 - 1 9 8 7 : 5.2 r c 

Generally speaking, the lCor growth rate during the 1949-1987 period is ra ther fast 
The growth ra te in the period of 1949-1965 was even faster because the initial basis for 
comparison was small and the development of heavy industry in the beginning period of 
industrialization was faster In the later period, the growth rale slowed down because of 
adjus tments in the national economy and the production s t ructure and efforts u> 
encourage energy conservation 

Changes T a k i n g Place in Pr imary Fnergy Production S t ruc ture 

In the 1950s, coal accounted for more than 95 r 7 of total primary energy production 
Petroleum production only took 2 C7 In the 1960s, the large oil fields like Da Ouing. Sheii 
Li and o thers were developed Later on. the new oil fields. Dan Gang. N j r t h China. Liao 
He. ami Zhone Yuan were put into production Since then, petroleum occupies more ihan 
"JO'V of total energy output , though coal still occupies the major portion 
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T a b l e 1. C h i n a ' s E n e r g y P r o d u c t i o n a n d C o n H u m p t i o n 
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1 Inn:, - I ! h i p ( ) ; , ! ; • . ' i- V ,.:>'> • \ ' . - I ' ! • l» • . - i ,. I >• ;, ,;. I 

I'll! ' ma jor | u r l >'l 111 - r c. \ o i . lp i l t I- t >. • I .!• .|in .-I i> N-' i.. ' -iM •. -n i . i ! p !!!••>! >- !• : 
c \p , r i l ' ln' annua! r \ p M I . >f .-rude ni l a in I pet r •l i ' i i in pp >dir I - I - a!>.»n x 3(1 mi l l i . >n t o n -
The roa l export in 19S7 was 10 mi l l ion tons, about 3 ' / of tin- to ta l w o r l d t rade volume 
Ch ina 's energy export o ieupies a - i n : II |»" r i i« »n of the in ternat iona l energy J r:ul<* 

I tu l i is t ry A ' .aoi i i l ls for a M a j o r Po r t i on of T o t a l F ina l Knergv C. n -u inp t ions 

On.- of the f u n d a n e n t a l features of developing c u n l n e - is that the ma jo r p. . r i io i i of 
to ta l energv consumpt ion ^[' ' l i e o u i n i r> is for i ndus t r i a l u-e Ta lde 2 -hows the - t r u r t u r e 
i<\ l iual p r m i a r v energv eot iMimpt ion in China h id l s t i l a l ii-e takes about l id ' < hi reeent 
\ea r - . in accompany MI£ w i t h the developn enl of the nat ional eeoiiomy ani l the miprove-
inei i t "i' peoples l iv ing s tandards , the por t ion ^>( l . idus tna l energx consumpt ion has 
decreased. and that o*' publ ic u t i l i t ies , households, and serviees increases year l»y year 
T in - t rend w i l l eo l i t i u ie and the development of dome appliances and tou r i sm wi l l also 

enlarge e lect r ic i ty demand 

Table 2. Primary Energy Final Consumption and its Structure 

unit = MTee 

1980 19S5 

Consumption c-c Consumpt ion f 7 

Tota l Final Consumption 575.10 100 739.20 100 

1 Agricul ture -16.30 8.0 55 30 7.5 

2 Industry 363 30 63 2 -1-12.10 59.S 

3 Building Construetion 
Industry 

9 GO 17 13 00 1 7 

4. T ranspor ta t ion , Posts 
and Telecommunicat ions 

2S.60 5 0 3 6 7 0 5 0 

5. Commercia l 5 20 0.9 8.10 1 1 

6. Non-Production 11.90 2 0 15 90 •> •> 

7. People 's Daily Life 110 20 192 167 SO 22 7 
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M"-t Coal l- Dir'-cliv lliinii !•> 'lie Coii-uiii.-r 

In l 'NY v_"(l \ l i , | ;, ..ii \\. ri • >.|iMiiti' •! On!\ :{(>'" w a- ::-.• I t. • general c e|e, -i ri' it\ 
,iii 1 ». • • • 'ii\ ert ml • »-. -k• — • \ t• u g i> I'..;- ,-. .n-inner i.-e :md in- n h 7i> . u i.- ,in . , l \\ hutul in 
m i-1—t ri.il I" •llt-r- k.tin— .tii.l I' r !'«•• .ph-- dail> hie 

The !.i I u' : i n i • • 1111; .'I ..ml . l invi l \ l.iniit m holler- l.iiiuK • . >• >k nit; . .veu-. and Ii • 'U-e-
h. .Id hi ii ih>A t •- -1• • • i — in.I • • \»-11 — I'nils;- .i -ei i. ai- problem • f <-\i\ u. >u II11 lit .il [•* 'iliti i» ••• The 
wavs to s.-ilve this problem are to construct mure coal Tired thermal power stat ions to 
supply clean electrical energy, to construct more c.-generat ion power s t a t ions and district 
heating sys tem- to supply s team and hot water Tor industrial and household use. and to 
construct plants producing ga.-cous fuel to replace direct lnirmng of coal at the consumer 
-id.' All the-f plants -h.'iil.l he equipped with elfective facilities to make a minimum 
emission for environmental protection We are al.-o making coal br iquet tes for residential 
n-age t>> improve combust ion elli. lent y and reduce pollution simultaneously 

Rural Residents Mainly Rely op Hio-Knergv 

Specialists estimate that 1 3 o( the wor lds population uses firewood and crop resi­
dues for daily life energy: China ' s 800 million peasants are half of this population In 
recent years , because of the implementation of the policies adopted by o ; ; r government. 
the energy demand in rural areas has increased rapidly along with the development of the 
rural economy and the rising living standard in rural areas. Therefore, solving the rural 
energy problem requires solving a complete sys tems engineering problem including 
comprehensive rural economic development, selecting appropriate energy resources and 
balancing energy supply and demand, and ecological and environmental protection 
Table '•! shows the fundamental da t a of rural energy consumption in China . 

Based on the recent experience of rural economic development, we can draw several 
conclusions about our rural energy problems: 

/ / / The development of IIIe rural economy results in more dependence on commercial 
energy During the Sixth f ive Year Plan period, the township and village industries have 
developed rapidly, and commercial energy consumption has almost doubled. This trend 
w i l l c, i t i t i l l l ie i l l t h e f u t u r e 

I J) Rural needs of commercial energy will he solved principally in the rural areas 
themselves. In recent years, township-owned small coal mines, small hydro and thermal 
power p lan ts have been developed quickly. They supply energy to meet the needs in tIn-
rural area. We should do more work to improve the safety conditions of the mines, and 
to promote their technology progress so that these mines and plants can work well for a 
longer t l ine 

(S) h ireirond afforestation and comprehensive use of bio mass are important ways to 
solve the eneryy problem in rural areas. The government encouraged firewood 
afforestation and development of bio-gas to allow comprehensive use of bioma.-s This has 
proved to be verv effective. 

(.{I I idly itsimj tin natural eneray resource accordant In the local conditions will aire 
ur'tit resuiirce putt nihil for ('hum's rural ureas Solar energy, wind energy, geui hernial 
'•nergy tide energy and other- m:t\ be used as supplementary rural energy resources 
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Table 3, Energy Consumption and its Structure in Rural Areas 

1980 l«IX5 

I'rinliii l inn Total Production Daily Life Tot al 

l«IX5 

I'rinliii l inn 

Total Energy Consumption 
in Rural Areas 

MTce % MTce % MTre % MTre t M T r e '"' 1 
Total Energy Consumption 
in Rural Areas 329.50 100 67.76 100 261.74 100 424 99 

1 
100 | 143 25 .00 , 

1. Commercial Energy 
Consumption 

99.53 30.2 58.55 86.4 10 97 15.7 191 31 45 0 130 00 j 90 h i 

(1) Coal 85.00 19.7 27.93 41.2 37 07 14 2 151 70 H.r. 7 •Hi ti3 ; (17 r, i 
»• - • ! - • i -

19 II ! 13 3 (2) Klectrir.il Power 19.23 5.9 16.59 21.5 2 65 1 0 24 12 5 7 

3 li 

•Hi ti3 ; (17 r, i 
»• - • ! - • i -

19 II ! 13 3 

(3) IVlroleum Products 15.30 4.6 14.03 20.7 1 25 0 5 15 49 

5 7 

3 li 
r " ' • •* 

1 1 2li 10 0 | 

2. Non-commercial Energy 
Consumption 

230.00 69.8 9.21 13.(i 22077 84 3 233 Ii8 55 0 13.25 9 2 

(1) Straw 117.00 4 4 7 

(2) Fire-wood 103.77 3 9 b 
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Energy Demand and Energy Policy in the Future 

T h e df v t ' lop i i icn t of a m o d e r n society d e p e n d s .>n tin- ••< >ni IIIU< MJ- UP r •-.»>«• • •) . -n.re> 
c o n - U t n p t l o n T h e q u e s t i o n of how Il l l l ih ene rgy we need a n d !l"rt v\e »h..uld p r o m o t e t in 
development "I' the energy industry in meet the eii«-rg> demand in ill'- in- •• i«r tn.'.ii !• 'ii • •! 
China is :i \ e ry mip« >rI:iitt i»sue 

The Strategic Goal of Economic Development 

In the report on the 13th National Conference of the P a r t y . General Secretary / ha t . 
Zivang pointed out "After the third plenary session • •! the 11th central c m m i U t - e tin-
strategic a r rangement tor economic construction of our country can be principally divided 
into three steps The first step was to double the C \ P of 19S0 and solve the fmrtl and 
clothing problem of the people This task has been basically fulfilled Tip* second Mep i-
to quadruple the C N P of lfiSU and make the living of ihe people "weii-olf" The third 
step is that by the middle of the next century. G.NP per capi ta will reach the level of : t 

middle-developed-country. and the life of the people will get relatively rich 

The kev point at present is how to realize the second strategic goal of the develop­
ment At present, the economic output in our country is relatively low. energy consum[v-
tion per unit product is high, the waste of various resources is severe, electricity supply 
cannot meet the needs of national construction, and there i.s a lack of construction funds 
T o solve these problems, we must pay attention to the economic results, improve the 
quality of goods, reduce material consumption, realize a rat ional distribution of produc­
tion factors, and improve the utilization of funds and the efficiency of resources utiliza-
t ion 

We will rat ionalize the s t ruc ture of enterprises by adjust ing and transforming indus­
trial s t ruc ture . Using advances in science and technology, we will gradually improve the 
management and efficiency of energy use so as to reduce the demand for energy. 

We believe that with tht speeding up and deepening of the reform of the economic 
system, the s t ra tegic goals of economic development can be realized. 

Energy Demand and Production by the Year 2000 

In the year 2000, China 's population will probably surpass 1.2 billion According to 
preliminary planning and forecasting, the G . \ P will be 1250-1300 billion I S dollars and 
the energy demand will be 1.1-1.5 billion Tee. with energy consumption per capi ta of 
1100-1200 kgce. 

According to the present pr imary energy production s t ruc tu re and the growth possi­
bility of energy product ion, it is planned that the average annual growth rate of pr imary 
energy production will be 3.5%. The projected coal ou tpu t is 1.3-1.1 billion tons, and the 
projected hydro and nuclear electricity output is 250-300 T W h According to this plan, 
the task for the next decade is very heavy, but we believe tha t we will realize our goals 
provided that our plan is properly arranged and correct measures are taken. 

Policy Will Cont inue to Emphasize Energy Exploitation and Conservation 

China 's modernization cannot be built on the basis of low energy consumption The 
average energy consumption per capi ta in our country is only about 800 kgce. In order to 
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|.»i ( '. •HM.irriiisi thr |.|i>-i..il s i tuat ion nl energy supply in <>ur country, VM- should 
<n\<- pn> 'i ity i " -: i \ ins; rli-i-t n n t y and ml pn >duci- ;unl t«. ral loiial use <.| lu-;ii 

i l l In . .nli-i I.. promote the development i if energy c< Ulserva! loll. I lie responsible 
ilfpMi l iin-iit- "I u,i iM-riinn ut should draft general programs and formulaic policies, rcgula-
11- >n-. .iiid laws 

Tin- 1'nwt-r Industry Should be tin- Center of Knergy li!<lnstry Development 

An impor tan t mark for the modernization of a society is the percentage of energy 
used for electric power in total energy consumption. In most developed countries , ii is 
:{•">-l()r'r. but in our country it is only 22.-iT 

Mefnre 1<)S0. electric power development exceeded the development of the national 
economy. During the sixth Five-Year Plan period, the growth rate of the power industry 
slowed Although in the past two years the annual growth ra te of electricity ou tput is up 
to l() f 7. electricity production slill cannot meet the demands of national economic 
development, and electricity shortage is becoming a serious problem. 

To accelerate the program of China ' s modernization, priority should be given to the 
power industry. For this reason, our government has adopted the policy of taking the 
power industry as the center of the development of the energy industry. In the coming 
years, the growth of the power industry should be kept at the same pace as the growth of 
the national economy, or even be ahead of it, so as to ease the electricity shor tage . It is 
our goal that in the year 2000 electricity output will reach 1100-1200 T W h , and the pri­
mary energy for power generation will account for 35 c 7 of to ta l energy consumption. 

Considering the characteristics of China 's energy resources, to achieve this goal we 
should develop coal-tired power s ta t ions with great efforts, as well as exploit hydro power 
in the areas of favorable conditions, and properly develop nuclear power in the areas fac­
ing serious electricity shortage. 

The power industry is a capital-intensive industry. At present, to solve the problem 
of lack of capital local authorities and power consuming entit ies are being persuaded to 
pool funds together , and foreign loans are being used to accelerate the development of the 
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tii'-nt i> mor:- t h a n '_' lnlli<>n V S d o l l a r s 

l-il Hiring foreign working teams F o r exp lo i t i ng t h e oil depos i t m Xmjr.tfi - \ t i l - -
neitii"Us reg ion , we h a v e hired inure t h a n "JO foreign w o r k i n g t e a m s from t h e I S a n d 
F r a n c e In t h e f u t u r e , for exp lo i t i ng t h e oil and n a t u r a l g;i-s depos i t in s o u t h e r n C h i n a . 
t he re will he m o r e o p p o r t u n i t i e s for e x p a n d i n g th i s kind of <\>operat i"i i 

141 lii the course of introducing new techniques, new facilities, and new technologies, 
flexible forms such as combining technology transfer with trade business ran be adopted 

In summary , along with the wider opening of C h i n a s coastal areas to the outside 
world, the internat ional exchange and cooperation in the field of energy will progress 
further and further 
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U S rAL ENERGY USE * 384 • 74 QUADS 

Resijencai Energy Use 
Comne'ca' Energy use 
Indusr* Erwgy Use 
Eiectr-ciry Gene-aton Losses 
Ttansportafton Energy Use 

(9 04 Q-acs) 
(5 94 Quads! 

(21 07 Quads) 
(18 14 Quaes! 
(19 85 Quaes; 

I'-tr •ifiiiii lit.- ripiaced coal as 'ue predoimnaat fuel in I S . energy consumpti.m 
I '̂  'i r-- J! I hi« (Ii uii!-' hi.- had geopolitical consequences for the U.S. because all energy 

!i-•• ••!- > \. • i t j tiiwlcum, can be met from domestic supplies. 
M'-ctnie n.iti n:ii pi-tri.ii-um requirements is currently tin- major preoccupation ..f 

' > [•• Ii v iiKikt-r- H.-cau-c i.if future oil price uncertain'y we have prepared two fore­
cast.- ol luture I S nil consumption and production Figure 3 illustrates past and es­
timated future production and consumption of oil in the U S. The difference between 
consumption and production is the oil we import. 

In the high price scenario I S . imports are expected to increa.se from just OV-T 1 mil­
lion barrels per day |M I>) to S million l!,f) by 11)95. If oil prices remain low. U S . »| 
consumption will mcrea.se fa-sier and U.S. oil production will decrea.se f;ister Instead - •( 
importing *< million H I), we estimate that imports will be 10 million H D of <<i\ In the 
low price scenario oil is $1.1 H in 191)0 and Pl.i H in 1111)1 in the high price scenario oil is 
••F'-,•., H in 1990 and *2S U in 1991 

lJirfi-tor nf ['win v Intrgrul iu ' . . 1" S I.)r;iart im-iil of KIIITRV 
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Source U.S. Energy Inlormeiion Admmsiration 

These projections of I S . ObX'D oil requirements are of concern because under most 
scenarios of petroleum requirements in the 1990s decade, increased imports will be neces­
sary. Oil reserves are concentrated in the Persian Gulf; 63*71 of all known oil reserves are 
located in the region, 76 f* c when all of OPEC is included. 
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The true market |«wcr of the Persian (.lull" \<r<viucers is underestimated \<y examin­
ing reserves alone. 7 1 ' , ' >-•!" surplus oil pn .ducti..n capacity is in the P-rsiaii I'.uU'. "Jl', ' i-
in other O P K C countries and . nly •_>,7 is ..utside OPKC. We esiimate that ..utMde the 
Persian Culf. the only countries that can significantly in<r<-a>e their pr.'du. t !• .n under 
current economic xssnmpti.iiis are Libya. N i ^ - m and Venezuela 

Shares of Surplus Oil Production 
Capacity in 1986 
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per Day 1 ° 

0.5 

0.0 

New 
Fieias" 

1975 1980 1985 

Actual Projected 

2000 

'Includes Kuparuk, Lisburne, Milne Point, NGL Project, Gwydyr Bay, 
Point Thompson, Seal island, and West Sak. 

"Includes potential development of the Arctic National Wildlife Refuge 
(ANWR). 

In addit ion to our intcrvsi in mcri'aMiis, I S < • i i pr* MIIH-T i« >n. we an* a!>" <•> >n<iTiii-d 
about using eriiTgy more t'lfim-ntly The I ' S uses •nercy in many divi-rs- ways unl i 
almost equal use <>f energy in tr:\nsp< M tat i. »n. industry, and in prodm-iiiR f l n l rn ity Only 
about one-fourtti of our energy is usi d in residences and i > u n m e n i a l buildings 
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Over the laM lifii'i'ii year- dri-rfasrs in energy u->c have IKM-II Mendicant H. ! h tin-
I > ami all O l \ ( ' 0 economics ha'.f significant ly reduced energy use compared to ih>-
:tlll> >ll III vl i-InTCy they Would have used if elliciclicy linpl. .\ cliiclits had II • • t ...a m n d \ \ •• 
list- ii" i;i'>re enen;\ in the 1 S today and less oil than we i|;d in l'.C'J despite an f " i i " i ny 
that is Hi'7 larger 

joe -

Conservation Savings Have Been Dramatic 
in tn. U.S. Economy „ _, ^ Q E C D E e o n o m J M 

\ \ hfii we think about reducing future I ' .S. oil consumption, it is important to see 
where it is concentrated. It is almost all in the t ranspor ta t ion and industrial MM lor-, with 
t ranspor ta t ion accounting for about twj-tl i irds of all l ' S. oil use. 



U S OIL USE IS CONCENTRATED IN 
TRANSPORTATION AND INDUSTRY 

• Tra-XDC'tavr- (•9 3? C a ~ s 

n Corrvr-:3 (0 97 Q_ar 

• Resoeiia: ;•: 61 Q-acs 

• Ut '.es p 29 0 - a r s 
D i n c j s r i (7 69 0-305 

The t ranspor ta t ion sector h:is u-.-d 1>>S oil berause >l unproved >-tii>ii-u.v Other 
sectors have used less oii because i f improved i-iiiciency. shifts to • ••!!i»-r furls and shifts 
away from production of . .il-mtcnsive £._-ods and servn ••- Tin- tran-p. rt.ii ion -.-. i..r is 
captive to oil use and relatively unaffected by increases in oil priees since A n u r i e a n indivi­
duals and businesses d<:> not reduce t ransportat ion demand very muiii when oil beromes 
more expensive 

C o n c l u s i o n 

The L .5?. is committed to a healthy economic environment for both <>\\-< • <!i«uimng 
nations and oil-producing nations t ha t avoids rapid changes in oil prices, eitlit-r sharply 
up or sharply down. We recognize t h a ' oil is a valuable, depletable resource whose future 
value and price must increase. We will maintain emergency stocks and use them to miti­
gate the impact of oil supply disrupt ions in cooperation with other Ol]<T) countries We 
will continue to improve the efficiency of our oil use ami use mure natural nas We be­
lieve that free t rade in oil and oil products provides the best lone-term benelits to both 
producers and consumers. 



A P P L I C A T I O N O F NAT I O N A L E N E R G Y DEMAND MODEL 
AND S O M E POLICY S U G G E S T I O N S 

U: . P.iM :i£ .n;.i W u / ' : ; J ; \ I I I " 

C u r r e n t E n e r g y P r o b l e m s 

T h e economic and energy situation in China is excellent During the Sixth Five-
Year Plan period (19S1-85). ihere has been much greater economic growth than the 
planned ta ree ts . and marked successes made in energy production and conservation 
Between 1 yS1 and 19Si production increased by 200 million tons coal equivalent (Mtce) 
ITabie i ! Energy helped the country to achieve sustained economic growth, and meet 
the !a.<ic demand of the people for a higher s t anda rd of living 

T a b l e 1. E n e r g y p r o d u c t i o n a n d i t s s t r u c t u r e in 1980 a n d 1985 

Year 
Tota l energy 

production 
Mtce 

Haw 
coal 

million 
ton 

Crude 
oil 

million 
ton 

Natural 
gas 

billion 
3 m 

i 

Electricity 

billion 
k\Vh 

19S0 637 622 106 H I 300 6 

1985 
> 

839 850 125 1 2 3 407.3 

T h e fundamental reason for the excellent energy situation is tha t economic readjust­
ment and reform have instilled new vitality into the economy. Due to use of the overall 
contract responsibility system in coal and oil production and a general heightening of 
people's awareness, energy production and conservation have been enhanced. C j a l min­
ing has been developed by individuals and collectives in the rural a reas as permit ted by 
the s t a t e , with over 5 0 ^ of the increased coal production of the country drawn from 
township coal mines. Following this is a marke t for some energy produc ts throughout the 
count ry , and consequent upon this an improvement of the relations between energy sup­
ply and demand, and rapid development of var ious township enterprises with their energy 
demand being met by the marke t 

In contrast to these successes, however, many problems still exist in the energy 
indust ry . The major ones are as follows: 

1. Contradic t ions between energy supply and demand, particularly from a short supply 
of electric power. The est imated yearly shor tage of electricity is 50 billion k\Vh 

Institute of Nuclear Energy Technology. Tsinghua University 
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'2 Imbakuiced etierg\ *-11 j •; 1 > .t 11 • i d< in u : I .iii: -iig rrui n- du-- i- ;i i i ' k <d I r :III-J« M l"i 
energv rrs'Hirce* It 1- t--! mi.io d I ! . I ' 'li'-rr ar<- r>n nnih n i - -11 — .•! coal aw.utnm 
t ranspor t form the c >a!-pr\'du. nn: arr.u-

,] (Ireatlv ch. uiged composite n . •!' <•!!< re\ • n-umpt i-•!! f\ t. • « n.-hip >ui<r| n.-.c- Willi 
the growth of ti>\\ n.-dnp fiilt rj-r i>»-> . • -in rii<-r< i.ii • in rg\ «.-' -is~»iiii|-t»- -it and n i r t o 
used for production increased rapidh in r'ir:i ! ar-.i.-

4 Serious air pollut.^n in Chinese cities and acid rain fr«-m the use of coal a*, a maj^r 
fuel This is particularly t rue of South China, where rainfall with pH lower than r> 0 
and recurrent crop damages are reported 

When economic advances are made f. . Ikying the goal set by the Chinese C . m m u m s t 
Par tv Cen t ra l Commit tee for this countrs and the Chinese people to a t ta in a fairly com­
fortable s t anda rd of living by the turn of this century, how much energy will be needed' 1 

How is the trend of related problem-; m the energv held'' These are the tasks of our 
energy demand forecast 

F e a t u r e s of t h e N a t i o n a l E n e r g y D e m a n d M o d e l 

Since 19S0. INET of Ts inghua I 'nivtrsity and many other research units have taken 
on the t-tfk of energy demand forecasting There has been in-depth s tudy of forecasting 
methods, e.g.. energy consumption elasticity, sector analysis and s ta t ic input-output 
analysis As a result, a model of energy demand with a set of submodels , including 
dynamic input-output analysis and techno-economic analysis, has been set up (see Figure 
1). Following are the characterist ics of the model system: 

The Macroeconomic Submodel 

The macroeconomic submodel concentrates on dynamic input-output analysis It is 
a sectoral, balanced model with multiple periodic dynamism It can produce important 
information such as annual increases in total ou tput value and investment , and provide 
the scenarios for coordinated and balanced development of various economic sectors The 
operation of the model proceeds from the end-use demand of the society and various 
households, not from the productive forces. 

Energy Demand Accounting Submodel 

This is a techno-economic analytical model based on detailed forecasts of the 
activity level of energy consumption units such as populat ion, the number of households, 
the ou tpu t of products, the volume of commodity turnover , and the intensi ty of energy 
consumption. Take diesel locomotives, for example. The activity level is the freight 
volume of goods moved by diesel locomotives, and the future oil consumption intensity is 
placed at 100 tons/ki lometer . T h e lat ter includes the impact of the types of locomotives 
in use in the year 2000, and the impact exerted by improved technology. 

The submodel forecasts for each basic energy consumption unit, then sums them to 
obtain the demand value at a higher level, i.e., by sectors. Finally, the total end-use 
demand of energy in the whole nation can be obtained Energy forecasts proceed from 
end-use-useful energy to the demand of primary energy resources 
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FIG. 1. National Energy Demand Model System Framework 
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I'lir l l o ' l l ' »llltf I m p e l S u b m o d e l 

T in* n i ' i l i l is used for i'\ altiat ing I In- t-i-. .11.-nu. gain* 11 > • u i inv est tin nt in «-11 • • 11; > .-. »n-
—,-iv ill- -ii 11'. Iin< >]• >gv 11 • t. M . I H 11; It «.| |o\\* t h a t < • 111 - r n \ . •oi i* ' - rvat iou t cchuologv ret . . . -Iinii 
b r i n g s lo\\i-r | • i • 'i 1 n i l IV"' cos t s and lowered di-ni.nid on t h e ene rgy -»••*-!. -r i ln i s !••.! ii, i nt; 
lll\ '•-! llii-Ill r e q u i r e m e n t s 1 he overal l i-ruli' •lllle result* call lie assessed lr"in a i . ' l n -
l>ari* >ii of reduced energy sector investment with investments in enercv conservation 
technology retooling 

The Regional Knergv Peinand Submodel 

The regional energy demand submodel is used for s tudying the regional distr ibution 
of locally-distributed productive forces, the s t ructure of production, and the t .til put of 
major local products to obtain the amount of energy resources needed lit various regions 
It considers the potential of resources and the technical advantages enjoyed locally as 
well as the const ra ints of national economic growth and reform of the national productive 
s t ruc ture 

The whole model system shows not only the inliiience of s t ructural changes from 
social economic progress on energy demand, but also changes in the s tructure of produc­
tion, the influence of changes in the s t ruc tu re of various t rades , am' the impact of 
changed product mix on energy demand. 

Application of the National Energy Demand Model 

The functions of the model system are: 

1 i n forecast the national energy demand according to planned targets: 

_' To forecast the energy demand in various regions; 

•i To analyze the influence of related factors such ;t.s the s t ruc tu re of production, pro­
duct mix and technical progress on energy demand: and 

1 I'o assess the economic results of investment in energy conservation technology 
r-toolmg 

The niod'-l uses interactive software and IBM microcomputers , with the help of 
which the planners can carry out data examination and revision of forecasts Thus , it 
makes an eflective tool for planning. 

The model has been applied to national and regional energy demand forecasting b>r 
the year 2000. according to the targets of total output value of industry and agricul ture 
and a fairly comfortable s tandard of living of the Chinese people. Table 2 lists the com­
position of output value by 2000. according to the macroeconomic model 
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T a b l e 2 . E c o n o m i c S t r u c t u r e in C h i n a (^i of o u t p u t v a l u e ) 

I'ISO 2 1 MM) 

Agriculi ure 2"i ') 19.8 
('iinstruct 11 HI S.7 8 (S 
Transpi irtat ion 2 7 2 7 
('oiiiliiercial VI r> S 
In lustrv 58.0 02.8 

in w Inch: 
Haw mater ial 11 () 9 1 
Mechanical 22.fi 32 2 

Total : 1000 100 0 

A greater percentage of China 's ( I N P will he contr ibuted by its industrial products 
bv 2000 There will be a p-duced amount of raw material and semi-finished products in 
the output value of industrial products and an enlarged share by the machine-building 
industry, new advances in mechanization and increased electric appliances sought by 
residents 

Forecasts of energy demand are made with the energy demand accounting submodel 
in accordance with the s tructure of ou tput value in various sectors. Hesults are shown in 
Table 3 The result conforms with projections in the World H a n k s report "P rospec t s of 
Fnergy Supply and Demand. ' ' issued in .January 1981 (Table I). Our forecasts are that 
1 37 to 1 70 billion tee will be needed by China by 2000 Th i s compares with a range of 
1 39 to 1 77 million tee according to forecasts of the World Hank. 

T a b l e 3 . C o m m e r c i a l e n e r g y d e m a n d forecas t in C h i n a ( S c e n a r i o I) 

1980 
Mice ('c 

2(MK) 

Mire f 7 

Coal 
Oil 
Natural gxs 
Hydro power 

135 (71.8) 
128 (21 1) 

19 (3.1) 
21 (10 ) 

97(i (1)8.5) 
299 (210) 

71 (-V0) 
78 (5.5) 

Total (><)5 (100) 1121 (100) 

F l ed r inly 
(billion k\Vh| 300 i) 1200 
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Table 4. Commercial energy demand forecast made by World Bank 
(low scenario) 

19S0 
Mtce <7 

2000 
Mtce <7 

(V.al 
Oil 
Nat urai gas 
Hydro power 

m (7i tii 
129 (21 3) 

19 (3 1) 
21 130) 

1121 (7*7) 
200 ( 110 ) 

13 (0 9) 
91 fti 1) 

Tot: i | (>()(> (loo) 1 12* 1100| 

'I'll,- forecasted a \erage prodnet i< >n _ni• • w I 11 r.it <• • •! ^ :• I i- MI-- ! \ pes . .| einrgv ri-»'iir. !"• 
|.\ 2000 1- -ho\Mi in T;ib|e '. 

T?ihle 5 . A n n u a l a v e r a g e g r o w t h r a t e of e n e r g y p r o d u c t i o n f ' r ) 

19V0-S") I9*li-s7 19*7-20(H) 

C.-a 7 0 2 9 3 o - i : 
Oil 3 3 2 t) 2 !>-"> * 
l.'i- 1 I |.-|t\ li 1 10 3 7 o 

( liv'-ii t lie gp >w t h • if enemy |'i"i iducl !• 'li ill recent \ ears, it is by 11• > iiie-.m< an ••a>\ y >\> 
t o I ' - . i ' l l t h e g o a l s e t b y 2 0 0 0 C r e a t e r g a p s W o u l d s u r e l y In c r e a t e d b e t w e e n e n e r g y s u p . 

p | \ and demaiiil if the anticipated energy demand of 1 7 billion tee as forecasted m the 
high-target scheme should be needed by 2000. 

Forecasts of regional energy demand are made on the basis of administrat ive divi­
sion of the 29 provinces and municipalities, with the exception of Taiwan Province From 
a comparison of these with the forecasts of energy output by the energy production 
depar tments , we can see the balanced relations between energy production and demand in 
various regions. Take coal supply and demand among China ' s I I provinces, for example 
In 1981 they all had achieved a balance of these and even had some amount of coal 
exports. Hut after 1990 most of the provinces and municipali t ies may become coal 
importers . Coal await ing shipment from Shanxi and Inner Mongolia will grow consider­
ably, and regional coal t ransport will become a major issue. 

China 's energy system will be marked by a 100/7 increa.se in coal supply by 2000 
Crea te r problems of environmental pollution will be created, should coal continue to be 
used without rigid purification t rea tment . 

1 he forecast figures show that s t rained power supply and transport , communica­
tions and environmental pollution will continue to be important issues m China 's energy 
system |jy 2000. Crca lc r contradictions may even be found in some aspects 
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Some Policy Suggestions 

Contradict ions between energy supply and demand will Mill lie acute in the years t<> 
c<'iue and will call for remedial measures to he taken 

Strengthened Cont ro l of Fnergv Demand Management Over Knergv Supply 
and Demand and (iood Planning Work by all Sectors 

i'nhanct'd nuicroeconoinic research is the basis for exercising better control over 
energy demand miinagement The last few years have seen fast growth of the Chinese 
••coiiomv But there is still 2(1'i of the potential that has not been brought into play due 
t" -h 'Tiace of electric power From the macroeconomic point of view, this calls for read-
jiiMni'-iii "I the Mructure . if the economy ainl enhanced work to strengthen weak links 
-Ui h as power, t ransport and communicat ion There is also the need for enhanced study 
III!" the target sy- tem of the country ' s ( i'N I' and coordinated development of the pri­
ma!'} secondare and tertiary industries so as to place all excessive energy demand under 
- i r p t <•• ' i i t i " l 

(ii'ud I'liinnini/ work and rnthinat use of energy resources is needed in all economic 
>rctor.- The forecasts o| energy demand are based on the plans for economic develop­
ment and energy coiisen at ion by various economic and productive sectors Readjust­
ment- are needed by all -e< tors, as there is still much improvement needed ill the struc­
ture of production and the product mix Much energy can be saved in production Take 
the chemical industry, for example, which consumes 'il^f of the n a t i o n s industrial energy 
consumption. Approximately 70'7 of the energy is used for the production of synthet ic 
ammonia, ethylene, caustic soda and calcium carbide, though these account for only 10 (7 
of the total output value of the chemical industry. There are also some areas featuring 
an irrational product mix in the chemical industry. Phospha te and potash fertilizers are 
not produced according lo a proport ionate ratio, while the production of nitrogenous fer­
tilizer has greater per-unit energy consumption than that of phosphate and potash fertil­
izers 'I aide (j shows the possible energy saving goals that could be attained by the chemi­
cal sectors A similar situation also occurs in other industr ial areas (see Table 7) This 
speaks of the necessity for good planning work to achieve bet ter energy demand manage­
ment 
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T a b l e 6 . T a r g e t s o f e n e r g y c o n s e r v a t i o n in c h e m i c a l i n d u s t r y 

*-i nil i urt- nf ~-H Hi tun- nf l.ii>-re> "]•••• ill1 ••ii'-rs> 
<. 1115. •: t vi l l i ' ' »-ii»-r o nii ' i i-ii> ••"ii-iiiii|-iii'h 

'7 : .-i -ll-li Ml >J'I '7 !>•'• lull |'!"i"lll'-t Mil . . - Illillliin 1 ll.'lll 

KIM) LNHHI 1'MI 2000 i 11IM) 2000 a. | \ : inc.-. | I 'M) 2IKIII 

- \ i i thet i . ' : ; - t»t) 1 "(I I -1 l> ti'> I ~'< 
i 

amnii ' iua 

Kth>|.-iif : K) 5 i ! TO 29 I 4 2 :i<i 3 2 ! 3 *2 3 27 

'. ' ah iu in 
carhide J 3 1 7 

Soda 
Others SO 91 6 30 71 •JO 1 1 1 0 0 (i 

| >UIII 
i 

100 100 UK) 100 1 VI OKI 

T a b l e 7 . T a r g e t s o f e n e r g y c o n s e r v a t i o n in s e v e r a l i n d u s t r i e s 

Knergy sa\ ing 
I 'ni i 1980 1990 2000 r a t e 

Iron-steel industry 10 3 ice million yuan 1 89 1.39 1.08 43 '7 

Chemical indust ry 1 0 3 tee million y u a n 1.5-1 1.15 0.81 47Acc 

Metallurgical industry- IO 3 ice million yuan 0.79 0 6 6 0 6 3 l f l .9 r ? 

Building mater ial 1 0 3 tee million y u a n 1.96 1.45 111 40 8°? 

Strengthening technical improremetit and energy management in lotcnsln/) enter­
prises T o w n s h i p e n t e r p r i s e s a re m u s h r o o m i n g in C h i n a T h e y now a c o m n t for l f i c 7 of 
t h e n a t i o n ' s CJNP. a n d h a v e fas ter g r o w t h t h a n the cci i in t ry ' s i n d u s t r i e s Hut a c c o m p a n y ­
ing t h i s a re r ap id irnTea.se> in ene rgy f >ti^u in pt ii >n T h e i r ene rgy '-< >rt-~u in j >t t< >n e l a M i d t v 
c. .efficient i- " \ c r 1. c(.[np;ireif i , . () ". t . . II li li_v M a l e i i idu-t r i e - T in- r<«•! c a u - e lie>- in t he 
enemv-cipriMimirig j.-r* «i u» t m i \ au<i h-w t c c l m . .|. .g\ level ,,|' tin- t . . w n - h i p e n t e r p i i -e-

fiiif apfirtipriatt qaidaurr- In >nirgij eaii.-iiniptii'ii uhilr / . . / ' / ' " ' / ntt-iilnm t>> • r,, r.,",. 
' " " - " r ' ati'in 1 he 1.1-| f e U \,•;,!•- have -e.-n r ap id 111' p a . - . - III i - i i - 'm • •-n-iim pt |.-n e - j . . . 

' I ' l I K 111 ' h e ' | e [ l i : , | l ' l l- 'T e | e i t | | l l l \ !'• r i | \ l l l a l l U - e S i t i l I' a I |. • II " f l | . ' l | - l h - . | . | .•!.- . t | | . 
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!••• i .ii-i- 1 t h r n i i e h \ a n . MI.- • d i a t i n r l - -• i as I.. a ro i i -e tin- .Mil hii-ia.-in . .1" \ a n . MI- q u a r t e r - !•• 
s; in |'. .[• | . . . \ \ . M • . i | ; - I I 1|. ! !• Ml I ' . ' W i T II l l d i T t . l k I l l l i - : , n d e s p e c i a l l y l i u l p i p . . W T p r . •J<-i-t-

• n\ \w a l - n g ••• MI-I ru. i,.-ii pe r iod T h e o Mi-tructi . MI • •!' l a rge and m e d i u m — i ; ' f d h y i r . i -
| . . \ \ . - f | - r " | ' ' M - -h.Mil-l hi- rati 'MiaUy a r r a n g e d and p r i o r i t y given in hydr . .p. m r r p ro j ec t s 
w i t h a - I n MM >•• Mi-I I ii. Ml. Ml p . - r i m l . - . . a - I n I ' l l a b l e l l i e l i i !•> m e i - t t h e g l o w i n g d e m a n d f. >r 

• !, i t n It v i n a t a l l l \ - h ' M l p ' f l l i id . i f I l i n e . 

( cii/ will .-till I" tin miliar tijpe of fiuri/ij u.ifd by ( 'liiiui t>y tin turn of tlu.< Cfiiturij 
('••a! mines run by town-hip enterprises have made and will continue t.> make impnrtant 
•• MM nl.ut mils It i- thus necessary to enhance planning and technical improvement <>f the 
rural • •• 'a I mine- l.. en a hie l hem I • > achieve greater advances At t he same t ime, at tent i. MI 
-hi Mild be paid t. > coordinated development of collieries under central planning, o a l mines 
run l>> local governments, and those by township enterprises. 

Continue to Expand the Hole of the KliergV Market 

Opening the coal market countrywide has brought about an improved situation 
betweea coal supply and demand in China. Competi t ion has been initiated between vari­
ous typ s of coal mines, and this has given rise to increased coal supplies and reduced pro­
duction costs by all coal mines; price regulation through the market has forced energy 
-aving by various enterprises This suggests that other types of energy products and the 
relation between supply and demand can also be regulated through the market by follow­
ing the law of market price. 

Stringent and Comprehensive Planning of Transpor ta t ion , including 
Transpor t a t ion of Energy 

At present, the t ransporta t ion of energy products occupies 50 c 7 of the tota l freight 
volume of China . Hut there is still oO million tons of coal awaiting t ranspor t . Transpor­
tation will be more strained in the years to come. Thus , it is necessary to strengthen 
overall planning work by the t ransport and communicat ion depar tments for bringing 
about comprehensive development of railways, highways, water transport and pipeline 
t raii-port 

The (ireat Strategic Importance of Long-Term Research. Especially Study 
of the Energy System in the Next 10 to of) Years 

Energy projects generally have long lifetimes and long construction periods Tech-
tiolocical development from research to introduction and adoption by the marke t s gen­
erally lake- about •")() year- Sliort-terin plans can in no way speak of the impact of large 
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pivotal piojeets on tin' national economy and the results brought on by new technologies 
So il is a necessity for forecasts in I he next 30 to ">() years to analyze and find the objec­
tive la u s i>( deveh 'pine nt. taking precautions and making liniely preparations 

According to our initial forecasts on energy demand, by 2030 China will need a 
yearly total of 1..i billion tee A yearly total of \ 9 billion tee. equivalent to the present 
world's annual coal output , would be demanded if coal were still made a major national 
fuel by ".TOO In that ca.se. untold difficulties would inevitably be met 

How will the energy system be by 2030'.' Will this have any influence on the current 
energy policy and development of r e la ted science and technologies' ' How are the changes 
to be brought about by a change of the current energy system to one by 2030'' It is of 
great strategic impor tance to research into these issues. 

3-10 
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E N E R G Y S C E N A R I O S 

G.R. Davis* 

Who knows what the future holds' (Passage 5S| 
See simplicity in the complicated (Passage 63) 
Once the whole is divided the parts need names (Passage 32) 
The named is the mother of ten thousand things. (Passage 1) 

Tao Te Ching, Lao Tsu 
(Translation by Gia-Fu Feng and Jane English. 1972) 

Energy Scenar ios 

A feature of the work of planning departments in most organisations is to describe 
the external environment in which the organisation operates and its likely evolution. To 
this end there is a need for effective tools of analysis and synthesis. The selection of 
relevant tools will be influenced by: 

o The organisation's structure: The Royal Dutch /Shell Group of companies is a 
transnational, multi-cultural corporation having interests in several hundred operat­
ing companies in over 100 countries. In many of the operating companies Shell com­
panies have only a part interest with the remaining share held by government, com­
panies outside the Group or by private investors. The management of each operat­
ing company is responsible for the performance and long-term viability of its own 
operation, but can draw on the experience of the central service companies. 

o The place of the planning function in the organisation: each 'Decision centre' 
within Shell has some form of planning support. Group Planning, one of the func­
tions in the service companies, maintains a global perspective on the business 
environment. 

o The temporal and geographical scope of the business environment: many of 
the businesses the Group invests in have heavy up-front capital commitments and 
long lead-times. Their profitability is strongly influenced by international develop­
ments; for many businesses this requires consideration of how the environment will 
look up to 20 years ahead. 

Shell's size and needs, given the emphasis on decentralisation, places a premium on 
contextual tools, i.e. planning methods which provide a context for: 

o 'Decision centres' to develop local scenarios. 
o Strategy studies 

* Head of Energy Planning, Group Planning. Shell International Petroleum Co., London 
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M e n t a l Map9 

The underlying concept of scenario methodology is menta l maps We assume that 
every individual has personal and subjective views of the world, of the ' d m nig force-' f .r 
change, and of cause effect relationships Depending on his mental map. an individual 
will absorb and amplify certain signals, while not noticing or ignoring other signals 
Recognition plays a major role, signals that fit into existing knowledge are more likely to 
be observed and accepted Of importance to the organisation is that the individual is 
tempted to consider only options that are compatible with his view of the world He 
gives more emphasis to signals and opt ions recognised by his personal model Any deci­
sion he may make therefore, tends to be in line with his menta l map. 

S c e n a r i o s a n d M e n t a l M a p s 

A person's perception of the world and his in terpreta t ion of history and current 
affairs are directly linked with his expectat ions about the future -Scenarios which many 
define as a l ternat ive futures, can also be regarded as a l te rna t ive interpretat ions of the 
present The main purpose of scenarios is to explore and discuss what is happening now 
Clearly scenarios are written in the future tense but one should not confuse scenarios with 
crystal-ball gazing 

Wherever s t ra tegic options are discussed in the organisat ion, different menta l maps 
will underpin the individual opinions tha t are expressed. When open-ended s t ra tegic 
issues are being discussed it can be impor tan t to make the differences visible and to deal 
with them consciously. 

Scenarios can assist in making menta l maps explicit, since different scenarios are 
likely to represent different views held by members of the management team I T al terna­
tive views from outsiders. 

When change is gradual and incremental companies do not find it difficult to plan 
for the future and even straightforward forecasting provides sufficient guidance. How­
ever, occasionally discontinuities occur: these may be viewed as transit ions between alter­
native models of the business environment , i.e. from one type of logic to another At 
those moments , just when the business has much at s take and is in need of clear perspec­
tives, forecasts and expert forecaslers fail There are many examples of changes of 
models and mental maps tn the energy industries 
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().! demand f re.:i>ts ha\e >'haii£ed dramatically in the I.LSI HO years I ••er Figure 1! 
K"i!i -wi'K the underestimation (.'fi'i! demand i:r>'Wth MI the 15)-"i()̂  and 1'.)(>(K bv the 
1 *)7t l-i there ^ ;ts an almost axiomatic belief ihal t-a.h percentage incrca.-e in 
ec.'iK'inic activity would lead to approximately a cum parable incrca.se in iMiircv an.I 
oil .insumptK'ii Thus a successful world would inevitably need more oil. aiul a 
crisis would occur when demand reached maximum production capacity This view 
led to massixe over investment in refining in the 1970s In current models mechanis­
tic relationships between gross na t ' nal product (CNF 1) and oil demand are no Ioneer 
used It ;s now clear that , especially in industrialised countries, successful economic 
development is compatible with s tagnat ing oil demand The result is a new model 
of the world of oil. where lower demand forecasts have pushed fundamental supply 
crises back to well into the next century 

The nuclear industry felt initially that its product was a sophisticated solution to an 
urgent global problem, nuclear power would provide cheap and abundant electricity, 
alleviate dependence on imported oil. high oil impor t bills and environmental dam­
age As a result the industry did not feel threatened by the opponents of nuclear 
energy However, in the end most societies agreed with the concepts of the anti-
nuclear movement and the nuclear industry lost its momentum The majori ty of 
people tend to see radiation risks, waste disposal, and the danger of proliferation a.s 
the real issues; in this model, the technological achievements of the nuclear industry 
r.re no reason for developing nuclear energy. 

Figure 1 
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o In 1985. the consensus was that oil prices could not and would not fall as 'low' a> 
I S$ 20 pt r barrel \ bbl) One year and a price collapse later. l 'S$ 20 bid seemed .i 
high' price, it was considered unlikely that prices would rise as high as I '>$ 20 f->r 

liie foreseeable future 

Scenarios can legitimise the debate around the several business logics in the organi­
sation 

S o c i o - E c o D o m i c and Oil S c e n a r i o s 

The construction o( energy scenarios requires explicit assumptions about socio­
economic developments In 1986 it was felt that the links between economic and energy 
developments had weakened considerably and were no longer unequivocal T h e evidence 
for weaker links between oil and economic developments emerged in part icular in 19Si. 
when the oil marke t started to collapse under its own weight, without clear macr'*-
economic tr iggers A year later the collapse did not s t imula te the OhX'D economies It 
seemed that oil. like other commodit ies, was being 'decoupled' from the industrial 
economies Oil does not play the central role in the world economy that it played in the 
1970s, as industrialised countries have become less dependent on and more resilient 
towards changes in the energy world 

Two socio-economic scenarios were developed, Managed World with a strong 
emphasis on successful economic performance and World in Turmoil in which politics 
prevails and. in particular, the developing countries suffer from low growth Their main 
features are presented below 

Managed World 

o Assumes tha t the restructuring of organisations and economies in the early l'.JSi)-
have laid the basis for the effective use of resources. 

o One of the forces at work tha t will assist in these developments is a new generation 
which is p ragmat ic and flexible in outlook and will have increasing influence 

o Governments endorse and implement 'No-Nonsense' policies underpinned bv clear 
models of economic success. 

o Markets become more global. 

o World economic system has considerable resilience Most of the present problems, 
e g debt crisis, ultimately get defused, if not resolved 

World in Turmoi l 

o Assumes tha t the pendulum coul'j swing back in the 19'.>0> from market-orient.-d 
policies to greater emphasis on social and political priorit ies 

o The failure of 'No-Nonsense' policies leads to a rat ionalisation of failur- and rejec­
tion of successful economic models Economic under-perforniaine results - world 
economic growth of 2'7 per a n n i m compared to .{"• ' , ' per annum in Managed 
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World. 

o In particular the burden of population growth and rapid urbanisation w.-.uid pnae 
unmanageable in the df-veloping countries 

o This scenario is one of transition to a world in turmoil 

The socio-economic scenarios were complemented by three oil scenarios. The . >il 
river' metaphor presents the three oil market paths (see Figure 2). The centra! path can 
be viewed as successful OPEC management, avoiding collision with high and low price 
banks, and is named Managed Market. The path which implies that the boat continues 
to bump against the river banks is a market-J-minated scenario in which the oi' market 
behaves much like other commodity markets and is referred to as Roller Coaster. Finally 
the path along the low price bank describes a world in which low demard and relatively 
high non-OPEC oil supplies makes producer management difficult - this is the No 
Recovery scenario. 

Figure -
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S c e n a r i o L i n k s 
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lili'-'Tt aint ;••-

Will rriergy n;.irk'-'- : ••• ::i- ;•-,- • \ -r-uj ; .:- ! ii : i l .-r-f :•• 

Wlit-n market.- recover an .J • ;i i- '!:•• r r-!. !--••; i.-r :'• r • ! h--r • IHTL*;. pn--.-> will | : :•: 
ers regain ia>i ;:i2<- 'lit roi '.-\ ••r ' he • :: marke t - ' 

Three energ 1. -• mar ; •*• wr-r- d-ve] ;'-d bv-ed both on the nil scenario- ifr'-in whi< h 
thev take their namt-sl and th" s•"'. :-ero::< rnif scenarios 

Although the -ets ...f scenarios each describe well-defined sectors of global devei. .p-
ment. they are interdependent Economic devej, .[.men's infiu*nc the probabil i ty of par­
ticular oil and energy scenarios and vice versa in principle, there are various way- in 
which oil. energv and socio-economic scenario- can be linked However not every combi­
nation is equally plausible the energy scenarios are based on the most probable linkages 
Strong economic performance !'n a Managed World) s t imulates energy consumption and 
assists producers to embark on a Managed Market s t ra tegy , the stabili ty of Managed 
Market is in turn beneficial for the world economy Rapid demand growth can also 
trigger a Roller Coaster, the volatility of which will have a depressing effect on economic-
growth A No Recovery scenario becomes more likely when economic performance is 
poor as in World in Turmoil 

Scenario Quantification 

Quantification is required to establish the internal consistency and credibility of the 
scenarios Many strategic issues centre on differences of concepts rather than numbers 
Once numbers are available there is a tendency to overemphasise their importance 
because they are easier to handle than concepts Quantified scenarios often suggest that 
uncertainty can be plotted along one measurable dimension. However, for the Energy 
scenarios the quantification is an essential illustration of the scenario concepts 

The approach to quantification rests on an integrat ion of oil marke t analysis Isee 
Figure 3). S ta r t ing with ass ' .mptions on oil market and socio-economic developments IT 
IS possible at a country regional level to build up direct and primary energy demand 
deve|•.prriTits. S'udies on world-wide energy supply potential with the demand analyse-
provide .i basis for examining energy markets If these analyses indicate areas of internal 
:ri-- _.r,-,-' '-nv T .^I I iterations around key assumptions are made Checks are made .- n 
:••• : -\-r:"- of the international oil market using a dynamic market mode] ( S e e Figure 
•! i i. r; iin obj--. live is to ensure that the quantification explicitly il lustrates the 
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ENERGY SCENARIO QUANTIFICATION 
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A variety i if t.x.ls are used in quantification, f. T example, econometrics: tcchno-
ecoiiomic demand and supply models. systems dynamics and market inoilels Substant ia l 
support is required for the analysis, e g a global data base containing countr>-by- coun­
try historical energy demand and supply, relevant energy prices, details of present and 
probable future technologies and costs across the energy sectors, etc 

E n e r g y S c e n a r i o s 

The energy scenarios (of early 1987) are briefly summarised below. 

Managed Market 

There is a growing consensus that effective economic policies do exist, and that the 
world is increasingly capable of avoiding economic disaster. Pragmat ic policies and 
short - term sacrifice produce the expected beneficial results. OKC'I) economic growth 
averages 3'7 p a . and developing countries 5 f } p a . over the period l'JSo to lIOO-V 

Low oil prices in the short-term and satisfactory economic growth lead to increased 
oil demand and a reduction of investment in non-OPEC production capacity. O P E C 
recovers its ability to control the market . Prices could rise to high levels. However, the 
major producers, realising that excessive prices are bound to lead to another collapse, try 
to maintain oil prices within a band, with the objective of both encouraging sufficient, new 
investment to meet demand, and at the same time discouraging investment in high-cost 
and exotic production. Prices rise gradually at a level above $'20/bhl in the 1900s 

Relative stabil i ty and a 'reasonable' level of oil prices creates confidence among con­
sumers , governments and energy supplier* O P E C ' s posted prices for internalionallv-
t r i i ' i "il are accepted xs the energy 'marker ' . Energy consumers and suppliers alike 
\,•••••,\w- more confident in accepting these price signals (and their projection) xs a basis for 
mvi- tmei i t decisions Low- and medium-cost supply potential will be developed, part icu­
larly gxs and coal projects, as consumers t rus t their assumptions on interfuel competi t ion 
and make firm decisions on plant and fuel selection. 

Pr imary ••nergy demand increases by 14 million barrels per day oil equivalent (in 
b do.-1 m OECD and by 30 m b doe in the developing countries. Tota l oil consumption 
ri-'-- from 1") rn L doe to ri"> m l> doe. with the incrca.se coming from a rise m demand of 
10 m b doc in the developing countries (see Figure •*>) 

Roller Coaster 

( 'oinmodity-type energy markets can develop under :i wide t a n g e . '' • • . n- •::w-
»i'•ii'- The scenario develops in an environment or higher economic growth and l-.-w 
prices which lead to increxses in the .-ill n O I ' ! . < ' .! 1 !.. • , , ih . I : i^lii • <., • •;• -'.u*. • 
r- • ••- ! in!:. :'• •.:, 1 )•: ••- '. • i !. ..I i I. ,' .•.:<•'. • . .nut r i • • ,'. ' : • 
• • o ' i , • ( . • • • : ! ; ; . • • ; ,- p : • - :. - - - • •!,- i ! ; ; . ! ! . . • ! • • : . . : - i . n k . - t - ! • • • : •. . • ' , . • ' : 
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Figure a 

ENERGY SCENARIOS 

Million b/doe 1985 2005 

PRIMARY ENERGY 
MANAGED 
MARKET 

NO 
RECOVERY 

WOCPE 98 141 111 
OECD 76 89 79 
Developing Countries 22 52 32 

OIL 
WOCPE 45 55 47 
OECD 33 33 31 Vz 
Developing Countries 12 22 15V2 

Note: WOCPE - World Outside Centrally Planned Economies 
OECD - Organisation for Economic Cooperation and 

Development 

'herd behaviour' which reinforces the pattern of this scenario. 

No Recovery 

New technologies stimulate the world economy, companies restructure, new markets 
develop but economic success is elusive. Many countries face high population growth and 
most leaders are unable to tackle the huge problems of develops • • :-.nd their c untrue 
experience social unrest and turmoil In OEC'D countries there . .'.-utiicieni sut ; nn :' r 
any kir.d of short-term sacrifice or long-term strategy The resultmg uncertainty erode> 
cotiliic'iie. which his negative effects on investment and trade OECD economies grow at 
l.S^c pa. and developing countries 2.69c p.a. over the period 19S5 to 2005. the potential 
for growth is not achieved in this scenario 

Current prices do not lead to the demand increases predicted by most econometric 
models. In OECD signs of maturity are apparent and technological advances prove to be 
irreversible There is no sharp decline in non-OPEC oil supply, as some had expected 
Governments take a more active role in energy matters Some countries aim to reduce 
hard currency payments for imported energy by any means possible In others the merits 
of ppjj'-'ts are judged by 'national' standard- e g the effects on emplovment. balance of 
payments or on strategic considerations Producers react to low prices not by reducing 
supply but by finding ways to reduce cr.sts Low prices with sluggish demand and con­
tinuing potential uversuppiy imply a prolonged buyer's market with int»*rfn>-I •• tnpe': -:. u 



.is the major factor shaping the industry envin •iirii*-n* 

Primary energy dem HI i iiiitia-i-s by n!y A m b i ••• :u <d'< 1> •:. i l'i •: • : • .:: 
developing f 'iint n»-> I sec Figure ">i 

U s e of S c e n a r i o s 

Scenarios can be used in a number of different way-. !'• >r example 

o Scenarios contain a great deal of information, and just by pa>Mng 'h i - ' i i '. la 
scenarios they serve a purpose. Part of tins information may be factual •• c when 
might O P E C control the oil markets, how many cars will then* be m devel. .ping 
countries, which technological improvements will reduce energy demand Other 
types of information can reflect views external to the company or -pe.ili.- ilje. .ri'--
Tliere are also implicit messages in the scenarios e g the vi.nv that d'-ne .craphir 
pressures can be contained provided economic growth remains high. 

o When global scenarios are widely n.-cd as a background for discussion, tljev en-ate 
and become a 'common language' This is of considerable \ a lue m a large and 
decentralised organisation 

o Scenarios can be used a.s the s tar l ing point for what if ' exercises 

o Finally the set of scenarios can be considered as a framework for discussing s t ra tegy. 

Analysing the environment and benefiting from the forces at work is an intrinsic 
par t of the managers ' job. Scenario planning is one of the tools at their disposal; not lor 
forecasting but for analysing the environment. 
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T H E R E F O R M O F E N E R G Y P L A N N I N G IN C H I N A 
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The reform of energy planning is linked with reform of the economic system in gen­
eral. As ear lv as t i l l \ c a | s ag. • \\U--H I !••• < !: I !n--t- C o m m u n i s t P a r t y de r ided t i . e. i i n e r l 
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T o speed u p t h e social is t mode l ' I l l /a t l< Ui. we mus t d e v e l o p p r o d u c t i v e forces With all 
efforts It is i m p o s s i b l e t o real ize t i l ls t a s k Without r e fo rm of t h e old s y s t e m F c o i i o t u i c 
const ruction ami reform must promote and restrain each other . 

The reform of the planning system is an important aspect of macroeronomic 
management . The emphasis of reform is t e n v e r the function of the State Planning 
Department This includes reducing mandatory planning, increasing guided planning, 
a t taching importance to the f. .rinulat i. ui of long- and medium-term indusirial policies, 
and gradually forming new economic operat ing mechanisms in winch the State regulates 
the market while the latter guides enterprises by using economic means. 

The main functions of the new S t a t e Planning Commission are to carry out 
macroeconomic adjustmenl and control , and to act in a balancing and coordinating 
manner Its work includes research regarding the development strategy of the economy, 
science and technology, and techno-economic policies. It will plan for an integrated bal­
ance of the general economy. ;t-s well as perform macro-adjustment and control. It will 
also provide decisionmaking, services, and necessary coordination. 

In accordance with the goal of set t ing up economic mechanisms in which the s ta te 
regulates tip- market while the l.iiier guides enterprises, a series of important conversions 
inn--: be na l i /vd !'.-•. .ir- l! to convert from distr ibut ing investment mater ia l and 
i J -1 • I • - ' V i l l i . | . | . . J . | l s ;. J m a l l iL,.M!i I l l l i e h . ' I e n t e r p r i s e s e o I H I e l e a c t i v i t i e s , t o s l t l d v i n U 
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economy, 'o convert from using uiainh adiinnistraiive means to using the means of 
IVI >n< u i l l c r e g l l l a ! lull e c o n o m i c law alKl - • ' • 1 1 

111 e x e c u t i n g r e f o r m "I t h e pi .I l l II Ills; s \ > t r m . t h e M u t e P l a n n i n g ('< >I 11 III l s s | o n Is 

responsible for formulat ing annual and long- aii<l medium-period fixed a.ssets plans, gen­
eral balancing of overall supply and demand of the national economy, and overseeing 
finance, credit, mater ia l , foreign currency, and the labor market . 

Decision-- regarding investment for fixed assets of large and medium size, as well a^ 
regarding quota limits, will be made by the Professional Adminis t ra t ive Depar tment . 
which will put forward a primary scheme, considering the requirements of the national 
long-medium period plan, rational use of resources, economic efficiency and technical poli­
cies It will also consider external conditions of energy and mater ia l t ranspor ta t ion, etc. . 
and refer decisions to the State Planning Commission for approval . 

With regard to industrial policies, the Stale Planning Commission will s tudy the 
rat ional proportion of various professions m the national economy, the development velo­
city, and the scale and investineut proportions- oi important professions. The various pro­
fessional sectors will s tudy proportion relat ions among thf ' r internal units so as to -avoid 
duplication and unra t iona! distribution 

The Sta te is se t t ing up a professional investment company that will contract impor­
tant construction projects to professional companies according to the principle of linking 
output with input T h e companies will be in charge of inviting bids and the recovery of 
investment with interest . The practice hxs proved that compet i t ive bidding is a very 
efficient method 

With regard to reform of the energy planning system, energy is one of three impor­
tant strategies for economic construction of our country. Although the energy industry 
lias been greatly developed since liberation, it cannot meet the needs of national economic 
construction. At present the lack of electricity restricts product ion and daily life of the 
p'--'ph- I•'••' • ': .- i.M.- ii the State has given investment priori ty t o the energy indust ry . 
taking electric power construction as the center of development for the energy industry . 
It l i i - ado | :• ii.. ; J . .1 i.ii-iiii. iii" 111 y lioiii several d e p a r t m e n t s and channels for 
electricity adiiiini- ' : ii:--n I in ! 'ed d: -; a'.!; "f the national network has been executed 
and pio\in-i.ii a.In. .-ti iM\i- |. p..! im.-ii!-. j.ave their own economic accounting. Th i s 
method will mobilize the mil iati\ e . .I 'dilb-p-ni parties and create conditions for electricity 
ch'\ elopim-nt 

With the deepening of reform, we will adjust investment s t ruc tu re and relevant poli­
cies rely on advance of science and technology, improve management and operation, pro­
mote the development of coal, electricity, oil and ea> more rapidly, and also p romote 
energy c uiservation. Iii order to do a good job in energy savnm i he Mate should increase 
in \e -t tueiiis t,. pi..ji-.|-, f(11 eneim .in.I i , , . , i . i ,aN -axing- and further guide use of 
regional lund- for 'ie-se pinp.,-. ~ 1 J a | ; • ! : ' i \ i ' \ g • • I- quality and material con­
sumption should be imp! -veil -re ii;. - . ,- : . -ail the |. , •!• i.,. ;,i of national economic 
development and improvement of people - .l.iil;. life 

In summary , the energy industry of our country will tak<* electricity as the center 
and coal as the basis. It will develop oil and natural gas in: <!• it effort, actively tap 
and use hydropownr resources, gradually develop liucleai power and strive to improve 
th" energy infrastructure It will develop rural energy according to local conditions and 
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carry on energy saving continuously, so tha t energy can serve socialist cunstrurt ion better 
and meet the needs of national economic development. 

At present tin- economic si tuat ion of our country is good because production is 
increasing month by mouth, the proportion between light and heavy industry is being 
harmonized, and people's daily life i> being gradually improved. This is the result of 
reform and opening We v. ill still carry out the opening policy and accelerate and deepen 
reform oi the economic system We have Marled to execute a significant development 
strategy for coastal regions and reform ^>i the economic system has entered a critical 
stage Although we encounter some problems and difficulties in the course of advance, we 
are coiitident of overcoming the difficulties Learning from experiences, we will push for­
ward reform of the economic and political system. 



U.S. ENERGY POLICY SINCE 1973 

Uilfrul 1. K..hl* 

I n t r o d u c t i o n 

Th' ' 1 * J T -•» "it ••nil'.ii'i" and subsequent ..it price rise caught the governments of many 
. 'UUIIle-. in, h i d i n g the I "> g o v e r n m e n t , by s u r p r i s e . T l i e U n i t e d S t a t e s h a d n o -~i i;t r<-

,l"iiir—Mc " i ! prodi i ' - i ion capac i t y l)• >r a d e q u a t e "it r e se rves , a n d It lacked all e n e r g y policy 

I ' l l l lke m a n y o t h e r c o u n t r i e s h o w e v e r it I.«-k til ' ' I l i l ted S t a t e s longer t o a d o p t effective 

policies to deal with the eiierg\ problem l.arly res|)onscs were p:irli:il at liesl and many 
'ailed a.- t S oil coii>umpt ion and imports continued to rise substantially through the 
-evciities It took the second o| | shock of I'.17!l to s t imula te more elfeciive actions Why 
I; 1 America have such difficulty in shaping a national energy policy? 

o The I nited States is a major consumer and a major producer of energy. It is also a 
very large country with more regions dominated by consumers than producers This 
greatly complicates the politics of energy policy-making. Domestic oil production in 
the lower IS s tates had quietly peaked in 1971-72. Yet the country was still adjust­
ing to the realities of depletion and rising dependence on oil imports. 

o The American economy is basically a free market economy with a large decentral­
ized private oil industry made up of many independent oil companies as well as 
integrated international majors. These two groups have different objectives, a fact 
which has impeded the formation of a national oil policy. 

o Cooperation and trust between government and industry in the United States is 
notoriously weak, with few institutionalized channels for effective communicat ion. 
This is especially true in the oil industry which enjoys a love-hate relationship with 
the government . A history of anti- trust regulation and suspicion of monopolistic 
profits at home alternates with government concerns for national security and •«• >-
sional suppor t for the industry, especially abroad. 

o Demand management through sacrifice and inconvenience runs <•• unter ' o 1U v••' 
••I Veer, ins who .ire H eu-i, ,med to abundance Hut V '-re i- w,!1 P a •: 
~ ! i " i - : 11 i: k • ; in', tiv, o save money by using energy moo- efficiently. 

o The s t ruc tu re of t h, An ' ! i , a n political ^ - ' e m with it-, -eparation of executive and 
legislative powers has made it very difficult to formulate national energy poliry. 
since the American President does not " l " im : <nii-rnii,i :,.i" in i lie manner of parli­
amentary systems Instead, he and his adm un-a i at M I must devote considerable 
titiie an I e||,,rt to pei-uade Congress l" -iipp.ut Ins piograms and be willing to 
' ' III | I ' I I I | s e 

I n ' , m a t . i . : i i . ' i i ; \ i ' i ' , e | . , i ' i . l u l i i i s l l . i p k i n - I ' . o i ' j ' i l ' o | i \ I ' . - i i t i i t . - \ \" : i - f i i t iv:T. . : : 
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Energy Planning in the 1970s 

The executive-legislative division in the American political s W e m is absolutely cru­
cial to understanding the American experience with energy policies For example, dur ing 
the 1970s there were three major efforts at national energy planning None of the three 
survived the legislative process intact T h e three efforts were 

II An industry s tudy , U.S. Energy Outlook, issued in December 1972 by the National 
Petroleum Council, concentrated on the supply side of the energy balance It 
warned that 3S'Y of I S energy demand would be supplied from foreign sources by 
19S5 unless government took actions accordingly Recommendat ions included 
accelerated leasing of mineral rights, maintenance of oil import quota*, deregulation 
of natural gas. more favorable tax incentives to industry , expanded government 
research and development (R \ ' I ) | of synthetic fuels T h e recommendations of this 
study were largely incorporated into President Richard Nixon's comprehensive 
energy message of April 1973 Most of the actions called for required Congressional 
action, but Congress cooperated on only one item a larger energy R A- I) budget 

2) In 11)7-1 following the oil embargo the Federal Energy Administrat ion published the 
Project Independence Report, a technical s tud\ utilizing a flexible econometric model 
that looked at various supply and demand scenarios and "sought to provide a frame­
work for developing a national energy policy." While avoiding specific recommenda­
tions, the Report indicated that if oil imports were to be reduced, government would 
have to play a significant role. Even stronger government actions would be necessary 
to develop supply, e.g.. via synthetic fuels, and or to reduce demand. The analysis 
in this Report helped shape President Gerald Ford 's proposed Energy Independence 
Act of 1975. which called for a host of measures, among them a windfall profits tax 
(to accompany administrat ive decontrol of crude oil), a s t ra tegic petroleum reserve, 
natural gas decontrol, delayed implementat ion of the Clean Air Act, coal utilization 
and conservation Refusing the core elements of oil and gas price decontrol , the 
Congress retained only a few pieces of the Ford proposals in its own more limited 
law, the Energy Policy and Conservation Act of 1975. 

3) The National Energy Plan of 1977 put together early in the Car ter adminis t ra t ion 
had the objective of reducing oil impor ts by 5 mbd in 1985 through both conserva­
tion and domest ic supply measures. Incredibly detailed, it fed into President J i m m y 
Car ter ' s 1977 energy message and included the proposed establishment of a Depart-
ni'-'it <.f Energy. After 18 months of wrangling with Congress, about 6 0 r 7 of the 
I'I !"'ii Mginal program survived. 

U . S . E n e r g y P o l i c y in t h e 1970s: Oil Pr ice and A l l o c a t i o n C o n t r o l s 

II.' •-.•!'! *• poll , r . \ •titles was the federal regulation of crude oil 
pi . — '•'.' !i !h '• i ti': -1 I'.71 until .laiiuaty 19X1. For most of that period 
I •• ' i • !- ' . • • !• '• . i- v.-ll The program Marled with President 
N:\- n - " w i t . - lei |•' i' \ui;iist 15. 1971 as part of the New Economic 

T: • ' ••• :. " . • . - : . ' • • • • : • ' • , • ! . U Hi. I, , H U K \ ,. '• I h',< r n I'oliry In 
• ! • • • - i - w - ; ' . . - • - . - . , • • , ! • ! , - • I • , - , . : - • . ] • : • • 1 ' e - I | , M 
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Policy designed to reduce inflation, unemployment, and the balance of payments deficit 
Bv 1073 price controls on most goods and services were te rminated , but under Phases III 
and IV of ihe Nixon program crude oil and product price controls were continued under 
complex regulat ions which were targeted especially at the largest oil companies and esta­
blished two tier pricing for "old o i l" and "new oil" (prices of the latter were allowed 
slowly to rise) 

Price controls were extended under the Emergency Petroleum Allocation Act of 
1973. w • h also gave authority to the federal government to allocate reduced supplies of 
oil in a crisis A system of ent i t lements favored small refiners with lower-priced domestic 
crude The price control system was renewed and made more complicated again under 
the Energy Policy and Conservation Act of 1975, which actually lowered temporari ly a 
composite oil price (to $7.tin' barrel), thus st imulat ing increased demand and imports , 
before allowing some oil prices slowly to increase. By this t ime a small staff had been 
assembled at the Federal Knergy Administrat ion and was given the gargantuan task of 
issuing and enforcing mountains of complex price regulat ions in a continental-sized 
market . The task wa-s difficult to carry out effectively. 

Following the Iranian revolution and the second oil marke t disruption the Emer­
gency Energy Conservation Act of 1979 was passed which again gave the President 
authori ty to ra t ion gasoline supplies, and also allowed him to set s ta te conservation tar­
gets In the same year President J immy Car ter issued an executive order announcing a 
phased decontrol of oil prices over a period of 30 months , to be accompanied by a 
Windfall Profits T a x to place limits on excessive profits by the oil companies a tax which 
Congress passed in 1980. 

Looking back at this U.S. experience of the seventies, the judgment of economists 
and other analysts is a harsh one. Despite good intentions, the efforts of a hastily assem­
bled and inexperienced bureaucracy to administer allocation controls in 1973-7-1 made the 
supply shortage worse. Although the fourfold increase in crude oil prices administered by 
O P E C in 1973-7-1 did yield huge, shor t - te rm rents for domest ic oil companies, which 
posed a problem for the American liberal democracy, in the words of Richard V'ietor " the 
cure was worse than the disease. 

T h e story of oil price controls ... a t tes ts to an institutional failure of rela­
t ions among Congress, the oil industry, and the bureaucracy. ... T h r e e suc­
cessive administrat ions proposed some form of price decontrol with a tax 
on windfall profits. None succeeded until 1980 because congressmen could 
not agree on the details, major oil companies would not admit their wil­
lingness to compromise, and the press could not get the story s traight ... 
For six years, rent controls were allowed to s t imulate demand, depress 
supply, and give O P E C the chance to do it again."" 

Other analysts agree that price controls distorted marke t s , encouraged impor ts , and 
postponed the inevitable and necessary adjustment "f the American economy to higher 
priced oil 

" I hid | p MH-A't 
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l . S . E n e r g y P o l i c y in t h e S e v e n t i e s : O t h e r A r t i o n s 

Tlii i \s • • • ;;• rg \ -I, •- T - -i 11 • i t h e n . l i e . is sh, •! t. i i • — c i.—. •! i in- I n n - . .Hid -t .ii ' Inii; 
; .r ' >• tiiiTi-a.-t— g . m - n-i- to .1 i«-• -ling .tin- -tig .1 n 1:1 j • • r 11 v . -I \ m e n . . u i s t ha t tin- I m t e d 
"•Titi— needed :i . - -lit; - r t • 111 • 11 -1 \ < • .-in r u, > |» In > I I "Ue\ i - r t h ' i e w a s -i.. a g r e e m e n t 1.11 t h e 
— -i I • — T .on••• • •!' p. 'hi•> i — p--. i.ilK ii'it -11 t lie d e g r e e "I' g.>\ ••rnnieiit mterM' i i i 1, .11 111 n—-,ar\ 111 
t!ii- *-11 •-1 »i \ ••'. 'ii ••m\ \ - .1 r i - u h and fi -II. -w 11= si t r . ' in T ii • • .!••. '-ni r . d i / ed -; r tici urt- . >!' t h e 
\ ; : : i i i in • • 11 • • 131 \ .iiid the sha r ed p o w e r - in H- pol i t ica l > \ - i i ' i n . the i-..iiniry w a> left 

u i ' h .1 :• .1 of i n t e r e s t g r o u p s b a t t l i n g it .ni t At the end . .f tin- de< ail-- the I iiit.-d - M a t i -
i i i ! 1. t ••in- h u t m a n y m e r c y policies-, f a sh ioned s o m e t i m e s u n d e r W h i l e I f . u s e l.-ader-

-! l . ; - ' | |i"t l i ne - bv C o n g r e s s :md usua l l y the result of c o m p r o m i s e s b e t u e . ' l i t h e 

i . lain in— Will ie t h e r e 1- in.t sp . i , - r h e r e |. r a • • > 111 pre l ie i i s | \ e accoun t a lew ii 1 lib I lsih l -

will be n o t e d . 

In t e r m s .if g o v e r n m e n t o r g a n i / a t 1. in. P r t - i d e i n Nix-'ii h a d p r o p . ise<l a c a b i n e t level 
' • l ie lg\ d e p a r t i n e i i t ill 1U73, bu t tile idea met c o n s i d e r a b l e o p p o s i t |. .11 I n s t ead he s e t t l e d 
!•••[• the Energy Research and Development Administration (ERDAf established by 
Congress 111 1!I7 1. which merged the research functions of the old Atomic Energy Com-
inissi. .11. the Oliice . .f Coal Research, and the Hureau of Mines A separate Nuclear Regu-
lat'.ry Commission was also created Meanwhile, NtX.'li expanded t he Execul ivc Office of 
the President to include a Federal Energy Olliee. which later became the Federal Energy 
Administrat ion In 11)77 President Ca r t e r proposed and Congress approved the establish­
ment of the Depar tment of Energy. 

With respect to conservation and demand management , a few actions were put 111 
place in the seventies A mandator) 00 niile-per-hour automobile speed limit and some 
<-ner.g>-saving rules for federal ollice buildings were the only act ions of the Nixon adminis­
t ra t ion, which focused mainly on supply and was preoccupied by Watergate As part of 
its package o| proposals 10 Congress, the Ford administrat ion sought an excise tax on 
domestic oil and natura l gas along with decontrol of oil and gas prices. Citing the burden 
on consumers. Congress refused to go along, and enacted instead its own Encrgv Policy 
and Conservation Act of 19 75 which established mandatory fuel economy s tandards for 
automobiles and light trucks (so-called C A F E s tandards which set an objective of an 
average car efficiency of 27. o miles gallon by 10S"> with penalties for failure to com ply I 
The Act also set efficiency s tandards for household appliances and strengthened FEA 
authori ty to order conversions of some power plants to coal. 

However, it was the Carter adminis t ra t ion, spurred by a philosophical conviction 
that government should take the lead in energy policy, which at tached a high priority to 
conservation and fuel efficiency. Excise taxes and tax credits were proposed on several 
fronts, but only a few such measures were accepted by Congress. Modest tax incentives 
were established for energy conservation in buildings Oil and gas use was prohibited in 
in w e l e c t r i c p o w e r p l a n t s , a n d c o n v e r s i o n o f e x i s t i n g f a c i l i t i e s w a s e n c o u r a g e d . A s m a l l 

' it:.: : u- MIT I':•-.- 1'iH • 
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I:i\ \\ .1.- ll!l| '"-ed "!1 ' .U- \Mlli wr> low fuel r*!li t leiu A -Malidb) gasoline t a \ e - were 
r e j e c t e d 

Turn ing to o ther supply side measures, the Energy Security Act of l'.lSO established 
the ^ui thetK Fuels I \ irporat ion and made available $"20 billion as an mural -subsidy to 
-Mil het ic fuels projects, with furlher possible subsidies up In $t>S billion Smaller siibsi-
di'-s supported bimnass energy research, gei >t hernial energy, renewable resources, •nd 
solar energy programs Meanwhile, following a long struggle with Congress. I he I'J7S 
Natural (ia> Policy Act establish,-.I a gradual schedule for gas price decontrol by l^Si 
within a ver\ complicated framework iw biding some "Ji categories of old and new natural 
gas. In the same year another law | l h e Fuel l"se Act) required the gradual conversion b\ 
utilities and some industry users from oil and gas to coal and alternative fuels 

By the late seventies nuclear power was approaching a -evere downturn m the 
I'uited States , driven more by the increasingly long construction times and high costs of 
nev power plants than by government policy (The Ford and Carter adminis t ra t ions 
»vere more skeptical of nuclear power at home and out rightly opposed the spread of 
advanced fuel cycle technologies and breeder reactors abroad because of fears of nuclear 
weapons proliferation. I 

Another important aspect of American energy policy in the seventies was ml crisis 
management . In 197-1 President Nixon and Secretary of S t a t e Henry Kissinger had taken 
the lead in organizing the Western effort that culminated in the establishment of the 
International Knergy Agency, which included an emergency oil sharing scheme as protec­
tion against a future oil embargo It also provided a high level forum for coordination of 
energy policies essentially among the OKCT) countries and for collection and analysis of 
data on energy markets A I S. Strategic Petroleum Reserve was established in KPCA in 
107'). al though by ".he end of the seventies it was only beginning to be filled 

"At the end of the Carter adininist rat ion the l u l l e d Sta tes was still feeling its way 
around in energy policies. The recognition of the failure of price controls and o ther regu­
lations was taking hold The energy market of the future (was) widely seen to be one of 
permanently higher prices and vulnerable supplies." 

The C a r t e r administrat ion was the most interventionist government the I n i t e d 
States has had in energy policy. In retrospect, it can be said that it tried to do too much 
President Ca r t e r overloaded Congress with more energy proposals than it could handle in 
1977-78. Government subsidies of synthet ic fuels and renewable energy technologies went 
too far and later were sharply curtailed Yet by 1980 important groundwork had been 
laid for decontrol of oil and natural gas prices, a s t rategic petroleum reserve, and limited 
conservation measures 
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U . S . E n e r g y Pol icx in t h e 1980 ' s : T h e R e a g a n A d m i n i s t r a t i o n 

By the t ime President Ronald Reagan took olhVe in January 1'JSl. hi- had clearly 
articulated his intention to reduce the size and role of the federal government Hi-
economic policies emphasized "supply side measures and reliance on market forces A 
tax cut was a taaterpiece of his Economic Recovery P rog ram for the nation, which via.-
suffering from double-digit inflation and a major recession As applied to energy policy, 
the Reagan approach appeared to represent an ideological revolution In coinra.--i to the 
interventionist approach of the Car t e r administrat ion. President Reagan set out to 
remove energy policy from the government agenda and re turn it to the free market Dere­
gulation was one dominant theme 'Set the early decision, announced in January I-1SI. to 
speed up the final decontrol of oil prices manifested a certain degree of continuity with 
the previous adminis t rat ion, which had begun decontrol ill 1!)7!) Another Reagan objec­
tive was to abolish the Department tA' Energy This turned out to be iioj so ea>y when 
Congress refused to go along Indeed, the Reagan energy policies, which began ra ther -mi-
plistically. went through a learning process and rellected a certain amount of pragmat i sm 
and political compromise As events and policies unfolded, we can identify three phases 

Reagan Energy Policy. Phase 1 

!n its first year Reagan energy policy w:is dominated by the adminis t ra t ion 's budget 
director. David Stockman, who presided over a sharp cutback of some til)'7 m the Depart­
ment of Energy (DOE) budget. There were dramat ic reductions 111 energy conservation, 
solar en.'rgy research, and even in the fossil fuel program Henceforth, diminished 
research and development funds would only support long term, high risk research which 
industry would not itself be willing to underwrite. Conservat ion, it was argued, would 
occur most efficiently via the market [dace, especially after oil prices were fully decon­
trolled. Support for the Synthetic Fuels Corporation (SFC). just recently approved by 
C'ongress. was continued temporarily and reluctantly but at a reduced level (Buffeted by 
internal scandai as well as falling oil prices, the SFC was finally abolished by Congress a 
few years later.) 

All of this fit within the Reagan free market philosophy, except the curious tilt 
toward nuclear power and nuclear fusion, which enjoyed favored treatment in the other­
wise austere DOE budget Since the nuclear industry in the I 'nited Slates had entered a 
period of decline, this tilt was difficult to explain The Clinch river breeder reactor pro­
ject, which the Car te r administrat ion had opposed, was kept alive by the Reagan 
administrat ion until the Senate voted to terminate n in \l.)s:l 

The Pres ident ' s first appointee a-s Secretary of Energy, lames Edwards, a man with 
lit lie background m the energy held, pledged to work for the abolition i .f t lie Depart ment 
hi late I'.ISl a plan «;i- announced to split up DOE with NO'7 of it to be absorbed bv the 
Department of ( 'omnier- ••. and the re-: by various oilier cabinet depar tments The pro­
posal was sent to Congress m early l!IH'_> but was abandoned soon thereafter when it met 
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\it '-ilter .i i •-:! , •! i-i'in i'i'Versy was oil crisis niaiiagfinent While proclaiming to be :n 
I'avi.r i •!' «i • - \. * • 1 • > j • 11 > -i tin- 11 -111'»11" —• emergency ,'ll reserve illie Strategic Petroleum Reserve, 
s p R i the administrat ion insisted on funding it as an off budget item. Any detailed policy 
planning for an oil market disruption was refused There was even great skepticism early 
m the admmiMr.it;,,[. regarding American part icipation in the Internat ional Hnergy 
AgeiKN 's , >ii -haniiir plan viewed by main as conl rary t> > t he free market 

Reagan Knergv Policy. Phase 'J 

With the a|:[»uiitmeiu in late l'.l^'J , ,f Donald I' Model as Knergy Secretary, a man 
with considerable eiietgv e\peneiice. the ad 111 mist rat ion granted energy a more serious 
place uii the national agenda A new tune was rellected in the second energy report sent 
to Congress in HIM whieh s ta led a national energy policy goal: "an adequate supply of 
energy at reasonable costs " Strategies i.. meet that goal were listed as: '"to minimize 
federal control and involvement in energy markets while maintaining public health and 
safety and envir< >nmeut al qualitx. and to promote a balanced and mixed energy resource 
system' (including renewable and alternative energy technologies). ' The role of conserva­
tion a> an energy re-sou pa- was acknowledged, but no further government actions were 
called for. and greater attention was paid to energy security. 

Two legislative in i t i a ines were proposed by the Administrat ion, but neither were 
passed by ('oiigress The Natural (I a.s Consumer Regulatory Reform Amendments of 
\'.)s.{ were designed to >peed up natural gas decontrol. They included a provision to void 
previous "take-or-pay " 'o i i t rac t s for high cost gas. Troubled by this provision, and faced 
with a less urgent market s i tuat ion (the average price of natural gas and residual fuel oil 
were about equal and plenty of gas was available), the Congress held hearings but in the 
end chose not to act However, as a result of phased decontrol set in motion by the 1978 
Natural Ca s Policy Act. (j5 rr of natural gas prices were decontrolled by January 1985 
Hut since the ceiling prices for remaining categories of controlled gas are above market 
prices, all na tura l gas prices in the I S are currently set by the market . A second propo­
sal to reform and speed up the nuclear licensing and regulatory process also received no 
action Meanwhile, the Nuclear Waste Policy Act was passed at the end of 1982, which 
com rn it ted the nation to a process leading to selection of a national repository for high 
level nuclear waste by the late 1990'-. 
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hi I'!** 1 w ii li i he escalation "f t lie tanker war in the I'ei-i an (oil!' m . • -i. 1i- -n- i i rp-
taken to bolster energy se . i in t \ In the spring "•>,, n-tai \ Model aim. un. e.| ih.ii l,.-ii-
cei'orth the Adminis t ra t ion 's polic\ was to use part of the Strategic I'etioieinn Res,-r\e 
earlv in an oil market disrupt!- u to dampen a price spiral and restore market -tabilitx 
By then the SI'R had been tilled '•> KM) million barrels, represent inn about M) day -o f sup­
ply at then current level of imports. About the same time an American-inspired eliort in 
the 1EA led to a ministerial decision m .July 19S1 which provided a framework for future 
informal coordination in the release of government-controlled emergency oil reserve- by 
those countries possessing such stocks 

Reagan Energy Policy Phase A 

When William Clark left the government at the end of I'JSl. Paul Model was shifted 
to t h : post of Secretary of the Interior where he vigorously pursued federal land and ( ) ( 'S 
leasing for energy resource development John Merrington. a former official in the Execu­
tive Office of the President , became Secretary of Energy in early 1985. Shortly 
thereafter, the Chernobyl nuclear power accident in the Soviet 1'nion and the oil price 
collapse of 1985-86 made energy security the dominant theme of this third phase of 
Reagan administrat ion energy policy. 

By the summer of 1980. oii prices had fallen from $28 barrel to below $10 barrel, 
immediately causing a decline in I S . oil production and a recession in the I'.S. oil indus­
t ry. In response to a request from the President in the fall of 1986. the DOE chaired an 
interagency high level s tudy of the s i tuat ion and published a lengthy report . Energy 
Security —A Report to the President, in March 1987 One of the most comprehensive 
government studies ever conducted of the I .S. energy scene, the report analyzed every 
domestic energy sectr.r within the context of international energy marke ts . It concluded 
that the I n k e d Sta tes would be vulnerable in the 1990s to rising dependence on oil 
impor t s from the insecure Persian Cull". Project ions showed impor ts increasing from "> 2 
mbd (about one-third of V S. consumption) in I98(> to between S and 10 mbd in the 1990s 
(about one-half of projected consumption I While several policy opt ions were outlined as 
to how to deal with this future vulnerability, none was specifically recommended. Inn the 
disadvantages of an oil import fee wen- emphasized Meanwhile, iwo mdusirv - tudie-
and a study by a Congressional agency reached essentially the same • •<.\\t |u-(, ,u regarding 
rising future (' S dependence , ,n ,,1 import-
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some stability to the oil industry but not high enough to give a major impetus to new 
exploration and development About one million b d of domestic ml production ha.s been 
lost due to the oil price collapse The Reagan administrat ion has n«>t asked Congress for 
further actions However, the Department of Energy ha.s init iated three foliow-up stu­
dies 

1) Since the t ranspor ta t ion sector absorbs the largest amount of oil m the I S . 
economy (about 63 'c ). DOE is studying various types of a l ternat ive automotive fuels and 
the prospect of developing .1 flexible fuel vehicle. There are also bills in both the House 
and the Senate calling for government support for alternative automot ive fuels. 

2) DOE has just completed a study of U.S. natural gas reserves which underscores 
greater potential in the future for an expansion of natural gas production and use 

•I) Studies are also under way analyzing lax regimes anil o ther oil and gas industry 
investment incentives in the I'nited Sta tes and other nations, which will very likely lead 
to recommendations for further government actions to s t rengthen tax incentives for the 
oil and gas industry. 

The American oil industry ha.s not been completely satislied with government 
responses so far A number of independent companies tiled an action with the Depart­
ment of Commerce in late 1987 calling for another government review of the oil import 
si tuation on national security grounds under Section 2-V2 of the Trade Expansion A d . 
The issue of I ' .S. energy security will undoubtedly be a subject of debate (but not the 
highest priority) in the Hi88 I'.S. election campaign. 

It will be up to the next American administrat ion to look once again at the energy 
security issue and determine whether further actions are required to assist the <>d industry 
and or mitigate what seems to be an inexorable rising curve of I S oil import depen­
dence As usual, much will depend on what happens l<> oil prices Hut the issues of an oil 
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\ \ •.:!•• i' ;- i . . ' . I ' l l t.. jiiiliif I he • llf'-t ii • • • ' i In Iff i call ad m HUM rat it >u energy 
: - " ! e ; - - • .• .ill ' .n- • |-..a>i-- nil <ii-iuaiii 11 r i -__ : i ! n ! n- and r- ' HI nine in a iiinre 
:ii-- :iia:r..i one mat i. 'ii ha.- Keen mi the whole a iiealun nii<- fnr th'- \nierit-an energy 
• •,-. 'inini And the vigorous litnld-tip of a Strategic Petroleum Reserve (now well over ">(K1 
inl)l h.:< lie*':; i iupnitant a.- a first line of defense in an elHici emergency However, the 
challenge for the futi.re will he for government In strike a lialaiice between the free 
market and further action.- to eiiMire American energy -ecunty m a world of lower oil 
prices 

As we know, the free market d m - n.'i plan for the long te rm future With oil 
import* likely to rise substantial ly in the next decade, can America take steps to offset or 
at leivst postpone this development by encouraging more domestic supply? Should more 
incentives be given to other fuel sectors and conservation' ' Will enhanced oil dependence 
pose a future threat to the stability of the American economy in case of a future oil price 
shock'.' to America's leadership role in the world'.' In the I 'nited S ta tes there is still no 
firm consensus on these questions which I he next administrat ion and the next Congress 
will face 
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E N E R G Y P R I C K M A N A G E M E N T IN E C O N O M I C S Y S T E M R E E O R M 

Zh.-il P : . d l * 

l n t r o d u c t ion 

Economic system reform is the most impor tan t task of C h i n a s social-economic 
activit ies, and price reform was taken as one of the key words of economic system reform 
once upon a time. China ' s price management problems, including energy price manage­
ment , are firmly related to the difficulties tha t are encountered in the process of economic 
system reform. In order to analyze the s t a t u s quo and development tendency of energy 
prices and the price management system, the changes and developments of C h i n a s 
economic theory and the practice of overall price reform in recent years should be 
reviewed briefly. 

The establishment of the thought of the socialist commodity economy marked the 
basic change of China 's socialist economic theory. China 's reform and opening to foreign 
countries conducted in recent years marked the conversion from the strictly planned p r o 
duct economic management model to the planned commodity economic model. In the 
previous economic management pat tern, the production of the means of production was 
denied as commodity production, so the role of the law of value was neglected for a long 
t ime. The s tate planning and production management depa r tmen t s not only worked out 
the production plans of various products, but also worked out the investment and pro­
duct allocation plans. Price was gradually becoming an accounting symbol, and enter­
prises simply obeyed orders , not responsible for their profits and losses. 

Before 1978, for a iong time, the price freeze or half-freeze policy was in force. With 
the long-run changes of various economic elements, China 's price s t ructure imbalance 
became very serious. T h e prices of agricultural products, energy and raw materials were 
too low. while the prices of the manufactured products were ra ther high. The prices of 
agricul tural products were especially i rrat ional . Due to the long-run fault of agricultural 
policy, the rural populat ion could not get rid of their poverty. So, as the first s tep of 
price reform, the purchasing prices of agricultural and sideline products were increased 
great ly, and the prices of some industrial products were readjusted correspondingly. 
Since 1985, as the rural economic reform reaped first fruits, a large number of collective 
ownership enterprises have emerged. Local economic s trength was enhanced, and out-
budget capital has become a substantial part of fixed assets investment . The s tate could 
not strictly control the production and allocation of the means of production, such as 
energy and . mater ia ls , whose prices are irrationally low. It got a feeling that at this 
t ime it was not feasible to get rid of the existing price system. So, the two-tiered price 
scheme that had been existing on a rather large scope was formally introduced to the 
price system of the means of production Some prices of the means of production were 
deregulated in different forms and degrees. The price of in-plau commodit ies was fixed by 
the s ta te , but ihe price of the same cumtiKxIity that is outside of the plan was decided by 

I b a d . Kii"T^v S \ - t rn i s Analv- i - l) i \ i - ion, Knergy Wesearfh Inst i tute 
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While the local p.mil . •( .'a.n>.• r11!•' reform has shifted in urban area.- the funis point 
• •I' price ret'..nil wa.- ii''t ct .nverti'ii I., the area < >( industrial means of production accord­
ingly The tentative idea i if greatly readjusting the prices ul' the lllealls of product loll 111 
the besrmiiiiit: or middle . .f the 7th Five-Year Plan period | I(IKa-1!)!)()| wa-> iiol put into 
practice Inllatioii was brought about by overall price increase. and social |>ressure foi­
l-wed '1'he I..-.- of control of the macro supply ami demand balance and the fiscal deli< it 
| . . r .ed the st : , te government to consider reluctantlv b.r a short while that it would be 
necessary to retain the focal point of price reform in the price readjustment of agricul­
tural and sideline products in the short-run. s t rengthen the price control or industrial pro­
ducts and restrict the increa.se of price level In the short-run. it seems difficult to count 
on the s ta te government to readjust the prices of the means of production greatly 

Some experts believe that historic use of the product economy model caused a large 
number of low efficiency, uiieconomically-scaled enter [irises Mecause of the mutual 
dependence between these enterprises and the government in various levels, tin- optimiza­
tion of the enterprise organization structure did not come into being with price changes in 
the means of production It was hard for the competit ion mechanism to play its role, and 
cost-push llillation developed continuously Therefore, essential prerequisites of price 
reform will be to reform the system of property right, reorganize assets according to price 
signals, and realize the a-s.sets operation mechanism according to opt im im resource distri­
bution 1 he objective of price reform is not merely to provide the essential condition for 
the creation of the socialist commodity marke t : more important ly , it will lead to more 
efficient distribution of resources. 

Energy Pricing 

The reform of energy price and its management system was conducted under thc 
restr ict ions of the overall price reform environment mentioned above The ba.sic situation 
in China is that the energy price level is low globally Several different prices for the 
same energy sources exist simultaneously, and the management of energy price is ra ther 
confused 

Coal 

<'..;i| is the most important primary energy source ] M C h i n a a c c o u n t i n g for 7V ( • •(' 
t o t a l p r i m a r y energy fo i i s i in ip l ion MaM'-ally. C h i n a ' - ene rgy p r ice level can be r>dlecie<| 
b> t h e coal price level C h i n a ' s coal p rodu t i ' .n e n t e r p r i s e s |.;ui (,,. i | i \ ] . | ed in to t h r e e m a i n 
' . i t ' t ' . r i ' s t | | " s l a t ' - - . , w | , e i | e, ,;,] [ | |![ |es | > I ; | | . ' m i n e - . ] , t h e | . . i a l g o \ e r i l l l | e ! l t - o W tied c o a l 
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very b u n t e d , and w a s ^em-ra l ly sold !• •» .t 51 y Sa les were c. i i i r e i i i r a t e d in t he coal p r o d u c ­
ing ai'i-as. and the p r i ce vv as genera l ly lower t h a n t h e s t a l e unified coa l pr ice . I lie p r i ce . .1 
coa l p r o d u c e d by local m i n e s Was gel ieral lv e q u a l t o t he s t a t e unif ied coal pr ice So . bas i ­
ca l l y , t h e s t a t e unif ied coa l pr ice r e p r e s e n t e d t h e coal p r o d u c t i o n p r i ce . T i le coal c o n ­
s u m p t i o n price w a s bas i ca l l y equa l to t h e p r o d u c t i o n pr ice p lu s t h e t r a n s p o r t a t i o n c o s t s 
Before 1981 . s t a t e m i n e s bas ica l ly a d o p t e d a s ing le p l anned p r ice 

T a b l e 1. T h e propor t ion of raw coal p r o d u c t i o n b y o w n e r s h i p 

In i l : *7 

1981 ias-2 1983 1981 19S5 

S ta le mines r,:i.9 52 5 50.8 50.0 -19.0 
Local mines 25 7 25 (i 25.1 22 5 21.7 
Township mines •20 1 21.9 23 s 27 5 •29.3 

To ta l 100 100 100 100 100 

Since 19S0. coal ' - o n s u m p t i o t i i nc reased r a p i d l y , a n d wi th t h e effect of r u r a l e c o n o m i c 
r e f o r m , t h e coal p r o d u c t i o n of t o w n s h i p m i n e s inc reased g r e a t l y . A lot of coal p r o d u c e d 
by t o w n s h i p m i n e s p e n e t r a t e d in to t h e l ong d i s t a n c e m a r k e t , a n d t h e s i t u a t i o n of s i n g l e 
unif ied coal pr ice c h a n g e d . In 1985, t he f inanc ia l m a n a g e m e n t m e t h o d of "fixed c o n t r a c t " " 
b e t w e e n t h e s t a l e a n d t h e C o a l M i n i s t r y w a s a d o p t e d , t h e t w o - t i e r p r i ce s c h e m e w i s for­
m a l l y i n t r o d u c e d i n t o t h e pr ice s y s t e m of t h e s t a t e m i n e s , a n d t h e pr ice of t h e newly 
i n c r e a s e d p r o d u c t i o n of t h e s t a t e m i n e s w a s i nc r ea sed by 5 0 - 1 0 0 r 7 In 1987, coal p r i c e s 
w e r e verified a n d i n c r e a s e d differently ( 8 - l l f 7 ) by reg ions . M e a n w h i l e , t h e p r o p o r t i o n of 
h i g h e r pr iced coal w i t h i n ove ra l l p r o d u c t i o n by s l a t e m i n e s w a s i nc rea sed . In e n e r g y 
def ic ient p rov inces , t h e coa l pr ice of local m i n e s w a s increased as wel l . In s o m e p r o v i n c e s 
it w a s increased by 7 0 ' 7 . 

C o m p a r e d wi th 197* tin- l<IMi a v e r a g e p r i ce , ,f in-plan coal w a s SO'7 g r e a t e r ( T a b l e 
21 In t h e "ami' p e r i o d , t h e ave rage raw coal p r o d u c t i o n cost of t h e s t a t e unt ies i n c r e a s e d 
l.'V I 1 3 ' i and t lie |. ,—i-- |>i ,ni raw ei. ; )I p i . ' due l \, ,n a re t e n d i n g t< . gr> ivv 

A- the ' o ; i | prn e i- to . . |. ivv III o l d e r t o e n c o u r a g e t h e areas , wi th a b u n d a n t c a l 
;•• -••rv ••- to in. re.i.-e . • .a I p roduc t |. .n and all. . . a i i"ii t< • • >t b - r p rovince- . , t he Ma te uov e rn -
MP III ha.- t.. ::ive - i i l - n l i e - I . s | 1 ; u i x i ; , | . , | . . i l i . r i oal pri ..III' llili |il"ov inces tha t v a n 11 • In 
I " ' 2 7 ' . l i . i l i I ' l l l ' l " i l . l i - o - i , | o i , | | , - o l l . - l . - d I'V i o n - U l n e | - (• ' . . ! i ' \ : i l | l | i | r III l ' I M i t h e 
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T a b l e 2 . R a w coal p r i ces of t h e s t a t e m i n e s in r e c e n t y e a r s 

• . : • . ! . • . x • ' • ' :, \ ' '. s '. 

[97S 1•> (11 1 1 K ) 1 1 r» '•: 
1(179 1 (1 2 t i 1(11 li ! ^ < l l . 

19X0 21 33 102 2 20 *7 
insi 21 15 1 (12 "> 20 93 
1982 21 r>8 102 2 21 Hi 
1(183 23 92 102 I 23 13 
HIS! •2-1.7:1 102 2 2 1 2 0 
Ids.') 28.0") IDS 0 2') (17 
lose 2S "il 111 o 2V~>7 

Note The average raw coal out-mine price of s ta te mines = planned price 

China 's coal production is mainly concentrated in the middle west areas, while the 
coal consuming centers are mainly located in the east coa.stal areas The long distance 
t ranspor ta t ion of coal is a heavy burden on C'hinas railway system. In order to increase 
the railway transport capacity, a two-tier freight scheme was also introduced into the 
railway and water t ranspor t systems: the in-plan shipment is charged the s tandard 
freight, while the out-plan shipment is charged a much higher freight. The shipment of 
the coal produced by local mines and township mines mostly belong to out-plan shipment . 
so their coal t ranspor ta t ion cost is generally higher. The multi-price scheme in coal pro­
ducing areas and the multi-freight scheme caused the price chaos and great dilference in 
coal consuming areas. The average in-plan and out-plan prices of the coal purchased by 
the fuel companies in Shanghai and Suzhou are give in Table 3. 

Table 3. The average coal prices in Shanghai and Suzhou 

I'nit: yuan t 

Shanghai Suzhou 

In-plan price 

1970 37 99 
19X0 11 7r» 
HJXI 12 20 
19X2 12 xx 
19X3 .(i ty.i 
19X1 VI.01 
1 fix.", (33 30 
HJXfj f>3 72 

In-plan pr ice Out -plan price 

l i . M I oli.(10 
•l.j X() r i ( l (10 

I.YX'O "0 (10 

|.")X) X0 00 
1") X0 S7 00 

"• 1 70 100 00 

(.2 70 11", 00 

07 10 1 1000 

7-1 



Kveu I hi'Ugh ni th' ' ' . l .-lira r. 'iisuiii:tig ci-nters. the prices of out- plan dial an- much 
higher than m-plan coal, the nut-mine cn.il p r i ' o > •!' town>hip mines, which are the main 
producer of oiit-plan coal, are generally lower than lho.-»c of the s tate mines Tin- e \ n i 
consumer cost is transferred into the t ransporta t ion an.I sales sectors The -ub>idies 
otl'ered bv the Mate government for the oiit-plan coal prod'.i.-,-.! by !• M I! r11111- —. are taken 
h\ t he K" a! c iv.-niliielits .1' . 1: : . , - h \ e | - onl'. , i - m a : : | r ;• r:--'!i - ! • ' ' 11«- - i '• • :a ill'--, 

I a- 1 nci 'y and Oil Pricing 

The price management and regulation of electricity and oil are similar to that of 
coal The difference is that the electric power and oil industr ies are highly s ta te monopo­
listic sectors There are few intermediate links of t ranspor ta t ion and sales between pro­
ducers and consumer, so production price and consumption price should be basically the 
same. But with retined oil products, often the consumers bear irrational and illegal addi-
t iotial cost. 

Since the KloOs. electricity price has been under nationally unified regulations Pre­
ferential electricity prices were offered to agriculture and some electricity-intensive indus­
tries By 1070. the national average electricity price was 'l'trt lower than that of the end 
of the 1950s Only the electricity price in northeast China increased because the electri­
city price there had been much lower than that of the national average. Since 1980. the 
financial si tuation of the power industry has steadily deter iorated. Generation cost 
increased annually, and electricity price also increased somehow, with some of the pre­
ferential prices canceled Since 19S.">, because of the introduction of the two-tiered price 
scheme of the means of production, some of the power plants that consumed higher price 
coal or oil could no longer bear tlie increasing fuel cost, and the price of this part of elec­
tricity began to fluctuate with fuel prices. 

Because the power shortage s i tuat ion has been very serious in recent years, local 
enthusiasm for developing power industry with locally gathered funds has been st imu­
lated In addition to a number of small thermal power p lan ts and small hydropower sta­
tions, some large and medium-sized power plants have been constructed with locally gath­
ered funds The electricity p i ; c ; of these local power plants are not restricted by the 
nationally unified electricity price. The in-plan power consumption still takes up about 
9 0 c r of the nat ional total power consumption, but in the areas where the economic 
growth rate is ra ther high and power shor tage is very serious, the proportion of out-plan 
power consumption has become irither large. In some of these areas, the average electri­
city price is about two times h ' t ' i - r than the national average. 

For oil. a contract was .-;sj!i;«d in 1983 between the S ta t e and the Ministry of Oil 
Industry, in which a crude oil pro!.." ' ion quota wa.s specified. The crude oil production 
•'.weeding the quota was to be pri; c l the same as the exported crude oil. Besides a few 
-.mall oil refiners that belong to oil fields. China 's oil refinery industry is monopolized by 
the Chinese National Petrochemical Company (CNI'C). In 1983. a similar contract wa.s 
signed between the State and the C N P C The oil products production exceeding a 
~p"< llied quota could be sold at a higher price. Currently, the price of the over-quota oil 
products is higher than the international price Since 1983. except for a few special con­
sumers specified by the State all newly-added domestic crude oil and oil products consu­
mers have been charged the higher prices. Because the demands on highway and water 
shipments have increased very rapidly in recent years, crude oil and oil products have 
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T h e P r n h l r i n - f r o m l o w Knergy P r i c e s 

\ . . : . >:• ' •',',•' I t i .e I'.V - l i . !•••! | I I . ' ' - . 'h ' - l l ie has. ncf 'ea.scd t h e 
• • ' _ • • ' . • . ' ' in ' !i- • I p • : ;i • i I Mill • ( ' Imia s elli-1 U V p rh '' level |s M ill I! T : I -

The l.o t t h a t r.ivv <-,..,{ [ , j , •« 1 urT |. >n p r i c e is lower t h a n p r o d u c t i o n cost is a pr. >l>leiii 
I ' T t h e past 7 \ e . i | s t h e s t a l e m i n e s w h i c h l a k e up ."»(('/ of t h e n a t i o n a l t o t a l coa l p r o ­
d u c t i o n , have o p . - r a t e d at losses T h e a m o u n t of losses h a s i n c r e a s e d a n n u a l l y , a n d n« >w 
r e a c h e s a b o v e I ljillii.n y u a n per y e a r F u r t h e r , t h e c u r r e n t cos t a c c o u n t i n g m e t h o d d o e s 
Hot i n c l u d e e v e r y c o s t I t e m t h a t s h o u l d hi' c a l c u l a t e d T h e s i m p l e r e p r o d u c t i o n o f t h e 

s la te mines is maintained by state subsidies The investment in new mines has to rely 
completely • • n I he national government Most local mines, which make up 20'7 of the 
total coal production, also operate at losses Their production is maintained by the subsi­
dies offered by local governments. Most of the township mines are operating in a primi­
tive non-mechanization pattern Their production cost is ra ther low. and profit is also 
\ • ry iow. A lot of resource is wasted m their production, and their economic s trength for 
expanding production capacity is very weak. 

The prolit level of the power industry ha-s decreased annually and now is much lower 
th:;ii the national average. As power shor tage is very serious, development of the power 
industry should be speeded up. Hut because the profit rate is too low. the funds needed 
for self-development are deficient, and the development speed of the industry is seriously 
influenced 

\ \ i t h the deter iorat ion of oil recovery conditions, the production e s t of oil has 
increased rapidly. T h e natural progressive decline in production capacity in old <>\\ fields 
increased, and the exploration and development cost of new oil fields is rather high. I In­
s table and increased production of the oil industry m recent years was supported finan­
cially by the revenue generated from the sales of high price oil With the sharp fall of 
international oil price, the development funds of the oil industry decreased. The crude oil 
industry a.s a whole is becoming another sector operated in losses 

Possible Directions for Energy Price Reform 

I lie harm o| low energy price ha.s been ment ioned by many experts and f rom many 
aspects The |, ,w energy price caused wastefu l d .ns i impt io i i and restr icted the develop­
ment . ,| e[|. 'ru\ p roduc t ion Here, we would like to analyze the tendency of energy p r n e 

ha Nile- Irotn the point of view of economic system reform In l'a< I evervoiie knows tha i 
< 'in a i - > • 11 < • r n y pn< e is too |. ,w . i he (pie-t e.n is how and when to •- . | v i his problem 

Oi l pi w-r and coal i - ta tc i in i ies| industr ies ao- hinhlv monopol is t ic p r o d m t i v e 
Lip ' i jp- . 11 r • •' • t i y oper . i 'ed bv governments f o r a ' .,•; tune ~lal al mines h a v h e n 
' • p e t i t , m ; | t |. . s - . . ~ , f , l e ~ u i o | . | | c s | , a V e | , e e | | | . , • . . j : | ! M l U : i l l > a l l d • | e V e | . , p | | | e | | t f l u i d s 
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i t l i p " l l - - y . IT ' 1 i l l : - i i .1 ! i ' _ ' - i . t i n t e n d e n c y t i e \ p a l l d t h e p i . p- -1 ! I- -Ii i .1' i . i l l - p l a n p r - - l u - - l I--li 

'!.!••-1 mil '!' \ i i . ' - ' - i | pr- -a- I P - and - I - -w in-T'a>e - -I" t hi • >\ - ra i l pn - •• lei el w i l l be in ami a im-d 
l! 'tier,- are n- - Ma-:;;, n !• -us !i a n •:.-••- in pn- <• ret', -n i l . I lie pal i- i n • -1' I u- - I i- r e ! • - n • - r LI > pn- e 
u d ! le i i iam !'--i a l a t he r 1. .lis; p.-n---! Hut as l--ng a- the I w . - t i e r e d pner scheme exists. 
the low enercv pri-a- -U uali- >u wi l l remain 

\ ; i - - i | ier p...--ilulity is i ha i the management system re | . . im of the energy p i - .duel i.-n 
enterprises m;i\ pr--m-.ie the pr. i, I--,- . if ei:ergv price re form In the recent o rgan iza t ion 
ret'-...nil . •!' t he S t a t e ( ' . i l l t i e i l t he M i n i s t r i e s i if C o a l a n i l W a t e r Resou rces a n d K l e c t r i e 

I ' . 'Wer I n d u s t r i e s Hi-r-- c a l l c e h d , a n d t h e M i n i s t r y o f K n e l g V w a s f . i l l l l d e d It Is Very c l e a r 

t h a t t he M i n i s t r y - ' I I ' t l ' l g y ca t l l l . ' l e x e r c i s e i h e d i r ec t pr- . due l |. i l l o p e r a t i o n f l l l i e t l< i|| t h a t 

Used t . i l ie exerc ise.1 by t h e n i l . o - a l . a n d p o w e r l l l l l l l s t l i e s h is Ve ry poss ib le t h a t a ser ies 

o f r e g i o n a l Coal , , , i l . a n d p u t t e r c o m p a n i e s w i l l he f o u n d e d , a n d t h e r e s p o n s i b i l i t y o f 

energy product ion w i l l lie borne by enterpr ises If th is p a t t e r n can lie real ized, the 
regional energv companies wi l l change thei r energy prices. As a result , it is possible that 
instead of na t iona l large-scale energy p i n e read justment , regional step-by-step energy 
price readjustment may c i n e into being The feasibi l i ty of (he regional price mcn-asc 
w i l l In- l a r g e r a n d t h e i m p a c t i if t h e p r i c e i nc rease w i l l be d i s p e r s e d . 

S . i l i l i ' e x p e r t s p i - ' Jec t . ha t it t h e c u r r e n t ene rgy p r o d u c t i o n m a n a g e m e n t s y s t e m . 

especially the c-a l p roduc t ion management system, and the energy price regulat ion pol icy 
are unclr. i im.ci. in the near future the overa l l coal supply shor tage w i l l reappear. A t that 
t ime, the state government would be forced to re-evaluate the current energy price pol icy 
Large-scale coal pr ice and maybe e lect r ic i ty price read justment wou ld lie possible then It 
seems not a good prospect but is possible 

Because most o i l consumers do not consume crude o i l d i rec t l y , the price changes of 
crude oi l w i l l on ly lead to prol i t real locat ion between the o i l recovery industry and the oi l 
refinery indus t ry , and influence to some extent the account ing balance of foreign t rade 
I his k ind of prof i t real locat ion w i l l be re la t ive ly ea.sy to conduct The oppor tune moment 

ol oi l price read jus tment w i l l depend on the fiscal s i tuat ion of the oi l recovery indus t ry 

Conclusion 

In recent years much research has been conducted by vai ions governmenta l depar t ­
ments and s i i . - i i t i t i ' - research units t., decide the ra t iona l energy price level and p r i c ing 
principles Many I>•-u»-fi' i;i 1 results were obta ined Hut the pract ice of price re fo rm in 
r.c.-ni years ib uioi ist rated that change .if energy price is ma in ly dependent on changes in 
'he macp ,1-n ,ii- irnie s|t uai). -n and the process of en in- .'M i'- svsti-ni re form 11 is also depen­
dent on the eva luat ion and Ulidi r.~l a l id l l in " I the high-level i|i-Ci-;-i|ini;ikiT'- about t lie 
- i i ih . l i i t i " - an I .-tie. is . ,f pri.-e n-l rm Recent ly, the cent ra l government has re i terated 
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• •,.- mi p. ! i an. • • 'I' i rice re I', .rm I T t he . A e ra II i< • .n. uuy ref. .nil a n d dec ided Ii > rat i< iiialize 
•• p! ••••• - W i l l i .:. : lie IMA! •{- "i y ii - III • .riliT I ' ' e- ta l ' l l s l l 1 he new i Tiler i if s. icialist coln-

::.• ..lit V • . • ii. :.. \ 'I'iie fund i nielli ;il t rend Is likely I. ' a c c e l e r a t e t h e pT' igress i 'f n i a r k e t -
•n ' l i t . i n 11 , •)' ' i i- ' iiii-iiii- • f pr. iiiui 11. i|i a n d t " f..iind t h e p r i ce s y s t e m Imsed oil t h e 

: : , a rke l Wi th ie^..iid !•• I he e[ier<\ pr ice r e t . . r m . it s e e m s u n c l e a r w h a t kind . .1 c o n c r e t e 
po l ic ies will |.e pa i - i i e . i W l u l h e i i e i e n u I a I !• . n . T --.Hie c. in h m a l !• .11 iif ad ju-1 meii t a n d 
d e r e g u l a t i o n will l . e c . m e the d o m i n a n t ref. Tin 1114 a p p r o a c h ha.* ne t ln-en dec ided T h e r e -
fi.re f u r t h e r ana 'y*i< . .f t h e r. 'le and pos i t in i i nf ene rgy p r i ce r e f o r m in the o v e r a l l 
e c o n o m i c -y > 11 • (11 ref. •mi f rom the v iewpoin t of socia l is t c o m m o d i t y e c o n o m y , a n a l y z i n g 
t h e c u r r e n t s t a t u s a n d c h a n g e * m ihe m a c r o e c o n o i i n c s i t u a t i o n m o r e c o m p l e t e l y , a n d 
a s s e s s i n g the o p p o r t u n e i i ioineii i and c n . r c t e p a t t e r n and m e t h o d of pr ice re form will he 
very beneficial 
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APPROACHING LONG-TERM ENERGY DEMAND: 
ENERGY DEMAND FOR PRODUCTION OR PLEASURE? 

Lee Schipper" 

In t roduc t ion 

The transition from smooth growth in world economic activity and energy demand 
through 1973 to the irregular patterns of the last 15 years makes determination of future 
energy-use patterns very uncertain. Analyzing evolution of various sectors of use in 
developed and developing countries, and understanding how underlying sfrurfure of con­
sumption as well as efficiency and fuel choice has changed, shows which long range forces 
affect energy needs through changes in structure, and which forces affect principally inten­
sity or fuel choice. Additionally, the understanding of the changes during these 15 years, 
and whether such changes are easily reversible with lower energy prices, is important to 
understanding where today's consumption patterns will lead. This paper will discuss 
some of these energy demand issues, emphasizing those which present the greatest uncer­
tainties and challenges to the planner or modeller who is considering the energy options of 
an individual, a firm, or a nation. We first discuss the most recent changes in energy use 
in developed countries. Then we examine how the changes in energy prices might affect 
energy use. particularly through changes in efficiency. Finally we ask whether there are 
underlying forces that affect the efficiency and structure of energy use in ways relatively 
independent of energy prices, forces that may have important upward — or downward — 
effects on long-term energy demands. 

T h e S h o r t - T e r m Concern : Reversibi l i ty of Conserva t ion and S u b s t i t u t i o n 

The increases in energy prices after 1973 and 1979 caused or accelerated improve­
ments in the efficiency of energy use (1). In 1985, homes, services, automobiles, truck 
freight, air passenger traffic, other transport, and manufacturing in the OECD used 48 
million barrels per day of oil equivalent (mb/doe).** Between 1972 and 1985, however, 
energy use per unit of activity in each of these sectors in the OECD fell significantly. If 
these energy intensities had been frozen at their 1972 values, 1985 end-use would have 
been close to 64 mb/doe at the rates of activity that pre .ailed in each sector in 1985 A 

The difference yields a savings of 16 mb/doe. The corresponding oil savings in this period 
amount to close to 12 mb/doe. including substitution by other fuels. 

In the residential sector (2.3), centrally heated homes in cold countries (save Great 
Britain) reduced use by 15-35cx, oil heated homes in Denmark reducing use by as much as 
50 cc (3). Through 19S5 consumption had not rebounded by more than 10°? of this 

* International Energy Studies Group. Applied Science Division. Lawrence Berkeley Laboratory 

" Note on Units 1 million tonnes of oil equivalent f.MTOE) - 41 87 PJ 1 mb d<--e - JJT1 PJ 

* Consumption in 1980 for space heating was torrefied for the abnormally told winter 117J was < l.-.M-r 
to a normal winter 
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hi th'- .service sector, thi-ri- is evidence of a drop m fu• ! u--- per unit of i! ~-r -}-.i> <• .n 
all O E t ' D countries, but there wa» growth in elecincity use 1 "11 Th'-re ha- been al- -.:', a 
'JO17 drop in space heating intensity in OEC'I) service sector b u i l d i n g 

la industry efficiency increased more rapidly in the period after 1973 than before 
and the 1979-19;>5 period Drought rapid energy saving with higher oil prices and. more 
recently, brighter economic times Overall energy use per unit of output m 19Sr» was 
more than 30 f 7 below its 197'J level (ti.7) At least 1 3 of the reduction in industr ial 
energy use (value added I was caused by permanent res t ructur ing of output towards less 
energy-intensive mater ia ls Although some substitution back to oil is apparently under­
way 111 1987. it does not appear that more than 10'<" of the drop in energy per unit of out­
put 111 OECD industry could return as a result of lower oil or energy prices 

In the transport sector new car miles-per-gallon improved nearly IDO'7 in N Amer­
ica iSee Fig II and by a smaller amount in Europe and Japan 18). where through the end 
of the 1970s cars were still getting larger and more powerful Soaring rates of au to owner­
ship however drove motor fuel use upward in Europe and Japan until higher prices. 
sa turat ion, and more efficient cars in the 1980s checked the increase More d rama t i c up 
to 19Sb' has been the 40 c 7 decrease m energy pass-km for air travel (relative to 1972 3 
intensity) Finally, a small increase in truck freight efficiency added to savings Since the 
changes that persisted through 1985 were caused by more efficient vehicles and, for 
freight and air traffic, better handling and load factors as well, these will remain with 
lower oil prices because they make economic sense at virtually any oil price Indeed, the 
drop in crude oil prices in 1986 was preceded by coniinual declines in the real prices of 
gasoline, without any significant increase in miles driven or liters km This suggests that 
consumers, part icularly in the I S . , have adjusted to more efficient vehicles by sirnph 
spending their savings on other things besides fuel However, if energy prices s tay low for 
long enough. American autos might begin to increase in size rapidly enough for gains in 
M F C to be erased 

Thus in almost every OEC'L) country in Central or N Europ". as well a-s in N 
America and Japan , energy intensities fell significantly in all sectors In Japan and C 
Europe some o\ this drop was obscured or even offset by increase in house area, central 
heating and car ownership, or in the case of Italy, by an increase in output from h»'avv 
industry But energy was saved 
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By comparing hypothetical energy use by sector in 1985 at 1972 intensities with 
actual consumption, we ran estimate the energy savings. The OECD used only 48 mb doe 
instead of 64 mb doe, a savings of 16 mb/doe. It appears that only 209o of the energy 
savings could reverse. For oil, 24.4 mb/doe were used instead of 35.9 mb/doe. The rever­
sible portion is slightly higher than for energy, in part because of substitution back into 
oil. in part because of the huge savings made in oil-heated homes in a reversible but rapid 
way (3) Surprisingly, transportation is not a great source of reversibility, unless cars in 
the U S return to the low levels of MPG common in the late 1960s! 

It is difficult to ascribe a large part of these savings to energy conservation policies, 
because much of the savings occurred rapidly. In (1), I estimated that energy policies 
only accounted for a small part (<25 c 7) of the energy and oil savings. This does not 
mean that these policies were not effective, only that even greater changes have been 
wrought .so far by higher prices and continued improvements in energy-using technologies, 
terhn<.l. leies tha' were already mi pro\ ing before 1973 My own expectation, however, is 
thai energy <' user, :iti,,n p'ii i'ifs priii' i; a!k standards on buildings, homos, and appli-
a rice*, r̂-..) -1. i r i' i. i. T !- ' T ;. r'-S1-n r" ii ant-. rnaiiiif.K 111 r' • r •- will aeciiin ulato savings over the 
> i i i i i n i g ' ! > " , i : • • -



It can be shown tha t most of the changes in energy use between 1973 and \9S:> were 
indeed caused by reduced energy intensities, with fuel sub.-unjii.iii playing a less 
significant role Changes in the structure of energy use -- the mix of ' . ' input, and the stock 
of consumer guods -- played a smaller role in reducing overall energy intensity, and tin-
la t ter contributed to greater energy intensity and use in many countr ies during this t ime 
frame To project energy use forward, we consider some of these factors more closely 

E v o l u t i o n of t h e S t r u c t u r e of E n e r g y U s e in t h e M e d i u m a n d L o n g T e r m 

Given this information about recent changes in energy use. how might the evolution 
cont inue in the medium t e r m 0 In many O E C D countries, there is still much change tak­
ing place, so it is difficult to pick a "base l ine" Nevertheless, sa tu ra t ion of key consumer 
uses (appliances, heating, and cars) will dampen energy growth, par t icular ly in the l i m e d 
S ta t e s Equally impor tan t , the turnover of stock -- appliances, vehicles, buildings, fac­
tories and equipment — will lower the ratio of energy use to output since new systems are 
almost universally less energy intensive than those they replace. With strong income 
growth, the turn over of capital will be more rapid than in the past 1-5 years. This turn­
over will encourage further reductions in energy intensity With weaker economic growth, 
efficiency increases will be slower, but the overall level of activity will not rise •« rapidly 
This means that the likely range of future energy use is likely to be less than the range of 
economic growth that is expected In the medium term, this means slow energy demand 
growth , even with " h e a l t h y " de . 2 - 3 c 7 real) economic growth. 

Let us next take a very long range view of energy use. Wha t emerges is that society 
accumulates the means to accomplish energy-related tasks with increasing sophistication, 
so that efficiency of energy use increases almost continually. T h a t is. growth in delivered 
energy lags considerably behind growth in the services delivered, but growth in services 
delivered is not evenly proport ional to the most common measure of economic activity, 
G D P In fact, disaggregation of structure reveals that different sectors grow at different 
t imes in development: 

o Industrial energy use grows first (although households in cold countries need fuel, 
often wood, to stay warm) . The basic infrastructure must be built to lift the country 
from subsistence. Dur ing this period energy use will grow less rapidly than ou tpu t , 
because of the effect of efficiency increases in industry, but the rapid expansion of 
industrial production and its orientation towards raw mater ia ls may increase energy-
use more than total G D P . In W. Germany , for example, industr ia l energy use made 
up nearly oCFc of to ta l energy use in 1950, but less than 30°c by 1986. 

o A basic t ranspor ta t ion network, which requires energy to move goods around, is also 
required at an early s tage. Energy use for freight dominates t ranspor ta t ion energy 
use. At some point, automobile ownership begins to grow rapidly, leaving t rucks 
behind, as personal t ransporta t ion energy use becomes increasingly important in 
driving energy demand . 

o Consumers begin to acquire energy intensive goods— heating and cooling equipment. 
cars electric appliances While these (and other energy using capital) become more 
sophisticated over t ime, consumers' energy uses for comfort , convenience, and 
mobility grow rapidly until ownership of the goods tha t provide these services 
s a tu ra t e s and use pa t t e rns mature Indeed, in many countr ies , energy use during 
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this phase grew more rapidly than overall income <.r (il)f*. because ga>"lnie :uid 
space heating fuel use which dominate consumer cnercy use. "produce' verv ln:li-
GDP In most Western countries, personal transportation represents the onlv Sf<-7,,r 
where oil use is growing significantly and in many ••ountries the only -»ct->r \\h<T--
energy use is growing. 

!n a few countries, like Sweden, Canada, or the I S . the structure of tonsuniers' 
energy uses was mature even before 1973 and moving away from energy intensive growth. 
as central heating and car ownership were near saturation. Other countries, like Ger­
many and France, only approached that point after the second oil crisis. Figure '2 shows 
how central heating ownership in these two countries, as well as Italy. Holland, and Bri­
tain has neared or passed "0c'c. approaching that of N America or Scandinavia 
Although the increases in oil prices certainly provoked increases in efficiency of most 
energy uses in France and Germany, much of the effect was offset by continued growth in 
the ownership of energy intensive goods. 

Figure 2 
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I ' l t ima t eh in cold a.n«i wealthy countries i-nerg) us.- t'< -r consumer*. -- li • >n 1»— j..-r-
s. iintl t ransporta t ion and ["TS..IKII s,-r\i.-.-s -- exceeds t h :t t iisi-.i dm-etU f. .r production 
unci 'list nl'iit 11 ii In (!rrni;iii> the share •!' ' 0 .nsuincrs ent-rg> 111 !-'l.il delivered ••n<-ri»y 
use rea> hi- d ls '7 L> l'.)Sr) nini nearly ">()' 1" 111 l'.'Mi hi the I > the share w ;ts hi ther. about 
i'2'i 111 HIM! In France and Britain this consumer share la> around 40 ' , ' m .Japan still 
below 1 •> m lUSri What is striking is that energ> use lor producing things appears to 
itituratr. .us growth in CiDP is vlriven by increased '-input ->f gi-.ds and services with pro­
gressively less enerey required for fabrication and distribution Depending on .vhat the 
consumer does energy use may begin to sa tu ra t e , and aggregate energy mien-ity — the 
energy-GDP ratio -- will fall sharply But the point of saturat ion for consumers is HOT 
obvious 

Weighing all these factors the outlook for growth in energy demand during the rest 
of the 1980s and early 1990s in most of the wealthy OEC'D countries will be moderate, 
even for Japan Slower economic growth, sa tura t ion (and s t ructura l change within indus­
t ry] , and increased efficiency share in muzzling energy growth for much of the remainder 
of this century Much of this slowdown could have been anticipated, although not pre­
cisely predicted, if those doing energy planning in the 1970s had thought about how 
energy is used and then disaggregated the s t ruc tu re of use and the various intensities 
Put simply, the s t ruc tura l growth that was forcing energy use upward in industrialized 
countries was slowing through saturation and matura t ion , even before higher energy 
prices made energy efficiency at t ract ive for its own sake. Thus , a great shift in energy 
use is occurring within the developed economies. 

W hat is clear from considering a variety of global energy studies (see 9 or 10) is that 
an addit ional , significant shift is occurring in developing countries and centrally planned 
economies These countries now account for most of the growth in world energy use. The 
growth in oil use is even more dramat ic Even though the rat io of oil use to activity for 
most end-uses in most developing countries is falling, the number of oil intensive end-
uses, part icularly automobiles, is rising rapidly As a result, LDC oil use increased for 
most of the 1970s and 1980s, showing little reaction to the major world oil crises. We 
expect oil use in developing countries to continue to increase for many decades. Increased 
efficiency may restrain this growth somewhat, is working through increased industrializa­
tion and urbanization towards greater energy intensity and use. T h e r e is some concern 
that supply and infrastructure bottlenecks will restrain both energy availability and 
economic growth as well. 

Uncertainties in Future Demand in Developed Countries 

T o consider future demand in industrialized countries in the very long term, and to 
consider which paths developing countries might take or follow, it is useful to divide 
energy users into two kinds of economic activi ty: production and consumption C'on-
sumptiun includes both uses in the home and on the road, as well as uses for consumers 111 
aircraft and in buildings that house personal services Production includes energy use m 
indu-try for freight, and for business services and government adminis t ra t ion As illus­
trated in the case of Germany th* share of total energy consumption accounted for l>\ 
producer- La.- declined over t im- î -e.- Figure Hi In the 1' S iNo much of enercy use 1-
;,ov. -rr .i.nh shaped Ly <onsinii"rs "lif'-stvle" . hones | >,.,. Figure II 
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U.S. End-Use Energy Consumption, 1986 

.Vote: Dolled areas represent electricity use. 
Hatched areas represent energy use influenced by lifestyle 
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Producers ' Hurray I ses 

Hi-' 'lli'inic pressure- lend to force th'isr who use energy 1'T yrndurtwn to use it 
riiicieiitlv. In i ndus try , energy mti-risity {energy per tun. I T per unit I' value added) 
has declined steadih m the I S and almost every other country for decades, reflecting 
these continued economies Th i s decline was led by falling fuel intensity, while electricity 
intensity 111 most countries moved up slowly Alan Stroiit (11) has found that the I S . ;ts 
well as most other wealth) countries, had been heading towards lower mater ia ls intensity 
for a considerable time; indeed, he suggested that most countries tu rn away from con-
-umi'tton of in'ii and steel, cement, and other raw materials, after passing $2000 I S 
I real 1970$) in per capita income Boyd et til |1"2( noted that the I S showed a surge of 
production in ihese materials led by ste-l and chemicals, m the hue tjOs, but the trend 
away resumed in I he '70s. reinforced {but not s t a r t ed ) by higher energy prices The long 
term na ture o( thi* double decline means that lower energy prices are unlikely to reverse 
this trend. Not surprisingly, the -hare of energy use by energy intensive industries in 
Germany fell over most of the period illustrated. And this means tha i less bulk is pro­
duced, reducing energy use for bulk freight a.s well. !n the future, the growth of activity 
in industry is likely to be slower than that of overall GDP. reducing energy needs for 
industry even more Kahane |l-°tl luus presented convincing evidence that for the I .S (and 
Japan) , increased electrification of processes has not increased electricity intensity 
significantly Thus in industry, electricity intensity and total use will probably not rise 
dramat ica l ly 

In b u s i n e s s s erv ices — mostly offices for public and private adminis t ra t ion. — 
activity will likely grow faster than GDP. both because much of industry is being 
redefined as services, and because much of our new wealth is being created by informa­
tion Government services appear to be limited politically to grow at most al the rate of 
overall ou tpu t . Still, demographic change, par t icular ly ageing, and o the r forces, may 
change the role of education and medical care, particularly for the aged, which might 
force government (and private) expenditures for these activities to increase. For all ser­
vices, space conditioning and lighting, which domina te energy and electricity use today, 
will become less energy intensive (even as indoor environmental quality continues to rise). 
The level of information technology is uncertain, but these uses are exert ing upward pres­
sure on electricity use per square foot in office buildings and stores. At the margin, this 
sector depends more on electricity than any other sector in the economy (although using 
less electricity per unit of ou tpu t than industry): if there is to be s t rong growth in electri­
city use. it will have to come from a massive expansion of the business government (and 
personal, see below) services sector Note, however, that business services are still less 
electricity intensive than manufacturing. 

The evolution of energy use for fre ight has been mixed: energy use per ton-
k i l o m e t e r fell ;LS oil and e l e c t r i c i t y rep laced coal in t he r a i l r o a d s , but t h e n increased as 
t rucks took an increasingly larger sh.trr M|' freight Hut the modal shares are now chang­
ing more slowly, while t rucks have improved in both energy efficiency and in t h n r utiliza­
tion since H)73. so that freight has become less energy intensive More recently, air freight 
lias grown dramat i< ally a.s its co-is have decreased Bin the n i o - i impor tan t part of the 
evolution of energy use for freight i- it- ever diminishing -hare of total energy use as the 
amount of hulk- in mature economies decp-ase-
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I have .->nlv descrilied in broadest of t e rms the direction of I).>th energy intensity and 
activity levels I*. T the major energy uses for production in mature economies Certainly 
this description does not hold for every OIX 'D economy or region Nevertheless, the 
overall evidence is that the "producer" share of energy and electricity in the economy will 
continue to decline, and that most energy intensities, and some electricity intensities, will 
also fall as overall factor productivity increases While there are uncertainties in both 
levels of activity, overall energy intensity, and the share of electricity, these are small 
enough to lie captured in existing models by assumptions about prices. GDP growth, and 
technical change. 

Consumer Energy I ses 

In the ^fetors that concern the consumer, energy use is for personal t ranspor ta t ion, 
personal services. ' and homes, i.e.. sectors directly affected by consumer choices. These 
choices present the energy planner with different kinds of uncertaint ies than the techno­
logical uncertainties of energy use in factories or for freight. T o be sure, energy prices 
and the level of personal incomes will affect energy use choices. But once a society reaches 
the level of affluence enjoyed by most Swedes, Germans, or Americans, the basic " n e e d s " 
as related to energy are satisfied. Consumers ' choices as to how to use their homes, cars, 
and where to spend their t ime when away from home, i.e., their lifestyles, will play an 
increasingly important role in the determinat ion of overall energy use. And as the stock 
of energy-using capital becomes saturated, changes in the utilization of that stock may 
become more impor tant than changes in the levels of ownership alone. 

In h o m e s , space comfort dominates energy use. By 1985, centra l heating equipment 
ownership was sa tura ted in most countries, including the U.S., and air conditioning 
reached more than 60° t of homes in the U.S. and Japan. Buildings now leak 20-40 p c less 
heat (or cold) than before 1972, reducing energy needs considerably. Hot water use and 
the services of appliances are still growing, albeit slowly, while cooking energy use has 
been declining for decades. In all these applications, the conversion of delivered into useful 
energy has improved markedly, but there remains an enormous potential for increased 
efficiency in home energy uses, even after savings made since 1973 are discounted. If th is 
potent ia l is realized over the next three decades, total household energy use will decline in 
most wealthy countries. However, the choice of appliance efficiency, insulation level.*, and 
equipment , are rarely made by the user and may appear irrat ional , unless guided by s tan­
da rds (in California, for example) or by financial incentives, as in Sweden. Thus we know 
the potential for savings but not what will be realized. We do know that if energy prices 
increase noticeably, people will heat less and reduce hot water usage, at least until the 
next generation of energy saving technologies allows them to incrca.se these amenit ies 
without increasing energy costs. 

From the historical relationship between income and home energy use. it could be 
argued that energy demand will continue to climb with incomes. But now Westerners art-
spending increasingly for low-energy, high-tech appliances with trivial energy use Owner­
ship of video recorders, computers, CD-players, and other communicat ion information 
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use per c ipi ia by ^pp ading uses for heating and many appliances , ivi-r fewer people For 
Holland this unbundling nicrea-sed per capi ta residential gas use by A:V ', between HltiO 
and l')*V for the V S. the effect was around 1-V7 Fven if house size remains cr>nsiant. 
space per person will increase In all. household energy use per capita will not fall as 
rapidly :*s use per household 

There are two uncertainties that make the long term future of home energy use 
murky The first is utilization Once all households ow n the mam energy-intensive appli­
ances, then utilization will have a profound influence on home energy use What affects 
ut ihzation' ' One way to answer the question is to consider the t i m e people will spend in 
their homes, and what they will do with that t ime. Particularly impor tan t is the disposi­
tion of free time, which has increised in most countries. (See I I for an international 
comparison of free-time use. I Interestingly enough, the I 'nited S ta tes has seen a drop in 
free t ime and an increase in time worked, part icularly for women, between 197-5 and 19S-5 
(see Fig -5) During the past several decades, out-of-home lei.sure has increased, while 
increased work-force part icipation decreased occupancy of homes further. But hours 
worked, and time spent in domestic work (cleaning, shopping), have also changed for 
different s t rat i of the population, only time for bodily necessities (eating, sleeping, etc I 
has remained roughly constant . 

These measures of activity are one set of parameters that describe "lifestyles" One 
change in lifestyles the reduction in time spent at home, reduced home energy use some­
what for reasons virtually unrelated to energy, because energy use for water heating. 
cooking, and most appliances tends to be proport ional to t ime spent at home, or occu­
pancy. Reduced occupancy also had a downward impact on space heating needs. As a 
result of the increase in hours worked and workforce part icipation, as well as the increase 
in out-of-home leisure, a large share of the population is driving, which has had an impor­
tan t upward impact on oil use in almost every OEC'D country. T h u s lifestyles — whether 
future families are home more or l"ss. whether more people choose to live alone — will 
have an important impact on energy use. but the magnitude and sign is very uncertain 

The impact of the ageing of the population on activity and energy use is the second 
major uncertainty in the picture. The increasing numbers of older people in society will 
have an unquestionable impact on home energy use. but again, the sign • •!" this change is 
'.incertain. Will older people bun 'h together in retirement communi t ies (increasingly the 
word "ret irement refers . .jily '•• their f j rmal participation in the work force'), move 
back to nuclear families, c.r simply survive I'.nger on their o w n ' And will ihev stav close 
t o t h e i r n e s t s . o r w i l l t h e y g o o u t fo r m u d l o f t h e i r f r e e I l i n e ' ' W' l l l t h e i r h e a l t h I . d e r a t e 

wid'- s w i n g s in in-;.,. ,r corn! • rt i o i h at h o m e and a w a y , or will t h e y requ i re a n a r r o w 
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fc&lfc-a eŷ :'.;:;̂ :;a 

1975 19S5 

WOMEN 

??r< ^ < 

! ra f: 
p&i:;j p£;3l r c ?Li|CT s::*r 

mm mm 
1975 1985 

AVERAGE 
. - 1 - s : - c ^ r ' t r ' f J P O ^ C ^ C « r f e r u^'» c ' W j r r , j « J ' ^ 3 5 ' ' f t T . r j f 

economic pressures, changing tax policies vis a vis home ownership, family size structure, 
and most of all, technology. There are many new technologies oday, mostlv related to 
information, as well as pasttimes (gardening, do-it-yourself) that might grow in popular­
ity and cause people to stay home more. We know very little of how a radically different 
combination of home, family, house, time use, and technologies will affect home enercv 
use Thus the uncertainties in residential energy use arise mainly from non-energy fac­
tors, and as such lie outside of the approach taken by most energy r..odflUrs and 
planners As a rough estimate, plausible lifestyle variations in today's American house­
holds, applied to the present stock of houses and appliances, could cause changes of — 2i 
to -3.}' r in home energy use. Some of this change would appear (with the opposite sn;nl 
in the services sector 

In persona l s e r v i c e s ilarg'dv <'onnn-n ia! and public buildings) ''iiergv-u-"' p a n - r : i -
are determined by the ' 'unctions in the building f"t v.hi'h spm-e . . .tn ('• -r t and ;;;!" -r rji _• *; :i 
are the two that domina te The extent , f The •.(•••tor !'•: level of a < u \ i ' \ ! in the fut ::•• 
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remains verv uncertain. As with homes, there are main < •ppurt unities fur energy savings 
in this sector However, many factors operate to attract consumers into buildings as rus-
tomem. doors remain open in the warmest or coldest periods, signs glare, rooms are 
overheated or over chilled, indoor lighting can be largely for display, and energy con­
siderat ions are usually forgotten. For much of this sector, then, building use depends on 
where and how people choose to spend their money and free t ime, and how those compet­
ing for this time and money make their business at t ract ive. 

Unlike business and government services, the calculus o( those operating buildings 
lor personal services may not take all energy saving opportuni t ies into account, unless 
cost pressures rise Like business and government services, however, the personal services 
sector holds potential for s t ructural growth, and this growth would be more electricity 
dependent than in either the residential or industrial sectors. T h e lifestyle factors men­
tioned above are extremely important will we want to spend more t ime away from home 
in the future' 1 If so. where? How much space will each visitor in a building require.' 

In the persona l t r a n s p o r t sector lies the most important source of variability in 
future energy use. Recall tha t t ransportat ion is required to move people to most personal 
services, as well as to and from work. i.e.. between their homes and their chosen places 
for spending free t ime las well a.s working and conducting family business). Not surpris­
ingly, the pattern of automobile use at present (roughly '. .j o; all passen^er-km driven in 
the L'.."?. are to from work. 1 3 for family business. 1 'i or leisure) is u sensitive function 
both of distances between where we work, sleep, and play as well as how often we choose 
to move about. Very little car use is simply for excui ions. Similarly, airline travel . 
already dominated by personal rather than business travei m the U.S.. is more and more 
determined by how and where people want to spend their free t ime, but here the main 
reason for travel is " t o get away." 

In maturing economies, traditional economic factors may explain patt of the 
hehavior of consumers vis a vis travel, at least in the short run. Airline travel is very sen­
sitive to costs (including the costs of staying at the destination), as the recent boom let in 
U.S. air travel that accompanied airfare wars showed, and is also dependent on the 
economic health of the nat ion. Automobile use tends to be relatively insensitive to income 
changes once people have cars, and car owners will only sacrifice their mobility for short 
periods when gasoline becomes expensive or hard to get. 

Most of the people who will ever fly have now flown (70 t r o according to a H1S4 
Gal lup poll), while most households that will ever have access to cars (over S0 f 7) already 
do so. Tomorrow's consumers may want to fly or drive more or less — time useage today 
does not indicate that they've run out of t ime, and more leisure t ime will be available in 
the future. Thus the pa t tern of time use. which reflects work, services, and play, will 
de termine how much mobility is required, unless severe congestion, a sudden increase in 
energy costs, or some other disruption occurs that makes it difficult to travel. 

Demographic change will also affect travel Smaller families, particularly the increas­
ing number of singles, increase per capita vehicle miles, although singles living in-town tit 
bet ter the services that muss transit olfer. How older people will choose to travel is still 
uncertain, although at leiust one travel services company has indicated tha t it expects the 
retirees of the future to be extremely active Again, with income and price changes less 
impor tan t than in the past as determinants of the total amount of automobile travel. 
demographic chance may dominate future changes in t ranspor ta t ion 
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The level of mobility is the most significant uncertainty in future energy use Both 
greater mobility, whether for business, services, or pleasure, and less mobility should be 
considered in planning energy futures. Less mobility means more time spent at or near 
home, living closer to work, taking advantage of information and the local network of 
friends and shops. Th i s is already being encouraged by home electronics and catalogue 
shopping, i.e., changes that make the home useful for more activities. The trade-off 
between activities in the home and those in public buildings leaves energy use in buildings 
roughly unchanged, al though the share of electricity in final energy use in commercial 
buildings is significantly higher than that in homes. 

However people chose to spend their increasing free t ime, they will indirectly make 
big energy choices when they choose whether to stay home (or in the "neighborhood ) 
more, or move around more. It is the growing freedom to c h o o s e that makes forecastmg 
uncertain: the purposes for travel -- and the distances involved — are no longer related to 
shopping for essentials, gett ing to work, visiting friends (or the local pub) in the immedi­
ate vicinity. As a result , I would not t rust a model to predict the level of automobile or 
air travel in 20 or 30 years, because of the uncertain impact of lifestyle factors discussed 
above. Nor would 1 want to predict the tradeoff between time at home and lime in ser­
vice buildings using past behavior. 

Conservation 

One issue is the extent to which the potential for energy savings will be realized. 
This depends on the discount rate of the system buyer as well a.s the energy user 
Because the end-user does not always de termine the choice of technologies, and because 
the consumer has a demonstrably high discount rate (15), the penetration of energy-
saving technologies will remain uncertain in most countries. However, most efficiencies 
have improved over the last several decades, accelerating somewhat after 1973. The issue 
is not whether energy efficiency will improve, only how rapidly. 

T h e Heritage (or Burden'.') of Existing Capi ta l Stock 

While the stock of autos. home appliances, and aircraft replace themselves within 
one to two decades, the homes and buildings we occupy as well as the pat terns of t ran­
sporta t ion that connect them take decades, if not centuries to change in manv places (as 
evidenced by the road and rail system in England!). Since the stock of autos and home 
equipment has grown to very high levels of saturat ion by 1987. addit ional growth will not 
cause changes in energy use as great as in the past. However, the "lifestvle' ' uncertaint ies 
to which I referred above are very much up to the "tickle consumer" This is very much 
evidenced by the growth in automobile travel in England, in spite of a medieval road svs-
tern' People learn how to use existing sys tems in ways, or at intensities never intended' 
Clearly, the use of the existing stock of equipment, which is rellected in time u->e. will 
cause variations in energy use even if ownership and characterist ics of that equipment do 
not change very much The ability of consumers to liberate themselves from old pat­
terns, as new pa t te rns of t ransportat ion, housing, and service buildings emerge, p lar r - an 
additional uncertainty on future energy demand 
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I ' rhan Design 

Urban design may have a fundamental influence on how much people and goods need 
to move around This is particularly impor tant in the Third World , where cities are still 
growing. How do the locations of work, play, and home interact to "cause" t ranspor ta­
tion demand? Donald .Jones | 16) has begun to look at various aspects of urbanization and 
how it affects energy use. particularly through economic s t ruc tura l evolution over very 
long periods of time. As lifestyles, demographics, and the pa t tern of formal work change, 
individuals and ent repreneurs will doubtlessly begin to redefine the kinds of homes and 
their location to adapt to increasingly smaller households with fewer hours worked for­
mally per household and more older people. How this will change urban energy use is 
largely unknown 

Insti tut ional Forces 

Government policies vis a vis automobiles — taxation, t r ea tmen t of impor ts , 
encour •gemeni of domestic production — may have as great an impact on the number of 
cars and their fuel use as incomes and gasoline prices (17). Governments may set s tan­
da rds related to performance on automobiles, household appliances, or other energy-using 
equipment . Government housing policy and the taxation of interest on housing plays a 
key role in where homes get built, how big they are, and who owns them. Filially, 
government industrial policy may have a major impact on the kinds of industries tha t 
develop, and the kinds of technologies adopted for energy use. 

Lifestyle and the l l t i m a t e Level of Energy-Intensive Services 

t ranspor ta t ion energy, services, and incomes? Are highly mobile people also big 
users of energy in the home and willing to pay for expanded condit ioned space in the ser­
vice sector? Tha t is. are there lifestyle types t ha t have certain energy use pat terns , i.e., 
more or less mobile, more or less at h o m e 9 O r is there only a cont inuum of individual 
lifestyles that leads to more or less energy use in each "consumer sector" described 
above? Better unders tanding of how behavior and lifestyles in terac t , through s tudy of 
t ime, energy, and consumer expenditure budgets , would show how energy use in different 
sectors covary, how certain lifestyle types are likely to use energy in the future, how 
demographic changes are likely to affect energy use. Careful thought might allow estima­
tion of long-term sa tura t ion levels of mobility and energy services in homes and buildings. 

Developing; Countries: More of the Same in the F u t u r e 9 

Will the LDCs follow the same path vis a vis the evolution of the s t ructure of energy 
use as did the OF.CD'.' On the one hand we have clear evidence that urban households 
and buildings in LDCs have the same kinds of equipment, suppor t ing the same energy ser­
vices, as those in the O E C D . although levels of comfort, efficiency, and fuel mix mav 
differ And most of the key energy-using technologies are far cheaper today to own (air 
conditioners, cars) or use (aircraft) than they were when they were introduced in the 
OF.CD As a result, these technologies are proliferating rapidly in LDCs On the other 
hand, these LDCs :ire not ^addled with a huge infrastructure of buildings built before 
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'.''7:5 And new building systems are almost always less energy intensive than those based 
iMI pr?-l (J73 technologies Therefore, continued expansion of the service sector (as well as 
first acquisition o! home appliances) should reflect increasing energy efficiency, i.e., energy-
use should grow less rapidly than sector activity in this sense the LDCs could leapfrog 
the O E t ' D countries by establishing and developing their modern buildings with high 
energy efficiency 

Similar changes may affect t ranspor ta t ion . Congestion in the most third world 
cities might cause government and pr ivate authorit ies to challenge the Western pa t t e rn 
liv which private automobiles with four or more cylinders came to dominate land t ran­
sportat ion. Thus LDC's may appear to follow the path of development of the O E C D . but 
important differences in the approach to mobility may arise as authori t ies in LDCs recog­
nize the difficulties tha t OECD countries (and many LDCs) have faced because of conges­
tion Additionally, the proliferation of automobiles, home appliances and comfort sys­
tems, and aircraft, will likely be based on more energy-efficient technologies than were 
available when these end-uses first became important in the O E C D . This means tha t the 
increases in energy use caused by the accelerated saturat ion of energy intensive activit ies 
may be partly or wholly offset by rapid increases in efficiency. Finally, the LDCs have 
opportunit ies to produce and use raw mater ia ls more efficiently. with important conse­
quences for energy demand. 

C o n c l u s i o n s 

These multi-sector questions leave me uneasy, because they suggest eause-and-cffect 
relationships that lie outside the energy models in use today. Vet it is these questions that 
hide the greatest uncertaint ies from the analyst today. 

Energy use patterns evolve with economic development in ways that pit energy-
intensity and the s t ruc tu re of output or activity against each other. Ult imately the 
energy intensities of most economic and personal activities spiral downward, even wi thout 
the pull of higher prices. The wealthy countr ies have moved in this direction for much of 
the past decade or two, and there is much evidence tha t l i t t le energy use growth will 
occur in these countries unless there is an unforeseen economic boom or a huge surge in 
personal mobility t ha t raises energy use for air and land t ravel . While these possibilities 
cannot be predicted, they can be modelled with existing information and techniques But 
the role of behavior and lifestyle, which arc increasingly impor tan t to determining energv 
use in the long term, is still fuzzy. So we must conclude that much <>f ihe future structure 
of energy use needs to be understood. From this u n d e m a n d i n g will follow a much H<-arer 
picture of our energy options. 

The choice set out in the title of this paper should be d e a r In the development 
phase of most economies, enemy use for producing goods ami services dominates ih.- pic­
ture and occupies the interest of energy analysts and planners a.s well Hut according, to 
the picture presented here, n is energy Use lor pleasure -- consumption , ,f comfort, enter­
ta inment , and mobility -- that is now the driving force in energy demand, and the uncer­
tain element in continued progress in energy conservation Hut this shift m t h e - t i n c t u r e 
of energy demand places new challenges on the plaiuie, and .mal>si .,-, w.-|| who m tv 
have to look in entirely different directions for -ign.ils on the l u t u i - development of 
-nercv demand 
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A I R P O L L U T I O N C O N T R O L A N D E N E R G Y U S E I N C H I N A 

Wang 1 l.iiulu-n * anil Xllail D l a l i w u " 

I n t r o d u c t i o n 

Coal has been the major energy source in China. In 1986, it accounted for about 
7 b c o of to ta l energy consumpt ion, which was 809 million tons coal equivalent (Mtce). I i 
has been estimated that total energy consumption in 2000 would reach 1-100-1500 Mice. 
with coal Mill making up more than 7j ("c. 

In 1986, oil accounted for 15°f of total energy use, hydroelectricity about 5%. 
While China is rich in water-power resources, the level of exploitation is low. So far. 
there is no nuclear power plant in operation, but two are under construct ion: one in 
Zhejiang Province and the o ther iii Cluangdong Province. 

Processing and utilization of coal are still in a more or less backward manner. 
Kxcept for coking coal, raw coal is used directly without processing and cleaning to reduce 
sulfur and ash content 

Space heating and city gas have been developed slowly. Fo r instance, in the 
nor theas t , north west and middle-north, space heat ing covers 55 million m" of building 
area, accounting for only G.-I'V of the total area in cities of these regions. Most of the 
area is heated by individual small boilers (50 '7) , and household coal-fired stoves (44°^). 
Only "J V c* of the whole population has fuel-gas supply for cooking. 

China has over 300.000 boilers for industrial production and for heat supply, of 
which most are medium- and small-sized with capacity less than 4 tons of s team per hour. 
In addi t ion, there are 110.000 industrial furnaces, 7,000 coal-fired railway locomotives, 
anil millions of coal stoves for domestic use. Table 1 shows coal consumption for different 
sectors T h " amount of coal consumed in medium- and small-sized facilities makes up 
more than 70' c of the total . 

T h e great majority of coal-fired facilities now in operation in China are ra ther 
inefficient. Although dust removers have been equipped to most of them, their efficiency 
is only about 7 0 c , on average. There are almost no scrubbers for removing sulfur oxides 
from Hue gas. Due to the large amount of air pol lutants produced and emitted, serious 
air pollution occurs in regions and seasons with topography and meteorology unfavorable 
for pol lu tants to disperse, part icularly in cities concentrated with coal-fired facilities with 
low chimneys 

C u r r e n t A i r P o l l u t i o n S i t u a t i o n of C h i n a 

Emissions in 1985 for the whole country reached 23 million tons for part iculates and 
15 million ions for S 0 9 . Abou t 7 3 % and 9 0 % came from coal combust ion (see Table 1). 

* Nat iona l I'.uvironuieiital P r o ! eel ion Mun-au 
** Re-earcli Center lor I ' .CO-KII\ i iomneni a| Science.-. .Vade in ia Sinica 
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T a b l e 1. C o a l C o n s u m p t i o n a iu l A i r P o l l u t a n t E m i s s i o n s 

(',,..! Du-i --() , 

Sector |()"'r«.n ' , l()'"r..ii ' , ' I O ' T O I I 

Coal-fired power plant 170 2~> _' J 11 l A 17 -Mi l 
Coal-fired boiler •J"><) .r. ii ti J M> ti VI ;{ss 
Industr ial furnace IK) S (l I :> s s I 22 <) :i 
( "oal-fired loconiot lve 21 •i i 1 0 1 li 0 17 A i) 
Domest n- use •joo _N 1 1 J 1 •J s s •)•> 

T o t a l 70/S 100 17 100 IA I I 100 

Tab le 2 gives concentrat ions of SO ( and total suspended par t iculates (TSl ' l in the 
air of some cities Atmospheric SO | concentrat ions are high in cities that bum high-
sulfur coal and have bad weather, such as Chougquing and Cuiyaiig in tin -oiithucst In 
these cities, sulfur content in coal can be as high a.s .'J to VY. while s tagnant air currents 
are common. On the other hand. SO ( concentrat ions ;n other and particularly rural 
areas and in the warm season m northern cities remains relatively low It is only during 
the winter period, when more coal is burned for heat ing purposes, that the S O , levels 
may rise over the tert iary ambient air quality s t andard ('JoO ug in ) Concentrat ions of 
T S P have always been high throughout the loun i ry . as well a.s the year round One esti­
mate indicated that coal-burning lly-a.-h and uind-blown dusl accounted foi 10'Y and 
GO1 f of the T S P concentration ni summert ime and liU'Y and -10'Y in winter t ime, respec­
tively, in the north. In the south, when- the weather is humid, wind-blown du>t might 
c o n t r i b u t e l e s s t h a l l o l i e - t h l t ' d o f t h e t o t . i i 



T a b l e 2. Air P o l l u t i o n in S e l e c t e d C i t i e s of C h i n a ( u g / m ) 

Citv Year Air a 
inly 

Average 
Dei-. 

Average 
Annual 
Average 

SO T s l ' SO I'Sl' SO T S P 

Beijing 1081 (Vnt ia l 
Suburban 

Shenyang 1981 Central 
"suburban 

Shanghai 19*4 Central 
"suburban 

M an 19*3 Central 
Suburban 

Guangzhou 198 1 Central 
Suburban 

Chongqing 1982 Central 
Suburban 

Guiyang I'.lS'J Central 
Siibui ban 

(i •Jib 224 590 111 370 
ti 1)7 37 357 20 204 

21 393 •203 098 140 507 
(J 177 •57 31b 22 207 

1 1 227 109 172 08 212 
9 1 11 12 lib 16 151 
59 •274 244 599 08 390 
21 201 13S 398 23 272 
li-J lib' 55 204 57 101 
15 90 19 132 18 92 
170 4 SO 380 870 200 610 
20 - 10 130 20 60 

403 803 419 840 393 898 
bl 1GO 109 1 17 88 159 

Sour< i- Beijing. Shenyang. Shanghai. Si'au. Guangzhou, data Iron; Global Kiiviroiinient al 
Monitor ing System. 198.M9M ( li"Ugqing ami Cuiyang: Knviroiimeiital Quality 
Repor ts 

Measurements i arr -d out in the northern cities of Beijing and Tianjm found that 
benzene-soluble mat ter composed approximately 8 f , of the par t iculates . Concentration 
of benzo( alpyrene was a.s high a.-. 30 ug in and concent rations of lead, cadmium and 
arsenic were 0 27, 0 003. and 0 13 ug in . respectively 

To ta l suspended par t iculates can be considered as the most ou ts tanding air pollu­
tant and a suspected • arciuog< me risk source due io ihe incomplete combustion of coal at 
the present time m China 

Alt" pollution is. in general, heavier in urban districts than in suburbs and country­
side Concentrat ion of air pollutants inside cities rises in the morning and evening, sug­
gest ing the significant coin ribut ion of domestic use uf coal to air pollut ion 

Calculat ions based on an air dispersion model show that the pr imary source of SO 
pollution is a large number of small- and meditiin-siz ' coal-burning stoves and furnaces 
In Beijing, for example, although they are responsible for only 3 4 c

( of total S O , emis­
sions, their contribution lo SO _ concentration citywidc may reach as high a.s 7'2fV 
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Acid Rain 

Nationwide acid ram surveys have demonstrated that precipitation with pll less 
than 5 b mostly occurred in areas situated to the south of the Yangtze River (Figure 1). 
Acid rain with pH below 5 0 is considered harmful to the ecosystem and has been ob­
served mainlv in Sichuan and Guizhou Provinces in the Southwest 

3 i * S S t t t * ^ t 5 j p H : f r ^ ' : ? P I - ; I ; 
c ! " ! Distribution of precipitai•an pH 

?f China fir 1981 — B ] 

The distribution of acid rain is somewhat similar to that of SO, pollution; that is. 
heavy in urban areas and in wintertime. The spatial distribution characteristics of acid 
rain and SO., pollution imply thai local pollution sources are playing an overwhelming 
role in this regard It is speculated that this is about the same situation as happened in 
Europe and North America at the early stage of air pollution. 

Why is acid rain much more common in the south than in the north? The explana­
tion may be that the formation of acid rain depends not only on a fixed amount of SO,, 
but also on the buffering capacity of air. It is most likely that ammonia in air together 
with alkaline particulates plays a key role (see Table 3). 

Alkaline soil with a pH of around 7 to 8 spreads over a vast area in the northern 
part of China, and thus air-borne particulates posse.ss a pll similar to that of the soil 
itself, since half of them come fmm the soil. Ammonia is released into the air in large 
quantities from the alkaline soils and is concentrated as high as '20 ppb in the Beijing-
Tianjin area, which is about 10 times that in the Chongqing-Guiyang area. Atmospheric 
buffering capacity is therefore very strong in the north. Due to the fact that acidic soils 
with pH of 5 to 6 are widespread in the south, it is difficult for acid, once formed, to be 
neutralized in the air. Hence, frequent acid rain results even though the atmospheric SO., 
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level is not in itself extremely li: .': 

Table 3. Concentration of Gaseous NH in Air 

Region City Year ii M l r p p b 

Acid Ruin ('In uigqing S-pt 1 <)S 1 1J "> 17 
Ciuivuni: S,-pt. 1<JM Hi 1 7 
Chengdu v-pt H N . J -) 1 s 

\ on -aud R al l l 

B e l j l l l g •inly l'.lM 10 11 
T n - i i j i i i Inly HIM i • >•> s 

Results from a preliminary survey demonstrated that there exist, large areas ol 
forest decline in the -,,>ut hwestprn pnrt nf China For example, ah.mt half nf the pine 
I", .lest h;t-s illed a! Ml Nans l ie i i ill < ' li' -n n- j i ti si a n d l ieai ly 1 0 ' ( ..1" Ill's l i a \ e a l r eady u i t l l -
ered at t h e t o p • 'I' Ml KllHM W'lllle the d l lec t rai ls . - | , , | i | ,e d e a t h . .|' t r e e s \\ a.- l ie | |eved I " 
lie dlsea-ses alld insert pes t , t h e l o n g - t e r m a t t . u k I.V S O .ilid a. id ra in t h a t lia.- weakened 

tre.- g r o w t h gradual ly may !••• a m- i •• l-i.-ir p a . - . n 1". .| i he forest d i eba i k A long wi th t h e 
I' I -est d '" lllie . , ,[ [. .s|, I, , ,| , . j ;s | i a|, t 1 :|i m i t e | , d- I- alsi . \ e | \ v ' H | . ' Hi till— I eg |o i | 

Energy L se and Air Pol lut ion Control 

Air pollution in China is now an issue mainly in cities and can be attributed to the 
large number of scattered and inefficient medium- and small-sized coal-fired facilities 
Ili-iwpvrr r.-£i"iial air p, , | | n i i . ,n and • • :.s.-, |U' i , t er , , | , , u | , a i d a m a g e r e l a t e d t. , t r a n s p o r t of 
air p ' . M u t a n t s is likely e m e r g i n g a.s a p i , , ldein • ,f • •uiii-ern in .some r e g i o n s 

T h e p re sen t llMalh lal . a p . i ' l t y ' I < lllll.i Is In,t — t 1 • • 11 ti, ell 'High t o t |ior< 'Uglily r e fo rm 
the e n e r g y s t r u c t u r e o | c i t i e s a n d I " •••pup ro .d - t lP ' d hol le rs and f u r n a c e s , even t 111 ,se l i l ini-
nisi h i g h - s u l l u r e,,al wi th a d \ a n e , | - • I I I I I H I - . a n d highly e l l i n e n i dus t it m< .vers MI, h as 

eleet (• . s i a l l , preeipi t at • ,1 III View , ,| t 111 — s i t u a t i o n , t i le s t r a t e g y !'• >r c o n t r o l l i n g air p. , | |ll-
t | ' , | i h e m e i m p l e m e n t e d at p ies ' -n t and in lli.- n e a r f u t u r e e m p h a s i z e s t h e f<i||ii\\ mg m e a s ­
ures s t r e n g t h e n i n g enviii . . i i i i ient ,il m a i i a g e m e m . d e v e l o p i n g s p a r e h e a t i n g and eitv t'uel-
ga.s. p o p u l a r i z i n g sii lfur-t lMllg lol ' l l r d coal | hi l.piet t e | . and e. p u p p i n g h o l l e r s and fu rnaces 
» n l i h igh ly ell ini ' i i t dus t nMii"V.T> d he key poin t , ,f th i s s t r a t egy is | , , , , ,nil,im< a t n i o s -
phe r i e " i iv i io i i r i i en ia l pr, . t e. t e ,n wi th r a t i o n a l use o | energy and e n e r g y ••< .pserva t ion. and 
i l iu - t o o h i a i n e'-'.iioiiiic. e n v i r o n m e n t a l and s. ,i lal h n i e l i t s s i m u l t a n e o u s l y 

From 1980 to 1985, there has been rapid economic development in China. In this 
period, industrial production increased by 65% and coal consumption l>y 3 l T . However. 
t h a n k s t o t h e i m p l e m e n t a t i o n of t he a h o \ erne n t i o n c d measures-, e m i s s i o n s of air pollu­
t a n t s h a v e d e c r e a s e d , r a t h e r t h a n iu< leased t o g e t l n r wi th t he increa.se in coal c o n s u m p ­
t ion A s a r e su l t , d e t e r i o r a t i o n of ,nr qua l i t y ill m a n y ci t ies h a s heell s l o p p e d , and ill 
s o m e c i t i e s , a i r qua l i t y h a s heen i m p r o v e d to s o m e e x t e n t 
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• | e . [Va.-ed ' • '_'() l | | . . l i - a l l d t ' ' l l - a l l d S O , by 10 l l l o l i s a l l d t o | | s C o m p a r e d Wil l i - e l l l l lU. Up 

i l ieu lu ' l le r . n - e i . | w a s t e hea t r a n cut the i n v e s t m e n t liy a b o u t Al)' t 

V- an e x a m p l e , t w o g e n e r a t i n g u n i t - • •!" '_,ri M \ \ each ill S h e n y a n g p o t t e r p lan t have 
been : e f ' . n n e d m l " Iieat a n d p o w e r genera l ing m i l l s at a cost of I t inilli>'ii y u a n ( abou t 
$.5 "> i ; . ! . ! l" i i | I'lie heat s u p p l y a r e a .'1 the l u . i l ieu lllllls reac lied '_' A III llll< >ll III" and 
r e p l a c e d '.'I)-") bo i le r - In o n e h e a t i n g season , it w a s e s t m i a t e d t h a t s a v i n g s on coal , elect ri-

ity a n d in a np< >\\ er r e a c h e d 100 t h o u s a n d t o n s . SOD t h o u s a n d k \ \ It a n d I(i7!) m a n - d a y s 
r e s p e c t i v e l y Ti l ls m e a n s a benefit nl A 1 mil l ion y u a n , a b o u t 1 1 nl' t h e t o t a l invest meiit 
in t h e m e a n t i m e , t h e r e has. been a s ignif icant bentdi t t o t he e n v i r o n m e n t , e m i s s i o n s of 
s in . ike a n d S O , dei lined by S000 ami 1000 t u n s r e s p e c t i v e l y . T h i s r e s u l t e d m a decl ine of 
p a r t i c u l a t e s c o n c e n t r a t i o n i'roin 1 100 io 1<I0 ug m . beh .w tin- t e r n a r y s t a n d a r d ('• >r T S P . 
a le! decrea .se in S ( ) < , |,, ,-nt ra t l. • ii l lo in 1~)0 t o 1") ilg in . below t h e r e s p e c t i v e p r i m a r y 
s t a n d a r d 

( 'it v (ia.-

A l ' . n g wi th b u d d i n g n,.w coal ga.-ilii at i..11 p l a n t s , c i ty g o v e r n m e n t s h a v e been m a k ­
ing e i i u r t - t . . recover and use ..-nke uvi'ii ga.- a n d coa l m i n e gas . a n d t o r a t i o n a l i z e t he al lo­
c a t i o n a n d use of n a t u r a l ga.- a n d liquefied p e t r o l e u m ga.s T h e p u r p o s e is t o e x p a n d t h e 
' ity g a s s u p p l y and to r e p l a c e t h e b a c k w a r d s m a l l coa l - l i red c o o k i n g s t o v e s In 19f>(). I I 
mi l l ion p e o p l e had ci ty g a s s u p p l y lor cook ing , t h i s f igure inc reased t o 27 mi l l ion in l<IS."> 
C o m p a r e d to 1980. coal s a v i n g of 'A'2 mi l l ion t o n s and S O _ e m i s s i o n d e c r e a s e of |(> 
t h o u s a n d w e r e o b t a i n e d Hi 19S5 

C o a l used m C h e n g d u , t h e c a p i t a l of .Sichuan P r o v i n c e , h a s a su l fu r c o n t e n t as high 
as A-'icl S O , c o n c e n t r a t i o n exceeded the air q u a l i t y s t a n d a r d in a b o u t 10'V of t he c i t y ' s 
a r e a In o r d e r to a m e l i o r a t e t h i s s i t u a t i o n , n a t u r a l g a s fo rmer ly p r o v i d e d for i n d u s t r i a l 
use h a s r e c e n t l y been r e p l a c e d by coal and t a r g e t e d for d o m e s t i c p u r p o s e s T h e city inha­
b i t a n t s h a v i n g gas s u p p l y for c o o k i n g a c c o u n t e d for ")()' 7 of the t o t a l p o p u l a t i o n 111 l!ivr> 
c o m p a r e d t o only K/V m l'.l.so S O , emi - s ion d e c r e a s e d by a b o u t KiOO t o n s and a t m o s ­
phe r i c S O , c o n c e n t r a t i o n 110 longe r exceeded the s t a n d a r d 

•"ull i i r- t ixing 1 '" l ined C o a l a n d Kllicient M o v e s 

M e a s u r e m e n t s have d e m o n s t r a t e d tha t t h e s m o k e l e s s c o m b u s t i o n of coal b r i q u e t t e s 
in eff icient househo ld s t o v e s (br iquet te being burnt d o w n w a r d s ) c a n s a v e coa l c o n s u m p ­
t ion by 3 0 c ' r . d ec r ea se C O e m i s s i o n by 7 0 - M / 7 . a n d d e c r e a s e s m o k e a n d P A l i by abou t 
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(Kl'V By adding -ome —nil" ir ab-oibeiit such a> lime. SO ( product i> •!! can be reduced by 
a b o u t 10-")l)'Y l ' l o i l u c t i o i i o l ' ( o : i l b r i q u e t t e - - l o r h o u s e h o l d Use W x s 2 1 l l l l l l lu l l t o l l s III 

IUN"). two limes thai in 1!IM) Tin- •-11111.11 cd coal sa\ nig war. about 11 tnillion inih anil 
St) t emission reduction was Kill thousand inn-, during tins live-year period 

Reconstruction and Renewal of IncHirn-in Hollers and Furnaces 

In recent years, more than 1UU thousand inefficient and heavily polluting boilers and 
furnaces, about one- thud of the total, have been reconstructed or replaced by eiiicienl 
advanced ones This resulted in lowering the smoke and SO ( emissions by NO and ^1 
thousand tons respectively and saving '_' •"> million tons of coal. 

C l e a n A i r — A G o a l t h a t N e e d s C o n t i n u o u s and A r d u o u s Effort t o A c h i e v e 

Along with the abovemeiitioned niea-siiies related to energy use, the Chinese govern­
ment and National riiiviroiiiiieuial I'roieciioii Bureau have made every effort to protect 
the atmospheric environment Measures have included promulgat ing the Air Pollution 
Contro l Law; implementing the rule of Knviroiiinental Impact Assessment Report prior to 
construct ion: st ipulating that the design, construction and operat ion of pollution-
controlling facilities should be carried out together with that of the principal project; and 
imposing a pollution tax They encouraged and sponsored research on environmental 
capacity, rational siting, acid rain, line gas desulfurizal ion and many other topics 

It is (lear "hat energy consumption and pollutant emissions will be increasing 
together with the further development of economic construction. In this circumstance. 
air pollution control can only be a long-lasting and arduous task We believe, however, 
that wnh the joint efforts of scientists in ihe held of energy and environmental protection. 
China can improve her air quality step by step despite the rapid growth of the n:ti ioii.iI 
ecoii'itny and associated energy demand 

(J-7 

http://ioii.iI


ENVIRONMENTAL C O N C E R N S OF E N E R G Y USE 

Alan S. Miller* 

Overview 

Since 1970. the I nited States has substantially reduced emissions of most pollutants 
associated with energy use despite substantial economic growth Emission trends in the 
l S. as in the OECD countries in general demonstrate a quantitative decoupling of energy 
consumption and emissions In the same period, however, concern about the environment 
has steadily increased as our knowledge of the seriousness of these problems improved and 
new issues have emerged The consequence, ironically, has been that despite past progress 
environmental problems are no less worrisome. As William Ruckelshaus. Administrator 
of the Environmental Protection Agency under Presidents Nixon and Reagan, recently 
stated. 

It is now possible for one nation to damage another nation inadvertantly-
through environmental pollution at levels of human suffering and property-
damage that once were associated only with acts of war. It therefore seems 
wise for us to accept such problems as falling within the purview of "national 
defense" broadly speaking and to start paying them the kind of attention such 
damages would naturally demand if they were inflicted by hostile troops. 

This paper reviews three energy-related environmental issues currently receiving 
high priority in the United States: air pollution, including acid precipitation; the green­
house effect; and ozone depletion. These problems are all associated with energy use and 
illustrate the growing recognition that the atmosphere is a single system in which changes 
impact on one another (See Figure 1). These problems also share several characteristics 
that impede governmental solution: "all are complex and punctuated by large uncertain­
ties, all could be long lasting, all cross state and even national boundaries, all may be 
hard to reverse, all are inadvertent by-products of widely supported economic activities, 
and all may take investments of present resources to hedge against the prospect of large 
environmental changes" (Schneider, 1987). 

Tropospheric Pollution 

The use of energy for transportation and the generation of electricity is responsible 
for a substantial fraction of air pollution in th£ United States. In 1986, for example, 200 
large coal-fired power plants were responsible for over half of total S02 emissions. Tran­
sportation is a major source of volatile organic compounds, lead, carbon monoxide, and 
nitrous oxide emissions (See Figure 2). 

* .Associate Professor. Delaware Law School. Wilmington. DE 
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As the figures indicate, the V S has made substantial progress reducing the rate of 
emissions of most air pol iutants associated with energy production From 1970 to 1985. 
par t icula te emissions were reduced GO percent, sulfur oxides declined about '26 percent 
(despite more than a doubling of utility use of coal), volatile organic compounds and car­
bon monoxide emissions were reduced about '2'2 percent and 35 percent respectively 
(despite a 5-S percent increase in vehicle miles traveled), and lead emissions from gasoline 
declined over 90 percent (EPA. 19S7) These reductions were due to major expenditures 
on pollution control equipment following the adoption of a s t rong national air pollution 
law in 1970. 

Despite past prog ess, the l S must still overcome some serious air pollution prob­
lems For example, notrogen oxide (NOx) emissions from electric utilities and vehicles 
increased 55 percent and 18 percent respectively in the 1970 to 1985 period Progress in 
nat ional terms has also not been enough to achieve ambient s t anda rds in parts of the 
country with large concentrat ions of population and economic activity Peak ozone levels 
declined 13 percent between 1979 and 19S6. but 5 ID 10 sites per dav exceeded the 
national ambient s tandard and more than 75 million Americans lived in counties that 
exceeded the national ozone standard in 19S6. There is also growing evidence that the 
s t anda rds may not be adequate to protect public health, particularly for sensitive popula­
t ions 

Sulfur and NOx emissions also contr ibute to acidic deposition This problem w a^ 
exacerbated by the installation of tall smokestacks on power plants during the 1970s as a 
s t ra tegy for reducing local SO'2 pollution (See Figure 3) These tall s tacks inject sulfur 
emissions higher into the atmosphere and with greater upward momentum As a conse­
quence, emissions are carried farther and have a lunger atmospheric residence time t<j 
undergo oxidation (MacDonald. 19S5| 

Figure 3 
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\ O x S()_> and photochemical oxidants (particularly "/••if) are all inv.ihe.i in the 
. hemistrv of and precipitation (M<>hiien. l'l.HS) Oxides ,,f nitrogen and sulfur dioxide are 
converted to nitric acid (HNOdl and sulfuric acid il l 'JSOU in a reaction cycle involving 
••xvijen and water molecules, readily available atmospheric chemicals I hese acidic gist's 
..•license to l'..rm microscopic dr-p le ts and either drop to ihe ground a.s dry dep. .siti, HI . T 
gr.-w int.. . loud droplets The result is highly acidic .d-uids and precipitat ion, on average, 
rainfall in the Northeast ha.s a pll of about I '2 (a pi I of 7 is neutral I 

The major environmental concern associated with acid precipitation is damage to 
lakes and forests. The effect on lakes is dependent ..n and-neutral iz ing capacity, a func­
tion of hicarbonate and other ba.-ic ion* which neiit rali/e acid The combinat ion of ..|der 
mope polluting coal-tired power plants and thin soils with little acid-buffering capacity is 
evident in parts ..f the northea.st and midwest where ten percent or more of lakes have 
b e c o m e a c i d i f i e d ( M . i h t l e t l . I ' l ^ l 

It ha-s also recently l.ffii proposed that airborne emissions of ni trous ovules affect 
lake ecology through the deposit nut of significant amounts if ni t rates (Oppenheimer ft al. 
1USH( This in turns leads to growth ol algae and removal of oxygen necessary for all 
other forms of life 

Hesear-h .>n the effects of air pollution indicates that the cost of damage to human 
health, forests, and agriculture may be substantial Crops vary in their sensitivity to pol­
lution, but the I S government estimates that crop damage due to ozuiir amounts to as 
much as $.j billion a vear (WRI . 1087) The cost of a 'Jo percent increase in ozone concen­
t ra t ions is calculated in excess of $2 billion a year 

Fores ts have shown increasing evidence of air pollution damage in recent years 
fo res t s in the south and northeast have suffered substant ial damage in recent years and 
tree-ring records show sharply reduced growth ra tes at high elevations where aciditv is 
highest However the mechanism by which acid damages trees has not yet been esta­
blished, and multiple forms of stress, such as ozone pollution, pests, and weather extremes 
may be involved as well ;i.s increased acidity (Mohnen. 1988) 

Some reduction in acid precipitation has been reported in the l S since detailed 
moni tor ing began in 1979 An analysis of -N monitor ing stations in the northeast found 
that sulfate concentration in precipitation declined at l i stations while n i t ra te concentra­
tions declined significantly at 5 stations The acidity of precipitation declined at 5 of 30 
s ta t ions (NAPAP. 19*7) 

Since coal-fired power plants built after lyTo have been subjected to stringent 
envi ronmenta l controls, environmental debate has focused on the feasibility of adding 
siilfer removal technology or other retrofit controls (See Table I] It was expected that 
this problem would gradually disappear as these plants were retired However I S utili­
ties have increasingly found it economic to extend the life of old plants and sulfur emis­
sions may therefore not decline as cpnckly as originally expected It may be possible to 
repower these old plants with new combustion equipment, improving perfomance and 
substant ial ly reducing emissions at the same time for less than the cost of scrubber sys­
tems (Mohnen. 1988) 
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Table 1. Comparison of performance and 
cost-effectiveness for selected retrofit control 
technologies" 

T E C H N O L O G Y 

P O T E N T I A L COST-
R E M O V A L E F F E C T I V E N E S S 

EFF IC IENCY (%) (1986 S/ 
S O , N O , METRIC T O N ) 

Combustion 

Low Excess Air — 15 2 0 0 - 4 0 0 
Overtire Air — 30 7 0 - 1 4 0 
Low NO, Burner — 50 120-250 
Staged Combustion — 80 2 0 0 - 4 0 0 
With Low NO, Burner 

Gas Reburning — 60 500-1600" 
Furnace Sorbent 
Iniection 70 — 4 7 5 - 6 5 0 

Limestone Injection 
Multistage Burner 70 50 4 0 0 - 5 0 0 

Advanced Slagging 
Combustor 70 50 5 0 - 1 0 0 c 

Post Combustion 

Wet Scrubber 90 — 3 0 0 - 5 0 0 
(Throwaway) 

Dry Scrubber 90 — 3 0 0 - 6 0 0 
(Throwaway) 

Low Temperature 
Sorbent Injection 70 — 180-550 

Gas Reburnmg.'Sortent 
Injection 50 60 300-400 

E-Beam 90 90 300-400 
Copper-Oxide 90 90 300-400 
NOXSO 90 90 350-425 
SULF-X 90 70 450-550 
Selective Catalytic 
Reduction — 80-90 2.200-3.900 

* Cost based on a 500 MW boiler, burning high sullui coal and located 
in me Miowest Tne Doner has 15 years ol remainmp Me All costs 
opresses l i i . 1986 S This table presents only a subset ol the control 
technologies b^ing developed lor retroli l on ulility boilers Besides 
mCividuai technologies, combinat ions ol pre-combustton. combus­
tion, and posl combustion technologies have the capability lo achieve 
nifjh removal efficiencies il required The number ot possible combi-
n jnons is la 'ge and therefore not addressed here 
Cos! e lect iveness is highly dependent on the cost ol the natural qas 
i- ."<j ana complexity ot the retroM 

Tr-ese cost - , represent the retrofit o l a slagqing combustor to a coal-
••iec! boner Costs would be hiqner lor oil to-coal conversion, wnere 
v . i jQing comouMO'S have been typically applied 
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The range of options 'or n'liirolliuri eimaM<->ii.» !rum new o.al plants is nuoh broader 
since it may be possible to use a new generation of "clean coal technologies" (NAPAP. 
1987). Two possibilities receiving attention are integrated coal gasili- cation combined 
t vie and fluidized bed combustion systems Both concepts are being tested in commercial 
scale demonstration projects (These "clean coal" concepts do not address the 
C02 greenhouse problem addressed below ) 

The l .S has so far declined to participate in an inter- national agreement to make 
substantial further reductions in S02. The ECE-Helsmki Protocol on S02 calls for a 30 
percent reduction in tiansboundary Hows of S02 from 19SQ levels by 1993 However, in 
August 19S8 the L'.S. agreed to cap nitrogen oxide emissions at 19S7 levels fur seven 
years. 

C l ima te Change a n d the Greenhouse Effect 

The greenhouse effect is the warming of the lower atmosphere due to the presence of 
gases which absorb and re-emit low energy radiation released from the earth. There are 
many naturally occurring greenhouse gases, including water vapour, carbon dioxide 
(C02), methane (CH4). ozone |03), and some manmade ones, particularly the 
chlorofluorocarbons (CFCs). The concentration of many of these gases is increasing (.See 
Table 2). 

Table 2. A tmosphe r i c Concen t r a t ion of Key Greenhouse Gases 

Concentration in Air 
Gas Pre-lndustnal 1986 Present Hate of Increase (per year) 

Carbon dioxide 275 ppm 3-46 ppm 1.4 ppm (0 4^7:) 
ICO 2 I 

Methane 0.75 ppm 1.65 ppm 17 ppb (l^cl 
(CH 4 ) 

Fluorocarbon-12 Zero 400 ppt 19 ppt (ô Tr) 
C C I 2 F 2 ) 

rTuorocarbon-11 Zero 230 ppt 11 "pt (5°?) 
(CCI.j 

Nitrous Oxide 280 ppb 305 ppb 0 6 ppb (0 2 cc) 
(N,Oj 

Ozone. Troposphe'i" 15 ppb? 35 ppb 0 3 ppb'' (1°?) 
(Northern Hemisphere only) 

at 

ppm = parts per \ 'lion, ppb = parts p ^ billion, ppt = parts per trillion 

The greenhouse effect is important to the balance of life on the planet the earth is 
33 C warmer than it would be in the absence of an atmosphere In contrast. Venus is 
intensely hot and Mars frigid because of the composition of their atmospheres Concern 
arises due to the recognition (first hypothesized almost a century ago) that man's activi­
ties may be adding to the concentration of greenhouse gases at an accelerating rate The 
result is expected to be warmer tempt .ltures and a changing climate (\\"MO. 19Sri) 
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The greenhouse gai <A greatest concern is ( '02. a byproduct of fossil fuel combus­
tion The estimated atmospheric concentration of (C)2 has increased from roughly JSO 
ppm in 1S00 to about 300 ppm in 1900 to .116 ppm in 1959 and 349 ppm today 

Figure 4 
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The U.S. and Canada represented almost half of global C02 emissions in 1950 but 
only 2 5 ^ in 1984. in contrast China's contribution was only 1.4^ in 1950 but lO^c in 
1984 (See Table 3 and Figure 5). (U.S. annual emissions amount to 5 tons per capita, 
while China is at 0.4 tons per capita.) Other greenhouse gases including the CFCs. nitrous 
oxide, and methane have also been growing rapidly and now roughly equal the annual 
contribution of C02 to global warming (NASA, 1986). 
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Table 3. CO., Emissions by Regions 

(Millions of tons of C) 

1960 1970 1980 1985 

L'nited States 783 1149 1249 1186 
Western Europe 523 779 853 780 
Japan 60 195 243 244 
Soviet Union 389 613 871 958 
China 214 211 395 508 
Other Developing 188 336 658 819 

Countries 
WORLD TOTAL 2440 3724 4859 5102 

Figure 5 

ANNUAL FOSSIL FUEL C02 EMISSIONS LtY WORLD REGIONS 
1050 - 10U5 
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Energy use is directly associated with many of these gases: a recent review concludes 
energy sources account for 32 to 75 percent of man-made greenhouse gases (\\> ebbl<-s and 
Edmonds. 1978) However, there is considerable uncertainty about the source of some <,{ 
these gases, particularly methane | \ \ 'MO. 1986) Some sources of greenhouse gas buildup 
may be indirect For example, deforestation removes an important carbon sink C,ri>..n 
monoxide reacts with hydn \yl radicals otherwise available to remove methane and con­
tributes to its growth 

Global climate models now suggest that a doubling of atmospheric C02 from pre-
industrial (mid-!9th century) levels, or an equivalent increase in other greenhouse gases, 
will cause a global mean warming of somewhere between 2.5 C and 5.5 X' (Hansen et al . 
1987. DOE, 1985). (For comparison, it has been about 8.000 years since the earth has 
been 1 C warmer and 70 million years since the average global temperature was 5 C 
warmer than today ) This result is supported by substantial empirical evidence, including 
an observed global warming of about half a degree in the past century and paleoclimate 
records indicating expected changes in temperature during historical periods of fluctua­
tion in C02. 

The rate of change is also important: it may be much easier to adapt to the changes 
caused by a warming of 1 degree C per century than 1 degree per decade. The southern 
boundary of forests, for example, may move northward faster than the northern boun­
dary can expand. 

The models predict temperature changes will occur unevenly; "the warming is gen­
erally greater over continental areas than over the ocean, and greater al high latitudes 
than at low latitudes" (Hansen et al.. 1987). This pattern reflects the greater thermal iner­
tia of the oceans, the albedo effect of sea ice. and the greater stability of the atmosphere 
at high latitudes. 

Climate models are much 'ess informative about regional and localized changes in 
precipitation, storm activity, and other important weather variables. Perhaps the most 
studied effect is an increase in sea level due to the thermal expansion of the oceans and 
the melting of land ice. with estimates ranging from 56 cm to 345 cm by 2100 (EPA, 
1983). However, a wide range of other consequences is possible, including changes in the 
timing and distribution of precipitation, the penetration of solar radiation, humidity, 
windiness, and the hydrological cycle (EPA, 1986). 

Detailed predictions of the likely impact of climate change on mankind and the 
environment are not yet possible. However, enough is known to suggest substantial rea­
son for concern. A sea level rise of 1.5 meters, for example, could destroy 90 percent of 
remaining U.S. coastal wetlands and cost billions of dollars for protection of coastal urban 
areas (Titus. 1987). Agricultural and silvicultural productivity can be devastated by sud­
den changes in temperature and precipitation, a lesson repeatedly demonstrated by his­
tory (Shands and Hoffman. 1987; EPA, 1986). Existing boundaries for nature reserves, 
parks, and wilderness areas may no longer be suitable for protection of wildlife and con­
servation objectives. 

The range of potential impacts extends so far that it probably defies our ability to 
fully anticipate. Scientists have hypothesized credible scenarios leading to increased 
human mortality, increased storm freepjency, a loss of species and biological diversity, 
and manv other effects. 
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Scientific uncertainties are one important obstacle to addressing climate change: 
many important questions may not be answerable until well after major changes are 
irreversible Indeed, gases already in the atmosphere make further warming of as much 
:is 2 C inevitable Yet the effect cannot be reversed quickly; some greenhouse gases 
remain in the atmosphere for a century or more For thir. reason, an international 
scientific meeting in Yillach. Austria in October. 1985 warned that: "Many important 
economic and social decisions are being made today on long-term projects, such as irriga­
tion and hydro- power; drought relief; agricultural land use. structural designs and coa­
stal engineering projects: and energy planning - all based on the assumption that past 
climatic data are a reliable guide to the future. This is no longer a good assumption." 

The problem is further complicated by several forms of inertia Physically, global 
warming is delayed by decades clue to the oceans. Energy investments such as coal mines 
and power plants have long lives and cannot be quickly replaced Equally important, an 
international policy consensus is necessary but will require the cooperation of many coun­
tries and will therefore take a long time to achieve and implement Despite the uncertain­
ties, important choices must be made as decisions being made today will almost certainly 
constrain future options (See Figure 6). 

Different approaches have been suggested to thinking about how society should 
respond to the greenhouse problem (Shepard. 1988). One view is that we can realistically 
do little to change energy use and therefore must adapt as best we can. Participants at a 
June 1988 international meeting organized by Environment Canada proposed a global 
effort to reduce emissions of greenhouse gases 20 percent through energy conservation and 
substitution of renewable energy and nuclear power for coal and oil. Some experts 
emphasize the importance of short term measures that limit the rate of greenhouse gas 
buildup in order to "buy time" for more comprehensive solutions (Mintzer, 1987). 

The U.S. response to the greenhouse problem has grown substantially in recent years 
and involves several different agencies of the federal government, the most important 
being the Department of Energy, the Environmental Protection Agency, the National 
Oceanic and Atmospheric Administration (NOAA), and the National Aeronautics and 
Space Administration (NASA). DOE published a four volume summary of scientific infor­
mation on the problem in early 1986. EPA and the Office of Technology Assessment are 
preparing reports to Congress on the effects of climate change and policies to stabilize 
greenhouse gas emissions. More recently, the greenhouse issue was addressed in both 
Reagan-Gorbachev communiques, and it appears likely Congress will adopt requirements 
that the government exercise its vote in the World Bank to require examination of gren-
house concerns. 
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Figure 8 
Committment to Future Warming in the \VRI Scenarios 
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Modification of Stratospheric Ozone 

Scientists first hypothesized in 1974 that chlorine released from chlorofluorocarbons 
(CFCs) might migrate to the stratosphere and destroy ozone. In the late 1970's several 
countries, including the U.S., adopted policies to curtail use of CFCs as an aerosol propel-
lant. However, other uses, including refrigeration, foam blowing, and solvents continued 
to grow causing renewed concern in the early 1980s. CFC consumption occurs worldwide 
but remains concentrated in the industrialized countries; the U.S. consumes about 29 per­
cent of global production compared with about 15 percent in all developing countries. 

In March 1985 an international agreement was signed in Vienna creating a frame­
work for scientific cooperation to protect the ozone layer, and later the same year British 
scientists discovered a seasonal substantial reduction in ozone over Antarctica (the "ozone 
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hole") (WRl, 1986, WRI, 1987). In September 1987. the Convention was amended by a 
protocol that will after ratification require signatories to reduce their use of CFCs 50 per­
cent below 1986 levels by 1999 (WRI, 1988). 

While the Montreal Protocol has not yet gone into effect, developments this year 
suggest that faster CFC reductions may already be necessary to protect the environment. 
In March, NASA released a report on ozone trends by an international panel of over 100 
scientists which concluded that average annual total column ozone has declined from 1.7 
to 3 percent at latitudes between 30 and 64 degrees in the northern hemisphere and much 
more than that during winter months (See Figure 7). This is much more rapid than 
predicted by atmospheric models. In response to these results, the DuPont company, the 
largest manufacturer of CFCs, announced its support for a total phaseout of fully halo-
genated CFC production by the end of the century. 

Ozone depletion is usually not addressed as an energy problem but there are impor­
tant linkages. Changes in the chemistry and dynamics of the atmosphere are interactive, 
so it is not surprising to find that the greenhouse and ozone depletion problems are closely 
related (NASA. 1986; WMO. 1985). CFCs are a significant greenhouse gas, adding to cli­
mate warming. Models based on gas phase chemistry indicate that C02 and methane 
cause ozone in the upper troposphere, moderating depletion (WMO. 1985). However, 
recent analyses of the Antarctic ozone hole suggest stratospheric cooling due to the green­
house effect could accelerate ozone depletion (Oppenheimer, 1987). Warmer temperatures 
and increased UV-B could also be accelerate ozone formation. 

Figure 7 

Global Depletion of Atmospheric Ozone 
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•nd ra-analyud »it l thai* tiktn (torn ground-Italian! bt f tmn 1979 and 1986. 
Fr om 60 dtgreas aautii laMuda to trio South Polo idonticol moihoda of moMuromont woro uud. but 
cniy tinea 1979 All omor information wroi compiled attar Novombor 1978 from aalaiilta data alona. 

Soutco: NASA Oiona Ttandi Panoi 

10-12 



Policy Linkages 

The preceding discussion has suggested some of the scientific connections between 
three environmental problems associated with energy use, acid precipitation, the green­
house effect, and modification of the ozone layer. There are also important policy link­
ages. 

Policies adopted to address one of these problems may hinder or help resolve the 
others. For example, some strategies for reducing sulfur emissions may exacerbate the 
greenhouse effect. The use of stack scrubbers to remove sulfur is illustrative in that it 
reduces the efficiency of electricity generation by as much as 5 percent, increasing coal 
consumption. Fluidized bed coal combustion is another proposed approach to reducing 
sulfur emissions that is undesirable from the perspective of the greenhouse effect, 
although potentially superior to existing coal-burning power plants. (A large U.S. electric 
utility recently proposed construction of a commercial scale. 330 M\V pressurized fluid­
ized bed system.) 

Increased reliance on natural gas, particularly when burned in high efficiency tur­
bines utilizing waste heat, may effectively address both acid precipitation and the green­
house problem. Natural gas combustion releases almost half as much less C02 per unit 
of energy as coal and almost no sulfur (See Table 4). High efficiency, low-capital cost tur­
bines are under development that would increase the energy value of gas supplies and 
reduce environmental problems. Nuclear energy is another potential solution to both 
problems although it raises other environmental concerns. Improving the efficiency of 
energy utilization may be the preferred solution. 

Table 4. CO„ Emissions from Fossil Fuel Use 

(Millions of tons of carbon per exajoule) 

Extraction Total 
& Production Combusion Emissions 

Conventional Gas 13.8 13.8 
Conventional Oil 19.7 19.7 
Coal 26.9 26.9 
Synthetic Oil 18.9 19.7 38.6 
Synthetic Gas 26.9 13.8 40.7 
Shale Oil 27J> 197 47.6 

Source: J. Edmonds and J. Reilly, "Global Energy and C 0 0 

to the Year 2050", Energy Journal, Vol. 4, no 3. pp.21-47. 

References 

Department of Energy (DOE). 1985. Atmospheric Carbon Dioxide and the Global Car­
bon Cvcle. 

10-13 



Environmental Protection Agency (EPA). 1983 Projecting Future Sea Level Rise. 
1986. Effect of Changes in Stratospheric Ozone and Global Climate: Climate 

Change (Vol. 3). 
. 1987. National Air Pollutant Emission Estimates. 19-10- 1985. 

Hansen, J., Fung, I., Lacis. A . Lebedeff, S . Rind. D.. Ruedy, R.. Russell, G., and Stone. 
P. 1987. "Prediction of Near-Term Climate Evolution: What Can We Tell Decision-
Makers Now?" in Preparing for Climate Change, Proceedings of the First North Mohnen. 
Yolker. 1988. "The Challenge of Acid Rain." Scientific American. Vol. 259. n. 2. pp. 30-38. 

Koomanoff, Frederick. 1987. "Energy C 0 2 Global Change." in Preparing for Climate 
Change. 
MacDonald. Gordon. 1985. Climate Change and Acid Rain. 
Minzter, Irving. 1987. .4 Matter of Degrees: The Potential for Controlling the Greenhouse 
Effect. World Resources Institute. 

Mohnen, Volker. 1988. "The Challenge of Acid Rain," Scientific American, Vol. 259. no. 
2 

National Acid Precipitation Assessment Program (NAPAP). 1987. Interim Assessment. 

NASA. 1986. Present State of Knowledge of the Upper Atmosphere. An Assessment 
Report. 
Oppenheimer, Michael. 1987 "Climate Change and Environmental Pollution: Physical 
and Bilogical Interactions." 
Oppenheimer, Michael, Fisher. Diane. Ceraso, Jane, and Mathews, Tom. 1988. Polluted 
Coastal Waters: The Role of Acid Ram. (New York: Environmental Defense Fund). 
Schneider, Stephen. 1987. "The Greenhouse Effect: What We Can or Should Do About 
It." in Preparing for Climate Change. 
Shands. William and Hoffman, John (editors) 1987. The Greenhouse Effect. Climage 
Change, and U.S. Forests. 
Shepard. Michael. 1988. "The Politics of Climate," EPRI Journal (June 1988). 
Titus, Jim. 1987. "Causes and Effects of Sea Level Rise," in Preparing for Climate 
Change. 

World Meterolorical Organization. 1986. Atmospheric Ozone 1985. 
World Resources Institute (WRI). 1986, 1987, 1988 (in press). World Resources. 
Wuebbles, D-, and Edmonds. J. 1988. A Primer on Greenhouse Gases. (Report to the 
Department of Energy; DOE/NBB-0083V 

10-1A 



DEVELOPMENT AND E N E R G Y CONSUMPTION 
OF THE COAL CHEMICAL INDUSTRY IN CHINA 

Li Shilun* 

China has abundant resources of coal, which accounts for about 75% of total 
national energy consumption. The development of the Chinese chemical industry ori­
ginated from the coal chemical industry. Since the 1970s, with the development of the oil 
industry, the proportion taken up by oil and natural gas in the feedstock of the chemical 
industry has gradually increased. However, at present the coal chemical industry still 
plays an important role in the chemical industry. In 1985. the chemical industry con­
sumed more than 50 million tons of coal and about 7 million tons of coke Two-thirds of 
total ammonia production used coal and coke as feedstock, and more than 80 f7 of polyvi­
nyl chloride (PYC) used calcium carbide as feedstock. 

The Development of the Coal Chemical Industry 

Synthetic Gas from Coal 

The utilization of coal as feedstock to produce synthetic gas, which is then syn­
thesized to produce chemical products such as ammonia and methanol, is the major 
approach adopted in the chemical industry. 

The main product of the Chinese chemical industry is ammonia. Its annual produc­
tion in 1986 was over 16 million tons. Most of the medium and small-sized ammonia 
plants use coal and coke as feedstock and half of the total ammonia production is pro­
duced by small ammonia plants. The annual coal consumption of nearly 20 million tons 
is 3 0 ^ of the total energy consumption in the Chinese chemical industry. 

Methanol is an important organic chemical raw material in China. There are more 
than 50 methanol plants in China and the total methanol production was A 13,000 tons in 
1985, over half of which was synthesized from coal and coke. 

Coal Gasification 

Great progress has been mide in coal gasification. There are more than 4500 atmos­
pheric fixed-bed gasifiers in China that produce low-heating-value fuel gas and synthetic 
gas from coal. Domestic-made fixed-bed water-gas generators have been used in many 
small and medium ammonia and methanol plants for a long time to produce synthetic 
gas. China has also grasped the technology for the production of synthetic gas in atmos­
pheric fluidized-bed gasifier. Lurgi gasifiers of 3.8m in diameter imported from Germany 
have been put into operation in the Shanxi Chemical Fertilizer Plant. 

As the resources of brown coal and high-volatile bituminous coal are abundant in 
China, using them a.s feed to produce gas through complete gasification is one of the 
important routes to develop town gas in China. In recent years. China ha.s produced 

Chief Lr-gincer. Beijing Research Inst i tute of Coal Chemistry 
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town gas by adopting the pressurized fixed-bed I.urgi gnsiltcat ion and two-stage 
gasification processes, l.anzhou pressurized gasification plant with a capacity of 
r> 10.000m' day and Yilan pressurized gasification plant with a capacity of f.fiOO.000 
m' day are under construction 

Coking. Including Coke Production and Coal Carbonization to Produce Town (!as 

In I'.lSli. more than 70 million tons o!" coal were used for coking, and tne national 
coke ••input was over 10 million tons. The chemicals from coking process are important 
raw materials of the chemical industry. At present, there are more than o0 varieties of 
coking chemical products in commercial production. 

Gas from coal carbonization is one of the imp; r tant sources o{ town gas in China. 
The existing commercial coking plants supply large amounts of coke oven gas to their 
nearbv cities or towns. In addition. China has also set up a number of vertical re tor ts to 
supply coal gas to cities. The production of town gas in l'JStj by using conventional 
processes was more than 2. 1 billion m' , mostly from coke ovens and vertical retorts . 

Calcium Carbide-Acetylene Chemicals 

Acetylene is mainly manufactured from calcium carbide, which occupies an impor­
tant position in Chinese chemical industry. T h e total national ou tpu t of calcium carbide 
in 1986 was over 2 million tons. 

Coal-derived fuel and Coal Water Slurry 

China has been engaged in direct liquefaction research, with the emphasis on con­
vert ing coal into clean liq'.id fuel by direct hydrogenation. Cont inuous process units of 
0.1 tons day have , en -• t up and put into operation. As for indirect coal liquefaction, 
the advanced Fischer-Trupsch synthesis process has been put in;o tests . 

Since 1982. China has conducted studies on the technology of preparation and 
combustion of coal water slurry (CWS). CWS. with a concentration of 70 c 7 coal has been 
prepared and combusted in a 20t h industrial boiler with fairly good result. 

Problems Encountered During the Development of the Coal Chemical Industry 
and Their Countermeasures 

Coal Source for Product ion of Synthetic Gas 

Fixed-bed water-gas generators have long been used in most of the medium and 
small synthetic ammonia plants in China to produce synthetic feed gas. These need lump 
feed. In the early period, coke was used as feedstock. In H)j(i, experiments using lump 
anthrac i te to replace coke achieved success, so it became the mam feedstock. Later, along 
with the development of the ammonia industry, the supply i >f lump anthracite was 
becoming shorter, so China started to develop briquetting of an thrac i te lines to provide 
gasification feedstock Hundred.- of ammonia plants in China are using briquettes so that 
(he situation of short supply of lump anthraci te can be eased 

11 -2 



Con I Resources lor Coking 

In the total reser\es of coal for coking. gas coal and weakly caking o >al take up a 
great proportion, wluie coking coal and fat i\r.t\ lake up a small proportion. In order to 
save the valuable resources of coking and fat coal, since the 1950s systematic studies have 
been carried out to expand the types of coal for coking and to develop the technology of 
blending coking that is suitable to the characteristics of Chinese coal resources As a 
result, the blending ratio of weakly caking coal is up to 20-2r>rc and that of gas coal up to 
oO^c to produce coke meeting the quality specifications. 

In order to save coal resources for coking. China has also developed and grasped >:u-
technique of blowing pulverized anthracite into a blast furnace so as to substitute (< r 
premium: coke. The consumption of pulverized anthracite for this application reached 2 2 
million tons in 19S6. Practice shows that blowing one ton of pulverized anthracite can 
replace 0.8-1.0 ton of coke The capital expenditure for the equipment of anthracite blow­
ing is equivalent iO only 20-25 rc of the coking plant with the same capacity. Maanshan 
Iron and Steel C o r p o r t i ' i . has also developed a pulverized coal blowing technique so as 
to further expand coal types suitable for this use. 

Outlook 

Since the founding of New China, the coal chemical industry has developed rapidly. 
But there is still a long way to go compared with the advanced countries in the aspects 
such as technology and energy consumption of products. Coal is the principal energy 
resource of China. Faced with the situation that by the end of this century, the energy 
output can only be doubled while we envision a quadrupling of the national production 
value of industry and agriculture, it is even more necessary to accelerate the development 
of the coal chemical industry and rationally and effectively utilize tiu coal resources. The 
following areas c, !! for further development. 

Development of the C-l Chemical Industry on the Basis of Synthetic Gas 

China has abundant coal resources suitable for coal gasification. Using them as raw 
material to produce chemical products and liquid fuel through the route of C-l chemistry 
is not only a practical need, but also possesses long term significance. It is necessary to 
greatly enhance the technology of synthetic gas production, accelerate the development of 
the chemical fertilizer and C-l chemical industry, and grasp the technology of methanol 
production on large scale as soon as possible. 

The fixed-bed water-gas generators now being used in medium and small p.mmonia 
plants are backward in technology, low in gasification efficiency and could only use lumps 
or briquettes of anthracite, thus causing short supply of feedstock. Therefore, the 
development of advanced gasification technology thai can utilize coal fines directly should 
be accelerated. The pressurized gasification of coal water slurry developed by Lintong 
C'hemical Fertilizer Research Institute of China offers many advantages, and has obtained 
fairly good test results in a Lot h pilot plant. The research work on this basis should be 
speeded up in order to achieve the technical conditions of commercial utilization and pro­
vide a set of advanced gasification techniques for the development of the Chinese chemical 
industrv. 
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D e v e l o p m e n t of C o a l C,:i>\'.\ • . ' ! :i T---|o, •' •-. f r I ' : -, •.'.;.•; ;.-:i . ! T. •»!! t ^ s 

hi o r d e r to a c h i e v e i In- t a rge t . •!' s i i p p h iiig t own gas t o 7l) ni iMii-n u r b a n r e s i d e n t s by 

t h e end of till-; c e n t u r y , t h e d e v e l o p m e n t i-f l eUl l ga.-. r~ln .iilii lie a c c e l e r a t e d C h i n a ha.s 
rich resources of browi. coal and hi^h volatile bituminous coal sui table for gasification. It 
is important to develop coal gasification in the cities close lo these resources However, at 
present there is little purification technology available in China '"or town gas production 
Thus, a good job should be done in scientific research and introduct ion of key techniques 

so as to speed up the grasping of advanced coal gasification technology and create techni­
cal conditions for developing town gas. 

development of the ( ' "king Industry 

Although the coking industry in China has made considerable progress, the task we 
are faced with is still very hard. It is es t imated that by the year "2000 the annual demand 
for coke will reach ;bou t SO niil!i"ii tons. Thus , coking technology should be greatly 
improved and the tyj "s of coal used for coking should be expanded. With the continuous 
increase of tar out put the processing of coal- tar should be developed in order to produce 
even more tar-based chemical products. 

Calcium Carbide-Acetylene Chemicals 

China has a good foundation in the chemical industry of calcium carbide and ace­
tylene. It is est imated that the demands for calcium carbide will be doubled by the year 
2000. There:'_>re. in those areas where there are abundant coal, limestone and electricity, 
chemicai plants for producing calcium carbide and acetylene should be developed. 

Development of Coal-Rased Liquid Fuel 

Although oil ou tpu t will increase greatly by the end of this century, it still will not 
be able to meet the increasing demand. Therefore, the development of coal-based liquid 
fuel should be given priority. China has rich coal resources suitable for liquefaction. 
Some areas, such as Yunnan and Shanxi. are short of oil resources. Thus , there is a good 
prospect for developing coal liquefaction. The development of liquefaction technology 
should be continued and at the same t ime, the technology for manufacturing methanol 
fuel and low-carbon mixed alcohols from synthe t ic gas should be actively studied. 

The research on techniques of production and combustion of coal water slurry 
should be carried out continuously and put into commercial application as soon as possi­
ble. 

Comprehensive Utilization of Brown Coal 

The proven geological reserves of brown coal in China are more than 120 billion 
tons At present, the annual production of brown coal is more than 30 million tons, and 
its proportion in the total coal production will increase year by vear. Therefore. China 
should actively develop comprehensive utilization technology of brown coal 
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THE ROLE OF COAL IN THE U.S. ENERGY ECONOMY: 
INTERFUEL COMPETITION, ENVIRONMENTAL C O N C E R N S , AND 

THE IMPACT OF UTILITY RESTRUCTURING 

\! .mired t . tt.i.-. like" 

It is ironic that ••>nt' and ;i half decade- :it*1 «-r the iir-T "ll cn-ls which seemed in give 
the I ' S coal industry the pri'ini-e ul" an alnio-i liniiile— golden future, the industry i-
embark ing upon a period «>t" great uncertainty. \ \ hat is most cha.-teiiing to fnreca-ter-
about t ins period of ri-k and uncertainty is that the primary -ources of this uncertainty 
were generally unanticipated until recently It i- not nuclear power which poses the 
greatest competitive threat to coal in the United Stales , but ra ther a series of changes in 
energy and environmental policies and perceptions Renewed interfuel <•< iinpetit ion. par­
ticularly from natural ga.s in both the uidu-tr ial and utility s t c to r s . combined with 
environmental legislation whi< h compel- coal-burning uiiliiie- and coal producers to inter-
nalize more of the environmental co-is o| coal, will -dow the relatively rapid progre-.- n>a! 
has made in the pa.--t two decades 

In this paper, it is my intention to examine briefly the role coal currently plays in 
the U.S. energy economy and its competition with nuclear power, then to examine in 
greater detail the impact of environmental regulation, changes in utility regulation, and 
inter fuel competition on the future of coal. In the course of this paper , it will heroine 
apparent that the world's number two coal producer, the United States, shares many of 
the same problems and concerns as the world's number one coal producer. China. 

Retrospect and Prospect 

The past quarter century has been a period of rapid growth for the U.S. coal indus­
try After experiencing two decades of declining production after World War II, coal pro­
duction began to increase again in the early 1960s, and it has since continued to grow-
steadily. The primary factor responsible for this change has been the adoption of coal as 
the fuel for new base-loaded electric generating plants in the 1960s. The use of coal in 
electric generation has been and will continue to be the only growth sector for the coal 
industry. For fuels, American industry relies primarily on petroleum and natural gas, 
with a few exceptions, such as cement and pulp and paper. The steel industry remains in 
permanent long-term decline; in 1973. about 100 million tons of metallurgical coal were 
used; in 1987, only 37 million tons were needed. With industrial coal consumption not 
expected to grow significantly and metallurgical coal demand continuing to decrease, 'he 
coal industry has come to its present position of importance in the LT.S. energy economy 
because of its key role in the electric utility sector. 

In 1960. total U.S. coal production was about 415 million tons: by 19S7. this amount 
had increased to 916 million tons (all references are to short tons). In 1970, before the 
first oil crisis, coal constituted 18 percent of the total I S primary energy consumption: 

* President. Internationa! Strategic Information Service*. New Imrvport. Mass 
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the dominant sources of energy were petroieun (l-l^r) and natural gas (32*7). This pic­
ture altered little in 1975 and only gradually n 19S0 and 1986 The reason for the slow 
increase in the overall role of coal is that its impact is confined to only one sector Coal 
plays a negligible role m residential and commercial energy consumption, none in tran­
sportation, and when metallurgical coal is taken into account, a declining role in the 
industrial energy sector The one exception is the electric utility industry, which in I9S6 
made up 3ti percent of l S primary energy consumption 

In the electric utility sector in 19S7. coal was the dominant fuel with a 57 percent 
share of total fuel consumption (Figure 1). Nuclear power was second with IS percent 
and natural gas third with 11 percent: petroleum products accounted for only 4 percent of 
the fuel mix This is a significant change from 1970 when coal was 44 percent of the elec­
tric utility fuel mix. natural gas was 25 percent, petroleum products were 13 percent and 
nuclear power was only 1 percent. 

Figure 1 

FUEL CONSUMPTION BY U.S. ELECTRIC UTILITIES FOR 1987 

Source: Energy Information Administration 

During the late 1970s and early 1980s, when there was still a general expectation 
that there would be a large scale coal-based synfuels industry in place by the 1990s as well 
as extensive industrial conversions from oil and natural gas to coal, coal demand was 
expected to grow by 5 to 7 percent per year to the year 2000 and beyond. However, by 
1983. realism had set in. and most forecasts foresaw that the growth of coal would be 
essentially tied to the electric generation market. Parenthetically, at this time most fore­
casts also anticipated exports of 200 million tons by 2000. a figure which is clearly out of 
the question. 
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The forecasts produced m I !1K-J by the two major p r i \ a t f f i n a.-tiiin < •ruatii.'.-it 1. •!!-• 
IC'F of Washington IK' and DIM •>!' Lexington. Massachuse t t s wen- t»«-i11 pnd i i m m p p -
duction of just below 1,700 million ions by 2000 |ti>th . .f these firms u <• linear program­
ming models to develop their forecasts and their bullish • -u 11<«>k had a significant impact 
on both government policy makers and coal industry leaders 19*3 is significant in tin-
history of I S coal forecasting because in that year the National Coal Association con­
verted its forecasting methodology to the use of a panel of industry specialist.-, preparing 
bot tom-up forecasts. As a consequence of this more rigorous methodology, the forecast 
issued in December. 1983. for the year 2000 was 300 million tons below the March. I9S3. 
forecast. 

The development of accurate supply curves assumes a knowledge about the detailed 
engineering characteris t ics of coal reserves which we in general do not possess The 
recent EPRI-financed studies on Appalachian low-sulfur coal reserves have demonst ra ted 
that when it comes to the detailed characteristics of the reserve base, we are woefully 
ignorant Moreover, a.s utilities increasingly stress overall boiler performance in selecting 
their coals, there are many "actors such as :ish. chemical characteristics, "grindabili ty". 
nitrogen, chlorine, calcium, and ash fusion temperatures that are not captured by the 
data on sulfur, ash. and heat content used to develop supply curves. As utilities evaluate 
coals for boiler slagging and fouling, s team tempera ture control , combustion efficiency. 
and pulverizer performance, the d a t a captured in conventional supply curves becomes 
increasingly less significant. 

A preferable methodology is the one employed recently by Resource Data Interna­
tional (RDl) to prepare a long-term coal forecast as an input to the Gas Research 
Insti tute 's (CiRl) 1987 Energy Forecast . The RDl model gave far greater weighting to 
bot tom-up demand analysis and to the impact on the coal market of such subjective fac­
tors as utility buying practices and government policy. RDl projected that total con­
sumption in 2000 will be 1,133 million tons of which 879 million tons will be in the util i ty 
sector. Th i s is an increase from the 718 million i^ns consumed by electric utilities in 
1987. The Energy Information Administrat ion (EIA) forecasted a somewhat higher 
number. 1.217 million tons in its projections for the year 2000; of this amoun t . 962 mil­
lion tons is expected to be used by electric utilities. 

Both of these forecasts are conservative in terms of the numbers used in the mid-
1980s; however, there are indications that even in these conservative forecasts, there is 
more downside risk than upside potent ial . It takes eight to ten years or even longer to 
build a large coal-fired power plant . T h u s to a very real extent , what you see in 1988 is 
likely to be what you will have in 1995-1998. If we look at the November. 1987. Electri­
city Supply i : Demand forecast for 1987-1996 prepared by the North American Electric 
Reliability Council (NERO), we find that coal demand is anticipated to rise by about 100 
million tons between 1987 and 1996. Some 22,479 M W of new coal-fired units are to be 
completed between 1988 and 1996 discounting the 3.513 M W which were completed in 
1987. Of this to ta l , only 12.157 M W are currently in any phase of construct ion. The 
Utility Data Ins t i tu te (I'DI) in early 1988 reported that a 150 MW lignite unit whose con­
struction began in 1987 is the first new coal-tired power plant to go into const ruction in 
five years. I DI's da ta shows that in 1986. 33 new coal-fired power plants entered service 
and that an average of 20 new plants were added annually to 1983. when the number 
dropped to 1 1. For 1989. I D I predicts four new plants, two in 1990. three in 1991 and 
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The ii|'-i'l>- p"tfiiii:tl I'T .";tl In-- in t h - p< SMI'IIHV that t-l.-ctnr load growth will l>#-
urt-ater than ilit- approximately 2 IV-'J -r» percent pt-r annum that must utilities currently 
ant icipati- an-l that the installed base "f nuclear plant?, will perform worse than expected 
Neither i- an entirely uureasi.nabh- assumption. The latest ten-year forecast of the 
NKR(.'. which aeuregates by regi"!i forecasts submitted by individual utilities, projects an 
average annual growth rate <>|' 2 2 percent for the period 1 AST-1990' The KIA in its 
Annual Unerijtj (hitlook /.V>? published in March 19SS. projects that in the period 1987-
2000. l"tal electncity sales will gr<>w 2.-1 percent, with industrial sales leading the way 
with a growth rate of 3 1 percent. The 19S f i baseline GRI electricity demand forecast 
envisages an average annual growth rate of I S percent for the period 1985-2010. 

The Nt iRC forecast is the most disaggregated and shows considerable var ia t ions 
among the various regions of the country. The most rapid g rowth . 3.3 percent per year . 
is projected for Texas . 3.2 percent per year for Arizona and New Mexico. The lowest 
growth of 1.3 percent to 1 6 percent is expected to occur in the Midwest and Middle 
Atlant ic 

Industrialized nat ions have in general broken the G N P o i l relationship but have 
failed to do so with the G.NP electricity relationship. Although fifteen years ago the elec­
tr ici ty growth ra te was more than double the G.NP growth r a t e , the rat io is now below 
1:1 but electricity demand growth continues to parallel economic growth relatively 
closely. There is the potential that the demand projections t h a t are now generally-
accepted could be too low: some economic scenarios for the 1990s suggest that we m a y be 
entering a period of sustained 5 percent real G.NP growth. Th i s ra te in turn could result 
in growth of demand for electricity which is higher than was forecasted. On the o ther 
hand, mandatory conservation programs could moderate ant icipated electric demand 
growth to below forecast levels. 

The uncertainty is thus considerable not only in the annual ra te of growth, but also 
in the growth of to ta l demand versus peak demand and in the regional variat ions in the 
ra te of growth. These lat ter factors have an impact on how the aggregate electricity-
demand forecast is transformed into a demand for coal. A rapid growth in peak demand 
would tend to be met primarily by na tura l gas and oil since in most parts of the country , 
nuclear and coal-fired plants are confined to serving only baseload demand. Similarly, the 
rapid anticipated growth in demand in Texas and Florida may be met primarily by 
na tura l gas rather than coal. 

N u c l e a r P o w e r 

Poor performance in the nuclear power sector can be expected to have a favorable 
impact on coal consumption in the longterm. However, in 1987. five new nuclear p l an t s 
were brought into service, making a tota l of 109 operating p lan ts in the United S ta tes . 
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Chernobyl and scandals sin h as those recently in Germany have turned public < -f > i n !• -n 
auanist nuclear power liven more damaging for the long-term future of the present geit-
erati. 'ti . .f nuclear te. hit. .|. .g\ are the opera t ing results which have largely gone unnoticed 
11)1 l.ased on a survey of nuclear and coal-tired plant variable costs over the period 
l'JS2-198u, found that coal plant costs declined 22 percent, from $27.49/MWh to 
$21 67 "\f\Yh, while m u l - a r plant costs increased 32 percent from $14.16/MWh to 
*20.70/MWh. 

The most damaging ecuiiomic analysis; of the current generation of nuclear plants 
comes in a study recently released by the EIA This analysis considered both opera t ing 
and maintenance costs as well as post-operational expenditures arising from the need to 
add or replace sys tems m the plant The EIA found that costs in the decade from 197-5 
had quadrupled to almost $05 k \V ($1982) of installed capacity. The EIA concluded that 
t he continued escalation in operating costs could erode any cost advantage that operating 
nuclear plants current ly enjoy. Fur the rmore , the escalation in operat ing costs was seen 
as rendering il economic to shut down some of the older plants . Thus , nuclear plants are 
not only more expensive to keep in operat ion than are coal-fired units, but the savings 
from shut t ing clown the most expensive uni ts would be sufficient to pay the capital and 
operat ing costs of replacing them with coal units. The pr imary factor preventing Public 
1'lility Commissions (P l 'Cs ) from compelling some opera tors to adopt this approach is 
the unfathomable magni tude of the decommissioning costs. 

It can be argued with good cause tha t nuclear plant construction and opera t ing 
experience have demons t ra ted that the costs of nuclear power p lan ts have been subject to 
unwarranted opt imism and rapid escalation. Moreover, radioact ive waste disposal costs, 
a major cot onent of the decommissioning expense, have increased very rapidly in the 
past and are likely to contir.ue to increase in the future. The Cen t ra l Electric Genera t ing 
Board (CEGB) in the United Kingdom is the first utility to announce that it will decom­
mission and dismant le a commercial scale reactor. The unit is a 276 M\V s ta t ion at 
Berkeley which has been in operation only 26 years, al though its scheduled opera t ing life 
had been expected to be 35 to -10 years. T h e C E G B est imates t ha t the decommissioning 
process will take over 110 years and will cost about $600 million. 

Nuclear opera t ing costs to utility shareholders are also rising for several reasons. In 
an increasing number of s tates (e.g.. New York, Pennsylvania, Michigan, New Jersey), 
shareholders ra ther than ratepayers bear the costs for unplanned nuclear plant outages 
tha t result from imprudent management decisions and that require the need for expensive 
replacement power. Pl 'C's are beginning to pass judgement on m a n a g e m e n t s prudence in 
such unplanned outages and are more willing to disallow replacement power costs 

Despite these enormous problems for the future of nuclear power, it is p rematu re to 
write its obi tuary. As coal-fired power plants are compelled by legislation to internalize a 
greater portion of their environmental costs, their costs will also escalate and nuclear 
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energy may again by _,. inparison look more attractive More important, concern over the 
impact of the "greenhouse effect" may lead policy makers to reexamine the nuclear option 
If nuclear power does make a comeback in the next decade, it is likely to be in the form of 
"inherently safe" reactors. The technology for such reactors already exists in the United 
States Europe and the I'SSR "Inherently safe" reactors will be smaller than the current 
generation of commercial reactors. They will be modular in construction and in large part 
built ofT-site and contain a smaller amount of fuel As concern over carbon dioxide levels 
in the atmosphere increases, one can anticipate that this new type of reactor will attract 
the at tent inn (..f politicians and utilitv executives 

Clean Air Concerns 

The greatest challenge to the growing use of coal in both the electric utility and the 
industrial sectors of the U.S. economy comes from environmental concerns. These con­
cerns deal primarily with pollutants created by the combustion of coal as well as consider­
ably less significant pollution problems at the mining end of the coal business The leading 
public policy issue in regard to coal combustion in both the United States and Western 
Kun'pe is Acid Rain Acid Rain legislation has been expected to pass into law every year 
f'T 'he past seven, but as yet. no bill has been passed 

Acid rain is a tremendously complex issue, politically, economically, and 
scientifically. There is general agreement that in North America, over 90 percent of sul­
fur dioxide emissions come from man-made sources (the natural sources or sulfur dioxide 
can be quite significant in some parts of the world) Such man-made sources include fossil 
fuel-fired utility generating plants, industrial boilers, industrial processes, transportation, 
and residential and commercial combustion. However, scientific agreement ceases when 
we turn to such questions as the atmospheric transformation of sulfur dioxide and nitro­
gen oxides into sulfuric and nitric acids, the distance over which emissions are tran­
sported, and how deposition on the earth's surface occurs. One vital issue that has 
received a gr-at deal of attention because of its high degree of uncertainty is the relation­
ship between emissions of acid- forming gases and the deposition of potentially harmful 
pollutants. Some research findings have suggested that the relationship is non- linear and 
that precursor emission reductions of a particular amount will not result in similar pro­
portional reductions in pollutant depositions. Politically, this is a highly explosive ques­
tion. If there is no certainty about this question, it becomes difficult to justify both a 
specific target volume of reductions and to justify the inclusion of power plants m one 
part of the country but not those in another under the provisions of potential legislation 
The National Academy of Sciences reviewed most of the major studies of atmospheric 
modeling and concluded that there was no strong evidence of non-linearity. However. Un­
report was so riddled with caveats and so Delphic in its phrasing that Congress asked the 
Department of Energy's (DOE) National Laboratories to re-analyze the report. What one 
may conclude from reading both of these reports is that the scientific evidence is not con­
clusive But it is also fair to say that the opponents of acid rain legislation, both coal and 
utility executives a,nd the economists who serve them, are holding scientists up to higher 
standards of proof than they themselves are subject to in their own analyses of the 
i'f". ''line impact of acid rain legislation 
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In the pa.st year, the acid ram issue has become part of the broader movement to 
amend the ( l e a n Air Act. The Clean Air Act had set December 3 1 . 1987. as the deadline 
for the achievement of compliance with federal ozone s t anda rds Some lit) cities were 
found t<> be out nf compliance and the EPA moved to implement the punitive measures 
contained in the Act mora tor ia on new construction, cutoffs of federal highway funding. 
etc. I liable to pass legislation in time. Congress voted to delay the deadline for sanct ions 
until August 31. 1988 Thus , in 1988. there are three bills in the Congress pertaining to 
clean air issues: H.R. 305-1. concerned with ozone non-a t ta inment , and II.R '2666. con­
cerned with acid rain, both in the House of Representatives, and S. 1894. a comprehensive 
bill before the Senate dealing with both issues. The bill in the Senate is the n u r -
s t r ingent , and it is the one favored by environmental is ts . In the midst of the increasingly 
acrimonious debate over acid rain legislation. Senator Robert Byrd. a long-time foe of 
ai id rain legislation, of West Virginia, a major coal-producing s t a t e , announced his deci­
sion to step down from his position as Majority Leader. P roponen t s of acid rain legisla­
tion were optimistic that Byrd's resignation and new leadership in the White House would 
give ;heir cause the boost needed to enact legislation. However, in recent years, the 
Congress, particularly the Senate, has been plagued by gridlock on many major legislative 
issues. Debate on proposed acid rain legislation has become increasingly acrimonious, and 
it is not at all certain that acid rain bills will fare any better in the remainder of 1988 and 
19S9 than they have in past seven years. 

The many policy-oriented studies on all sides of the acid rain issue which have been 
conducted in the past five years have relied almost exclusively on computer models. T o 
my knowledge, only one analysis, that performed for the Electric Power Research Insti­
tu te (EPRI) . has a t t e m p t e d a bot tom-up, site-specific review of the impact of various leg­
islative scenarios on all of the power plants likely to be affected. Not surprisingly, the 
E P R I study found tha t many site-specific factors were impor tan t in the scrub-versus-
switch decision faced by individual utilities. T h e study performed for EPRI by three con­
sul t ing firms reached a number of significant conclusions about the impact of acid rain 
legislation on electric utilities and the coal industry: 

o Under any emission scenario, there will be a wide diversity in utility compli­
ance s t ra tegies as a consequence of site-specific factors, the t iming of the com­
pliance decisions, and other inst i tut ional concerns. 

o Retrofit scrubbing costs vary substantial ly by power plant , with some having 
relatively low costs (generally large, modern units with ample space) and 
some where the costs are extremely high. Under the high tonnage, reduction 
scenario, the cost effectiveness of F G D retrofits varies between $400 and 
.$2,400 per ton of sulfur dioxide removed. 

o The demand for and price of eastern low-sulfur and compliance coal relative 
to high-sulfur coal could be significantly affected by an emission reduction 
program. 

o The differences in prices between low-sulfur coal ( I f f c sulfur), compliance coal 
I- 0 .7 r 7 sulfur) and high-sulfur coal are the pr imary factor influencing utility 
compliance strategies. 

o The higher the emission reduction requirement, the more utilities will prefer 
to reduce emissions through scrubbing rather than switching. 



o ("fin r:»l A p p a l a c h i a n I. iu-- i i l l 'ur a n d << >ln ]>1 la II<-<--«-( ml p n >ducers will s u p p l y t h e 
IIKIJ. •Illy . >f t h e new m:tl'k t-l > c r e a t e d by i< >:t 1 s w i t c h i n g W e s t e r n |ow-s i i l fu r 
coals "lily supply about 20 percent "I the coal switching markets under the 
high .iiiis>i, .11 reduction scenarios However, if the costs of devoting units |'..r 
ihi> use i'f low-ranked I'owder River Hasm funis i- less th;in assumed m the 
KIMtl analysis, then the eastward penetration of this coal may lie significantly 
greater 

The KIMtl study also highlighted some previously unant ic ipated gaps in da ta The 
study team 'oiind that relatively little is known about the reserve base and production 
cost of eastern compliance coal. Moreover, in contradiction of the common view incor­
porated in most coal models that depleting reserves make new mines the highest-cost 
mines, new mines often were the lowest-cost producers in many regions 

Although many of the policy proposals and analytic approaches to the acid r :,ui 
problem discussed here may appear to be mutual ly exclusive and logically incompatible. 
the Congressional legislative process deals with compromise, not logic Hence, the final 
legislation, when it eventually emerges from a House-Senate Conference committee and is 
sent to the President for his signature, may contain elements of many of these proposals 
since only m this way will it be possible to accumulate sufficient votes for the pa.ssage of 
the final piece of legislation. 

Even when an acid rain bill has b<-en passed into law, there will remain many area.s 
of uncertainty. There is considerable likelihood, as has occurred in other major pieces of 
environmental legislation in the past two decades, that the s t a t e s will be called upon to 
play a key role in implementing acid rain legislation. If the final bill either does not man­
da te a technology for clean-up or only manda te s a technology for one phase of the clean­
up effort, the governments of high-sulfur coal-producing s ta tes are almost certain to res­
trict fuel switching by the utilities within their boundaries. Fur the rmore , some s ta tes 
may elect to include large industrial sulfur dioxide emi t te rs in their implenunta t ion pro­
grams, even though the federal legislation focuses on electric utilities. As in all major 
environmental legislation, there is also the potential for l i t igation. While the cour ts will 
probably uphold the government in most cases, litigation does have a considerable poten­
tial to slow the implementat ion of acid rain legislation. 

The single-most significant factor in creat ing uncertainty as to the eventual results 
arising from the passage of acid rain legislation is the dynamism of the energy marke t 
itself. Many variables will determine the eventual extent of the impact of acid rain legis­
lation on the U.S. coa! industry: the impor t of power from Canada , the greater use of 
na tu ra l gas in electric generation, a shift from an exclusive reliance on large central gen­
era t ing facilities by utilities to small dis t r ibuted facilities opera ted by cogenerators and 
independent power producers , a greater economic wheeling of electricity from region to 
region, improvements in new clean coal technologies, and the interaction of acid rain 
legislation with o ther clean air initiatives such as ozone non-a t ta inment , "greenhouse" 
legislation, and tall s tacks regulations. 
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Clean Coal Technologies 

Clean coal technologies are seen by m a n y in the coal indus t ry as the answer to the 
tliri-at posed b> various lor ins of clean air legislation and regulat ion Tin- current govern­
ment fuii'liiis; I", r ' lc Hi " t l ii v h n o l o g i o in Hit- l i m e d Sta tes «•rieiii:it«'> from a joint 
report on acid rain prepared in l*.lf»") by Bill Davis of Canada (l he former premier of 
Ontar io) and Drew Lewis of ihe I nited Sta tes Anions o ther things, the report recom­
mended the expendii lire .if >.") billion over live years lo control sulfur dioxide and nitrogen 
oxides emissions President Reagan and Canadian Prime Minister Mulroney signed the 
report earh in 1!)M> The DOH began the Clean Coal Technology Program in 1986 in 
partial fultillmein of these commitments . The initial federal share of the budget was $-100 
million In 19s7. an additional $53t> million of federal funds were made available under a 
second phase of the program The intent ion is to provide $2.5 billion over a five-year 
period with the pr ivate sector contr ibut ing an equal amount Politically this would not 
.•lily fulfill President Reagan's commitment lo Prime Minister Mulroney, but also it 
would put a more positive slant on the Reagan a d m i n i s t r a t i o n s long-standing opposition 
to acid rain legislation 

The process of obtaining federal funding for a project is. however, arduous. The ini­
tial round of proposals has resulted in seven agreed-upon projects and four proposals still 
in negotiation. The length of the negotiation period has led lo complaints from some 
would-be par t ic ipants that it is very difficult to keep the original engineering team 
together through such a lengthy process. The second round of funding by the May 23, 
198S. deadline drew 5-1 proposals compet ing for $538 million in federal funds. T h e com­
panies selected will at least need to match any monies received from the government . 
Among those submi t t ing bids, the major plant builders were the leaders. Babcock £ Wil­
cox and Combust ion Engineering both submi t ted four projects each. Among utilities sub­
mit t ing proposals. Southern Companies is the leader with four projects, and the Tennes­
see Valley Author i ty has two. 

The rather sparse representation of electric utilities among those presenting propo­
sals is a result of the changing regulatory environment for electric utilities. In recent 
years public utility commissions have been defining in a much narrower context the term 
"used and useful" for purposes of rate making . This narrow definition has resulted in the 
exclusion of large port ions of conventional power plants (both nuclear and coal) from 
rates because they were in excess of immedia te load needs. As a consequence, utilities 
have become reluctant to invest in new conventional power p lants and in many cases, 
have lost interest in contributing to research. This wi thdrawal of utilities from techno­
logical development is unfortunately occurr ing just as large s u m s are needed for the com­
mercial demonst ra t ion of some clean coal technologies. In order to convince potential 
users of the soundness of a new technology, a demonstrat ion at a meaningful scale, gen­
erally over 100 M\V. is needed. This permi ts cost da ta , both capital and opera t ing and 
maintenance, to be obtained along with da t a on yields, availabili ty or reliability, capacity 
factor, quanti ty of air emissions along with liquid and solid wastes disposal, the number 
and type of opera t ing personnel required, spare parts required, and other factors required 
for operabiliiy W r y few new coal technologies have been adopted by electric utilities 
without a demonst ra t ion of this type. Moreover, the economies of scale for handling coal 
makes it difficult to obtain meaningful cost numbers from a small-scale installation 
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The predominant technology proposed is some form of lluidized bed combustor (11 
proposals) The remaining proposals deal primarily with various combustion hiiolo-
gies. including gasification and to a lesser extent with flue gas clean up and prec-om bust ion 
removal of sulfur through coal cleaning. Some of the technologies are complete responses 
to a given emission problem, while others, such as physical coal cleaning are a partial 
response and must be combined with another technology. The selection of technologies is 
somewhat biased by the fundamental principle embodied in the Clean Air Act amend­
ments of 1977 which set as the primary regulatory mechanism the "best technological sys­
tem for continuous emission reduction " The New Source Performance Standards 
(NSPS). which require a percent removal of sulfur dioxide from a flue gas stream, have 
favored flue gas desulfurization over coal cleaning and the burning of low sulfur coal. 

Several commercial-scale plants are currently undergoing tests in the l/nited States. 
The Tennessee Valley Authority is heading a consortium of engineering companies and 
electric utilities in the construction of a M\V atmospheric FBC unit at the Shawnee plant 
in Paducah. Kentucky. Although the unit is not scheduled to be operational until later 
this month. TV A anticipates that projected costs will be comparable to existing units 
with scrubbers. The Shawnee test unit is expected to burn coal with a sulfur content of .1 
percent to 6 percent. TVA has applied for federal assistance in the latest round of the 
clean coal technology program. A 130 M\V atmospheric FBC unit retrofitted into an 
existing power plant has been in operation at Black Dog Generating Plant owned by 
Northern States Power Company since July, 1986. To date, the unit has only operated 
with low sulfur Western subituminous coals. Future tests will involve refuse-derived fuel 
and petroleum coke, which is high in sulfur. 

The somewhat newer technology of the pressurized fluidized-bed combustion boiler is 
to be tested on a commercial scale through the repowering of American Electric Power's 
Tidd plant with a 60 MW unit. The unit is due to start up in mid-1990. Preliminary 
estimates indicate that the unit has slightly lower capital costs and operating costs than 
does a comparably-sized pulverized coal unit equipped with scrubbers. Moreover, the 
removal rates for sulfur dioxide and nitrogen oxide are superior to a conventional plant 
equipped with a scrubber. The pressurized FBC boiler also is very fuel flexible because 
the combustion occurs at a relatively low temperature, i.e., below the ash fusion tempera­
ture of virtually all coals. 

Since the summer of 1987, the Colorado-Ute Electric Association has been operating 
a 110 MW circulating fluidized-bed combustion unit which had been retrofitted into an 
existing smaller coal-fired plant. The Nucla station's operating experience to date indi­
cates very significant reductions in sulfur dioxide and nitrogen oxides emissions and a 30 
percent reduction in the cost of coal as a consequence of the substitution of lower grade 
coals. 

In May, 1988. American Electric Power submitted a proposal to the DOE in the 
clean coal technology program for a combined-cycle plant with a pressurized FBC boiler. 
The intention is to repower the Philip Sporn plant in West Virginia by replacing two of 
its boilers with one 330 MW PFBC 

These projects have several features in common. They all appear to be economically 
competitive with the present conventional technology with the added benefits of lower 
emissions and a very broad range of fuel utilization. Most utilities are considering the 
technologies described above not so much for new greenlield generating technologies as for 
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extending the lives of and upgrading older existing coal units The re are also a consider­
able number of industrial FBC units in operat ion in the Tinted S ta l e s at present Kxrlud-
ing trash-to-energy facilities, telephone surveys done in the course of building large 
propr ie tary industrial energy-use data ba-ses suggest that at least one million tons of 
industr ial coal are now being burned in FBC boilers at industrial facilities 

F B C technology is not necessarily a blessing for the coal industry. On one hand. 
F B C technology helps to mit igate many of the air quality concerns which currently result 
in opposition to coal use. but on the other hand, by greatly expanding the fuel flexibility 
of a unit. FBC' technology will depress coal prices. If a unit will burn almost anyth ing 
from lignite to an thrac i te without significant cost or operat ing disadvantages resulting 
from a high ash or high sulfur content or from variations in ash fusion temperature , why-
would a utility pay a premium for a bet ter coal' ' Fur ther , why pay more to use coal at 
a l l ' F BC technology is the basis of a rapidly-growing number of refuse-derived plants in 
the United States which rely upon a wide variety of fuels from conventional urban gar­
bage to chemical wastes , automobile tires, agricul tural wastes, and anthraci te wastes. By 
significantly enlarging the scope of the mater ia l s which can be used as fuei for electricity 
generat ion. FBC technology may tend to depress both the demand and the price of coal. 
It has been argued by some advocates of the technology that it will put new life into the 
now moribund movement to convert oil-fired power plants to coal. Perhaps, but this 
t rend could only be economically justified if oil prices were again to rise sharply. Overall , 
F B C technology will favor those coals with the lowest production costs regardless of qual­
ity. In time, as these technologies penet ra te the electric util i ty marke t in the United 
Sta tes , they may have an unfavorable impact on companies which have built their s t ra ­
tegies around the production of premium quality coals. 

There are also some promising technologies for gasification now available, the results 
of design work conducted in the 1970s by Texaco. Shell, Allis Cha lmers , Dow Chemical . 
Kellogg. British Gas and Lurgi. Most of the new generation of gasifiers that have been 
built or are planned are in the United States . These systems are designed for a variety of 
uses from producing feedstock for chemical operat ions to providing fuel for electric power 
generat ion. The dominant technology at present is the Texaco gasifier, which is already 
in use in commercial-scale chemical plants by the Tennessee Valley Authori ty (TVA) at 
Muscle Shoals. Alabama, and Tennessee E a s t m a n at Kingsport , Tennessee. Shell, based 
on the successful operat ion of its large pilot plant at Deer Pa rk . Texas , has declared its 
propr ie tary process commercial ready. The company claims that its process is character­
ized by high thermal efficiency, a high th roughput rate, useful by-products , environmental 
compatibi l i ty , and efficient heat recovery through the production of high-pressure super 
heated s team. The Dow Chemical gasification system is current ly undergoing tests in a 
commercial-scale facility at Plaquemiiie. Louisiana. 

The use of gasification in the production of electricity, primari ly in the form of 
integrated gasification combined cycle (ICiCC) plants, has in recent years begun to 
a t t r ac t utility interest in the United States. The world's first demonst ra t ion of the tech­
nology using commercial-scale components and based on the Texaco gasifier has been 
opera t ing successfully for more than three years at Barstow. California. The Cool Wate r 
Project was initiated by Texaco and Southern California Fdison and extensively funded 
by LPRI and the Japanese As the project progressed, oil prices dropped Thus, avoided 
costs, which was the basis for the purcha.se price of power produced by the plant . 
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Technicallv the project lias been a Mlncsn hut eei • fi • >m ically the plant r;iliiint be 
judged a commercial success EPHI has progressed 111 its tliinkim; "ii I lie ua.-iticatioii 
issue and now is propo-ing the development of "coal refineries" which would recover aihl 
market the by-product- Ip'tit coal gasification For example. EPUI is studying a process­
ing plant for using rly a.-h to remove valuable metals -udi as alii ininum. iron, -liver, 
t i t an ium, and gallium The Cool Water plant at present removes !HI percent of the sulfur 
from the coal and sells it fur as much as $100 ton How>":r. the "coal refinery" is more 
like a chemical plant than an electric generating plant and it is not .dear that electric util­
ities will want to be in the business of market ing coal by-products. EPHI has als. • p r . -
posed the use of the gasitier at Bar-tow for methanol production T h e methanol could be 
srore.l and then used for peaking fuel or could be -old for u>f as a t ransporta t ion fuel. 
Stor ing methanol for use as a peaking fuel in IGCC plants would also reduce the siz>- of 
the gasitier needed in such units and consequently the capital costs. EPRI has submit ted 
a proposal in the second round of the clean coal technology program to test this concept 
at the Barstow plant 

Utilities are not expected to adopt IGC'C technology very quickly. Although many 
of the individual components of IGCC have been commercially applied for many years, 
other components are new and in fact unique to IGCC. The Cool Wa te r plant 's experi­
ence to date suggests that these components will perform adequately and will not involve 
excessive cost. Despite the good performance of the Cool Water project, many utility 
investors may lack sufficient confidence in component cost and performance estimates. 
There is also justifiable concern over the lack of demonstra ted experience with the entire 
system since the only opera t ing IGCC's are Cool Water and the Dow facility. T h e i e 
could also be major delays in the licensing and permit t ing process for IGCCs. particularly 
if the potential environmental impacts are not precisely known by regulators . For exam­
ple, there is at present very little data available on the long-term leaching characteristics 
of gasification ash and slag. 

Although the coal industry has had some reason to see low-cost natural gas as a 
significant threat to coal in some markets , the ready availability of such gas and the end 
of restr ict ions on its use in utility boilers because of the repeal of the relevant sections of 
the 1 uel Use Act in 1987, have created considerable interest in building plants at which 
the initial unit is a combust ion turbine. A s team turbine and gasifier are added at later 
s tages. This has the benefit of taking advantage of a low-cost clean fuel while it is avail­
able and adding gasification technology as gas pr ices rise and gasification technology 
improves. Potomac Electric Power is planning a similar natura l gas combined-cycle 
plant The gasifier is to be added later when the economics become more favorable The 
economics of such projects are discussed further below. 

Such a phased-in approach is proposed for a project recently approved by Virginia 
Power International Energy Corp is to build two :$()() MW units for Virginia Power 
which are to use a mixture of natural gas and synthetic gas produced from coal. The 
units, which are lo be m operat ion late in !!)*)(). are to operate initially on natural gas and 
will add gasifier- as natura l gas price- rise International Energy also has a 100 MW 
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Ci. i l Water Technology The project will u-e a K\{\\ air-blown tluidi/ed-bed ga-ih.-r and 
a ci iinbu>tion turbine with a nun-reheat .-team turbine The goal is in develop gasifii at <• .n 
•••piiptueiit which l- compatible with s tandardized off-T lie— helf c;a> turbine- The di-m..n— 
t rat ion facility will be a tiOO M\V unit with a modularized sa.-iticr island The iji.al i- to 
achieve capital costs below $1,000 k\V of m-ialied capacity T h e |>lantied unit will In­
built in Somerset County Pennsylvania, and is expected to be operat ional by mid-1991 
However, avoided costs, which cap the rate at which I lie electricity produced by the pr-i-
ject can be sold to a util i ty, are too low for the project to be profitable in the lir-t ten 
years. 

There are still further improvements in the experimental phase •.!' gasilicatmn tech­
nology The DOK research laboratories are focussing on the technologies for hot gas 
clean-up. If implemented, these teelinololgies would remove sulfur and particles without 
first cooling the hoi gas from the gasilier. If successful, this clean-up technology would 
significantly lower ihe cost of ICC'C technology to below $1,000 k\V. 

C o g e n e r a t i o n 

In 1978. the Ca r t e r Administrat ion, deeply concerned about the nation's growing 
dependence on oil and gas, passed the National Energy Act of 1978. One aspect of this 
s t ra tegy was the Public Utility Regulatory Policies Act (PURPA) of 1978, which was to 
encourage entrepreneurial investment in renewable and a l ternat ive forms of energy. 
Pr ior to 1978. cogeneration had been in decline for about eighty years In the 1890s. 
abou t two-thirds of U.S. elect "icily was produced at on-site power plants by industrial 
p lant owners. At the tu rn of the century, regenerated electricity was about 60 percent, 
by 1978. it was down to less ihan 5 percent. 

In part , the basis of this trend was related to the economies of scale from large 
power plants. Fur the r , it was reinforced by the existence of three key barriers to cogen­
erat ion: 

o Utilities were not required to purchase excess power from cogeneraiors: if 
they did buy power, ihey paid for it al their average system cost 

o Rates for back-up power were very high 

o Cogenerators were regulated as utilities 

P l ' R P A eliminated these barrier- and created incentive- for entrepreneurs to 
become involved in cogeneratioii and -mall power production. T h e Major provision- of 
the act were as follows 
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o Exemption from f d e r a l and s ta te regulation as a util i ty. 

o Exemption from oil anil gas use prohibitions. 

o Exemption from incremental pricing of natural gas 

o Guaranteed sale of excess power to utilities at their avoided cost. 

o Permission for the simultaneous purchase and sale of power 

o Provision of tax incentive credits 

o Liberalized depreciation and leasing rules. 

o I tilities are required to sell back-up power at reasonable rates. 

o I tililies are compelled to provide interconnection capabil i ty. 

•> Provision of mandatory wheeling authori ty across util i ty transmission sys­
tems 

o Profits exempt from federal and s t a t e rate of return regulations. 

P l ' R P A also imposed a minimum operat ing s tandard for "qualifying facilities" (QP) . 
tha t is. thermal output must exceed 5 percent of total energy o u t p u t , as well as minimum 
efficiency s tandards for facilities using oil or gas as fuel. I ' t i l i ty ownership of QFs was 
restricted to 50 percent or less. QFs were also permitted to easily obtain exemptions 
from the Power Plant and industrial Fuel Use Act (PIFUA) for the use of gas in regenera­
tion facilities. 

When P l ' R P A was first proposed and passed into law. it was anticipated that 
ent repreneurs would build perhaps 5.000 M W of incremental capaci ty , primarily from 
renewable resources Initially, the impact of P l ' R P A was l imited. P l ' R P A gave the 
au thor i ty to each s ta le utility commission to define avoided costs as it sees appropria te . 
i'his took some time to accomplish since some s ta tes a t tempted to establish benchmarks 
at SO percent rather rhan 100 percent of avoided costs. It took t ime for the courts to rule 
in favor of the 100 percent avoided-cost in terpreta t ion. As well, the electric utility indus­
t ry , led by American Electric Power Company , tiled a lawsuit challenging P l ' R P A . T h e 
suit was finally dismissed by the Supreme Cour t in 19S3. 

Uncertainties about the s tructures of financing of the QFs and about pow.-r purchase 
con t rac t s signed by utili t ies with Q f s resulted in an initial reluctance to invest on the 
par t of the financial communi ty . However, by 19S3, several successful financial models 
had been tried, the litigation had been largely resolved, and investment in P l ' R P A facili­
ties became highly fashionable in the financial community . As of June 1987. regeneration 
filings totaled -11.985.-5 M W and small power filings totaled 15.347 MW. Small power 
production facilities tend to use either biomass or waste products as fuel or to be powered 
from wind, hydro, or geothermal sources. This "alternative energy" industry, which 
surged ahead faster than cogeneration in the early years after P I R P A became law. 
appears now to be slowing down 

One difficulty in assessing the ult imate magnitude of the cogeneration industry is 
the lark of data on the historical base of installed capacity (iRI es t imates that in 1980. 
the installed base was approximately 9.000 MW. but other industry sources put the figure 
for 19M) a.- high a> 1 1.000 MW For 19S5. ( iRI estimates an installed capacity of 19.000 
M W while other industry estimates suggest 22.900 MW Both the DOE and the FHRC 
have a t tempted to collect national data on cogeneration. but both have failed The 
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Edison Electric Institute conducted a survey of non-utility generating capacity in 1985 
and reported a total of 20.062 MW on line xs of DecernIHT 1985 The DOE in compiling 
da ta on power purchases by utilities from iiuii-utility sources found about 26 million 
MW h in 1985. an increase of 100 percent uver 1983 mid an increa.se of 'J .500 percent since 
1981. Project ions of cogeneration capacity by the year "2000 by the Office >>f Technology 
Assessment, the International C'ogeneration Society, and Frost and Sullivan suggest that 
total installed capacity could reach -40.000 MW 

An assessment of the overall long-term impact on coal consumption of the growth in 
the pr ivate power industry is very difficult because of the lack of reliable data noted 
above. Figure 2 indicates that to June 30. 1987, only "23 percent of some -11,985 MW of 
OF capacity was coal-fired However, an examination of many of these projects to the ex­
tent da t a is available indicates that they will have little impact on the commercial coal 
market A considerable number of the units actually being built are planning to use an­
thraci te and bituminous coal wastes, usually in F B C units In certain regions, coal ap­
pears to be the preferred fuel for cogeneration. for example in Appalachia and in New 
England. Recently, when Virginia Power announced the results of its competi t ive bid pro­
gram in response to its offer to buy 1.750 MW of capacity, some 193 projects were found 
to have bid over 25,000 MW. Of this total, 56 percent was coal, 34 percent was gas, and 
the remainder was other fuels. Virginia Power indicated that in the selection of the pro­
jects with which it would sign 25-year contracts, it would tend to favor coal because of its 
long-range economics. Even in California, where the stringency of clean air s tandards has 
discouraged the siting of utility-owned coal-fired generat ing capacity, coal use for indus­
trial cogeneration and for enhanced oil- recovery projects is increasing. For example, 
several weeks ago, Kerr-McGee Chemical Corporat ion announced plans to build a 96 MW 
coal-fired cogeneration unit at its Trona facility. Several FBC units fueled by coal have 
also been announced for enhanced oil-recovery projects in Kern County . 

Figure 2 

FUELS OF COGENERATION FACILITIES TO JUNE 30, 1987 
(Total: 41,985.5 MW) 

Natural Gas 

Source: Federal Energy Regulatory Commission 
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The Restructuring of the U.S. Electricity Utility Industry 
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-idered in mea.-iiriiig tin- likely unpad of ihc-e changes However, from the pre-ent p ;-r-
-|ii-i-i ivf. it appear-; ilr.it tin- net impact "f these change- could In negative fur tin- I •s 
i-na! lndu-try both :n t e rm- nf demand growth anil profitability 

T h e e lec t r ic u t i l i t y i n d u s t r y of l l ie l!l!)Os is e x p e c t e d In be i nu re c< 'Il lpetlt IVr. but 

-ub- tant ia l inst i tut ional and regulatory constraints will remain to inhibit effective imn-
['ftiTioti. re-ultmg in a mixed "competit ive-regulated" marketplace Large nidu-t rial 
commercial, and wholesale customers have an increasing array of alternatives available to 
them in obtaining electric service. Institutionally, these choice* include cogenerai ion, 
sell-generation, or the purchase of service from entrepreneurs willing to invest in genera­
tion facilities to supply a facility's needs. Technologically, the choices now include coal, 
oil, gas, and a l t e rna te fuels (e.g., RDF. biomass) On the wholesale level. Canadian utili­
ties and independent power producers ( IPPs) will increasingly compete in the marke t ­
place The expansion of the number of options available to enti t ies shopping for bulk 
power will have a number of effects on the electric utility i n d u s t r y 

o Klectric utilities will be forced to enter into price competition to retain or 
obtain bulk power loads. 

o A disaggregation of vertically-integrated services will occur in order to tailor 
service to a specific customer 's needs. 

o There will be an elimination of historical cross subsidies of certain classes of 
cus tomers by others 

The many factors involved will have a major cumulat ive impact on the coal indus­
try Competi t ion between generating ent i t ies using different fuels and different technolo­
gies on the one hand and between generat ing entities using the same technology, but hav­
ing different fuel costs a t t r ibutable either to location, contract vintage or t ranspor ta t ion 
costs, on the other hand, will put severe pressure on coal prices. 

The impact is already being felt in the coal industry. Utilities are increasingly 
resort ing to litigation to escape from high-priced contracts . In most instances, the cour t s 
have defended the sanct i ty of contracts entered into between utili t ies and coal companies, 
and some ra ther large damages awards have been made to coal producers. In many other 
cases, utilities have bought out contracts which, because of escalation clauses, have risen 
above current marke t prices. Recent instances include Georgia Power 's buy-out of two 
Westmoreland Coal contracts and Delmarva Power &• Light 's buy-out of a P i t t s ton con­
t rac t . 

Bulk-power-off-system sales have also significantly increased the uncertainty about 
fuel needs. This causes utilities to rely more on the spot marke t and to build frequent 
price and volume re-openers into new long-term contracts . Fa r shorter contracts have 
also replaced the ten-to-twenty year cont rac ts of the 1070s and early 1980s. Resource 
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D a t a I n t e r n a t i o n a l I'l Del iver , ttlh'li H a c k s Ulllltv ' " . i l c o n t r a c t - . I'..mi,I lh:il 111 I')V'» "id 
percent of all new cont rac t - -i«ned were for a peri"d "I two \ e a r - <>r |e->. in I'.Nli it was 
ti() percent and in 1!IS7 it n >se \<< 7"J percent Ui-nii hulk power .-ale- and inter-ut lln \ 
<•• >m|>etitioti 111 the bulk power market are . iin- Miecliam-m b\ which lower oil and u;a> 
prices exert o •nipei it ive power o\ er c<>al pn< f- Such -ale- also brum iltllllie- with liii;h-
priced coal into coinpetHion with utilities wnli low price • >\ coal It 1- not uncommon f, >r 
utilities to offer to buy incremental coal tonnage for u-e m generating pnwi-r for off-
system sales if their coal suppliers will decrease their prices 'I'llUs. the competitive forces 
in the electricity industry will exert a steady downward pressure on coal price- The 
effect of this pressure may. howe\er. not be all bad because a.- coal prices decline, coal 
becomes more competi t ive than oil and na tura l ga.s. and the economics of at lea.-t some 
gas-tired projects could become more doubtful 
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E N E R G Y USE IN BUILDINGS: 
T H E U.S . E X P E R I E N C E A N D L E S S O N S F O R CHINA 

Mark D Levine* and Bo Adamson** 

This paper covers three topics concerning energy use in buildings. Its main focus is 
that of energy use in buildings in the United States A second section describes some of 
t he recent results of work by one the authors (BA) on energy performance of residential 
buildings in China. The third section contains suggestions for ways in which Chinese and 
U.S. researchers could establish fruitful collaborations on energy use in buildings. 

E n e r g y Use in U.S . Buildings 

Buildings in the U.S. consume, according to the standard tabulations, more than 
36% of total U.S. energy. This means that buildings and industry, also at 36%, are by 
far the largest consumers of energy in the United States. If the energy required to heat, 
cool, light, and ventilate industrial buildings were included in the buildings sector, build­
ings would be the largest U.S. energy consumer. 

Building energy consumption in the I'.S. amounts to a total of 26.8 quads (one quad 
= 10 D Btu.) This compares with total commercial energy consumption in China of 21 
quads. Thus. I S buildings, serving a population less than one-fifth that of China, con­
sume more commercial energy than China uses for running its entire industry, transport­
ing all people, materials, and products, pumping water, planting, harvesting, transport­
ing, and harvesting crops, and all other uses. 

The total bill for the 2G.S quads is more than $170 billion per year, at 1985 energy 
prices. (Today the energy bill for buildings is higher than it was in 1985, in spite of the 
decline in oil prices, because of the relatively small use of oil and the large use of electri­
city in buildings.) This $170 billion is about $750 per person in the United States, an 
amount three times greater than the per capita income of the average Chinese! 

Trends in U.S. Building Energy Use 

In 1973, residential buildings in the U.S. consumed 14.6 quads. In 1985, residential 
buildings consumed 15.3 quads, an increase of only 1:2% over a twelve year period (or 
about 0.31% per year). During the twelve year period before 1973, residential energy use 
increased li%. Thus, the growth rate of energy use in the U.S. residential sector prior to 
the oil embargo was more than 13 times greater than after the embargo! 

In 1973. commercial buildings consumed 9.5 quads. In 1985, the consumption was 
11.6 quads, an increase of about 22%, or about 1.7^ per year over this twelve year 
period. In the twelve year period prior to 1973, energy use in commercial buildings 

* Energy Analysis Program, Lawrence Berkeley Laboratory. University of California 

** Head. Dept. of Building Sciences. 1'niversity of Lund, Sweden 
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increased by 97'V. or •"> S'7 per year Thus, tin* growth m commercial building energy use 
also declined substantially after the embargo (annual growth was cut by a factor of 3 \). 
but the commercial building sector appeared to respond less ihan the residential sector to 
higher energy prices 

These reductions in energy growth in the building sector are smaller than for other 
sectors. As a result, buildings consume a larger fraction of total I S energy use today 
than they did at the tune of the oil embargo: 3b3 '7 today versus 32 5'7 in 1973 Since 
the embargo, industry ha-s cut its energy use by -1.5 quads |-11'7). transportation has 
increased by 15 quads (+8'7). and buildings have increased by 2.7 quads (+11 '7). 
According to these statistics, it might well appear that buildings have been the laggard in 
reducing energy use. compared with other end use sectors. 

This is. we believe, not a correct conclusion. It is very important to recognize that 
buildings are very long-lived capital stock. A building will typically survive 75 to UX) 
years. Once a building is built many worthwhile options for increasing energy efficiency 
in a cost-effective manner are gone. Thus, considering that the existing building stock 
turns over very slowly, the gains in energy performance in the l . S . building sector that 
have occurred during the past decade and one half have been very substantial. 

It is useful to look at the data on building energy use in a slightly different way. For 
the residential sector, the primary unit is the household. In 1973. the average household 
consumed 205.6 million Btu per year. In 1985. consumption was reduced to 176 million 
Btu per household per year. This N'T* reduction occurred in spite of the fact that (1) 
electricity consumption increased in residential buildings, and the saturation of electric 
space heating increased. (2) the saturation of central air conditioners increased 
significantly (eg., less than half of new homes in 1973 had central air conditioners com­
pared with 70^7 in each of the last five years), and (3) saturation of other energy using 
products increased as well. 

The improved energy performance of the residential sector on a per household basis 
is a result of a large number of factors. These factors include two that have little to do 
with energy conservation or efficiency per se: the decline in the average household size 
during this period (from 3.1 to about 2.8 persons per household, a significant reduction) 
and a substantial population shift to the southern and southwestern regions of the United 
States (resulting in the movement of the average house to milder climates). 

However, there have been significant conservation and efficiency measures in the 
U.S. residential sector: (1) the thermal integrity of new houses in much improved from 
1973 houses, (2) a large number of existing houses have had energy audits and have 
installed energy retrofits, (3) the energy efficiency of many new appliances (especiallv 
refrigerators, freezers, furnaces, and central air conditioners) have increased significantly. 
(4) people are using appliances less than in the past, and (5) people are overheating houses 
less in winter, overcooling less in summer, and practicing night setback of thermostats. 
In addition to these factor, it is worth noting that almost all appliances (except central 
air conditioners) had achieved a large saturation by 1973. so that higher percentage 
saturations did not contribute to increased energy use. (See Levine, 1985, and Meyers. 
1987. for more details and quantitative information about the efficiency improvements 
and conservation measures that have occurred in residential buildings." ) 
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The improvements in thermal integrity of new houses have been substantial since 
1973 In 1973. an average new house installed ceiling insulation of K-'2 V equivalent to a 
thickness of about 10 cm of insulation By the early 1980s, the average value of ceiling 
insulation had increased lu almost K-h. double the thickness and insulating values of the 
1973 levels* Thickness of wall insulation in new houses increased by 10 or 50'7 from 
1973 to the early 1980s In 1973. three-quarters of all new houses were constructed with 
single glazed windows: by 1980. more than half of all new houses had double glazing. 
More recently, houses have been constructed with low emissivity glazings, further reduc­
ing heat ing loads in winter . 

In addition to these large improvements in the thermal integri ty of new houses, the 
efficiency of major energy-consuming appliances has improved as well. Figure 1 presents 
d a t a on the energy consumption ol the 1985 stock of appliances if they all had the 
efficiency of (1) the typical new appliance sold in 1973 [left most bar:, (2) 1985 slock 
second bar . (3) the nat ional energy efficiency s tandards in the U.S., as mandated by the 
Nat ional Appliance Energy Conservation Act (NAECA) of 19S7 [third bar,, or (1) most 
efficient technology, current ly available fourth bari or likely to be available in 1990 or 
somewhat thereafter fifth bar . This Figure demonst ra tes t ha t substant ia l efficiency 
improvements have taken place in many of the household appliances since 1973. tha t 
undiT NAECA additional improvements are in the offing, and t ha t current and future 
technology could lead to much greater efficiency gains. 

Figure 1. 
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New commercial buildings in the United States also showed significant gains in 
energy efficiency. Figure 2 presents a great deal of information about the energy use of 
new commercial office buildings from 1950 to 1985. This Figure demonstrates a 
dramatic reduction in the intensity of energy use in new. large office buildings. At their 
peak in the early 1970, a typical large office building consumed about 500 kBtu per square 
foot per year. By the middle 1970s, thanks to the "voluntary" U.S. standards (esta­
blished by the professional association of refrigeration, heating, and cooling engineers and 
adopted by essentially all state governments in the United States) the typical new office 
building had reduced the intensity of energy use by 60°o! (The reductions in energy use 
from the average office building stock in 1979 were about 30*%.) 

Sweden is included on the Figure to demonstrate that the Swedes, running buildings 
in a much colder climate, had already achieved these energy intensities years before the 
United States started paying attention to energy use in buildings. The Figure also makes 
clear that future voluntary standards, also expected to be promulgated by the profes­
sional societies and adopted by state governments), can reduce energy use even further. 

Figure 2. 
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With these dramatic reductions in energy use intensity in new office buildings since 
the peak in the early 1970s, it is useful to ask why energy consumption in commercial 
buildings has continued to increase (albeit at a much slower growth rate than in the past) 
since 1973. Some factors that have worked to increase energy intensity in new commer­
cial buildings (compared with results for office buildings) include: (1) many non-office 
commercial buildings have taken fewer steps to increase energy efficiency, (2) various mis­
cellaneous energy uses (eg., computers) have increased substantially in the existing stock 
of office buildings, (3) building energy retrofit activity has been emphasized much less in 
commercial than residential buildings (with the exception of federally supported programs 
for schools and hospitals), (-1) commercial buildings are often thought of as being much 
more complicated than residential buildings, with the result that common sense measures 
to save energy (including changes in behavior) are often not taken, (5) commercial build­
ing space has been growing more rapidly than housing, and (6) commercial appliances 
have not increased in efficiency as much as residential appliances (with the exception of 
lighting systems). 

Thus, it is likely that commercial energy consumption will continue to increase at a 
rate somewhat faster than residential energy use in the United States. The opportunities 
for successful energy retrofit programs (eg., promoted by electric utilities) are substantial. 

The Future 

Overall, the energy efficiency of new residential and commercial buiUdings in the 
United States could increase by 25 to 50% through cost-effective investments at current 
energy prices. In spite of the large reductions in energy use that have already taken place 
through efficiency improvements, much more can be done in the future. The view, once 
widely held, that energy conservation would yield benefits for only a short time appears 
not to be valid. As time marches on, so does new, energy efficient, and cost-effective tech­
nology for buildings. 

The critical issues affecting the future energy efficiency of the U.S. building stock 
and newly constructed buildings are: (1) will the marketplace invest in efficiency at suit­
able levels, (2) will the research efforts aimed at developing more efficient technologies 
continue, and (3) will the federal and state governments develop and implement new pro­
grams and policies to promote energy efficiency in buildings? The answers to these three 
questions are crucial determinants of the energy use of the next generation of U.S. build­
ings. As we have noted, buildings are the largest energy consuming sector in the United 
States. As such, the answers to these questions will profoundly influence the balance 
between energy supply and demand in the United States in the years to come. 

Energy Use in Residential Buildings in China 

One of us (BA) is, with Mr. Lang Siwei of the China Academy for Building Research, 
co-leader of a project concerning "design of new energy efficient buildings in moderate 
and cold climatic zones in China, including utilization of passive solar energy." The pur­
pose of the studies has been to improve the indoor thermal and moisture conditions in 
unheated houses and to reduce the energy consumption in heated houses, in both cases by 
an improved building envelope. The approach taken has been to perform parametric 
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studies for a number of places in China using the JULOTTA code for building energy 
analysis. 

For purposes of the study. China was divided into three principle heating zones, fol­
lowing tlie map in Figure ;l. Cities such as Harbin. Xining. Beijing, and Jinan are located 
in the central heating zone. Nanjing and Shanghai are in the transition zone, where cen­
tral heating is not applied but some local heating can be used. Wuhan. Hangzhou, and 
Guangzhou are in the non-heating zone. 

Figure 3. Map of China showing 3 Heating Zones 

For the transition zone, the key question is the improvement of comfort conditions. 
For example, in an unheated occupied middle apartment in Nanjing, calculations indicate 
that the monthly minimum temperatures are about 4°C and the average temperatures in 
January are +8°C. It is clearly desirable to increase the temperatures in these buildings, 
if economic conditions so admit. Although people can bear very low indoor temperatures 
during the winter (particularly if they are of short duration and occur at night), improved 
living standards include better indoor conditions. It is often assumed that temperatures 
should not fall below +12 °C more than 100 to 200 hours per year, for reasonable comfort 
conditions to be met. This limit, +12 °C, seems from a Western point of view to be very 
low, but is an essential improvemen1 compared with current conditions in the transition 
zones in developing countries such as China. 
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T o r b u i l d i n g s w i t h c e n t r a l h e a t i n g , t h e cost of t h e h e a t i n g s y s t e m is all e s sen t i a l p a r t 
i >f t h e t o t a l bu i ld ing cost If t he h e a t i n g > v s t e m call lie e \ , b i d e d | i e . a pa-ssively h e a t e d 
b u i l d i n g ) , t he cost iif t h e h e a l i n g s y s t e m t a l l lie Used !<• i m p r o v e t h e bu i ld ing e l ive lupe 
wit hi nit i nc reas ing t in 1 t o t a l bu i ld ing cost W e i n v e s t i g a t e t h i s i s sue for bu i l d ings in t h e 
central heating zone, with the purpose of moving the border between the transition and 
the central heating zones northwards. 

The possibility of passive climatization was studied for one city in the transition 
zotit (Nanjing) and two cities in the central heating zone (Beijing and Xining). The design 
variables to achieve passive design included increasing: (1) insulation of exterior walls. (2) 
are:is of south-facing glazing. (3) thermal mass of interior walls, and (4) reduction of air 
infiltration 

Results of Analysis 

For Nanjing, in the transition zone, the simulations show that- a middle-story apart­
ment building can be expected to achieve temperatures of greater than +9 °C in all but 
100 hours with no heating system using a passive design. The temperature does not go 
below + 8 : C at any time during the year. This is accomplished by making the building 
envelope air tight (infiltration rate of 0.5 air changes per hour), placing moderate levels of 
insulation in the walls (K-value of 1.15) and roof (K-3), and orienting a large single-glazed 
window area (10.5 square meters) facing south. Double glazing can raise the indoor tem­
perature 2 to 2.5 °C. Reduction of the south glazing area to 3.3 square meters will lower 
the indoor temperature 0.5 C With relatively simple passive design measures, reduc­
tion in infiltration, and envelope insulation, the indoor conditions in Nanjing can be 
improved by +4 C 

For Beijing, in the central heating zone, the simulations showed that an apartment 
building can be expected to achieve temperatures of greater than +14 C in all but 100 
hours with no heating system using a passive design. This design includes (1) well-
insulaied exterior walls (K-3) and roofs (K-6). (2) inner walls simulated with 100 square 
meters of 24 cm brick per apartment, a rather high thermal storage capacity. (3) 10.5 
square meters glass area facing south, a large glass area, and (-1) low infiltration (0.5 air 
changes per hour). The windows are single-glazed. If the inner walls are of bricks with 
less than 12 cm thickness, +13 °C is achieved all but 100 hours of the year. (Upper stories 
are very slightly colder.) These results should be compared with interior temperatures of 
+8 C achieved all but 100 hours with relatively small south-facing windows (3.3 square 
meters) and much lower temperatures if the walls and roof are not insulated and 
infiltration is high (i.e., current practice). The important finding from this analysis is that 
it is possible to design a passive residential house in the Beijing climate that meets comfort 
conditions significantly better than present ones. 

For a heated building in Beijing, the annual energy consumption can be reduced 
from 78 kWh square meter (uninsulated building, single glazing, 1.1 air changes per hour, 
and 5.2 square meters of south-facing glass) to 33 kWh/square meter (double glazing and 
moderate wall and roof insulation) to 11 kWh/square meter (as above but with 
infiltration reduced to 0.5 air changes per hour). Thus, the simulations suggest that, at 
current comfort conditions, the installation of a very few conservation measures can 
reduce annual energy use to 15c7 of typical current, levels, for heated apartments in 
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Beijing 
Moving to a colder climate. Xining. the analyses show that one cannot come close to 

the comfort region with passive design and no heating system For the house in Beijing 
that achieved a minimum temperature of 13 C, the minimum temperature in Xining is 
about 2"C These passive measures and envelope insulation will, however, significantly 
reduce heating requirements in apartments in Xining. 

Opportunities for Cooperation 

This paper highlights (1) improvements in the energy efficiency of the building stock 
that have taken place in the United States during the past fifteen years and (2) the poten­
tial for improvements in residential buildings in China. 

We suggest that there are a number of areas where collaborative work among 
Chinese and I'.S. (as well as other western) researchers would be highly desirable. These 
include: 
• establishing methods to gather data on energy use in buildings in China 

This would be an extremely valuable activity, as it is important to track building 
energy consumption over time to determine needed policy approaches. A number of 
different data bases would be valuable: an aggregate data base of energy use in 
residential and commercial buildings and more detailed regional data bases that pro­
vides more information about the causes of the changes in energy consumption. U.S. 
researchers could provide the benefit of their experience in the design of different 
data gathering instruments. 

• assessing technologies to increase energy efficiency of buildings and energy consuming 
equipment in buildings 
Numerous technologies have been developed in the industrialized West that improve 
energy efficiency, comfort, and economic performance of buildings. Advances in 
methods for identifying energy inefficiencies in buildings, improved insulation, more 
efficient appliances, air infiltration controls, more efficient lighting systems, and pas­
sive design are just a few examples of the technological improvements that have 
been made in the past ten to fifteen years. An effort to evaluate western technology 
for application to China and, where appropriate, to identify ways to establish the 
capability to manufacture and employ these technologies could be highly beneficial. 
A closely related issue concerns the development and transfer of technology to avert 
potentially injurious environmental impacts of energy production and use. A partic­
ularly important case that comes to mind is the need for refrigeration that does not 
use CFCs. As China's economy expands, the sale of refrigerators is likely to expand 
enormously. Chinese refrigerators could have a very large impact on global climate, 
if measures are not taken to develop and employ refrigeration technologies that 
avoid the use of CFCs. 

• development of programs and policies to cost-effectively increase the energy efficiency 
of Chinese buildings 
Then have evolved over the past decade a wide variety of programs and policies to 
effect energy savings in building in the United States and other developed countries. 
Of particular note in the United States have been (I) federal energy efficiency 
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s t anda rds (cither voluntary or mandatory) . (2) s tate s tandards , (3) electric utility 
rebate programs to foster energy efficient appliances. (I) electric utility energy audit 
p rograms for residential buildings, and (5) utility low interest loan programs to 
foster energy conservation investments in residential and commercial buildings. 
These policies and p rograms are dependent on a substantial body of analysis, as well 
as the development and application of analytical tools and da ta . 

Lawrence Berkeley Laboratory is presently leading a major effort to develop policies 
to promote energy efficient commercial" buildings in five countr ies in Southeast Asia 
(Indonesia. Malaysia. Philippines, Singapore, and Thai land) . One of the authors 
(MDL) is the principal investigator of this project. The project involves education, 
collaborative research, cooperation with the private sector, and technical and policy 
s tudies, with the purpose of developing and implementing energy s t andards for com­
mercial buildings (as well as exploring other policy vehicles to improve energy 
efficiency). The other author (BA), as noted, is already engaged in a collaboration 
with Chinese researchers. These types of exchanges, significantly amplified, could be 
extremely valuable. 

As China 's economy grows, the need to use limited energy resources efficiently will, 
we believe, become increasingly apparent . The inefficient use of energy will (1) cost China 
valuable foreign exchange (as oil exports are reduced), (2) cost consumers yuan, as they 
overspend for energy (directly in houses and indirectly through more costly products), 
and (3) s t rain the capital resources of China, as large amounts of capi ta l are needed to 
fuel the energy sector. As the developed countries have discovered, investments in energy 
efficiency pay off handsomely. We believe that some of the various approaches to spur 
such investments in energy efficiency in industrial countries may apply to industrializing 
countr ies like China. We also believe that the Chinese will develop indigenous methods of 
improving the efficiency of energy use. Col laborat ion, in both technical and policy stu­
dies, has the potential to be a very valuable under taking. 
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E N E R G Y USE IN CHINESE BUILDINGS 

I.ang Siwei* 

Introduction 

In this paper the current situation of energy consumption for space heating in 
residential buildings and for air conditioning in high-rise commercial buildings is 
described. We also discuss measures for saving energy, the status of district heating, and 
ways of promoting its development. 

Realizing the modernization of China depends on the adequate supply of energy and 
its effective use At present, energy use in buildings accounts for about 20% of total 
energy consumption in China. In recent years construction of residential buildings has 
proceeded at a rapid rate. The floor area of existing residential buildings has reached 
4.600 million m". Half of this is located in the central heating zone. As the living stan­
dard improves, the area in which heating occurs will be expanded southward. Since 1979, 
a large number of high-rise buildings, such as hotels, offices and apartments, have been 
built to serve the needs of tourism and of exchange between our country and the outside 
world. By the end of 1986. the floor area of new buildings with air conditioning installa­
tion had reached 2.3 million m", equivalent to 19%, of the total floor area of new high-rise 
buildings. 

Energy Use for Meat in g in Residential Buildings and Measures for 
Saving Energy 

China is divided into three heating zones: the central heating zone, the transition 
zone, and the non-heating zone. The central heating zone is denned as those areas in 
which there are more than ninety days having average daily temperature less than or 
equal to 5°C. In the transition zone, the number of such days is between sixty and 
eighty-nine, or is less than sixty days, but there are more than seventy-five days in which 
the average daily temperature is less than or equal to 8°C. Other areas are called the 
non-heating zone. The central heating zone occupies about 70% of the total land area, 
the transition zone about 15%. The floor area of residential buildings in cities and towns 
in the central heating zone accounts for about 50% of total floor area of residential build­
ings in cities and towns of China, and the floor area in the transition znne accounts for 
about 20%. The floor area of residential buildings occupies about 70% of the floor area of 
all non-industrial heated buildings in cities and towns. Most residential buildings are 
multi-storied and made of brick and concrete. 

* Institute of Air Conditioning. China Academy of Building Research 
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Energy Consumption for Residential Heating in the Central Heating Zone 

Reducing the capital cost of residential buildings has received undue emphasis in the 
past for economic reasons. The thermo-technical performance of building envelopes is 
poor, so a great number of residential buildings are high energy consumers. The heat 
transfer coefficients in buildings designed in 1980 in several cities are listed below. 

Table 1. Heat transfer coefficients of envelope in residential buildings 

City Days in 
heating season 

Coeff. (W/m 2 - 3C) 
(designed in 1980) 

Limit of Coeff. 
(W/m 2 - *C) City Days in 

heating season 
avg. roof wall window average 

Xi'an 102 2.30 1.21 2.09 6.40 1.99 

Beijing 126 2.06 1.26 1.57 6.40 1.84 

Shenyang 152 1.55 0.60 1.57 3.26 1 34 

Harbin 177 1.41 0.77 1.28 3.26 1.08 

'̂  3 According to measurements," the average energy consumption for space heating of 
residential buildings over the entire heating season is 32.6 W/m". In many cases, there 
are no automatic devices for controlling combustion of the boiler, especially for smaller 
boilers. The estimated average operating efficiency of boilers over the whole heating sea­
son in 55c'c. The heat loss in the heating pipe system is estimated at 15% of total heat 
supplied due to bad insulation and maintenance. The average number of days in the 
heating season in the central heating zone is considered to be 150. Thus, the average coal 
consumption for space heating in the central heating zone is about 30 kg/m". 

According to data from the Residential Building Bureau of the Ministry of Urban 
and Rural Construction, the floor area of heated residential buildings in cities and towns 
of China has reached 550 million m". It is estimated that by the end of this century, 
1,220 million m" of new heated residential buildings will be built. Thus, without any 
measures for energy saving, the energy used for space heating in residential buildings by 
the year 2000 will be about three times the energy use at present. This will cause an 
imbalance between supply and demand of energy resources. 

Measures for Saving Energy 

The authorities have paid more attention to the work of energy saving in recent 
years. Since 1982, the Ministry of Urban and Rural Construction and Environmental 
Protection has been entrusted with projects on energy savings in buildings. The Institute 
of \ i r Conditioning, the Institute of Building Physics, and the China Academy of Build­
ing Research have developed a "Design standard for energy-efficient residential buildings" 
(referred to as the "Standard"), and undertaken projects on investigation, measurement, 
and analysis of the current situation of energy consumption in heated residential build­
ings. These tasks had been completed before l<)85 
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Through investigation and measurement over several years, the energy consumption 
of residential buildings in the central heating zone has become understood This provides 
the basic data for formulating policy of energy saving in buildings, and for compiling a 
design standard for energy-efficient residential buildings. 

The Standard was approved in March 1986 by the Ministry of I'rban and Rural 
Construction, and since August 1986, it has been approved for trial use. A circular about 
putting the Standard into effect was issued in September 1987 by the Ministry, the State 
Planning Commission, the State Economic Commission, and the State Building Material 
Bureau. The circular will promote projects on energy savings in residential heated build­
ings. The target of energy savings put forward in the Standard is as follows: the average 
energy consumption for space heating in new buildings designed before 1990 will be 
reduced 30% compared with that of buildings designed in 1980, and the average energy 
consumption of new buildings in 2000 will be reduced 30% compared with that of new 
buildings designed in 1990. 

The Standard is composed of general principles: the number of heating degree days 
in the heating season, indoor calculation temperature, the heat consumption index, esti­
mation of energy consumption for space heating, thermo-technical design in building, 
design of heating engineering, economic evaluation, and eight appendices. According to 
the stipulation of the Standard, some detailed implementation programs are being com­
piled, and demonstration buildings have been built by some provinces and cities in the 
central heating zone. According to the measurements and analysis in the pilot build­
ings, it is possible to reduce energy consumption by 30% with an incremental capital cost 
of less than 5%. 

Improvement of Thermal Conditions in Residential Buildings in Cities and 
Towns in the Transition Zone 

One of the features of the transition zone is high population and developed industry. 
According to 1985 data, the total floor area of residential buildings in cities and towns is 
about 470 million m" and the population is about 38 million, which is 31% of the urban 
population in the whole country. Although the temperature is mild in winter, it is humid 
and cold, and also very hot in summer. Because of the economic situation, there are no 
central heating installations in residential buildings, no insulation, and poor air-tightness 
in the envelope, so that the indoor environment conditions are poor. 

Feasibility studies and pilot buildings utilizing passive solar design have shown that 
the average temperature in the heating season can reach 10-12 °C in the bedroom facing 
the south, and residents in the top story do not receive too much heat in summer. The 
incremental capital cost of such a building is less than 10%. 

Analysis of Energy Consumption and Potential for Energy Savings 
in High-Rise Buildings 

In existing high-rise buildings with air conditioning, it is estimated that air condi­
tioning and refrigeration accounts for 50-60% of total electricity consumption in the 
building. Of the electricity consumption for air conditioning and refrigeration, 40-50% 
is consumed through heat transfer of the envelope, 30-40% is consumed by treating 
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outdoor fresh air. and 25-30 l 7 is consumed by t ransporta t ion and distribution of water 
and air On the basis of da ta from high-rise hotels, the installed capacity of air condition­
ing, refrigeration and ventilating equipment is about -lo-tiVV of tota l installed electrical 
capacity that of lighting is about 20-30%: tha t of kitchen, laundry, steam bath, etc. . is 
about 10-1V7: and that of elevators, telephone. TVs. etc.. is about 5-10%. 

According to da ta from ten hotels in several cities, average electricity use for a s tan­
dard guest room (double-bed room with floor area of 30 in") is about 21-30 kWh day. 

Fac tors Influencing Electricity Consumption 

Selection of chiller plant and heating plant . Use of absorption chillers is a good way 
of reducing electricity consumption and reducing the pressure of supplying electricity in 
the summer . Electrical resistance heating should be prohibited in winter . 

Thermo-technical performance of ike envelope in existing and new high-rise build­
ings is generally poor. In Shanghai and Guangzhou, the heat t ransfer coefficient of exter­
nal walls is more than tha t in residential buildings in Beijing. Single glazing is used in 
external windows. T h e ra t io between window area and wall area is about 0.3-0.4; some­
t imes the ratio reaches 0.5. This makes energy consumption increase greatly. 

Outdoor fresh air circulation and heat recovery. At present the value of outdoor 
fresh area circulation for guest rooms is about -10-50 m" /hour per person in most hotels. 
According to this value, energy consumption for t reat ing outdoor air accounts for 30-35% 
of to ta l energy consumption in the whole year . It is possible to reduce this by 50-60% by 
using heat recovery. 

The rate of hire for guest rooms and the rate of business for res taurants and shops 
in hotels also influences electricity consumption. 

The difference in weather in various regions influences energy consumption in two 
aspects. One is the difference between indoor and outdoor calculation temperatures and 
indoor and outdoor enthalpies. The other one is the difference in the number of days in 
which heat and cool energy should be supplied. 

Methods for Saving Energy 

By improving the thermo-technical performance of the building envelope, loss of cool 
energy through heat transfer can be reduced 30-50%. At present , the average heat 
t ransfer coefficient of the envelope in Shanghai and Guangzhou regions is more than 3.49 
\ V ' m " 0 C , and the average in Beijing region is about 2.33 \V m" °C. The electricity con­
sumed for cool energy loss through heat transfer in external walls accounts for 10-17°? of 
to ta l electricity use in hotels. If the average heat transfer coefficient of the envelope is 
reduced to 1.16 VV/m" °G\ for example, the heat loss through heat transfer will be reduced 
30-50%, resulting in a reduction in total electricity use of 3 -8%. This can be accom­
plished if the external wall of high-rise buildings in the abovementioned regions is insu­
lated, if thermal-rellect hollow glass is used for external windows, and the ratio between 
window area and wall area is less than 0.4. 

By means of recovery of cool energy or heat energy from exhaust air in the air con­
dit ioning system, the ou tdoor fresh air is pre-heated or pre-cooled. Th i s can reduce elec­
tricity consumption for t rea t ing outdoor air by 3-5%.. 
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If the following measures are put into effect to save energy used for transporting and 
distributing water and air. total electricity consumption can be reduced by 10%. 
• Operating the circulation pump of the hot water and cold water systems takes about 

3.7°? of total electricity consumption. If the water system is reasonably divided into 
different subsystems, and the number of sets and capacity of pumps are correctly 
selected, and the number of sets are also controlled with variable volume of water, 
or pumps of variable rotation speed are used, electricity use can be reduced by 60%. 

• Electricity use for transporting and distributing supply air and exhaust air of guest 
rooms takes about 6% of the total at present. If half value of outdoor fresh air 
volume is ventilated when guests go out in the day and in the night, electricity use 
can be cut in half. 

• Electricity use for the ventilating system in the kitchen is about 2.8% of the total at 
present. If half of the normal ventilating volume is operated in the time for 
preparation of meal and cleaning, this can reduce electricity use by 60%. 

• Electricity use for transporting and distributing air in the restaurant is about 2.4% 
of the total. If 80% of the lights are turned off and a variable air volume system is 
used when the restaurant is closed, this can reduce electricity consumption by 75%. 

The air leakage in air conditioning and ventilation systems should be stopped. The 
volume of air leakage reaches to 10-20% of the total volume at present. This loss 
corresponds to 5% of total electricity use over the whole year. If the air leakage is 
reduced to 3%, electricity use can be reduced. 

Ii is evident from the above analysis that the potential of energy saving is high. As 
long as energy saving in buildings is given importance and some measures are adopted in 
design and construction, electricity consumption can be reduced 20-27%, only considering 
the energy saving in air conditioning. Research about energy saving in buildings with air 
conditioning is now being further developed. 

District Heating in Cities 

Current Status of District Heating 

District heating in cities began with cogeneration of power and heat. It has experi­
enced a development stage, a stagnant stage, and again a development stage in the past 
thirty years. 

The supply of heat from cogeneration is rising steadily at an average rate of 6% per 
year. Total heat supplied in 1984 was 84.7 trillion kcal. There are district heating instal­
lations in forty-one cities, which amounts to one-third of the cities in the entire central 
heating zone. District heating covered 55.2 million m" of floor area by the end of 1985. 
The average coverage of district heating in cities has risen from 2% in 1980 to 6.4% in 
1985. In Beijing the coverage is nearly 16%. Supply heat plans for forty-three cities have 
been compiled on the basis of the city general plan. 

District heating improves the quality of heat supply and the heating conditions in 
public and residential buildings. The average value of energy savings for one year is 
about 1.3 million tons of coal. The reduction of dust is about 0.72 million tons and that 
of sulfur dioxide is about 0.49 million tons. 
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Generally, the development of district heating in cities has not kept up with the 
demand of city construction The engineering technology of district heating has lagged 
behind. The heat loss from supply lir:it pipelines is rather high and there are not yet 
advanced adjustment devices 

Development of District Heating 

It is important to raise understanding of the necessity, urgency and feasibility of 
speeding up development of district heating. Analysis about technology and economics is 
required, as well as a process for selecting the optimum scheme according to the practical 
situation. Also needed are ways of improving system economy as fully as possible. 

Selecting the mode for supply heat and its capacity should consider integration with 
gasification and electrification. Construction of power cogeneration should be in accor­
dance with the requirement of the supply heat plan. In cities that have a longer heating 
season, the steam-condensing turbine unit, which is located in the downtown or the 
suburb of the city, should be retrofitted to use circulating waste hot water for space heat­
ing. In the transition heating zone, which has a shorter heating season, research is needed 
into the special modes of supply heat that are optimal. 

It is important to take measures for reducing the engineering cost of supply pipe­
lines. This includes selecting the optimum layout of pipelines, and selecting a reasonable 
load density of pipelines. It is also important to formulate a code about supply heat as 
early as possible, and to strengthen technical management and training. 
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URBANIZATION AND MODERN LIFESTYLES: 
IMPLICATIONS FOR FUEL USE 

Jayanl A Sathaye* 

Introduction 

Urbanization is an integral part of the process of economic development. Mexico 
City. Calcutta, Shanghai and other large urban areas are continuing to grow at a rapid 
pace. By the end of the century developing country urban centers will dominate the list of 
the largest cities in the world, overshadowing cities like Tokyo. New York and London. 

Energy demand in the developing countries has increased at 4.7% annually since 
1973 This is in stark contrast to a 0.2% annual growth rate for the OECD group of 
countries during the same period. The rapid growth makes it important to better under­
stand the process of urbanization and the likely consequences for energy and oil demand. 
Urbanization has been an increasingly important factor in the rapidly rising demand for 
energy in the developing countries. Urban populations have better access to modern fuels 
and electricity and are more likely to use them because of their modern lifestyles. 

This paper examines several issues regarding the changes in lifestyles and fuel use 
brought about by the increasing urbanization in developing countries. These issues focus 
on the use of fuels and electricity in urban households, and the increasingly faster acquisi­
tion of motor vehicles and the use of government policy to control their growth. In earlier 
papers we have extensively reviewed the literature on urban energy use [lj. Here we focus 
on some recent findings and selected issues regarding the use of energy in an urban set­
ting. 

The development of urban centers is due to the migration of rural population to 
economically attractive urban areas and due to the gradual increase in size of smaller 
towns which eventually become large enough to be denoted as urban areas. Because of 
these reasons, the number of cities in the low-income economies with populations over 
500,000 persons almost tripled between 1960 and 1980 while the total population 
increased only 60% [2j. 

Most people in the developing countries still live in rural areas. But the proportion 
living in urban areas has grown between 1960 and 1985 from 17% to 22% in the low-
income countries and from 24% to 37% in the lower-middle-income countries. The pro­
cess of urbanization prevails across all continents and income classes although the growth 
rates differ across regions and countries. 

Higher levels of urbanization are associated with higher average incomes. Although, 
the way continents were settled and consequent economic development took place also 
have a strong influence on urbanization levels. In Latin America, where much of the set­
tlement took place due to migration from abroad, urban centers developed quickly. 
Development of the hinterland and farms occurred as settlers moved towards less 

* Energy Analysis F'rogram. Lawrence Berkeley Laboratory 
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hospitable terrain, often lured by valuable mineral deposits. 
Urbanization levels are extremely high in Latin America. Venezuela has 85c7 of its 

population living in urban centers. Other Latin American countries have similarly high 
levels of urbanization. These rates are higher than the 74 c7 urbanization in the U.S. in 
1085 but similar to those in the U.K., Germany and other industrialized countries in 
Europe. 

Urbanization 
(As percentage of total population) 

1965 1985 

China 18 22 

India 19 25 

Argentina 76 84 

Brazil 50 73 

Venezuela 72 85 
Saudi Arabia 39 72 
Iraq 51 70 

United States 72 74 

United Kingdom 87 92 
West Germany 79 86 

Source World Bank ( 1987) World Dev elopment Report 

In the Middle Eastern economies urbanization rates have accelerated because of the 
oil price led economic booms and the gradual settlement of tribals around oil installa­
tions. Urbanization levels in Saudi Arabia, Libya, Iran and Iraq now approach those in 
Latin America. Population growth rates as high as 3.3"^ a year are common in the Afri­
can and Middle Eastern countries. However, urban populations have grown even faster. 
Ivory Coast had a growth rate of 4% from 1973-83 while its urban population increased 
at 8% annually during the same period. Despite the high growth rates in Africa, the level 
of urbanization is still low since most of the countries started with less than 10*?o urbani­
zation in 1960. 

China with its controlled movement of population from rural to urban areas, and 
indeed between urban areas, has slowed the process of urbanization. Chinese urban popu­
lation increased from 18°% in 1965 to 22% in 1985. Population of Beijing has increased at 
rates in excess of 3% annually during the last few years in contrast to an average popula­
tion growth of around 1.2^, for the country. 

Urban incomes are higher and rising faster than in the rural areas. However, growth 
of the infrastructure, which is so very necessary to support the modern lifestyles of urban 
dwellers, has not kept pace with urban incomes. This has stretched municipal services to 
serve a much larger population than they were originally intended to support. The lack of 
municipal services is felt most acutely in the area of transport. Public vehicles are over­
crowded and congestion has increased travel timp several fold in major cities. 
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M o d e r n Lifestyles 

An important feature of urbanization is the adoption of modern lifestyles. Rural 
populations tend to be less mobile, attuned to lower comfort levels and rely largely on 
traditional fuels. Movement to urban areas and the subsequent adoption of modern lifes­
tyles brings with it a quantum shift in the types and levels of energy use. The adoption of 
modern lifestyles is facilitated by the availability of reliable supply of electricity, 
kerosene, LPG and transportation fuels in urban areas. 

Modern lifestyles bring about changes in the pattern of living. Generally the move 
to urban areas leads to higher income levels and a consequent propensity to acquire 
modern appliances and motorized personal vehicles. Both have important implications for 
fuel use. 

Appliances may be classified into those needed for cooking, water heating, food 
preservation, personal comfort and entertainment. In cooking, the move to urban areas 
leads to the use of more efficient stoves that use modern fuels. Refrigerators for food 
preservation tend to be one of the first appliances that are bought by urban households. 
Water heating is predominantly electric and consists of the use of in-flow heaters (often 
referred to as geysers); personal comfort is achieved through the use of ceiling and table 
fans and room air-conditioners for cooling and a variety of systems for both room and 
home heating. Entertainment, which was once dominated by radios, now largely consists 
of TVs and VCRs. 

Difference in Urban and Rural Household Energy Consumption 

Data from India illustrate the large differences between urban and rural patterns of 
household energy consumption. Per capita use of modern energy sources in 1978 was six 
times higher in urban households than in rural ones. 
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E s t i m a t e s of Annua l IVr C a p i t a Kncrgy C o n s u m p t i o n 

in U r b a n and Rura l A r e a s in India 

I 000 Iv al I 

UK HAN RURAL 
197.5-74 1978-79 1973-74 1978-79 

MODERN SOURCES 

Softtok" .'10 197 43 15 
Kerosene-lighting NA 20 NA 33 

Kerosene-cooking NA 70 NA b 

Electricity 16 30 •> 4 
Subtotal NA 339 NA 58 

TRADITIONAL SOURCES 
Fuelwood 706 393 1197 191 
Agr residues* 21 174 52 743 
Dungcakes 61 86 175 319 
Charcoal 16 19 - 1 
Subtotal 803 672 1424 1254 

Source Bhatia(1987) 
* And other solid fuels 

Similarly, data for Brazil show that urban dwellers tend to use more modern fuels 
and less traditional fuels than rural ones ' 3 \ However, the rural residents tend to use 
more primary energy than their urban counterparts. The inefficient, and hence compara­
tively larger, use of traditional fuels leads to larger total energy consumption in rural 
areas. 

Cooking 

Energy demand for cooking is the most common and oldest of household energy 
needs. Cooking is the primary energy-consuming activity in the vast majority of develop­
ing countries homes, in both rural and urban areas. A survey of households in three 
Chinese cities found more than 90% of the energy used went for cooking [4]. 

The type of fuel used for cooking varies with income. As income rises the main cook­
ing fuel tends to move from fuel wood or charcoal to kerosene to LPG or electricity, in a 
few exceptional cases natural gas supplies household cooking needs. Data from households 
in several cities illustrate the pattern. The use of electricity for cooking is common among 
all income households in Costa Rica but is found only in the high income households in 
Nairobi and some cities in Asia. Partly this is due to the generally higher average income 
levels in Costa Rica, although given the extremely skewed income distribution, the lowest 
income groups have the same average income level a.s thai in Asia. The use of electricity 
at lower-income groups may indicate a preference to use electricity over other fuels or 
lower electricity rates. 
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Cooking Fuels Used in Urban Households 

Firewood Charco.il Iv erosene LPG El. Mlrinty 

(percent of IK •useholds in group >ng) 
Hyderabad (1982) 

Lower- income -11 (b) 70 19 -
M. : If-income 24 (b) 65 54 -
Higher-inrome 1.3 (b) 57 71 -

Nairobi (1981) 
Lower-income - 52 35 14 0 
Middle-income - 18 14 52 16 
Higher-income - 1 0 27 70 

Costa Rica Urban (1981) 
Lower-income 15 9 2 16 57 
Middle-income 9 o 1 15 72 
Higher-income 4 1 0 14 82 

Source Surveys cited in 
Sazama G (1986) Residential Energy and the Growth Process Economics Dept . University of Connecticut 
Sathaye J Meyers S (1985) Energy use in cities of the developing countries Anr.. Rev. of Energy, 10 
Hughes-Cromwick E (1985) Nairobi households and their energy use Energy Economics, Oct 1985 
(a) Data for Hyderabad (India) reflect use of more than one fuel by households 
Nairobi (Kenya) data refer to "primary" cooking fuel 
(b) Small amounts of charcoal are used at all income levels 

Availability strongly influences the use of fuel wood, which remains a common fuel 
among the urban poor in many places. Where it is available for free or at low cost, it 
tends to be used, for reasons of both cost and habit. However, while the price of modern 
fuels, such as kerosene and LPG, is often subsidized by the government that of fuel wood 
and charcoal is not. The consequence of this policy is that the poor are made to pay a 
disproportionate share of their disposable income for energy [5]. Where traditional fuels 
have a commercial market in urban areas, they may be trucked from several hundred 
miles away. The city of Hyderabad in central India receives fuel wood from forested areas 
300 to -100 miles north of the city [6j. 

Ownership and use of multiple appliances which use different fuels for cooking is a 
common feature of developing country households. This occurs with rising incomes as 
households tend to use kerosene, LPG and finally electricity each with diminishing relia­
bility of supply. Lack of reliable fuel supply forces households to maintain a variety of 
options. This is also the reason that hl°c of households in Italy rely on a mix of natural 
gas, LPG and electricity for cooking. 

Lighting 

The degree of indoor lighting is one of the main differences between developing coun­
tries urban and rural homes. Most rural households use kerosene lamps that do not pro­
vide a great deal of light. Studies in India have shown rural dwellers use kerosene lamps, 
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despite its poor light, since it is portable and because the first cost of obtaining electricity 
is prohibitive 

Recent studies of lighting in urban areas in India show a tremendous potential for 
saving electricity through the use of low wattage flouros.-:ent lai.ips as replacement for 
incandescent lamps 7 . The peak demand for electricity is not fully met in most parts of 
India. Peak load occurs between 5 and 9 pm when there is a sharp increase in the use of 
lighting by domestic and commercial customers. The introduction of low power high 
luminosity fluoroscent lamps, which ar<» commercially available, may reduce the need for 
10,000 M\V or 23 cc of presently installed capacity. The annual rate of return on expendi­
ture for lamp substitution in electricity saved would range from 45 to 55^c. 

Electricity Intensive Activities 

The past decade has seen enormous growth in household electric appliance owner­
ship in Asian cities. Particularly important in terms of their electricity demand are refri­
gerators and air conditioners. The latter are still rather uncommon, though in Taiwan 
the saturation of air conditioners increased from 6% of homes in 1975 to 32% in 1984 [8]. 
For refrigerators. Singapore and Taiwan are approaching 100°? saturation, and in other 
cities the level is over 50*^. Saturation of refrigerators has also begun to grow recently in 
Beijing. 

Saturation or Refrigerators and Air Conditioners 
(% of households) 

Year Refrigerators Air Conditioners 

1984 62 12 
1976 26 4 
1980 70 9 
1984 95 32 
1975 63 6 
1982 96 11 
1977 88 8 
1984 26 o 
1979 44 3 
1984 15 
1981 o 

Source Gandhi ft a/. (1987) 

Water Heating 

Water heating for hygiene is similar to refrigeration in that it is seldom found in a 
traditional setting. Although a great deal of water heating in the industrialized countries 
is accomplished by non-electric means, in the developing countries most modern water 
heaters use electricity Malaysian and Fiji survey data which show low levels of water 
heater ownership for most income groups, indicate that it is accomplished at lower 
income levels by using stoves and that it is a lower priority for households than 

Bangkok 

Kuala Lumpur 
Taiwan 

Singapore 

Indonesia Urban 
Philippines Urban 
Beijing 
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refrigeration 9 

Water heating consumes substantial amounts of electricity and solar hot water 
(SHW) heaters hold promise in many urban areas where the high cost of electricity is 
compounded by the unreliability of supply. An economic analysis of a SHW system com­
pared with an electric geyser in New Delhi, each delivering about 100 liters per day of 60 
degrees centigrade hot water, shows that without subsidies for either electricity or the 
SHW system, an advanced SHW system would have a payback period of about 5 years 
10. 

Mobility and Acquisition of Vehicles 

Energy use in transportation is determined by the demand for movement of people 
i;nd goods It is influenced both by the spatial environment in which people live and by 
the activities that entail movement, such as work, shopping, social interaction, and distri­
bution of products. 

From very low levels of car ownership, most cities of the Third World saw substan­
tial increase in number of cars during the 1970s. Growth in car ownership is tightly con­
trolled by government policy in many developing countries. In Cairo, the gasoline price 
was 60°? and diesel price was only 20*7 of comparable interationai prices. This contri­
buted to the unbridled growth in cars. The lowest growth rates are in Bombay and Cal­
cutta, where the Indian government had limited the number of cars manufactured and 
heavily taxed the imports of automobiles into the country. Nevertheless, the growth 
rates are higher than those observed for cities in the industrialized countries. 

Average Growth in N u m b e r of Cars 
Between 1970 and 1080 

C~c year) 

Cairc IT 0 
Abidjar 10 0 
Buenos Aires 10 0 
Jakarta 9 8 
Bangkok 7 9 
Sao Paulo 7 8 
Hong Kong 7 4 
Singapore 6 8 
Bombay 6 1 
Calcutta 5 b 

Stockholm 3 0 
London 26 
Stuttgart 2 r> 
Tokyo J S 

Sr.m.(. W.-rld Hank ( H a n Transport 1H86 
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Many * ransport options are available in cities These options, or transport modes, 
provide ditKrent types of service, measured in terms of speed and comfort of movement. 
They also require different amounts of resources in order to make use of them CJovern-
ment policy often dictates the availability of modes, particularly when large capital 
investment in transport infrastructure is called for. 

The traditional human and animal-powered forms of transportation predominate in 
ru ral areas of developing countries. In the cities, a wide variety of transport modes co­
exist. Walking, bicycles, and cycle rickshaws, are still common forms of transportation, 
particularly in countries like China, where government policy and low income combine to 
restrict transportation mainly to the first two modes. 

Mode of P e r s o n a l T r a n s p o r t in C h i n e s e Ci t ies 

(percent of trip?) 

Walking Bus Trolley Car Bicycle Other 

Shanghai 43 '_' 38 5 13 •_• 7 8 

Tianjin 42 6 10 3 44 5 2 6 

Xuzhou 46 5 6 2 44 6 "2 7 

Source Mao and Hu (1W-5) China's Transport and Its Energy I'se, 
IDRC, Ottawa Canada 

Hong Kong provides an example of the application of government measures to 
reduce use of private cars. The number of private cars licensed grew at a rate of l-l^c per 
year between 1977 and 1981. leading to growing traffic congestion. The government's 
introduction of fiscal restraints in 1982 brought on a sharp decline in licensed private 
cars. These measures were a doubling of the first registration tax on new and used 
private cars, a tripling of the annual vehicle license fee, and an increase in the duty on 
gasoline. The annual license fees and gasoline duty w-ere revised upwards again in 1983. 

Hong Kong: Pr ivate Cars Licensed a t Year End ('000) 

1977 19S0 1981 19SS 198S 1954 19S5 19S6 

113 172 190 185 169 148 145 139 

Source Hong Kong Government 

As a result of this phenomenon and the completion of new metro-rail facilities, the 
percentage of passengers carried by metro-rail increased from 13°? to 25 c r between 1980 
and 1985. while the percentage using private cars declined from 8^0 to o°^. The percen­
tage using taxis rose significantly, however. 
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Ilong Kong 

Daily A v e r a g e Passengers C a r r i e d t>> Mode 
1 ( i H i f l l l I 

l'IKII 198 rj 

HeaVV bu.-e- II 4-' 

Light buses JO 16 

R.iii t r am 1-i •-'5 

T.ixis 11 16 

P r iva t e i.irs 8 5 

O the r s 4 4 

T' -t.il paSSehgerS 1 000) 7428 9346 

Sourte Parker I. 11987) Energv Use in Land Transport in Hong Kong 
Centre .--f Urban Studies University of Hong Kong 

Factors Affecting Transportation Energy I'se 

Growing use of cars has an important effect on energy use, because cars tend to be 
an inefficient mode of transport relative to others available in the urban setting. In three 
Latin American countries, automobile transportation is responsible for 65-75% of energy 
use. The volume of traffic carried by automobiles, however, is only 25-35%. Energy 
efficiencies calculated for Hong Kong show the double-decker tramways and diesel trains 
as having the lowest energy intensity among passenger transport modes. Values calcu­
lated for several Latin American countries put the automobile in an even wrorse light. 
Buses are estimated to be five to ten times more energy-efficient. 

Energy efficiency depends in part on the load factor of the vehicle: how well its capa­
city is utilized. Traffic conditions affect the length of trips in terms of time. Congestion, 
which has become severe in many developing countries cities, leads to slower travel and 
less efficient operation of fuel-powered vehicles. Congestion in developing country cities 
like Bangkok and Lagos is much worse and an average vehicle in these cities moves at 
only about half the speed of the average vehicle in London or Frankfurt. Traffic conges­
tion in these cities will act as the major deterrent to further increase the use of cars. 

Motor vehicle ownership in developing countries is much lower than in developed 
countries, but there is wide disparity in ownership levels among the developing countries. 
Households in Latin America are more likely to own a car while those in Asia are more 
likely to own a motorcycle. 

Rapid growth in ownership of cars and motorcycles can occur if economic conditions 
permit. Ownership of cars per capita in Taiwan increased by almost 1000% during a 
period of rapid economic growth from 1970 to 1982. During the same period, the owner­
ship of motorcycles per capita increased three-fold in India, primarily due to the govern­
ments' policy of liberalizing the granting of licenses for the manufacture of motorcycles. 

Much of the personal vehicle travel takes place in urban areas. Estimates for the US 
are that 60% of the vehicle (car. taxi, motorcycle) miles travelled in 1982 occured in 
urban areas This fraction has increased from 55% in 1970 It is likely that this percen­
tage is higher in developing countries, since their cities have a far higher ownership of 
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vehicles, and a greater length of paved road per capita compared to rural areas. 

Urban Car Ownership, 1970 and 1080 

1970 1980 
Pop lm jme Per Cars pel Pop C ars per 

(Thous ) Cap ta(l'S*) 1000 Pers-.ns I Thou? ) 1000 Persons 

Seoul 5536 440 6 3 8366 15 
Cil' una 7402 270 13 0 9500 10 
Bomuay 5792 390 13 5 8500 21 
Jakarta 4312 325 18 0 6700 33 
Bangkok 3090 525 49 7 5154 71 
S?o Paulo 8400 785 62 3 12800 151 
Mexico City 8600 1275 78 3 15056 105 

Source World Bank 1975 and 1986 Vrban Transport 

With increasing urbanization, the ownership of cars in urban areas has increased 
more rapidly than nationwide. Ownership of cars per capita almost doubled in Bombay 
from 13.o per thousand persons in 1970 to 23.4 in 1981-82, but it increased only l a 0 ? 
nationally. 

The disparity in car ownership between Asian and Latin American countries is less 
wide among urban areas in these countries, since there is less difference in urban income 
per capita among these countries. Ownership increases with urban income, unless res­
trained by go\eminent policy to limit imports of automobiles, as in Seoul, Bombay and 
Calcutta, or by heavy tax on imported cars, as in Jakarta. 

The types of fuel—gasoline, dicsel, LPG—used by vehicles is a function of the avai­
lability, of fuel and vehicles, relative fuel price differential, and the investment required to 
convert from one fuel to another. I'tility vehicles, with their higher mileage, are more 
sensitive to difference in price of fuels. For instance, in the Philippines, the large 
differential between gasoline and diesel prices caused many owners of jeepneys to replace 
their gasoline engines with diesel fuel engines. Occasionally, as in Seoul, environmental 
concerns, aided by the lower price of LPG compared to gasoline may encourage the use of 
LPG in place of gasoline. The number of LPG using motor vehicles (mostly taxis) in Seoul 
increased more than four-fold from 1979 to 1983. 

Conclusions 

The process of urbanization is continuing at a rapid pace as migrants seek better 
opportunities in the cities and as villages become urban centers with population growth. 
Urbanization also means the adoption of modern lifestyles by millions of new urban 
residents each year. Modern lifestyles and urban comforts have been one of the primary 
reasons for the rapid increase in oil and energy demand observed in the developing world 
in recent years. 

Energy use patterns are changing with the adoption of modern lifestyles In house­
holds this means the acquisition of refrigerators and other appliances. In transport it 
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means the acquisition of cars, motorcycles and other personal vehicles. While there is 
room for growth in the adoption of appliances and modern heating systems, vehicle 
saturations in many urban areas may have peaked Strong government policy in Hong 
Kong has been responsible for dissuading customers from purchasing vehicles in favor of 
using mass transit systems. 

Cities like Shanghai in China are already crowded with very little or no personal 
ownership of vehicles. Allowing personal ownership of vehicles will exacerbate congestion 
and ii crease the consumption of scarce petroleum products. Yet. in order to achieve 
higher economic standards mobility is important. Can it be achieved without the owner­
ship of personal vehicles or do new types of motor vehicles need to be favored? This i.-. 
the dilemma faced by many governments today. 

Acknowledgements: The author would like to acknowledge the assistance of Steve Meyers 
in compiling specific information on fuel use and government policy. 
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U R B A N E N E R G Y S U P P L Y A N D U T I L I Z A T I O N I N C H I N A 

Zhang Tmsw u* 

I n t r o d u c t i o n 

Wirh the deepening of economic reform. China 's urbanizat ion process has 
accelerated Since 1979. non-agricultural production in rural areas has developed rapidly. 
According to incomplete stat is t ics , now about 20f"c of rural labor has been shifted into 
industr ial production. This has caused growth of cities. In 1985, the number of cities has 
passed 300, and the ""town'* population exceeded "200 million. This is a significant histori­
cal shift. 

Along with urban population growth, the living s tandard of urban residents has also 
improved remarkably In 1982. the per capital living expenses of town residents was 495 
yuan: in 1987, the figure increased to 916 yuan. Deducting the influence of inflation, the 
real average annual increase rate was 6.3t-"c. Urban modernizat ion also progressed 
rapidly. All these changes caused the increase of urban energy demand and changes in 
the consumption s t ruc ture . 

China's urban energy supply and consumption have the following features: 

1. Urban energy consumption is based mainly on coal. Except for a few cases, 
Ch ina ' s large and medium-size cities consume no firewood and non-commercial energy 
sources. Except for in a few large cities, coal takes up more than 80°r of total urban 
energy consumption. 

2. The State offers subsidies for civil used coal, urban gas, and LPG. For historical 
reasons, the production costs of all urban energy sources, except for electricity, are gen­
erally higher than the prices of these energy sources. Because there is no perfectly 
developed energy market , the freedom of most urban residents to choose energy sources is 
very limited. 

3 . Urban energy supply and especially electricity supply is insufficient. At present, 
the civil-used coal and L P G in most cities are still supplied on the basis of rationing. 
Even though urban gas has been developed, it still cannot meet the urgent demand of 
urban residents. Power shor tage is China 's long unsolved problem. Even in large cities, 
such as Beijing, Tianjing, and Shanghai, power cuts happen frequently. With the rapid 
popularization of domestic appliances such as refrigerators and T V in recent years, 
residents have become increasingly resentful abou t power cuts. 

4 . Low consumption level and low efficiency. According to investigations in Beijing, 
W u h a n , Hangzhou. and Xinxiang conducted by the Nuclear Energy Insti tute, Qinghua 
University, China 's urban energy consumption takes up 17-219c of to ta l energy consump­
tion. Consumption per capi ta is about 0.4 T C E . Compared with the per capita urban 
energy consumption of developed countries, this consumption level is ra ther low. More­
over, because only a little more than 20 c 7 of urban residents are supplied with gas, most 

* Beijing Engineering Consulting Company 
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domestic cooking and space heating is based on direct combustion of coal, the energy util­
ization efficiency of which is very low. 

5. Air pollution is aggravated by direct com bust ion of coal, especially in the cities 
where space heating is required in winter. This is a long unsolved, difficult problem. 

To solve or improve these urban energy supply and utilization-related problems, 
issues related to energy production, transportation, allocation and usage are involved. 
While the discussion of these problems is beyond the range of this paper, we discuss some 
of China's urban energy-related policy issues below. 

Realizing High-Grade U r b a n Energy Supply 

Clean gaseous fuels, liquid fuels, and electricity are needed to gradually substitute 
for solid fuels in modern cities, as is the common tendency of urban energy development 
in developed countries. In different cities, various energy sources should be utilized to 
meet the energy demand according to local characteristics. The process of reform will be 
a long one, and it is impossible to find a fixed pattern. 

Many factors influence the realization of a high-grade energy supply for China's 
cities. The major difficulties are energy shortage and capital shortage. China has abun­
dant oil resources, but the per capita figure is very small. By 2000, China's annual oil 
production is projected to be about 200 million tons, about 0.167 tons per capita. In 
addition to meeting the oil demand of domestic transportation, agriculture, chemical 
industry and other oil users, some oil should be exported to generate foreign exchange. So 
for most cities, use of kerosene, diesel oil, and heavy oil as fuel, as in some foreign cities, 
is possible. 

Natural gas could be the optimum urban fuel, as it is convenient and clean. But 
China's natural gas production is very low, only about 13 billion cubic meters annually, 
and cannot meet the demand of all sectors and enterprises. In addition, China's natural 
gas allocation policy gives priority to chemical feedstocks. The share of urban natural 
gas supply is only the "crumbs on the table." For example, in Beijing, the current annual 
natural gas supply is only 150 million cubic meters, about half of the natural gas con­
sumption in Cangzhou Chemical Fertilizer Factory. So, if the natural gas reserve has no 
remarkable increase, and the price of civil-used natural gas is not readjusted on a large 
scale, for most cities (except for those adjacent to oil fields) prospects for acquiring the 
natural gas needed are rather dim. To import LNG for city use is even more impossible. 

China has abundant coal resources. Theoretically, high-grade energy supply can be 
realized through coal conversion to generate electricity and produce coal gas. But such 
conversion is very capital-intensive; the cost to produce coal gas is much higher than that 
of natural gas and LPG. In the near future it is not feasible to meet the energy demand 
of space heating, cooking, and domestic hot water supply by electricity, as the problem of 
power shortage cannot be solved in a short period. The newly-added power generation 
capacity should be used to meet the increasing demand of production development, urban 
lighting, and small power domestic appliances first. The development and implementa­
tion of substituting fuels with electricity cannot be conducted until the problem of power 
shortage has been basically solved. 
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With the enlargement of cities, the construction of high-rise buildings, and the 
improvement of people's living s tandard, the corresponding increase of urban energy 
intensity will be a natural tendency 1'nder this s i tuat ion, if the process of urban high-
grade energy supply cannot meet requirements, the results will be more inconvenience of 
people's daily life and increased environmental pollution This problem should receive the 
close a t t en t ion of responsible administrat ions, and effective countermeasures should soon 
be advanced. T o sacrifice the quality of the environment , even temporar i ly , is not an 
acceptable approach. 

Because China is vast in terr i tory, conditions differ greatly among cities. The ways 
to realize urban high-grade energy supply should be selected based on local conditions. 
I 'p to now. we still do not have a typical pa t te rn . I 'nder the condit ions of irrational 
urban energy prices and the imperfect s tate management system for developing a commo­
dity economy, establishing an urban energy construction fund might be necessary and 
beneficial in order to develop a new, modern urban energy supply system. 

U r b a n Elec tr i f i cat ion S h o u l d b e Based o n C h i n a ' s C o n c r e t e C o n d i t i o n s 

Due to historical reasons, the Chinese government has been offering heavy subsidies 
on house rent , medical t r ea tmen t , food, and some other major items. With the increase 
of people's income, a "domest ic appliance c raze" has come into being in urban areas. 
Appliances such as refrigerators, washing machines, and color TV have come into com­
mon households ahead of their t ime, and the ownership of these appliances has increased 
rapidly. For example, in Beijing, both the sa tu ra t ions of refrigerators and color TV were 
only l.T^c in 1981. but the sa tura t ions increased to Gl.o^c and 50.9*^ respectively in 
1986. 

Table 1. Saturation of domestic appl iances in 1986 

Unit : % of homes 

Appliance Beijing Shanghai Tianjing 

Refrigerator 61.5 46.8 9.3 

Electric fan 97.5 132.2 83.7 

Color T V 50.9 36.4 16.6 

B/VVTV 69.2 88.0 168.5 

Washing machine 75 9 39.0 42.5 

Tape recorder 80 1 76 2 

* Data in Tianjing are for 1985. 

With the popularization of domestic appliances, and the construction of large public 
buildings, guest houses, and tourist hotels, electricity use in buildings increased rapidly in 
recent years . During the Sixth Five Year Plan period (1981-1985), nationally, the annual 
average electricity consumption increase rate was 6.7 f , c, while the annual average increase 
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rate in the ""civil daily life" class was 13 2 f7 We should sec that China's "'daily life" 
electricity consumption level is still very low (the national average per capita "daily life*' 
electricity consumption in 1985 was less than 7 kWh). so the large-scale increase in ""daily 
life" electricity consumption has the nature of "repaying a delit." Now the problem is, 
under China's concrete conditions, how to guide the development of urban electrification 
correctly and avoid the unnecessary chaos caused by unreasonable development. Sug­
gested measures are discussed below. 

1. The basic daily life electricity demand of residents should be met as much as 
possible. Now mainly some small power appliances, such as TV, refrigerator, electric fan, 
washing machine, and vacuum cleaner have come into households. The popularization of 
these appliances not only enriches peoples cultural life, but also reduces household labor 
intensity. The power demand of these appliances is not large, and their load characteris­
tics result in staggered utilization, with small influence on the winter evening peak. Thus 
their electricity demand should be met as much as possible. 

2. Electric cooking and electric space heating should be restricted. At present, 
China cannot afford to develop electric heating. Because coal-fired power plants take a 
very large proportion in China, and the overall efficiency to convert coal into electricity is 
generally below '30°t, from the point of view of rational resource utilization, developing 
electric heating is wasteful. Besides, in winter, the cooking and space heating load of 
northern cities basically overlaps with the peak load. Developing electric heating would 
require substantial increase in generating capacity of electric systems. A typical house­
hold can buy an electric stove or electric water heater for only 100-200 yuan, but the elec­
tric system must invest over 2500 yuan to add one k\V of power supply capacity. So, 
according to China's concrete conditions, the use of electric heating should be restricted 
in the short-term. The "Regulations about Further Strengthening Electricity Conserva­
tion" recently issued by the State Economic Commission and the State Planning Com­
mission indicated that electric water heating and space heating should not be used in 
guest houses, hotels, offices, shops, and institutions, and electric cooking appliances used 
by residents should be charged an equipment capacity fee equal to 5-10 times the basic 
electric rate. But the results have not been so good, for there are no concrete measures to 
implement the regulations. 

3. The purchase and usage of large power appliances such as air conditioners by 
public entities should be restricted. In recent years, because the control over social pur­
chasing power is not so strict, the number of air conditioners increased rapidly. Given 
the current situation of power shortage in most cities, power allocation should meet the 
demand of production and residents' basic power needs first. Usage of large power appli­
ances, such as air conditioners, should be restricted, except for foreign-related organiza­
tions and tourist hotels. 

In brief, the State should strengthen macro control over the development of urban 
electrification. The unpleasant situation of purchasing expensive appliances as furnishings 
and decorations should be avoided. Because there are vast differences among China's 
cities, the control of non-productive electricity consumption should not observe the same 
rules. For example the small cities supplied by isolated hydropower stations should 
develop electric cooking if there is surplus electricity supply; or in the fuel-deficient 
remote areas, such as Tibet, it is rational to substitute fuel with electricity, if abundant 
hydropower resources can be developed. 
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T h e D e v e l o p m e n t of U r b a n G a s S u p p l y 

The development of urban gas supply should follow the policy of using multiple gas 
sources according to local conditions and should promote rational utilization. Increasing 
urban ga.s supply is very significant for improving the urban environment , improving 
people's living s tandard, and saving energy, in 19S5, about 1 -I of the national urban 
population was supplied with gas. According to the Seventh Five Year Plan of the former 
I ' rban and Rural Construct ion Ministry, by 1!M)0 about of) million people will be supplied 
with gas, amount ing to more than I0 r7 of the urban population. In order to realize this 
target successfully. the following should be done: 

1 Develop multiple gas supply sources according to local conditions. First , if condi­
tions permi t . LPG and na tura l gas should be developed with great efforts. With the 
population over 1 billion and the production of na tura l ga.s only about 13 billion cubic 
meters and LPG production only about 1 million tons, the per capita gas consumption is 
too small . A large part of na tura l gas and LPG is still consumed in industr ial furnaces. 
If prices can be readjusted rat ionally, following the law of value, it will be possible to sub­
s t i tu te this LPG and natural gas with coal (or coal gas), and supply this L P G and natural 
gas to urban users. From the overall point of view, it is rational to supply the newly-
developed natural gas and LPG to urban civil users first. 

Coke-oven gas should be recovered and subs t i tu ted as much as possible to supply 
urban users. Using part of the self-used coke-oven gas from steel enterprise.' and coking 
plants to supply adjacent cities is a rational approach economically, and should be popu­
larized. China has abundan t coal resources. In the long-term, to select suitable gas-
making technologies and construct different scale coal-gas plants will be the development 
direction for most Chinese cities. 

2. Adopt a prudent policy about the introduct ion of large-scale gasification plants. 
Now, the introduced large-scale gasification ovens include Lurgi and Texaco. Both of 
them are technically mature , and the quality of gas produced can meet the requirements 
of urban users, but the gasification process of these ovens is conducted under high pres­
sure, and oxygen is needed, so the equipment is r a the r complicated and the investment 
and costs are ra ther high. It is not economical to produce gas in medium and small cities 
using these ovens (for example, gasification plants with a daily product ion below 0.5 mil­
lion cubic meters). Even for large-scale gasification plants , the economic feasibility and 
the possibility that the gas price can be borne by the urban residents should be verified 
according to the concrete conditions of the cities in question. Based on the current situa­
tion, comprehensive management of urban gas might be a possible way to improve 
economic efficiency, if there is sufficient capital and marke ts . 

3. Pr ior i ty should be given to cooking in urban gas allocation. At present, gas price 
is still i r rat ional in some cities. This causes the gas supply shortage, as well as the large 
amount of urban gas consumed in furnaces and space heating boilers by some enterprises 
and inst i tut ions. In order to save energy and capital , a rational allocation system should 
be established immediately. 

The development of urban gas should have a long-term plan, especially in the selec­
tion of gas supply sources, to avoid unnecessary losses. 
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Developing District Heat Supply System Has Benefits 

In China, the range of space heating areas, the period of space heating, and the stan­
dard of space heating have been fixed by the government f<>r along time. The expenses of 
the state workers for space heating are also paid by the state or enterprises. I'p to now. 
the residence houses are still not commodities, so most urban residents cannot choose the 
ways of space heating according to their needs. Coal is the main fuel used in urban space 
heating, which is relatively simple. Generally, heating radiators are installed in the newly 
constructed buildings in space heating areas, and the heat is supplied by various-scaled 
coal-fired boilers. Coal stoves are still used in many one-story houses and some buildings. 

In recent years, urban district heat supply systems have been developed in north and 
northeast China, though the proportion is still rather small. Beijing is the city with the 
most district heating area. The heated area, supplied by thermal power plants and dis­
trict boiler stations, exceeds 10 million square meters, but the proportion has been under 
\^c for a long time. 

Because coal is the main fuel used in urban space heating, and clean fuels are not 
expected in the short run, it is necessary to substitute the many scattered small boilers 
with district heating systems hi order to save energy, improve the quality of space heat­
ing, and especially to control air pollution effectively. It is planned that in the Seventh 
Five Year Plan period, China's district heating area will increase by 50 million square 
meters. 

Although the social effect of district heating has been good, its economic benefit is 
not certain. The problem arises from the use of boilers with low efficiencies, and the rela­
tively cheap coal prices. In most cases, the payback period of the investment used in 
developing district heating is rather long, or cannot be recovered at all. Because the 
urban thermal network investment is very large, its fixed cost is very high. Generally the 
cost of a district heating system is higher than the scattered boiler heating system of the 
same scale. After residence houses become a commodity in the future, in principle, the 
expenses of heat sources u:d space heating will be carried by the owners of the house. 
According to current conditions, it is calculated that the annual per household expendi­
ture on space heating will be 300-400 yuan or more. Common workers may not be able 
to afford this expenditure. So, it is an urgent task to reduce the capital cost of urban dis­
trict heating systems and improve their economic benefit. Otherwise, it will be difficult 
to ask the common peop!' '.o spend money to buy "clean" after the government subsidies 
have been canceled, even though it might be rational from the macro point of view. 
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REDUCING ENERGY D E M A N D WITH COMMUNITY BASED SYSTEMS: 
A NATIONAL E N E R G Y POLICY V I E W P O I N T FOR CHINA 

FredS. Dubiii* 

Background 

Energy consumption per capita will continue to grow perhaps leap upward a.-
China increases its industrial base, expand its transportation network and capacity, and 
provides more housing and non-residential buildings, individually and in complexes, in 
existing and new communities. 

Similar to the situation in other countries throughout the world, buildings and sup­
porting infrastructure will require an ever increasing share of China's energy production 
and/or fuel im forts. 

On the premise that a rational energy policy seeks the following: 
o Reduce or limit the gap between energy supply and energy demand. 
o Reduce imports and improve China's balance of trade. 
o Provide adequate energy supplies to support China's national security, and economic 

and social interests. 
o Export energy to other countries. 
o Conserve non-renewable resources. 
o Enhance the economic condition of China's citizens and the country as a whole. 
o Impact China's foreign and domestic policy. 
o Reduce or limit air, soil, and water pollution. 

Then reducing energy consumption for individual buildings and entire communities 
is an important element of national energy policy. 

The importance of reducing energy demand — conservation and energy management 
— is manifest in the recent development of Energy Efficiency Standards and Codes for 
individual buildings in Thailand, Malaysia, Singapore and Jamaica, as well as in the 
developed countries of the West. 

The potential to reduce energy consumption and peak power demands in communi­
ties, entire cities and even regions is very great. Community energy systems first depend 
upon improving the energy conservation performance of individual buildings in the com­
munity. Energy efficiency planning, construction and operation for entire communities 
adds a new dimension to reducing energy demand for the individual building, and is in 
fact interactive with individual building energy efficiency. Construction, equipment, sys­
tems and operation of individual buildings must be done in context with the design of 
energy efficient communities. The design of energy efficient communities can and often 

* President, Dubin-Bloome Associates, and f r.-iY'ssor of Architecture. Carnegie-Mellon 
University 
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does determine the design parameters of the individual building* comprising the (-•immun­
ity. 

Even if increasing energy supplies could keep up with ever increasing demand, it is 
only with great costs in capital, increased pollution, and increasing depletion of resources 
— and let's keep in mind, saving one Btu is equivalent to producing 3 new Hi us. Also. \\e 
must keep in mind that reducing energy demand with energy conservation and energy 
management offsets the need for construction of new capital-intensive and cin-rgy-
intensive electricity generating plants. 

Community systems may involve each of the following disciplines individually, or in 
combinations with one or more of the others: 

o Space Heating 
o Heating Hot Water 
o Lighting 
o Power for Motors and Appliance 

o Natural or Mechanical Cooling 
o Potable Water Supply 
o Fire Protection 
0 Solid and Liquid Waste Disposal 
o Air Pollution Abatement 
o Industrial Process 

Opportunities to Reduce Energy Requirements for Communities 

Reducing energy requirements starts with minimizing energy requirements of indivi­
dual buildings for one or more of the disciplines noted above Reducing the heating and 
cooling loads is climate specific, and is a function of building design, orientation, and 
materials. 

Reducing energy demand for the other disciplines is not climate specific (although 
lighting and heat gain/Los are related), but is system and equipment dependent. The 
magnitude of each discipline influences energy requirements for the distribution systems. 
The energy requirements for distribution systems are dependent upon the terminal loads, 
the thermal characteristics of system (ducts, pipes, and wires), and the power required to 
move the fluids through the conductors. The power requirements are dependent upon 
frictional resistance, which in turn, is related to the length of the distribution runs from 
an energy conversion source inter and intra buildings a function of the physical plan. 

Community Planning Can Reduce the Building Loads 

Community planning includes th° siting of buildings (1) so that some buildings pro­
vide solar shading and wind shielding for other buildings; (2) the development of land 
mass can provide topo profile to accommodate berms for insulation and thermal mess; (3) 
trees and shrubs can provide wind breaks and solar shading to reduce heating and cording 
loads, and wind channeling for passive cording 
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Out- can use landscape planning to provide trees to create venture-effects for natural 
cooling of building complexes In the I 'NHP World Headquarters in Nairobi Kenya. 
Dubin-Bloome Associates designed wind channeling sys tems to passively cool the build­
ings and act as solar shading a.s well. 

One can use site development to create berms for insulation and the rma l storage '.o 
reduce beat ing and ,\*-! ; 'ig loads The layout of s t ree ts and land development are impor­
tant considerations for reducing loads on a community-wide ba.s:s. 

Underground buildings, with exposed south-facing facades, requiring site develop­
ment to a t ta in the topographical profiles on a community-wide scale, reduce heating and 
cooling requirements and system capacity. 

Energy storage using the acquifer, deep abandoned mines, caves and other natural 
subter ranean features can be used with a number of communi ty energy system options. 

In most climatic zones in China, space heat ing is. and will be. a requirement. 
Energy-conscious community planning can reduce energy for heating by orienting each 
building with an east-west axis to maximize passive solar heat ing through south, 
southwest , and southeast exposures The communi ty plan will avoid locating buildings 
which will shade those facades of adjacent buildings, while providing wind breaks for the 
north, nor thwest and northeast exposures of adjacent buildings. C o m m u n i t y systems pro­
vides this oppor tuni ty , which is not fully available in individual s tand-a lone buildings. 
Proper or ienta t ion can reduce heat loss and heat gain in the summer by 20 to 40%, while 
contr ibut ing passive solar heat gain in the winter to meet ihe reduced residual load. 

One can locate buildings within a comn-.unity so that south-facing s t ruc tures can 
reflect sunlight to the north facade fenestration of neighboring buildings to enhance day-
lighting. 

Developing the site plan so that solar access is assured to all buildings can increase 
solar passive heating and daylighting to all buildings. This requires control of building 
heights, set-backs, and careful s tudy of solar angles. Dubin-Bloome Associates planned 
such a development for three large sites in New York City; will now lead to ordinances to 
assure compliance. 

T h e juxtaposit ion of industr ial plants, housing, and insti tutional and commercial 
buildings provides opportuni t ies to meet the individual loads in combined systems, taking 
advantage of the diversity. Cap i ta l costs and opera t ing costs and fuel co' isomption are 
materially reduced. 

Communi ty Planning Can Reduce Distribution Loads 

Tor community systems with distribution services between buildings, the energy 
requirements for distribution must be less than the energy savings result ing from the 
more efficient community sys tems equipment and diversified load. It is essential that pip­
ing dis t r ibut ion runs be as short as possible, which leads to the requirement for energy 
efficiency communi ty planning, with the largest loads closely adjacent to the energy plant. 

An efficient distribution system starts with the community physical plan Central 
facilities dis t r ibute to high thermal loads near the central facility, often with a spoke 
wheel type distribution pa t te rn Light loads in decentralized systems are more remote 
from the energy center. A good example of such planning was a project in Minnesota, not 
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yet built, which we worked on with Liuckininster Fuller, the noted engineer, architect, 
innovator, philosopher The Minnesota Experimental City was conceived in I960 as a new 
town plan tha t is ""ambitious without being imprac t ica l . " a completely self-contained 
entity that will serve as a * living laboratory for the most advanced ideas in urban plan­
ning, and technology." The project originated with a scientist . At heist an Spilhaus. who 
first proposed the city in the comic s t r ip . "Our New Age . " which he wri tes for Sunday 
newspapers. l /nder the guidance of Spilhaus. former dean of the University of 
Minnesota 's Inst i tute of Technology, the full resources of that university werp placed at 
the disposal of the project. The 73.000-acre site is 1*20 miles north of Minneapolis. 

Dubin-Bloome Associates are the consulting engineers responsible for the energy and 
waste management programs, and for recommendations for future design and planning. 
The emphasis is on the integration of energy and utili ty systems with t ranspor ta t ion and 
building s t ruc tu res . Several energy sources will be used. One area of the city will harness 
wind power, one solar energy, while another will use heat energy from the gas produced in 
the t r ea tment of sewage. There will be complete recycling of liquid waste. 

Buckminster Fuller planned for the whole city to be covered with a dome. Present 
plans call for smaller domes to cover and protect pa r t s of the city With its pollution-free, 
total energy systems, many jobs will be created in research-oriented industr ies alone. 

T o reduce the distribution loads for all energy efficient community sys tems, basic 
principles apply: 

o Reduce power for fans and p u m p s by reducing end-use loads. 

o Reduce thermal system losses with insulation; higher transmission voltages; efficient 
pumps, fans, and motors; short distribution runs; minimal frictional resistance. 

The Energy P lan t 

Community systems may be decentralized, centralized, or decentralized/centralized 
combinations. The re are benefits and constraints with each type. Decentralized systems 
provide individual end use control as do centralized/decentralized systems, but decentral­
ized sys tems alone can not t ake advantage of load diversi ty, central main tenance , higher 
efficiency cent ra l equipment, centralized pollution control , and more effective use of 
recovered waste heat. 

C o m m u n i t y systems may comprise multi-use buildings, wherein one energy plant 
designed for the building as a whole is smaller than the sum of the energy p lan t s designed 
for each discrete building function, i.e.. schools and dwelling units, and shops and public 
spaces, all housed in one building or supplied from one energy plant Diversity (t ime of 
use) permi ts a smaller plant to meet the total load since maximum requirements for each 
function do not peak at the same t ime. 

Energy management techniques and technology tha t should be evaluated in a com­
munity system include the following: 

o Solar ponds for heating domest ic hot water, space heating, and air conditioning for 
some commercial spaces requiring cooling. 

o C o m m u n i t y greenhouses which can supply thermal energy to adjacent buildings for 
space and hot water heatings, as well as providing efficient agricultural methods to 
produce food and plants 
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o Cen t ra l boiler plants with large efficient units to provide thermal energy to multiple 
buildings. 

o Cen t ra l chiller plants with large efficient units to provide air condit ioning and refri­
gerat ion to multiple facilities. 

o Large heat recovery units from prime movers to provide lower grade thermal energy 
for o ther uses. 

o Cogenerat ion systems to generate electricity for the community , with waste heat 
recovered and used for thermal purposes. 

o Seasonal heat and cooling s torage, taking advantage of climatic condit ions with hot 
s u m m e r s and cold winters 

o Chilled water or ice s torage systems for air condit ioning and commercial and domes­
tic cold storage facilities in a combined system for daily or weekly s torage . 

o Regional evaporative cooling systems to condition the outdoors and produce a 
desired micro-climate :u« designed for the A E C C community in Iran. 

o Cen t r a ! active solar thermal energy systems, and solar photovoltaic cells to generate 
electricity, combined with wind generators to provide urban energy requirements 
again diversity permits smaller plants 

o Energy efficiency s t anda rds and codes to assure that all s t ruc tures will be energy 
efficient and lit into the energy parameters of communi ty energy system require­
ments . 

o Cen t ra l biogas energy plants serving multiple and individual buildings. 

o Fiber opt ic power and light transmission 

o Wind generators to generate electricity on a regional scale, with power supplied to 
the electric grid to el iminate storage. 

o Wind-driven heat pumps to provide heating and or cooling at high Coefficient of 
Performance (COP). 

o Large-scale solar crop drying systems to improve food production and condition the 
crop in a shorter period of t ime. 

o Large-scale "phytot ron '" type s t ructures for food production using solar passive 
heat ing and power to control nutr ients and growth . 

o A high technology application for communit ies near the coast line can eventually 
employ the Ocean T h e r m a l Energy Concept (OTEC) to generate electricity and 
the rma l energy. 

o More efficient lamps and luminaires for street lighting, and other ou tdoor applica­
tions on a community scale can reduce electric power or gas consumption by a factor 
of 3 or 1 compared to present practice 

C o m m u n i t y energy systems listed above, plus o thers yet to be optimized, can result 
in reducing enemy consumption some -JO to ">()' ,' compared to the same number, type, 
and size individual buildings in the same location, not favored by Tota l Energy Efficient 
Communi ty Planning The potential is very great to reduce energy demand and depletion 
of natura l resources with communi ty systems T o e\;i!uate \\lr cost benefits of such a 
sys!em|s) requires a comprehensive study of total community planning m context with 



present cul tural and social values, puhlKul consulei at i. >ii-. and technology 

Energy sys tems are linked to other essential societal needs, i.e., food, water, waste 
disposal shelter, clean air, national securi ty, sociological patterns, and local economics. 

The Modular In tegrand I ' t iliiy Systems (M 11 ' S) dt-vel' .pcd by l l l 'D ( I S A ) at the 
initial suggestion v_>f Fred Dubin is an energy ellieieiit a l lernal ive in conventional utility 
svstems for providing heating, cooling, elecirie power. s<>lu! and liquid waste management 
and potable water This s \s tem reduces the dram ..n m >n-ieiiewable resources and 
energy. Rejected heat from power generation, liquid sewage from homes and non­
residential buildings and garbage and trash are the principal wastes involved. The 
benefits of M . I I . S include 'lie following: 

o Saves fuel by utilizing waste heat from on-site power generation. 

o Saves fuel by recovering heat from solid waste combust ion. 

o Provides oppor tuni ty for drawing upon new energy sources. 

o Reduces air pollution emissions and improves air quali ty. 

o Reduces solid wastes volume for disposal. 

o Reduces thermal pollution. 

o Reduces potable water requirements . 

o Reduces fuel requirements. 

o Provides savings due to bet ter organization and management of the overall utility 
system. 

o Provides savings due to a bet ter matching between demand and capaci ty , which 
avoids " 'overbuilding." 

o Provides savings due to greater usage of installed capaci ty. 

o Offers single management responsibility. 

o Improves operation and maintenance because of integrated design. 

o Allows land development independent of existing utili ty infrastructure. 

o Allows application to iemote . isolated communities. 

o Increases the need for enforceable mechanisms for shaping community growth. 

o Provides al ternatives for mil i tary bases, national parks, and other government 
installations 

o Offers por table system for disaster relief and emergency housing. 

o Reduces reliance on foreign oil exports. 

o Offers exportable system for sale to other countries. 

o Provides oppor tuni ty to increase off-site fabrication of utility components . 

o Provides oppor tuni ty to develop mechanisms for inst i tut ional innovation. 

Heat -Pump-Centered Integrated Community Energy Systems developed by Dubin-
Bloome Associates for Boston. Ma.ss. and \ \ a.shmgto[i D C reduce dependence on scarce 
fuels and other resources The very efficient system is based on the second law of thermo­
dynamics when usually .inly the lirM law efficiencies are addressed The opera t ing costs 
for an integrated -y^iem for New Y"rk City w>T" calculated to be $7*7 compared to 
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$1.037 per year per dwelling unit for similar performance 

A solar pond is one of the most cost effective solar ein igy techniques It is lnw tech­
nology, and can provide energy for space heating, water heating, absorption coaling, nr 
eiectric power generation. There is no limit, except land area, to tin- number of such 
ponds that could supply the energy needs of a communi ty 

A heat pump system, drawing heat from sewage in a relatively dense building 
development , can be used to upgrade the heat from sewage and deliver thermal energy at 
a higher level to buildings. 

While air conditioning will not be used widely by residential and small non­
residential buildings in the immediate future, air conditioning for industrial processes, 
large commercial buildings, hospitals, and tourist facilities can grow to become a major 
energy user and contr ibute heavily to peak power demand Therefore, it is important to 
utilize low energy systems for air conditioning. These may include direct and indirect eva­
porat ive cooling, dessicant dehumidification. cooling storage systems, efficient equipment, 
night sky radiation, and diurnal swing cooling. 

New problems will arise over time. A mas te r plan for communi ty energy systems 
must be adaptable to accommodate change. Changes in t ranspor ta t ion for instance, or 
development of new products , or sociological changes all impact energy, and the energy 
sys tems design must be able to meet new challenges. 

However, with goals firmly in mind, energy community systems as they develop, and 
as Ch ina ' s industrial development develops, will be of increasing importance in a t ta ining 
the goals of national policy. 
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E N E R G Y A N D T R A N S P O R T IN CHINA 

Yang Hongnian* 

There are close relations between energy and transport. In China, the development 
and utilization of energy are seriously limited by transport conditions. Meanwhile, vast 
amounts of energy are consumed by the transport sector, and the shortage of petroleum 
fuels influences the development of transport. Both the issues of energy transport and the 
energy demand of transport are discussed in this paper. 

Problems of Energy Transport 

Energy freight volume. The energy freight volume (mostly coal) accounts for 45% of 
the total freight volume by rail; the energy throughput of major sea ports and the ports 
of the Yangtse River covered more than 50% and 57% of the total respectively. At 
present, about 90% of the freight volume on various rail lines that pass through Shanxi 
province is devoted to transporting coal, and about 50% of the total carriages are used 
for carrying coal and oil on several lines. 

Energy traffic flow. The distribution of energy production and consumption is not 
balanced in China. Coal production is greater than consumption in North China, espe­
cially in Shangxi province. This results in much coal transport outward. There is a lack 
of coal in Northeast China and east and south parts of the coastal region, so large quanti­
ties of coal are transported inward. Thus, the main flow of energy transport is north to 
south and west to east. As for oil, the main production areas are located in Northeast 
and North China and Shangdong province. There is a lack of petroleum resources in East 
China, Central-south and Southwest areas, resulting in the situation of oil transport 
southward and westward. 

Energy transport structure. Coal and refined oil are mainly transported by rail, 
crude oil mainly by pipeline. Waterways alsc play an important role in energy transport. 

Table 1. Energy transport structure in China 

unit: % of volume 

Railway Waterway Road Pipeline Total 

Coal 75.5 21.7 2.8 100.0 
Refined oil 68.0 25.0 7.0 100.0 
Crude oil 11.0 27.0 62.0 1000 

* Institute of Comprehensive Transportation, Stale Planning Commission 
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For coal transport from the north part of Shanxi province to Shanghai, Xiamen, and 
Huangpu, the transport cost of rail-Qinhuangdao port-ship is lower than that of through 
traffic by rail. From the middle part and Southeast parts of Shangxi province, it is 
cheaper by rail-sea combined transport, transferring in Qingdao and Lianyungang respec­
tively. Therefore, it is necessary to develop the rail-sea combined coal transport. 

Energy transport development trend. Coal is the main component in China's energy 
structure. It is forecast that by the end of this century, the output of coal may be 1.4-1.5 
billion tons. Half of the total will be contributed by Shangxi province. The amount sent 
outward from there will increase by 1.8 times over the 1985 figure. The coal freight flow 
will be maintained from west to east and from north to south. In development of energy 
transport, the emphasis will be put on east-west railway construction in the area north of 
Long-Hai rail line (Lanzhou-Lianyungang). The existing rail lines Fengtai-Sacheng-Daton. 
Beijing-Yuanping, Shijianzuang-Taiyuan, Taiynan-Jiaozou, and Handan-Changzhi will be 
overhauled and a heavy double-tracked line from Daton to Qinhuangdao will be con­
structed as well as other lines. To meet the need of coastal shipping from north to south, 
it is necessary to strengthen the exiting ship loading ports (Qinhuangdao, Qingdao, Shi-
jiusuo, Lianyungang) and to develop new coal ports. Construction of ship unloading ports 
located in Shanghai, Jiang-su, Zhejian, Fujian, Guangdong will also be emphasized. 

The output of crude oil in 1985 was 124.9 million tons. It is forecast that the 
volume will reach 200 million tons by the end of this century. The oil field in the west 
area will be developed step-by-step, and output will be increased in the east area as well. 
For the western oil fields, rail transport will be used in the primary stage and pipeline 
transport in the later. Some districts with large refined oil transport will construct oil 
product pipelines. 

Energy Consumption in the Transport Sector 

Transport consumed 48.1 Mtce in 1985, 6.3% of the total primary energy consump­
tion. 

In 1985, for railway passenger and freight traffic, steam locomotives consumed 26 
million tons of coal; diesel traction consumed 2.07 million tons of oil; and electric traction 
used 4.24 billion kWh. The stock of motor vehicles (3.21 million) consumed 12 million 
tons of gasoline and diesel oil, 61.2% of the total liquid fuel consumed by the transport 
sector. Waterway transport used 4.28 million tons of diesel and residual oil (21.8%). 
Aviation consumed 670 thousand tons of kerosene and gasoline (3%), nearly two times 
the figure in 1980. 

The energy intensity of different transport modes is shown in Table 2. The energy 
intensity of railway diesel and electric traction and sea and ocean ship are lowest. This is 
one important reason to adopt railway and rail-sea combined transport for coal. 

Energy Demand Forecast 

Future transport energy demand depends on (1) the development level of passenger 
and freight traffic; (2) the traffic structure of different transport modes; and (3) the 
efficiency of energy utilization of different transport vehicles. 
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Table 2. Energy intensity of diiferent transport modes in 1985 

Mode-Specilic Unit Common Unit 

Railway: 

Steam Locomotive 

Diesel Locomotive 

Electric Locomotive 

Coal (kg/1,000 gross Tkm) 

Diesel oil (kg/1,000 gross Tkm) 

kWh/1,000 gross Tkm 

17.0 

2.88 

12 15 

(kgce/1,000 net Tkin) 25.3 

(kgce/I.OOOnetTkm) 0.2 

(kgce/ l ,000netTkm) (i .5 

Waterway: 

Sea Oceanship 

Changjiang Navigation 

Diesel oil (kg/1,000 equivalent TSM) 8.55 

Diesel oil (kg/1,000 equivalent TSM) 6.94 

(kgce/l.OOOnetTkm) 6.6 

(kgce/l.OOOnetTkm) 9.9 

Road: 

Freight Vehicles 

Passenger Vehicles 

Gasoline (L/100 vehicle-km) 

Diesel oil (L/100 vehicle-km) 

Gasoline (L/100 vehicle/km) 

Diesel oil (L/100 vehicle-km) 

36.0 

32.7 

30.0 

26.9 

(kgce/ l ,000netTkm) 93.6 

(kgce/ l ,000netTkm) 614 

(kgce/1,000 pkm) 98.2 

(kgce/l,000pkm) 75.0 



Railway transport. At present, the steam locomotive is still the main railway trac­
tion power in China. Electric and diesel traction have de\ L-ioped slowly. The shares of 
traffic volume fulfilled by steam, diesel and electric traction were 60.9%, 32%, and 7.1% 
respectively in 1985. The development of electric traction will accelerate in the 7th Five 
Year Plan period. Electric locomotives will be used not only on high slope and long tun­
nel railways, but also on double-tracked lines with heavy traffic volume. The forecasted 
railway passenger and freight traffic volume for 2000 is 2,400 billion equivalent ton-km. 
The forecasted ratio is 20% steam locomotives, 35% diesel locomotives, and 45% electric 
locomotives. According to the fuel consumption indexes of different transport modes in 
1985, it is calculated that the railway will need 22.4 million tons of coal, 3.5 million tons 
of diesel oil, and 19 billion k\Vh of electric power. In the railway energy consumption 
structure, the ratio of coal will decrease, while electric power and oil will increase (Table 
3). 

Table 3. Rai lway energy consumption structure 

unit: % of total energy 

1985 2000 

Coal 81.1 59.2 
Oil 13.0 18.4 

Electric Power 5.9 22.4 

Road transport. The stock of trucks and cars for civil use amounted to 3.21 million 
in 1985. It is expected to be 12-13 million by 2000, including 2.5-3.0 million small cars 
(Table 4). According to the forecast, it will account for 55.2% of the national passenger 
traffic and 19.7% of the freight traffic by 2000, and will consume 35-36 million tons of oil. 

Table 4. The stock of trucks and cars in China 

1985 2000 (forecast) 

Thousand % Thousand % 

Cars 480 15.0 3,000 23.4 

Vans 110 3.4 1,200 9.2 
Busses 200 6.2 800 6.2 
Trucks 2,420 75.4 8,000 61.2 

Total 3,210 100.0 13,000 100.0 

Civil aviation registered 1.32 billion ton-km in 1985 and consumed 0.67 million tons 
of oil. It is forecast that the traffic will reach 7 5 billion ton-km by 2000, and consume 
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3.8 million tons of aviation oil. 
Waterway and Pipeline. According to the traffic development, they will consume 

11.9 and 1.0 million tons of oil respectively by 2000. 
Transportation consumed 19.62 million tons of oil in 1985 (Table 5). It is forecast 

to be 55.2 million tons by 2000. The annual increase of 7.1 % is higher than the expected 
rate of growth in crude oil production (3.2%). Therefore, the contradiction between oil 
demand and supply will be very sharp. 

T a b l e 5. Oil consumpt ion a n d s t r u c t u r e of different t r a n s p o r t modes 

Transport mode 1985 2000 (forecast) 

Million tons % Million tons % 

Railway 2.07 10.6 3.50 6.3 
Highway 12.00 61.2 35.00 63.4 
Waterway 4.28 21.8 11.90 21.6 
Aviation 0.67 3.4 3.80 6.9 
Pipeline 0.60 3.0 1.00 1.8 

Total 19.62 100.0 55.20 100.0 

The increase of railway oil consumption will be not so high, resulting from the 
acceleration of electric traction development, while the oil consumption of vehicles and 
aircraft will grow rapidly. The total energy demand of different modes is shown in Table 
6. It is forecast that transport will need 102.20 Mtce by 2000, amounting to 7.3% of 
national primary energy consumption. 

Tab le 6. Ene rgy demand of different transport modes 

Transport mode 1985 2000 (forecast) 

Mtce % Mtce % 

Railway 22.90 47.5 26.90 26.3 
Highway 17.20 36.0 51.44 50.4 
Waterway 6.16 12.7 17.00 16.6 
Aviation 0.98 2.0 5.43 5 3 
Pipeline 0.86 1.8 1.43 1.4 

Total 48.10 100.0 102.20 100.0 



Energy Conservation 

Energy supply and demand will not balance in the transport sector by 2000. The 
measures to solve this problem are: to increase energy production, to put priority on oil 
fuel supply for transport vehicles, and to make an effort to reduce energy consumption. 

Railway transport. The key is changing the structure of traction power. Locomotive 
heat efficiency for steam engines is 7-8%, for diesel 30%, for electric 28%. If the electric 
traction will have 45% of the traffic volume, diesel traction 35%, and steam 20% , they 
will consume about 26.90 Mtce, 17.5% more than in 1985, while the traffic volume will be 
doubled. It is necessary to improve the technical characteristics of all three kinds of 
locomotives, to improve combustion technique and heat efficiency to reduce energy con­
sumption. 

Road transport. Civil trucks and cars account for more than 1/3 of the sale amount 
of petroleum products. Thus energy saving in road transport is very important. Vehicle 
technical characteristics are backward in our country. Oil consumption per vehicle-km is 
20-30% higher than that of foreign vehicles in general. There are fewer diesel and more 
gasoline trucks, and the efficiency of gasoline engines is 25% lower than diesel engines. As 
to the size of trucks, there are fewer large trucks (more than 8 tons in loading capacity) 
and more medium trucks. The oil consumption per ton-km of medium trucks is nearly 
double that of large trucks. Along with the lower technical class and quality of the road, 
this results in the increase of oil consumption. It is necessary to improve engine charac­
teristics to produce energy-saving vehicles. Diesel engines will be used in large trucks. 
We need to develop light trucks for bulk transport and trailers for inter-city transport, 
and to upgrade roads. 

Ship transport. The oil consumption volume of the waterway sector is second behind 
road transport in the transport system. In China, the oil consumption rate of low-speed 
diesel engines used for ships is 160-168 gram/hph, and medium-speed diesel engines use 
165-175 gram/hph. Both are 25 gram/hph higher than the figures of foreign shipping. 
We will gradually phase out the old ships with usage of more than 20 years, promote ship 
engine and ship design, and develop new energy-saving techniques. The transport ship 
fleet will be equipped with energy-saving ships. 

Aviation. In the existing transport aircraft fleet of China's civil aviation, the crafts 
with advanced technical characteristics, such as B737, B747, B767, and A310 are less in 
quantity, while B707, Tridents, IL62, IL18, An24, etc., with higher oil consumption are 
still more in quantity. In the future, it is necessary to phase out the old types of crafts, 
and to develop energy-saving and lower noise crafts for the objectives of safety, energy 
saving, and comfort. 
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THE U.S. TRANSPORTATION S EC TOR IN PERSPECTIVE 

Vito Stagliano* 

Background 

Road Transportation 

Federal involvement in transportation is based on constitutional powers to assure 
mobility for national security purposes, for delivery of mail and for interstate commerce. 
For most of the twentieth century, Federal funds have been distributed to States for road 
construction purposes according to formulas based on population, area, and mileage 
requirements. 

Full construction of v.hat came to be known as the Interstate Highway System 
began with Congressional establishment of the Highway Trust Fund. The Trust Fund 
consists of taxes collected by the Federal Government on gasoline and diesel fuel and 
other user fees. As of December 1987, 41,859 miles, or 98% of the Interstate Highway 
System was open to traffic. 

Overall, the U.S. road system comprises slightly less than 3.9 million miles of road. 
Management of these roads is overwhelmingly under the control of County and local 
governments. State taxes on fuel and on licensing of persons and vehicles produce the 
bulk of the revenue required to construct and maintain the national road system. 

Air Transportation 

The Federal Aviation Administration (FAA), an agency of the U.S. Department of 
Transportation, traces its origin to the Air Commerce Act of 1926. This legislation pro­
vided the authority by which the Federal Government has certified pilots and aircraft, 
developed air navigation facilities and assured flying safety. In 1958 Congress enacted the 
Federal Aviation Act, reorganizing the national air ' ransportation system. 

A principal responsibility of the FAA's 50,000 member staff is the management of 
the world's largest air traffic control and navigation system. The FAA's second major 
responsibility is the establishment and enforcement of standards for the training and test­
ing of aircraft operators, and for the design, certification, and airworthiness inspection of 
aircraft. A third critical FAA responsibility is the expansion and modernization of the 
nation's airport facilities. The present system contains about 16,000 facilities, comprising 
5,200 airports with paved runways, 300 of which are used for regular service by large 
certified carriers and account for 96% of passenger emplanements. 

The Airport and Airways Trust Fund was established by Congress in 1970 for avia­
tion system construction and enhancement. It is financed by taxes on passenger tickets, 
on air cargo, and on aviation fuel. 

* Director of Policy Integration, U.S Department of Energy. Washington. D.C 
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The Airline Deregulation Act of 1978 established that the air transportation system 
will rely "on competitive market forces to determine the quality, variety, and price of air 
services," and not on governmental regulation. The Act provided a public policy frame­
work which resulted in substantial reductions in air travel costs for the average consumer, 
in increased competition in the airline industry, and in a proliferation of new national and 
regional carriers providing service to dramatically larger numbers of air travelers. About 
560 million passengers are emplaned annually in the United States, or more than twice 
the population. 

Rail Transportation 

Railroad transportation in the U.S. comprises two distinct systems, freight and 
passenger, which are regulated and supported by the Federal Government in distinct 
ways. 

The Rail Passenger Service Act of 1970 was enacted by Congress in order to reverse 
the decline of inter-city rail passenger service. Congress created a quasi-governmental 
passenger rail corporation known as Amtrak, and charged it with management of a basic 
route system to connect 495 points around the nation. Amtrak .vas initially designed as a 
self-financing corporation but it has required Federal subsidies since inception. 

The Federal Interstate Commerce Commission regulates rail freight transportation. 
Until mid-century, railroads were key arteries n the national transportation system. By 
1980 nearly two-thirds of the nation's interrity freight was moved by other means. 
Heavily regulated and economically uncompetitive, railroads were not generating 
sufficient earnings to meet basic capital expenditure* i equirements. 

The Staggers Rail Act of 1980 partially deregulated the rail industry and established 
provisions for federal support to rehabilitate those portions of the industry deemed essen­
tial to the national interest. 

Current Sys tem Size and Use 

Road Transportation 

The surface transportation system is central to the U.S. economy in terms of 
manufacturing capacity, freedom of movement, and energy use. The United States 
remains the world's largest vehicle market. Its vitality is critical to the health of both 
domestic and international vehicle manufacturers. Car and truck sales amounted to 16.3 
million in 1986, with imports capturing 2hl% of the market. The nearly 160 million 
licensed drivers in the U.S. travelled a record 1.9 trillion miles in 1986, using 126 billion 
gallons of fuel. 

Air Transportation 

Air transportation in the U.S. is provided through two systems, certificated air car­
riers and general aviation, the latter comprising all aircraft not associated with commer­
cial fleets. General aviation aircraft do not provide passenger or freight service and are 
used principally for personal activity. General aviation aircraft account for 98 .8^ of the 
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aircraft in operation in 1984 and fly nearly five times as many hours as air carriers. 
Certificated fleet air carriers reported 4,909 aircraft in operation in 1986. This fleet 

emplaned over 397 million passengers at territorial U.S. stations in 1986 and flew 3.4 bil­
lion revenue miles and 8.4 million revenue hours. 

The Federal Aviation Administration estimates the number of U.S. active certified 
pilots for commercial airlines at 148,000. private pilots at 306,000, and flight instructors 
at 57.000. 

The percent of intercity passenger miles accounted for by air transportation has 
increased from 4cc> in 1960 to about 18% today (see Table l) . 

T a b l e 1. Pe rcen t of In t e r c i t y Passenger Miles by Mode of T r a v e l 

1960 1986 
Automobile 90.4 80.4 
Airway 4.4 17.6 
Motor Coach 2.5 1.3 
Railway 2.8 0.7 

Rail Transportation 

While other transportation modes have experienced exponential growth in the last 
decade, rail transportation has remained stagnant. Amtrak reported revenue passengers 
carried in 1986 at 20.1 million, slightly higher than in 1985. The labor and capital inten­
sity of rail transportation is unlikely to change substantially, making inter-city rail 
passenger traffic a permanently subsidized travel service. 

The percent of U.S. intercity freight traffic (volume) carried by rail has stedaily 
declined over the past 60 years (see Table 2). In 1929, rail carried 75% of total U.S. 
intercity freight, but by 1986 this had declined to 36%. 

Table 2. Percent of Intercity Freight Traffic by Mode 

Rail Trucks Great Lakes Rivers Oil Air 
& Canals Pipelines 

1929 74.9 3.3 16 1.4 4.4 0 
1939 62.4 9.7 14.0 3.7 10.2 0 
1950 56.2 16.3 10.5 4.9 12.1 0 
1960 44.1 21.7 7 6 9.2 17.4 0 
1970 39.8 21.3 5.9 10.5 22.3 0.2 
1980 37.5 22.3 3.9 12.5 23.6 0.2 
1985 36.4 24.8 3.1 12.5 22.9 0.3 
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Freight railroads reported improvements only in their truck iraiier-to-rail opera­
tions in 198b. Containerized and truck-to-niil freight shipment is viewed as having 
significant growth potential as a trans-continental transport system. C'oal and farm pro­
ducts hauling represents nearly 50 £7 of revenue freight for reporting railroads 

Energy in T r a n s p o r t a t i o n 

The transportation sector accounts for one-fourth of all energy used in the United 
States and for 64°? of all petroleum consumption. Furthermore, transportation is depen­
dent on petroleum for 97°? of its energy requirements, having insignificant fuel-switching 
capability In 1987. the L'.S. consumed 16.5 million barrels of oil per day, 10.5 million 
B D of which were used in the transportation sector. 

Since 1975. the amount of petroleum used for transportation has exceeded domestic 
I S production and this condition is expected to continue into the 1990s. By 2000, the 
transportation sector is expected to require close to 11 million B D in order to satisfy 
increasing demand, while domestic oil production, depending on relative international 
petroleum prices, is likely to decline to between 6 and 8 million B, D. 

Since 1970. transportation energy consumption has increased at an annual rate of 
1.5C7 per year in spite of considerable gains in fuel-use efficiency. The fuel efficiency of 
new automobiles and trucks increased 68% from 1973 to 1986, and aircraft operating 
efficiency increased 90^0 in the same period. Transportation oil consumption is projected 
to increase even as average fuel efficiency for new vehicles approaches 40 miles per gallon 
by the year 2000. The increase is due to continual expansion of the vehicle fleet, and to a 
larger population driving more vehicle miles. 

The largest petroleum users in transportation are automobiles and motorcycles 
(45°?). Trucks .\nd buses account for 31% of the sector's petroleum use. air transport 
nearly 8°?. and rail 2.5%. 

Policy Effects 

Policies adopted by 'he U.S. Congress in the last fifty years have been translated 
into an efficient and cost-etT°ctive transportation system. The exceptional market com­
petitiveness that has been created permits two-thirds of all households in the U.S. to own 
at least one vehicle, and over 19% of all households to own three or more. Furthermore, 
passenger cars operating costs have remained extremely low. In 1986, fuel, tires and 
maintenance costs averaged 6.5 cents per mile for an intermediate vehicle, with service 
available at over 329,000 repair, maintenance, and fuel stations around the country. 

Deregulation of the air transportation industry has also resulted in substantial con­
sumer benefits. Air travel costs have been reduced in most cases. It costs less to fly 
between New York and Los Angeles than between Paris and London, a fraction of the dis­
tance. The least efficient transportation sub-sector in the U.S. is the railroad, which is 
also the most regulated. Federal transportation subsidies per passenger mile, net of user 
fees, were estimated by the Congressional Budget Office in 1980 at 23 6 cents for rail, 0.1 
'•ents for autos, and 0.2 cents for commercial aviation. 
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Deregulation of the petroleum market in 1981 brought about consumer and 
econt. "»ic benefits that significantly affected the transportation sector After adjustment 
for inflation. U S gasoline prices are the lowest they have been in a generation. Since 
mid-1985 gasoline prices have remained below $1.00 per gallon Furthermore, the US 
taxes gasoline at the lowest percentage of any Western nation, with consequent retail 
prices that are among the lowest in the world 

Near-Term Transportation Issues 

Clean Air 

The benefits and freedom inherent in private ownership of vehicles carry environ­
mental costs Federal standards for exhaust emissions have been in effect for two decades 
and have resulted in dramatic reductions of pollutants. Between 1973 and 1982. hydro­
carbon and CO emissions were reduced by 96f"r. and NOx emissions by 7 6 ^ . Neverthe­
less, air pollutants have remained substantially above the standards set by Congress in 
19b0. About 80 U.S. metropolitan areas are, and are likely to remain, in violation of Hie 
law. 

A range of policy initiatives are being contemplated, at national and local levels, to 
address the air pollution issue The transportation sector is at the center of these deli­
berations because greater options are available to reduce pollution from mobile sources 
than from stationary sources. Options being considered include tighter vehicle emission 
standards and the use of alternative fuels. Some l \S . states like California are imple­
menting long-term programs to substitute gasoline-powered vehicles with alternative fuel 
ones Others are focusing their efforts on replacing diesel-powered buses with cleaner-
burning fuels and engines. 

The U.S. Congress will reassess air pollution issues during the latter half of 1988 
when the Clean Air Act, which is close to expiration, comes up for reauthorization. 
Among the proposals being considered are legislative requirements for the use of alterna­
tive fuels in fleet-operated vehicles and for minimum levels of oxygenated blends. 

Fuel Economy 

Federal standards for automotive fuel efficiency were legislated by Congress in the 
late 1970s in the aftermath of the OPEC i.iduced oil shocks. Corporate Average Fuel 
Economy (CAFE) for the U.S. fleet averaged 15 miles per gallon (mpg) in 1970. The US 
Department of Transportation administers the CAFE law. and the U.S. Environmental 
Protection Agency provides estimates of new vehicle fuel economy. 

CAFE Standards were to have reached 27.5 mpg by 1981 and to have remained at 
that level In 1986. the standards were temporarily lowered to 26 mpg in response to a 
petition by two domestic auto manufacturers, and based on the determination that, 
though technologically feasible, the higher standards would have resulted in an unaccept­
able economic and marketing burden on manufacturers. Nevertheless, new car fuel 
efficiency in 1988 is projected to meet or surpass the 27.5 CAFE Standard I S . Depart­
ment of Energy projections of year 2000 petroleum demand assume a continual rise in 
auto fuel efficiency, reaching nearly -10 mpg levels by 2000 
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The unresolved debate as to the future of CAFE standards is whether fuel efficiency 
can or cannot be achieved through the competitive nature of the auto industry in the 
absence of governmental regulation The Reagan Administration has consistently advo­
cated repeal of the CAFE law and Congress has consistently declined to do so. The fuel 
efficiency debate is expected to continue under the new Administration that will take 
office in January 19S9. 

Alternative Fuels 

The 1986 collapse of oil prices and subsequent reduction in US. domestic oil produc­
tion induced a re-examination of national dependence on petroleum imports Subsequent 
analyses concluded the U.S. faces oil imports of between 8 and 10 million B D by 1995 
and beyond. Because non-transportation oil use in the I S is concentrated in specialized 
sectors, transportation offers one of the few options for substantially decreasing oil 
imports. 

Alternative transportation fuels are being actively examined as possible contributors 
to energy security as well as possible mitigators of air pollution. DOE's ongoing assess­
ment of fuels such as methanol, compressed natural gas, and electricity indicates that oil 
producers, especially those controlling large reserves and excess capacity, will have the 
capability to price oil below the cost of any alternative fuel.' Furthermore, alternative 
fuels such as methanol would be produced from natural gas feedstocks, the most economi­
cal of which can be found outside the U.S. Imports of alternative fuels would therefore be 
as likely as imports of petroleum, with the important caveat that they could be produced 
in a wide range of world regions that would render the emergence of an oil-like cartel 
extremely unlikely. Widespread or even limited introduction of alternative fuel vehicles 
would require a substantial restructuring of the transportation sector. The time frame 
required to modify a system as complex as that of the United States would limit introduc­
tion of alternative fuels, in substantial volumes, before the year 2000. 

Summary 

The U.S. transportation sector reflects national goals of providing maximum free­
dom of mobility for people, goods and services. The Federal Government has been a 
major force in shaping and developing the American air, rail and road transportation sys­
tems by financing transportation since 1823 and regulating it since 1887. 

The current system was substantially restructured by acts of Congress promulgated 
between 1950 and 1970. Perhaps the most influential of these were the Highway Trust 
Fund legislation of 1956. the Federal Aviation Administration Act of 1958 and the related 
Aviation Trust fund, the Aviation Deregulation Act of 1978. Policies emanating from 
these laws have shaped where and how Americans live, work, and pursue leisure activi­
ties. 

In the next decade. >' iblic policy considerations will likely focus on managing the 
environmental effects of auto emissions, reaching levels of auto fuel efficiency standards 
that will contribute to a reduction of petroleum impor' . and determining conditions for 
the introduction of alternative transportation fuels. 
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E N E R G Y USE IN C H I N E S E I N D U S T R Y 

Wang Jiacheng* 

The P r e s e n t Si tuat ion of Industrial Energy Consumption in China 

Over 60% of China's total energy consumption of more than 800 million tons of coal 
equivalent (Mtce) is consumed by the industrial sectors (including energy-processing and 
energy-converting sectors). This is an important characteristic of China's energy con­
sumption that is different from developed countries. Analysis and research about the 
present situation and development trend of energy consumption, and the forecast of 
industrial energy demand in the distant future are major tasks for energy study in China. 

Industrial energy consumption in one country (or area) is closely connected with the 
development and change of industry and its structure. As a result of different industrial 
trade structures, there are different industrial output value given by the same amount of 
industrial energy consumption. In other words, there is different industrial eneigy con­
sumption required by the same amount of industrial output value because of different 
industrial trade structures. 

With the development of industry, China's industrial energy consumption has 
increased rapidly. According to the State Statistics Bureau, during the period of the 
Sixth Five-Year Plan the industrial net output value (calculated by current prices) 
increased from 180.4 billion yuan in 1980 to 315.2 billion yuan in 1985. The average 
annual growth rate (calculated in constant prices) was 10 1%. Industrial energy con­
sumption (excluding the village-run industries) increased from 389.9 Mtce in 1980 to 471.7 
Mtce in 1985, an average annual growth rate of 3.99o. During this period, the proportion 
of industrial energy consumption in China's total energy consumption decreased from 
64.7% to 61.2%. This was a result of structural trends towards energy-saving patterns 
within industry. 

Historically, the development of the industrial trades in China was not sufficiently 
coordinated. The speed of development of raw material industries such as metallurgical 
industry, chemical industry, and building material industry greatly exceeded that of pro­
cessing industries such as food, textiles, etc. During the period from 1953 to 1980 the 
average annual growth rates in the metallurgical, chemical, and building material indus­
tries were over 11%, while that in the food and textile industries were only about 7%. 
Because the energy consumption per unit of output value in raw material industries is 
three or four times as much as that in processing industries, the excessive development of 
high-energy-consuming raw material industries necessarily led to the increase of industrial 
energy consumption and its proportion of total energy consumption. As a result of carry­
ing out the policy of "readjustment, reformation, reorganization and improvement" since 
1979, the economic structure, particularly the industrial structure, has been gradually 
rationalized and coordinated, and the economic effect of energy utilization has been 

* Energy Research Institute, State Planning Commission 
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constantly improving. 
The energy consumption per unit of industrial output value is a composite index to 

measure the utilization level of energy in the country's (or area's) industrial development. 
Between 1980 and 1985, the energy consumption per 100 million yuan of industrial net 
output value (calculated in constant prices of 1980) declined from 0.216 Mtce to 0.161 
Mice. The steady deciine of energy consumption per unit of industrial output value is the 
result of the readjustment of industrial structure and the energetic development of energy 
conservation in the industrial trades. Since 1980 the Chinese government has set up and 
carried out the energy policy of ''paying attention to both the development and conserva­
tion of energy, and giving priority to energy conservation in recent years," and has put 
the stress of energy conservation on the industrial sectors. 

Energy conservation includes both '"direct" and "indirect" energy conservation. 
Readjustment of the trade structure within the industries, reformation of production 
composition, saving on raw materials, improvement of product quality, and increase in 
the variety of products can all play a role in indirect energy conservation. Direct energy 
conservation includes adopting various technical measures such as reformation of techno­
logical processes, renewal of equipment, recovery of waste energy and waste materials, 
etc.. to reduce the expenses of energy. During the period of the Sixth Five-year Plan, the 
total amount of energy saved was 149 Mtce, equivalent to 4.27cri of total energy con­
sumed. Most of this was saved by industrial sectors. Direct energy conservation 
accounted for 2b% of savings. 

The proportion of coal in the energy consumption of the industrial sectors is rela­
tively great. In 1985, the composition of industrial energy consumption by sources was: 
coal 43 .2^ . coke 9.b%, oil products 8.5°?, gaseous fuels such as natural gas 5.5°t-, electri­
city 26.9^c, heat 2 .5^ , other 3.9°^. The high reliance on coal and the large amount of 
raw coal used as direct industrial fuel are the main reasons bringing about a low efficiency 
of energy utilization and serious environmental pollution. 

The Trend of Industrial Energy Consumption in China 

In the course of China's modernization, the speed of development of industry will 
exceed that of agriculture, and the speed of development of heavy industry will exceed 
that of light industry. Therefore, industrial energy demand will continue to increase. 
Given the relatively tight contradiction between energy supply and the goal of doubling 
the industrial output value, energy conservation is crucial for resolving the industrial 
energy problems. China will continue to carry out the policy of direct energy conserva­
tion in combination with indirect energy conservation in the industrial sectors to cut the 
expenses of energy and to reduce the amount of energy consumption. 

The energy consumption of industrial sectors in China is great, and so is the poten­
tial of energy conservation. At present, the expenses on energy per unit of industrial out­
put value are very high. Given that the expense of energy per unit of output value differs 
greatly among the industrial sectors, continuing readjustment of the industrial structure 
on the basis of coordinated development of the trades is beneficial to decrease industrial 
energy consumption and increase the economic effect of energy utilization. The rationali­
zation of industrial structure will accompany the coordinated development and balancing 
of the whole national economy It will focus on readjustment of industrial product 
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structure; developing more complete processing, "professing depth" and fineness of pro­
ducts, and improvement of the quality of products For example, petrochemical and 
coal-chemical processing industries based on the rational and comprehensive utilization of 
the coal and oil resources should be developed quickly. 

In China, existing production techniques and energy consumption equipment such as 
boilers, industrial furnaces, electrical machinery, pneumatic machines, water pumps, etc., 
are mostly equivalent to the 1950s-1960s level of developed countries, while a few reach 
foreign 1970s level. So there is great potential to reduce industrial expenses on energy 
through technical progress. For instance, in the iron and steel industry there are various 
new domestic and foreign energy-saving techniques that are suited to local conditions. 
These include shaft furnace pellet, top-blown net oxygen steelmaking. continuous casting, 
and direct rolling. In the chemical industry, particularly in synthetic ammonia produc­
tion, there is good potential for cogeneration of heat with power. In the machinery indus­
try, the processes of precision boundary, chipless metal working, etc.. should be spread. 
All industries can adopt advanced combustion equipment, high efficiency heat exciiangers, 
high-grade furnace body lagging materials, and so on. The movement from rough pro­
cessing toward depth processing will also promote adoption of new technologies. In brief, 
renewing and remaking low efficiency energy-consuming equipment and backward produc­
tion technologies using advanced teehnical equipment, and at the same time adopting 
various effective technical measures aimed at reducing per unit expenses of energy and 
increasing efficiency of energy utilization in each trade, are the main ways of energy con­
servation in the future. The goal of energy conservation stipulated in China's Seventh 
Five-year Plan is 100 Mtce. This will be achieved depending mainly on the industrial sec­
tors. In the period of the Seventh Five-year Plan, the state intends to establish a batch of 
key projects for energy conservation and introduce widespread projects with advanced 
techniques and good energy-saving and economic effects. 

The energy industry is both an energy producer and an energy consumer. The self-
consumed energy in Chinas energy industry (including the loss in energy processing and 
converting) accounts for about 17.6% of industrial energy consumption. In 1985 the self-
consumed energy by the energy industry was 82.76 Mtce, which accounted for 9.7% of 
total energy production. This was much higher than the proportion in the main industri­
alized countries (about 6%). Henceforth, the Chinese government will strengthen the 
management of the energy industry, improve technology, and steadily increase energy 
production, while doing the best to reduce the proportion of self-consumed energy and 
energy loss. 

Electricity is important for industrial technical progress. The level of electricity 
consumption is one of the important signs of the modernization of production and life. 
At present, the proportion of electricity in industrial energy consumption (calculated by 
equivalent of calorific value, 9.8% in 1985) is far lower than that of the main industrial­
ized countries (in 1982, 15.4% in the U.S., 23.5% in Japan, 19.8% in West Germany, and 
16.0% in Britain). In order to suit the requirements of modernization, the Chinese 
government proposed the policy that "energy industry development should take the 
power industry as the key" in the Seventh Five-year Plan. The electric power production 
of the whole country in 1990 was planned to reach about 550 billion k\Vh, and in 2000 it 
is forecast to exceed 1,200 billion k\Vh. Therefore, the proportion of electric power in 
China's industrial energy consumption will increase in the future. 
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On the other hand, the proportion of coal in the industrial energy Mructure will be 
reduced gradually. However, more coal will be processed and converted nit" I'TMIS MJCII 
as gas to raise the efficiency of energy utilization and reduce t-iiv ir-.iuii'*nt;il p'-Iluii-.n 

Forecast of Industrial Energy Demand in China 

The main factors that influence industrial energy demand are the development speed 
of industry, changes of industrial structure, and changes of per unit expense of energy in 
industrial trades. Taking 1985 as the base year, we adopt the forecasting method of sec­
tor analysis and forecast briefly industrial energy demand in China by the yi'ar 2015. 

The energy consumption, gross output value, and expense of energy per unit of out­
put value in China's industries in 1985 are listed in Table 1. 

Table 1. Industrial Energy Consumption and its Composition, 1985 

Trades 

Expense "f 
Energy Cross Out put Energy per 

Consumption Value unit Output 

\ alue 
100 M (10000 tee 

Mtce °c Yuan % lOOMYuan) 

Total Industr ies 471.73 100.0 8294.51 100.0 5.69 
Of Which: 

Energy Indust ry 82.76 17.6 852.82 10.3 9.69 
Raw mater ia l Industry 24R.81 52.3 2074.52 25.0 11 90 
Processing Industry 142.16 30.1 5366.17 64.7 2 6 5 

Of Which: 
Heavy Indus t ry 376.83 79.9 4222.69 50.9 8.92 
Light Indus t ry 94.90 20.1 4071.82 49.1 2.33 

Source: China Statistics Yearbook 1986, 1987 

The Development Speed of Industry 

According to the goal of quadrupling the gross output value of industry and agricul­
ture from 1981 to 2000, the average annual growth rate of industrial output value should 
be higher than 8%. During the period of the Sixth Five-year Plan (1981-1985), the aver­
age annual growth rate actually reached 10.8%. During the period of the Seventh Five-
year Plan (1986-1990), the average growth of industry was planned to be 7.5 pc per year. 
It is assumed here that the average annual growth rate of industrial output value will be 
7.5% during the period from 1986 to 2000 and 6% during the period from 2001 to 2015. 
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Changes of Industr ia l Structure 

As mentioned above, in recent years China obtained the effect of reducing the 
expense of energy per unit of industr ia l output value in the readjustment of industrial 
s t ructure Henceforth, in the coordinated development of industry, heavy industry must 
still keep a higher development speed. The steady increase of the energy industry should 
be ensured While keeping a reasonable development proportion among energy, raw 
material and processing industries, the development of processing industries (machinery, 
electronic, fool , light and textile industries! should be increased appropria te ly . The 
development of raw material industries - metallurgy, chemistry and building materials 

must focus on those raw mater ia ls that provide for agricul ture and light industry, and 
emphasize the non-ferrous and non-metal industries for which there are abundant 
resources, and the petrochemical depth processing industries In the development of iron 
and steel and chemical fertilizers, the readjustment of product proportion such as the 
ratio between iron and steel and the proportion among nitrogen, phosphorus and potas­
sium should be given attention The assumed industrial s t ruc tures of the year 2000 and 
2DI") are shown m Table 2 

T a b l e 2. T h e C o m p o s i t i o n of I n d u s t r i a l V a l u e 

19 SO 1985 2000 2015 
Trades (Actual) (Actual) (Assumed) (Assumed) 

Total Industries 100.0 100 0 100.0 100.0 
Of which 

Energy industry 12.9 10.3 11.0 15.0 
Raw Mate , lal Industry 27 0 25.0 2-1.0 22.0 
Processing Indu<try 60.1 6-1.7 62.0 63.0 

Of which: 
Heavy Indust ry 53.1 50.9 53.0 52.0 
Light Industry 46.9 49.1 47.0 48.0 

Change in Energy Intensity 

At present in China, the efficiency of industrial energy utilization is low. There is 
potential for energy saving in processing, converting, t ranspor t ing , stockpiling and final 
consumption. In consideration of the difficulty of energy saving in the future, the rates of 
decrease in energy use per unit ou tpu t value in the main industrial t rades are assumed as 
follows: 2-4% dur ing the period from 1986 to 2000, and 1.5-3%, during the period from 
2001 to 2015. 

On the basis of the above assumptions, industrial energy demand is es t imated at 
approximately 910 Mtce in 2000 and 1560 Mtce in 2015. The average annual growth 
rate of industr ial energy demand is 4 . 5 c c from 1986 to 2000 and 4.7% from 2001 to 2015. 
The industrial energy consumption elasticity coefficients are 0.600 and 0.617 respectively. 
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Conclusion 

Industry is the main sector of energy consumption in China With continuing 
modernization. China's industrial energy demand will increa.se greatly. Energy conserva­
tion is the key for resolving the contradiction of industrial energy supply and demand. 
The readjustment of industrial structure should adhere to the principle of national coordi-
.iated economic development and overall balance, and lay emphasis on rationalizing the 
product structure and increasing depth processing. Energy saving depending on technical 
progress is the basic way of industrial energy conservation. During the corning thirty 
\> irs. as a result of the coordinated development of energy, raw material and processing 
industries, and the increasing difficulty in technical energy saving, the proportion of 
industrial energy demand in the total energy demand will probably increase slightly. 
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INDUSTRIAL E N E R G Y USE AND CONSERVATION 
IN THE UNITED STATES 

Marc Ross* 

Introduction 

U.S. industry includes manufacturing, mining (including oil and gas extraction), 
agriculture (including forestry and fishing) and construction. The use of energy per unit of 
production by industry has declined 32 r c in the past 13 years or an average of 2 . 5 ^ per 
year. (Losses in generating and transmitting electricity are included with the sector of 
final use in this report.) This decline is associated in part with general improvement in 
manufacturing technology, with changes in the mix of production, and with actions taken 
because of shortages of natural gas in the early 1970s, rapid increase in the real prices of 
petroleum and gas to the early '80s. and less rapid, but substantial increases in the real 
price of electricity. 

The principal energy forms used in manufacturing, the main industrial sector, are 
electricity and natural gas (Figure 1). Petroleum is also heavily used, but for special pur­
poses like petroleum refinery processes. Coal is no longer heavily used outside the iron 
and steel industry, although the long decline in use of coal by manufacturers has now 
been halted. Wood by-products are a significant source of energy in forest products 
industries. 

Energy use is concentrated in the materials-manufacturing sectors (paper, basic 
chemicals, petroleum refining, cement, and basic metals). About 3 4 of the energy use in 
manufacturing occurs in these sectors, while 5 8 ^ of the purchased electricity is used in 
these sectors (Table 1). 

Professor of Physics, University of Michigan, Ann Arbor. MI 48109 
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Figure 1 

Manufacturing Consumption of Energy for Heat & Power, 1958-1985 

Sources: NEA to 1981. MECS lor 1985. author's interpolation, and ASM for 
Electncity 1982-1985 

The Mix of Production and Energy Use 

The mix of products in a modern economy is never constant, and in the U.S. materi­
als production is declining as a part of manufacturing activity for several reasons: 1) 
Consumption of consumer products like refrigerators and cars tends to follow population 
growth instead of economic growth because most purchasing units (households, drivers) 
have the equipment; 2) Innovative consumer products, like electronic devices, tend to 
have low weight per dollar; 3) As any given product is redesigned and improved, its 
weight tends to be reduced. For example, less steel is being used in new cars, in part 
because of higher-strength steels and vehicle redesign; 4) Newer, more effective materials 
like plastics are being substituted for old materials. The competition between materials is 
resulting in materials conservation. 5) Materials-intensive products are becoming more 
durable because of technological improvements (Larson et al. ). As a result of all these 
developments, for example, steel consumption peaked in 1973 in absolute terms, and the 
steel/GNP ratio peaked in 1920! 
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Table 1. Energy Used in Manufacturing in the U.S., 1985 

Sector SIC ISIC Electricity Fuelb Tota l c 

(approx). (bi illion kwh) (l irillion Bti j) (quadrillion Btu) 

Food processing, tobacco 20.21 31 50.0 S04 1.37 
Textiles, apparel 22.23.31 32 31.6 187 0.55 
Lumber, furniture 24.25 33 20.6 328 0.56 
Pulp & paper, printing 26.27 34 69.2 2218 3.01 
Chemicals 28 351.352 130.5 2015 3.70 
Petroleum refining 29 353.354 35.3 2306 2.71 
Rubber & plastic products 30 355.356 26.6 130 0.43 
Cement, clay, glass 32 36 34.1 811 1.20 
Primary metals 33 37 134.4 1904 3.43 
Metal products Sc machines 34-39 38.39 138.0 760 2.33 
TOTAL 670.1 11461 19.19 

Source EIA Manufacturing Energy Consumption Survey, reported in Monthly Energy Review, Jan, 1987 
a) Does not include electricity generated from fuel at the site because the fuels are included in the next 

column 
b) Includes biomass fuels (about 1 6 quads in SICs 26, 24 and 20). but it does not include fuel used as 

feedstock, about 3 quads in 28 and 0 5 quads in 29 Includes petroleum process by-products used as 
fuels, especially in 29 and 28 

c) Includes losses in generation and transmission of electricity, with losses — 2 34 x delivered energy 
Thus to obtain the total for food 3 34 x 3 412 x 50 + 804 - 1370 

Note 1 million Btu - 293 kWh 

If we express total manufacturing energy use as the sum of products for each sector: 

aggregate energy intensity = S- (production share x energy intensity). 

where energy intensity is expressed as energy per ton or per dollar, then we find that the 
shift in the mix of production accounts for a decline of 1 to 1% per year, roughly half the 
decline since 1974 in the aggregate energy intensity (Marlay, Boyd). The method used in 
this analysis is the Divisia decomposition (Boyd). 

Let us examine this history in more detail. In Figure 2 the electricity and fossil fuel 
intensities of manufacturing as a whole are shown. The fossil fuel intensity declined dur­
ing the entire 1958-81 period, although most rapidly in the 1970s. The electricity inten­
sity climbed rapidly in the late 1960s, but has been fairly steady since then. 

In Figure 3 the change in intensity is analyzed into its two components: the change 
due to "sectoral shift," i.e. the changed mix of production, and the change in "real inten­
sity," the average of the energy intensities of the separate sectors. The natural gas inten­
sity rose in the period before 1971. The real gas intensity rose, while coal and oil use 
declined so rapidly that the real fossil-fuel intensity declined. The low cost and ease of 
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F igure 2 

Aggregate Energy Intensity at Manufacturing by Energy Form 

•*• Total Electricity -°- Fossil Fuel 
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Figure 3 

Divisia Analysis ot Fossil Fuel consumption °y U.S. Manufacturers 
1972:100 
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use of natural gas were responsible for these developments, once the gas pipeline system 
was created Gas played a major role in the rapid growth uf I'.S. manufacturing in the 
1950s and 1960s. 

Heavy use of natural gas in the chemicals industry and very strong growth in chemi­
cal production prevented a decline due to sectoral shift up to 1974. The rapid r«?htive 
decline of materials manufacturing in the L'.S beginning in 1975 then caused a major 
decline in gas intensity through sectoral shift 

A similar analysis for electricity (Fig. 4) reveals that the real electricity intensity 
rose rapidly in the late 1960s, but has not risen since then (Three peaks associated with 
recessions in 1970. 1975. and 1982 are. however, seen ) The stagnation in real electricity 
intensity is due to the competing effects of efficiency improvement and introductions of 
new electricity using technologies. There are many powerful new manufacturing techno­
logies, from computer controls to surface treatment with lasers, based on eleclricity. 
Most are not electricity intensive, however. 

The balancing of growth by efficiency improvement is especially clear when one con­
siders electricity used lather than electricity purchased, i e. electricity used whether it is 
generated off-site or on-site. (Total electricity is shown in Figures 2 and 1.) Electricity 
use had slower growth than did purchased electricity in the period up to 1980 because 
on-site generation of electricity had a declining relative role. In the 1980s, however, 
increased electricity prices and encouragement of competition in the generation of electri­
city is resulting in increased on-site generation. 

Figure 4 

Divisa Anaryss of Bectncty Consumption fiy U.S. Manufacturers 

Teal Eecicty intensity Using Physical Ouiput 
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Reduct ions of Ene rgy Intensi ty in t h e Separa te Sectors 

Decision-Making About Energy I'se 

Given process requirements in making a product, there remain many choices about 
the use of energy This is particularly so in designing a new facility, but it is also true at 
an existing facility: How much effort will be made by engineers and management to use 
less energy or less expensive energy'' One of their major motivations is the cost of energy. 

The relative role of energy costs varies strongly with individual sector, even more 
than energy use does. In Table 2. the ratio of energy cost to value of shipments is shown 
for some sectors. In typical manufacturing sectors, this ratio is about 1*7- In materials 
manufacturing, the ratio is as high as one-third. As a result, there is an enormous 
difference in the priorities of engineers and managers at. for example, aluminum smelters 
and cement plants compared to those at an auto plant. In materials manufacturing, 
energy conservation has a high priority, while in typical manufacturing it usually has a 
low priority. 

Table 2. The Ratio of the Cost of Energy t o Value Added 
and to Value of Shipments, U.S., 1985 

Electricity Energy Electricity- Energy 
Sector cost to cost to cost to cost to 

value added value added shipments shipments 

Pulp and paper mills 11 29 5 12 
Basic chemicals 11 26 4 10 
Petroleum refining 12 36 1 3 
Cement 20 45 11 24 
Basic iron and steel 13 30 4 10 
Primary non-ferrous metals 94 112 16 19 
Other manufacturing 2.0 3.1 1.0 1.5 

Souice "Annual Survey of Manufacturers. 1985". U S Bureau of the Census 

a) Not including electricity generated and used on site 

b) Includes purchased electricity and fuels but not by-products of th° process such as bio-mass fuels in 
pulp and paper and petroleum refinery by-products nor organic feedstocks 

c) SICs 20-25. 27 30 31 34-39 

During the past several decades in the U.S. there have been important cha.iges in 
the real price and availability of energy to industrial customers (Fig. 4). In the 1950s 
natural gas became widely available at low prices and the price of electricity continued us 
long decline. The 1960s saw relatively stable prices. During the 1950s and l!)60s. the use 
of natural gas and electricity increased dramatically while that of coal declined By the 
end of the '60s. oil and electricity prices began their increase and shortages -if natural <as 
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Figure 5 

Price History by Energy Form 
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(whose price was regulated) began to be felt. In the 1970s, the prices of oil. gas and elec­
tricity rose, especially for those industrial users who had enjoyed very low prices because 
of their location (e.g. gas users in the Gulf states and electricity users in the Northwest) 
During this period, use of coal continued to decline in part because of stronger air pollu­
tion regulations. The decline in oil and gas prices in recent years (the mid SOs) is con­
sidered by most to be a temporary phenomenon. 

It is a common mistake in U.S. a.ialyu o overemphasize the role of price. Price is 
important in decision making, but not all important. The reliability of supplies is 
extremely important, and facilities hav. been added at many factories so that both 
natural gas and r^idual oil can be burned. In the earl;, days of electricity, many plants 
genera- A their own in order to have a reliable supply That is no longer a major issue in 
the I -... but there are special cases where reliability is one argument in factor of self-
gener.' -n facilities. 

Another very important consideration in energy decision making is connections 
between energy use and product quality, yield of materials, maintenance of equipment, 
capacity of production, etc. Energy conservation measures are not undertaken if respon­
sible people believe that the measures will interfere with production. Energy is not "the 
tail that wags the dog"; it is not usually that important in the whole scheme of produc­
tion. However, some new techniques have several benefits including saving energy In 
these cases energy cons vation is sought after. A decision to conserve energy is less 
likely if the only benefit is a cost reduction (with no impact on the product I as. e g , with 
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heat recovery 
Of course, if people .ire .iu:ire of . .pp. »rt unities t,. s:n >• energy which pro\ i le very-

large cost savings and will not interfere with products, .n. they will do it The typical cri­
terion for energy conservation projects in I > industries appears 10 be a simple payback 
>f 2 years •-r less "^lniple [ ayback is the ra t i " 

.-,>,t of inMallationl/ lnet benefit* per w a r I 

Of course, this criterion is not universally used Nime firms have ton few engineers to 
consider energy conservation measures, or no money to invest, and so .10 not look for pro­
jects to save energy and renovate their production processes Other tirrns have high earn­
ings -nd large engineering staffs These firms have carried out many cori.-erv-.ition pro­
jects, even in cases where energy is a very small fraction of costs (Examples of the latter 
are IBM and A T \ . T ) 

Energy Intensity Reductions Since 1972 

A national program was introduced in the mid-1970s requiring the various industrial 
sectors to report the change in their energy use per unit of production Coals were set for 
19S0 and 1985. For the period 1972 - 19S5. the following average ra tes of reduction in 
energy per ton of product were achieved: chemicals 3 4°? year, steel 1.8°? year, paper 
2 .5 c c year, petroleum refining l.l^c year (The reduction of energy intensity in 
petroleum refining would have been much larger in the absence of changes such as a 
higher fraction of products like gasoline being made.) 

Three main categories of change were responsible for reduced energy intensities of 
t h r kind: I) changes in operat ions and maintenance. 2) relatively small investments in 
energy-intensive equipment or in energy- conservation technologies (typically costing fifty 

aousand to ten million dollars), and 3) changes in the major processes of production, 
often requiring new facilities costing tens or hundreds of million dollars. Consider the 
second and third categories. 

T h e best targets for energy-saving investments have proven to be: 1) improving 
secondary energy systems, like steam and compressed air systems, 2) reducing energy use 
during non-production shifts and at times of low production, using au tomat ic controls. 3) 
improving the performance of process heaters and boilers, and 4) reducing .vaste s t reams, 
such water discharge at paper mills, and rejection of product at steel mills. The use of 
sensors (for electrical parameters , pressure, t empera ture , chemical composition, size, etc.) 
in combination with micro-processors and ac tua tors has proved especially helpful in 
achieving many of these goals, because it permi ts operating much closer to opt imum con­
dit ions than manual control , often enabling mult iple benefits. 

New facilities are most likely to be justified when increased production is needed. 
This is no longer the s i tuat ion in many of the energy- intensive industries in the I S 
Nevertheless, it is impor tan t to consider the choice between budding plants using esta­
blished technology or str iving to develop and introduce new technology There are 
promising new processes which could conserve materials, reduce pollution, -ave energy, 
and reduce overall costs Consider an example 

Meel making processes -hould be a ^-neral focus for research and development in the 
I S because wp have the raw materials including abundant . oai and we have e\ ten~iw 
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markets Radical new processes for reducing :ron nre using coal, such as reduction by 
blowing powdered ore and coal into a i-ath of molten metal, appear to have promise 
Radical processes for casting steel near i s final shape have great promise as well Such 
processes, if developed and applied, would both save energy and enable much better con­
trol over the product They would sharply reduce the time for processing and enable a 
continuous How process lEketorp). 

Thus, while it is important to renovate and improve the performance of existing fac­
tories, it is also important to look to the long-term future and plan developmental work 
so that new facilities may incorporate technology that is better adapted to local resources 
and needs 
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E L E C T R I C A L E N E R G Y P R O D U C T I O N A N D C O N S U M P T I O N IN CHINA 

1111 Zhao-yi* 

T h e Elect r ic Power I n d u s t r y in China 

The Chinese government attaches great importance io the electric power industry. 
As of the end of 19S7, the installed generating capacity was 101 92 GW, and the annual 
electricity generation of 196 TWh ranked in the world 

In 19S7 new installed generating capacity w;us 8 1 G\V. The growth rate was the 
highest since the founding of the PRC. The plants with size over 1000 MW recently built 
are Douhe power plant in llebei province; Quinghe in Liaoning; Jianbi in Jiangsu: and 
Gezhouba. I.iujiaxia hydropower station. More power plants and stations of size over 
1000 MW are being built. 

The manufacturing capability and technology level are improving. China can now 
make generating units of 200 MW, 300 MW and 600 MW. 200 MW and 300 MW units 
are the dominant units in current thermal power plants. 600 MW units have been made 
in 1986 and will be put into operation in 1988. 

To match the construction of large thermal power plants ind hydropower stations, 
high voltage transmission technologies are improving and electric power grids are being 
extended. At present, 11 power grids have exceeded 1000 MW in capacity, of which four 
inter-regional grids (North China, Northeast China, East China and Central China) are 
over 10,000 MW. 

The dominant transmission voltage grade is 220 kV. The first 500 kV transmission 
line was put into service at the end of 1981. Since then 500 kV transmission lines have 
been commissioned among the four large power grids mentioned above, with the total 
route length of 3269 km as of the end of 1986. The Ge-shang 500 kV HVDC project will 
be put into operation in 1988. However, Northwest China grids are operating at 330 kV. 

Coal consumption for electricity generation, power plant use, and line losses is above 
the level of some developed countries. Generating units with medium and low pressure 
turbines still occupy 13.4 GW. Old domestic-made generator efficiency is relatively low. 
The high utilization of power generating equipment results from the serious electricity 
shortage. 

* Electric Power Research Institute. Beijing 
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T a b l e 1. S e l e c t e d P o w e r S y s t e m S t a t i s t i c s 

('<>al consumption rate for generating (kgce k\Vh) 0 398 
(plant capacity. 6000 k\V and above) 

Coal consumption ra te for supplying (kgce k\Vh) 0 132 
(plant capacity, 6000 k\V and above) 

Power plant electricity demand ( '7) 6 12 
of which: hydro ( '7) l)2S 

thermal ( '7) 7 78 

Line losses ( '7) S.I") 
(plant capacity of 500 k\V and above) 

Equipment utilization (h yr) 5388 
(plant capacity, 500 k\V and above) 

of which: hydro (h yr) 3882 
thermal (h yr) 597-1 

Nat ional income increased at an annual average rate of 9.71 f7 from 1981 to 1985. 
while electricity consumption showed a yearly average increa.se of 6 .19 '7 . The electric 
power consumption elasticity of 0.67 is much lower than that of some countries where it 
is usually higher than one. T h e electricity shortage was estimated at 50-70 TWli in 1987 
The long t ime electricity shor tage has a bad effect on the national economy and people's 
lives. T h e government is mak ing reform on the adminis t ra t ion and organizat ion system 
of the electric power industry, procuring funds for construction in many ways, readjusting 
the interest on loans, and increasing the electricity price We hope that the situation of 
electricity shortage will be improved in the days to come. 

E l e c t r i c a l E n e r g y S o u r c e s in C h i n a 

In the period of 1981-1985 energy consumed for generating electricity was about 
23°? of to ta l pr imary energy consumption. Th i s is leas than the 3 0 - 1 0 r r in developed 
countries. It is estimated tha t the share for electricity generation will be 30 f 7 in 2000. 
and AO^t in 2015. 

Energy consumption for generating electricity during the period of 1981-1985 is 
shown in Table 2. Coal is the main source for electricity generation Electric power pro­
duction accounted for 21.6 C 7 of total coal consumption in 1985. The est imated >h.ire is 
35 c 7 in 2000, 15 cr in 2015. In the coming years, over half of the newly-added coal will be 
consumed in electricity genera t . jn . 

In the 1970s. 6 CJW oil-fired power plants were designed, and some oal - t i red pi,tuts 
with tota l capacity of about 5 8 C;\V were changed to oil-lired or oil coal-fired At 
present most of these plants have to be changed to coal-firing 
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Table 2. Energy consumpt ion for genera t ing electr ici ty 

1980 l'JSl 1982 1983 19S4 1985 1981-1985 

Coal (Mt) 126.48 126 99 134.27 143 10 159 35 175.89 739.62 
Crude oil (Mt) 5.74 5.40 4 80 396 3.35 3 41 20.93 
Heavy oil (Mt) 14.19 1350 1321 13.56 13 55 12 62 66.43 

Diesel oil (Mt! 0 72 1.21 073 0.55 0.70 1.09 4.26 

Natural gas (10vm' ) 2 4 24 2 1 2.0 2.0 2.9 11.4 

Coal gas (10 m 8 9 8.6 9.1 9.8 10.2 9.3 47.0 

Total (Mtce) 112 02 111.51 114.98 119.06 129.28 141.51 616.34 

At present thermal power plants account for about 80% of the total electricity gen­
eration. This proportion will not be changed for a long time. 

Table 3 . Electricity production in China 

Electricity production (TWh) Percentage (% ) 
total hydro thermal total hydro thermal 

1952 7.3 1.3 6.3 100 17 83 
1962 45.8 9.0 36.8 100 25 75 
1970 115.9 20.5 95.4 100 18 82 
1980 300.6 58.2 242.4 100 20 80 
1985 410.7 92.4 318.3 100 22 78 
1986 449.6 94.5 355.1 100 21 79 
1987 496.0 99.5 396.5 100 20 80 

China is abundant in coal and hydropower resources, but with non-uniform distribu­
tion. Exploitable hydropower amounts to 379 GVV, corresponding to 1900 TWh of annual 
electricity. The resource is mainly concentrated in Southwest China, however, with only 
1.2% in North China (Table 4). Proved coal deposits amounted to 846 billion tons as of 
the end of 1986, mainly distributed in North China. 
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T a b l e 4. D i s t r i b u t i o n of h y d r o p o w e r and coal r e s o u r c e s (' i ) 

Hydropower Coal 

Whole nation 100 100 
North China 1.2 58.0 
East China 3.6 6.0 
Northeast China 2.0 2.8 
Cent ra l China 15.5 3.5 
Southwest China 67.8 10.0 
Northwest China 9.9 19.6 

Energy is mainly consumed in the southeastern , seacoast region Therefore, the pat­
tern of electricity and coal t ransportat ion is from north to south and west to east. 

East China. Northeast China and Centra l China are energy poor regions. Neverthe­
less, annual product provided by these three regions' industries was 70f*r of the total 
value of industrial output in 19S6. These regions are seriously lacking in electricity; to 
solve the problem of supplying these regions is an urgent need. Establishing coal and 
electricity production bases centered around Shanxi province, and constructing hydro-
power s ta t ions located in the upstream of the Huanghe (Yellow) River, and up- and mid­
s t ream of the Changjiang (Yangtze) River, and the Hongshui River Valley, would be the 
s t ra tegic measures for supplying electricity to these regions. 

T o develop nuclear power is an effective measure to alleviate the electricity shortage 
in the coast region. We hope to construct nuclear power plants in Guangdong province. 
east China and northeast China. The Daya Bay nuclear power p lant equipped with 2 x 
900 M W PWR. and East China 's Qinshan nuclear power plant equipped with 300 MW. 
are being constructed. They will be commissioned in the early 1990s. It is projected that 
5000 M W of nuclear power will be constructed by 2000. As nuclear energy resources are 
limited in our country, we must develop the breeder reactor early to utilize nuclear 
energy resources more effectively. 

Geothermal . wind, t idal , solar and other renewable energy resources are used to gen­
era te electric power in China . A pilot geothermal power plant has been built at Yangbaj-
ing in Xizang; four genera t ing units have been installed with a to ta l capacity of 10 MW. 
28 thousand wind power devices have been erected over a wide area in China (Nei Mong-
gol, Ileilongjiang, northern par t of Gansu, eastern par t of Jilin, Lianodong Peninsula and 
Qinghai-Xizang plateau). More than 20 thousand husbandry tents and yur t s have electri­
city for lighting and television. In Shandong, Zhejiang and other provinces, 12 tidal gen­
era t ing sets with total capaci ty of 5606 kW have been built and opera ted . Photovoltaic 
cells have been utilized to power navigation pilot lights in coastal areas and islands; to 
energize fire alarms for protecting forests; and to electrify guard fences in husbandry 
However, the utilization of these new energy resources is in the first s tage in our country, 
the amount of energy provided is not large, the economic benefit is not high, and there 
are many technological problems remaining to be si lved. 
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Peaking capacity is in >lir>rt supply alnmM everywhere. We plan to build some 
purnp-siorage hydropower stations. One (SOD MW'l i-> located m Ming Tomb. Ueijing. 
another (1200 M\\) in C'onghua. Guangzhou Ka.st China's Tianhu<.ing|)ing pump-storage 
hwlrupower station of lliUO M\V is under feasibility investigation Coal-tired generating 
sets to meet peak load are under research 

The policy for the electric power industry of China is to devote great efforts to con­
struction of thermal power plants, exploitation of hydropower, and construction of 
nuclear power plants by steps and in suitable areas. A forecast of the structure of electri­
city generation in the year 2000 is as follows: 

Total Electricity Generation 
hydropower 
thermal power 
nuclear power 

Total Installed Capacity 
hydropower 
thermal power 
nuclear power 

The Structure of Electricity Consumption in Ch ina 

The proportion of material production in total energy and electricity consumption is 
excessively large (Table 5). This implies that the tertiary industry in China is not 
developed. During the period 1980-85 the share of productive consumption declined and 
that of household consumption increased. This implies that people's living standard has 
gradually improved. 

With adjustment in recent years, the share of heavy industry has declined. Part of 
the reason is that during the period of 1983-85 the import of high-energy-intensity raw 
materials increased. 

1200-1300 100'r 
250-260 21-20 r? 

920-1000 77 c7 
30-10 3<7 

210-266 100*7 
55-60 23*7 

180-200 75*7 
5-6 2 f7 
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Table 5. Sectoral shares of energy and electricity consumption 
in China (in percentage) 

Kncr gy KltT t rit-it y 
19S0 1<185 1080 19*5 

Total consumption 100 100 100 100 

Agriculture* 7.8 7.3 11.0 10 1 
Industry 64.7 61 2 80.2 7 7 3 

heavy (53.4 4^.9 67.3 62.6) 
light (11.2 12.3 12 8 14.7) 

Construction 1.6 1.7 1.6 1.7 
Transpor ta t ion <t 

communicat ion 4 8 4.8 0.9 1.5 
Commercial buildings 0.81 11 0.4 0 9 
Public buildings 2.0 2.1 2 3 3.0 
Households 18.3 21.8 3.5 5.4 

including forestry and fishing 

The share of electricity in overall secondary energy consumption in 1985 was 7.4°? 
(Table 6), much less than in some countries. This implies that the degree of 
electrification in our national economy is low, and that explains why the energy consump­
tion per unit product is high. 

In 1985 the share of electricity in total energy end consumption in residence sector 
was merely 1.7°t. Per capita use of electricity is about 21.3 k\Vh per year, much lower 
than in developed countries (about 1000-3000 kVVh) and in many developing countries 
(10-100 kWh). China's transport and communications are relatively undeveloped, as the 
percentage share of electricity consumption in total energy end-use is oily 2.3%. 
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Table 6. Share of electricity in 
secondary energy consumption in 1985* 

Total consumption 7.4 
Agriculture 11.7 
Industry 9.8 

heavy 9.9 
light 9.6 

Construction 7.9 
Transportation & communication 2.2 
Commercial £ public buildings 6.4 
Households 1.7 

Urban 1.6 
Rural 1.8 

* On a heat supplied basis, 860 kcal = 1 kWh 

During the period of 1980-1985 the features and trends of electricity consumption 
were as follows: 

The share of household-use electricity is increasing rapidly. With the rapid growth 
in municipal construction, dwellings and public buildings have been improved and the liv­
ing standard of residents is getting better. The number of home electric appliances 
increased rapidly, causing the average growth rate between 1980 and 1985 of municipal 
electricity consumption (13.2%) to be much greater than that of total electricity con­
sumption (6.7%). The electricity consumption for residential lighting increased more 
rapidly (15.39%). In 1985 the share of municipal electricity consumption was 7.5%, 
about 40% larger than in 1980. In the rural areas, the household electric growth rate 
(10.23%) was also greater than the total electricity consumption growth rate (8.89%). 
Increase in electric appliances, improvement in municipal installations and facilities, and 
more development in tourist and tertiary industry will all push electricity consumption 
for buildings uses in urban and rural areas. 

The consumption of electricity increased rapidly in villages and towns' enterprises 
In the 1980-85 period the average rural electricity consumption growth rate was 8.89%. 
That of villages and towns' enterprises wa .̂ 27.7%, much larger than the 5.56% of urban 
industries. The growth rate of electricity consumption of villages and towns' enterprises 
was the highest in the whole nation. Electricity demand increased from 5.5 TWh in 1980 
to 18.5 TWh in 1985. The net increase of 13 TWh accounted for 65% of the total net 
increase in rural areas. The percentage shares of rural electricity consumption taken by-
villages and towns" enterprises increased from 15.49% in 1980 to 32.22% in 1985. That 
taken by irrigation and drainage decreased from 44.19% in 19S0 to 23.74% in 1985. Klec-
tricity consumption of villages and towns' enterprises will continue to increase, and grow-
in share. 



Table 7. Electr ic i ty consumpt ion by various sec tors 

Sector 

C'oiiMiniption (TVYh) 
19S0 1985 Average 

growth 
rateCV) 

Share TV ) 
1980 1985 

1. Rural area 
a. irrigation t drainage 
b. farming, side-line 

processing 
c. villages and towns" 

enterprises 
d. light 

2. Industry 
a. heavy 
b. light 

3. Transport 
4. Municipal & household 

a. water supply <fc sewer 
b. residential lighting 
c. non-industry power 
d. others 

Total of 1-4 

37.4 57.3 8.89 

16.5 13.6 -3.98 

9 7 11.6 3.79 

5 4 ,8.5 27 74 
5.8 3.4 10.23 

196.1 257.0 5.56 
1643 204 9 4.51 
318 52 1 10.42 

1.5 3.1 16.36 
16.6 30.8 13 18 
3.3 4.9 8.00 
7.9 16.2 15.39 
27 7.5 22.34 
2.6 2.2 -3.51 

251.6 348.4 6.72 

12 67 1396 
559 3.31 

3 27 2 83 

1 8 ! 4 50 
1.96 2.30 

6639 62.60 

0.50 0.70 
5.62 7.50 
1.13 1.19 
2.68 3.95 
0.93 1.83 
0.88 053 

85.18 84.82 

5. Power plant use 
6. Line losse 

Total 

20.4 27.3 6.00 
23.4 29.5 4.73 

295.4 405.2 6 1 

6.89 6.64 
7.93 7.91 

100 100 

The growth rate of electricity consumption of light industry was greater than that 
of heavy industry. From 1980 to 1985, the growth rate of heavy industry was lowered 
and the daily necessaries industry was greatly developed to satisfy the needs of the peo­
ple. This made the electricity consumption of light industry grow faster (10.4%/yr) than 
that of heavy industry (4.5%/yr). The ratio of electricity consumption in light industry 
to that of whole industry increased from 16.2% in 1980 to 20.3% in 1985. During the 
period, heavy industry products was far from the needs of our country due to the curtail­
ment of energy supply, raw materials, production capability, etc. Under the direction of 
"open policy. ' a lot of high-energy-content raw material and semifinished materials were 
imported in order to save energy, and to support the national economy growth. Analysis 
showed that the total energy saved due to importing was 240 TWh. Import of high-
energy-intensity materials such as steel, aluminum, copper, fertilizer, etc., may be allowed 
in a few years: however, it cannot continuously exist. The growth rate and share of elec­
tricity consumption of heavy industry may be increased in the future. 
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Projections to 1990 unci 2000 

Electricity demand in 1990 and 2000 a* predicted by l-PRI is listed in Table S Crit­
ical factors considered in the forecast included population increase, development rate of 
national economv. total industry-agricultural output value, the ratio of light to heavy 
industry, and the proportions between various sectors of industries. In the consideration 
of electricity demand in rural areas, careful thought was given to agricultural output 
value, rural enterprise output value and peasants" income per capita. For the municipal 
and commercial sectors, staff and workers' wages, dwelling area, and investment related 
to municipal and residential facilities were taken into account. Electrification of railroads 
and transport capacity wer" also thought over. 

In the forecast process, many methods were adopted. Both mathematical modeling 
and comprehensive analysis methods were used in order to correct each other, and yield 
results of higher confidence. The methods adopted by EPRI are input-output analysis, 
factorial analysis-multiple regression, log-autoregression. autoregression-multiple regres­
sion gray model for prediction, electrical energy elasticity, comprehensive analysis, etc. 

Table 8. Electricity demand projections for the years 1990 and 2000 

1990 2000 

TWh % TWh % 
Industry 370-400 73-72.3 700-800 68.6-67.8 
Rural 79-91 15.6-16.4 180-200 17.6-16.9 
Municipal/commercial 51-55 10 120-150 11.8-12.7 
Transport 6.7-7.5 1.3 20-30 2-2.5 
Total 506.7-553.5 100 1020-1180 100 
Generation capacity 596-651 1200-1338 

Future Electricity Supply 

Energetically Exploiting Hydropower Resources 

China is richly endowed with hydropower resources, but merely 7% of the total 
exploitable hydropower potential is now converted to electrical energy. We must go all 
out to exploit and to construct hydropower stations with total capacity of 100 GW and 
more in the next three decades. The task is so arduous that the first stage work must 
speed up. Study must be put on lowering construction cost and intensifying the speed of 
construction. In general, capital costs of hydropower projects are higher than for thermal 
projects. However, corresponding coal mine and railway investments can partially be 
saved In view of the total investment, the construction of hydropower stations is 
economical. In order to build hydropower stations, funds must be procured in many ways 
and favorable policy must be offered 
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Unified Planning of Coal Trans-pi TI ai I. HI 

In North China ,uid Northwest China, coal consumed !>/ electricity generation is 
provided by local coal mines. Coid consuined by power plants in Kast China, Northeast 
China, and South China is supplied from Shanxi. West Nei Monggol, Shaanxi, and West 
Henan province The distance is as far a» 1^00-2000 km, and the freight volume is large. 
T h e amount of coal ou tpu t from Shanxi's coal mines was about ISO million tons (Mt) in 
19S5 and is estimatec to be 400 Mt in 2000 and 900 Mt in 2015. Many ways for t ran­
spor t ing coal must be adopted, such as by rail, highway, land and water t ransportat ion. 
It is necessary to s t u l y pipeline t ransporta t ion of coal It is -mpor tan t to construct an 
integrated transport i.etwork in order to expand the t ransporta t ion capability 

Raising Coal Quality for Electricity Generation 

In our country most power plants burn coals of rather inferior quali ty. The average 
heat ing value of coal burned in power plants is about 13.3 MJ kg; average ash content is 
about 30*^ This res lits in increased t ransport costs for ccal and capi ta l costs for plants. 
Because of rhe l imitation of water supply, mine-mouth power p lan ts cannot be con­
s t ruc ted in some regions. About half of coal-fired power plants will hereafter be built at 
railway junctions, harbors and near the load center of metropoli tan areas. This means 
that half of the coal for electricity generation will be transported a long distance. 

T o alleviate the burden on railway or shipping systems, to lower the capital cost of 
plants , and to improve the environmental condition, it is best to t ranspor t washed coals 
in which ash content is less than 20 f 7 . Low-grade coals may be burned in power plants 
located in mine area. 

Construction of High-energv-intensitv Enterpr ises in Energy-rich Regions 

For example, to produce 1 ton of a luminum the consumption of coal is about 10 
tons If the aluminum plant is built near the mine-mouth power plant , t ransportat ion 
capacity would be saved. So high-energy-intensity plants must be built in the energy-rich 
regions as much as possible: plants must be built in Southwest Ch ina where hydropower 
potent ia l is rich, and in Shanxi province and o thers where coal reserves are abundant . 

Power Plant Siting and Environmenta l Conservation 

Half of new thermal power plants hereafter will be built in the populous areas. For 
example, near the mouth of Changjiang River, power plants with to ta l capacity of about 
50 C W will be built in the next three decades. Most of these will be located along the 
river and sea coast, very close together. Study must be put mi solving the problems of 
environmental conservation. Careful planning, careful select inn < >f the site <if power 
plant, and direful design >•!" the plants and their facilities are needed to lower pollution, to 
preserve the natural surroundings, and to be in harmony with the environment 



S T R U C T U R A L C H A N G E S I N T H E U . S . B U S I N E S S E N V I R O N M E N T 
A N D E L E C T R I C I T Y M A R K E T S - P O T E N T I A L L E S S O N S F O R C H I N A 

Oliver S Yu* 

In the la--<t several decades, the U.S. business environment has experienced funda­
mental s t ructura l changes, which in turn have precipitated major shifts in the electric 
utility industry and electricity markets . The key driving forces and implications of these 
s t ructura l changes are summarized in Figure 1 and discussed in the sections below. These 
experiences can be useful for China as it continues to develop its economy and expand Us 
interactions with the rest of the world. 

FIGURE 1- STRUCTURAL CHANGES IN THE U.S. BUSINESS ENVIRONMENT AND 
IMPLICATIONS FOR THE ELECTRIC UTILITY INDUSTRY 
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* Manager of Planning k. Analysis. Planning and Evaluation Division, Electric Power 
Research Institute. Palo Alto. California 
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Structural Change in International Power Politics 
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•!• nit •-in- p r o g r a m s such as tin- ( i r e a t Socie ty a n d -...rial - . • rur i tv i - \ | )an-i> ' i i - ci.m r i b u ' m g 
i. id.- L u g e tin. . -ni !"• 'I l . ib 'f i-nt it Ii-iin-nt |>i>rii"ii .'I ill.- >;. i\ i-riiiin-iit b u d g e t \ l . . r i - . . i r r 
; a.-' w ••rid m a r k e t -d. .in nu-.n.f ha.- induced m a n y I S m a i i u t a c i u r e r s ti> In- o >mplac<'iit. a.-
u p i t i c d by the lagging p r o c e s s n|" m o d e r n i / a t |. • 11 in t h e - t e e ! i n d u s t r y a n d t h e long neglect 
• •I' p r o d u c t qual i ty in t he a u t . ' i n . . b i l e i n d u s t r y A - a r e su l t , U .S . e c o n o m i c product iv i ty 
growth has slowed and its world market share has fallen sharply Th i s <.vere\teiisn«n of 
( < p , .uer . resulting J"r*_>iii the inability of |ir« 'due tivily growth to meet massive govern­
ment expenditures, has significantly weakened the I S position in the world economy and 
fostered strong foreign competi t ion It is a major cause for the erosion of basic industries. 
the unprecedented budget and trade deficits, the rapid rise in foreign debts, and the pre­
cipitous decline of the I ,S. dollar. On the other hand, public and business concerns about 
productivi ty improvement and future growth have intensified the competi t ive pressures 
and efficiency drive in the general business environment 

For the electric utility industry, the relative decline and overall vulnerability of the 
national economy in a tightly interconnected world economy have contr ibuted not only to 
the general slowdown and increased uncertainty in electric demand growth, but also to 
the potent ia l volatility in both inflation and interest rates. Moreover, unlike the 1950s 
when I is Marines could control trouble spots in the Middle Last, the loss of U.S. mili­
tary as well as economic dominance in the world has also made the energy industries 
highly susceptible to internat ional politics. In addit ion, the intense competit ive a tmo­
sphere in the general business environment has increased the political appeal of introduc­
ing compel il ion into tradit ionally regulated industr ies such as the electric utilities. 

S t r u c t u r a l C h a n g e in t h e S o c i o - E c o n o m i c D e v e l o p m e n t 

T h e other fundamental structural change is in socio-economic development. This 
change has been broad and extensive with wide-ranging effects on electric utilities. We 
will highlight one of its key implications by characterizing it as a change from producer 
dominance to consumer dominance in the general business environment. This change has 
been driven mainly by the sha rp increases in income and education levels in the United 
S ta tes following World War II. As an indication of these increases, by 1970, 5 0 ^ of the 
people had income levels equal to the top l o 0 ? of the population in 1950, demonstra t ing 
that the "Affluent Soc i e ty ' has indeed become a reality for many T h e increase in educa­
tional levels during this t ime period was equally d rama t i c With rising income and educa­
tion, people became increasingly individualistic, expressive, and demanding . These collec­
tive a t t i tudina l shifts have spawned many social changes in the past decades including 
coiisiih.crisin. enviroiime-ntalism. the ' m e " generation, as well as changes in the American 
family with rising single-person and single-parent households 

•>:l-'2 

http://strii.tni.il
http://in.il.ili


Another aspect of this s t ructural < li n n »;*- hi.- been on the economic side. While the 
• I- '111 U l : l l l t | M M t l " ! l i .f i l l . ' I l i l t e d "Mall ' - - Ill l i l t - W o r l d fi-i I | | I ' l l l > l i a s >• r. " l . i i b e t w e e n l'l">l) 

a m i 1 «!**•"» r e a l p e r c a p i t a e x p e n d i t u r e s <t- -ul-l» >l In 1'lMl t h e I n u m - t a i i d a i d l'->r t h e 
m a j o r i t N <'I lilt- I > p. • |>ulal •' II »: i> rea.s. . n a b h >•'Hit-•! t aid* in m a t e i i a l t e r m s \ | . .-i pe . -
p.|e c. Mill all ' i d I he ess , - l i t i . , |s I"... ..1 i | . ' t h i n g s h , | t e | a n d «I l l i - l - -M il I- >n l r w . . r k 
U ' l . i i t I I I ' , ' i if per- , . , n a l e \ ] i -ndi t u r i s «: i> f. >r - i r i c i h d i s , re t 1. . n a n i t . - m s su<-h : l > r.-'i.-a-
t it'll The import alice of the douhlinn "f average real inc..me b\ |!IS."i i> thai funds .nail-
able fur expenditures other than essentials, ill 1*!.")0 terms, have iiicrea.sed Hot twice hut 
tenfold Thus, income expansion has given the consumers a t remendous amount of discre­
t ionary power. With this power comes the great diversity in consumer choices, the van­
ishing mass markets , the declining producer dominance, and the increasing competition in 
the general business environment . Fur thermore , in response to the changes m consump­
tion pa t te rns and the increasing discretionary expenditures that are relatively service-
intensive, the service sector in the l . S economy has grown rapidly-

Still another part of this s tructural change ha-s been in the geographic distribution of 
the populat ion. With increased income, personal automobiles became affordable and peo­
ple began to move to the suburbs in search of a more a t t rac t ive living environment The 
result ing urban sprawl and suburbanization has made American life not only dominated 
by oil use but also heavily dependent on low-cost oil imports 

Th i s socio-economic s t ruc tura l change has had profound impact on electric utilities. 
Consumerism and environmental ism have caused special interest groups to increase their 
intervention into the decision-making processes of business in general and utilities in par­
ticular The exponential rise in environmental laws has added significantly to electricity 
supply costs. The increased competition in a consumer dominated business environment 
further adds to the incentive for some groups to call for a change in the regulatory struc­
ture of the electric utilities. Changes in household and economic output mixes have 
caused changes in electricity consumption pa t t e rns , with residential and commercial sales 
growth outstr ipping that in industrial sales. In turn , the end use shifts have resulted in a 
gradually declining overall load factor for electric demand. Finally, as an integral part of 
the energy industry, electric utilities have been and will continue to be vulnerable to the 
direct fuel price effects as well as the indirect economic impacts and government policy-
responses resulting from international oil politics. 

Potential Lessons for China 

As China expands its interactions with the rest of the world, it is no longer a closed 
economy. Therefore, it will be increasingly affected by global competi t ion and interna­
tional economic fluctuations, which in turn will introduce added volatil i ty in its own econ­
omy. These changes in nat ional policy will cause new uncertainties in the demand and 
cost of electricity. 

Although China has become concerned with environmental issues, its priorities in 
the next decade will be economic prosperity and infrastructure development . However, as 
per capi ta income and educational levels increase, there will be a growing conflict between 
interest in economic expansion and environmental quality. These changes in social values 
will pose important challenges to electric power development. 
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("tirri'inh electriciiv market-, m ('hina are dominated liy industrial use Again, as 
income mcrciu-e- elecinciiy consumption will shift increasingly to resilientlal and com­
mercial M'ctur* These changes in consumption and production patterns will affect the 
characteristics of future electricity demand 

With new technologies and p:tsl lessons from industrialized nations, however. China 
should l>e aide to anticipate the many difficultles. hypa-ss the many pitfalls, and leapfrog 
the many obstacles in traditional economic, energy, and electricity developments 
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P R O G R E S S O F E N E R G Y S A V I N G 
IN C H I N A ' S P E T R O C H E M I C A L I N D U S T R Y 

Wang Bing Shen* 

I n t r o d u c t i o n 

The petrochemical industry (including petroleum refining) is an important industry 
in China and it plays a key role in the development of the national economy. By the end 
of 1987. crude oil refining capacity reached 110 million tons per year and ranked fifth in 
the world, and ethylene capacity amounted to 1 5 million tons per year 

T o make full use of our petrochemical resourcs and to expedite the development of 
the petrochemical industry, the s ta te council decided in 1983 to set up the China Petn>-
cheniical Corporat ion (SINOPEC) to have overall control , planning and management i>\er 
the key refining and petrochemical enterprises in China Since the establishment of 
S I N O P E C . the experience shows that the reform in the economic system has brought 
vigor and vitality to the development of the petrochemical industry. 

At present. S INOPEC has 40 large and medium-sized enterprises with an annual 
refining capacity of 100 million tons, which accounts for 91 , ' r of the to ta l in China The 
annual capacity of the other major products are a> follows: 1 5 million tons of ethylene. 
1 5 million tons of plastics. 220,000 tons of synthet ic rubber, 580,000 tons of synthetic 
fibre monomer , 520.000 tons of snythetic fibre polymer, 360.000 tons of synthetic fibre, 3 
million tons of synthetic ammonia , and 4.5 million tons of urea. 97 million tons of crude 
oil were processed in 1987, an increase of 29 .9 r r over the amount in 1982. Prom 1986 to 
1987. the ethylene production capacity increased by 900,000 tons. In 1987. SINOPEC 
provided the society with 83 million tons of petroleum products and 7 million tons of syn­
thetic and organic materials . The total output value of S INOPEC in 1987 was 35 4 bil­
lion yuan, an increase of 8 . 5 ^ over that in 1986. The total value of product sold came to 
46 1 billion yuan, 11 . IT more than in 1986. 

With the technical revamp of the production units and enhancement of energy con­
servation management , ou t s t and ing achievements have been made in energy saving. The 
overall ergy consumption per 10 thousand yuan ou tpu t value was reduced from 5.85 to 
4 94 toe from 1983 to 1987. The annual average reduction rate was 4 .1 f 7 More than 1 
million tons of oil were saved within the five years since the founding of S INOPEC. 

P r o g r e s s in E n e r g y C o n s e r v a t i o n 

T h e progress made in the five years since the founding of S I N O P E C is described 
below 

* O i m a National FVlrochemii ai Corporation 
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Vdopting and Spreading Energy Saving Techniques 

l'ltrr,jy ( ',* tt.-t r flit In II I\ t I'll flip I lllj t'ftllt I V i ' ! ' ' .•..- / lit] I III!.- N e W c I M T g V S a V l t l g S t e c h ­

n i q u e * . i fe b e i n g a d o p t e d a n d —J >r.-:iii I " t h e p r o c e s s i n g H i n t s . " ) ' w h i c h t hi- e n e r g y <•• >ll-

- i l ! U | i t | . li is h i g h a l l d t e c h n o l o g i c a l r e v a m p i n g IN b e i n g m a d e I n d e c r e a s e e n e r g y ( ' • ' l l sUIl lp-

11 ii T h e energy consumption of the processing uni t s accoun's for 8 4 % of the total 
refining energy consumption, and the energy consumption of the a tmospher ic and vacuum 
distillation units and the F C C uni t s is 5 5 % of t ha t of the processing units , so they are the 
k'V areas for energy conservation We Miccrssivek conducted a widespread energy ci.n-
-ervate ' i i revamping . .f ("> atmospheric and vacuum distillation unit* and :{-r> F C C units 
W • ad'-pied new type ! rays drv vacuum distillation process, opt imal heat exchange 
schemes rneiLsiires to increase the furnace efficiency ami other energy saving techniques 
for the atmospheric and vacuum distillation units As a result, average energy consump­
tion in MIST decreased to \:i :{"> kg oil equivalent toil, which was reduced by half :is coin-
pared to the year of KITS, the Lest unit reached l!)t> kgoe ton We adopted complete 
regeneration. Hue gas turbine, waste heat boiler and other techniques for the F C C units. 
average energy consumption (including the energy consumption of some heavy oik FCC" 
units) decreased to TOO thousand Kcal ton. and the best unit reached tiOO thousand 
l\cal ton For other processing units that consume more energy, we also adopted 
appropr ia te energy saving measures. 

With respect to petrochemical production, our focal point is to revamp the four 
existing ethylene production uni ts for energy conservation Although the revamping is 
still being conducted, we can see the preliminary results from the part ia l measures of the 
cracking furnace revamping The energy consumption of the four units in I9ST decreased 
by 15 S r c as compared to HIS 1 We have also achieved some results in the energy saving 
revamping of the petrochemical polymer production uni ts For example, after revamping 
of the SO thousand tons year polymer unit, its capacity has increased by l l f 7 . but its 
energy consumption has decreased by '25%, and the payback period is only one year. 

For the ammonia units, we recover the hydrogen from the tail gas and have replaced 
the inner constructional e lements of the ammonia reactors , resulting in decreasing the 
fuel and power consumption per unit charge. 

Improving Equipment Efficiency to Save Energy. T h e procefi furnaces and s team 
boilers consume about 75% of t he fuel and power consumption in the petrochemical pro­
duction. Therefore improving the furnace efficiency is a major field of energy conserva­
tion. We used heat pipes, ro tary preheaters and wind-type air preheaters to recover the 
waste heat of the flue gas, and adopted new fire-resistant materials such as ceramic fibres. 
high efficiency burners, heat radiat ion paints and o ther techniques; this increased the heat 
efficiency of most big and medium-sized furnaces t o over 8 5 % . Wi th respect to the 
mechanical and power equipment , besides adopting the high efficiency equipment , we use 
hydraulic couplers, oil film clutches, frequency-modulated electromotors, etc . to improve 
the efficiency. 

Adopting New Insulating Materials and New Constructions To Reduce the Heat Loss 
of the Pipeline System and Equipment . This job requires a t remendous amount of work. 
but the investment is low and we can see the effect very soon In recent years we set up 
optimal procedures for designing heat insulation sys tems for heat transfer pipeline, and 
realized control of the overheat extent and the t empera tu re profile of the s team pipeline 
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system We reduced the heat loss to less than 5'7 after the energy conservation revamp­
ing of the pipeline system 

Increased Application of Computers. Since the establishment •>!' S I N O P E C . use <>f 
computers IKUS been adopted rapidly Today the enterprises of SINOI 'KC have S'7 
medium and small sized computers , and 22NO microcomputers Through the process con­
trol and the optimizntion of the energy utilization, we have made good progress in the 
held of energy conservation. We have adopted compute r systems in 10 atmospheric and 
vacuum distillation units, 21 F C C units and 1*2 fertilizer and liber units By the end of 
l'JST. we realized combustion control of S0 f 7 of the furnaces by microcomputer , improv­
ing the furnace efficiency by 1—2°7. resulting in saving 30 thousand tons of fuel oil and 
gas annually A certain refinery reduced energy consumption of processing units by 1 
kgi'e ton crude oil after adopt ing the computer system for opt imizat ion Another 
rctitiery reduced the energy consumption of the tota l refinery by 1 kgoe ton after accept­
ing the linear program optimizat ion 

Other Energy Saving Techniques. The new techniques, new ecpiipment and new 
materials such as nu l t i s t ep heat utilization, low tempera ture waste heat utilization for 
e!"ctricity generation, new catalysts , new solvents, mult istep utilization of hydrogen, 
multieffect evaporation, supercri t ical recovery process, heat pumps heat segregators. new-
heat exchangers of forced heal transfer, high t empera tu re leak online plugging, anticorro-
sion paints , etc. also play an impor tan t role in energy conservation. 

Improving the Management of Energy Conservation 

S I N O P E C is not only an energy-product-providing organization, but also an organi­
zation consuming energy and providing non-energy products . Therefore, energy conserva­
tion is an effective way to increase economic results. For that reason, in recent years we 
have established a comprehensive management system for the headquar ters of SINOPEC 
to subordina te enterprises T h e system includes ta rge t management sys tem, responsibil­
ity system, contract system and assessing system. It leads to the work of energy conser­
vation to being done successfully. 

Target management system. T h e headquarters of S INOPEC worked o u t a long-term 
plan and target of energy conservation on the basis of specific features of our petrochemi­
cal, fertilizer and other enterprises. It assigns the tasks of energy conservation to subor­
dinate enterprises on the basis of their different s i tua t ions every year. T h e subordinate 
enterprises assign the tasks to grass-roots organizat ions and launch the activities of target 
management . 

Responsibility system. The enterprises have their organs of energy conservation 
management . The departments and the grass-roots organizations of the enterprises have 
their special or par t - t ime energy conservation managers wdiose responsibilities for energy 
conservation are definite. A system of combining comprehensive management with divi­
sion management and. special management with the whole staff management is being car­
ried out So a network of energy conservation management is formed, the energy con­
sumed everywhere is under control of somebody, and every project of energy conservation 
is under soneone's responsibility. 

Contract system. The cont rac ts in various forms are being carried out in the enter­
prise- , ,n the b.i.sis of advanced and reasonable norms and targets The people who reduce 
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the energy consumption to below the norms or reach the targets of energy conservation 
are rewarded. 

Assessing system. We have a specific assessing system to supervise and speed-up the 
fulfillment of energy conservation tasks and targets . The staff and workers who achieve 
successes in energy conservation are rewarded on the basis of ten-day and monthly assess­
ing Thus , the energy conservation work is being accelerated. 

Decrease in Energy Consumption 

As a result of persisting in optimization of overall energy consumpt ion and effective 
energy utilization, the energy consumption in refining, petrochemical, synthetic fibre and 
fertilizer industries is decreasing year by year. For example, refining energy consumption 
per unit energy factor (kgoe ton factor) in 1087 decreased by - l l .9 f 7 as compared to 1079. 
an annual decrease rate of 6 4 r 7 . The energy consumption per 10 thousand yuan product 
value in petrochemical, synthet ic fibre and fertiliser industries in 19S7 decreased respec­
tively by 21 8 f 7 . fili () r7 and 1 I I c 7 as compared to 19S3. an annual decrease rate of K.0 f7. 
'23 6^7 and 3.7 rc respectively For example, the unit energy consumption in recent three 
years for polypropylene decreased by 27.7 C 7. for cis-nolybutadiene rubber decreased by 
2 2 b c 7 . for acryloniirile decreased by 2 5 . 9 ' , . for nitrilon decreased by 12.(i fr and for 
polyester decreased by 19 l c 7 . 

Out looK for E n e r g y C o n s e r v a t i o n 

Though the China petrochemical industry has laid quite a good foundation, greater 
progress should be made to satisfy the development of the national economy. Knergy 
conservation is a long-term strategic task Here, I would like to give a brief outlook for 
the future energy conservation in our petrochemical industry. We will: 

• Continue to spread and apply the effective energy saving techniques in the 
petrochemical industry. 

• Strive to develop new energy saving techniques, new schemes and new equip­
ment to improve the equipment efficiency and to reduce the energy consump­
tion of petrochemical units. 

• Accelerate the application of modern management and microcomputer tech­
niques within our enterprises. Knergy grades should be well disposed so as to 
make opt imum use of energy to reduce devaluation and loss of energy and to 
improve the overall energy efficiency. 

• Study the effective utilization of energy and develop the techniques of heal and 
electricity cogeneration, etc. 

• Actively develop the techniques of recovering low-grade energy 

The promotion of our petrochemical industry is based on self-reliance, but the 
cooperation with foreign countries has a bright future as well, especially in the fields ..f 
rational use of energy and resources of energy conservation We shall be willing to 
research and exploit various new methods of cooperation and exchange with t hose who 
are in the same trade with us in order to promote our mutual development 
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TRENDS IN DEMAND FOR PETROCHEMICALS 

Edward Flom* 

From 1960 to 1973, U.S. real GNP and oil demand grew 4% per year while petro­
chemical feedstocks grew at a 10%/year rate. From 1973 to 1987 both GNP and petro­
chemical feedstocks grew at a rate of 2 to 3%/year, and we at .WIOCO believe this rate 
of growth will continue until the year 2000. One area of most rapid petrochemical 
growth was for plastics, including polypropylene and polyethylene, which grew at a rate 
19 times as fast as real GNP. The use of oil to produce petrochemicals is increasing 
rapidly and currently about 9% of total oil consumption in the U.S. is used for chemicals. 

Synthetic man-made fibers production also grew at a rate faster than that of the 
economy, including the substitution of man-made fibers for cotton. Cotton's share of 
total fiber consumption declined from 1970 to 1988, while the use of polyester and nylon 
increased. Production of olefin fibers, primarily polypropylene fibers, grew from 3°? in 
1970 to 10°t. of the total fiber market in 1988. AMOCO is a leading producer of polyester 
raw material and polypropylene fibers and we are very optimistic about the outlook for 
these petrochemicals 

The market shares of steel, gla-s dnd aluminum declined during the 1970-1988 
period while the consumption of five plastics grew from 3% to 8% of a market that also 
includes paper and lumber. We at AMOCO believe this trend will continue and that the 
plastics industry will be a significant user of petroleum in the future. 

In terms of real prices, excluding inflation, the price of crude oil is now 2 times what 
it was in 1970. However, the price of petrochemicals has increased less. Plastics are now 
1.3 times their 1970 prices while synthetic fibers are about 1/2 of their 1970 price. The 
reason for this disparity is that oil is only one component of the total cost of plastics and 
synthetic fibers and there have been technical improvements in manufacturing them. 

The amount of investment capital used in producing petrochemicals in the U.S. 
increased about 11%/year during the 1970s and early 1980s. Capital investment for pro­
duction of specialty chemicals has increased to about $8 billion while capital invested for 
commodity chemicals has increased to about $35 billion. From 1982 to 1987 growth in 
capital employed to produce commodity chemicals slowed as surplus capacity developed. 
Capacity utilization of the U.S. chemical industry declined from 80% in 1978 to 67% in 
1983 after new plants were built. It is now at 85%, which we consider a tight situation. 
Utilization rates for the major plastics are even higher, averaging about 95%. Capacity-
utilization is also high at the present time in other chemical producing countries. 

I would like to illustrate the outlook for petrochemicals by showing data on world 
demand for polypropylene. Polypropylene is the second most used plastic in China and 
the U.S. and AMOCO is the second largest producer of it in the U.S. Demand for polypro­
pylene is growing rapidly in the Far East and combined demand in Japan and other Far 
Eastern countries now exceeds that of the U.S. or Europe. China's demand has grown 
very rapidly at about 30%/year from 1974 to 1986. 

* Manager of Industry Analysis and Forecasts, AMOCO Corporation 
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The I S and Western Europe in 1985 each had 25-26'7 of world demand f.«r 
polypropylene and 30-32'7 of world production capacity (Table 1) These areas are 
exporters to the rest of the world In contnust. Japan. China and the rest of the Far Hast 
had 3 I'V of the demand and 2licV of capacity, with China being a large net importer of 
polypropylene. 

Table 1. World Polypropylene Demand and Capacity, 1985 

("c Demand 'T- Capacity 
I'.S.A. 25.3 300 
W.Europe 25.8 31.6 
Japan 15 6 15.4 
China 6.b' 2.2 
Other Far East 11.5 8.1 
Latin America 4.5 2.7 
Middle East 1_5 0_3 

Propylene, used as the feedstock for polypropylene, is produced in olefin units and 
through catalytic cracking in U.S. refineries. In other countries, where there is less 
demand for gasoline, propylene comes largely from olefin units in conjunction with the 
manufacture of ethylene. While the l ;.S. uses a substantial amount of propane to make 
propylene, naphtha and gas oil are the major feedstocks used in Europe to make pro­
pylene. 

AMOCO believes that in the future world demand for polypropylene will continue to 
rise, though at a slower rate (Figure 1). In 1974. 3 million tons/year were being consumed 
and there has been a 10pc year increase so that by 1987, 10 million tons/year were con­
sumed. We anticipate that consumption will increase by 7/5/year until 1995, when con­
sumption will reach 16 million tons/year. To accomplish this, we expect that a substan­
tial amount of new capacity will be added. 

As demand for polypropylene rises, we expect that new capacity in the U.S. will pro­
vide additional exports and that demand in China will double by 1995. Since capacity in 
China is substantially less than demand, in the near term 3/4 of this demand will be met 
by imports. However, by 1995, we expect China to lower imports to about 1/2 of total 
demand as a result of capacity expansions. 



Figure 1 
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E N E R G Y U T I L I Z A T I O N IN R U R A L C H I N A 

Qiao.Mu* 

I n t r o d u c t i o n 

The Bureau of Energy and Environmental Protect ion under ih? Ministry of Agricul­
ture is an administrat ive body responsible for rural energy and protection of the agricul­
tural environment . Similar bodies have been established in various provinces, prefectures 
and most counties and they take guidance from this Bureau In China , rural energy 
includes biomass energy (fuelwood. biomass gasification and biogas). solar energy (solar 
cells, solar-heated buildings, solar drying systems, solar water heaters and solar cookers), 
wind energy, geoth^rmal energy, small coal mines, small hydropower p lants , tidal energy, 
and the related equipment and energy-saving technologies 

The Ministry of Agriculture is responsible for the extension and application of biogas 
technology, fuelwood-saving and coal-saving stove technology, the applied technology of 
solar energy, wind energy and geothermal energy, as well as reasonable utilization of rural 
energy and energy-saving technology for the village-town enterprises. In addition, the 
Ministry is also in charge of research programs devoted to rural energy in the State 's 7th 
Five-Year Plan for national economic development. 

P r o g r e s s o f R u r a l E n e r g y D e v e l o p m e n t in C h i n a 

At the beginning of the 19S0's our government and the concerned depar tments 
s tar ted to put the issue of rural energy on the working agenda. As a result, a series of 
programs and plans have been formulated, guidelines for the development of rural energy 
have been put forward, and various forms of pilot projects have been init iated that have 
further developed rural energy. 

Since 1983, the Ministry of Agriculture has arranged demonst ra t ion of fuel wood 
and coal-saving stoves in 589 counties. At the same time, various provinces have also 
selected counties for demonst ra t ion . The purpose of doing this is to ease the shortage of 
energy for daily use in rural areas, to rationally utilize the biomass energy, and to reduce 
damage to forests and vegetation. The measures have proven effective as many provinces 
developed highly efficient and easy-to-use stoves tha t have been popularized after evalua­
tion. The thermal efficiency of the old stoves is less than 12 c r while the thermal efficiency 
of the fuel-wood and coal-saving stoves is normally over 2 5 ^ At present , our Bureau is 
selecting models from the finalized designs for commercial production in order to reduce 
the use of manually-built stoves and ensure high thermal efficiency, which was warmly 
welcomed by many users 

S ta r t ing from 1083. our Ministry has selected 100 counties for the development uf 
biogas digesters These counties are mainly located in the middle and lower reach of the 
Yangtze River and the southern part of China, where family-based and specialized 

Bureau of Energy ,v Environmental Protection. Ministry of Agriculture 
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households-based livestock and poultry operations are rather concentrated The people 
there take great interest in the biogas technology because on the one hand, the animal 
excreta and poultry litters can be treated, and on the other hand, the biogas can be used 
for cooking and illumination >ome livestock farms and specialized households produce 
biogas to gene»ate electricity so as to relieve the shortage of electricity. With this tech­
nology, rural hygiene shall be greatly improved 

The development of fuel wood forests has been stressed since 19S3, and this has 
plaved an important role in the protection of forests and the improvement of the environ­
ment 

From 1983. 100 counties (mostly in the south) have been selected for experiments of 
rural electrification and the development of small hydropower plants. By the end of 19S7, 
electrification had in the main been realized in 24 selected counties. 

Since 1983. the related bureaus of Ministry of Agriculture, Ministry of Forestry and 
Ministry of Water Conservancy and Power have jointly formulated integrated develop­
ment projects for rural energy in 18 different localities. In addition, the Ministry of Agri­
culture has done a lot of work in improving utilization of energy in agricultural produc­
tion and in village-town enterprises. 

The Bureau's preliminary statistics show that in rural China by the end of 1987: 

1. The number of households using biogas digesters had reached 4.63 million. There 
were !so 3,800 biogas supply stations providing 30,000 households; 195 biogas 
power stations with total power of 1.500 kW; and 285 biogas electricity generation 
plants with total capacity of 5,600 kW. 

2. Electric cooking is used by about 1.02 million rural households. LPG is used by 1.23 
million households, natural gas by 21,800 households and coal gas by 40.000 house­
holds. 

3. The fuel-wood saving stoves in use number 83.73 million, among which 13.2 million 
are stoves connected with brick beds heated in winter in the rural area of north 
China. 

4. 57,770 households had wind-power generators with an installed capacity of 6,563 
kW, and 276 wind-driven water lifting units were in operation, irrigating 880 hec­
tares (ha) of land. 

5. 350 geothermal stations were in use from which 87 ha of cultivated land and 120 ha 
of fish farming water surface benefited. 

6 100,000 solar cookers. 120,000 m" of solar-heated houses, 349,000 m - of solar water 
heaters, 3,060 m" of solar drying floor area, and solar cells with a capacity of 1.13 
kW were in operation. 

The Present Status of Rural Energy Consumption in China 

Rural energy consumption can be divided into productive energy consumption and 
daily life energy consumption. Table 1 shows the present status of rural energy consump­
tion All of productive energy consumption in Table 1 is commodity energy consumption; 
the life energy consumption consists of commodity energy consumption and non-
commodity energy consumption (dry straw and fuel wood) 



Table 1. Rural Energy Consumption in China 

1980 1985 

Production Energy Production Energy 
Value 

(billion yuan) 
Consumption 

(Mtcr) 
/o Value 

(billion yuan} 
Consumption 

(Mice) 
% 

Total 
A Rural Production 2U8.44 

343.71 
64 82 

100 
18.86 564.02 

485.98 
186.49 

100 
38 37 

1) Agricultural production (planting, forestry, 
animal husbandry, sidline, fishery) 

196.45 23.59 (6.87) 291.22 27 17 (5 59) 

2) Village-town enterprises (agro-product 
processing, industry, architecture, 

71.99 41.23 (12 00) 272.80 159.32 (32 78) 

transportation 

IV Rural Daily Life 278.89 81.14 299.49 61.63 

1) Commodity energy consumption 
Coal 
Petrol 
Electricity 

59.00 
54.29 

1.43 
3.28 

(17.17) 79.00 
71.19 

1.43 
6.38 

(16 21:) 

2) Non-commodity energy consumption 219.89 (63.98) 22049 (45 37) 

Crop straw 
Fuel wood 

117.03 
102.86 

123.35 
97 14 



The total value of rural production increased from 208 billion yuan in 15)80 to 564 
billion yuan in 1985. among which agricultural production value increased by 67 ' c from 
196 to 2'J1 billion yuan, and th? productive value made by village-town enterprises 
increased from 72 to 272 billion yuan. The growth of village-town enterprises productive 
value is 4 times faster than that of the agricultural product ion value. Meanwhile, the 
to ta l consumption of rural energy increased by 41% from 344 Mtce in 19S0 to 186 Mtce 
in 19S5. The commodi ty energy consumption increased from 125 Mtce to 265 Mtce . while 
the consumption of non-commodity biomass energy didn't change greatly, mainta in ing at 
the range of 220 Mtce. 

In the rural area of China, the energy consumption has the following features: 

1. Since the mid-1980s, the commodity energy consumed by rural production and daily 
life is greater than non-commodity energy The consumption of commodity energy 
increased from 3 b r r of total energy consumption in 1980 to 55(Tr in 1985. It is fore­
cast t ha t the share of commodity energy will increase in the future continuously. 
The mam reasons for the growth of commodity energy consumption are: a) con­
sumption by the village-town enterprises increased from 41 Mtce in 1980 to 159 
Mtce in 1985: b | the commodity energy consumed by rural life increased from 59 
Mtce in 1980 up to 79 Mtce in 1985. This growth was faster than in the 1970's. 

2 The per capi ta consumption of commodity energy for rura l personal needs is still 
low The total energy consumption of rural area in 1985 was 486 Mtce. With the 
rural population of 840 million at tha t lime, the average energy consumption per 
person was 570 kgce. The consumption of rural commodi ty energy (for product ion 
and life) was 316 kgce per person, and the consumption of non-commodity energy 
was only 263 kgce per person 

3. The main energy consumed by rural life in ih<" year 2000 will still be non-commodity 
energy. The proportion of non-commodity energy in the total energy consumption 
of rural life was 79'T in 1980 and 74 r"c in 1985. It is forecast that it will be about 
60 f 7 by 2000. 

4. The energy efficiency in the rural area is low Most of the energy-using equipment is 
out of fashion, and there is a lower technological, operat ional and management level 
Therefore, a great difference in energy consumption per product exists between 
village-town enterprises and similar state-enterprises, somet imes with the difference 
as much as 1-3 times. The heat efficiency for the old-fashion stoves consuming 
biomass energy in rural life was only \'2C7.. 

C o n c l u s i o n 

Rural China is now facing a new si tuat ion of greater development of the commodi ty 
economy and big growth in the peasant 's income This requires that the State provide a 
great amount of commodity energy In the suspect of rural life, advanced-quality energy is 
urgently needed. So the contradictions between the supply and demand of rural energy-
will become more apparent and be one of the serious problems for the development of the 
rural economy. 

For rural energy development, in one hand the related i tems of rural energy should 
be actively developed and utilized In the olher hand we would put the work of energy-



saving" for rural production and life in the first place so as to reduce the pressure of rural 
energy shor tage and serve the requirements of rural economic and cul tural development 
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THE ENERGY CONSERVATION TECHNIQUE SERVICE 
C E N T E R OF JIANGSU-NANJING 

Zhang Xiaodan* 

The Energy-Conservation Technique Service Center of Jiangsu Province and Nanj­
ing Municipality (here after the Center), founded in 19S5, is an institution under the 
leadership of the Planning and Economic Commission of Jiangsu Province and the 
Economic Commission of Nanjing Municipality in organization and under the guidance of 
the State Economic Commission and the State Scientific and Technological Commission 
in its vocational work. 

The Center is a technical service institution, combining diversified functions, such as 
scientific researches, designing, monitoring and testing, training, technical information 
and development, in one single body. It is also in charge of managing energy utilization 
work assigned by Economic Commissions of the Province and Municipality. The Center 
occupies an area of around two acres and has 109 staff and workers, of which 75% are 
engineers and technicians. 

The Center consists of seven departments: the Monitoring and Testing Station for 
Energy Utilization of Nanjing Municipality, the Design Office of Energy Engineering of 
Jiangsu Province, the Training Section, the Technical Information Section, the Computer 
Station, the Technical Service Department, and the Editorial Department of the periodi­
cal Energy L'tilization. 

The Center is well equipped by the European Economic Community (EEC) with 
various kinds of advanced instruments and meters, computer equipment, and an energy-
testing van for field heat-energy monitoring or remote monitoring. Monitoring and test­
ing services for energy utilization can be provided for all kinds of power-consumption 
equipment and systems. 

The Center has 77 experienced and skilled engineers and technicians, covering 20 
specialities, such as thermal engineering, electricity, automatic control, turbine 
machinery, civil construction machine-building, chemical engineering, applied physics and 
computer science. The Center has its feet firmly planted in Nanjing, offers services to the 
whole province and takes care of energy-conservation training and energy-conservation 
demonstration projects, which are co-operation projects with the EEC assigned by the 
state, and is also energy information center of China and EEC. The Center offers com­
plete services to enterprises for consultation, designing, construction organization, adjust­
ing and testing, and personnel training of energy engineering. 

Monitoring and Testing Section 

This section is responsible for monitoring, testing and management of energy utiliza­
tion in Jiangsu Province and Nanjing Municipality. Its tasks are to supervise the energy-
utilization units to carry out the relevant energy-utilization standards issued by the state 

* Vice-Director, Jiangsu-Nanjing Energy Conservation Center, Nanjing. 
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and the municipality and to monitor energy utilization, such as power consumption of the 
energy-utilization unit, the efficiencies of energy consumption equipment, the level of 
energy consumption of products, and the quality of energy supply. 

Thi> xvtuiii i> equipped with an energy-monit>>ring van specially designed and 
manufactured for our country by the EEC with various kinds of advanced instruments 
and meters. This section is in charge of the examination of entitling "Energy-Saving Pro­
ducts", appraisal of energy-saving effects of new products and new technology, energy 
equilibrium of enterprises, diagnosis of power consumption equipment, expounding and 
proving heat equilibrium of capacity increase of boilers, and physical and chemical 
analysis of fuel and eturgy-saving chemical products. 

The qualification of this Station has been officially approved by the Measuring 
Bureau of Jiangsu Province. All the testing data provided by this Section have legal 
authority. 

Design Office of Energy Engineering 

The business this office can undertake is as follows: 
1. Thermal power planning for large and medium cities: 
2. Design and reform of medium and small-sized cogeneration systems and urban dis­

trict heating; 
3. Reform of all kinds of boilers and kilns for industrial uses and design and research of 

waste heat utilization; 
4. Design and research of energy engineering, such as drying, vaporization, distillation, 

heat exchange, heat pump, refrigeration, thermal insulation and low-heat utilization; 
5. Design of transformer substation and power station building, energy-conservation 

technical reform of power-consumption mechanical and electrical equipments; 
6. Design and research of automatic control systems and computer control systems of 

energy engineering; 

7. Development and utilization of solar energy, wind energy and biological energy; 
8. Design and research of energy technology relevant to other industrial and civil uses. 

Training Section 

The Training Section is a collaboration channel of the Center with the EEC. In 
addition to running two training classes annually assigned by the State Scientific and 
Technological Commission and the State Economic Commission, all kinds of energy-
conservation lectures and short-term training courses are also held according to the needs 
of either the Provincial or Municipal governments. 

Technical Information Section and Editorial Department 

The center is a member of the China Energy-Saving Information network and the 
China Energy In for mat ion network, and also is the Energy Information Center of China 
and the EEC. invested by the State Scientific and Technological Commission with the 
ta.sk of exchanging information between China and the EEC. 

27-2 

http://ta.sk


The Technical Information Section olfers the following services 

1 Information on the basic s i tuat ion, the siate-of-l lie-art. and the development ten­
dency of energy both at home and abroad for helping to lay ilnwn the plan, princi­
ples and policies for energy development; 

2. Information services for continuous development of co-operation projects between 
China and the EEC; 

3. Information services for tackling key energy-conservation projects of the state, and 
or researching and manufactur ing major energy-conservation equipment; 

I Information services for technical reform of power consumption equipment and for 
bet ter energy utilization; 

5 Information services for introducing energy-saving projects into China and for 
expor t ing energy-saving products ; 

6 Information services for opening the energy technology market and for promoting 
transfer of technology; 

7. Information services for suir.ming-up and popularizing new technology, new tech­
nique, new products and new materials for energy-conservation; 

8. Services to enterprises and insti tutions by acting for energy-saving information con­
sul ta t ion and patent application, and to supply information services for special 
topics; 

9. Services for editing and publishing all kinds of energy information publications, 
audio and video information and popular science books. 

10 Services for holding exhibits, symposia for exchanging experiences and press confer­
ences for various kinds of energy-saving products . 

Energy Utilization, a bimonthly periodical, and its supplement Sews in Brief of 
Jttuigtu are publications of the Center that are dis t r ibuted throughout the country. Their 
main purposes are to popularize the national energy principle of "laying equal stress on 
both energy development and conservation" and to popularize various energy policies; to 
pass on energy information both at home and abroad; to spread the new technology, new 
technique, new materials and new products of energy utilization; to improve utilization 
efficiencies of energy: and to assist energy development and energy conservation in 
Jinangsu Province. 

The periodical has several columns, such a-s "energy management" , "researches and 
exploration", "forecast and prospect", "abstracts of world energy pa ten ts" , "special 
topics", " internat ional survey", and "information and recent developments". The periodi­
cal has the approval of the Administrat ion for Industry and Commerce at both the P r o 
vincial and Municipal levels. Each issue carries some ads of energy-saving products. The 
supplement of this periodical gives timely messages, expounded by leading organs at 
different levels about energy-conservation principles and policies and also gives the recent 
development of energy conservation at different enterprises 

T e c h n i c a l Serv i ce D e p a r t m e n t 

The Technical Service Depar tment is a liasion window of the Provincial and Munici­
pal Service Center for Energy-Conservation Technique in the urban area It olfers 
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Complete technical services for energy-conservation reform projects, designing, 
installation and adjusting of equipment for factories, mines, enterprises and civil 
daily requirements; 
To act as an agent to purchase and market energy-saving products and equipment; 
To develop and popularize energy-saving results of new technology, techniques, pro­
ducts and materials; 
To supply domestic and foreign energy-conservation information. 



THE WORLD OIL OUTLOOK TO 1995 

John II I.iclnblau* 

Some major changes have taken place in the world oil market since the price col­
lapse of 198b World oil demand, which had declined more or less steadily through 1985 
from its 1979 peak, reversed its direction in 1986 and 1987 and will apparently rise 
further 111 1988 This year's demand in what oil industry statisticians refer to as the 
Non-Communist World (NC'W) market (excluding the Soviet Bloc and the People's 
Republic of China) is likely to be more than 3 million barrels per day (B D), or about 7°? 
above the 1985 level, according to estimates by the International Energy Agency (IEA). 

While non-OPEC production in the NC'W. which had risen steadily since the mid-
1970s, has not shown a reversal, the U.S.. the world's second largest oil producer, has 
changed the direction of its production from flat in the first half of the 1980's to distinctly 
downward since 1986 I S crude production in 1988 will be about 800.000 B D below the 
1985 level. 

Oil Prices 

The 1986 price collapse is of course the major factor in both the world demand 
increase and the U.S. production decline. Now that we have lived with the new price 
scenario for 2 1 2 years and have actually seen an increase from the mid-1986 low point, 
we sometimes forget the magnitude of the total drop -- the price drop itself plus the 
decline in the exchange value of the dollar since 1985 j..:d the world inflation rate. In real 
(inflation-adjusted) national currencies the lEA's average price in 1987 was about half the 
1985 price (which itself was about 20 p c below the peak price of 1981). The real 1988 price 
is still lower by 10-15cc. The fact that NCW oil demand will have grown by only 3%, 
'2cc and 2 C7. respectively, in the first 3 years (1986-88) of the price break is a clear sign of 
the very low short-term price elasticity of world oil demand. The same can be said about 
the price elasticity of world oil supply, given the fact that, so far. NCW7 production out­
side the U.S. has risen almost as much since 1985 as it would have if there had been no 
price break. 

Where do we go from here? Let us limit our forecast to the medium term. i.e. the 
8-year period to 1995, since it is less likely to contain market-impacting fundamental geo­
logical and technological changes than would a longer period. What price can we expect 
during this period? In a free market the price would of course be a function of the 
interaction of supply and demand. In a cartel market it reflects the policy of the cartel 
and its ability to enforce the policy. 

The OPEC cartel has maintained a price that was a multiple of the free-market 
price The price collapse of 1986 has reduced that spread but has by no means eliminated 
it Civen OPEC's excess producing potential of at least 10 million B D. a free-market 
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price of $1(1-11. the low point of 19S(i. would he sufficient lo meet world oil requirements 
for several years Thus, the cartel is still maintaining prices 10 to 50'< above the 
hypothetical market level 

Of course, a free market price in oil could only come about if OPEC were in collapse 
totally and its members were then to engage in maximum competition with each other 
and if no reconstitulion of the organization in any form became possible In other words, 
prices would have to be determined in a fully competitive, totally free, unfettered market 
This is unlikely, given the overwhelming economic and political self-interest of all oil 
exporters to prevent it or. if it should happen, to quickly reverse it. 

What we are likely to see in the period to 1995, and probably longer, is a world oil 
market in which prices will be determined by the interaction of the OPEC cartel and 
market forces, much as it is right now. Thus, we probably won't see a return to the 
1973-81 period when OPEC set and maintained prices without regard for the reality of 
the market. Nor is there likely to be a return to the 6-month period in 19S6 when the 
market took over almost completely, depressing the average world oil price to $10. with 
further declines certain if OPEC had not reconstituted itself. However, of these two 
extreme developments a price collapse has a much higher degree of probability in the near 
future than a price spike, given the very weak market and the current behavior of several 
cartel members which clearly undermines the cartel's function of collective revenue max­
imization. 

The forecast I'm presenting here for the period to 1995 is what the industry likes to 
call a "consensus" forecast. The term means that a relatively large number of companies. 
academic analysts, business consultants and government agencies agree at least on the 
direction of the trend and, within a broad band, on the rate and speed of the trend's 
movements This does not necessarily make the consensus forecast more likely than any 
of the projections which disagree with it. Hut it reflects the current thinking of the 
majority of decision makers As such it is valuable. 

The consensus scenario shows a slow, modest upward movement in the world oil 
price, probably starting next year The increases should be less than the world inflation 
rate until 1991-9'J and slightly faster thereafter. 1 won't attempt to predict a specific-
price for 1995. but directionally the real price in that year will still be significantly below 
the 1985 price but significantly above the 1988 price. An example of this price trend is 
contained in the latest edition of I S . Department of Energy's Annual Energy Outlook 
Its Base Case assumes a I'.S. oil import price of $22.-10 (in 1987$) in 1995. This would be 
2 l f c above the comparable 1987 level but 22 f7 below the 1985 level. Several other reput­
able forecasts show a somewhat lower base case price for 1995. 

Prices will rise during this period not because supply and demand forces require it, 
but primarily because OPEC will regain some of its strength. Probably, the trend 1 have 
just described will not follow a smooth path. The cartel and the market will battle it out 
all along the way. with the result that price volatility will often mask the underlying 
t rend 

What is the rationale for this price path'' A principal factor is that for the foresee­
able I'm ure. OPEC will have to cope with substantial excess producing capacity. From 
\U7-i through 1!)SI i he cartel had virtually no available excess capacity, nor did any other 
oil exporter This was the key factor m OPEC's pricing power during that period 1 
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believe O P E C wi l l in -t even a t tempt l " raise prices " e v t-s-u el\ " betwee w :* 11 < 1 IWt 
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-11; ••< |n.\M-rs ^.uii l i \i_-.i 1 it:i Kuwait . Abu l)h:ibi) t ha t the long u r m interest of their 
countries, whose current reserves/production rat ios are over 100 years, are belter served 
by maintenance and eventual expansion of marke t shares than by price maximization a t 
the risk of permanently losing market shares. Venezuela. O P E C s largest producer nut-
side the Persian Clulf. has expressed similar views Having had a d r ama t i c demonstrat ion 
in the 1981-85 period of how much and II>AV quickly market share can be Ins' when prices 
remain exce-^ive. and having seen 111 t lie 2 1 2 years since the big price break li> »vv 
ditlicult it is to regain the losses. O P E C s pricing policy in the lirst half of the 1990"- wii! 
not be a repetition of the 1970s , almost regardless of commercial c ircumstances. 

However, even the most committed price doves in O P E C recognize that modest 
price increases are not only feasible but essential if the cartel is to main ta in any effective 
solidarity, since for some members the ability to raise revenues through expansion of 
market share is quite limited. Hence, we can expect an irregular but persistent upward 
trend of modest proportions in prices from next year on, despite the car te l ' s continuing 
surplus and continuing ability to meet all demand requirements at substantial ly lower 
prices. 

M a r k e t T r e n d s 

W h a t market t rends to 1995 can we expect under this price scenario? In broad 
terms: (1) A modest increase in world oil demand — 1% per year or slightly more, which 
would be about half of the to ta l energy growth ra te ; (2) Continued growth in non-OPEC 
supplies for the next few years (but slower than in the 1979-85 period), followed by a lev­
eling off in the early-to-mid 1990s and a decline somewhat later; (3) A s teady increase in 
O P E C ' s world market share in the 1990's, with the bulk of the increase coming from the 
Middle Eas t . 

Among major markets . Europe will have very little increase in oil demand because 
of the continuing inroads of o ther fuels (nuclear power and natural gas) into the station­
ary oil marke t . Japan, which had experienced almost steady annual declines from 1979 to 
1984, registered growth ra tes of about 1.3% in both 1986 and 1987 and will probably con­
tinue to grow at about this ra te . The U.S. market , which is as large as Europe and Japan 
combined, can be expected to grow at somewhat below l°c annually, which will increase 
its volume by 1.0-1.2 million B / D between 1987 and 1995. Among major products the 
fastest growth in the U.S. will be in middle disti l lates. But U.S. residual fuel oil demand 
will also rise again from about 1990 on. primarily due to increased demand by electric 
utilities as the construction phase of nuclear power plants ends in the U.S. The develop­
ing countr ies other than O P E C (which can supply its growth out of its own shut-in excess 
production), will register the most rapid growth ra te , perhaps 2 f 7 annually, from their 
current 9.5 million li \). 

In all major industrial countries other than the U.S.. residual fuel oil demand will 
decline while light products demand will rise. In the developing countries, both light and 
heavy oil products will register a growth lint fuel subst i tut ion will be at work there, too. 
so that demand will grow much faster for light products than for heavy fuel oil in these 
count ries 
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Oil Supply 

On the MUpplv side. non-OPEC NC'W production will be about 0.6 million B. D 
higher this year than in 1985. the year before the price break. This is a very modest 
increase compared to those registered regularly in the pre-1986 period. It is due almost 
entirely to the aforementioned decline of 0.8 million B D in I'.S. production. For most of 
the rest of the N'CW the production level since 1986 has been almost as high as it would 
have been if prices had remained at their 1985 level. 

The reason for the U.S. decline lies principally in the immediate sharp reduction in 
drilling activities, following the price drop. In 1986 the number of active drilling rigs 
declined by 51 c7 In 1987 it dropped by another 15°?. This year we are seeing a modest 
increase, perhaps on the order of I 'J-i:}^. Since the U.S. has by far the lowest output per 
well of any major oil producer, its production level is much more sensitive to the number 
of wells drilled at any given moment than almost any other producer. 

Outside North America and OPEC the number of drilling rigs dropped by only 19% 
between 1985 and 19S7 and is now rising again. There are several reasons for the much 
smaller drop in drilling activities in these areas as well as the continuing increase in pro­
duction: (1) For most fields coming on stream in the 1986-88 period, the investment deci­
sions and most actual expenditures had been made several years earlier; (2) A number of 
countries (but not the U.S.) offset part of the 1986 price decline by reducing government 
taxes and or royalties: and (3) Finding and production costs in most countries are sub­
stantially lower than in the U.S. Hence in those countries exploration and development 
activities did not have to be curtailed as much as in the U.S. nor did any flowing produc­
tion have to be shut in at prevailing post-1985 prices. 

The general perception that prices will rise slightly for the next several years and 
somewhat faster thereafter has spurred an increase in drilling activities in most regions of 
the world. In the first quarter of 1988, the global rig count outside OPEC was \7% higher 
than in the same period of 1987. This is likely to result in a small but steady increase in 
total world production outside the U.S. and OPEC, at least into the early 1990"s. By 
1995 we estimate the increase to amount to 1.5 - 2.0 million B D above last year's level, a 
9crc -12 cc growth. 

U.S. production on the other hand will continue to decline throughout, this period. 
In fact, after 1990 the decline can be expected to accelerate because Alaskan production, 
which has continued to grow since 1985 and is now at a peak of 2.1 million B/D. will then 
enter its long term decline phase. By 1995 U.S. production will have dropped by at least 
1.5 million B/D from its 1987 level. This could offset the entire increase in other non-
OPEC production during this period. 

Balance of Supply and Demand 

In arriving at a future balance of NC'W oil supply and demand we must consider one 
other factor: net imports from the Soviet Bloc and People's Republic of China. In 1985 
net Soviet Bloc exports amounted to 1.-1 million B D and exports from China to 733.000 
B D This year Soviet Bloc exports will have grown to 1.8 million B D (about the same 
as in 1987) while Chinese net exports will have dropped to slightly below 600,000 B D. 
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By 19y"> » f expect the Soviet Blue tc> register a modes! deehne. sinee production will 
at U'M remain at Us current level while domestic demand is likely to grow. However, the 
cr-will "il l be quite sm;:ll Miiee Soviet natural gas will eonllliue to displace oil III IID|I-
t r a l l s p o r t a l | o | | t|se> .if oil Let u> a » U l l i e a net Sovie t oil e x p o r t level of 1 5 mi l l ion B I) 

f..r BK1") 

I am reluctant to make any projections of oil exports by the People 's Republic of 
('tuna in the presence of experts who are far more qualified to make such forecasts. How­
ever we do know that Chinese oil exports peaked in HIS") and have declined since then. 
(iiven the slow growth m domestic production and the rapid industrialization of the coun­
try, requiring rising levels of oil and other energy sources. I a.ssume that Chinese exports 
will continue to decline By l!)!)o 1 have somewhat arbi trar i ly assumed they will be no 
more than half of this year 's level. 

We can now put together the N C W supply and demand balance for 1995. Demand, 
based on our annual growth ra te of \°c or slightly more , will be 52-53 million B D in 
BIH5. N o n - O P E C supplies from all sources should be approximately 28-29 million B I). 
Thus, depending on how we combine the upper and lower ends of the supply and demand 
ranges. OB1X'. as the world's swing producer, would have to provide 23-25 million B D 
of liquids to balance supply and demand. Since the cartel can be expected to produce 
about 2 million B D of natural gas liquids by then, its required crude oil production 
would be on the order of 21-23 million B I). While this would be a significant improve­
ment from this y e a r s likely IS.5 million B, D, it would still leave the car te l with a sub­
stantial excess producing capacity. Thus, our projected price path to 1995 is not required 
by marke t fundamentals, but assumes a moderately effective cartel whose power is very 
gradually s t rengthened over time by market fundamentals. 
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P A C I F I C R E G I O N OIL P R O D U C T T RA D E 

Dennis J O'Brien* 

The Pacific Economies 

I want to say something about the extraordinary economic changes in the Asia-
Pacitic region: 

o By '2000 the combined GNP of the Asia-Pacific region will equal the size i_.." Europe 
or the United States, 

o The combination of trade development, domestic economic expansion, dedicated 
work force, emphasis on quality and technical education, a vigorous "safe" enterprise 
system, outstanding government-business cooperation and support, will result in 
Asia leading the world economy into the 21st Century. 

o Meanwhile, the European and U.S. economies are very sluggish and suffering from 
what some analysts call "Eurosclerosis." 

This leads to two possible scenarios depending on the strength of economic trends 
and the wisdom of the people who manage them: 

o A RISING TIDE economic and political scenario in which the U.S. gets its economic 
house in order, the world economic leaders and banks cooperate, finance and trade 
continue to flow through opening windows, and good luck prevails. 

o A DEEP MALAISE in which everything goes wrong and the system breaks down. 
Asia will be affected greatly by both scenarios but will perform better than Europe 

and North America in both cases. China will be less affected by the lower case because the 
economy is less involved in international trade and finance. 

The Energy Environment 

The diverse countries in the Asia-Pacific region do share a number of common 
features. Firstly, their rate of economic growth is faster than that of the U.S., Europe 
and the rest of th a world Secondly, their governments are heavily involved in the energy 
sector. Thirdly, they are heavily reliant on petroleum. 

Together with economic growth, the region is also seeing strong growth in oil con­
sumption. Lower crude oil prices have contributed to this growth, a.s well a.s the appreci­
ation I"I|" many currencies, making petroleum products more affordable. Government regu­
lation of oil imports have also been relaxed in some countries, increasing demand for oil. 

In Asia the dominant transport fuel is diesel, followed by gasoline and jet fuel. Car 
and truck registrations have seen double-digit growth in several countries a.s the standard 

* ( linf Fvonoin i - t . Call'-x I ' H lolcinn Corpora t ion 
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of living hits risen and industrialization has progressed Therefore, growth in iranspi.rt 
fuels has been and continues to be s t rong Kerosene is still cMen-ivcly used in the region 
111 household cooking and heating, but is being displaced by l . l't. :i- ulllileiiee IIIITI'UM-
The role of non-commercial energy (wood, charcoal, agricultural wastes) has been dimin­
ishing for some time 

Heavy fuel oil is a substant ia l portion of petroleum consumption, but displacement 
by coal and natura l gas continues to fluctuate with oil prices. 

Pe t ro leum as a proportion of total energy is declining in the long run as the stra­
tegic plans of governments s tr ive to reduce reliance on imports and encourage 
diversification. 

Nuclear power plays a minor role in Asia-Pacific. 

P e t r o l e u m P r o d u c t D e m a n d 

From a global perspective, the whoie Asia-Pacific area consumes less than half as 
much oil as the U.S. alone (Table 1). The largest consumer is Japan, with about -4 million 
barrels per day. followed by Korea and Australia. However, the rate of growth in Asia 
will be much greater than elsewhere, and the market potential is enormous. Not including 
Japan, demand in the nine Asia-Pacific countries shown in Table 1 is expected to rise by 
nearly 5°? per year from 1987 to 1992. from 2.-1 mbpd to 3.1 mbpd. Pe t ro leum consump­
tion is increasing particularly fast in Korea and Tha i land . 

T a b l e 1. P e t r o l e u m P r o d u c t D e m a n d in Se l ec ted 
As ian C o u n t r i e s 

1982 1987 1 9 9 2 

Australia 566 600 650 
Hong Kong 132 115 120 
S. Korea 497 613 950 
W. Malaysia 146 152 155 
New Zealand 79 85 92 
Pakistan 119 180 250 
Philippines 195 182 220 
Singapore 185 283 300 
Thailand 200 254 360 

.Subtotal 2.519 2.464 3.097 

Japan 4.321 4.353 4.255 

l . S (CIA) 15.296 16.556 17.200 

W. Kurope UFA) 12.100 12.100 12.200 

Free World (IFA) 46.900 4^.600 50.500 
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White oils lo-sohiies. ilu'-si'l I . I 'd , ktT". jet furl I .in- I'-T- nuns; :i l;irn<T prop. .ru« 'ii • •( 
tl»-m aiivl :it thf expense o!' heavier pri'ilucts Ifucl oil (>>r rl.-ctric patter C'lirni! i"ii ami 
bunkers) (Figure II Their >liarr < •!' ml.iii.l o .u--.iim pi i< 'ii m l'.ls? i aimed fr. >m "J-V7 in 
Singapore to Sti'7 in Ni'\v Zealand (Tahie 'JI 
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Table 2. White Oils* aa Per Cent of Inland Consumption 

1987 HM) 
Australia 88 90 
Hong Kong 56 63 
Japan 63 65 
S. Korea 51 51 
\V. Malaysia 65 66 
New Zealand 95 96 
Pakistan 72 73 
Phillipines 58 58 
Singapore 25 21 
Thailand 81 84 

* Gasolines, diesel, LPG. C'NG. Kero, domestic jet fuel 

Gas oil represents a large proportion of total demand, from 20^? in Singapore to 
50 f c in Thailand. Consumption is growing Qcc per year a.s agriculture becomes more 
mechanized and diesel vehicle ownership increases (Table 3). In Japan, the freight indus­
try is switching from rail to diesel trucks. Economic growth is strongly related to cliesel 
consumption. 

Table 3. Automotive Diesel Consumption 

c1 of 1987 In land 
M B P D 

Consumption 1987 1990 1992 

Austra l ia 28 151 165 175 
Hong Kong 39 12 14 16 
S Korea 30 173 215 245 
W Malaysia 29 11 44 46 
New Zealand 25 18 :y 19 
Pakis tan 45 67 82 94 
Phil ippines 28 48 55 60 
Singapore 21 10 11 11 
Thai land 49 105 175 190 

Subto ta l 

49 

625 780 856 

Japan 22 493 514 575 



Selected Coun t r i e s 

Al STRAL1.V Gasoline comprises over W c of total eousuiiiptioii. but growth is lev­
elling off with increases in engine efliciency. In contrast, LPG demand is increasing by 
o l7 p a Diesel demand is being boosted by growth in agriculture and mining Tourism 
and expanding air freight are boosting jet fuel consumption 

HONG KONG. Petroleum use is declining as town gas and LPG are displacing 
kerosene Also, coal-fired power stations are displacing fuel oil. Jet fuel demand is grow­
ing by 7 f t p.a. 

KOREA. The car population has been growing by 20cc a year and consequently 
gasoline consumption. However, nuclear energy and LNG are displacing fuel oil in electric 
power generation. LPG is growing at 1CC7 pa . in the household sector and as a vehicle 
fuel. Also, naphtha use for petrochemical production is increasing sharply. 

MALAYSIA. In Malaysia, the vehicle population, mogas and diesel consumption are 
all incieasing Also. LPG growth of 10% per year is anticipated in household and indus­
trial use. Kerosene use however is declining as more electricity is available. Fuel oil con­
tinues to be displaced by coal, natural gas and hydro power. 

PAKISTAN. Road expansion and agricultural mechanization are contributing to 
the rise in diesel demand. Economic growth and increasing vehicle ownership are boost­
ing gasoline consumption. Electricity is still generated by fuel oil to a large extent as 
natural gas is restricted by an inadequate distribution system. Kerosene will remain a 
major household fuel. 

PHILIPPINES. Strong demand for transport fuels is forecast with increased 
economic growth. Fuel oil use for electric power generation will increase to 1990; 
thereafter some substitution is expected. Kerosene is expected to remain a popular house­
hold fuel: LPG use is forecast to grow by nearly 15% p a . 

SINGAPORE. Fuel oil demand will remain strong for electricity generation includ­
ing the public transportation system. Gasoline and diesel are being partially displaced by 
the new mass rapid transport system; the car population is declining. The Changi Air­
port expansion will increase demand for jet fuel. Piped gas will displace LPG for cooking 
in new housing estates. Naphtha use is also increasing for conversion to LPG and pipe-
gas. 

THAILAND. Gasoline and diesel demand is expanding with economic growth and 
new vehicle registrations LPG use in the household sector is growing. Tourism and jet 
fuel demand will remain strong. Fuel oil is being displaced by gas and coal in the electric 
power industry. Kerosene consumption is declining as electrification to rural areas 
expands. 

Conclusions 

Demand for transportation fuels will continue to grow into the 21st Century 
throughout Asia as economic growth improve.-, the lives of the people of Asia. The auto­
mobile Meet will continue to expand at a rapid rate and continue to be balanced between 
diesel and motor gasoline engines, with the split between them depending upon the local 
taxes on each 
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This will strain Asia's refining capacity and more investments will be made in 
national refineries designed to meet individual product deficit requirements. Initially, pro-
due! differentials will in>t support heavy investment in fuel oil upgrading plants; invest­
ments will initially focus on improvements in yields of existing units, for example, 
modifications to allow the use >4 new catalytic cracking catalysts will lie made Product 
quality standards will also increase, putting further upward pressure on differentials My 
the mid-HH)0.s. continued strong growth in transportation fuels, slow fuel oil growth, a 
heavier crude mix worldwide and the start-up of little new upgrading capacity will all 
contribute to ,111 increase in the upgrading differential, which will prompt a new waver of 
major refinery investments. 

In the meantime, the surplus capacity in both natural gas and coal will continue to 
overhang the market. There will be strong efforts to continue substitution for fuel oil in 
boiler and bunker applications. \\V have nearly reached the limit in these applications. 

There will be increased efforts to substitute coal and gas in transportation applica­
tions In Indonesia. Singapore. Malaysia, and Thailand. CNG and LPG use as transporta­
tion fuels will grow, slightly alternating the growth in gasoline and diesel 

Japan has also undertaken a massive effort to develop new technologies to use these 
fuels and reduce Japan's oil share of the energy mix (from 56% now to '24% in 2030). 
Japan is also looking at ways to commercialize these transportation fuel technologies and 
export them as a new wave of exports in the late 1990s. Japan has a large program aimed 
at development, construction, and export of new technologies in the electric power sector. 
The timing of these Japanese exports of energy technology could affect either the decision 
of governments and private companies in investing in refineries or new exploration and 
production. Once the investments are made, the technologies could affect the pay-out of 
those investments. 

In short. I am suggesting a tightening light petroleum product market in the 
medium-term which encourages investment. In the longer-term, surplus capacity will 
again return due to a wider range of transportation fuel options and probably excessive or 
premature construction of fuel oil upgrading facilities. 
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P A C I F I C R E G I O N C O A L T R A D E 

Stuart H Klm-iip-ich* 

I unders tand there is an old Chinese curse which roughly translates a.s "May you live 
in interesting t imes" -meaning that periods of war. famine and rebellion tend to rate 
poorly on any index of ease and comfort even if one's adrenalin level s t ays high. I believe 
that curse was originally directed at a coal salesman somet ime in the dim past . Interest­
ing is a gross understatement when it comes to describing the current s t a t e of the world 
coal industry. 

Since this conference is concerning itself with the ""energy"" market and the future of 
"energy"' demand, it seemed appropr ia te to concentrate on the seaborne world steam coal 

t rade in the Pacific Rim. Steam coal is used to generate power, fuel industr ia l boilers and 
provide fuel for the cement and ceramics industry. Fur the rmore , coking coal demand, 
while an impor tan t component of world coal t rade, is not expected to increase dramat i ­
cally in the coming decades. Only Japan. Korea and Ta iwan import significant quantities 
of coking coal. Anthraci te is a product serving a very small segment of the market , i.e., 
the specialty steel and home heat ing sectors. Therefore, 1 have made the easy choice to 
only discuss "s team coal"' t rade in the Pacilic Rim. 

I define the "Pacific Rim" to include the following countries and regions actively-
involved in the trade of steam coal: 

BUYERS SELLERS 
Japan Australia 
Hong Kong Canada 
South Korea South Africa 
Taiwan Indonesia 
Indonesia Columbia 
Malaysia USA 
Philippines USSR 
Thailand 
India 
Singapore 

Rather than air my ignorance of the Chinese coal industry, I hasten to add that the 
"Pacific Rim Coal Trade"' I will concentrate on is that portion of demand which countries 

cover by impor t ing steam coal, which naturally means the supply side must be included. 
Supply has been a neglected issue for some years, possibly a reflection of the fact it 's been 
a buyer 's market for several years in the coal business. One of the points I make is sup­
ply is not so assured in the next decade, .so I will spend some time on supply issues. On 
the demand side. I will refer to Asia a.s constituting the above customers. 

* W e f'ri-sideni of Marketing. Inland Crei-k Coal of China, I.id 
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Asia and Steam Coal in Context 

Table 1 shows that concentrating on the import component of Asian demand nar­
rows dramatically the scope of this talk Asian hard coal consumption is only about 40% 
of world consumption, and total imports are only about 10% of that consumption. Asian 
steam coal imports has the significance of a statistical discrepancy within total consump­
tion. 

Table 1. World Hard Coal Consumption in 1986 
(Million tonnes) 

Total Asian Portion 

Consumption 3,200 1,200 
Total imports 300 140 

of which 
Steam Coal 136 48 
Coking Coals 164 92 

Main Pacific Rim Coal Consumption 

China 950 
Japan 120 
Australia 48 
South Korea 40 
Taiwan 18 
Hong Kong 7 
Indonesia 3 
Philippines 2 

Main Pacific Rim Coal Consumption 

USA 770 
USSR 720 
Great Britain 110 
West Germany 94 

World Coal Trade History 

Coal has been a major energy source for a long time, though its importance in this 
"petroleum century" has taken a beating. The business environment has been simplicity 
in itself—local mines supplied coal to local customers, usually a power plant or steel mill, 
who often owned the mine anyway. Those customers also often had a regional monopoly 
for their products so it was a perfect closed system. Most seaborne coal was used to fuel 
the steam engines of ocean going cargo ships. The coal was stored in "bunkers'". Today, 
the fuel oil used to run the large low speed reciprocating internal combustion engines 
aboard cargo ships is called "'bunkers" as well. 
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The modern postwar coal t r ade started in Europe with the main suppliers being the 
I S A Mid Poland It was a marginal activity for both sides European cus tomers needed 
to replace depleting local production and the suppliers to export tonnage surplus to their 
needs. The original trade was overwhelmingly concerned with coking coals but the 
volume was relatively small. 

Japan changed all that with their decision to massively increase steel ou tpu t in the 
late 1960s. Th i s necessarily meant reliance on impor ted coking coals and it was soon 
obvious the " t r a d i t i o n a l " supplier, the I'SA, could not supply the total eventual demand. 
The result was the development of coking coal mines in Queensland by Utah 
International a U.S. owned company and. really, a simple extension of the way business 
had always been done with the exception being the mines were in Austral ia, not the USA. 

The O P E C "oil shocks" of 1973-7-1. for Europe, essentially meant more marginal 
tonnage would need to be imported, including growing quanti t ies of s team coal. It was 
small scale business though and Tab le 2 shows the total s team coal t rade in 1979 was still 
only about 4b million tonnes, nearly all going to Europe . .lapan, again, figured in the 
changes we now take for granted but did not play a major role in the beginning of the 
steam coal t rade . 

T a b l e 2 . M a j o r S t e a m C o a l I m p o r t e r s 

(Million tonnes) 

1 9 8 1 1983 1986 1987 est 

France 15 7 11.4 8.1 5.0 
Germanv 9.5 8 8 9.4 7.5 
Italv 7.3 7.7 9.0 11.2 
Denmark 10.7 8.4 12.0 8.0 
Netherlands 4 2 4.6 7.5 7.8 
Japan 11.6 13.9 19.7 23.3 
Hong Kong 0 3.4 6.2 7.5 
South Korea 1.2 3 7 8.9 9.2 
Taiwan 3.2 5.5 9.8 10.7 
al Seaborne Trade 75.0 85.0 136.0 145 0 

Japan ' s planners decided to commission a new generation of power p lan ts on nuclear 
fuel, coal and LNCJ: all imported material The role of coal was to provide backup to the 
base load ou tpu t of the nuclear plants , a role which is basically unchanged. Indeed, it 
may come as a surprise to some coal suppliers who spend so much time and effort servic­
ing those Japanese coal-fired plants to be reminded tt.at their installed capacity of about 
12.000 M \ \ is only some 10f I of the total Japanese electrical generating capaci ty . 

One interesting irony is that in the 1960s Japanese utilities burnt a lmos ' as much 
<oal as they do now. all locally provided of course, bill the drive in thai decat.e w;is for 
i 'inversion to nil! 
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Though Japan is now the world 's major importer of I»»tli coking ami Mi-am coals its 
dominance of the two coal t rades varies dramatically With coking coals. lapan ;in-i,iini> 
for 4 l r< of world imports but the figure for steam coal impor t s is only about lfi'V 

Table 3 also shows there is a fair number of significant steam coal importer-- The 
consistent growth has been in Asia, which is not surpris ing given the greater reliance on 
imported coal of Japan. South Korea. Taiwan and Hong Kong Except possibly for Italy 
and Denmark, most European buyers still view coal impor t s in the ' " t radi t ional" way as 
marginal supplements to local production. Inter-fuel competit ion is also s tronger in 
Europe because of proximity and population distr ibution, especially as regards ga.s and 
nuclear generated power. 

T a b l e 3 . M a j o r S t e a m C o a l E x p o r t e r s 

(Million tonnes) 

1979 1981 1 9 8 3 1986 1987 est 

USA 2 3 29.9 15.5 20.2 17.5 
Canada 11 2.0 2 4 4.7 4.5 
South Africa 16.7 25 4 26.2 41.0 36.0 
Poland 18.7 46 115 16.0 12.0 
Australia 5 7 102 18 4 40.5 44.5 
China 1.0 2 5 3.5 6.0 11.5 
Columbia 0.3 0 6 OS 6.5 8.0 
tal Seaborne Trade 46.0 750 85 0 136.0 145.0 

Despite the present prominence of Asia. Europe was responsible for the s t a r t of the 
modern s t eam coal t rade commencing in 1979 with the first shipments of P h a s e 2 coal 
from Richards Bay in South Africa. Most of this coal was targeted for Europe , South 
Africa's " n a t u r a l marke t " , and the main reason we have recently seen a growth of South 
African tonnage to Asia is because politics has caused the diversion of some tonnage from 
that " n a t u r a l " marke t due to embargoes by countries such as Denmark and France . 

Oil companies as well as the 3 local giants (AMCOAL. G E N C O R and RAND) figure 
prominently in the 48 million tonnes currently permi t ted to be exported by the South 
African government and the 44 million tonnes authorized after the next expansion of 
Richards Bay. 

They also set up '"I tah type"" mines, that is large scale production projects with 
most of the tonnage dedicated to exports , with large percentages of that production tied 
to long term purchase contracts by utilities. At about the same time, the planned "post 
oil shock" coal-fired plants in Japan . South Korea and Taiwan began to come on stream 
and those cus tomers signed cont rac ts for project mines in Australia and. to a lesser 
extent. C a n a d a and the I'SSR. Each time though, the project concepts, goals, financing 
and s t ruc ture wa.s adjusted, reflecting the country in which n was set up and the a t t i tude 
buyers and shippers had then of the coal trade 
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Two further events gave this later wave of mines a special flavor. First came the 
1979 OI'EC trebling of the oil price followed in short order by the virtual cessation of 
coal exports from Poland during the days of Solidarity. A brief "(iolden Age" dawned for 
shippers. Buyers vied with each other to snap up any available tonnage, regardless of 
price, financiers competed to provide funds for new coal projects and expansions: and 
investors, including buyers, huge premiums paid for equity in coal companies. Steam coal 
prices even exceeded the price for coking coal, in some cases, giving Japanese steel mills 
severe headaches in their procurement programs. 

The statistics in Table 4 badly track the rise and fall of this era with prices peaking 
around 1982 and then falling off some $VS 20. in nominal terms, by the middle of 1987, 
or a drop of 35-10^ in product's prices within 5 years. For scarred veterans amongst 
traders and shippers, that era is a dim pleasant memory but, as I'll detail later, we now 
have the signs of at least a partial return to those times. 

Table 4. Contract FOBT Prices to Japan 
(l'S$, tonne, 6700 kcal/kg ADB basis) 

JFY82 '83 *84 '85 '86 '87 

China 
- (Datong) 54.62 39.85 39.85 39.85 35.97 38.65 

South Africa 
- (Ermlo) 47.90 39.70 33.90 33.97 32.17 27.20 
- (Witbank) 56.10 42.10 40.85 40.84 36.88 33.88 

Australia 
- (EPDC) (A$) 41.11 44.10 43.40 48.72 52.05 41.50 
-(CEPC) (US$) 39.96 39.65 36.23 33.53 31.98 29.40 

NSW Soft Coking 57.25 45.25 44.70 44.70 43.25 38.75 
NSW Semi Soft 51.50 39.50 39.50 39.50 37.25 32.50 
NSW Hard Coking 66.00 54.00 52.50 52.50 49.00 44.00 

Note: For CEPC, prices were set by EPDC in SA until JFY86 so $US equivalents are 
shown for earlier years. 

The contracts signed with the Australian. Canadian and Soviet projects in the early 
1980s cheerfully ignored the fact that buyers and shippers were in different countries 
where long term, cost plus arrangements, as per the old industry model, would result in a 
disparity between buyers price expectations and sellers needs to cover costs. For the Aus­
tralian contracts, for example, the major disagreements tended to be over the ceiling 
allowed for passing on local inflation with exchange rates only figuring in a handful of 
contracts. 

Normally, contracts reflect the conventional wisdom at the time they were nego­
tiated and both sides felt reasonably content with the result. The buyers wanted protec­
tion from what looked like a rising market while shippers' major concerns were the 
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parochial ones of covering cap.tal and infrastructure costs 

HOW THE TIMES HAVE CHANGED SINCE THEN! 

Current Nature of the Steam Coal Business 

The steam coal trade is really only a decade old which, of itself, explains some of the 
volatility of the trade. It still accounts for a relatively small portion of total consumption 
and that is a partial explanation of why so many forecasters of import demand can't seem 
to get it right. 

Asian steam coal importers are more dependent on import supplies than their Euro­
pean counterparts, but this is partially offset by the utilities fuel balance policies which 
emphasize nuclear base load. It is interesting that Taiwan is moving unwillingly towards 
imported coal as a base load fuel because its nuclear power program is stalled, but coal 
demand in South Korea and Japan is subject to fluctuations in the nuclear program. 

Power utilities are the major buyers world wide. There is a significant difference in 
the corporate natures of buyers and shippers. Buyers tend to be government or quasi-
government bodies with all that implies, while shippers are both numerous and of private 
enterprise. Even in China, the huge An Tai Bao coal project is half owned by a private 
corporation and many state corporations are allowed to export Chinese coal, corporations 
which are driven by a profit motive. It might not seem relevant at first but "culture 
clashes"' can occur as much because of differences in styles of doing business as because of 
differing national values. 

It's a reasonable proposition that current major buyers will also be future major 
buyers. That 's an interesting thought given the forecast doubling of Asian imports by 
1995; in most businesses, growth on that scale would be marked by new buyers entering 
the market. 

However, the same does not apply to shippers. In the past seven years we have seen 
the marked decline in importance of Poland and the USA and in the past year, the start 
of a downturn in exports by South Africa as costs, geology, transportation, political prob­
lems and a currency driven by the value of gold combine to constrict export volumes. 

Australia's steam coal exports crept up (Table 5) in 1987 by another 10 p? to 4-1.-5 
million tonnes but that is really the last of the production planned back in the early 1980s 
coming on stream. Though Australia has the infrastruclural capacity to handle 
significant further export tonnage, its management, frankly, does not have the will or 
ability to invest in more coal mines. Unless there is a significant change in corporate 
expectations of returns from coal, Australian capacity will start to decline as present 
mines and equipment are played out. 
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Table 5. Australian Steam Coal Exports 
(Million tonnes) 

1979 1983 1986 1987 est 

:al 5.7 18.4 40.5 44 5 
Japan 1.6 7.6 14.8 19.1 
South Korea 0.2 1.8 54 4 3 
Hong Kong 0 1.0 2 5 2.7 
Taiwan 0 7 14 3 2 3.8 
Indonesia 0 0 1.3 0.9 
Malaysia 0 0.1 0 1 0.2 
Philippines 0 0.2 0.6 0.4 
Thailand 0 0.2 0.1 0.2 
India 0 0 

12.3 

0.1 

28.1 

0.3 

2.5 

0 

12.3 

0.1 

28.1 31.9 

New capacity will not be easy to coax out for the export business. While China 
looms large in the world's eyes as a major new supplier, I must confess to serious reserva­
tions as I look at the strong dependence on coal, high growth rate, and low per capita 
electricity generating capacity that leaves tremendous room for increases in consumption. 
Also, there is little doubt that infrastructure and communication is a significant con­
straint. 

The next generation of mines worldwide will be more costly and possibly lower qual­
ity than those developed in the early 1980s. In Australia for example, though the infras­
tructure is there to rail and ship the coal, most of the "easy" coal is already being mined. 
In China, Indonesia, Venezuela, Colombia and the Soviet Union the situation is exactly 
the reverse. In South Africa, not only has the "easy" coal been mined but, because of the 
way exports are handled there, the infrastructure also needs to be built for the next gen­
eration of mines. There aren't many "new" suppliers in the pipeline. Colombia's El Cer-
rejon could double its output, whether the partners would fund the infrastructure needed 
and if that infrastructure is practical is a matter of judgement. Venezuela with its Car-
bosulia project is possible. There is no doubt the right quality coal is there for Indonesia 
in Kalimantan and Sumatra but the logistics could guarantee a limited export potential. 
This limitation is especially true for Indonesia if that country's power program stays on 
track, as that would absorb most of any local production. 

Logically, incremental supply must first come from Australia then, if the investment 
climate holds up, from South Africa once the Phase IV exporters are persuaded to fund 
the expansion of Richards Bay. 

I am not sure how China will reconcile the conflicting priorities of satisfying domes­
tic demand and generating foreign exchange and manufacturing export-related products 
in the SEZs. but the above three countries seem the main contenders for the supply of 
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large volumes of reasonable quality and reasonably-prices coal 

The above blow by blow account is a roundabout way of saying that even if the 
increase in Asian coal imports by 1995 is at the lower end of my forecast range (see Table 
til. supply will become very t ight. This figure. 24 million tonnes, is almost equivalent to 
current to ta l s team coal exports from New South Wales while the 49 million tonne 
increase in the optimistic forecast in Table 6 is more than total steam coal exports now 
coming from Australia! If you allow me a plug for my own company. ICCC, we are taking 
about another An Tai Bao mine s t a r t ing up about every year to 1995 under the optimis-
• ;c scenario. 

T a b l e 6. Pacif ic R i m S t e a m Coal I m p o r t s D e m a n d F o r e c a s t 

(Million tonnes) 

1986 1990 1995 

Japan 19.7 26.0 35 - 40 
Hong Kong 6.2 9.5 8 - 14 
South Korea 8.9 10.0 11 - 14 
Taiwan 9.8 13.0 14- 16 
Indonesia 1.3 1.0 1 - 2 
Malaysia 0.2 1.5 1 -3 
Philippines 0.6 1.0 1 - 3 
Thailand 0.1 0.2 0 - 1 
India 0.1 0.5 0 - 1 
Singapore 0.0 0.0 0 - 2 
Total 46.9 62.7 71 -96 

+15.8 +8.3-33, 

Do not lose sight of the fact t h a t we are t reat ing Asian imports only in this presen­
tation. Some of the est imates I have seen for European demand increases suggest that in 
the next decade, we would be looking for the equivalent of two " n e w " Aust ra l ias . 

I postula te the major concerns of the next decade will be securing supply ra ther than 
chasing demand , but I'll let you digest that thought and re turn to the present. 

C o u n t r y P e n S k e t c h e s 

On the s t ra ight demand side my 1990 est imate (see Table 7) assumes the only new 
coal fired power plants will be Kyushu ' s 700 M\V Ma t suu ra plant and Hokkaido 's 350 
M\V T o m a t o No. 1. The first will s t a r t up in 1988, after a 6 year delay, while T o m a t o 
No. 1 is an old plant which is " n e w " to imported coal. It will burn 700,000 tonnes of 
imported coal in JF87 while under the 8th Coal Plan, o ther utilities in J a p a n share the 
burden of using the displaced domest ic tonnage. Hokkaido Electric has, until now, burnt 
some 40 c rc of J apan ' s domestic s team coal production which, at a current price of Y19.915 
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a tonne, means Hokkaido Electric bears a disproportionately large fuel cost compared 
with other utilities 

Table 7. Est imate of Coal Fired Power Plants 
in Key Pacific Rim Markets 

(Megawatts of capacity) 

1987 1990 1995 

11,802 12,502 17,362 
3,955 3,955 5.055 
2,680 2,680 3,180 
4,490 5,150 5.810 
300 600 720 
0 300 600 
0 0 0 
0 0 300 

450 750 1,350 
23.677 25,937 34,377 

+ 2,260 4- 8,440 

From 1990. the success of the 8th Coal Policy will have a big impact on demand for 
imports. The plan is to reduce domestic tonnage by about 10 million tonnes by 1991. 
About half this tonnage at least would be steam coal but the problem with rationalization 
programs like this is knowing when to stop. There are only 11 mines now in Japan and 
the plan is to end up with 4 but, as the last ones are big mines like Mitsui's 4.3 million 
tonne Miike Mine, closure of one of these will add significantly to import demand. 

One rumor suggests that the Japanese government would reserve all the import 
demand generated by displacement of domestic coals for the USA to placate the anger 
over Japan's huge trade surplus. Even if the USA could supply all the coal, which is not a 
given, you can be sure such a move would draw no approving nods from Japan's other 
traditional suppliers such as Australia and Canada. 

Besides this new source of import demand, the other components of increased 
Japanese demand will be the power utilities, general industry and the steel mills. 
Between 1990-95. the new coal tired capacity I see being commissioned is: EPDC's 
Matsuura (1000 M\V). Chuba's Hekinan (2100 M\V). Horukiku's Tsuruga (500 M\V). and 
Tohoku's Noshiro (600 M\V). Of the officially approved new plants in the period to 1995 
1 have already eliminated Kyush's 700 M\V Reihoku project. I must confess to a belief 
that Noshiro will not start before 1995 and at least 1 of the 3 X 700 M\V units for Hek-
inan will also be delayed Still, even if these slippages occur, the power sector will be look­
ing for coal to fire 2900 M\V of new plant capacity or some 6 million tonnes of annual 
steam coal demand 

Japan 
Taiwan 
South Korea 
Hong Kong 
Philippines 
Malaysia 
Thailand 
Singapore 
Indonesia 
Total 
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Japanese industry used some 1-1 million tonnes of sieam coal in JF87 (Table 8) Six 
years ago. the cement companies were the major consumers and in 19S1 they looked >et 
for a great future with SI million tonnes of cement production Ala*, tin- god* would 
have it otherwise and in 1985 production had staggered to 71 million tonnes This year 
has seen an improvement with domestic sales picking up as the government's plans t<> 
stimulate residential consumption take effect. 

Table 8. S t e a m Coal Demand in J a p a n 

(Million tonnes) 

J F Y 81 J F Y 87 

Electric Power 122 23.3 
Import 3.5 13.3 
Domestic 8.7 10.0 

Cement 10.8 6.0 
Import 8.3 5.3 
Domestic 2 5 0.7 

Other industry 4.1 8.0 
Import 1.2 6.2 
Domestic 2.9 1.8 

Total 27.1 37.3 
Import 13.0 24.8 
Domestic 14.1 12.5 

At best though, the cement companies will continue to import at present levels. 
There is a strong move though among pulp, paper, textiles, chemical and other industry 
sectors to either convert existing units to coal or ensure new units are coal based. "Other 
industry" coal imports have already doubled from 1981 to 1987. I see this trend continu­
ing, at least till the early 1990s as more companies realize the benefit;: of coal usage. 

As for steel mills, I will admit the Japanese steel industry if, like cement, a mature 
one and so unlikely to import much more than the present annual 65 million tonnes of 
coal. What is happening now, though, is the composition of those imports is shifting 
rapidly towards the weak coking quality coals as technology changes enable the mills to 
downplay the need for "traditional" coking coals. The cost savings have helped greatly in 
propping up the mills' profitability. There is also direct substitution with greater use of 
pulverized coal injection into the converters, plus the mentioned raising of the technical 
constraints on use of non-coking coals in coke making. 

In JF87 the mills will use 12-14 million tonnes of "semi-soft" coals, about 20 cc of 
their coal intake. I hesitate to claim all of this as •steam coal" though as. in a buyers' 
market, a lot of this is really good quality "coking coal"" bought at a lower price by being 
categorized as "semi-soft"" purchases. As the mills are planning to increase their "semi-
soft*" intake to 30 f7 or even 40 rf. it is obvious that, even in a static market, whatever 
portion can be described as "steam coal" will mean significant tonnages 
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There is more downside in the figure* lor South Korea than those for Japan Two 
major assumpt ions I've built into my estimate* are that Korea Klectric (KKPCO) will in 
the early 1990s revert substant ia l ly to an emphasis on coal-ft red p lants rather than 
another nuclear plan, and the government inspired push 1W industry to switch towards 
coal reliance will continue unabated 

The present stalled s i tuat ion of the nuclear program in Taiwan has given coal 
demand a major boost. Taiwan Power is switching its coal-iired plant base load to cope 
with an annual electricity demand growth of 10-31 cr arm i-? sure to speed up commission­
ing of the -I X V>0 M\V coal tired units at Taichung. Industry demand for coal in Taiwan 
(\ iitinues to be strong also, so present imports of about 3 7 million tonnes will expand. 

Since its emergence as a coal user in 19S2. Hong Kong has continued to be the kind 
of growth market shippers dream about . With another liGO M\V due to be commissioned 
at Castle Peak before 1990 and an annual electricity growth demand of 10-13°?. that 
dream will run for some t ime yet However, the mid to late 1990s pose big questions for 
coal expor ters (other than China) Will, for example, coal imports cont inue at the 
present ra te or will it gradually become a reserved domestic market for Chinese steam 
coal'.' If Hong Kong used 100 r< Chinese steam coal today. China would have to ship all of 
its export s team coal to Hong Kong and that would just barely be able to keep up with 
the demand. 

When the nuclear plant at Daya Bay is eventually commissioned, will its output be 
in addition to that from existing Hong Kong coal fired stat ions ' 1 Or could it. as rumored, 
be commissioned at the expense of existing Hong Kong coal fired capacity, resulting in the 
loss of up to 3 million tonnes of coal imports to Hong Kong'.' 

In the Philippines, the installation of at least another 300 M W unit at its Calaca 
coal-fired power station is almost a certainty Fu r the rmore , by 1995 a thi rd unit should 
be installed at Calaca and possibly two smaller uni ts in the islands, like Cebu. The Phi­
lippines has the advantage of having large quanti t ies of semi-bi tuminous coal but the 
disadvantage of it being wet. clayey and difficult to handle. These character is t ics have 
led to difficulties at its major mine. Semirara. and will encourage greater dependence on 
imports in the future. 

The need for incremental power capacity is great , especially in light of the expensive 
fiasco of an a t t e m p t to commission a nuclear plant in Manila. Co-generation is one possi­
bility tha t is just beginning to be explored in the Philippines. The compet ing priorities 
for the trickle of funding available from the government makes the future uncertain for 
additional coal-fired capacity 

Indonesia has ambitious plans for both coal-tired power plants and domestic coal 
production Suralaya *hoiild have 1MM) MW . •! capacity by 2000 and ' he re are similar 
projects planned for Paiton and Central Java The official plan* describe 9-l r) million 
tonnes of coal production irom Kalimantan and >uin:iir , i *>>. ollic.ally. no import needs 
will per*i*t beyond the very shor t - te rm However 1 believe import* will continue at least 
at present levels for some time If the power plant program continues, the domestic coal 
production falters Iwhich ba.*ed on past e\perience i* a \ e r \ real possibility'), and "il pp.v-
d lift ion decline* as predicted Indonesia could be catapul ted into the rank* of the major 
foal importer* by the end of the centnrv 
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There is a good chance Singapore could enter tin- coal tired power s lakes in the 
1990s with an initial :UH) \I \V unit. Also the i n a t i v e •_> 100 M\V Ao I'liy project in 
Thai land -li 'iild see some . •!' the 199IK but I ' \e .ill-wed . r r 11 >' for Singapore in my demand 
figures. Kven with the probable -<rubbmg of the Nam Choan Hydro Project. Tha i l and ' s 
huge high quality lignite reserves | >se a hurdle fur o>al importers 

That leaves Malaysia, which is tniich more tangible m that construction of I lie Por t 
Klang (•implex is advanced and this month or next should see the first importat ion of coal 
for the first 300 \ I \V coal-fired station of the National Electric Board at that complex. 
The Malavsiaiis are hedging then bets about whether future uni ts will be based on coal. 
oil or gas I Know I'm biased and think the jury is already in on that one but am reason­
ably certain at least one more :{()(.) \1\V unit, and possibly two will be in place by 1995. 

C o n c l u s i o n 

I have not tried to formulate fanciful theories on the relationships between fuel 
demand and economic growth or the crossover points for inter-fuel competition because 
I'm dealing with the next 7-8 years only and am presumptuous enough to think we'll have 
more of the same in that period. 

More of the same is enough for shippers, and I suspect buyers, to handle! In the last 
7-8 years, prices have halved, freight rates doubled and halved again within six months, 
exchange rates fluctuated within annual bands of 20-40%, and actual tonnage demands 
fluctuated wildly. 

As mentioned earlier. 1 think the major concern of the next 7-8 years will be supply-
as capacity falls away under the pressure of falling nominal prices, unfavorable exchange 
rates , rising costs and soaring "risk premiums'" placed by bankers on loans to coal indus­
t ry. Shippers and buyers are seeing the s t a r t of a correction with prices moving up 
steadily from the trough we hit in the middle of 1987. Indeed, the upward movement 
over the past 5-6 m o n t h s for spot prices has already reversed the 1987 downturn in prices 
and has yet to show signs of flattening out . Personally. I hope we all manage this rising 
marke t better than last time it occurred in the late 70s—early 80s for both our sakes. 

With supply availability a growing concern again, I think we shall see more buyers 
t rying to cover their coal needs with "long t e r m " contracts, t ha t is 1-5 years. These con­
t rac t s though will reflect the experiences and wisdom of the past few years in tha t they 
will allow for greater flexibility in the tonnages supplied and, at least, closer consul tat ion 
on price because of freight and currency fluctuations. 

Whatever happens, the coal industry in the Pacific Rim and elsewhere is sure to 
continue to "live in interesting t imes" so we'll have to t reat tha t curse as part of our 
working conditions. 

N.B. The views expressed in the above paper are my own and do not necessarily reflect 
the views of Island f'reek of China ( " I C C C ' I . its shareholders, the An Tai Mao Mine 
( " A T P ) or the '-arivus Chinese ministries, corporations and enterprises involved with 
the ATM jCCC e o : i | joint venture 
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P R O S P E C T S F O R CHINA'S P E T R O L E U M T R A D E AND I N V E S T M E N T 

Kim Woodard* 

The Impact of Price Volatility on China 's P e t r o l e u m Expor t s 

For the first two decades of its development (1959 to 1979), Chinas petroleum 
industry was completely insulated from world energy markets. At the same time, the 
central planning system, central government allocation of investment capital, and energy 
price co 'rols in the domestic market created a highly stable environment for the early 
development of the Chinese oil industry. 

With the advent of the "open door" policy in 1980 and the introduction of a mixed 
"planned-market" economy, artificial stability in the energy system is giving way to the 
creative dynamic of the energy marketplace. The opening of the door to international 
markets has introduced advanced petroleum exploration, production, and refining tech­
nology along with nearly $3 billion in foreign exploration capital, greatly accelerating the 
development of the entire petroleum industry within a very short time frame (1980-1988). 
But the open door has also exposed China's petroleum and energy industries to the full 
force of the world market at a time of great volatility and uncertainty in energy prices. 

The precipitous decline in world oil prices in the first quarter of 1986 from an aver­
age of $24 per barrel to $13 per barrel completely restructured the economic and commer­
cial framework within which China's petroleum industry is developing. The effects of oil 
price volatility on China's domestic petroleum industry are as dramatic as elsewhere in 
the world oil industry. Consider the following trends: 

1. By 1985, China had emerged as the largest petroleum exporter in Asia. Crude 
oil and refined petroleum products export volume doubled between 1981 and 
1985 to 733,000 barrels per day. This trend was reversed in 1986 and 1987, as 
net petroleum export volume declined by 20% in two years. 

2. In 1985, China's oil exports earned $6.7 billion in foreign exchange, fully 25% 
of total exports in that year. The value of petroleum exports dropped by 50% 
in 1986 and 1987 to just 10% of China's export earnings. The decline in oil 
export earnings coincided with a period of rising imports, trade imbalance, and 
falling foreign exchange reserves. 

3. The decline in oil export revenues directly affected the ability of both the 
upstream and downstream sectors of the petroleum industry to import badly 
needed foreign technology and equipment for domestic oil fields and refineries. 
The domestic oil industry was thus hit with a foreign exchange squeeze at a 
time of surging demand and slowing growth in output. 

4. The onset of world oil price volatility also coincided with a critical phase in 
joint exploration of the Chinese continental shelf. Lower oil prices reduced the 

President. China Energy Ventures, Inc (CEVCO), Washington. D C 
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exploration and development budgets of the multinational oil companies, con­
tributing to a oO^c decline in foreign investment in China's offshore oil pro­
jects. Oil price volatility simultaneously reduced the commercial viability of a 
number of offshore development prospects, including the giant natural gas field 
discovered by Atlantic Richfield and a number of small to medium offshore oil 
discoveries. 

5. Lower oil prices completely derailed an initiative to open ten southern pro­
vinces to joint foreign-Chinese exploration and significantly delayed the open­
ing of the vast western basins to joint exploration. 

All of these trends are related in one way or another to world oil prices. The simul­
taneous impact of these changes is having indirect, but important repercussions for cen­
tral governmental organizations that control the energy sector. Just a few years ago, the 
Ministry of Petroleum Industry ruled the oil fields with an iron hand, determining by fiat 
their capital investments, technology imports, equipment purchases, and access to foreign 
exchange. In the wake of the 1986 decline in world oil prices, the inability to sustain 
foreign exchange earnings from oil exports diminished the stature of the entire petroleum 
industry within the structure of national planning priorities and may have been a factor 
in the recent restructuring of the national energy ministries. 

Now the Ministry of Petroleum Industry is being combined with the Ministries of 
Coal, Electric Power, and Nuclear Industry to form a single, comprehensive Energy Min­
istry. The new Energy Ministry has broad planning and investment approval authority, 
on the model of the old State Planning Commission, but will no longer interfere with the 
day-to-day operation of the oil fields and other key energy enterprises. 

The Ministry of Petroleum Industry itself is being converted into a corporate form 
as the China National Petroleum Corporation. The Petroleum Corporation will continue 
to exercise much of the authority of the old ministry for an interim period. But the 
Petroleum Corporation itself is now responsible for its own profits and losses and must 
over time become more sensitive to market considerations and more responsive to the 
needs of the oil fields and other production-level organizations. 

In my own view, key planning agencies and the leadership of major energy enter­
prises have responded in a remarkably creative and flexible manner to the near-term chal­
lenges posed by the exposure of China's domestic energy sector to the force of the world 
market. Above all, there is no evidence that the government is prepared to retreat on 
basic reforms, or to retrench to the rigidities of a command economy. The reform pro­
gram is in fact working quite well in the energy industries as well as throughout the 
entire economy. Despite near-term shortages and imbalances, the results of reform are 
readily evident throughout the energy sector -- sustained growth on the supply side, 
greater efficiency and greater rationality in distribution on the demand side. China is now 
embarked on the third great wave of Asian economic development, following closely on 
the heels of Japan and the "Four Small Dragons." 

Demand Factors 

As reviewed in detail in the papers of our Chinese colleagues, China is moving 
through a period of rapid growth in domestic commercial energy demand Energy 
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demand pressure is particularly intense for electric power and refined petroleum products. 

The source of surging energy demand is not difficult to discern Stimulated by a 
successful economic reform program, in 1980 China entered a sustained period of high 
economic growth. Real growth in the national product, discounted for inflation, averaged 
10*7 per vear between 1981 and 1985, and reached a peak at 12% in 1985. Efforts to res­
train economic growth in 1986 and 1987 were only partially successful. The national pro­
duct expanded by 8*7 in 19S6. 9% in 1987. and is projected to grow by at least 7-8% this 
year. 

Sectoral economic expansion is also impressive. Growth in industrial output has run 
10-15% per year since the early 1980s Disposable personal income and retail sales are 
growing faster than the GNP, although this year's inflation, which resulted from price 
decontrol, may cut into recent gains in disposable income. 

Even if energy conservation programs are successful in significantly reducing energy 
waste and in increasing the average energy efficiency of the industrial, power generation, 
and transportation sectors, sustained economic growth in the range of 8-10% per year 
will continue to place enormous demand pressure on available energy commodities for the 
foreseeable future. As in many other developing countries, growth rates for sectors of the 
economy that are directly dependent on refined petroleum products are substantially 
higher than for the economy as a whole. Let me provide a few details on expansion of 
road transportation as an example. 

China's vehicle fleet currently includes roughly 3 million trucks, 1 million passenger 
cars, and 3 million tractors, the latter being used primarily for transportation rather than 
agricultural applications. Over 90% of the trucks and cars are gasoline-powered, and 
most of the tractors are diesel-powe:ed. About 60% of the truck fleet consists of medium 
and heavy trucks (i.e. over 5 tons payload), resulting in high per-mile gasoline consump­
tion. Although there are no specific data available on average vehicle utilization, roughly 
10% of China's existing vehicle fleet is idled at any given point in time by gasoline shor­
tages. 

More than half a million trucks and passenger cars are being added to the existing 
fleet each year from domestic prodaction and imports for an implied growth in the vehicle 
fleet of 10-15% per year. Furthermore, given the acute shortage of vehicles (one vehicle 
per 157 people) and surging economic growth, the retirement schedule on old vehicles is 
extremely slow. Despite government decrees calling for vehicle retirement at ten years, I 
would guess that the average life expectancy of a Liberation 5-ton truck is in the range of 
20-30 years. 

Against this background, the central planning authorities and major automotive 
enterprises such as First and Second Auto Works are launching a major expansion pro­
gram for domestic vehicle manufacture. Investment authorization for this program under 
the Seventh Five-Year Plan (1986-1990) is the local currency equivalent of $1 billion 
and had originally been set at twice this level. Planning targets for vehicle production are 
700.000 for 1990. 1.1 million for 1995. and i.7 million for the year 2000. The 1990 target 
is likely to be exceeded. 

If these targets are met. the domestic vehicle population will continue to grow at 
10-15% per year for the balance of this century. There is likely to be a substantial shift 
within the vehicle population in favor of light trucks and fuel-efficient passenger cars. 
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Nonetheless, the bottom line for petroleum products demand is clear Expansion of the 
vehicle fleet will increase vehicle gasoline and diesel fuel consumption by at least 8-12% 
per year for the next 10-15 years 

A similar picture could be painted for a number of other sectors of the economy that 
are dependent on light and middle distillates. Expansion in air transportation, petrochem­
ical production, and agricultural mechanization is -weraging 10-20% per year. Rapid 
growth in these sectors is stimulating consumption of jet fuel, petrochemical feedstocks, 
and diesel fuel. Total refined products demand is growing at 6-8% per year, with demand 
for light and middle distillates rising at closer to 8-12% per year. 

The China Petrochemical Corporation has undertaken a refinery expansion program 
that would add 450,000 barrels per day of primary distillation capacity and 480.000 bar­
rels per day of secondary processing capacity to China's existing refinery capacity of 
about 2.2 million barrels per day between 1986 and 1990 However, even if this expansion 
program is completed as scheduled, demand for light and middle distillates will continue 
to outpace supply, and a much larger refinery construction and renovation program may 
be needed under the Eighth Five-Year Plan (1991-1996). 

Supply Factors 

Total crude oil output is currently running at about 2.7 million barrels per day. Fol­
lowing increases in crude oil production of 9% per year in 1984 and 1985, output growth 
has dropped to 2-3% per year in 1986 and 1987. If sustained over time, a 3-4% per year 
rate of growth for crude petroleum production would be sufficient to meet state targets 
set for 1990 (3 million bbl/day), 1995 (3.5 million bbl/day) and the year 2000 (4.0 million 
bbbl'day). However, growth in crude oil output of 3-4% per year may fall considerably 
short of demand requirements by the mid-1990's. given the projected growth in refined 
products demand of 6-8% per year and in light and middle distillates demand of 8-12% 
per year. 

Existing crude oil production is concentrated at seven major oil field complexes 
(Daqing, Shengli, Zhongyuan, Liaohe, Huabei, Dagang, and Karamay). All of these fields 
were discovered twenty or more years ago and several have been at maturity for a 
number of years. Over 90% of proven and probable reserves and 95% of existing produc­
tion is located at these aging fields. The super-giant Daqing complex has been producing 
at over one million barrels per day for ten years. The Daqing oil field administration 
believes that they can sustain output at this level for another ten years through develop­
ment of peripheral structures, the combination of electric submersible pumps with high-
volume water injection, and the application of secondary recovery technology. 

Shengli oil field. China's "second Daqing" is providing most of the annual increment 
of production increase Shengli is currently producing at about 700,000 barrels per day 
and is targeted to produce 1 million barrels per day by the early 1990's. Shengli consists 
of nearly 50 separate producing structures, each with its own distinct reservoir conditions 
and development history 

The other five major land fields have responded well to the introduction of advanced 
geophysical and development technology. Several (e.g. Huabei and Liaohe) have reversed 
earlier output declines But none of these field complexes has the reserves potential of 
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either Daqing or Shengli 

Sustained growth in crude oil production beyond the mid-1990's will depend on fron­
tier exploration programs that are currently underway T h e major constraint faring new 
exploration is a persistent capital shor tage Total domestic investment in exploration and 
development averages the equivalent of about $1 billion per year, which would be compar­
able to the exploration and development budget of a single mid-sized independent oil 
companv (e g Pennzoil or I'nion Oil). Expenditures for frontier exploration are just a 
traction of the total exploration and development budget — perhaps $100-200 million per 
year, spread over the entire country. 

In an effort to remedy the chronic shortage of exploration capital, foreign multina­
tionals were invited in the late 1970"s to participate in joint exploration of the Chinese 
continental shelf under the terms of production-sharing cont rac ts similar to those used in 
other developing countries. The tirst foreign offshore exploration wells were drilled in 1980 
and the program was greatly accelerated through a round of open bidding in 198*2 and 
1983. Tota l foreign investment in exploration offshore C h i n a reached $500 million per 
year in 1984 and 1985. 

The offshore exploration program has been sharply curtailed as a result of falling 
world crude oil prices and mixed drilling results on the first 150 offshore wells. T h e suc­
cess ratio on offshore wells was respectable by world s t anda rds (30°b of total wells drilled 
with test yields over 1.000 bbl day. $°c with test yields over 5,000 bb l /day) . But the 
offshore oil fields discovered to date are all in the small- to mid-sized range (50-200 mil­
lion bbl recoverable). Two offshore fields have been put ons t ream (Chengbei and Weizhou 
10-3). but have achieved only marginal commercial success. Development p rograms are 
underway or likely on seven addit ional oil fields and the giant A R C O gas discovery. But 
all of these p rograms have been slowed down by the decline in world oil prices. 

The decline in new offshore exploratory drilling may be even more damaging in the 
long term Foreign investment in drilling offshore China dropped from $500 million (30 
wells) per year in 1984 and 1985 to $270 million per year in 1986, and perhaps $200 mil­
lion (10 wells) in 1987. The China National Offshore Oil Corpora t ion is mount ing its own 
offshore exploration programs in the eastern Beibu Gulf and Liaodong Bay areas , and 
these programs have met with some success. But this obviates the original purpose of the 
joint exploration program, which is to introduce foreign exploration capital into a key 
frontier exploration zone. 

Joint exploration of C h i n a s land basins remains little more than a d ream. Only one 
exploration contract (CSR BHP in nor thern Hainan island) was signed and implemented 
following the opening of 10 southern provinces to foreign exploration in April 1985. It is 
simply not economic to explore in these areas under the t e rms of a production-sharing 
contract at $17 per barrel oil. Prospects for joint exploration of the western basins are 
still visible in the long term, but difficult to implement in the near term. 

The upshot of these trends is tha t annual inves tment in frontier exploration in 
China is once again well under $500 million per year -- too little for a country of China's 
magnitude and too little to sustain long-term growth in crude petroleum product ion The 
result may well be that the current petroleum supp ly /demand squeeze will persist for 
some time to come. 
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Export Potential 

As suggested in the previous sections, domestic demand for refined petroleum pro­
ducts is growing at twice the rate at which crude petroleum output is increasing. Domes­
tic demand for the light and middle distillates is i sing at three limes the growth rate for 
crude oil production. Increasing domestic dem? d pressure can be met in a number of 
ways: 

1. rationing; 
2. price increases; 
3. increase secondary processing capacity to improve refinery yields of light and 

middle distillates; 

4. curtail exports. 

The first three solutions face major difficulties within the framework of current 
economic conditions. Rationing would simply legitimize and extend the existing fuel shor­
tages, would idle an even greater portion of the vehicle fleet, and would smack of the old 
command economy that was rejected by the present political leadership. End-user price 
increases for fuels would exacerbate inflationary pressures, which have already reached a 
critical stage throughout the economy. 

A construction program to increase secondary processing capacity at major 
refineries is already underway. Further acceleration of this program would entail capital 
and foreign exchange expenditures which are beyond the reach of the China Petrochemi­
cal Corporation. Furthermore, in China, refinery construction and expansion programs 
typically require five to ten years from initial design to full-scale production. Thus, while 
refinery upgrading is available as a long-term measure, it has little effectiveness in relief 
of short-term fuel shortages. 

The response to near-term domestic fuel shortages that makes the most sense is in 
fact the one that is presently being implemented — i.e. reduction in crude oil and refined 
products export volume. Simply stated, at lower world oil prices, the marginal economic 
utility of petroleum exports has fallen at precisely the same time that domestic fuel 
demand has surged. China's central planning agencies are quietly implementing a pro­
gram of reductions in oil export volume through the following measures: 

1. Reduction in crude export volume by about 5% per year and a shift to a lower 
quality crude export slate; 

2. Sharp reductions in refined products exports from domestic refineries; 
3. Re-import of critically needed fuels, particularly diesel fuel, from crude pro­

cessed under contract in Singapore refineries. 

As a result of these measures, total crude and refined products export volume 
declired by about 130,000 barrels per day from 733,000 bbl, day in 1985 to 604.000 
bbl day in 1987 (see Table I). Crude oil exports are down from a peak of 600.000 bbl day 
in 1985 to about 520.000 bbl/day this year and are not likely to exceed 500.000 bbl day 
in 1990. 

Exports of light Daqing crude (34-36' API) are declining sharply, while exports of 
the heavier Shengli crudes (26-29 " API) are increasing. The crude export slate may reach 
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Table 1: China's Petroleum Exports, 1086-1087 

fJKOVVTII HATK 
1985 1st Q 2nd Q 3rd Q 4th Q 1986 1st Q 2nd Q 3rd Q 4th Q 1987 1985-1986 1986-1987 

VOLUME 
(blil/day) 
Crude Oil Exports 

IMined Products Exports 136,100 88.0(H) 118,400 111,200 119,200 109,200 87,200 99,200 100,000 109,000 98,800 -19 8% -9.5% 
Ucfined Products Imports 3,100 3,184 25,948 49,197 78,910 39,311 31,849 23,817 50,463 52,421 39,639 1168.1% 0.8% 
Net Products Imports 133,000 84,816 92,452 02,003 40,284 69,889 535,351 75,383 19,537 57,179 59,161 -47 5% -15.4% 

N.t Petroleum Exports 733,000 547,216 613,252 728,403 670,084 639,889 535,351 588,183 503,937 728,379 003,761 -12.7% -5 6'7 

VALUE 
(million current l,'.S.$) 
Crude Oil Exports 

IMined Products Exports $1,450 
lieiined Products Imports 
Net Products Kxports 

Net Petroleum Exports 

Source: Ceneral Administration for Customs. 
Note: Refined products import volume and value estimated for 1985. 

$5,250 $751 $483 $527 $636 $2,396 $632 $718 $781 $977 $3,109 -54.4% 29 7%, 

$1,450 $232 $204 $151 $173 $760 $151 $195 $200 $219 $765 -47.6% 0 7 % 
$50 $13 $54 $84 $146 $298 $04 $59 $121 $127 $371 495 9% 24 6% 

$1,400 $219 $150 $66 $27 $402 $87 $130 $78 $93 $394 -67.0% -14 8% 

$0,650 $969 $632 $593 $603 $2,858 $719 $854 $800 $1,070 $3,502 -57.0% 22.0% 



about 50'~c Daqmg and 50% Shengli by the end of the decade. This has the effect of 
reserving the better crudes for domestic refineries, which are lung on distillation capacity 
and short on secondary processing capacity. 

For the past several years, the China National Chemical Import and Export Cor­
poration (SINOCHEM) has been refining about 100.000-130.000 bbl day of its own export 
crudes in Singapore, under the te rms of processing contracts with major Singapore 
refiners (Shell. Mobil, and Singapore Refining). The original intent of these processing 
contracts was to sell higher value-added refined products on Southeast Asian markets , 
and indeed this strategy was pursued until the end of the first quarter of 1986. 

However, in the wake of the world oil price declines which occurred in January-
March 1986, SINOCHEM quickly modified its Singapore s t ra tegy, and began re-importing 
the light and middle distillates produced from its own crudes in Singapore. T h e re-import 
strategy was first undertaken to relieve short- term gasoline and diesel fuel shortages in 
Guangdong Province, which had surfaced in the second half of 1985. But the new strategy 
took hold, and re-imports of light and middle distil lates from Chinese crude processed in 
Singapore have varied around an average 40,000 bbl, day ever since. 

The balance of the products (primarily LSWR) is placed on ' he Singapore spot 
market to pay for t ranspor ta t ion and processing charges. This t ransact ion is no doubt 
highly profitable for SINOCHEM, which pays local prices for the export crude ($5-8/bbl) 
and a marginal processing fee ($0.60-0.90/bbl) in Singapore, and ships both crude and 
products in its own tankers. Gasoline and diesel are sold back onto the domest ic market 
at close to world prices and the LSWR is dumped on the Singapore marke t for whatever 
price it will bring. 

China ' s net refined products exports have declined by more than 50°? since 1985, 
from a peak level of 130,000 bb l /day (not counting crude refined in Singapore) to 60,000 
bbl day in 1987. This is the combined effect of gasoline and diesel re- imports from Singa­
pore and reduction in products exports from domestic refineries. I project t h a t net refined 
products expor ts will be further reduced, to about 30,000-35,000 bb l /day by 1990, and 
perhaps completely phased out thereafter (see Table 2). T h e only reason to mainta in any 
level of refined products exports is to earn foreign exchange for S I N O P E C ' s refinery con­
struction program. 

Through rapid reduction of net refined products exports . China is moving an addi­
tional 100.000 bbl /day of gasoline and diesel fuel on to the domestic m a r k e t . While this 
may not seem much by world s tandards , it has increased the availability of gasoline and 
diesel fuel on the d'.<nestic marke t by 20-30% at a t ime of critical domest ic fuel shor­
tages. 

While the shortage" have not been completely eliminated, some time is being bought 
for the addit ion of 150.000 bbl day in primary distillation capacity and 180.000 bbl day 
in secondary processing capacity to China's refineries. By 1990, the buffer provided bv 
diversion of refined products exports to the domestic market will have been exhausted. 
But by then, a mid-term solution — a lighter products barrel from domest ic refineries — 
may be in sight. 

Surprisingly, the reduction in petroleum export volume and oil export revenues ha.s 
done little damage to China 's balance of trade and foreign exchange position N->n-<>it 
exports doubled at precisely the right moment (l!)S(i- l')SN| to mure than compensate IW 
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T a b l e 2. C h i n a ' s Petroleum Trade and Foreign Exchange: Base Case Project ion 

1982 1083 11)8-1 1985 I 9H(> 1987 1988 1989 1990 
( irowll i R a l e 

1985-90 

rETKOI.El'M EXPORT VOLUME 
(thousand IIM day) 

t'tiiilc Petroleum 293 6 296.6 440 2 600.0 570 0 544 6 520 0 500 0 500 0 -3 6'7, 
(Daqiug) 396.2 480.0 427.5 310 4 325 0 281.3 250 0 -13 0'7, 
(Sheugh) 4 1 0 120 0 142 5 170.2 195.0 2 1 8 8 250 0 14 7'^ 

Petroleum Products 107.6 107 6 124.9 133.0 69 9 5 9 2 50.0 40 0 32 0 -'J8 5"o 
Total 101.2 101.2 565.1 733.0 639.9 603.8 570 0 540 0 532 0 -6 4<7 
AVERACE PRICE BHU$) 

532 0 

Crmli' Petroleum $30.30 $2ti.72 $25.08 $23.97 $11.52 $15 64 $16.25 $16 8-1 $16.75 
(l>aiung) $12.50 $16.50 $17.00 $17 50 $17 50 
(Shrngh) $11.00 $15 00 $15.00 $16.00 $16.00 

l'l'lriilt'iiin Products $35.42 $33.53 $29.68 $28 81 $18.11 $18.25 $19 00 $19 00 $ 1 9 0 0 

! ,"i .'Ol.l'UM E X P O R T VALUE ($U) 
Ci .•!.- Petroleum $3.25 $2.8!) $4.03 $5.25 $2.40 $3.11 $3 08 $307 $3 06 -I0.8'.'c 
Petroleum Products $1 39 $1.32 $1.35 $1.40 $0.46 $0.39 $0.35 $0 28 $0.22 -36.8% 
Total $ 1 6 1 $1.21 $5.38 $6.65 $2.86 $3.50 $3.43 $3.35 $3.28 -14 I'o 
FOREION TRADE ($B) 
Non-Oil Exports (FOB) $17.30 $17.95 $19.65 $20.71 $28.07 $36.42 $44 47 $51 74 $57.32 20 4'7, 
Oil Exports $ 1 6 1 $1.21 $5.38 $6.65 $2.86 $3.50 $ 3 4 3 $3.35 $3 28 -14 l"n 
Total Exports (FOB) $21.91 $22.16 $25.03 $27.36 $30.93 $39.92 $47.90 $55.09 $60 60 1 5 . 9 r i 
Imports (CIF) ($18.91) ($21.32) ($26.75) ($42.26) ($42.90) ($43.86) ($50.44) ($58.00) ($63 81) 8 2 f7. 
Net Balance $3.00 $0.81 ($1.72) ($14.90) ($11.97) ($3.94) ($2.53) ($292) ($3 21) 
FOREIGN EXCHANGE ($B) 
Trade Balance $3.00 $0.84 ($1.72) ($14.90) ($11.97) ($3.94) ($2.53) ($2.92) ($3.21) 
Net Invisibles $1.50 $2.20 $2.00 $1.60 $2.00 $2.50 $3.00 $3.00 $3.00 
Current Account $1.50 $3.04 $0.28 ($13.30) ($9.97) ($1.44) $0.47 $0.08 ($0.21) 
Net Capital Account $0.30 ($0.20) $3.60 $4.30 $8.55 $6.27 $3.00 $1.00 $0.00 
Errors \- Omissions $0.30 ($0.40) ($0.90) $4.20 $0.00 $0.00 $0.00 $0.00 $0 00 
Change in Reserves (S5.10) ($2.44) ($2.98) $4.80 $1.42 ($4 83) ($3.47) ($1.08) $0.21 
Total Reserves $11 30 $13.74 $16.72 $11.92 $10.50 $15 33 $18.79 $19.88 $19.67 

FOREICN DEIST $10.30 $14.60 $23.15 $29.42 $32.42 $33 42 $33.42 I6 6 f'6 

Source: Oeneral Administration for Customs IMF, State Statistical Bureau, and the National Council for U.S.-China Trade 

Notes. 1985 reported reserves figure adjusted for accounting change. Reserves exclude gold. 
All breakdowns of Daqing/Shengli crude slate estimated. 
All valuer, in current dollars or billions of current dollars ($IJ). 



the loss in oil export revenues. Indeed, China's current trade account is now back in bal­
ance. Foreign exchange reserves are over the $17 billion level reached in 1984 and grow­
ing. Foreign debt is about $30 billion, easily manageable within the framework of annual 
two-way trade on the order of $100 billion. Import controls are once again being relaxed 
to permit acquisition of badly needed foreign equipment and technology. In short, China's 
foreign trade accounts are in excellent health, despite the loss of oil export revenues. 
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CHINA'S OIL SECTOR 

Lu Huaibing* 

In t roduc t ion 

The principal energy source in China is coal, followed by oil and natural gas. Com­
pared to the world. China's energy structure has been rather stable, which indicates that 
the energy markets in China are characterized by independence from the world energy 
markets, and are slowly reacting to the fluctuations in world energy prices. 

Table 1. Energy Structure in China 

Oil Coal Natural Gas Other 

1970 14.67 80.89 0.92 3.52 
1975 21.07 71.85 2.51 4.57 
1980 20.85 72.1 3.06 3.99 
1981 20.0 72.75 2.74 4.51 
1982 18.68 74.02 2.48 4.82 
1983 18.05 74.29 2.4 5.26 
1984 1745 75.31 2.33 4.91 
1985 17.09 75.85 C-25 4.81 
1986 17.33 75.26 2.38 5.03 

Recent years have witnessed rapid growth in China's economic development, and the 
domestic energy demand as well, at annual rates of 10.8% and 6.595 respectively. An 
annual rate of 4.5-5% in domestic energy demand is projected, when China's economy 
grows at 7-8% annually in the coming years. We expect an even higher rate of energy 
demand in commercial, transportation and residential areas, to which we m<st pay more 
attention when planning China's energy development. 

China has a very high energy consumption/GDP ratio, about 0.73 T^e/1000 yuan. 
This is much higher than the world average, leaving much leeway for further energy con­
servation and efficiency improvement. 

Oil and Natural Gas 

Learning from the experience of the developed countries, domestic oil demand will 
be fast growing with the country's economic development, industrialization and rising liv­
ing standard China's petroleum industry will be confronted with both fast growing 

* China National Offshore Oil Corporation 
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domestic oil demand and oil export needs for foreign turr ncy It is urgent to make more 
investment, speeding up oil exploration to obtain enough oil reserves 

Of China's oil demand, 45% is burned as fuel oil. This is much higher than tin-
world level of 20%, and developed countries level of 16%. The high fuel oil proportion i-
an indication of ineffective use of oil and lack of rehuuig sophistication More lidit and 
middle distillates are needed to meet unsubMitutable "il demand in tr:ms|mrtutii>n and 
petrochemislrv And coal, gas and other energy are being substituted l--r tuel ..il in 
industry and heating to keep the low oil proportion in China's energy strut tun-

The development of China's natural gas and other energy (hydro and nuclear. «'''' > 
has been much slower than in other countries Diversified energy demand has become i 
long-term strategic policy m many countries. Natural gas. often ignored in petroleum 
exploitation, is a very important potential energy source. In recent years fast growing 
countries such as Indonesia, Malaysia. Thailand. India, and Japan have put more weight 
on natural gas. with a two-digit annual growth rate of gas production or demand Giving 
priority to gas exploration and development is one of the best plans to meet the needs of 
economic development without overheating oil demand in China 

Oil Export 

China's oil export started in the early 1970s and was increasing from year to year. 
It reached a peak of 7 billion dollars in 1985, but fell sharply by 56°? in 1986 (Table 2). 

Table 2. China's oil exports and earnings 

Crude Export Product Export Export Earnings 
(million ton) (million ton) (billion dollars) 

1983 15.19 5 4 4.36 
1984 22.39 5.0 5 71 
1985 30.64 5.6 6 95 
1986 28.05 5.7 3.07 
1987 - - 4.13 

While the oil companies' revenue has dropped deeply, oil exploration has become 
more risky, and new oil investment has declined. This has produced great impacts on 
China's petroleum industry, especially on Sino-foreign cooperation in the offshore oil sec­
tor. 

Cooperative Exploration and Development in China's Offshore Oil Sector 

China embarked on Sino-foreign cooperation in the offshore oil sector in 1979 My 
• he end of 1987. the China National Offshore Oil Cooperation (CNOOC) had signed 39 
petroleum contracts and geophysical survey agreements with 45 companies from 12 coun­
tries, through bilateral negotiations and two bidding rounds. A total of 179 exploratory 
wells (including CNOOC-financed) had been drilled, resulting in 77 oil anil gas discoveries 
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W i t h r e s p e c t t o field d e v e l o p m e n t , I Wo f i e ld s a n - a l n - a d v . in s t r e a m t h e C l l e i i . d . e i 

l i e ld u n d e r ' • . i n - J a p a n e s e c,., . p e r a t !• Ml 111 t h e M<>ll:il ( l u l l . : i!ld W e i / l n « l l \M-'.i t l- 'Id u n d e r 

S m i v K r e n e h c o o p e r a t i o n in t h e B e i b u Cul t ' in t he S. . i i th C h i n a Se:i Moth a r e j*r« M • t|i-iii ji 
a b o u t tOO t h o u s a n d t o l l s . r u d e p e r V e a l s 111 a d d i t i o n . d< v e l o p m e l l l " | \\'/. "Js -1 a n d ti 

other fields is underway, giving an expectation of annual oil production of three million 
tons from China offshore in \'MH) 

Over the past nine years, we have furthered our understanding "f the occurrence 
accumulation and migration of hydrocarbon resources on China 's continental s|i,-|f A 
success rate of 30'7 in the offshore exploratory drilling has been made, which should iioi 
be regarded as a low figure We have faith in promising ptospects for Ch ina ' s offshore 
petroleum, as we have extensive continental shelf and less than one-third of i In- prospec­
tive s t ruc tures have been tested 

This year has witnessed even more encouraging oil and gas discoveries, among which 
Muizhou 26-1-1 well, located east of the I'earl River Mouth in the South China Sea. is the 
best The well was tested at 12 hundred cubic meters per day crude oil. the highest oil 
production of tested wells on China ' s offshore, and of a production well in a sandstone 
layer. It shows the great potential for new breakthroughs in prospecting on the Pearl 
River Mouth Basin 

The second round bidding met the oil price collapse, which forced petroleum com­
panies to cut back extensively exploratory and development expenditures. We have taken 
some flexible policies and approaches since the second round bidding: 

(1) We regularly make geological data available to facilitate foreign par tners to 
select favorable areas for cooperation. Last January C N O O C made an announcement of 
the first open sale of geophysical da t a packages for Dongsha-Shenhu area on the Pearl 
River Basin in the South China Sea 

(2) With respect to cooperative exploration, we take the approach of phasing in a 
company's exploration commitment , allowing foreign cont rac tors to sign a geophysical 
survey or dril l ing agreement for areas of interest with limited initial commi tment They 
will then have the option of enter ing into a petroleum contract based on the results of 
exploration. In this way risks of foreign investors can be reduced. 

(3) We adopt a more lenient policy for high-risk areas, such as deep water areas, 
allowing foreign contractors to hold a longer contract area, longer explorat ion period, 
flexible relinquishment requirements, reduced or no Chinese part icipating share , and fast 
recovery of exploration expenditures. 

(4) We t ry to reduce the financial burdens on foreign contractors as much as possi­
ble. For instance, the signature fee can be paid by instal lments under certain conditions, 
and the t ra ining and technology transfer fee reduced or paid by installments 

(5) Some fiscal terms for new contracts such as the percentage of profit split and 
ar rangements for the investment recovery will be negotiated and determined on the prin­
ciple of mutua l benefit according to the resource assessment made by both part ies , so the 
foreign con t rac tors can have reasonable return under the nil price conditions during the 
contract life. 
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(61 We make an appropr ia te cost reduction for Chinese personnel, to serve the pur­
pose of reducing inveM inents of both part ies and minimize the costs of exploration and 
development 

(7) Contract ing services needed in the exploration and development operat ions, 
except those few specified by the government where tenders must be called in China, will 
be selected by way of international call for tenders and through competi t ion. 

In the future we will continue the flexible approaches we have adopted before, such 
as in developing fields on Pearl River Mouth Basin, so that we ensure the reasonable 
profit of foreign cont rac tors by reducing royalties according to the size and the economic 
conditions of fields. If a foreign oil company fails to profit from an operation and revokes 
the contract , its expenses incurred on the failed operation can be used to directly offset 
the amount of taxable income earned from other profitable operat ions contracted in 
China . 

C N O O C will s ta r t the third round of bidding in the second half of 1988. We will 
make adjustments to the exploration clauses and fiscal terms in the model contract based 
on the principle of reducing the investment risks shouldered by foreign companies, provid­
ing foreign operators with more latitude, and ensuring reasonable profits of foreign con­
tractors. 

Chinese offshore oil industry will certainly make its proper contributions to China's 
energy development. 
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THE U.S. E N E R G Y ECONOMY A F T E R ENERGY CRISES 

Mao Yushi* 

First , the energy production and consumption of the I 'nited States is reviewed, and 
the relat ionship between I S energy and the world market is discussed. Then, the 
interactions between I S . energy s t ruc ture and economy is analyzed: discussions include 
oil. coai. na tu ra l gas, and electric power Following this, the responses of U.S. energy 
s t ructure to energy prices since 1973 and the successes and failures are commented on. 
Finally, it is pointed out that if the I 'nited States keeps a flexible economic s t ruc ture , the 
third global energy crisis may not occur, or will be much easier to cope with. 

T h e U . S . in t h e I n t e r n a t i o n a l E n e r g y M a r k e t 

The more a country is dependent on oil. the more it is threatened by oil exhaustion, 
and the I 'n i ted States is just such a country. Its energy consumption (commercial energy) 
takes up 22l'c of the global total : its per capita energy consumption is 5.5 t imes the aver­
age number of the other countries 1 . The U.S. energy production cannot meet its 
demand, so large amounts of energy must be imported annually. 

The L.S. is a resource-abundant country, and energy resources are not exceptions. 
Its coal reserve is second only to that of the USSR, and can be mined for more than 300 
years at current pace. Its oil reserve used to be the largest in the world before the finding 
of the Middle East oil. Up to 1965, the U.S. had been the largest oil producer in the 
world. Its oil production used to take up 50-65°? of the world's total , and it supplied 20-
33c"c of oil export of the internat ional market . 

From the late 1910s to about 1960, U.S. energy consumption transferred from reli­
ance mainly on coal to oil and na tura l gas. Since the 1960s, cheap Middle Eas t oil surged 
into the U.S. U.S. natural gas production quadrupled in the 1950s and 1960s. By 1973. 
coal took up only 18c"c of total p r imary energy consumption, domestic oil took up 30°J, 
imported oil took up 17 c 7. and na tura l gas took up 30°c. Even though U.S. oil produc­
tion was still ranked second in the world then (less only than the USSR), because of the 
great oil demand of domestic production and daily life, imported oil had become an 
indispensable element of the U.S. economy. So, the O P E C oil embargo in 1973 caused a 
serious impact . The Iran and Iraq war in 1979 caused sha rp decrease of Middle East oil 
production, and the oil price soared again. 

Diversifying its oil import sources will help the U S to improve its oil supply relia­
bility, but it cannot guarantee that the U.S. can avoid the impact of political and 
economic changes of certain oil producers. The U.S. policy of diversifying oil import 
sources can only alleviate the impact of market changes In the process of market read­
jus tment , the U.S. can use its s t ra tegic reserve to alleviate the impact. 

In recent years, the I ' S rat io of oil reserve to oil production has been decreasing 
gradually: the annual newly-added reserve is less than the production of the same year 

* Chinese Academy of Social Science,.. |{e|jillg 
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The rat io of oil reserve to oil production is under 9 in the U S . while the ra t io is above 30 
on the world average In 19St>. I S ml production look up 1 1 " | the global total bin it-
remaining recoverable reserve is only 5 f 7 of the total And the degree of I S od explora­
tion is ra ther high, so the oppor tun i ty to find large-scale new oil reserves is less than that 
uf other places in the world. This situation indicate* thai the exhaustion of the I S oil 
reserve will be earlier than that of the other places in the world, while the oil demand of 
the I S economy shows no tendency to decrra.se. We can project reasonably that the 
I S dependency on imported oil will increa.se. Kven though the I S is making great 
effort to reduce such dependency, the development tendency of oil reserve and economy 
indicates that this effort will be hard to succeed 

The decline speed of oil reserves is faster than the progress speed of exploration and 
recovery technologies, so. from the supply side oil price is bound to increa.se. Meanwhile, 
due to the growth of population and the improvement of living s tandard, oil demand will 
increas also. So. under the influence of both factors, oil price is bound to increase. For 
the year 2000. if we take the oil price as $40 barrel (in 1987 dollars), the I S od consump­
tion as 19 million barrels d (about I 5 increased), and imported oil as 11 million 
barrels d 2 , the annual foreign exchange spent will be $160 billion. This would take up 
40-50°? of the tota l U.S. export value then (assuming the L'.S. annual export increase rate 
as 3°?). The current ratio of oil import expenditure to export revenue is about 1 4. This 
expenditure will be a heavy burden on the L'.S. in ternat ional t rade balance. 

L'.S. coal exports will help to make up the foreign t rade deficit. But compared with 
the foreign exchange expenditure spent on oil import , the foreign exchange revenue gen­
erated from coal export is ve«.y small . The coal export revenue was only 1 10 of the oil 
expenditure several years ago. Since 1983, the L'.S. coal export has stabilized at 75 to 80 
Mt. The L'.S. has become the second largest coal exporter , less than only Aust ra l ia . But 
before 1995. the L'.S. will find it very difficult to increase in large scale its coal export. 
Because of soft oil prices, the subst i tu t ion of oil by coal in power industry will be slowed 
down, and nuclear power will join the competition. For about 10 years, the world 's iron 
and steel industry has been in a s lump, without indications that its coal demand will 
increase on large-scale. Power and metallurgical industr ies are two of the largest coal 
consumers. Besides, the production capacity of o ther coal-producing countr ies , such as 
Colombia and China, is increasing rapidly. Before 1995, China 's newly-added coal 
exporting capaci ty will reach 30 Mt , sufficient to meet the increased coal demand in the 
Asia and Pacific region. T o increase coal export, the L'.S. probably should wait until 
after 1995. 

The U.S. imports natural gas mainly from Canada and Mexico. Since 1985. the L'.S. 
annual gas impor t has been about 25 billion cubic meters . 5 C7 of the total L'.S. gas con­
sumption. T h e L'.S. ratio of proven natural gas reserve to annual production has been 
decreasing. T h e gas production was highest in 1973. and 12 c7 decreased by 1978; the pro­
ven gas reserve was highest in 19fi7. and 25 f 7 decreased by 1978 3 According to an 
optimistic es t imate , by 2000 the newly-added proven ga.s reserve can only make up tin 
reduction of current reserve (ia.s production will not be decreased on a large scale, while 
the g;i_s import will be increased slightly In the future, the U.S. will probably import 
more l.NCi 
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T h e U . S . E n e r g y a n d E c o n o m i c D e v e l o p m e n t 

From 1950 to 1973. the l S. energy consumption per dollar C N P was between 61.9 
and 56 7 Btu. If we compare the I S annual growth ra te of C N P with its increase rate 
of energy consumption, the tirm relation of the two can be seen But after 1979, the coin­
cidence disappeared With the changes of oil price, the production technologies and 
economic s t ruc tu re also changed, and the previous fixed relationship disappeared. After 
1973. the energy consumption per unit G N P began to decrease in the U.S. By 1986, it 
was decreased by more than 1 4 T h e U.S. C N P was increased by 40°?. and the change 
in energy consumption was only 1°?. U.S. oil consumption was highest in 1978, and 20% 
decreased by 1985 Oil import was reduced by more than half from the record 2.4 billion 
barrels in 1977 to 1.17 billion barrels in 1985. 

In the past 15 years, great success has been made in the effort to subs t i tu te oil by 
other energy sources or non-energy resources in the U.S. Oil was subst i tuted by coal and 
nuclear power in electricity generation; the proportion of coal and nuclear power to total 
power utility energy consumption increased from 5 5 % in 1973 to 70% in 1985, while the 
proportion of oil decreased from 15% to 4.7%. Automobile oil conservation is an exam­
ple of subs t i tu t ing energy by non-energy resources. Because of the improvement of 
engines, body mater ia ls , driving force controls, and transmission systems, the average 
mileage of new automobiles increased from 14.2 mpg in 1973 to 26.6 mpg in 1984. The 
energy conservation law in 1975 reduced the speed limit on expressways to 55 mph; about 
100.000 barrels of gasoline can be saved daily because of this measure. All physical 
changes and chemical reactions have fixed laws, but people can choose different physical 
and chemical processes to meet their needs, so the energy intensity of G N P is r a the r elas­
tic 

The development of science and technology will increase the possibility of energy 
conservation. And research on energy conservation is promoted by the impact of 
increased energy price. In 1973. the money spent on industr ial energy science and tech­
nology research was $1 billion; this increased to $3.9 billion in 1979, when the second 
energy crisis began [4j. 

In the two decades after World War II, the U.S. energy consumption s t ruc ture 
changed from mainly coal to mainly oil and gas. But oil consumption increase was hin­
dered by the oil price increase in 1973. Consumption of na tu ra l gas is restr icted by lim­
ited gas reserves and price regulations, and has not increased since 1973. 

The Power Indust ry 

The decade before 1973 was the golden age of the U.S. power industry . Power 
demand increased steadily. 7% per year, while cost was decreased gradually. T h e reasons 
were continuous economic prosperity and cheap oil from the Middle East . T h e U.S. 
power industry was overwhelmed with optimistic feelings, the power production invest­
ment was kept at a rather high level, and it was believed that power demand would 
increase as before But. after the oil crisis, coal price increase was driven by oil price 
increase, the cost of power product ion began to increase, and the annual increase rate 
decreased by three percent points After the second energy crisis, electricity price 
increased again, and the growth rate of power demand decreased further As the result of 
decreased demand, many power plants could not be put into operation after their 
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completion, because there was no power demand. But the interest had to be included in 
current electricity price. It is hotly debated whether current power consumers should 
bear the burden of the interest ;5i. (In the I'.S. electricity price is regulated by the 
government, because the power industry is a natural monopolistic industry.) No matter 
what the result of the debate, the consumers are bound to be the loser. If it is decided 
not to include this interest into electricity price, the power industry will no longer con­
struct new power plants to avoid bearing 'he interest burden of "surplus investment". 
Eventually, power supply will fall short, and electricity price will soar. If it is decided 
that the interest should be included in cost, power industry may spend freely its capital 
construction funds, and the consumers will pay for the interest anyway. 

In 1965, coal took up 6$°} of the U.S. utility fuel consumption. This eased to 52% 
in 1973, as fuel oil and natural gas took up half of the remainder. After 1973, the propor­
tion of coal-fired electricity increased. Now the proportion is 65% again, and the oil-fired 
electricity is reduced by 2 3. But the most-changed utility fuel is nuclear energy. The 
proportion of nuclear power increased from 7% in 1973 to its current 17%. But the 
development of nuclear power was hindered by the psychology of nuclear panic of the 
public. Even though the Three Mile Island nuclear accident in 1978 claimed no injuries, 
the serious nature of nuclear accident was exaggerated by the press, the development of 
nuclear power was hindered further, and safety regulations of nuclear power were formu­
lated by the federal government. Faced with the panic of the public, the safety regula­
tions were revised frequently and became more rigid, the designs of the nuclear power 
plants had to be revised in the process of construction, the construction period was pro­
longed, and the cost of nuclear electricity was greatly increased. The designers were 
forced to project the next revision of the safety regulations. In such an environment, the 
development of nuclear power is bound to be hindered. 

Coal Production 

At the beginning of the 1960s. l.'.S. coal production had fallen to its lowest level; in 
the 1960s, the average annual increase rate was only 1%. In this period, the safety regu­
lations of coal mines became more rigid, the injuries of coal mines reduced remarkably, 
but labor productivity also reduced. After the oil crisis, coal demand was increased, the 
price of steam coal increased from $32.8, ton in 1972 to $62.2/ ton in 1977 (in 1972 dol­
lars) and to a record $65.1. ton in 1978 :6|. Even though it might be a golden time for the 
coal industry, in reality, coal production was reduced by the coal mine strike, which was 
caused by the labor and capital disputes from 1977 to 1978. In 1979, coal production 
increased greatly, but the increase was very slow after the second energy crisis. Another 
factor that restricts coal production is the backward railway system. For example, the 
coal in Wyoming has low sulphur content, and the coal deposit is near the surface, but 
the coal is far away from the market. 

The Responses of the U.S. to t h e Fluctuation of Energy Prices 

The I S economy is a market-oriented one, or more precisely a price-oriented one. 
Its production structure, consumption structure, process selection, and investment direc­
tion are all based on the fluctuation of prices. The violent fluctuation of oil price in the 
past 15 years has had profound influence on the I'.S. economy. 
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Problems of Oil Price Controls 
The 1973 oil embargo brought great panic in the U.S. At that time, the OPEC oil 

export took up more than 90 rc of the global oil expor' and 40 c7 of the U.S. domestic oil 
consumption relied on imported oil. According to the '.arket principle of the I'.S. econ­
omy, oil shortage might drive oil prices up. and that might bring windfall profit to 
domestic oil producers and heavy losses to oil consumers. This issue was debated in the 
Congress Because consumers were superior in number to producers, the consumer won 
the debate As a resuli. the Emergency Petroleum Allocation Act of 1973 (EPAA) was 
passed in November 1973 and was valid until January 1981. Even though the details of 
the Act were revised many times, its basic principle was not changed: to conduct price 
controls on domestic oil and make it lower than the international oil price. The burden 
of high price imported oil was shared by all refiners equally according to a nationally 
unified ratio; that is. the refiner who used more domestic oil had to use proportionally 
more imported oil. The prices of oil products were decided according to cost. Because of 
the government oil price controls, the domestic oil price was about $3-5/barrel lower than 
the international oil price; the price difference was enlarged again after 1979 [7j. The low-
oil price was harmful to both conservation and production growth. From 1975 to 1979, 
the I'.S. oil consumption increased by 14°?. while in the European countries, the increase 
was only 10 f7. and the increase was only 5.4°c in Japan. In the U.S. not only the total oil 
consumption increased; the dependence on imported oil also increased, while the oil 
import was reduced in the European countries at the same period. So, the U.S. was dam­
aged by the second oil crisis most seriously. The U.S. price controls were intended to pro­
tect oil consumers, but on the contrary, consumers were damaged, for without right price 
signals to guide their consuming behavior, and because of the increased dependence on 
imported oil, the national security was threatened. 

Waste in resource utilization was caused by the distorted oil price. This involved 
not only oil resource. A series of resources that related to oil production and consump­
tion directly or indirectly were influenced. This can be explained in the example of auto­
mobile manufacturing. 

After the oil price rise, new oil-efficient automobiles were developed in Japan and 
Europe with great efforts. This was realized through investment on scientific research, 
and introduction of more sophisticated controls and high quality materials. The higher 
the oil price, the more willing the automobile consumers are to spend more money on new 
oil-efficient automobiles, and the more money will be spent to improve the oil efficiency of 
the automobiles by the manufacturers. Since the oil price was controlled artificially, con­
sumers were not willing to spend more money on oil-efficient automobiles. Because the 
oil conservation measures that would have been acceptable technically and economically 
were not fully utilized, more oil was imported. The basic contradiction here is that the 
oil price faced by the auto consumers was different from the price faced by the country. 
In order to correct the wrong oil consuming behavior caused by irrational low domestic 
oil price, the Energy Policy and Conservation Act (LPCA) was passed in Congress in 
December 1975. In EPCA. the mileage of cars manufactured after 1978 was specified. 
This index was 18 miles gallon (mpg) in 1978, and increased year by year to 27.5 mr>-
1985. The auto manufacturers who produce automobiles with lower mileage will be hu.-
At first glance, it seems that the legislative mileage standards would solve the problem of 
wrong consuming behavior of auto consumers, but in fact, solving economic problems 
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with legislative measures caused a series of problems. 
First, oil price start to fall after 1081. but according to KI'CA. the automobile 

mileage should be increased from 2*2 mpg in 1981 to 27 5 mpg in 1985 The conservation 
requirement ran in the opposite direction to the oil price changes. In fact, the I'.S. oil 
price controls were canceled in 1981. Consumers could choose between increased oil cost 
and more expensive oil-efficient automobiles rationally, but Kl'C'A forced the consumers 
to spend irrationally more money on automobile oil conservation In 1985. the mileage of 
the automobiles manufactured by General Motors was only 25.5 mpg, less than the leg­
islatively fixed 27 5 mpg The new automobiles satistied the choice of the consumers but 
General Motors was fined about $100 million. 

Second, the Act is only valid for new automobiles: it put no conservation require­
ments on old automobiles, which take up S0CL' of the total automobiles. With the fluctua­
tion of international oil price, the owners of the old automobiles might have bought new 
oil-efficient automobiles, cul unnecessary driving, or spent more money to maintain their 
old automobiles to save oil. Because the oil price was low. these conservation measures 
were not adopted. 

Third. Americans prefer large automobiles, because the density of the population is 
less in the U.S. than in Europe and Japan, the road and parking areas are relatively more 
spacious, and large automobiles are relatively safer in traffic accidents. Due to oil price 
increase, some Americans were forced to change into small automobiles. After the oil 
price fall in 1981. Americans started to choose large automobiles again, but most large 
automobiles cannot meet the mileage requirement. Auto manufacturers were fined, the 
fines were put into cost, and transferred to consumers. Small automobile manufact'iieis 
were not fined, and their market share was enlarged. But manufacturing small auto. . . 
biles is the specialty of the Japanese. The Japanese auto manufacturers were benefited hy 
the mileage fines. One of the reasons that the U.S. auto industry lost competition power 
was the restriction of the Energy Conservation Act. 

Above is only one example of resource waste caused by distorted price signal. From 
1974 to 1981, the annual resource waste caused by oil price controls in the U.S. was 
between $2 billion and $5 billion [7]. Fortunately, the days of oil price controls have 
gone; the windfall profit tax, which is the only thing left, also became meaningless due to 
the sharp fall in oil price in 1986. The U.S. oil industry has returned to the normal situa­
tion of market force guiding. The mistake of the years of oil price controls has been 
admitted by the international energy society. But people are forgetful, so the same mis­
take may occur elsewhere. If the lesson which was so dear for the Americans will be 
learned by other countries is hard to tell. 

Natural Gas Pricing 

In the U.S., price controls were also conducted on natural gas. The problems caused 
by natural gas price controls were more complicated. It is debated whether the market 
forces can rationalize the development and utilization of natural gas, because the natural 
gas market is not the same as the market defined in economics. From the supply side, 
the natural gas industry is not a monopolistic industry. There are 2-1 large companies, 
which take up 1,2 of the total gas production, and about 500 large independent producers 
and 5-100 small independent producers ;8i. But natural gas supply is through pipelines. 

33-fi 



Producers and consumers cannot select t rade par tners freely, so there is u.it a full com­
petitive marke t . Another ba.sic question is how much na tura l gas reserves remain in the 
I S If the remaining ga.s reserves are very limited, gas supply cannot be increased even 
under very high price; then the gas price level will not influence gas supply, it can only 
influence the consumption behavior. m 

Due to the suspicion against the natural gas marke t , the theoretical basis of gas 
price controls was found. The gas price controls of the federal government were only 
valid to in ter -s ta te ga.s trade: the gas price within a s t a t e can change according to market 
si tuations. The in-state ga.s price was promoted by oil price increase, but the inter-state 
traded gas price was controlled. T h e rat io of the two prices became 1:4.1. As a result, 
the inter-state gas supply was cut sharply, the gas consumers along the inter-s ta te natural 
gas pipelines were not supplied, some consumers were forced to construct new pipelines, 
and resources were w:is'ed. 

As is commonly known, there are two pricing principles, one based on cost and 
profits, another on the price of subs t i tu tes . In the case of natura l gas. the price is based 
on the oil price The cost-based price is lower than the substi tute-based price. The con­
sumers wanted cost-based pricing, and the producers called for subst i tute-based pricing. 
In order to persuade the government , both sides employed many geologists, economists, 
and energy management experts to conduct research. The i r agreement was harder to 
reach even than the agreement of producers and consumers. 

According to the theory of economics, in the long-run equilibrium the two pricing 
principles will reach the same result. But the condition of long-run equilibrium should 
take the risk of natural gas exploration into consideration. The degree of the risk can 
only be decided through est imation, and the est imations of different persons may differ 
greatly. Now, the pricing principle of international na tu ra l gas t ransact ions is based on 
the use value of the natural gas, and has nothing to do with the recovery and t ranspor ta­
tion cost. But natura l gas is priced based on cost in the U.S., and the problem of price 
controls followed. 

The deba te of natural gas pricing is also a question of equity against efficiency. The 
cost of previously found natural gas is rather low. If gas price is allowed to rise with oil 
price, gas producers will reap windfall profits. But the remaining gas reserves are quite 
limited in the U.S., and the future recovery cost will be higher and higher. Gas price con­
trols will de te r iora te ihe development of natural gas; the lower the domestic gas produc­
tion, the more gas and oil will be impor ted . So. on the basis of efficiency, gas price should 
change with internat ional gas price changes. In order to set t le the debate of equity and 
efficiency, since the early 1970s na tu ra l gas has been divided into old gas and new gas. 
Old gas has a lower price to achieve equity, and new gas has a higher price to achieve 
efficiency. For example, the average gas price in in ter-s ta te market was $0.69 1000 C F . 
but the newly contracted inter-s tate gas price in the same year was $1.42 1000 C F . Even 
though this two-tiered price system was conducted in a different background from the 
two-tiered price system adopted in China ' s economic reform, the principles of the two are 
the same; tha t is. employ previous price to keep the old share of vested interest , and 
employ new price or marginal price to lead to effective allocation of resources. The suc­
cess of the two-tiered price system is based on the strict distinction of old gas and new 
gas. but the distinction is difficult to make For example, whether the newly drilled gas 
well adjacent to an existing gas field belongs to old ga.s or new gas is hard to tell. 
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Fortunately, the I S . has decided to give up gas price controls. Even though the natural 
gas market is not a real competitive market and the market clearing price of natural gas 
cannot guarantee the rational allocation of resources, compared with other allocation 
mechanisms, the imperfect competitive market can approach rational resource allocation 
better. 

Is t h e Uni ted S ta t e s Making t h e Th i rd Energy Crisis? 

After the second energy crisis, the U.S. oil and natural gas price controls were can­
celled gradually. Production, allocation, and consumption are under the control of 
market forces. When the oil price decreased sharply in 1986, the response of the U.S. 
economy was to cut energy production and incrcis* tnergy consumption and import. If 
this tendency continues, is it possible that the U.S. will follow the same disastrous road of 
1973? Many Americans are worried about that [9j. 

Because of the sharp fall of oi! price in 1986, U.S. oil production decreased by 0.68 
million barrels/day (bbl/day), about 7.5% of the total production in that year. Even 
though oil price increased on average about $3/bbl in 1987, the oil market was very 
unstable, so the oil production decreased further by 0.4 million bbl/day. Oil consumption 
increased by 0.4 million bbl/day in 1986, and then by 0.3 million bbl/day in 1987. The 
proportion of imported oil to total U.S. oil consumption decreased from 46% in 1979 to 
25% in 1985, and then increased to 37% in 1987. 

But we should take the changes of the U.S. oil production and consumption as nor­
mal and expected. After above 30 years of heavy recovery, the U.S. oil reserve is nearly 
exhausted. From 1971 to 1978, the increased oil price stimulated oil exploration, but the 
depleted reserves were about two times the newly found reserves [lj. This critical situa­
tion was not alleviated until the finding of the large oil reserve in Alaska in 1979, but oil 
reserves were still declining. Only the decline speed reduced. Now the U.S. has 0.65 mil­
lion oil wells, with a total production of 9 million bbl/day. There are a lot of stripper 
wells with daily oil production of only several barrels. The U.S. average per barrel oil 
production cost (not including exploration cost) is $7, with the high about $14. While the 
daily oil production in the Middle East is also 9 million barrels, there are only 3,000 
operating wells there, producing 3,100 bbl/day on average, about 220 times of that in the 
U.S. The average per barrel production cost in the Middle East is only $1. This com­
parison indicates that the U.S. oil production has become an arrow at the end of its flight. 
The decrease caused by the recent oil price fall was in fact the substitution of domestic oil 
reserves by cheaper imported oil. Of course, no matter how the oil price fluctuates, the 
world's oil reserves will decline day by day, especially the U.S. oil reserves, so the general 
tendency of oil price will be an increasing one. 

During the process of oil price fall, the U.S. oil production of the wells with highest 
production cost was cut. The U.S. has 0.45 million stripper wells with a daily production 
lower than 10 barrels. In the process of continuous oil price fall after 1982, about 90.000 
stripper wells were shut down. The production costs of these wells were higher than the 
price of the imported oil. Obviously, insisting on domestic production and refusing 
import is not an intelligent approach. 

In 1986, the average oil price (1980 $) in the U.S. was $15 barrel, about 40% 
decreased from the previous year, and 60% decreased from the record price in 1980 The 
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annual revenue of the oil industry decreased by 4 4 ^ compared with 1985, and the 
development investment was cut by 1/3. Since the oil price began to decrease gradually 
in 1981, employment in the oil industry has been reduced; from 1982 to 1987, about 
300,000 jobs were lost, and about AO^c of oil enterprises were shut down. This situation 
caused the panic of some people in the U.S. They believed that the problems caused by 
oil price fall were not better than the problems caused by oil price rise. Tens of billions of 
dollars circulated in the oil industry, the fluctuations of oil price caused the changes of 
capital flow, the readjustments of employment structure, and shutdown of some enter­
prises, and the fluctuations of stocks. These changes greatly surpassed the changes in the 
oil industry. 

But what will be the result if the oil price changed and the U.S. kept everything 
unchanged in face of the international oil price fluctuations? First, the U.S. oil industry 
would invest heavily to produce the already depreciated oil, and the oil industry would 
operate in even larger losses. Second, oil consumers would develop expensive substitutes 
instead of consuming cheaper oil. On the whole, it would be a stupid approach for the 
U.S. to insist on developing its high cost domestic oil instead of importing the cheaper 
foreign oil. Readjusting the economy with price changes will favor producers, consumers, 
and the whole country. Because the U.S. has established a quick response and well-
functioning market system, the allocation of production factors, such as capital, labor, 
and natural resources, and the organization oi the industrial structures can be readjusted 
freely with the changes of price signals, aud keep the whole economy operating in a rather 
efficient manner. 

Of course, the economic structure readjustment following the changes of price sig­
nals also has a cost. For example, some equipment and installations may be abandoned 
before their service time is over, personnel should be retrained, and the channels of pro­
duction, supply, and sale should be re-established. The two sharp rises and one sharp fall 
of oil price caused readjustments in opposite directions. It seems that most of the read­
justments were unnecessary afterwards, and that the economic losses caused by the read­
justment were unnecessary waste. If there had been no changes since the first oil price 
rise until the oil price fall 13 years later, we would have found that we still stand in the 
right position. If things were really like this, we will find that the losses caused in the 13 
years are much larger than the cost of the two readjustments. In fact, some less 
developed oil-importing countries actually underwent such a process. When oil prices 
rose in 1973 and 1979, they did not have the strength to conduct readjustments, and they 
did not have effective price signal conveying mechanisms and stimulating mechanisms in 
their economic systems to realize these readjustments. For example, they did not change 
their oil-fired power plants into coal-fired ones with the oil price fall. Now the oil-fired 
power plants are economically rational, but the total losses during the 13 years are much 
larger than the possible readjustment costs. Up to now, some countries have still not 
recovered from the impact of the first oil price soar. 

Some complain about the blindness of the market. The oil price up and down not 
only damaged oil importers, but also brought many difficulties to oil exporters. If there 
were no such '"blind'" fluctuations, the world economy would have developed better; large 
amount of unnecessary readjustment costs would have been saved. But at the moment of 
oil price changes, no one can accurately forecast the future oil price changes forever. 
Complaining about the blindness of the market is "wise after the event". Because of the 
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uncertainty of future events, at the moment of price changes we can only readjust our­
selves to suit the changes of price. Of course, it does not mean that people should not try 
to make possibly more accurate es t imat ions and readjust themselves according to the 
estimations; otherwise the impact and influence caused by oil price changes would be even 
larger. But the forecasting ability of human beings is quite limited: we cannot accurately 
forecast the oil price in next year or even the next morning. Only the current oil price is 
real, and the future possible changes are also based on the current oil price. So, the only 
reasonable principle is to readjust our economic behavior according to the current price 
level. The best approach to deal with future uncertainty is to keep the economic system 
flexible, and not rely on the market to get rid of its "blindness'* or the human ability to 
control the marke t changes. The good wish to master the marke t has existed for hun­
dreds of years, but we have not found the method to approach success yet. 

Many Amer icans worry that the current low oil price will be unfavorable to oil 
exploration and development, and the future oil production capacity might be reduced. It 
is a fact tha t oil exploration was cut as the result of oil price fall. But the reduced 
exploratory wells are the wells with highest cost or lowest possibility of success. The 
current average exploratory well cost has been reduced to half of that in 1981. T h e oil 
price in 19S0 reached $39.75 barrel, and the number of exploratory wells soared to 3,220. 
There is no reason to keep this exploration enthusiasm s t imula ted by high oil price now. 
But the research achievements of exploration technologies developed at tha t t ime will be 
helpful to reduce current drilling cost and increase the success ra te of drilling. 

The business efficiencies of the large U.S. oil companies differ greatly. The average 
exploration cost was only $5/barrel in 1986 for the most, effectively operated company, 
Shell, about half of the U.S. average level. Shell can make a profit even if the oil price 
falls to $15/barre l . while the largest U.S. oil-producing company , Arco, can keep a bal­
anced account only when oil price reaches $18-20/barrel. So, the result of oil price fall is 
to eliminate the exploration and development activities with high cost and low efficiency. 
Since the founding of the U.S., prices have been playing an impor t an t role in competi t ion; 
businesses with low efficiences were el iminated. The fluctuation of oil price accelerated 
the process of el iminat ion. 

Wha t we know about the prospect of oil price changes is tha t with the continuous 
decline of tlie global rat io of reserve to recovery, oil product ion will reach the highest 
record in ten or more years and then will begin to decline. Because of the enlargement of 
oil demand, oil price will increase continuously before oil production reaches its peak. 
The proper approach to deal with this foreseeable prospect is t o increase investment on 
exploration in advance, not give up the pre-production prepara t ion due to the current soft 
oil price. In fact, the U.S. oil industry has conducted new exploration in Alaska. Stan­
dard Oil planned to invest $350 million to develop Niakuk oil field, Arco also planned to 
invest $300 million, a lOO^c increase from 1987 |10:. Six oil companies are involved in the 
new exploration activities of that area. The current problem in the U.S. oil exploration 
investment is relatively less overseas investment . 90 r c of the oil exploration investment 
in the past decade was concentrated in North America. Based on the opinions of most 
petroleum geologists, however. 90c"c of the oil reserves are dis tr ibuted outside of North 
America II The investment efficiency was reduced greatly by the divorce of investment 
and resource dis t r ibut ion. 
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Compared with 1973. now the I S. is better prepared for a sudden <>il -upply crisis 
The I S has established a Strategic Petroleum Reserve •.!" about r> billion barrels , more 
than the I S . imported from the Middle Hast in 197:1 It is sufficient to make up the 
deficiency of import s top for 9 mon ths During the 9 months , the I S . can readjust its 
domestic energy s t ruc ture and reduce energy consumption, and <an seek new interna­
tional oil supply channels. Except if there is great internat ional support , there are no 
major oil export ing countries that can bear the production s lop of 9 months at present. 
So. the 9-month Strategic Petroleum Reserve will be a sufficient reserve to guaran tee rf li­
able oil supply. 

In addition to the Strategic Petroleum Reserve, the I ' .S . also has a ra ther large geo­
logical oil reserve. All the proven oil reserves in the I ' S. are under privately owned land 
or land rented according to federal leases. The l . S . ownership of land and underground 
mineral resources is different from other countries, not only differ from socialist countries, 
but also differ from other capitalist countries. In the I ,S.. when land is privately owned, 
the underground mineral resources also belong to the pr iva te owners. This is in favor of 
rational exploration and development of mineral resources, for the land owners are very 
interested in the economically rat ional development and utilization of these underground 
mineral resources The land owners will make every effort to increase the percentage of 
recovery until the marginal cost ecpuals the marginal revenue, and this is just the opt imal 
percentage of recovery for the whole society. I 'nder o ther ownerships, this problem is 
hard to be solved properly. Because the underground mineral resources and the develop­
ment and util ization rights do not belong to private owners, the mineral resources under 
the federally-owned land are basically not developed. In the I ' .S . . about 80°? of the total 
land belongs to pr ivate owners. 3 2 r c belongs to the federal government, and 7°l belongs 
to s ta te and local governments. It is est imated that about 20^7 of oi l ' reserves. 3 0 ^ of 
natural gas reserves, and about 40 f"c of coal reserves are under federal-owned land 12 . 
In recent years, the Bureau of Land Management adopted a more active a t t i t u d e toward 
leasing for oil and gas development. Th i s will help to increase future U.S. oil product ion. 

Oil reserves will exhaust eventually. This is not an unforeseeable and sudden event, 
but its arr ival might be caused by many unexpected events . People have learned a lot 
from the past changes of oil supply and demand, and become wiser, but there will be 
many new problems that we have not experienced before. In face of the uncer ta inty of 
the future, wha t is needed is the flexible ability to deal with political and economical 
changes. 
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Energy and Environmental Sys tems Division, Argonne National 
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