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PREFACE

China has experienced rensrkable dwbleadigs ceonomae wrowth over the fast eight
vears This growth has Peen aecompanted by commensurate merease moenergy consump-
tea albert at u stower pace Nuch of this merease i energy consumption hus been sup-

ported by the mervased development of the country’s vast coud resources

The promusing o1l finds of the early 1980 have given wad to nore sober assessment
~Lthe country's oil resources Utihzation of naturad gas finds offishore has been slow, qmiven
the L ko nfrastrocture near the natural gas fields

Chuna'~ GDP s growing ot o raptd rute Fuergy resources to support this rite of
contonie development are expected to come from tradional sources This may require
that coul productic nonerease by 6000 by 20000 The efficieney of energy use wounld also
Bave tonerease ~stgmitieanthy v order 1o achieve tos ceonomie gond Fathure to achieve
either could hurt ceonomie development or require that Chin mmport energy resourees
from cther conntries o the Pacitic Basin

Nuowledee abroad abhoat China's energy demand patterns and s hkely future
growth of demand i~ limited Likewise, Chinese plunners are eager to seek additional
mformation and knowledge about energy use and government policy i the Umited States.
In order to exchange information and viewpoints. a Symposium was sponsared jomtly by
the State Phoonmg Commission of China and the Office of Poliey, Planming. and Evalua-
e of the U X0 Departmment of Energy

The Svipostum was orgamized by the Foaergy Research lnstitute of the State
Fecnoame Commsston of Chinze and the Luwrence Berkeley Laboratory and Johns ilop-
hins University froan the United States. Te was held at the Johns Hopkins University
Nanjing Center an Late June 1988 1t wus attended by about 13 Chinese and an equal
number o US experts on various topies related to energy demand and supply. Each
presenter s e of the best chservers of the energy situation i their field A Chinese and
b~ ~prither [:rrwnlml frajoeers vach lnpi(', Ta ull. abont 30 papers were presented over a
peried of two and ane half davs Each paper was transhated o Baglish and Chinese

The Chinese papers provide an excellent overview of the emerging energy demand
and supply situation in China and the abstacles the Chinese planners face in managing
the expected increase in demand for energy. These are matehed by papers that discuss
the energy situation in the US and worldwide, and the smplications of the chauges i the
world energy sitnation on both countries

The paper by Zha in Part 1 introduces the Chinese energy situation and that by
Staghano presents a suuilar overview for the USD They provide lostoricad hackground
and discuss future directions.

Part 2 focuses on the historieal development of energy planmng and pohiey 1a each
country and the methadaologies and teols used for projecting energy demand and supply
Oue of the Clinese papers (Zhou) also provides an excellent overvies of the enerey prie-
e ~stttion an Cline The emerging Chanese concern wirh e polluton s highhighted
the paper by Wang and Zhan whide Mty presents an overview of global environmental
coperns inked with energy use
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The papers o Part 3 examne the puttern of eneray denmnd the Loaes e
demand and cpportamities Lo energy consersation e b the meager sectors i Chins
and the Us The Chinese papers highhiaght the necd for cneray cotservanin o tonbdimaes
thanst the raped gromth m rranspert oal demand (Yane o and the proar s moode tnindus-
tral energy conservation (Waned American papers cover sinnbar topies Lo the U
Topes such as petrochenmcuds are wiven special treatient Urhan eneray use a
phenomena of growing mnportunce. 15 exannned separately . as s the evolving rurad enerey
situation 1 China

The papers i Part 4 dead with the cuthok for global and Pacttio reaion eneray
markets and the developmont of the ail and watural gas sector m China Faoallv, the
puper by Mao presents a Chinese perspective on the evolution of the US cnergy evon-
oany

The Symposium papers provide the reader with a rare insight e the Clunese
energy demand situation observed from a not-sc-monohthe Chinese perspective We hope
that this set of papers will serve to provide a good background on the energy demand
situation in China tn compurison to that in the US

Zhou Fengqi Yavant Sathaye
Fnergy Research Institute Luawrence Berkeley Luboratory
Heijing Berkeley
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PRESENT AND FUTURE STATUS OF CHINA'S ENERGY

Zhu Liangdong®

Energy s important for developing the social economy and improving pecple’s hiving
standard 1o the course of China’s modermization drive, dealing with energy 1ssues has
been a constant concern of government stafl and intellectuals working in the energy
domain - Since the founding of the People’s Republic of China. the energy industry has
been developed greatly At present, both China’s energy production and consumption
rank sthird in the world. The great increase mn energy production has supported the stable
development of the national economy and constant improvement of people’s life  In order
to speed up the modermization, developing the energy industry will be an important task
for the future

Of course. today’s energy 1ssue 1s not only met by an individual country, but is faced
by the whole world. so 1t 1s 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 mformation exchange and technical cooperation between our two
countries

China’s Energy Resource is Abundant

ibisthe Major Resource of Conventional Energy

By the end of 1983 China’s proven coal reserves had reached 780 billion tons.
According to data from the World Energy Conference. this figure makes up about 357 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 diflerent 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



Hvdropower is Plentiful

Havine many owver~ and rch rntall car conmtey has oo very Jaree hvdroge wer
rescirce The thecretica! reserve reaches bt G s h enploatad b capaeeity 380 GAW
The wnnnal by de electricry catpur oF F900 TW ks tiest i the world The v dro-
poswer resource is the treasure-house of our ccuntry and s alsooa clean, renewshle energy
resource

China's hydropower resource 1= mainhy 1t the western area, with aboet 707 concen-
trated 1o the southwest  The rescurces in Yunnan and Shichuan provinces and Tibet area
all exceed 100 GW separatelv. The famous “three nivers” valley in Henduan mountn
areu. the upper and nddle reaches of the Yanzhi River. the upper reaches of the Yeilon
River the Hongshui River valiey and the upper and middle reaches of the Yaluzhanghu
River are all areas rich 1w hvdropower resaurce. With poor hydrupower resource in the
east part of China. the hvdropower reserve in northeast, north. and east China accounts
for only 6 67 of the whale country. but it can be used to build many small and medium-
sized hvdropower stations  The development of hvdropower in large scale and transmis-
sion of electricity from west to east will be another featuic and inevitable trend of
China's energy industry

Oil and Natural Gas Resources Need Further Exploration and Development

Exploration and development of China’s oil and natural 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,
impcrting advanced technologies and raising foreign funds for exploration. China’s proven
reserve of oil and natural 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 ol and gas reserves depends on the strengthening of explora-
tion There are large areas of sedimentary basin, continental shelf in coastal areas. and
the western wide districts that have abundant oil and gas resources. The area that has

been explored accounts for only a small part; most of the areas remain to be explored and
developed.

Theoretically, the future of natural gas is very hopeful, but the proven reserve is
relatively less because of lack of geoiogical exploration work. China’s coal reserve is rich,
so the natural gas resource associated with coal could also be abundant. Therefore, the
exploration of natural gas is worth paying more attention to. Experts estimate that in
average depths of 300U m, there are dozens of trillion cubic meters of natural gas waiting
for us to exploit.

Evaluation of China’s Conventional Energy Resources

In future decades, the energy demand for China’s mcdernization drive will still rely
on conventional energy resources. and the proven reserve 1s basically sufficient. The fact
that the main conventional energy resource is coal has shaped the crientation of utilizing
energy resources in the future Increased attention should be paid to solve the problems
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Althoueh the conventimal enerey resource 1 rich, energy output per capirta s less
than the world avermee because of China's arge populatien Theretfore. China sheald
trone teoethoent use of energy and persisU i getting the best socid-economie resalis
metead o comparing cnergy consumption per capita with developed countries

With the develspment of science and technology. the obtainuble energy will be
deoreastiig constanth o Thes means that with thorough and wide exploration. proaven
reserves will imerease and that advanced technology can inerease the recovery ratio For
mstance. at present. the final recovery ratio m petroleum explotation s only 1.3 I the
secondary and tertiary recovery technugue s developed o 1is practical levell the obtam-
abile ol resource can be imnereased

Features of China's Energy Production and Consumption

The Growth of Foerey Production s Fast

Sinee the founding of new China. the energy industry has made tremendous pro-
gress  In 1957 the total output of primary energy reached 0 91 billion tons, 38 times the
19449 level  Coul output was 092 bithon tons, crude o1l output was 0134 bilhion tons,
natural gas cutput was 13 % billion cubic meters, and hyvdro electricity produced 993
TWh  Table I shows China's epergy production over the past three decades.

In different periods. the average annual growth rates were as follows:

1910 - 1987 107

1649 - 1965 13.8¢¢
1966 - 1980). 8.5%¢
1981 - 1987: 5.2€¢

Generally speaking, the 107 growth rate during the 1949-1987 period is rather fast
The growth rate 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
mdustrialization was faster. In the later period. the growth rate slowed down because of
adjustments in the national economy and the production structure and eflorts o
eNCcoUrage energy conservation

Changes Taking Place in Primary Fnergv Production Structure

In the 1950s, coal accounted for more than 9537¢ of total primary energy production
Petroleum production only took 297 In the 1960s. the large ol fields like Da Quing. Shen
L1 and others were developed  Later on. the new il fields, Dan Gang. North China, Liao
He and Zhong Yuan were put into production Simce then, petroleum occupies more than

207¢ of wtal energy output. thaugh coal still occupies the major portion

1-3



Table 1. China's Energy Production and Consumption
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Ihe miger part ol nergy onfpat s Tl dodiiestie s oo iy s sl Bt s Lo
export Phe annuat export of crade cab and pere dewm proddos 1> s abont 30 nudhon tons
The coal export in 1987 was 10 miilion tons, about 350 of the total world trade volume

China's energy eaport oteupies o sl pestien of the nternational cnergy trade

Industry Accounts for a Magor Porneon of Total Fiad Foergy Consumpuions

Otnie of the fundamental features of developing countres s that the magor porten of
total energy consumptiog of the country = for mdustriad use Table 2 shows the strueture
of final primury eoergy consumption o Clhiony Tod asteiad vse tukes about 5040 In recent
vears, i aceompamving with the developn ent of the national ecomomy and the mprove-
ment of people’s hving standards, the portien of nidustrad energy consumption: hias
decreased. and that of pubhic utnihines households and services mereases vear by vear
This trend will contin e and the development of home apphances amd tourism will also
cnlarge electoenty demand

Table 2. Primmary Energy Final Consumption and its Structure

unit = \Tce

1980 1985
Consumption s Consumption s
Total Final Consumption 375310 160 739.20 100
1. Agriculture 46.30 8.0 35.30 7.3
2 Industry 363.30 63 2 4+12.10 598
3. Building Construction 9.60 1.7 13.00 1.7
Industry
1. Transportation, Posts 28.60 5.0 36 70 50
and Telecommunications
5. Commercial 5.20 09 8.0 1.1
6. Non-Production 11.90 20 15.90 22
7. People’s Daily Life 110.20 192 167 80 » 7
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Mot Coabas Darectiy Burnt by rhe Congsinier

I 19S50 N20 Mol coad were consamecd Onby 3007 wis nae b no generate electrieny
an b rooconvert mt e echesoven e s for constimer wseamd neale Tt was ety bt an

m striad boalers Kidns and 1or pecople s dualy bife

The e amneans of cond direerhy bt s boader~ by cookime ovens. wand hose-
Bl e atine et~ oo cvens brines aosenens problens o envic e ntal pedbiten The
wavs toosolve this problem ares to copstruet more coal fired thermal power stations
supply clean electrical energy, to construct more co-generation power stations and district
heating sv=tems t supphy steam and hot water for mdustrial and household use. and 10
construct plants producing gaseous fuel to repluce direct burming of coal at the consumer
sefe AdL these plants <hould be equipped with effective Tacibties 1o make s minimum
emissicn for environmental protection. We are also making coal briquettes Tor residential
u~sage to tmprove combustion etherenoy and reduce pollution sinultaneously

Rural Resident= Mainly Relv on Bi-Energy

Specialists estimate that 1 3 of the world’s population uses firewood and crop resi-
dues for daily life energy: China's 800 million peasants are hall of this population In
recent vears, because of the implementation of the polictes adopted by our government,
the energy demind 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 svstems engineering problem including
comprehensive rural economic development, selecting appropriate energy resources and
hulancing energy supply and demand. and ecological and environmental protection
Table 3 shows the Tundamental duta of rural energy consumption in China.

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

(1) The development of the rural economy results in more dependence on commercial
energy  During the Sixth Fave Year Plan period, the township and village industries have
developed rapidiy. and comamercial energy consumption has almost doubled. This trend
will continue i the future

121 Rural needs of commercial energy il be solved principally in the rural areas
themselves. In recent vears, township-owned small coal mines. small hydro and thermaul
power plants have been developed quickly. They supply energy to meet the needs in the
rural area. We should do more work to improve the safety conditions of the mines. and
to promoate their technology progress so that these mines and plunts can work well for a
longer time

(3] Firewood afforestation and comprehensive use of biomass are imporlant ways lo
solve the eneryy problem in rural areas. The government encouraged firewood
affnrestution and development of bio-gas to allow comprehensive use of biomass This has
proved to be very eflective.

(41 Fully wsing the watiral enerqy resource aecording to the local conditions will gire
great resvurce polential for Clyna’s rural ureas Solar energy. wind energy, geathermal

cnerev tide energy ond Gthers may beoused as supplementary rural energy resources

1-6
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Table 3, Energy Consumption and its Structure in Rural Areas

.
1980 I 1R
Total Production Daily Life Toral | Producnon | Praly 1afe
g e s g e b -
MTce | % | MTee | ®n | MTee | % | MTee | € | MTer | 5 | AT
Total Fnergy Consumption - 1 b : .
in Rural Areas 32950 | 100 67.76 | 100 06174 | 100 42499 | 100 | 14325 l 100 | 2xETE 100
BN U SO .
1. Commercial Energy 99.53 30.2 58.55 8.4 40.97 15.7 19131 4H 10 } 13000 1 40 % 6126 i
Consumption | | ‘
N AR
(1) Coal 685.00 19.7 27.93 41.2 3707 142 151 70 BB L TR (A » 07 e
L R
(2) Electrical Power 19.23 5.9 16.59 24.5 265 10 e hT ; TR R 1 | -
[ 4o - - .
(3} Petroleum Products 15.30 4.6 14.03 20.7 1.25 045 1549 R A A L e t
el el e SV S, “
2. Non-commercial Energy | 230.00 69.8 9.21 13.6 | 22077 K431 23368 BhO | 13.un 9 boein s T
Consumption i
______ e
(1) Straw 117.00 44.7 | JREY! ERIN
- ‘_ —— e - -
(2) Fire-wood 103.77 196 av 1 KEA
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Energy Demand and Energy Policy in the Future

The development of a wodern soctety depends on the continuous i rease of energy
consumption  The question of how much energy we peed and how we <hould promote th
Aevelopment of the energy dustey o meet the energy demand mothe moderwzaniag of
China s a very unportant issue

The Strategic Goal of Economic Development

In the report on the 13th National Conference of the Partyv, General Secretary Zhao
Zivang pomted out CAlter the third plenary session of the 1th central commnttee, the
strategic arrangement {or economic construction of cur country can be principally divided
into three steps. The first step was to double the GNP of 1980 and solve the fixdd and
clothing problem of the people This task has been basically fulfilled  The second step i~
o quadruple the GNP of 1680 and make the living of the prople “well-off © The third
step is that by the muddle of the next centurv. GNI' per cuptta will reach the level of
middle-developed-country, and the hfe 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 economie output i our country 15 relatively low. energy consump-
ton per unit product is high. the waste of various resources 15 severe, electnieny supply
cannot meet the needs of national construction, and there is a lack of construction funds
To solve these problems, we must pay attention to the economic results. mmprove the
quality of goods. reduce material consumption, realize a rational distributon of produc-
tion factors. and improve the utilization of funds and the efficiency of resources utihiza-
tion.

We will rationalize the structure of enterprises by adjusting and transforming indus-
trial structure. Using advances in science and technology. we will gradually improve the
management and efficiency of energy use so as to reduce the demand for cnergy.

We believe that with the speeding up and deepening of the reform of the economic
system. the strategic goals of economic development can be realized.

Energv 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 GNP will be 1250-1300 billicn U.S. dollars and

the energy demand will be 1.4-1.3 billion Tce. with energy consumption per capita of
1100-1200 kgce.

According to the present primary energy production structure and the growth possi-
bility of energy production, it is planned that the average annual growth rate of primary
energy production will be 3.3%. The projected coal output is 1.3-1.4 billion tons. and the
projected hvdro and nuclear electricity output is 250-300 TWh. According to this plan.
the task for the next decade is very heavy. but we believe that we will realize our goals
provided that our plan s properly arranged and correct measures are taken.

Policy Will Continue to Emphasize Energv Fxploitation and Conservation

China’s modernization cannot be built on the basis of low energy consumption The
average energy consumption per capita in our country is only about 800 kgee. ln order to

1-8
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At the ~atne fime we boove adse ochiieved great success o energy coniservation We

Love st 20 b Toe vvery vear Toas the saceess of enerey conseryvation that waill

Sneratter diede r e omermr s erowth with g lower energy o consumptioa inerease
bl e vears the ke poants of eneray conservation work are as follows

by W shoahd st the raneaad utthvaten of vartous hids of enerey . parteealariy
heohel e ek vneray ol nararal massand soom)

20 Foerey conseryaten ~honld take sdvantige of scrence and technoboy and new

:
re hnngues new Toothites and new techiologies should be adopred to replace the o f-
Pote produe o tecieedeay and Taerlitres

(30 Consndering the phasical sitaation of energy supply m our country, we should
v prionty o <avig electrienty amd o produets and to rational use of heat

ch I oorder to promote the development of energy conservation. the responsibie
departirents of govermnent should draft general programs and formulate policies, regula-

tions, and fns

The Power Industry Should be the Center of Energy Industry Development

An important mark for the modernization of a society is the percentage of energy
used for electric power 1 total energy consumption. In most developed countries, at s
35-107¢ . but in our country it is only 2257,

Before 1980, electric power development exceeded the development of the national
economy. Durtng the sixth Five-Year Plan period, the growth rate of the power industry
slowed  Although i the past two vears the annual growth rate of electricity output s up
to 109, electricity production stll 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
vears, 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 shortage. It is
our goal that in the year 2000 electricity output will reach 1100-1200 TWh, and the pri-
mary energy for power generation will account for 35¢¢ of total energy consumption.

Considering the characteristics of China's energy resources, to achieve this goal we
should develop coal-fired power stations with great efforts, as well as exploit hyvdro power
in the areas of favorable conditions, and properly develop nuclear power in the areas fac-
Ing serious electricity shortage.

The power industry is u capital-intensive industry. At present, to solve the problem
of fack of capital. local authorities and power ronsuming entities are being persuaded to
pool funds together. and foreign loans are being used to aceelerate the development of the
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exploatatvm of off-sbore cal teld meandy took this o porane T W0
contracts with §3 forergn compantes from 12 different

o hes ot oy St
ment i~ mors than 2 thon US

dolbars
(31 fhiring foregn working teams  For explotimg the ol deposit m Ximjian Auto-

nomous regton. we have lired more than 20 foreign working teams from the U S

and
France

In the future, for exploiting the o1l and natural gas deposit i southern Chana.
there will be more opportumties for expanding this kind of conperation

(4] In the course of infroducing new techniques. new facuilies, and new lechnologies.
Hexible forms such as combining technology transfer with trade business can be adopted

In summary. along with the wider opening of China’s coastul areas to the outside

world. the international exchange and cooperation in the ticld of energy will progress
further and further
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THE US ENFRGY SITUATION
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US TITALENERSY USE "384 - T4 QUADS

B Resdental Energy Use {9 0< Q.acs!
[0 Commercia Energy Use (5 84 Quans!
3 industia Energy Use {21 07 Quaas!
B Electcy Generaton Losses (18 14 Quags!)
3 Transportanon Energy Use {19 85 Q.acs:

Poerr deum b replaced coal as tue predominant fuel in U S0 energy consumption
Frare 2y This cbiaiee hias had geapolitical consequences for the U.S. because all enersy
needs exeept petroleann, can be met from domestic supplies.

Meeting nati nad petroleum requirements is currently the major preoccupation of
U= pediy miakhers Because of future oil price uncertamn'y we have prepared two fore-
casts of Tuture U S il consumption and production. Figure 3 illustrates past and es-
tmated future production and consumption of oil in the US. The difference between
consumption and production is the oil we import.

In the hich price scenario U S imports are expected to inerease from just over 5 ml-
heon barrels per day (B D) to 8 mallion B.D by 1995, If a1l prices remam low, US ol
constmption will merease faster and US. ol production will decrease fuster Instead f
mnporting S milhion B D, we estimate that imports will be 10 miflion B D of ol o the
low price scenario ol s $15 B in 1990 and $23 B in 1995 ta the high price scenario ol s
¥22 B in 1990 und $2% B in 1995

* Dievctor of Pohey Tutegration, US Department of Fnergy
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These projections of U S OECD oil requirements are of concern because under most
scenarios of petroleum requirements in the 1990s decade, increased imports will Le neces-
sary. Oil reserves are concentrated in the Persian Gulf; 637 of all kuown il reserves are
located in the region, 767¢ when all of OPEC is included.

2.3



WORLD CRUDE ©IL RESERVES
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The true market power of the Persian Gull producers s underestanated by examin-
ing reserves alone. 7170 of surplus orl production capacnty is i the Persian Gulf, 2177 s
m orther OPEC countries and cnly 27 15 outstde OPLECT We estimete that cutsiede the
Persian Culf, the only countries that can significantly inerease their production nuder
current eennomie assumptions are Libva, Nigera and Venezuela

Shares of Surplus Oil Production
Capacity in 1986

Non-OPEC

t
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*Includes Kuparuk, Lisburne, Milne Point, NGL Project, Gwydyr Bay,
Paint Thompson, Seal Island, and West Sak.

**Includes potential development of the Arctic National Wildiite Refuge
{ANWR).

lu additior to our mterest 1n wcreasing U S ol production, we are asa conceraed
about using energy mare efficiently The US uses cnergy in many diverse wavs with
almost equal use of energy an transportuton ndustey, and in producing eleetricity Only

about one-fourth of our energy 5 used in residences and commercial bulddipes
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Over the last ifteen vears decreases moenergy use have been signtficant Botde the
US and all OECD coonomies hase sizmfivantly reduced enerey use compared too e
amonnt of cnergy they would have used ol ellicieney smprovements had notowecarred Wee

use o more enerey n the U8 tonday and less onl than we did i 1972 despire an eeomomy

that s 467 targer

Conservation Savings Have Been Dramatic

In the U.S. Econamy 200 In OECD Economies
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When we think about reducing future US. il consumption. 1t is important to see
where 1t s concentrated. 1 s almost all in the transportation and indastriad sectors with

transportation accounting for aboot two-thirds of all U S0 oil use.

[
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U'S OIL USE IS CONCENTRATED IN
TRANGPORTATION AND INDUSTRY
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The transportation seetor has used less val beeause of improwved etficieney Othier
sectors have used less ol because of ymproved ethiciency, shifts to other fuels and shatts
away Trom productien of od-intensive gods amd services The transpaortatiom sector s
captive to ol use and relatively unudfected by inereases i oal prices siee Nneeean wdooe-
duals and businesses do not reduce transportateon demand very much when ol beedues
more expensive

Conclusion

The U.S. is committed to a healthy economic environment fur both ol-consuming
nations and oil-producing nations that avoids rapid changes i il prices. enher sharply
up or sharply down. We recognize tha® oil is a valuable, depletable resouree whose future
value and price must increase. \We will maintain emergency stocks and use them to nuti-
gate the impact of oil supply disruptions in cooperaticn with ather OLCD countries. We
will continue to improve the efficiency of our oil use and use more nutural gus We be-
lieve that free trade in oil and oil products provides the best Jong-term benelits v both
producers and consumers.



APPLICATION OF NATIONAL ENERGY DEMAXND MODEL
AND SOME POLICY SUGGESTIONS

Qs Do g and Wu Zongan®

Current Energy Problems

The economie and energy situation 1o China 1= excellent During the Sivth Five-
Yeur Plan pericd {18%1-85), there has been much greater economie growth than the
planned targets. and marhed successes made In energy production and comservation.
Between 1881 and 1985 production increased by 200 million tons coal equivalent (Muee)
{Tabie i} Energy telped the country to achieve sustained economic growth, and mect
the Faste demand of the peaple for a higher standard of hving

Table 1. Energy production and its structure in 1980 and 1985

Toral cnergy Ruw Crude Natural | Electrieny
Year production coal ail gas
Mice million | million billion billion
ton ton m* kWh
1980 637 622 106 144 300 6
1985 839 830 125 123 4073

The fundamental reason for the excellent encrgy situation is that economic readjust-
ment and reform have instilled new vitality into the economy. Due to use of the overall
contract responsibility system in coal and o1l productior and a general heightering of
people’s awareness, energy production and conservation have been enhanced. Coual mix-
ing Las been developed by individuals and collectives in the rural areas as permitted by
the state. with over 50°¢ of the increased coal production of the country drawn from
township coal mines. Following this i1s a market for some energy products throughout the
country, and consequent upon this an improvement of the relations between energy sup-
ply and demand, and rapid developinent of various township enterprises with their energy
demand being met by the market.

In contrast tc these successes, however, manyv problems still exist in the energy
industry. The major ones are as follows:

1. Contradictions between energy supply and demand. particularly from a short supply
of electric power. The estimated vearly shortage of electricity is 50 billion kWh

" Institute of Nuclear Energy Technology. Tsinghua University
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2 Imbadaneed enerey suprby awed dencsed am o res o ns due tow ek of transpaort foa
energy Tesources 10 s estimated b there are S0 mihon 1o of coad aw ot

transport form the ca-producing areas

3 Greatly changed compositen of enerey o nsumptien by townsbp entery rises Wath
the growth of townsliop enterprises comnero il energy consumption and enercy
used for production mwereased rapidhy i oarat areas

4 Serious air pollution in Chinese cities and acid ramn from the use of coal as a maypor

fuel This s particularly true of South China. where rainfall with pH lower than 56
and recurrent crop damages are reported

When economic advances are made fOlowing the goul set by the Chinese Communist
Party Central Committee for this country and the Chinese people 10 attain a Farly comi-
fortuble standard of living by the turn of this century, how much energy will be needed”
How 1s the trend of reluted problems an the energy field” These are the tasks of wur
energy demand forecast

Features of the National Energy Demand Model

Since 1980, INET of Teinghua University and many other research units have taken
on the tash of energy demand forecasting  There has been in-depth study of forecasting
methods, e g. energy consumption elasticity. sector analysis and static mmput-output
analysis  As a result, a model of energy demand with a set of submodels. including
dvnamic input-output analysis and technceconomic analysis, has been set up (see Figure
1). Following are the characteristics of the model system:

The Macroeconomic Submoedel

The macroeconomic submodel concentrates on dvnamic input-output analysis. It 1s
a sectoral. balanced model with muluple periodic dynamism. It can produce important
information such as annual increases in total output value and investment, and provide
the scenarios for roordinated and balanced development of various economic sectors. The
operaticn 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 population, the number of households,
the output of products, the volume of commodity turnover, and the intensity of energy
consumption. Take diesel locomotives, for example. The activity level is the freight
volume of goods moved by diesel locomotives, and the future o1l consumption intensity is
placed at 100 tons/kilometer. The latter 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 energyv consumption unit, then sums them to
obtain the demand value at a higher level, i.e., by sectors. Finally, the tctal end-use
demand of energy in the whole nation can be obtained Energy forecasts proceed from
end-use-usefu] energy to the demand of primary energy rescurces
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The Eeonome hinpuact Subnede]

This mesdel 1= ased for evaduating the vecn e datns Troan tvestiment i energy ceodr-
~etvateen teshonokay retoolmy e shows that enerey conservation technolosy retochine
brongs lower productive costs and Jowered detmand on the eneray sector thus redncing
mvestinent requirements  The overall econonne results can be assessed fromn w0 conn-
parison of reduced energy sector mvestment with imvestments o oenerey consersation

technology retooling

The Remienal Energy Demand Submodel

The regrmal energy demand submodel 1s used for studving the regronal distribution
A loeallv-distributed productive forces. the structure of production. and the outpur of
major local products to obtain the amount of energy resources necded 1 various regions
It considers the pnh'llli;ll of resources and the techmeal advantages vllju}'t'({ ltu':l”}‘. us

well as the constrammts of national economie growth and reform of the national productive
structure

The whole model svstem shows not ouly the mtluence of structural changes from
~ovtal economie progress on energy demand. but also chunges in the strueture of produoe-
tion, the nfluence of changes 1 the structure of various trades, und the mmpuct of
changed product mix on energy demand.

Application of the National Energy Demand Model

The Tunctions of the model system are:
1 To forecast the national evergy demand according 1o planned targets:
2 Toforecust the energy demand i various regions;

3 Tooanalvze the influence of related factors such as the strueture of production. pro-
Juet v and technieal progress on energy demand: and

1 To ussess the economie results of mvestment i energy conservation technology
retonling

The wodel uses imteractive software and IBM microcomputers, with the help of
which the planners can earry out data examination and cevision of forecasts. Thus, it
mukes an effective 1ool for planning.

The model has been applied 1o national and regional energy demand forecasting for
the vear 2000, according 1o the targets of total outpat value of industry and agriculture
and w furly comtortable stundurd of living of the Chinese people. Table 2 Lists the com-
pusttion of cutput value by 2000, acearding to the macroeeaonomie model

K



Table 2. Economic Structure in China (¢ of output value)

1IN0 2000
Agniculture 255 (KR
Construction N7 K6
Trunsportation 27 27
Commercial 31 A8
In lustry 8.0 62K
i which:
Raw material 116 9.1
Mechanieal 216 322
Total: 100.0 100.0

A greater percentage of China’s GNP will be contributed by its industrial products
by 2000 There will be  reduced 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 eleetrie apphances sought by
restdents

Forecasts of energy demand are made with the energy demand accounting submaodel
i aceordance with the structure of output value in various sectors. Results are shown in
Table 3 The result conforms with projections in the World Bank's report “Prospeets of
Energy Supply and Demand.” issued i Junuary 1984 (Tuble ). Our forecasts are that
137 1o 170 hillion tee will be needed by China by 20000 This compares with a range of
1 34 101 77 mudhion tee aceording to forecasts of the World Bank.

Table 3. Commercial energy demand forecast in China (Scenario I)

1980 2000
Mtee i Mice e
Coal 135 (TI8) | 976 (68.5)
O1l 128 (21.1) 299 (21.0)
Nutural gas 19 (3.1) 71 (5.0)
Hydro power 21 (1.0} R (5.5)
Total 605 (100) L1210 (100)
Flectrienty
{(bilhon KWh) 300 6 1200
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Table 4. Commercial energy demand forecast made by World Bank

(low scenario)

1980 2000)
Mitce ¢ Mtee Cr
Coal 133 (TL6) ] 1124 (TN T
QI 129 {21 3) 200) 110y
Nutural gas 19 (3.1} 13 {0 9y
Hyvdro power 214 (30} 91 (6 1)
Toiad Ho6 {100) BB {100

The forecusted avermge production growth rate o varpas topes of energy rescair es
Py 20000 shewnoan Table &

Tahle 3. Annual average growth rate of energy production (“¢)

LUNLNG LONG-NT FONT 2000
ool T0 29 4042
Ol 33 2h R TR
e treimy Bl 103 T

Goven the growth of enerey production i recent years 10 s by no mewns wn easy ob
toreach the goad ~et by 20000 Greater gaps would surely be created hetween eneray ~up-
phy and demand o the anticipated energy demand of 17 biflion tee as Torecasted i the
heh-turget seheme should be needed by 2000

Forecasts of regional energy demand are made op the basis of administrative divi-
sion of the 29 provinces and municipalities. with the exception of Taiwan Provinee. From
o comparison of these with the forecasts of energy ontput by the energy production
departments, we can see the balanced relations between energy production and demand
various regions. Take coal supply and demand among China’s 14 provinees. for example.
In 1981 they all had achieved a balance of these and even had some amount of coal
exports. But after 1990 most of the provinces and municipalities may become coul
inporters. Coal awaiting shipment from Shanxi and Inner Mongolia will grow consider-
ably. and regional coal transport will become a major issue.

China’s energy system will be marked by a 1007 increase in caal supply by 2000
Greater problems of environmental polintion will be ereated, shonld coal continue 1o be
ased without rigid purification treatment.

The forecast figures show that strained power supply and transport, communica-

tions and environmental pollution will continue te be important ssues i China's energy
systemn by 2000, Greater contradictions may even be found in some aspects
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Some Policy Suggestions

Contradictions between energy supply and demuand will sull be acute 1 the vears to
corme ad will eadl for remedial measures to be taken

=trenpthened Control of Energy Demand Management Over Energv Supply
and Demand and Good Planning Work by all Sectors

I'nhanced macroeconomic research s the basis for erercising better control over
energy demand management  The last few years have seen fast growth of the Chinese
eeonomy - But there = stll 2000 of the potential that has not been brought mto play due
too~horrage of electrie power From the macroeconomic pownt of view, this calls for read-
Justirent of the structure of the economy and enhanced work to strengthen weah Links
<ib b oax power, transport and communteation There s also the need for enhanced study
mte the target system of the country’s GYP and coordinated development of the pri-
mrary . ~ecomdary and tertiary industries so as to place all excessive energy demand under
Strp tocontrod

Cood planning work and ratvonal use of energy resources s needed i all economie
seetors The forecasts of energy demand are based on the plans for economie develop-
ment and energy conservation by varwous economic and productive sectors. Readjuost-
ments are needed by all seetors, as there s stll much improvement needed in the strue-
tiure of production and the product mix. NMuch energy can be saved in production. Take
the chemical industry. for example, which cousumes 215¢ of the nation’s industrial energy
consumption, Approximately 707¢ of the energy is used for the production of synthetic
ammonia, ethylene, caustic soda and caleium carbide, though these account for only 10°¢
of the total output value of the chemical industry. There are also some areas featuring
an irrational product mix in the chemical industry. Phosphate and potash fertilizers are
nat produced according to a proportionate ratio, while the production of nitrogenous fer-
tilizer has greater per-umit energy consumption than that of phosphate and potash fertil-
izers Table 6 shows the possible energy saving goals that could be attained by the chemi-
cal sectors. A stmilar situation also occurs in other industrial areas (see Table 7). This
speaks of the necessity for good planning work to achieve better energy demand manage-
ment



Table 8. Targets of energy conservation in chemical industry
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Steucture of Stencture of Fuerey ~pecilie energy
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. Others S0 946 | 30 71 20 114 1o 06 |
P Sum 100 100 100 100 1.54 0.x1
L
Table 7. Targets of energy conservation in several industries
Energy saving
: Unat 1980 1990 2000 rate
i
Iron-steel industry 10" tee million vuan 1.89 1.39 1.08 13
Chemical industry 10" tce miilion yvuan 1.54 1.13 0.81 47.4%¢
Metallurgical industry 10% tee million yvuan 0.79 0.66 0.63 19.9°¢
Building material 10% tce million yuan 1.96 1.45 i1l 40.87¢

Strengthening techmeal improvement and enerqgy managemen! in township enter-
prises  Township enterprises are mushrooming in China. They now aceount for 16897 of
the nation’'s GNP and have faster growth than the country s mdustries But aceompany-
g this are rapid mereases inoenergy consumption Ther energy consumption elastieny
comfficient s oner 1o compured 10 05 10 006 by <tine dustries The raot cause T i the

euerev-consutnig product nox and fow technology level of the sl enterpases

Cirie approproate quidanes lo e ray conswmplion u hide payig altention to e rgy

corseroabion The Lasr few o vears bave seen raprd e reases o enerey st espoee

iy o e lenmand taoelectiony Tor ondian nse Saturatear of Doare b dd e i
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Drovelopmg Elecnive Poloes tor T e Poncrgy ~upydy

Lpde e nt the policq of devdloping electrieity by pooling the o fTorts from varicus
geiirtera Dinstead o runnng e ctrieity by one departme nl bl shoeong ot by all Pracn-
viv ~peahime pewer construction cannot depend nrerelv on stare imvestment. funds mousy
Copnse D threangh varons channeds socas 1o aronse the enthosmsm of varseas spuoarters 1o
e boropewer constincteen Power undertakmes aed especiatly hvdropower progeers
i e o ke constrao et perend The vonstruetson of g and mediamesized hivdeoe
poaver progeots shoald be rateandy arraneed and proority wiven o hvdropower progects
with o ~hort construction perreds sooas 1o enable them to meet the growmge derand for
ooy o fiarly short pered of timne,

Coal wli stdl b the magor type of energy used by Clina by the turn of thes coentury
Coad nnes run by township enterprises have made and will continue to make nmportant
contritbutions It s thus necessary to enhanee planming and technical improvement of the
raral cond mimes to enable them to achieve greater advances At the same e, attention
~hould be pad 1o coordinated development of collieries under central prannming, coal nnnes
run by local wovernments, and those by townslnp enterprises.

Continue to Expand the Role of the Energy Market

Opentng the coul market countrywide has brought about an unproved situation
between coal supply and demaad in China. Competition has been initiated between vari-
wus tvp 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
~saving by various enterprises  This suggests that other tvpes of energy products and the
refation between supply and demand can also be regulated through the market by follow-
ing the law of markert price.

~tringent and Comprehensive Planning of Transportation. including
Transportation of Energy

At present. the transportation of energy products occupies 50°¢ of the total freight
volume of China. But there is still 50 million tons of coal awalting transport. Transpor-
tution will be more strained in the vears to come. Thus. it is necessary to strengthen
overall planming work by the transport and communication departments for bringing
about comprebensive development of railways, highwavs, water transport and pipeline
transport

The Great Strutegic lmportunce of Long-Term Research, Especially Study
of the Energy Svstem in the Next 40 1o 50 Years

Eaergy projects generally have long lifetimes and long construetion periods Tech-
nelogieal development from research to introduction and adoption by the markets gen-

erally takes about 30 vears Short-term plians can in no way speak of the impact of large
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prvotal projects on the natonal ceonomy and the results brought on by new technologes
Sooab s a necessity for forecasts i the next 30 10 50 vears to analvze and find the objece-

tive laws of development. taking precautions and making Goely preparations

According to our il forecasts on energy demand, by 2080 China will need a
vearly total of 1.5 bilhion tee. A vearly total of 4.9 llion tee, equivalent 10 the present
world’s annual coal output. wonld he demanded if coal were sull made a major national
fuel by 2030 In that case, untold difliculties would mevitably be met

How wall the energy svstem be by 20307 Will thws have any influence on the current
energy policy and development of related sclence and technologies” How are the changes
to be brought about by a change of the current energy svstem to one by 20307 [t s of
great strategic importance to research into these ssues,

4-10
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ENERGY SCENARIOS

G.R. Davis*

Who knows what the future halds” (Passage 5%)

See simplicity in the complicated (Passage 63)

Once the whole 1s 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 Scenarios

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 1s a need for eflective tools of analysis and synthesis. The selection of
relevant tools will be influenced by:

o

The organisation’s structure: The Royal Dutch/Sheil 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.

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.

The temporal and geographical scope of the business environment: many cof
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, 1.e. planning methods which provide a context for:

Q

(o]

‘Decision centres’ to develop local scenarios.

Strategy studies.

* Head of Energy Planning, Group Planning, Shell International Petroleum Co., London
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‘Decision centres’

Mental Maps

The underlving concept of scenario methodology 15 mentai maps  We assume that
every individual has personal and subjective views of the world. of the driving forees” fog
change. and of cause effect relationshups  Depending on his mental map. an individual
will absorb and amphiyv certain signals. while not noticing or 1gnoring other signals
Recognmition plays a major role. signals that fit into existing knowledge are more hikely 10
be observed and accepted Of importance to the orgamsation is that the individual s
tempted to consider only options that are compatible with his view of the world He
gives more emphasis to signals and options recognised by his personal model  Any deci-
sion he muy make therefore. tends to be i1n line with his mental map.

Scenarios and Mental Maps

A person’s perception of the world and his interpretation of history and current
aflairs are directly linked with his expectations about the future Scenarios which many
define as alternative futures. can also be regarded as nlternative interpretations of the
present. The main purpose of scenarios 1s to explore and discuss what is happening now
Clearly scenarios are written in the future tense but one should not confuse scenarios with
crystai-ball gazing

Wherever strategic options are discussed in the organisation. different mental maps
will underpin the individual opinions that are expressed. When open-ended strategic
issues are being discussed it can be important to make the differences visible and to deal
with them consciously.

Scenarios can assist in making mental maps explicit, since different scenarios are
hikely to represent different views held by members of the management team «r alterna-
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 transitions between alter-
native models of the business environment. 1.e from one type of logic to another At
those moments, just when the business has much at stake and is in need of clear perspec-
tives. forecasts and expert forecasters fail. There are many examples of changes of
models and mental maps in the energy industries



N

O demand Forecasts have changed dramatieally o the Lest 30 vears (see Froure 1)
Foiowime the underestumation of onl demand wrowth o the 19505 and 1860s, by the
19T0s there was an almest axtematie behefl that each percentuge inerease in
econome actn ity wouid lead to approximately o comparable merease 10 enerey and
ol onsumption  Thus o successtul world would inevitably need more cal and o
crizis would occur when demand reached maximum production capacity This view
led to massive over investment in refining in the 1970s In current models. mechanis
tic relutionships between gross nat' ausl product {GNP) und o1l demund are no longer
used It ix now clear that, especially 10 industriahised countries. successful economic
development 1s compatible with stagnauing o1l demand  The result is 2 new model
of the world of o1l 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 1o an
urgent global problem. nuclear power would provide cheap and abundant electricity,
alleviate dependence on imported oil. high o1l import bills and environmental dam-
age  As a result the industry did not feel threatened by the opponerts 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 majority of
people tend to see radiation risks, waste disposal, and the danger of proliferation as
the real i1ssues; in this model, the technological achievements of the nuclear industry
are no reason for developing nuclear energy.

Figure 1
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o In 1985, the consensus was that ol prices could not and would not fall as “low’ as
US$ 20 per barrel { bbl} One vear and a price collupse later, US$ 20 bid seemed 4
‘high™ price. 1t was considered unhikely that prices would rise as high as US$ 20 for
the foreseeable future

Sceparios can legitimise the debate around the several business logies in the orgum-

sation

Socio-Economic and Oil Scenarios

The construction of energy scenarios requires explicit assumptions about socio-
economic developinents In 1986 1t was felt that the Jinks between economic and energy
developments had weakened considerably and were no longer unequivocal  The evidence
for weaker links between ol and economic developments emerged in particular 1in 1983,
when the o1l market started to collapse under 1ts own weight, without clear macri~
economic triggers A vear later the collipse did not stimulate the OECD economies It
seemed that oil. hke other commodities, was being ‘decoupled’ from the industriul
economies il does not play the central role in the world economy that 1t plaved in the
1970s. as industriahised countries have become less dependent on and more resthent
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 that the restructuring of organisations and economies in the early 1980
have laid the basis for the effective use of resources.

o One of the forces at work that will assist in these developments is a2 new generation
which 1s pragmatic and flexible in outlook and will have increasing influence

o  Governments endorse and implement "No-Nonsense' policies underpinned by 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 1n Turmeoil

@ Assumes that the pendulum could swing back n the 1990~ from market-oriented
policies to greater emphasis on sovial and pohitical priorities

o The failure of "No-Nonsense” pohicies leads 1o a rationalisation of falure and rejec-

tion of successful economic models  Economic under-performance results - world
economic growth of 20 per annum compared ta 3577 per annum m Managed
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World.

o In particular the burden of populatien growth and rapid urbamisation wouid proae
unmanageable 1n the developing countries

0 This scenario is one of transition to a world in turmaoil

The socio-economic scenarios were complemented by three oil scenarins. The il
river’ metaphor presents the three oil market paths {see Figure 2). The centrai path can
be viewed as successful OPEC management, avoiding collision with high and low price
banks. and i1s named Managed Market. The path which implies that the boat conunues
to bump agamst the river banks is a market-i_minated scenario in which the o1 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 2
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Scenario Links
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o Will energy markers beommpe pess ety e b D ihered o
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Bre rezulll justing cobtrad over the ol markers’

Three energy ~ wnari ~ wer= devel ped beeed both on the cal seenuries tirman which
they take their names) and 'he s 2ri-econo mie scenarios

Although the sets of scenunes each describe well-dehned secters of global develop-
ment. they are interdependent  Eecononie developments influsnos the probabiinty of pur-
tirular oil and energy scenarios and viee versa I principde. there ure various wayvs
which cil energy and socio-econcmie scenunios can be hinked However not every combi-
nati»n 1s equally plausibie the energy scenarios are hased on the most probable hinkazes
Strong economic performance :n a Managed World) stimulates energy consumption and
assists producers 1o embark on a Managed Market strategy. the stabihity of Managed
Market is in turn beneficial for the world economy. Rapid demand growth can also
trigger a Roller Coaster the volaulity of which will have a depressing eflect on economic
growth A Ne Recovery scenario becomes more likely when economic performance is
poor as in World in Turm-l

Scenario Quantification

Quantfication 15 required to establish the internal consistency and credibility of the
scenarios  Many strategie issues centre on differences of concepts rather than numbers
Once numbers are avallahle there 1s a tendency to overemphasise their importance
because they are easier to handle than concepts Quantified scenarios often suggest that
upcertainty can be plotted along one measurable dimension. However. for the Energy
scenarios the quanufication s an essential ilustration of the scenario concepts

The approach to quantification rests on an integration of oil market analysis (see
Figure 3). Starting with ass.mptions on o1l market and socio-economic develnpments 1t
1s pessible at a eountry rezional level to build up direct and primary energyv demand
devel rrments Studies on world-wide energy supply potential with the demand analyse<
prevode oobasys for examining energy markets 1§ these analyses indicate areas of mternul
einestensvothen iterations around key assumptions are made Checks are made ru
e rrents of the international o1l market using w dyvnamic market model {see Fizure

| [l moan wig=ctnve s to ensurs that the quantfication exphentdy llustrates the



Figure 3
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A vanety of tools are used moguantification. for example, cconometries: techno
economie demand and supply models, systems dyvmamies and market models . Substantial
suppott s requited for the analysis, ¢ gooa global data base contiaming country-by- coun-
try historical energy demand and supply. relevant energy prices, detwls of present and
probable future technologies and costs across the energy sectors, ete.

Energy Scenarios

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

Managed Market

There i1s a growing consensus that effective economie policies do exist, and that the
world is increasingly capable of avoiding cconomic disaster. Pragmaue policies and
short-term sacrifice produce the expected beneficial results. OECD economie growth
averages 3°7 p.a. and developing countries 53¢ p.a. over the period 1983 to 2005.

Low cil prices 11 the short-term and satisfactory economic growth lead to mcreased
oll demnand and a reduction of investment in non-OPEC production capacity. OPEC
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/bbl in the 1990s.

Relative stability and a ‘reasonable’ level of ol prices creates confidence among con-
sumers. governments and energy suppliers OPEC's posted prices for mternationally-
troded ol are accepted ws the energy ‘marker’. LEnergy consumers and supphers ahke
beome more confident tn accepting these price signals (and their projection as a basis for
mve-tment decisions. Low- and medium-cost supply potential will be developed. particu-
larly vas and coal projects, as consumers trust their assumnptions on interfuel competition
and muke firm decisions on plant and fuel selection.

Prinary roergy demand increases by 14 million barrels per day oil equivalent {m
b odew) i OECD and by 30 m b doe in the developing countries. Total o1l consumption
rioes trom 1 m b odoe to 55 m b doe, with the merease coming from a rise i demand of
10 m b doe s the developing countries (see Figure 5)

Roller Coaster

Commodity-type energy markets can develop under oo wele tange s 0o
11~ The scenario develops in an environment ol hicher cconamic growth and Fow

prices whieh lead to nereases in the ol 0 OPEC T [0 ghet ishnons s e
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Figure 5

ENERGY SCENARIOS
Million b/doe 1985 2005
MANAGED NO
PRIMARY ENERGY MARKET RECOVERY
WOCPE 98 1M 111
OECD 76 89 79
Developing Countries 22 52 32
OIL
WOCPE 45 55 47
OECD 33 a3 312
Developing Countries 12 22 15%2

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 hich population growth and
most leaders are unable to tackle the huge problems of develop -+ und their ¢ untries
experience social unrest and turmoil In OECD countries thers .~ -outhicient support ¢ or
any kind of <hort-term sacrifice or long-term strategy The resulting uncertamnty erodes
coni fence. which has negative eflects on investment and trade OECD economies grow at
1.8°C pa. and developing countries 2.6°¢ p.a. over the period 1985 to 2003: the potential
for growth 1s 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 appuarent and technological advances prove to he
irreversible  There i1s no sharp dechine in non-OPEC o1l supply. as some had expected.
Goveruments take a more active role in energy matters. Some countries aim to reduce
hard currency pavments for imported energy by any means possible  In others the menits
of proiects are judged by ‘national” standard. e ¢ the effects on emplovment. balance of
puvinelts or on strategic considerations  Producers react to law prices not by reducing
supply but by finding wavs to redure costs Low prices with sluggish demand and con-
tuning potential oversupply imply a prolonged Luver’s market with interfuel cmpersuy



as the mujor Tactor shapig the mdustry cuvironment

Primary energsy demanbmerenses by oonbve 3o b Do OO a0 10

developimg countries tsee Frigure o)

Use of Scenarios

&)

scenarios cun be used ina number of different wavs, for exummpte

Seenuros contuin a wreal deal of anformation, and st by passing this on v
scenurios they serve a purpose. Part of this wformation may be factual « 2 when
unght OPEC control the oil markets. how many cars will there be i developing
countries, winch technologieal improvements will redace energy demand Other
tvpes of information can reflecr views external 1o the company or specific vheories
There are also implicit messages 1 the scenaros e the view that demewraphoe

pressures can be contained provided veonomie growth remamns high

When globul scenarios are widely used as a background for discussion. they create
and become u ‘common lancuage” This 15 of consderable value oa arge and
decentralised organisation

Scenarios can be used as the starting point for “what a7 exercises

Finally the set of scenarios cun be considered as a framework {or discussing strategy.

Analvsing the environment and benefiting from the forces ut work 15 an rwfrinsic

part of the managers’ job. Scenario planning is one of the tools at their disposal; not for
forecasting but for analysing the environment.
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THE REFORM OF ENFRGY PLANNING IN CHINA

i baane b ol

The reform of energy planning is hnked with reform of the economic system in gen-
eral. As t':\l'l) AN Lefl Mears e when the Chieae Counmunist l':n’l)' decpded o convert
the emphasis of s woah o coann geconstruetsan 10 Was reahzed that socidis
modermzation required reform b e ccoaemn sastems Thos was carrred vt moanly
the 4'<»Hll“'_\"l‘.lr at that tane T Tawebih Conterenee of the !':1”_\ paut Forwerd RIS T the
tash o cartving out svstem atn el tin - 0 e vccaotiie sy stelin

The basic tash of cocaotie reiern = fooset up o pew soctist economie svstem with
Chiese charaeterstios, full o vicer b viraliny. This economie systems wall proaete the
development ot produetive taces The bey pantts o the aelvam are v strengthen the
vitwhity and expand the souronomy of cuterprisess tooset upoa plannmg system that cun
conselously use the Low of value, andd re deselop the planned sociahist commainy econ-
NTHR

To speed up the soctabst modermzanion. we must develop productive forees with all
efforts It s mupossible o realize thus sk without reform of the old systenr Eecnomne
construction and reform must promote and restrumn each other.

The reform of the planning svstem is an important aspect of macroeconomie
management. The ciuphusis of reforn s 1L converr the function of the State Plannig
Depurtment. This ineludes reduoing mandatory planming, mereasing guided planmng.
attaching mmportance to the famulation of long- and medium-term mdustrial policies,
and gradually forming new econvine opersting mechanisms in which the Stare regulutes
the marker while the latrer guides enterprises Ly using economic meuans.

The main functions of the new State Planning Commission are to carry out
macroeconomic adjustment and coucrul, und to act in a balancing and coordinating
manner. Its work includes rescarch regurdiug the development strategy of the cconomy,
science and technology. and technc-econonne policies. It will plan for an mtegrated bal-
ance of the generul economy, us well as perform macro-adjustment and control. Tt will
also provide decisionmaking. serviees, aud necessary coondination.

In accordancs with the goul of ~tung up economic mechamisms m which the stare

resulates the moarket whide vhe Lotter guudes enterprises. i series of important conversions

it be reshized TR0 e bt convert from distributing mvestment material and
epioviie propeet=s b gnarasae el of coterprises” concrete activities, 1o studyving
Aevelopne wrosrrates s wedastnna podicees and othier miportant econone-tecfineal polieres,
oo : e Lo Coathio the o e e tivibies o state-omned cilerprises to
Vo . e i ety awd sttacture of the whole soeety 3)
ca o , o e phaas topedac e dineet poliey planss Nroan
e o - oo b b 0 b the mmnneement o the
N R T L R T T o sl Coanprebeensin e Dbt State
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economy. to convert from using oecunly adimnmstrauve means o using the means of

economiv regulation economie b ana e

I executing relorm of the plannimg svstem. the State Planmng Commission s
responsible Tor formulatiug annual and Long- and medmm-period tixed assets plans, gen-
eral balanemg of overall supply and denrand of the natonal economy, and overseemng
tinance, credit, material, foresgn currency, amd the labor market.

Decisions regarding mvestiment for fixed assets of large and medium size, as well as
regardimg quota hmats, will be muade by the Professional Admaimstrative Department,
which will put forward a primary scheme. considering the requirements of the national
long-medium period plan. rational use of resources, economice efficiency and technical poli-
cres U widll abso constder external conditions of energy and material transportation, ete..
and refer decisions to the State Planmnng Commuission for approval,

With regard to mdustrial policies, the State Planning Commission will study the
rtonal proportion of various professions i the national economy., the development velo-
city, and the scale and mvesiment proportions of important professions. The various pro-
fessional sectors will study proportion relations among their internal units so as to avoud
duplication and uurational distribution.

The State is setting up a professional investment company that will contract impor-
tant construction projects to professional companies according to the principle of linking
output with input  The companies will be tn charge of inviting bids and the recovery of
mvestment with interest. The practice has proved that competitive bidding is a very
vificient method

With regard to reform of the energy planning system, energy is one of three impor-
tant strategies lor economic construction of our country. Although the energy industry
lias been greatly developed sinee liberation, it cannot meet the needs of national economic
construction. At present the Lkick of electricity restricts production and daily life of the
people  Foo s rens o the State lias given investment priority to the energy industry,
taking clectric power construction as the center of development for the energy industry.
[o s g e the 0 0 o tasis mioaey froan several departments and channels for
electrieny wdnome- e Dated diccoc b of the national network has been executed
and provin s wdns strarne bpaitments Lave their own economic accounting. This
mwetho il meobilize the pane o delerent parties and ereate conditions for eleetricity
development

With the deepemng of reform. we will adjust investinent siructure and relevant poli-
cte<. rely on advance of science and technology nmprove moanngenent and operation, pro-
mote the development of coul, clectrieity, ot and wus miore rapidly, and also promote
energy ¢omservation. Inorder todora goodd Job e energy <aving the State should increase
tmyvestients b progects foroeperey st aatetads savines and Turther guide use of
recional buneds for tlose parpesos Do prcbe cvny o= quahity and material eon-
st o shouid beompr ved e b < e e et of national economie
development sad voprovenment of peeple < ol bite

In summary, the energy industey of wur country will take e¢lectricity as the center
and coal as the basis. It will develop ol and patural gas wir 2 1 effart, actively tap
and use hydropower resources, gradually develop nuclear power and strive to improve
the rnergy infrastructure It will develop rural energy according to local conditions and



carry on energy saving continuously, so that energy can scrve socialist construction better
and meet the needs of national economic development.

At present the economie situation of our country s good because production is
inereasing month by month, the proportion between hight and heavy industry is being
harmomzed, and people’s daly Bife is bemg gradustly improved. This is the result of
reform and opening. We vill sull carry out the opening policy and accelerate and deepen
reform of the economie system. We huve sturted to exceute a significant development
strategy for coustal regions and reform of the economic system has entered a critical
stage. Although we encounter scme problems and difticulties 1 the course of advance. we
are confident of overcoming the difficulties  Learning from experiences, we will push for-
wurd relorm of the economic and political system.
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U.S. ENERGY POLICY SINCE 1973

Wilfred 1 Kehi®

Introduction

The 14973 il cmbare and sabsequent cal price rise caught the governments of muny
conmtries cheding the U s aovernment. by surprise. The United States had oo ~pare
Jorestie ol producnion vapaety por adequate ol reservess and it lacked an energy poliey
Unhke many other comntries however gt toch the Dugred States longer to adopt effeetive
poberes tocdea] with the cneray problem Early responses were partial at bhest and muany
Caledas U S o0l consumption and imports continued to rise substantially through the
seventies It took the second ol shock of 1979 to stimulate more effective actions. Why
4:-1 America have such difficulty in shaping a national energy policy?

o The Vnited States 150 major consumer and a major producer of energy. It is also a
very large countrv with more regions dominated by consumers than producers This
sreatly complicates the polities of energy policy-making. Domestie oil production in
the lower AR states had quietly peaked 10 1971-720 Yet the country was stall adjust-
img to the reahties of depletion aud rising dependence on o1l unports.

o The Americun economy 15 basically a free market economy with a lurge decentral-
ized private oil industry made up of many independent oil companies as well as
itegrated wmrernational majors. These two groups have different objectives. a fuct
which has tmpeded the formation of a national o1l poliey.

o Cooperation and trust between government and industry in the United States is
notoriously weak, with few institationalized chunuoels for effective commuunication.
This s especrally 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 oo .
sional support for the industry. especially abroad.

o Detnand snanagement through sacrifice and inconvenience runs ¢ unter to th. v’
SAVvers s wheo are sceustoaned to abundanece s Bot v e o w q

t

<tpens itk Dance tive - ca save money by using energy e efliciently.

iy The strocture of the A crwan pohiniead v-ren with sis <eparation of executive and
legislative powers has made it very difficult to formulate national enerzy policy.
sinee the Ameriean President does not “torne o 2onernme st in the manner of parh-
amentary svstems  Iostead, he and s adonmstration mest devote considerahle
e e Dot o persiele Congress o sappont s proerans and be wailling to

O T
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I nergy Planning in the 1970's

The executive-legislative division o the American pohitieal system s absolutely eru-
cral to understanding the American experience with energy policies  For example. during
the 1970°s there were three magor efforts at navional energy planning  None of the three
survived the legislative process intact.! The three efforts were:

1 An industry study, U.S. Energy Outlook. 1ssued in December 1972 by the Natonal
Petroleum  Couneil. concentrated on the supply side of the energy balance. It
wirned that 380 of US energy demand would be supphed from foreign sources by
1983 unless government ook actions accordingly, Recommendations  mcluded
accelerated leasing of mineral rights, mamtenance of o1l nnport quotas. deregulation
of natural gas. more favorable tax mceentives to mdustry, expanded government
research and development (R & D) of synthetic fuels. The recommendations of this
study  were largely incorporated mto President Richard Nixon's comprehensive
energy message of April 1973 Most of the actions called for required Congressional
action. but Congress conperated on only one item  a larger energy R & D budget

2} In 1974 following the oil embargo the Federal Energy Admimstration published the
Project Independence Report, a technical study utilizing a tlexible 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 administrative decontrol of crude oil). a strategic petroleum reserve,
natural gas decontrol. delaved implementation 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 Carter administration
had the objective of reducing oil imports by 5 mbhd in 1985 through both conserva-
tion and domestic supply measures. Incredibly detailed, it fed into President Jimmy
Curter’s 1977 energy message and included the proposed establishment of a Depart-
ment of Fpergy, Afver IR months of wrangling with Congress, about 607¢ of the
Proo Lo suninal program survived.

U.S. Energy Policy in the 1970s: Oil Price and Allocation Controls

T el U s pal v e e venties was the federal regulation of crude ol
prooes ! Cot o Seest 10T annl Linwany 19510 For most of that period
Pty b v o s welh The program <tarted with President
Niwons woewe - g e s dugust 1301971 us part of the New Feonomie

T o e St et et by Brchiad I N Eeergy Poliey [
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Poliey designed to reduce safiation, unemplovment, and the balance of payents delicnt
By 1973 price controls on most goods and services were ternunated. but under Phases 1
and IV of the Nixon program crude o1l and produet price controls were continued under
complex regulations which were targeted especially at the largest oil companies and esta-
blished twa tier pricing for “old oil” 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 supphes of
wlin a cnisis. A system of entitlements favored small refiners with lower-priced domestic
crude  The price control system was renewed and made more complicated agaimn uwuder
the Energy Policy and Conservation Act of 1975, which actually lowered temporanly a
compusite oil price {to $7.66 barrel). thus stimulating increased demand and 1mperts,
before allowing some oil prices slowly to inerease. By this time a small staff had been
assembled at the Federal Energy Administration and was given the gargantuan tusk of
issuing and enforcing mountains of complex price regulations in a continental-sized
market. The task was difficult to carry out effectively.

Following the Iranian revolution and the second oil market disruption the Emer-
geney Energy Conservation Act of 1979 was passed which again gave the President
authority to ration gasoline supplies. and also allowed him to sel state conservation tar-
gets. In the same year President Jimmy Carter issued an executive order announcing a
phased decontrol of oil prices over a period of 30 months, to be accompamed by a
Windlall Profits Tax 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 econonists
and other analysts s a harsh one. Despite good intentions, the efforts of a hastily assem-
bled and inexperienced bureaucracy to administer allocation controls in 1973-74 made the
supply shortage worse. Although the fourfold increase in erude oil prices administered by
OPEC 1n 1973-74 did yield huge, short-term rents for domestic oil companies, which
posed a problem for the American liberal democracy, in the words of Richard Vietor ~“the
cure was worse than the disease.

The story of oil price controls ... attests to an institutional failure of rela-
tions among Congress, the oil industry, and the bureaucracy. ... Three suc-
cessive administrations 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 compunies would not admit their wil-
lingness te compromise, and the press conld not get the story straight.
For six years. rent controls were allowed to stimulate demund. depress
supply, and give OPEC the chunee to do :I).’,:lill.uz
Other analysts agree that price coutrols distorted markets, encouraged imports, and
postponed the inevitable and necessary adjustient of the American economy to higher
priced ol .

Y hd pp 34844

See for example Paul W NacAvow Energy Policy, An Eeonome dnalyas (New Yoak WAV
Nertenand Coo 1983) and Jeeph P Kalt The Economucs And Polities of (ol Price Begulation



U.S. Energy Policy in the Seventies: Other Actions

The twe cneray showhs aned ther otfeots Shortiees waschine hiness and <tanrimy
Proe mereases o 2ave rise tooa feehimy ameng aomagenty ob Vmerieaas that the Unnted
~tates needed oocomprelicnsive encrey iy Hoswever there was weagreement on the
~abstance < pediey especrdly not cn the degree o onvernment mterventon eeessary in
the enery eoomeenny As aoresult and followaina trom o the decentrahized strueture of the
Vinere oo ety el the <hared powers s politieal svstems the connrey was left
with obor ol mterest groups batthng v our A the end o the deeade the Uinred Stares
al oot e but many enerey policies. fashioned sometimes under White Hoanse eader-
<hey ~ooetimes by Congress and sy the result of compromises between the
Pranches While there o~ not space here for wcompreliensive wecvuint o few hightiehes
will be noted.*

In terms of eovernment orgamization. President Novon biad proposed o cabinet level
eneley slepartinent o 1973, but che wdea met considerable opposition Instead he settled
tor the Foergy Research and Development Administration (ERDAS e~tablished by
Conaress i 1971 which merged the research functions of the old Atomie Energy Come-
misstci the Otliee of Coal Research, and the Bureau of Mines A sepurute Nuclear Regu-
Letory Comprssion was also ereated Meanwinle, Nxon expunded the Executive Office of
the President tomclude a Federal Energy Office, which fater became the Federal Energy
Admnmstration In 1977 President Carter proposed and Congress approved the estabhsh-
ment of the Department of Energy.

With respect to conservation and demand management, u few actions were put in
place 1 the seventies. A mandatory 35 mile-per-hour automobile speed timit and some
enereyv-saving rules for federal oflice bmildings were the only actions of the Nixon adminis-
tration, which focused manly on supply and was preoccupied by Watergate  As part of
ir< package of proposals o Congress. the Ford adomistration sought an excise tax on
domestie ol and natural gus adonyg with decanteol of cil and gas prices. Criting the burden
on eonstmers. Congress refused to go along. and enacted nstead s own Energy Paliey
and Copservanion Act of 1975 which established mandatory fuel economy standards for
autamobiles and light trucks (so-called CAFE standards which set an obpeetive of an
average car effictency of 275 miles gallon by 1985 with penalties for tailure ta complyy
The Act also set efficiency standurds for household appliances and strengthened FEA
authority 1o order conversions of some power plants 10 coal.

However. it was the Carter admimmstration. spurred by a philosophieal convieton
that government should tuke the lead in energy poliey. which attached a high priority 1
conservation and fuel efficiency. Excise tuxes und tax credits were proposed on several
fronts. but only a few such measures were accepted by Congresso NModest tax ineentives
were established for energy conservation i baitldings O and gas use was prohibited 1

new electrie power plantss and conversion of existing facithities was enconraged. A smadl
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tan was impesed oncars waith very bew fuel etficiency Standby gasoline Gaxes wers
l’“Jt‘\'ll'\! .

Turning to other supply side icasures, the Energy Security Act of 1980 established
the Svutheti Fuels Corporation and made available 320 billion ws an innal <subsidy oo
<vnthetic fuels projects. with further possible subsidies up o 368 billion Smaller subwi-
diew supported bromass energy research. geothermal energy, renewable resovrees. -
sobar energy programs Meanwhile, following a bng straggle with Congress, the [97%
Nutural Gus Pobey Act estabhished a gradual schedule for gas price decontral by 14985
within u very compheated famework meluding some 23 categories of old and oew natural
wus. I the same vear another Jaw {the Fuel Use Act) required the gradual conversion by
utihities and some tdustry users from ol and gas to coal and alternauve fuels

By the late seventies nuclear power was approaching a <evere downturn in the
Umited States. driven more by the increasingly leng construction times and high costs of
nev power plants than by government policy (The Ford and Carter admimistrations
were more skeptical of nuclear power at home and outrightly opposed the spread of
advanced fuel cvele technologies and breeder reactors abroad because of fears of nuclear
weapons proliferation.)

Another important aspect of American energy policy 1w the seventies was ol crsis
management. In 1974 President Nixon und Secretary of State Henry Kissinger had taken
the lead n organmizing the Western eflort that culnunated n the estabhishment of the
International Energy Ageney. which included an emergency oil sharing scheme as protec-
tion agains! a future o1l embarzo. It also provided a high level forum for coordination of
energy polictes essentlly atong the OECD countries and for collection and analvsis of
data on energy markets. A U S Strategie Petroleum Reserve was established in EPCA
1975, although by thie end of the seventies 1t was only beginming to be filled

At the end of the Carter admimistration the United States was sull feehng its way
around 1 energy polictes. The recognition of the fatlure of price controls and other regu-
lations was taking hold The energy market of the future (was) widely seen to be one of
permanently higher prices and vulnerabie supplies."ﬁ

The Carter administration was the most nterventionist gevernment the United
States has had in energy policy. In retrospect, it can be said that it tried to do too much.
President Carter overloaded Congress with more energy proposals than it could handle i
1977-78. Government subsidies of svuthetie fuels and renewable energy technologies went
too far and later were sharply curtailed. Yet by 1980 important groundwork had heen
laid for decontrol of o1 and natural gas prices. a strategic petroleum reserve, and himited
COUSETVatlon T1easures,
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U.S. Energy Policy in the 1980’s: The Reagan Administration

By the time President Ronald Reagan toox office in January 1951, he had clearly
articulated his mtention to reduce the size and role of the federal government  His
ecopomic policies emphasized “supply side” measures and relianee on market forees A
tax cutl was a coaterpiece of his Economie Recovery Program for the nation. which wis
suffering from double-digit inflation and a major recession As apphed 0 energy poliey.
the Reagan approach appeared to represent an denlogical revolution In contrast to the
mterventionist approach of the Cuarter adnnnistration. President Reagun set out 1o
remove energy policy from the government agenda aud return it wo the free market Dere-
gulation was one dominant theme  Yet the early decision, announced m Januvary 1981w
speed up the finai decontrol of vil prices mamfested a certian degree of contimnt, with
the previous administration, which had begun deconorol in 19790 Another Reagan objee-
tive was to abolish the Department of Energy This turped out 1o be not so easy when
Congress refused to go along Indeed. the Reagan energy policies, which began rather <sim-
plistically. went through a learning process and reflected a certam amount of pragmati=m
and political compromise. As events and policies unfolded. we can identfy three phases

Reagan Energv Poliev. Phase |

In 1ts first vear Reagan energy policy was dominated by the administration’s budget
director, David Stockman, who presided over a sharp cuthack of some 6097 tn the Depart-
ment of Energy (DOK) budget. There were dramatie reductions m energy conservation.
solar en:rgv research. and even 1w the fossit fuel program  Henceforth, diminished
rescarch and development funds would only support long term. high risk research which
idustry would aot itself be willing to underwrite. Conservation, it was argued. would
occur most efficiently via the marketplace, especialiv after o1l prices were fully decon-
trolled. Support for the Svuthetic Fuels Corporaticn {(SFC). just recently approved by
Congress. was continued temporarily and reluctanty 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 murket philosophy. except the curious ult
toward nuclear power and nuclear fusion. which enjoved favored treatment in the other-
wise austere DOE budget  Since the nuclear industry in the United States had entered o
period of dechine, this tilt was difficult 1o expluin The Clineh river Lreeder reactor pre-
ject. which the Cuarter admmstration had opposed. wias Kept alive by the Reavan
admmistration until the Senate voted to termugate it an 1983

The President’s first wppoantee us Seeretary of Energy, James Edwards, @ man with
Bittde backgronund o the energy tiekd. pledged 1o waork for the whohtion of the Depurtmem
Tn Tare TOST a plan was anvounced 1o spht ap DOE with 8077 of 1t 10 be absorbed by the
Department of Cammperce, wind the rest by varous ather cabiet departments The pre-

posiad Wis sent 1o Congress i carly TYR2 but was abuandoned <oon thereafter when 1t et

See f o evatnpie Wil WO e Frverey B ooy an the Heagan Boagesineny 1R w2 e
assi npaper Fo®3-01 FBaerey ocd Fove oneent o Py Cenrer Renr ey S L0 e Lo
Hoarvard University. Febroary 14syg
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e ther aren of controversy was ol erisis management While proclaiming 1o be
Faver of developane the nation’s ciergency ol reserve {the Strategie Petroleam Reserve,
SPRY the administration insisted on fanding 10 as an off budget item. Any detailed poliey
vhinmng for an ol marker dispiption was refused. There was even great skepticism early
o the whmimstration regarding Ameriean participation o the Tnternational Energy
Agenoy s ot sharme phor viewed by muny as contrary to the free market

eacan FEnerav Poliev, Phise 2

With the wppomtment o fate 1982 08 Donadd P Hodel as Energy Seeretary, a man
with vonstderable energyv experience. the admimstration granted energy a more serious
ple on the pationasd agenda A new tone was reflected i the second energy report sent
to Congress i FIN3 which stated o natonal energy poliey goal: an adequate supply of
eneregy atl reasonable costs 7 Strategies toomeet that goal were hsted as: 1o minmize
federal control and imvolvement m oenergy markets while maintaining public health and
<ufetyv and environmental quahry, and to promote a balanced and mixed energy resource
syxtem’ (meluding renewable and alternative energy n-(-hnologies).q The role of conserva-
Tion as anl energy resonrioe was ackoowledged, but no further government uctions were
called forsand greater aticntion was paid to energy security.

Two legislative mitmtinves were proposed by the Administration. but neither were
pussedd by Congress The Naturad Gas Consumer Regulutory Reform Amendments of
1983 were designed to speed up natural gus decontrol. They included a provision to void
previous Ctiake-or-pay’ contracts for high cost gas. Troubled by this provision. and faced
with a less urgent market situation {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 1o act However. as a result of phased decontrol set in motion by the 1978
Nutaral Gas Poliey Act. 6577 of nutural gas prices were decontrolled by January 1985
But sinee the ceiling prices for remaining categories of controlled gas are above market
prices, all natural gas prices in the U.S. are currently set Ly the market. A second propo-
sul 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
committed the nation to a process leading to selection of a national repository for high
level nuclear waste by the late 199075

Sew the Bt Rewgan sdnonrnay Lorep 1w O ogress The Natwonal Energy Folicy Plan, Tuly
Hhixd
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I 1951 with the escalation of the tanker war m the Persin Gt twe st were
tahen o bolster energy o security o the spring Secretary Hodel snrenneed thaa Lens
ceforth the Admimistratien’™s poliey was to use part oF the Strategie Petroleuns Reserve
early inoan ol market disruptic o to dampen a price spiral and restore marker stadahn
By then the SPR hud been flled ro 100 milhion barrels, representing ahout SO davs of sup-
plv ut then current level of nports. About the same time an American-inspired effory i
the IEA led to o mimstertal decision e July 19810 which provided a framework for Tuture
wiormal coordimation in the release of government-controlled emergencey ol reserves by
those cauntries possessing such stocks

Reagan Energy Poliey: Phase 3

When William Clark left the government at the end of 1981, Puaul Hodel was <lnfted
to th: post of Secretary of the Interior where he vigorously pursued federal land and GOS
leasing for energy resource development  John Herrington, a former atlicial in the Execn-
tive Office of the President, hecame Secretary of Energy i early 1985 Shoruly
thereafter. the Chernobyl nuclear power aceident in the Soviet Union and the ol price
collapse of 1983-86 made energy security the dominant theme of this third phase of
Reagan administration energy poliey.

By the summer of 1986, oii prices had fallen from $28 barrel to below $10 barrel.
immediately causing a decline in U.S, oil production and a recession in the U.S. o1l indus-
try. In response to a request from the President in the fall of 1986. the DOE chaired an
interagency high level study of the situation 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 U.S. energy scene, the report analvzed every
domestic energy sector within the context of international energy murkets. It concluded
that the United States would be vulnerable in the 1990s to rising dependence on uil
inports from the 1nsecure Persian Gulf. Projections showed imports inereasing from 5.2
mbd {about one-third of U S, consumption) in 1986 ta between 8 and 10 mbd in the 1990«
{about one-half of projected consumption ¥ While several poliey cptions were onthined as
to how to deal with this future vulnerabiity, none was spectfically recommended. hut the
dradvantages of an o tmport fee were emphasized N L bl tw mdustry studies
and sostudy by a Congressional neeney reanched essentody the sane concnson regarding

. .o 11
ri=itig future U dependence onoal nnports
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tinue to tmomiter the situnteon an the Joesre 0 0 a0 00 ot e
Amony the measures proposed were repend o e b b v e s ety eeeoan-

phistied) and the Windfall Profiv Tux (aetion s pending e Connressy e continged eflops
to achteve natural gas decontrol wnd 1o speed up nuclear power plant heensmae Reluva-
tien of requirements for drilhing on the uter contwental <heldfs exploratory dridhing e the
last potentially farge Amerwcan ol field  the Aretie Natiwonal Wildhfe Refuse (ANWR Y
and accelerated tilhng of the SPR were also cadled for

Siner TONG b prices have recovered to the $15-FI8 runge. high enough to restore
some stability to the ol mdustey but not ngh encagh to give a major mmpetus 1o new
exploration and development. About cne milhon b d of domestic anl production has been
Lost ddue ta the orl price collapse. The Reagan admimstration has not asked Congress for
further actions However, the Department of Energy has mitinted three fotiow-up stu-

dies

1} Sinee the transportution sector absorbs the largest amount of oil w the USN,
economy {about 63¢). DOLE 15 studying varicus types of alternative sutomotive fuels and
the prospect of developing a lexible fuel vehiele. There are also bills i both the House
and the Senate calling for government support for alternative automotive 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 produection and use.

31 Studies are also under way analyvzing tax regimes and other ol and gas industry
mvestment meentives in the United States and other nations. which will very likely lead
to recommendations for further government actions to strengthen tax incentives for the
oil and gas industry.

The American oil industry has not been completely satisfied with government
responses so far. A number of mdependent compantes filed an action with the Depart-
ment of Commerce in late 1987 calling for another government review of the ol unpaort
situation on national security grounds under Section 232 of the Trade Expansion Act
The issue of U.S. energy securtty will undoubtedly bhe a subject of debate ihut not the
highest priority} in the 1988 U.N elecuion campaign.

It will be up 1o the next American admimistration 1o look onee agaim at the energy
securnty assue and determine whether further actions are required to assist the ail industry
and or mitngate what seems to be an mmexorable rising enrve of US all import depen-

dence  As usual much will depend on what happens to ol prices But the issues of an ol
einher JHRGY Factors ARty U8 ond and G Oatleok s Repoar 6 the Noare il Petr e

aes cFebiogary 1987 0l U8 G Production The Effect of Lo nd Prices 80 1 T fir !
gy Assecsment @ty JUxTH

t

H-1


file://-/tT.-tir

maport Tee tan meentives, an cal prace hors rest e g o the deplen ooalbowaner and
developnient o the Arete Navone] Waldbfe Betoeo roninn oo the Vimerear qzendy
Orher is=tes rebate 1o the demand side re o Shondd che o0 Cvotmment tahe v niore geressive

rede i turthering eiergy cotservation e pratec e the cnvironment”

Wealo st e b e padee the e Cthe Rewan aduntnistration energy
seotioes oy tae o pasis on shisnntine oocabar e and returning tooa mere
S mureet crientatien has been on the whole o healthy one for the Ymerneun energy
ety And the vigorous bald-up of o Strategie Petroleum Reserve (now well over 300
mbl hes been tmportunt as a tirst line of defense inoan eneray emergency However, the
challenge for the futire will be for eovernment to <strike o balance between the free
market and further actions to ensare American energy security mmoa world of lower il
prices

A=z we know, the free market does non plan for the hong term future With ol
mmports tkelv to rise substantially m the next decade. can America tuke steps to offset or
at least postpone this development by encouruging more domestic supply? Should more
mcerntives be given to other fuel sectors und conservation” Will enhanced il dependence
pose 1 future threat to the stubility of the American economy in case of a future oil price
shock? to Americea’s leadership role i the world? In the Untted States there is still no
firm consenusus on these questions which the next admimstration and the next Congress

will face.
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ENERGY PRICE MANAGEFMENT IN FCONOMIC SYSTEM REFORM

Zhou Dady®

Introduction

Fconomic system reform is the most important task of China’s social-economic
activities. 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 that are encountered in the process of economic
svstem reform. In order to analyze the status quo and development tendency of energy
prices and the price management system. the changes and developments of China's
economic theory and the practice of overall price reform in recent vears should be
reviewed briefly

The estabhshment of the thought of the socialist commodity economy marked the
basic change of China’s socialist economice theory. China’s reform and opening to foreign
countries conducted in recent vears marked the conversion from the strictly planned pro-
duct economic management model to the planned commodity economic model. In the
previous economic management pattern, 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
time. The state planning and production management departments 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 obeved orders. not responsible for their profits and losses.

Before 1978, for a long time, the price freeze or half-freeze policy was in force. With
the long-run changes of various economic elements, China’s price structure imbalance
becaine very serious. The prices of agricultural products, energy and raw materials were
too low, while the prices of the manufactured products were rather high. The prices of
agricultural products were especially irrational. Due to the long-run fault of agricultural
policy, the rural population could not get rid of their poverty. So, as the first step of
price reform, the purchasing prices of agricultural and sideline products were increased
greatly. 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 strength was enhanced. and out-
budget capital has become a substantial part of fixed asscts investment. The state could
not strictly control the production and allocation of the means of production, such as
energy and :  materials. whose prices are irrationally low. It got a feeling that at this
time 1t 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. Sotne prices of the means of production were
deregulated in different forms and degrees. The price of in-plan commodities was fixed by
the state, but the price of the same commaodity that is catside of the plan was decided by

* Head, Energy Systems Aualvais Division, Energy Research Institute
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While the focid pomt of seanomie reform has shifted 1o urban areas the focus pomt
o price reform was net converted toothe area o industeiad means of proeduction aceord-
mgly The tentatve idea of greatty readjusting the prices of the means of production i
the beagmmng or mpddle of the Tth Five-Year Plan period (1985-1990) was not put ante
procieee Inflation was brought about by overadl price ainerease, and social pressure fol-
owed The loas of comtrod of the muero supply wnd demand badanee and the fiseal detien
toreed the state covernment to consider reluctuntly for a short while that 1t would be
necessary to retin the focal pomt of price reform m the price readjustment of agricul-
tural and sideline products i the short-run. strengihen the price control of idustrial pro-
ducts and restriet the inerease of price fevel  Tn the short-run, 1t seems difficult to count
on the state government to readjust the prices of the means of production greatly.

sSome experts believe that historie use of the product economy model caused a large
number of low efficiency, uncconomicallv-scaled enterprises. Because of the mutual
dependence between these enterprises und the government in various levels, the optimiza-
ton of the enterprise orgamzation strueture did not come into being with price changes in
the mieuns of production It wis hard for the competition mechamsm to play its role, and
cost-push mflation developed continuously. Therefore, essential prerequisites of price
reforme will Le to reform the system of property right, reorganize assets according to price
stznals. and reshze the assets operation mechanism according to optim 1 resource distri-
bution. The objective af price reform s not merely to provide the essential condition for
the creation of the socialist commodity market: more importantly. it will lead to mere
ellicient distribution of resources.

Energy Pricing

The reform of energy price and its management svstem was conducted under the
restrictions of the overall price reform environment mentioned above  The busie situation
in Chuna is that the energy price level is low globally. Several different prices for the
same energy sources exist sunultaneously, and the manuwgement of energy price s rather
eonfnsed

(ool

Coul s the most ymportant prunary energy soneee i Cln aceounting for 7550 of
total pronary energy consemption Basieally Clima s energy price level can be reflecred
by the conl price level China's coal produ tion enterprises can be divided it three mmn

categories  the stayte-owned coal mimes (State mine=). the Lol government-owned coad

-
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very lmited, and was ceneradly sold boadly Sades were concentrated i the coal produe-
ing arens, and the price was generadly lower than the state umfied coal price. The price of
coal produced by Tocal mines was generally equal to the state umfied coal prive So. hasi-
cully. the state umtied coal price represented the coul production price. The coul wom-
sumption price was basieadly equal to the production price plus the transportation cosis

Before 1981 state mines basicilly adopted o single planned priee

Table 1. The proportion of raw coal production by ownership

Unit: ¢
1981 1982 1983 1984 1985
State mines 53.9 525 50.8 50.0 190
Lovcal mines 237 256 251 25 217
Township mines 201 2149 23K 275 203
Total 100 100 100 100 100

Sinee 19800 coul ~onsumption increased rapidly, and with the effeet of rural economie
reform. the coal production of township mines increased greatly. A lot of coal produced
by township mines penetrated inte the long distance market, and the situation of single
unified coal price changed. In 1985, the financial management method of “fixed contract™
hetween the state and the Coal Ministry was adopted. the two-tier price scheme was for-
mally introduced mto the price system of the state mines, and the price of the newly
imereased production of the state mines was increased by 50-100°7. In 1987, coal prices
were verified and inereased differently (8-149¢) by regions. Meanwhile, the proportion of
higher priced coal within overall production by state mines was increased. In energy
deficrent provinees. the coal price of local mines was inereased as well In some provinees
1t was nercased by 7060

Compured with T9T80 the TONG average price of in-plan coul was 807 greater (Table
29 In the cwme peread. the averinge raw coal production cost of the state mnes inereased
by 13 O and e fomses Trom tuw coat produaction are tendimg to grom

A~ e cond pre s v b cader 1o encouraee the areas with abunduant eoal

reserves tooe pease cond prodinete s and allocation tooather provinees the state govern-

teent bas toocnve suberhes to St ard other coad producme provaees that vary froan
T 27 v v There ssre abasubsadies otbered Be consumers Foa example an TUSE the

coitephan b sent ot oo Shansa Provines was aboat 20 paieon tonss with an e aae
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Table 2. Raw coal prices of the state mines in recent years

st U b Oy e e praer

T

T abaey

197N 13 91 HESEY 15
19749 149 26 101 6 IRRUN
149%0 21 33 1022 Qi1NY
14981 2115 1025 20493
JON2 21 58 1022 2116
14UN3 23492 1021 2313
1984 2473 1022 2120
[ON5 IN05 10N 0 25497
19%6 RATY 1115 2357

Note: The uverage raw coal aut-mine price of state mines = plunned price

China's coul production is mainly concentrated in the middle west areis. whide the
coal consuming centers are mainly located 1n the east coastal arews. The long distanee
transportation of coal is a heavy burden on China's railway system. In order to merease
the railway transport capacity, a two-tier freight scheme was ulso introduced into the
ratlway and water transport systems: the in-plan shipment s charged the standurd
freight. while the vut-plan shipment 15 charged « much higher freightc The shipment of
the coal produced by locul mines and township mines mostly belong to out-plan shipment,
so their coual transportation cost is generally higher. The multi-price scheme 1 coul pro-
ducing areas and the multi-freight scheme caused the price chuos and great difference 1n
coal consuming areas. The average w-plan and out-plan prices of the eoal purchased by
the fuel companies in Shanghar und Suzhou are give in Tuble 3.

Table 3. The average coal prices in Shanghai and Suzhou

Unit: yuan t

Shanghai Suzhou
In-plan price Out-plan price In-plan price Out-plan price
1979 3794 - 43.80 546.90
1980 A1 7H - 45 80 59.490
19=1 1220 - 13,80 ~9.90
19%2 12 NN - 15 N0 R0 00
14983 16 63 - 1580 KT 00
19% 14 31,01 9% 01 5170 10O 04
149%5 63 30 - 62 70 115 00
1 9%t 63.72 9172 67 10 11060




Even though in the castera consumieng venters: the prices of out-plan coal are much
higher than w-phan coal. the outennne coal prices of townstup mines, which are the nean
producer of cut-plan coal are generally lower than those of the state mmes The exti
consumer cost is transferred nto the transportation and sales sectors The ~ubsidies
offered by the <tate government for the out-plas coul produced by Lol mines wre taken

By the looal oowvernments ot v s bevels only oo~ peo0 mrn S e oned e

coanery and Ol Pricing

The price munagement and regulation of electricity and oil are similar to that of
cout The ditference is that the electric power and oil industries are highly state monopo-
hstie sectors. There are few mtermediate hinks of transportation and sales between pro-
ducers and consumer, = production price and consumption price should be basically the
<uame. But with refined ol products, often the consumers bear irrational and illegal addi-
tienal cost.

Sinee the 1950, electricnty price has been under nationally unified regulations  Pre-
ferential electricity prices were offered to agriculture and some electricity-intensive indus-
tries. By 1979, the national average electricity price was 257¢ lower than that of the end
of the 19505, Only the electricity price in northeast China inereased because the electri-
ety price there had been much lower than that of the national average. Since 1980, the
financial situation of the power mdustry has steadily deteriorated.  Generation cost
mereased annuallv, and electricity price also increased somehow. with some of the pre-
ferential prices canceled. Sinee 1985, because of the introduction of the two-tiered price
schieme of the means of production. some of the power plants that consumed higher price
coul or aif could no longer bear the mereasing fuel cost, and the price of this part of elec-
tricity began to luctuate with fuel prices.

Because the power shortuge situation has been very serious in recent years. local
enthusiasm for developing power industry with lecally gathered funds has been stimu-
lated. In addition 1o a number of small thermal power plants and small hyvdropower sta-
tions. some large and mediuni-~zed power plants have been constructed with locally gath-
ered funds. The electricity prices of these local power plants are not restricted by the
nationally unified electricity price. The in-plan power cousumption still takes up about
90% of the national total power consumption, but in the areas where the economic
growth rate 1s ruther high and power shortage is very serious. the proportion of out-plan
power consumption has become iather lurge. In some of these areas, the average electri-
city price is about two times hicner than the national average.

For oil. a contract was sizied in 1983 between the State and the Ministry of Oil
Industry, in which u crude ail pradaction quota was specitied. The erude oil production
exceeding the quota was to be priced the sume as the exported crude oil. Besides a few
smadb o1l refiners that helong to oil fields, China's oil refinery industry is monopolized by
the Chinese Nutional Petrochemical Company (CNPC). In 1983, a similar contract was
signed between the Stute and the ONPC. The ail produets production exceeding a
specified quata could be sold at w higher price. Currently, the price of the over-quota wil
products is higher than the wternational price. Since JO83, except Tor a few special con-
sumers specified by the State all newlv-added domestic erude oil and oil products consu-
mers have been churged the higher prices. Beeause the demands on lighway and water
shipments have inereased very rapidly in recent years, erude ol and ol products have
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The Problems from Low Fnergy Prices
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The fot thetr raw el production price s lower than production costas « problem
For the pust 7 vears, the state mmes which take up 3000 of the pational wtal coul pro-
ductien have perated ar Lsses s The amount of bsses has jnereased annually. and now
reaches above T bitlen vaun per vear Further, the current cost aceounung method does
not anclude every cost atem thet should be ealenbited  The simple reproduction of the
<tute mines 15 meountoned by state subsidies. The investment in new mines has (oo rely
completelv on the nationad government  Most local mines, whiclh make up 2000 of the
total coal production. also operate at losses. Ther production s mantaned by the subsi-
hes offered by locat governmentss Maost of the township mines are operating m a prinn-
e non-mechanization pattern Their production cost is rather low, and profit is also
vy iows Aot of resouree 1s wasted m therr production, and their economie strength for
xpanding production capuacity 1s very weak.

The protiv fevel of the power industry has decreased annuadly and now s much lower
thn the national wveruge. As power shortage is very senous, development of the powes
wdustry should be specded up. But becaase the profit rate is too low, the funds needed
for <elf-development ure deficent. and the development speed of the mdustey s sercously
imfluenced

With the deterioration of ol recovery conditions, the production cost of il has
mereased rapidlv. The natural progressive decline 1n production capacity wm old ol fields
increased. and the exploration and development cost of new ail fields is rather lngh. The
stable and increased production of the oil industry n recent vears was supported finan-
cially by the revenue generated from the sales of high price oil. With the sharp fall of
iternational o1l price. the development funds of the oil industry decreased. The crude il
industry as a whole is becoming another sector operated in losses

Possible Directions for Energy Price Reform

The barme of low energy price bus been menticoned by many experts and Iroan many
aspreets The o enerey price cused wasteful consumption and restrocted the develop-
meent of enerey production Hereo we wonld ke 1o analvze the tendeney of enerey price
boates from the poant of view o veonompe svstem eeform In faot evervone hnows thaut

Chivte = enerey price s too fow s the question s hosw and when 1o <olve thas problem

()] Pt A o Estate pnes) ]]||ll]'~‘1'|r\ are hm}ﬂ_\ 1“‘.]]“‘;-.11\\1!- ].r.nlmh\v
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the bow eneray prece sitanten will reman

Vinthier possibality s that the mmagement svatem reform of the energy production
cuterprises may prottote the process of epergy price reform I the recent orgianeation
relorm of the State Counal the Mimistries of Coul and Water Resonrees and Flectrie
Poswer Industries wers cancelod, and the NMimstry of Eunerey was founded  Tras very elear
that the Ninstey of Faoerey cannet exererse the direet production operation funetion thit
wsed to b exervised By the aals cnall aod power mimstries T very possible that a series
o regionad conl orl and power compames will be founded. and the responsibiliny of
energy production will be borne by enterprises  If this pattern can be realized. the
regional energy compantes will chinge their energy prices. As o result, gt s possible that
m=tewd of naticnad large-seade energy price readjustment, regional step-by-step energy
price readpustment oy come sute bemg o The feasibility of the resional price merease
will b Largers and the tmpuet of the price mnerease will be dispersed.

Sone experts plogect A f the current chergy [)ru«iu«'lluu managenient svstemnn,
expecrdly the coul producton maamgement sy~tem. and the cuergy price regnbution pohey
are unchanged, i the near fatare the overall coul supply shortage will reappear. At tha
tie, the state government would be forced to re-evalnate the current energy price poliey
Large-seate coul price and mavbe electricny price readjustment would be possible then. It
seens not a good prospect but s possible

Because most ol consumers do not consume crude oil directly, the price changes of
crude ol will only lewd to profit reallocation between the oil recovery industry and the oil
refinery ndustry, and influence to some extent the accounting balance of foreign trade
This kind of profit reallocation will be relatively easy to conduet. The apportune moment
of cat price readjustment will depend on the tiseal situation of the ol recovery industry

Conclusion

Iy recent yveurs mueh researel has been conducted by various governmental depart-
tent< and sopentfie research nts to o decde the rstional energy price level und pricing
priveiples Nany benefiewd results were ohtimed  But the practice of price reform m
recent vears demonsrrated that clomee of energy price s manly dependent on changes
e maercecnmnme siaton and the process of ceonce svystem reforin Tes also depens
et on the evaluater and ardorstanding of the lli}.',ll-lt'\'rl decinmeakers about the

sizinhe e and efbeors b prce reform Recenthy the coenteal wovernment hus reiterared
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et ttanee oF price relorm Por the caverall ceonomy reforme and decided o rationahize

copree svstom s the ent A vears s cnder teestablish the new order of soenhist come
voediy e s e fund anental trend s Dikely o secelerate the progress of murket-
entaton b the means o ;»r.nimnwn and o foamd the price <svstep bused o the
soarhet \Wath recard toothe vaerey prwe reform. it seems unelear what bl of conerete
poheres will b parsied Whother fereculation or some combinatieon of wdpnstment and
deregulation will become the domuant reforinng approaeh hus not been decided There-
fore  further anddvsis of the role and positeon of energy price reform an the overall
economte syatem teferm from the viewpoint of sociahist commodiy economy . anadvzing
the current status and changes o the macroeconome sttuation more completely, and
as=taxing the cpportune moment and conerete pattern and method of prce reform will be

very benetiennl
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APPROACHING LONG-TERM ENERGY DEMAND:
ENERGY DEMAXND FOR PRODUCTION OR PLEASURE?

Lee Schipper®

Intreduction

The transition from smooth growth in world economic activiiy and energy demand
through 1973 to the irregulur patterns of the last 15 years makes determination of future
energy-use patterns very uncertain. Analvzing evolution of various sectors of use in
developed and developing countries. and understanding how underlying structure 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 mten-
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 migh: affect
energy use, particularly through changes in efficiency. Finally we ask whether there are
underlyving forces that affect the efficiency and structure of energy use in ways relzauively
independent of energy prices, forces that may have important upward ~ or downward -
effects on long-term energy demands.

The Short-Term Concern: Reversibility of Conservation and Substitution

The increases in energy prices after 1973 and 1979 caused or accelerated improve-
ments in the efficiency of energy use (1). In 1985, bomes, services, automabiles. 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 *
The difference yields a savings of 16 mb/doe. The corresponding o1l 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 15-33%, oil heated homes in Denmark reducing use by as much as
50°C (3). Through 1985 consumption had not rebounded by more than 10% of this

* Internauonal Energy Studies Group. Applied Science Division. Lawrence Berkeley Laboratory
*® Note on Units 1 mithion tonnes of oil equivalent (MTOE)} = 41 BT P] 1 mb dre = 2233 P)

+ Consumpuen in 1985 for space heating was corrected {51 the abnormallv cold winter 1972 was « leser
W a normal winter

K-1
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Iu the service sector. there = evidenve of a drop i fued use per utt of B er space L
all OECD countries, but there was arowth an electnicity use 10 There has been ab ot u
2007 drop an space heating intensity in OECD service secter buildines

In ndustry ethciency mereased more rapidly an the period after 1973 than before
and the 1979-19n5 perod prought rapid energy saving with higher ol prices and. more
recently. brighter econonie times Overall energy use per umt of output m 1983 was
more than 3077 below 1ts 1972 level (6.7) At least 1 3 of the reduction in 1ndustrial
energy use {value added) was caused by permanent restructuring of output towards less
energv-intensive matertals  Although some substitution back to ail 1s apparently under-
wayv m 1987 1t does pot appear that more than 1070 of the drop in energy per umt of wut-
put in OECD industry could return as a result of lower ail o1 energy prices

In the transport sector new car miles-per-gallon improved nearly 100°¢ 1n N Amer-
ica i>ee Fig 1) and by a smaller amount in Europe and Japan (R). where through the end
of the 1970s cars were sull getting larger and more powerful. Soaring rates of ayto owner-
ship however drove motor fuel use upward in Furope and Japan until higher prices.
saturation. and more efficient cars in the 1980s checked the increase More dramatic up
to 1986 has heen the 407 decrease 1n euergy pass-km for air travel (relauve to 1972 3
intensity). Finally. a small increase 1n truck freight efficiency added to savings Since the
changes that persisted through 1985 were caused by more efficient vehicles and, for
freight and air trafhic, better handling and load factors as well. these will remain with
iower o1l prices because they make economic sense at virtually any oil price. Indeed. the
drop in crude oil prices in 1986 was preceded by continual declines in the real prices of
gasoline. without any significant increase 1n miles driven or liters km This suggests that
consumers. particularly in the US., have adjusted to more efficient vehicles by simplv
spending their savings on other things besides fuel However. if energy prices stay low for
loug enough. American autos might begin to increase n size rapidly enough for gamns in
MPG to be erased.

Thus 1m almest every OECD country i Central or N Europe. as well as in N
Amerwca sud Japau. energy intensities fell sigmiticantly 1w all sectors o Japan and C
Europe some of this drop was obscured or even offset by increase in house area. central
heating aud car ~wnershup, or an the case of [taly. by an increase m cutput from heavy
industry But energy was saved
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By comparing hypothetical energy use by sector in 1983 at 1972 intensities with
actual consampticn, we can 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 20%% of the energy
savings could reverse. For oil, 24.4 mb,/doe were used instead of 35.9 mb/doe. The rever-
sible portion 1s 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
wav {3) Surprisingly, transportation is not a great source of reversibility, unless cars in
the US. 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} of the energy and cil savings. This does not
mean that these policies were not effective. only that even greater changes have heen
wrought so fur by higher prices and continued improvements 1n encrgy-using technolomies,

techinologies thar were alreadv ymproving before 1973 My own expectation. however, s

that energy conservation pobices prinogally standards on buldines, homes. and appl-
ances aned stanebar s or presenre woauto manufactyrers will aecumulate savinegs over the

comnng ey ses



It can be shown that most of the changes 1n energy use hetween 18973 und 14RH were
indeed caused byv reduced energy iutensities. with fuel subsuitution plaving a less
signficant role Changes in the structure of energy use -- the mix of cotput, and the stock
of consumer guods -- plaved a smaller role 1n reducing overall energy intensity. and the
latter contributed to greater energy intensity and use tn many countries durtng this tune
frame. To project energy use forward. we consider some of these factors more closely

Evolution of the Structure of Energy Use in the Medium and Long Term

Given this information about recent changes in energy use. how might the evolution
continue in the medium term” In many OECD countries. there 1s still much change tak-
ing place. so it 1s difficult to pick a “base hine”™ Nevertheless. saturation of key consumer
uses (appliances. heating. and cars) will dampen energy growth. parucularly in the United
States Equallv important. the turuover of stock -- apphances, vehicles. buildings. fac-
tories and equipment -- will lower the ratio of energy use 1o outpul 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 15 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 as rapidly
This means that the likely range of future energy use is likely 10 be less than the range of
economic growth that 1s expected In the medium term. this means slow energy demand
growth. even with “healthy ™ (ie.. 2 - 3 ¢ real) economic growth.

Let us next take a very long range view of energy use. What emerges is that society
accumulates the means to accomplish energv-related tasks with increasing sophistication,
so that efficiency of energy use increases almost continually. That is. growth in delivered
energy lags considerably behind growth in the services dehvered. but growth in services
delivered 1s not evenly proportional to the most common measure of economic activity.
GDP. In fact. disaggregation of structure reveals that different sectors grow at different
times in development:

o Industrial energy usc 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. During this period energy use will grow less rapidly than output,
because of the effect of efficiency increases in industry, but the rapid expansion of
industrial production and its orientation towards raw materials may increase energy
use more than total GDP. In W. Germany, for example, industrial energy use made
up nearly 50°¢ of total energy use in 1950, but less than 30°Z by 1986.

o A basic transportation network, which requires energy to move goods around, is also
required at an early stage. Energy use for freight dominates transportation energy
use. At some point. automobile ownership begins to grow rapidly, leaving trucks
behind. as personal transportation energy use becomes increasingly important in
driving energy demand.

e} 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 time, consumers energy uses for comfort. convenience, and
mobility grow rapidly until ownership of the goods that provide these services
saturales and use patterns mature [ndeed. in many countries. energy use during
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this phase grew more rapidly than overall wcome or GDI' because gasoline and
space heating fuel use, which dominute consumer enerey use, “praduce ” very httle
GDP  In most Western countries, personal transportation represents the only sector
where o1l use 15 growing sigmficantiy. and i many countries the only sector whers
energy use 1S growing.

In a4 few countries. like Sweden, Canada. or the U'S. the structure of consumers’
energy uses was mature even before 1973 and moving away from energyv 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 ol crisis. Figure 2 shows
how central heating ownership 1n these two countries, as well as Italy. Holland. and Bri-
tain  has neared or passed T0°C. approaching that of N America or Scandinavia.
Although the increases in oil prices certamnly provoked increases in efficiency of most

energy uses in France und Germany, much of the eflect was offset by continued growth in
the ownership of energy intensive goods.

Figure 2
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Ultimately i oeold and wealthy countries energy use for consumers - homes poer-
sonal transpertaten and personul services - exeeeds that used directly for producneon
and Distobuteen In Germany the shure o ceonsumers” energy o total delivered egerey
use rewched N0 Ly 9% wnd nearly S0 1St T the U S thie share was higher abog
3200 a0 196 In France and Britan this consumer share lay around 4007 00 Japan =nll
below 1 3 an 1983 Whaut s strihing s that energy use for producing things appears to
saturaty. as grewth in GDP s driven by inereased cutput of goaeds and services wath prie
gressively less energy required for fabricatton and distribution Depending on ahat the
consumer does. fRergy use may begin to saturate. and aggregale energy inten-ity -- the
energv-GDP ratio - will full sharply  But the pcint of saturation for consumers 15 nedt
shvious

Weighing all these factors. the outlook for growth in energy demand during the rest
of the 19%0s and early 1990s 1in most of the wealthy OECD countries will be moderate.
even for Japan Slower economic growth. saturation (and structural change within indus-
trv). and increased efliciency share in muzzling energy growth for much of the remainder
of this century Much of this slowdown could have been anticipated, although naot pre-
ciselv predicted. if those doing energv planning in the 1970s had thought about how
energy 1s used. and then disaggregated the structure of use and the various intensities
Put simply, the structural growth that was forcing energy use upward in industrialized
countries was slowing through saturation and maturauion, even before higher energy
prices made energy efficiency attractuive for 1ts own sake. Thus, a great shift in energy
use 15 occurring within the developed economies.

What 1s clear from considering a variety of global energy studies (see 9 or 10) 1s that
an additional, significant shift 1s 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 dramatic. Even though the ratio of oil use 1o acuivity for
most end-uses 1n most developing countries 1s falling, the number of oil intensive end-
uses. particularly automobiles. is rising rapidly. As a result, LDC o1l 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 intemsity and use. There i1s some concern
that supply and infrastructure bottlenecks will restrain both energy availability and
economic growth as well.

Uncertainties in Future Demand in Developed Countries

To consider future demand in industrialized countries in the very long term. and to
consider which paths developing countries might take or follow, 1t ts useful to divide
energy users into two kinds of economic activity: production and consumption. Con-
sumpltion ineludes both uses in the home and on the road. as well as uses for consumers 1
aircraft and in buildings that house personal serviees Production includes energy use 1
mdu-try for freight. and for business services and government administration As albus-
trated 1o the case of Germuany the share of total energy consumption aceounted for by
proclaeers bus dechined over tine See Frgure 30 In the US s mueh of eaerey use -

nesw <t oanehy shaped by consumers’ "hiestvle™ chonees (See Fraure 1)
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Producers” Energy Uses

Eeonomie pressures tend to foree those who use eneray for production to use 1t
etliciently. In industry. energy intensity  (energy per ton, or per unit { value added)
has declined steadily o the US and ahmost every other country for decades, reflecting
these continued economies. This dechine was led by falling Tuel mtensity, while electnieny
mtensity i most countries moved up slowly  Alan Strout {11 has found that the US| as
well as most other wealthy countres, had been heading towards tower materials intensity
for a considerable tme: indeed. he <uggested that most countries turn away from con-
sumption of aren and steel. cement. and other raw materials, after passing $2000 US.
treal 1970%) in per capita income  Bovd ef al (12) noted that the US. showed a surge of
production i these matertals. led by stesl and chemieals, in the fate "60s, but the trend
away resumed in the 70s. remnforced {but not started) by higher energy prices The long
rerm nature of this double decline means that lower energy prices are unhkely to reverse
this rrend. Not surprisingly. the <hare «f energy use by energy intensive industries n
Germany fell over most of the peciod illystrated. And this means that less bulk is pro-
duced. reduciug energy use for bulk freight us well. In the tuture, the growth of activity
i mndustry s hkely to be slower than that of overall GDP. reducing energy needs for
industry even more  Kahane (13) has presented convinemg evidence that for the U {and
Japan). inereased electnification of processes hus not inereased  electricity  intensity
significantly  Thus in industry. electricnty intensity and total use will probably not rise
dramatically.

In business services -- mostly offices for public and private administration, --
activity will likely grow faster than GDIP, both because much of industry is being
redefined as services, and hecause much of our new weulth i1s being created by informa-
tion. Government services appear to be limited politically to grow at most at the rate of
overall output. 3Sull. demographic change. particularly ageing, and other forces, may
change the role of education and medical care, parucularly for the aged, which might
force government {and private) expenditures for these activities to increase. For all ser-
vices. space conditioning and lighting, which dominate 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 exerting upward pres-
sure on electricity use per square foot in office buildings and stores. At the margin, this
sector depends more on electricity than uny other sector in the economy (although using
less electricity per unit of output than industry): if there is to be strong growth in electri-
city use. it will have to come {rom a massive expansion of the business government (and
personal. see below) services sector. Note. however. that business services are still less
electricity intensive thap manufacturing.

The evolution of energy use for freight hus heen mixed: energy use per ton-
kilomerer fell as otf wnd electricity repluced conl in the rmlroads, but then inereased as
trucks taok aninereasingly lurger <hare o freights But the modal shares are now chang-
g more slowly. while trucks have improved in both energy efficieney and in their utiliza-
ton since 1973, so that freight s beeome less energy mtensive More recentlyv, ar freghe
has grown dramaticadly as its costs have decreased  But the most important part of the
evolution of energy nse for freight = its ever dimmishing <hure of 1ol energy use as the
ameant of bulk i nature ceanomies decregses



[ have only deserihed i broadest of terms the direction of both energy intensity and
activity levels for the major energy uses for preduction in mature economies  Certunly
this description does not hald for every OECD economy or regron. Nevertheless, the
averall evidence 1s that the “producer™ share of energy and electricity in the economy will
continue to decline, and that most energy intensities, and some electnieity mtensines. wall
alse fall as overadl factor productivity increases. While there are uncertiunties tn both
levels of activity, overall energy intensity. and the share of electrieity, these are smuall
enongh to be captured in existing models by ussumptions about prices. GDP growth, and

technicul change.

Consumer Energv Uses

In the ~ectors that concern the consumer. energy use is for personal transportation,
personal services.® and homes, e sectors directly affected by consumer chowces. These
choices present the energy planner with different kinds of uncertainties than the techno-
logical uncertainties of energy use in fuctories or for freight. To be sure. energy prices
and the level of personal incomes will aflect energy use choices. But once a society reaches
the level of affluence enjoyved by most Swedes, Germans, or Americans. the basic “needs”
as related to energy are satistied. Consamers’ choices as to how to use their homes, cars,
and where to spend their time when away from home, 1.e., their lifestyles, will play an
increasingly important role in the determination ol overall energy use. And as the stock
of energy-using capital becomes saturated, changes in the ufilization of that stock may
become more important than changes in the levels of ownership alone.

In homes. space comfort dominates energy use. By 1983, central heating equipment
ownership was saturated in most countries, including the U.S., and air conditioning
reached more than 60¢ of homes in the U.S. and Japan. Buildings now leak 20-40°Z 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 this
potential is realized over the next three decades, total household energy use will decline in
most wealthy countries. However. the choice of appliance efficiency, insulation levels. and
equipment, are rarely made by the user and may appear irrational, unless guided by stan-
dards (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 thut il energy prices
increase noticeably. people will heat less and reduce ot water usage. at least until the
next generation of energy saving technologies allows them to increase these amenities
without increasing energy costs.

From the historical relationship between income and home energy use. 1t could be
argued that energy demand will continue to elimb with mcomes. But now Westerners are
spending increasingly for low-energy, high-tech apphances with trivial energy use Owner-
ship of videe recorders, computers, CD-pluvers. and other commumeation mformation

* Personal servires inchude restaurants and hotels caltural and ler-ure wpvpees “hepping e the
wervices and baildings we gse as o numers
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equipinrent has alscgrown rapedhy b appears therefore that the structure of bome enerey
e 15 also heade t tavards bower enerey intensiy Thuat 0 the ineome elastiany of homee
elicrey dse s pow dess thun cne o Combrning these effects warh the anareh of rechnedosy

towards greater viicieney mdieates reduced home energy use o the future,

Demoeraphy. however, s exerting a small but olfsettng foree The shrinking o
Lousehold stees which s expected o continue slowly for several decudes, inereases enerey
ase per capita by spreading wses for heating and many apphances over fewer people For
Hobband thes unbundling imereased per capita restdential gas use by 337 hetween 1060
and 19853, for the U S the effect was around 15390 Even if house s1z7e remains constant.
spive per person will anerease Inoalll household energy use per capita will not full as
rapudly ws use per honsehaold

There ure two uncertmnties thut make the long term future of home energy use
murky. The first s utnhzatinn Onee all households own the muan energv-intensive apph-
ances, then ufiizatton will heve o profound influence on home energy use. What affects
utthzaton” One wayv 1o answer the guestion 1s to consider the time people will spend
their homes. and what they will do with that ume. Particularly important is the disposi-
tion of free time. which has increased in most countries. (See 11 for an international
comparison of free-time use.) Interestingly enough, the United States has seen a drop n
free time and an increase in time worked. particularly for women. between 1975 and 1985
{see Fig. 3). During the pust several decades, out-of-home leisure has increased, while
increased work-force participation decreased occupancy of homes further. But hours
worked, and time spent in domestic work (ecleaning, shopping). have also changed for
different strati of the population: only time for bodily necessities (eating, sleeping. ete )
has remaned roughly constant.

These measures of activity are one set of parameters thut describe “lifestvles”™. One
change 1n Lifestyles the reduction mn time spent at home. reduced home energy use some-
what for reasons virtually unrelated to energy. because cnergy use for water heating.
cocking. and most appliances tends to be proportional to time 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 participation, as well as the increase
in out-of-home leisure, a large share of the population is driving. which has had an impar-
tant upward impact on oil use in almost every OECD country. Thus lifestvies -- whether
future fumilies are home more or less, whether more people choose to live alone - will
have an important impact on energy use. but the magnitude and sign is very uncertamn.

The unpact of the ageing of the population on activity and energy use is the second
ma)or uncertmnty i the picture. The inereasing numbers of clder people in seciety will
have an unquesticnable impact en home energy use. but aguin. the sign of this cliange s
dneertan. Wil Gider people bunch together 1o retirement conmmunities (inereasiely the
word retirement ©orefers cnly ot theyr formal participation an the work foreel). move
back to nuelear famihes, or suuply survive longer on ther own? And will they stay elose
to therr nest<oor oatdl they oo out b much of their free time” Wil therr health valerate
wirde ~wings o geoor comtrt ferh at home and away, o will they require aonarrow
range of temperatare and bamnde sy These gquestions will affeet cnerey use s homes and
Laildimas . as well o bor tramsportation

Faodlv o rhe oorare of thie home - s phivsped shagpee and Beconon s undistion s o
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economic pressures. changing tax policies vis a vis home ownership, family size structure.
and most of all, technology. There are many new technologies oday, mostly 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 enercy
use Thus the uncertainties in residential energy use arise mainly from non-energy fuc-
tors. and as such lie outside of the approach taken by most energy r.odellirs and
planners As a rough esuimate. plausible Iifestyle variations 1n todav's American house-
holds. upplied to the present stock of houses and appliances. could cause changes of 23
1, =337 in home energy use. Sume of this chunge would appear twith the apposie <jen)

1N Lhe SErvices sector

In personal services ilurgeiv commerotd und publie buildingsy energvouse patiorns
are determined by the "unctiens i the bodhing o whoeh spaee comnfort and nf rmoe
are the twa that dominate The extent o the cector for Jevel of aonvnvy o the fut re
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remains very uncertaue s with homes, there are many opportunities for energy savings
i this sector  However. many factors operate 1o attract consumers mto buddings as cus-
tomers: doors remain open in the warmest or coldest periods, signs glare, rooms are
overheated or over chilled. mdoor hghtuing can be largely for display, and energy con-
siderations are usually forgotten. For much of this sector. then, building use depends on
where and how people choose to spend therr money and free time. and how those compet-
ing for this time and money muke their business attractive.

Unlike business and government services. the calculus of those operating buildings
for personal services may not take ull energy saving opportunities into account, unless
cost pressures rise. Like business and government services. however, the personal services
sector holds potential for structural growth. and this growth would be more electricity
dependent than in either the residential or industrial sectors. The lifestyle factors men-
tioned above are extremelyv immportant will we want to spend more time away from home

iy the future”? It <o, where? How much space will each visitor in o building require?

In the personal transport sectar lies the most mmportant source ol varmbility
future energy use. Recall that transportation 1s required to move people to most personal
services, as well as to and from work, ie.. between their homes and their chosen places
for spending free time (as well as working and conducting family business). Not surpris-
mely, the pattern of automobile use at present (roughiv © o ui all passenger-km driven in
the U5 are to from work, 1 3 lor family business, 1 3 ‘or leisure) 15 u sensitive function
both of distances between where we work, sleep, und piay as well as how often we choose
to move about. Very little car use 1s simply lor excui wvns. Similarly, airline travel.
already dominuted by personal rather than business traveiw the U.S. is more and more
determined by how and where people want to spend their free time, but here the main
reason for travel is "to get awayv.”

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

Most of the people who will ever Hly have now flown {T0YZ according to a 1984
Gallup poll). while most households that will ever have access to cars (over ®07¢) already
do so. Tomorrow's consumers may want to iy or drive more or less -- time useage today
does niot indicate that thev've run out of time. and more leisure time will be avalable in
the future. Thus the pattern of ume use. which reflects work, services. and play. will
determine how much mobility is required. unless severe congestion. a sudden increase in
energy costs, or some other dwsruption occurs that makes it difficult 10 travel.

Demagraphie chunge will also affect travel Smaller families. particularly the mereas-
g mimber of singles, merease per capita vehicle miles, although singles living in-town it
better the services that muss transit offer. How older people will choose to travel is stll
ancertain. althongh at least one travel services company has incdicated that it expects the
retirees of the future to be extremely active. Again, with income and price changes less
tnportant than m the past as determinants of the total amount of automobile travel,
demaographic change may dominate future changes m transportation
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The level of mobility 1s the most sigmficant uncertamty n 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 und the local network of
friends and shops. This is already being encouraged by home electronies 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 1n buildings
roughly unchanged. although 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 time. they will indirectly make
big energy choices when they choose whether to stay home {or in the “neighborhood™)
mmore. or move around more. It is the growing freedom to choose that makes forecasting
uncertain: the purposes for travel -- and the distances involved -- are no longer related to
shopping for essentials, getting to work. visiting friends {or the local pub) in the immed-
ate vicinity. As a result, | would not trust a model to predict the level of automobile or
air travel in 20 or 30 vears, because of the uncertain impact of lifestyvle factors discussed
above. Nor would | want to predict the tradeoff between time at home and time 1n ser-
vice buildings using pust behavior.

C"onservation

One issue is the extent to which the potential for energy savings will be realized.
This depends on the discount rate of the system buyver as well as the energy user.
Because the end-user does not always determine the choice of technologies, and because
the consumer has a demonstrably high discount rate (13), the penetration of energy-
saving technologies will remain uncertain in most countries. llowever. 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.

The Heritage (or Burden?) of Existing Capital 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 patterns of tran-
sportation that connect them take decades, if not centuries to change in many 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 saturation by 1987, additional growth will not
cause changes in energy use as great as in the past. llowever. the “hfestvle’ uncertainties
to which I referred above are very much up to the “fickle consumer™ This is very much
evidenced by the growth in automobile travel in England. in spite of 1 medieval road svs-
tem! People learn how 1o use existing systems in wavs, or at intensities never mtended!
Clearly. the use of the existing stock of equipment, which s reflected in time use. will
cause varialions in energy use even i ownership and charactenisties of that equipment do
not change very much. The ability of consumers o liberate themselves from old pat-
terns. as new patterns of transportation. housing, and service bildings emerge. places an
addittonal uncertainty on futiure energy demand
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Urban Design

Urban design may have a fundamental influence on how much people and goods need
to move around. This is partuicularly important in the Third World. where cities are still
growing. How do the locations of work, play, and home mteract to “cause” transporta-
tion demand? Donald Jones (16) has begun 1o look at various aspects of urbamzation and
how 1t affects energy use. particulurly through economic structural evolution over very
long periods of time. As hifestyles. demographics, and the pattern of formal work change.
individuals and entrepreneurs will doubtlessly begin to redefine the kinds of homes and
their location 10 adupt to mncreasingiy smaller households with fewer hours worked for-
mally per household and more older people. How this will change urban energy use 15
largely unknown.

Institutional Forces

Goverument policies vis u vis automobiles -- taxation. treatment of imports.
encour :gement 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 stan-
dards related to performance on automobiles. household appliances, or other energy-using
equipment. Government housing policy and the taxauon of wnterest on housing plays a
kev role in where homes get built. how big they are, and who owns them. Finally,
government industrial policy may have a major impact on the kinds of industries that
develop. and the kinds of technologies udopted for energy use.

Lifestvle and the Uluumate Level of Energv-Intensive Services

transportation energy. services, and incomes? Are highly mobile people also big
users of energy in the home and willing to pay for expanded conditioned space in the ser-
vice sector? That is. are there lifestyle types that have certain energy use patterns, i.e.,
more or less mobile, more or less at home? Or is there only a continuum of individual
lifestyles that leads to more or less energy use in each *‘consumer sector” described
above? Better understanding of how behavior and lifestyles interact, through study of
time. 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 luture. how
demographic changes are likely to affect energy use. Careful thought might allow estima-
tion of long-term saturation levels of mobility and energy services in homes and buildings.

Developing Countries: More of the Same in the Future?

Will the LDCs follow the same path vis a vis the evolution of the structure of energy
use as did the OECD? On the one hand we have clear evidence thut urban households
and buildings in LDCs have the sume Kinds of equipment, supporting the same energy ser-
vices. as those in the OECD. although levels of comfort. efficiency. and fuel mix may
differ. And most of the key energy-using technologies are far cheaper today to own (air
conditioners, carst or use (wreraft) than they were when thev were mtroduced in the
OECD  As a result. these technologies are prohiferating rapidly in LDCs. On the other
hind. these LDCs are not saddled wirth o huge infrastructure of bildings built before
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1473 And new building systems are almost always less energy intensive than those based
on pre-1973 technologies  Therefore. continued expansion of the service sector {as well as
first acruisiticn ol iome apphances) should reflect increasing energy efficiency. 1 e, energy
use should grow less rapidly than sector activity. In this sense the LDCs could leapfrog
the OECD couatries by establishing and developing their modern busldings with lugh
enersy effictency

sSimilar changes may affect trapsportation. Congestion in the most third world
cities mght cause government and private authorities to challenge the Western pattern
by which private automobiles with four or more cylinders came to dominate land tran-
sportation. Thus LDCs may appear to follow the path of development of the OECD. but
important differences in the approach to mobility may anse as authonties in LDCs recog-
nize the difficulties that 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 likelv be based on more energy-eflicient technologies than were
availuble when these end-uses first became important in the OECD. Tius means that the
increases in energy use caused by the accelerated saturation of energy intensive activities
may be partly or wholly offset by rapid increases in effictency. Finally, the LDCs have
opportunities 1o produce and use raw materials more cfficiently, with mmportant conse-
quences for energy demand.

Conclusions

These multi-sector questions leave me uneasy, because they suggest cause-and-effect
relationships that lie outside the energy models in use today. Yet 1t 15 these questions that
hide the greatest uncertainties from the aralyst today.

Erergy use patterns evolve with economic development in ways that pit energy
intensity and the structure of output or activity against each other. Ultimately the
energy intensities of most economic and personal activities spiral downward, even without
the pull of higher prices. The wealthy countries have moved in this direction for much of
the past decade or two, and there is much evidence tiiat little energy use growth will
occur in these countries unless there is an unforeseen economic boom or a huge surge in
personal mobility that raises energy use for air and land travel. \While these possibilities
cannot be predicted, they can be modelled with existing information and techniques. But
the role of behavior and lifestyle, which are increasingly important to determining energy
use 1n the long term. is still fuzzy. So we must conclude that much of the future structure
of energy use needs to be understood. From this understanding will follow a much clearer
preture of our energy options.

The choree set out m the ttle of this paper should be clear In the development
phuse of mest economies, energy use for producing gonds and services donnates the pre-
tare. and oecupies the mterest of energy anadvsts and planners as well But according 1o
the preture presented here 1S vnergy use for pleasure - consumption of comfort, enter-
tuinment. and mobility -« that s now the driving foree s energy demand. and the ugeer-
vain element i contimued progress meoenergy conservation  But this <hift e the <traeture
o energy demand places new challenges o the plannes and anadvst s well whe
bave 1o dook e entrely different directions for signals on the tutar s develoganent of
“rerey demand
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AIR POLLUTION CONTROL AND ENERGY USE IN CHINA

Woang Hanchen® and Zhau Dianwua®?

Introduction

Coal has been the major energy source in China. In 1986, it accounted for about
76% of total energy consumption, which was 809 million tons coal equivalent (Mtce). I
has been estimated that total energy consumption in 2000 would reach 1400-1500 Ntce,
with coal =till making up more thun 75,

In 1986, oil accounted for 15°% of tntal energy use, hvdroelectricity about 5%.
While China is rich in water-power resources, the level of exploitation is low. So far,
there 15 no nuclear power plunt 1n operation, but two are under construction: one in
Zhepang Provinee und the other in Guangdong Province.

Processing and utilization of coal are stll 1n a more or less backward manner.
Except for eoking coal. ruw coal is used directly without processing and cleaning to reduce
sulfur and ash content

sSpace heating and city gas have been developed slowly. For inslgnce, i the
northeast. northwest and middle-north, space heating covers 55 million m~ of building
area. accounting for only 619 of the total area in cities of these regions. Most of the
area 1s heated by individual small boilers (30°%), and household coul-fired stoves (44¢).
Only 259 of the whale population has fuel-gas supply for cooking.

China has over 300.000 boilers for mdustrial production and for heat supply. of
which most are medium- and small-sized with capacity less than 4 tons of steam per hour.
In addition. there are 110.000 mmdustrial {furnaces, 7,000 coal-fired railway locomotives,
and mmithons of coal stoves far domestic use. Table 1 shows coal consumption for different
sectors. The wmount of coal consumed 1w medium- and small-sized facilities makes up
more than 70°¢ of the total.

The great majority of coul-fired flacilities now in operation in China are rather
meflicient. Although dust removers have been equipped to most of them, their efficiency
is only about T0°¢ on average. There are almost no scrubbers for removing sulfur oxides
from flue gas. Due to the large amount of uir pollutants produced and emitted. serious
air pollution occurs in regions and seasons with topography and meteorology unfavorable
for pollutants to disperse. particularly 1 cities concentrated with coal-fired faeilities with
low chimuevs,

Current Air Pollution Situation of China

Emissions in 1985 for the whole country reached 23 million tons for particulates and
15 million ions for SO_. About 73% and 90% came from coal combustion (see Table 1).

* National Fnvironmental Protection Bureau
** Research Center for Eeo-Environmental Serenees, Academia Sinica
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Table 1. Coal Consumption and Air Pollutant Emissions

Coald st \'()'

Sector l()h'l-un (.(' I()“'l‘(nn ( ‘ I()“'l‘q " ‘.‘.
Coal-fired power plant 170 252 7 113 347 206 1
Coual-fired boiler 250 EANT t 2 36 6 a1 AN N
Industrial furnace 60 NG 1.5 NN 122 93
Coul-fired locomotive 23 33 101 6 01y 36

Domestie use 2UK) I ]2 T 2 nN s

Total T03 100 17 100 13 14 ton

Table 2 gives concentrations of SO | awd total suspended particulates (TSP the
atr of some cities. Atmospheric SO concentrations are high in cities that burn high-
sulfur coal and have bad weather. such as Chongguing and Guivang in the <outhwest  In
these eities, sullfur content m coad can be as high as 3 1o 590 wlile stagnunt air currents
are common. On the other hand, SO, concentrations in other and particularly rural
areas and in the warm scason 1 northern cities remains relatively low. It s only during
the winter period. when more coul 15 burned for heating purposes, that the SO levels
may rise over the tertiary ambient wr quulity standard (250 ug ). Concentralions of
TSP have always been high throughout the country, us well as the veur round  One esti-
mate indicated that coul-burnmyg fly-a=h aud wand-biown dust acccunted for 1007 and
60°C of the TSP concentration m summertune and 604¢ and 407 i wintertime, respec-
tvelv, an the north. In the south, where the wenther is hunnd, wind-blown dust noght
contribute fess thun one-third of the tonad



Table 2. Air Pollution in Selected Cities of China (ug/m®)

July Dec. Annual
City Year Area Average Average Averuge

SO, TSP =0, TSP sO, TSP

Betjing 1981 Central L 216 20 390 114 376
~uburban U 157 37 357 20 264
Shenvang 198t Central 2 393 263 L9 140 507
Suburban ¥ 177 37 3106 RA 267
Shanghal 19si  Central 1 227 109 172 GR 212
~uburbun 9 114l 12 116 16 151
N1an 14983 Central 54 274 244 394 (1} 390
suburban 2] 201 138 JUR 23 RIS
Guangzhou 1981 Central G4 116 35 2044 37 161
Suburban 15 94 19 132 Ix 92
Chongqing 1982 Central 170 150 380 ®70 260 610
Suburban 20 - 10 130 20 60
Guavang Las2  Centrald 403 LYIB] 119 N0 3493 NOx
~ubuibun O1 160 1049 117 BN 159

Source Bepng Shenyang, Shanglin, >Uan. Guangzhou. data fror Global Environmental
Momtorimg sSyvstenns 1983-1951 0 Chongopng and Guivang: Eovironmental Quality
Rvpur!s

Measurements carr »d out i the northern cities of Beijing and Tranjin found that
benzene-soluble mutter composed approximately X7 of the particulates. Concentration
of benzofaipyrene was as bhigh s 30 ug m” and concentrations of lead. cadminm and
arsepie were 027, 0.003, and 013 uyg m?, respectively.

Total suspended particulites can be considered us the most outstanding air pollu-
tant and a suspected carcmogone nisk souree due to the meomplete combustion of coal
the present time 1n China

A pollation 1som geierad beavier i urban distriets than m suburbs and country-
side  Concentration of air pollutants wside cirres rises m the morning and eveniug. sug-
gesting the sigmbicant contribution of donestic use of coal to air pollution

Calculations based on anoaie dispersion model show that the primary source of SO
pollution is a large mumber of small- and wedium-siz ~ coal-burning stoves and furnaces.
In Beijing, for example. although they wre respansible for only 3490 of total SO, emis-
sions. their contribution to SO conrentration citywide may reach as high as 729
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Acid Rain

Nationwide avid ramn survevs have demonstrated that precipitation with pH less
than 5.6 mostly occurred 1 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 mainly in Sichuan and Guizhou Provinces in the Southwest.

.

M HED Y ERYpHrm 90 —11)
Sv+ 1 Districution of precipitat-un pH
~f China far 1981 —83

The distribution of acid rain is somewhat similar to that of SO, pollution; that s,
heavy in urban areas and in wintertime. The spatial distribution characteristics of acid
rain and SO, pollution imply that loeal pollutien 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 1s 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 buflering 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 possess a pH similar to that of the sou
itself, since half of them come from the soil. Ammonia is released into the air in large
quantities from the aulkaline 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
buflering capacity is therefore very strong in the north. Due to the fact that acidic soils
with pH of 5 to 6 are widespread 1n the south, it is difficult for acid. once formed. to be
neutralized in the air. Hence. frequent wcrd rain results even though the atmospheric 502
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level is not n itself extremely hi

Table 3. Concentration of Gaseous NH3 in Air

Region City Year n N ppb
Acid Ruin Chongging ~ept FONI 12 317
Guivang Sept. 1UNY 1t 17
Chengdu Sept 1UNS 2 I

Non-acud Ram
Bejing Jalv 1681 10 i1
Thenjin July 19N} 1 L

Results [rom a preliminary survey demonstrated that there exisi large areas of
forest decline in the southwestern part of China. For example. about hall of the pine
forest has died at Mo Neonshen i Cliogpme and wearhy 1090 o firs have adready with-
ered at the top of M Fmer Whide the direet cause fon the death of trees wis believed 1o
be diseases wied msect pesto the bongterm attack by SO and sod rion that has weakened
tree growth aradiadls oy beoc e v B teasen for the forest diebiaek Along wiih the

Porestdec e oo of 0 st o mtencds s alsoovery severe g thas region

Energy Use and Air Pollution Countrol

Aur pollution in China is now an issue mainly in cities and can be attributed 1o the
large number of scattered and inefficient medium- and small-sized coal-fired facilities
However regionad arr potbution and onsequent w'ulngl! al dumage reluted to tratsport of

ur potlurants s Likely cinergme as o problem of coneery i sone regrms

The present tnancad capacits of Ching s uot <trong enough to tharoughly reform
the energy structure of cities and toepap coal-tired boslers and furnaces. even those hyrn-
e igh-sultfur conl owirle advanoed scrubhers and highly ethierent dust removers such us
electpostute preapitator I view of this sitaation. the strategy for controlling e pothe-
tion bery pnpletmented gt present aud e the near Tuture ciphasizes the followimyg meas-
are= strengthemmy envicomnental management. developing space heating and ciy fuel-
gas. populunizig sulfur-tisimg oeneed coal thruette) and equpping borders and Turnaees
with hughly effieent duse cempovers The key poant of this strategy s 1o comlane atmos
pherie environmenyal preotection with rateonal ase of energy and energy copservation, aud
tho< to obtam economie, envirenmental and soord benetits simultaneously

From 1980 to 1985, there has been rapid economic deveiopment in China. In this
penod, industrial production increased by 659 and coal cousumption by 3177 Towever,
thanks 1o the mmplementation of the abovementioned measures. emissions of air poliu-
tants have decreased. rather than ereased togethor with the inerease i coal consumyp-
ton  As a result, deterioration of e qundity inomany cities has been stapped. aad in

some cities. arr quahity has Leen tnproved v some extent
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Space beatane e reaclied 30 rndhion m T oo 1ONS aboat thiree tines that o 19N
Speee heatine s beens expanded neunly on the basis of wse ol mdustral waste heat and

combune bope Gt ob heat and ebectieny 10 as estiatead it s caised evad con-

sampte oon PN o decrease by s malhen tons resultme v decrease of SO and smehe
ceseetis b P rhousamd tons and T2 thousand tons respectinely

S~ bt arens based o the nse o dustrial woste heat grew v 12 modliean
Partiee o ~t=los s shenvang Toiovicsn Berpime and some other northern cimes This

perniittoa stotces v 1500 smad] boders and savings of coal and electreny of abean
H0 000t~ and T onndnen KWL per heating season A~ uoresults smoke s
decreased 020 thensand tons and SO by 10 thousand tons Compared wath setting up

ctew bealerswse ol wiste heat can cut the imvestient by about 300

A= an exanple, two generating units of 25 MW cach n Shenyvany power plant have
been telormed mto heat and power senerating anits at a cost of T madhion vuan Gaboat
$39 i) The heat supphy ares of the twe new units resched 23 million w” and
replaced 205 botlers  Tn one heating season, it was estimated that savings on coul, electri-
Sy and manpower teached 100 thousaud tons, 800 thousand K\Wh and 1670 muan-days
respretively  This means o benelit of 31 mdhon yuan, about T of the total mvestment
In the meantime. there has been u significant benefit to the environment. emissions of
~stoke wind SO dechined by 8000 qud 1000 tens respectively. This resulted woa dechne of
particulates coneentration from 10U to 190 ug m”, below the tertiary standuard for TSP,
atrd decrease 1 SO concentration from 158 to 1) ug m’. below the respeclive primary

~tundard
City Goas

Alng swath Ludding new coud gasihieation plants, ety governments have been mok-
g etforts toorecover and use coke oven gus and coal mine gas, and to rationahze the allo-
catton wnd use of natural gas and liquetied petroleum gas The purpose s to expand the
ity gus supply and to replace the bhuckward smaull conl-tired cooking stoves  In 1980, 11
milthon people had city gas supply for cooking, tns hgure increased to 27 mithon in 1985
Compared o 1980, coul saving of 32 mulhon tons and SO, emission decrease of 16
thunsand were obtiuned 1n 1985 )

Coal used 1 Chengdu, the capital of Sichuan Provinee, has a sulfur content us ngh
us 3-3%% SO, concentration exceeded the wir quality stundard o about 4097 of the eity’s
aren  In order 1o amehorate this situation. nataral gias formerly provided for mdustrial
use has recently been replaced by coul aud tirgeted for domestic purposes The ety inha-
bitunts having gas supply for cookinyg aeconuted for 5090 of the total population i 1985
compared o only 1090 i 1980 SO emssion deereased by about 3600 tons and atmos-
pheric SO concentration no longer exceeded the standard

Sultur-finmg Formed Cond and FAlicient steves

Measurements have demonstrated that the smokeless combustion of coul briquettes
in efficient household stoves (briquette being burnt downwards} can ~uve coul consump-
tion by 309¢. decrease CO enmission Ly 70-80¢. and decreuse smoke and PAH by abou

1)
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90C¢ By adding <ome sulf e absorbent such as e, SO production ean be reduced by
about 40-507  Production of coal brigquettes Tor houselichd use was 21 mallion tons 1
LONS. two times that e POs0 The catunated coal saving was about 11 mathion tons and

SO, emission reduction was 160 thousamd tons durmy this ive-vear period.

Reconstruction and Renewal of Tuctficient Botlers and Furnaees

In recent vears, more than 100 thousand inethicient and heavily polluting bolers and
furnaces. about vne-third of the total. have been reconstructed or replaced by eificient
advanced ones. This resulted o lowermg the smoke and SO | emissions by 80 wnd 31
thousand tons respectively and suving 25 nalhion tons of coul.

Clean Air — A Goal that Needs Continuous and Arduous Effort to Achieve

Mong with the abovementioned measures related to energy use, the Chinese govern-
ment and Nationad Environmentad Provection Bureaa have made every effort to protect
the atmospheric environment. Measures huve mcluded promulgating the Air Follutioa
Control Law: muplementing the rule of Euvironmental hnpact Assessment Report prior to
construction: stipulating that the desizn. construcnon and  operation of  pollution-
controthng facihties should be carried out together with that of the prineipal project: and
tpositng a pellunon tax They enconraged and sponsored research on environmental
capucity. ratonad siting, werd ran flue gas desulfurization wud many other topies

It 1> cleur that energy consumption and pollutant emissions will be increasmg
together with the further developnient of economic constructioun. In this circumstance.
air pollution control cun anly be a long-lasting and arduous task We believe. however,
thut with the jomt etlorts of scicntsts i the field of energy and environmental protection.
Chita can muprove her ar quality step by step despite the rapid growth of the national
coermotn v oand associated energy demand
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ENVIRONMENTAL CONCERNS OF ENERGY USE

Alan S. Miller*

Overview

Since 1970. the United States has substantially reduced emissions of most pollutants
associated with energy use despite substantuial economic growth. Emission trends in the
U~ as in the OECD countries in general demonstrate a quantitative decoupling of energy
consumption and enussions. In the same period. however. concern about the environment
has steadily increased as our knowledge of the seriousness of these problems improved and
new 1ssues have emerged The consequence. ironically, has been that despite past progress
environmental problems are no less worrisome. As Wilham Ruckelshaus. Administrator
of the Environmental Protection Agency under Presidents Nixon and Reagan. recently
stated.

It 15 now possible . . for one nation to damage another nation inadvertantly
through environmental pollutior: 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 payving 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 associaied 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 rescurces 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 the United States. In 1986, for example, 200
large coal-fired power plants were responsible for over half of total SO2 emissions. Tran-
sportation is a major sorce 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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Air Emissions, by Source and Type of Poliutant, 1370, 1977, 1984
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As the figures mdicate, the US has made substantial progress reducing the rate of
emissions of most air poliutants associated with energy production. From 1970 1o 1985,
particulate emissions were reduced 60 percent, sulfur oxides declined about 26 percent
(despite more than a doubling of utlity use of coul). volatile organic compounds and car-
bon monoxide emissions were reduced about 22 percent and 35 percent respectively
{despite a 5% percent increase i vehicle miles traveled). and lead emissions from gasoline
declined over 90 percent (EPA. 1987) These reductions were due to mujor expenditures
on pollution control equipment following the adeption of a strong nationul wir pollution
law 1n 1970.

Despite past prog-ess, the US must stull overcome some serious air pollution praob-
lems For example. notrogen oxide (NOx) emissions from electric utilities and vehicles
increased 33 percent and 1% percent respectively in the 1970 to 1983 period Pragress in
national terms has ulso not been enough to achieve ambient standards in parts of the
country with large concentrations of population and econemic sctuivity  Peak ozone levels
declined 13 percent between 1979 and 1986, but 5 5 10 sites per dav exceeded the
national ambient standard and more than 75 million Americans hived i counties that
exceeded the national ozone standard in 1986, There 15 also growing evidence that the
standards may not be adequate to protect public health. partucularly for sensitive populu-
tions

Sulfur and NOx emussions also contribute to acidic deposition This problem was
exacerbated by the installation of 1all smokestacks on power plants during the 1970s as a
strategy for reducing local 802 pollution (See Figure 3) These tall stacks inject sulfur
emissions higher into the atmosphere and with greater upward momentum As a conse-
quence. emissions are carried farther and have a longer atmospheric residence ume to
undergo oxidation (MacDaonald, 19%5)

Figure 3
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NOy SO and phetochemieal oadunts tpartealarly ozoned are allb mvolved an the
chennstry of acid precipitation (Nohnen, 198%) Oxpdes ol mitrogen and sulfur disade are
converted to mitne acid (HNO3Y aod sullure acid (H2S0 8 100 reaction evele mvolving
cnveen and water molecules, rewdidy avadable atmospherie chemieals These wedie guses
concense to form mieroseopie dreplets and either drop 1o the ground as dry deposition ar
crow ante s leud droplets The result s highiy acidie clonds and preapitiation, on average,

raonfall o the Northeust has o pH of ahout 42 o pH of Ths neutral)

The major environmental concern associated with acid precipitation is damage to
lakes und forests. The effect n lukes 15 dependent on o aerd-nentrahizing capacity . a fune-
tien of hicarbenate and other basie wons wineh neatralize werd The combination of alder.
mere pelluting coul-fired power plants and thin <oids wirh Little acid-batfering capacity s
evident 1 purts of the portheast ad midwest where ten percent or more of Likes have
become aerdified (NMohnen, 1988

[t hus also recently been proposed that aarborne ennssions of nitrous oxides affect
lake ecology through the deposition of signiticant amounts of mitrates (Oppenheimer et al,
1dnsy  This in turns leads o growth of algae and removul of oxvgen necessary for all
other forms of hfe

Research on the effects of air potlution indicates thut the eost of damage to human
health. forests. and agriculture may be substantial  Crops vary in their sensitivity to pol-
lution. but the US government estimates that crop damage due to vzune amounts to us
much as $5 bithon a vear {WRYE 1987 The cost of a 25 percent inerease 1n ozone concen-
trations is calculated i excess of $2 billion a vear

Forests have shown inereasing evidence of wir pollution damage i recent vears
Forests in the south and northeast have suffered substantial dumage in recent veuars and
tree-ring records show sharply reduced growth rates at high elevations where acidity s
highest However the mechanism by which acid damages trees has not vet been esta-
blished. and multiple forms of stress. such as ozone pollution. pests. and weather extremes
mayv be wvolved us well us increased acidity (Mohnen, 198%)

Some reduction in acid precipitation has been reported i the U S sinee detuled
monitoring began 1n 1979 An analvsis of 44 monitoring stations 1n the northeast found
that sulfute concentration in precipitation dechned at 13 stations while nitrate concentra-
tions declined significantly at 5 stations  The acidity of precipitation declined at 5 of 30
statiens | NAPAP. 1987}

~Sinee coal-fired power plants budt after 1975 have been subjected to stringent
environmental controls. environmental debate hus focused on the feasitality of udding
~ulfer removal technology or ather retrofit controls (See Tuble 1) 1t was expected that
this problem would gradually disappear as these plants were retired. However U S uub-
ties have inereasmgly found 1t econome to extend the hfe of old plants and sulfur emis-
sions may therefore not dechine us quickly us originally expected. It may be possible to
repower these old plants with new combustion equipment, improving perfomance and
substantially reducing emissions at the same time for less than the cost of scrubber sys-
tems (NMohnen. 1988)

10-4



Table 1. Companson ot performance and
cost-effectiveness for selected retrotit control

technologies®
POTENTIAL COST-
REMOVAL EFFECTIVENESS
EFFICIENCY (%) (1986 S/
TECHNOLOGY SO, NO, METRICTON)
Combustion
Low Excess Arr — 15 200-400
Overtire Air — 30 70-140
Low NO, Burner — 50 120-250
Staged Combustuon — 80 200-400
With Low NQ, Burner
Gas Reburning — 60 500- 1600°
Furnace Sorbent
Injection 70 — 475-650
Limestone Injectton
Mulustage Burner 70 50 400-500
Advanced Stagging
Combustor 70 50 50-100°
Post Combustion
Wet Scrubber 90 — 300-500
{Throwaway)
Dry Scrubber 90 — 300-600
(Throwaway)
Low Temperature
Saorbent Injection 70 — 180-550
Gas Reburning/Sort=nt
Injection 50 60 300-400
E-Beam 90 90 300400
Copper-Oxide 90 90 300400
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 boiter, burming hugh suttur coal and located
in the Migwest The poter has 15 years of remaiung Wte All costs
expressesd . 1986 S Thus table presents only a subset of the control
technotogies boing developed tor retrohil on uulty bolers Beswdes
ncvidual technooges, combinations of pre-compuston, combus-
1:2n, and post-combustion technologies have the capability to achueve
righ removal eticiencies f required The number of possible combi-
nions iu larqge and theretore not addressed here.

® Cost.e%ectiveness 1s highly dependent on the cost of the naturat gas
1. .+d dngc complexty 0! the retroht

* Trese costs represent the retratit of a slagqing cembustor to a coal-
fied bonter Costs would be nigher for o -10-coal conversion, where
- 4JQING COMDULIOTS have been typicaly apphed

Sonsce:  NAPAP, 1987
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The range of vptions Yor controlling emisstons from new coal plants s nuch broader
since 1t may be possible to use a new generation of “clean coal technolugres™ (NAPAP
1987). Two possibilities receving attention are integrated coul gasifi- cation combined
evle and Auidized bed combustion systems. Both concepts are berag tested 1n commercial
scale demonstration projects  (These “clean vcoul” concepts do not address the
C'O2 greenhouse problem addressed below )

The U.S. has so far declined to participate 1n an inter- national agreement to make
substantial further reductions in 802 The ECE-Helsinki Protocol on 502 calls for a 30
percent reduction in t:ansboundary flows of SO2 from 1980 levels by 1993 However. n
August 1988 the U.S. agreed to cap nurogen oxide emussions at 1987 levels for seven
vears.

Climate Change and the Greenhouse Effzct

The greenhouse effect is the warming of the lower aumosphere due to the presence of
gases which absorb and re-emit low energy radiation released (rom the earth. There are
many naturally occurring greenhouse gases. including water vapour, carbon dioxide
{CO2), methane (CH4). ozon~ {O3), and some manmade ones, particularly the

chlorofluorocarbons (CFCs). The concentration of many of these gases is increasing (Neg
Table 2).

-
Table 2. Atmospheric Concentration of Key Greenhouse Gases

Concentration in Air

Gas Pre-lndustnial 1986 Present Ruate of Increase | per vear)

Carbon dioxide 275 ppm 346 ppm 1.4 ppm (0 4°7)
{CO,)

Methane 0.75 ppm 1.65 ppm 17 ppb (19)
(CH,)

Fluorocarbon-12 Zero 400 ppt 19 pot (350
CCL,F,)

r luorocarbon-11 Zero 230 ppt 11 ~pt (5%)
(CClL,)

Nitrous Oxide 280 ppb 305 ppb 96 ppb (0 2€%)
(N,0)

Ozone. Tropospheri~ 15 ppb? 35 ppb 03 ppb? (1)

{Narthern Henusphere only)

ppm = parts per . -'hon, ppb = purts p~r billion, ppt = parts per trilhion.

The greenhouse effect 15 unportant to che balance of life on the planet. the earth s
33 7 warmer than it would be in the absence of an atmosphere. In contrast. Venus 1s
intensely hot and Mars frigid because of the composition of their atmospheres Concern
arises due to the recognition {first hyvpothesized almost a century ago) that man’s activi-
ties may be adding to the concentration of greenhouse gases at an accelerauing rate The
result is expected to be warmer tempe. utures and a changing climate (WMO, 1986)
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The greenhouse gas of greatest concern 15 €02, a by product of fossil fuel combus-
tion The estimated atmospheric concentration of CO2 has increased from roughly 280
ppm 10 1800 to about 300 ppm 1n 1900 to 316 ppm in 1959 and 349 ppm today

Figure 4
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The U.S. and Canada represented almost half of global CO2 emissions in 1950 but
only 25% in 1984; in contrast China's contribution was only 1.4 in 1950 pbut 107 in
1984 (See Table 3 and Figure 3). (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. mitrous
oxide, and methane have also been growing rapidly and now roughly equal the annual
contribution of CO2 to global warming (NASA. 1986).
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Table 3. CO2 Emissions by Regions

{Millions of tons of C)

1960 1970 1980 1985

United 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
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Energy use 15 directly assoctated with many of these gases: a recent review concludes
energy scurces account for 32 to 75 percent of man-made greenhouse gases (W ebbles and
Fdmonds, 1978) Howcver, there 1s considerable uncertamty about the source of <ome of
these gases. particularly methane (WO, 1986). Some sources of greenhouse gas buildup
may be indirect. For example. deforestation removes an umportant carbon siuh  Carbon
monoxide reacts with hvdroa radicals otherwise availlable to remove methane and con-
tributes to its growth

Global climate models now suggest that a doubling of atmospheric C°O2 from pre-
industrial {mid-19th century) levels. or an equivalent increase in other greenhouse guses,
will cause a global mean warming of somewhere between 2.5 C and 53.5°C (Hansen et af .
1987. DOE. 1985). {(For comparison. it has been about 8.000 vears since the earth has
been 1°C warmer and 70 million vears 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 CO2.

The rate of change is also important: it may be much easier to adapt to the changes
caused by a warming of 1 degree (' 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 at 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 less 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 frequency. a loss of species and biological diversity.
and many other eflects.
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Scientuific 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
as 2 C inevitable. Yet the effect cannot be reversed quickly: some greenhouse gases
remain in the atmosphere for a century or more For this reason. an international
scientitic meeting in Villach. Austria i 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 rehef; 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 s delayed by decades due to the oceans. Energy investments such as coal mines
and power plants have long lives and cannot be quickly replaced. Equally important. an
mternational policy consensus 1s 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 tc 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 probiem has grown substantially in recent years
and involves several different agencies of the federal government, the most important
beiag the Deparvment 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 ip early 1986. EPA and the Office of Technology Assessment are
preparing reports to Congress oi the eflects 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 requiremenis
that the government exercise its vote in the World Bank to require examiniation of gren-
house concerns.
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Figure 8

Committment to Future Warming in the WRI Scenarios
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Modification of Stratospheric Ozone

Scientists first hypothesized in 1974 that chlorine released from chloroftuorocarbons
(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 reirigeration, 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 vear British
scientists discovered a seasonal substantial reduction in ozone over Antarctica (the "ozone
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hole”) (WRI, 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 thap 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 CO2 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
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Policy Linkages

The preceding discussion has suggested some of the scientific connections hetween
three environmental problems associated with energy use, acid precipitation, the green-
house effect. and modification of the ozone laver. 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 MW 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 CO2 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. 002 Emissions from Fossil Fuel Use

(Millions of tons of carbon per exajoule)

Extraction Total
& Production Combusion  Emissions

Conventional Gas 13.8 138
Conventional Qil 19.7 19.7
Coal 26.9 26.9
Synthetic Qil 18.9 19.7 38.6
Synthetic Gas 26.9 13.8 40.7
Shale Oil 27.9 19.7 47.6

Source: J. Edmonds and J. Reilly, "Global Energy and CO,,
to the Year 2050", Energy Journal, Vol. 4, no. 3. pp.21-47.~
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DEVELOPMENT AND ENERGY CONSUMFPTION
OF THE COAL CHEMICAL INDUSTRY IN CHINA

L1 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 {rom the coal chemical industry. Since the 1970s, with the development of the oil
industry. the proportion taken up by oil and naturai gas in the feedstock of the chemical
industry has gradually increased. However, at present the coal chemical industry still
plavs an important role in the chemical industry. In 1985, the chemical industry con-
sumed more than 30 million tous 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°¢ of polyvi-
nyl chloride (PV'C) used calcium carbide as feedstock.

The Development of the Coal Chemical Industry

Svnthetic Gas from Coal

The utilization of coal as feedstock to produce synthetic gas, which is then syn-
thesized 1o 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. Aost of the medium and small-sized ammon:a
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 30°¢ of the total energy consumption in the Chinese chemical industry.

Methanol is an important organic chemical raw material in China. There are more
than 30 methanol plants in China and the total methanol production was 143,000 tons in
19835, over half of which was synthesized from coal and coke.

Coal Gasification

Great progress has been made 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-hed 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-volutile bituminous coal are abundant n
China. using them as feed to produce gas through complete gasification is one of the
important routes to develop town gas in China. In recent vears. China has produced

* Chief Engineer. Beijing Research Institute of Coal Chemistry



town gas by adopting the pressurized fixed-bed Lurgi gasification and  two-stage
gasificutiopn processes.  Lanzhou pressurized  gasitication plant with a capacity  of
510.000m” day and Yilan pressurized gasttication plant with a capacity of 1.600.000
m" dayv are under construction

Coking. Including Coke Production and Coal Carbonization to Produce Town Gas

In 1986, more than 70 million tons of coal were used for coking. and tne national
coke cutput was over 40 million tons. The chemicals from coking process are important
raw materials of the chemical industry. At present, there are more than 30 varieties of
coking chemical products in commercial production.

Gas from coal carbonization is one of the imp rtant sources of town gas in China.
The existing commercial coking plants supply large amounts of coke oven gus to therr
nearby cities or towns. In addition. China has also set up a4 number of vertical retorts to
<upply coal gas to cities. The production of town gas in 198G by using conventional
processes was more than 2.4 bilhon m™, mostly from coke ovens and vertical retorts.

Calcium Carbide-Acetvlene Chemicals

Acetylene 1s mainly manufactured from caleium carbide, which occupies an impor-
tant position i Chinese chemical industry. The totul national output of ealcium carbide
im 1986 was over 2 million tons.

Conl-derived fuel and Coal Water Slurry

China has been engaged in direct liquefaction research, with the emphasis on con-
verting coal into clean liguad fuel by direct hydrogenation. Continuous process aaits of
0.1 tons day have o en <t up and put into operation. As for tndirect coal liquelaction.
the advanced Fischer-Tropsch svntbesis process has been put inio tests.

since 19820 China has conducted studies on the technology of preparation zand
combustion of coal water slurry (CWS). CWS with a concentration of 70¢¢ 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 Production of Svnthetic 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 waus used as feedstock. In 1956, experiments using lump
anthracite to replace coke achieved success, so 1t beeame the man feedstock. Later. along
with the development of the wmmonin mdustry. the supply of lump anthracite was
bhecoming shorter. so China started to develop briquetting of anthracite lines to provide
gustfication feedstock Hundreds of ammeonia plants in China are using briguettes so that
the situation of short supply of fump anthracite can be cased



In the total reserves of coal for coking, gus coal and weakly caking coul tuke up a
great proportion. whiie coking coal and fut coual take up o ~mull proporton. 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 tecanology of
blending coking that is suitable to the characteristics of Chinese coal resources As a
result. the blending ratic of weakly caking coal is up to 20-25¢ and that of gas coal up to
50 to produce coke meeting the quality specifications.

In order to save coal resources for coking. China has also developed and grasped the
technique of blowing pulvenized anthracite into a blast furnace so as to =ubstitute fir
premium coke. The consumption of pulverized anthracite for this application reached 22
million tons in 1986, 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 (0 only 20-25°¢ of the coking plant with the same capacity. Maanshan
Iron and Steel Corpor~tico. 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 eflectively utilize tue coal resources. The
following areas c: ! for further development.

Development of the C-1 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 fue! through the route of C-1 chemistry
is not only a practical need, but also possesses long term significance. It is necessary to
greatly enhance the technology of synthetic gas praduction, accelerate the development of
the chemical fertilizer and C-1 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 ammonia
plants are backward in technology. low in gasificatior efficiency and could only use lumps
or briquettes of anthracite, thus causing short supply of feedstock. Therefore, the
development of advanced gasification technology that can utilize coal fines directly should
be accelerated. The pressurized gasification of coal water slurry developed by Lintong
Chemical Fertilizer Research Institute of China offers many advantages. and has obtained
fairly good test results in a 1.5t 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 gasifieation techniques for the development of the Chinese chemical
mndustry.
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Development of Conf Gastfie o Tecbhe b ows ¥ Prosbinezion o f Town Gias

[ order to achieve the target of supphing town gas 00 70 muthon arbun residents by
the end of this century. the developrnreat of town gas should be accelerated  Chinee has
rich resources of browi. coul and high volatile bituminous coal suitable for gasification. It
15 important to develop coal gusification in the cities close 1o these resources. However, at
present there is little gasification technology avatlable in China for town gas production
Thus. a good job shoukd be done in ~cientific rescarch and introduction of key techniques
s0 as to speed up the srasping of advanced coal gasification technolog: and create techni-

cal conditions for developing town gus,

pevelopment of the Coking Industry

Although the ccking wdustry i China has made considerable progress. the task we
are faced with 15 ~tdl very hard. Tt is estimated that by the vear 2000 the annual demand
for coke will reach wbout %0 million tons. Thus, coking technology sheuld be greatdy
improved and the tyy es of coul used for coking should be expanded. With the continuous
inerease of tur cutpur the processing of coal-tar should be developed m order to produce
even more tar-based chemical products.

Caletum Carbide-Acerviene Chemicals

China has a good foundation in the chemical industry of caleium carbide and ace-
tyvlene. 1t i1s estimated that the demands for caleium carbide will be doubled by the year
2000. Thereore. in those areas where there are abundant coal. limestone and electricity,
chemicai plants for producing calcium carbide and acetvlene should be developed.

Development of Coal-Based Liquid IFuel

Although oil cutput will increase greativ by the end of this century. 1t still will not
be able to meet the increasing demand. Therefore. the development of coal-based hquid
fuel should be given priority. China has rich coal resources suituble 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 time. the technology for manufacturing methanol
fuet and low-carbon mixed alcohols from synthetic gas should be actively studied.

The research on techniques of production and combustior. of coal water =lurry
should be carried out continuously and put into commercial application as soon as possi-
ble.

Comprehensive Utilization of Brown Conl

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
1ts proportion i the total coul producten will inerease yvear by vear. Therefore. Chia
should aetively develop comprehensive utihzation technology of brown coal.



THE ROLE OF COAL IN THE U.S. ENERGY ECONOMY:
INTERFUEL COMPETITION, ENVIRONMENTAL CONCERNS, AND
THE IMPACT OF UTILITY RESTRUCTURING

Moantred G Rascbihe”

It s rome that one and o half deeades after the fest ol erisis whieh seemed to give
the U= coul mdustry the promre of an almost hontless golden future, the mdusiry s
embarking upon @ period of great uncertaimty. What 1s most chustenmg to forecusters
abont this period of nisk and uncertunty = that the primary sonrees of this uncervonty
were generally unanticipated untd recendy. {6 s oot nuclear power which poses the
greatest competitive threat to coal in the United States, but rather a series of changes 1
energy and environmental policies and pereeptions . Renewed interfuel competition. pur-
teularty from nutural gus 1 both the mdustrial and utiliny sectors, combined with
environmental legislation whnch compels eoal-burnimg utihties and coal producers to mter-
nalize more of the envircnmentad costs of coals widl Slow the relatively rupid progress ol

hax made 1 the past two decudes

lu this paper, it 1s ny inteution 4o examine briclly che 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
interfuel competitinn on the future of coa'. In the course of this paper, it will hecome
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. Chinu.

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 dechuing production after World War Il coal pro-
duction bLegan to inerease again in the early 1960s. and 1t has since continued 1o 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, the
coal industry has come to its present position of importance in the U.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 1987, this amount
had increased to 916 million tons {(all references are to short tons). In 1970, before the
first o1l crisis. coal constituted I8 pereent of the total US primary energy consymption:

* President. International Strategic Information Services, Newburyport. Mass



the dominant sources of energy were petroleun (44°7) and naturz! gas (327). This pic-
ture altered lLittle in 1975 and only gradually n 1980 and 1986. The reason for the slow
increase 1n the overall role of coal 15 that its impact is confined to only one sector  Coal
plavs a neghgible role in residential and commercial energy consumption. none in tran-
spertation. and when metallurgical coal 1= taken into account. a declining role 1 the
imndustrial energy sector  The oe exception 15 the electric utility industry, which in 1986
made up 36 percent of U'S prunary energy consumption

In the electric utihty sector 1 1987, coal was the dominant fuel with a 37 percent
share of total fuel consumption (Figure 1). Nuclear power was second with 18 percent
and natural gas third with 11 percent: petroleum products accounted for only 4 percent of
the fuel mix. This 15 a significant change from 1970 when coal was 41 percent of the elec-
tric utility fuel mix. natural gas was 23 percent. petroleum products were 13 percent and
nuclear power was only 1 percent.

Figure 1

FUEL CONSUMPTION BY U.S. ELECTRIC UTILITIES FOR 1987

Natural gas

Fetroleum

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 yvear 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.



The forecasts produced i 1983 by the twoomujor provate foreosting orgunzateas
ICF of Washington DC and DRI of Lexington, Nussachusetts) were boah predicting pro-
duction of just below 1.700 million tons by 20000 Both of these firms v e hinear program-
ming models to develop their forecasts and therr bullish cuthok had a sigeificant impaet
on both government policy mukers and coal industry leaders 1983 s wizmiticant i the
history of US. coul forecasting because in that year. the Natwnal Coal Association on-
verted its forecasting methodology to the use of a panel of industry specilists prepaning
bottom-up forecasts. As a consequence of this more rigorous methodology. the forecast
issued in December. 1983, for the vear 2000 was 300 million tons below the Murch, 1983,
forecast.

The development of accurate supply curves assumes a knowledge about the detaled
engineering characteristics of coal reserves which we in general do not possess The
recent EPRI-financed studies on Appalachian low-sulfur conl reserves have demaonstrated
that when it comes 10 the detailed charactenstics of the reserve base. we are woefully
ignorant. Moreover. as utilities increasingly stress overall boiler performanee 1o selecting
their coals. there are many Tactors such as ash. chemical characteristies. “grindability”,
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. steam temperature control, combustion efliciency,
and pulverizer performance, the data captured i conventional supply curves becomes
increasingly less significant.

A preferable methodology i1s the one emploved recently by Resource Data Interna-
tional {RDI) to prepare a long-term coal forecast as an input to the Gas Research
Institute’s (GRI) 1987 Energy Forecast. The RDI model gave far greater weighting to
bottom-up demand analysis and 1o the impact on the coal market of such subjective fae-
tors as utility buying practices and government policy. RDI projected that total con-
sumption in 2000 will be 1,133 million tons of which 879 million tons will be in the utility
sector. This is an increase from the 718 million ons consumed by electric utilities In
1987. The Energy Information Admuinistration (EIA} forecasted a somewhat higher
number. 1.217 million tons in its projections for the yvear 2000: of this amount. 962 mil-
lion tons is expected to be used by electric utilities.

Boih 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 potential. It takes eight to ten years or even longer to
build a large coal-fired power plant. Thus to a very real extent. what vou see in 1988 is
likely to be what vou will have in 1993-1998. If we look at the November. 1987, Electri-
city Supply & Demand forecust for 1987-1996 prepared by the North American Eleetric
Relability Council (NERC), we find that coal demand is anticipated to rise by about 100
milhon tons between 1987 and 1996. Some 22,479 MW ol new coal-fired units are 1o be
completed between 1988 and 1996 disconnting the 3.513 MW which were completed in
1987. Of this total. only 12,137 NIW are currently in any phase of construction. The
Utility Data Institute (UDI) in early 1988 reported that a 150 MW lignite unit whose con-
struction began 1n 1987 1s the first new coal-fired power plant 10 go into construction in
five vears. UDI's data 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 11 For 1989, UDI predicts four new plants, two in 1990, three in 1991 and
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tweon 192 Thos b ol coasmpnien s oo L8 T tute preges ted by either RDL Gr
FIA orownl bove to b < fars port taroneh ainreased consumptiog at exaisting units
This o~ certanhy possib b s e e s currenthy o Larze encess of coad-fired capraeny
wheme unlizatien rate conbl pee g pespease teheher electriesty detmand . Noreover life-
CNTr sk Lo wbatns ate daely T heop the carrent pe pulation o couds fired unas Gperating
200t 0 vears boneer than wos ortmadly o swoepated s Therefore NERCS Farest forecast
contains only about 200 MW o deletions of cond-tired capacity

The upside potentml for voa! Lies in the pessibility that electrie load growth will be
greater thun the approxmately 20-23 percent per annuem that most utilites currentiy
antietpate and that the imstatled base of nuclear plans will perform worse than expected
Nepther 1= an entirely unreasonable assumption The latest ten-vear forecast of the
NERC, which ageregutes by regron forecasts submitted by individual utiittes, projects an
average annual growth rute of 22 percent for the period 1987-1996  The EIA n s
Annual Enerqy Outlook 1457 published in March 19880 projects that m the period 1987-
2000, total electenty <ales will grow 2.4 percent, with imdustrial sales leading the way
with a growth rate of 31 percent. The 1996 baseline GRI electricity demand forecast
envisages an average annual growth rate of 1.8 percent for the period 1983-2010.

The NERC forecast is the most disaggregated and shows considerable variations
among the various regions of the country. The most rapid growth. 3.3 percent per vear.
1s projected for Texas. 3.2 percent per vear for Arizona and New Mexico. The lowest
growth of 1.3 percent to 1.6 percent 1s expected to occur in the Midwest and Middle
Atlantic

Industrialized nations have in general broken the GNP.oil relationship but have
failed to do so with the GNP electriciiy relationship. Although fifteen vears ago the elec-
tricity growth rate was more than double the GNP growth rate, the rauo is now below
1:1 but electricity demand growth continues to parallel economic growth relztively
closely. There is the potential that the demand projections that are now generally
accepted could be too low: some economic scenarios for the 1990s suggest that we may be
entering a period of sustained 5 percent real GNP growth. This rate in turn could result
in growth of demand for electricity which is higher than was forecasted. On the other
hand. mandatory conservation programs could moderate anticipated electric demand
growth to below forecast levels.

The uncertainty 1s thus considerable not only in the annual rate of growth, but also
in the growth of total demand versus peak demand and in the regional variations in the
rate of growth. These latter 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 natural gas and oil since in most parts of the country,
nuclear and coal-fired plants are confined to serving only haseload demand. Similarly. the
rapid anticipated growth in demand in Texas and Florida may be met primarily by
natural gas rather than coal.

Nueclear Power

Poor performance in the nuclear power sector can be expected to have a favarable
impact on coal cnnsumpton in the longterm. However. in 1987. five new nuclear plants
were brought into service, making a total of 109 operating plants in the United States.
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Nuclear generation tose to B30 Billon WL i 98T, an inerease of 10 pereent over the
previous vear  There are still a further sixteen nuclear plants either under construction
cr complete and awaiting cperating heenses A these plants come o hne they can be
exnpected toodepress conl demnd below anterpated levels for several vears However oy
the o rune vead s pew the vndy cption open for utihtes

For both peditieal and economie reasons. the further expunsion of the nuelear ge o
erating hase s unhkely untd well after 2000 Acerdents soch as Three Mife Ishand aud
Chernobyl and scandals <uch as those recently i Germany have tarned public opingen
sgainst puclear power Even more damasing for the long-term future of the present gen-
eraton of nucleur technology are the operating results which have Lirgely gone unnaticed
UDl bused on u survey of nuclear and coul-fired plant varmble costs over the period
1982-1986, found that coal plant costs declined 22 pereent. from $27.49/MWh o
$21 67 NMWh, while nuclear plant costs increased 32 percent from $14.16/MWh w
$20.70/MWh.

The most damaging economic analrsis of the current generation of nuclear plants
comes in a study recently released by the EIA. This analysis considered both operating
and malntenance costs as well as post-operational expenditures arising from the need to
add or replace svstems in the plant  The EIA found that costs i the decade from 1974
had quadrupled 1o almost $95 KW ($1982) of installed capacity. The EIA concluded that
the continued escalation in operating costs could erode any cost advantage that operating
nuclear plants currently enjoy. Furthermore, the escalation in operating costs was seen
as rendering it economic to shut down some of the older plunts. Thus. nuclear plants are
not only more expensive to keep in operation than are coal-fired units, but the savings
from shutting down the most expensive units would be sufficient to pay the capital and
operating costs of replacing them with coal units. The primary factor preventing Public
Utility Commissions (PUCs) from compelling some operators to adopt this approach is
the unfathomable magnitude of the decommissioning costs.

It can be argued with good cause that nuclear plant construction and operating
experience have demonstrated that the costs of nuclear power plants have been subject to
unwarranted optimism and rapid escalation. Moreover, radicactive waste disposal costs,
a major cor onent of the decommissioning expense. have increased very rapidly in the
past and are ukely to contirue to increase in the future. The Central Electric Generating
Board (CEGB) in the United Kingdom is the first utility to announce that it will decom-
mission and dismantle a commercial scale reactor. The unit is a 276 MW station at
Berkeley which has been in operation only 26 vears, although its scheduled operating life
had been expected to be 35 to 10 years. The CEGB estimates that the decommissioning
process will take over 110 years and will cost about $600 million.

Nuclear operating costs to utility shareholders are also rising for several reasons. In
an increasing number of states (e.g.. New York, Pennsylvania, Michigan, New Jersey).
shareholders rather than ratepavers bear the costs for unplanned nuclear plant outages
that result from imprudent manugement decisions and that require the need for expensive
replacement power. PUCs are beginning to pass judgement on management’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 premature 1o
write 1ts obituary. As coul-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 comparnson look more attractive  More important, concern over the
impact of the "greeniiouse effect” may lead policy makers to reexamine the nuclear option
If nuclear power does make a comeback in the next decade. 1t 15 hkely to be in the form of
"mherently safe” reactors. The technology for such reactors already exists in the United
States. Furope and the USSR "lnherently safe” reactors will be smaller than the current
generztion of commercial reactors. They will be modular in construction and in large part
built off-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 attention of politicians and utility execunives

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-
ablv less sign:ficant pollution problems at the mining end of the coal business. The leading
public pohiey issue in regard 10 coal combustion 1 both the United States and Western
Europe s Acid Ram Acid Rain legislation has been expected to pass mto law every vear
for the past seven, but as vet, no bill has been passed

Acid rain is a tremendously complex issue, politicallv. 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 of sulfur dioxide
can be quite significant in some parts of the world). Such man-made sources include fossil
fuel-fired utility generating plants, industrial botlers. industrial processes. transportation,
and residential und commercial combustion. However, sctentilic agreement ceases when
we turn to such questions as the atmospheric transformation of sulfur dioxide and nitro-
gen oxides mto sulfurie and nitric acids, the distance over which emissions are tran-
sported, und how deposition on the earth’s surface occurs. One vital 1ssue that has
recetved u great deal of attention because of 1ts high degree of uncertainty is the relation-
ship between emssions of acid- fornnng gases and the deposition of potentially harmful
pollutants. Some research findings have suggested that the relationship 1s nen- hnear and
that precursor emission reductions of a particular amount will not result in similar pro-
poruenal reductions in pollutant depositions. Politically. this 1= a highly explosive ques-
ten. 1f there is no certainty about this question. it becomes difficult 1o justify both a
spectfie target volume of reductions and te justify the inclusion of power plants i one
part of the country but not those i another under the provisions of potential legistation
The Naucnal Academy of Sciences reviewed most of the major studies of atmospheric
modeling and concluded that there was no strong evidence of non-linearity. However. the
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
ntility executives and the economists who serve them, are holding scientists up to higher
standards of proaf than they themselves are subject to in their own analyses of the
eco omie impact of aced rain legislation



In the past vear. the acid ran assue has become part of the broader movement 1o
amend the Clean Air Act. The Clean Air Act had set December 31, 1987 as the deadhine
for the achievement of comphiance with federal ozone standards  Some 60 cities were
found to be out of compliance and the EPA moved to implement the pumtive measures
contained 1n the Act  moratoria on new construction, cutoffs of federal highway funding.
ete. Unable to pass legislation in time, Congress voted 1o delay the deadline for sanctions
until August 31, 1988 Thus, in 1988, there are three bills in the Congress pertaining to
clean air issuess H R. 3034, concerned with ozone non-attainment, and HL.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 mer.
stringent. und it s the one favored by environmentalists. In the midst of the increasingly
acrimonious debate over acid rain legislation. Senator Robert Byrd. a long-time foe of
acid rain legislation, of West Virginia. a major coal-producing state. announced his deci-
sion to step dowt from his position as Majority Leader. Proponents of acid rain legislu-
tion were optimistic that Byrd's resignation and new leadership in the White Liouse would
give their cause the boost needed to enact legislation. However. in recent years, the
Cangress, 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
1989 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. To
my knowledge. only one analysis, that performed for the Electric Power Research Insti-
tute (EPRI). has attempted a bottom-up, site-specific review of the impact of various leg-
1slative scenarios on all of the power plants likely to be affected. Not surprisingly. the
EPRI study found that many site-specific factors were important in the scrub-versus-
switch decision faced by individual utilities. The study performed for EPRI by three con-
sulting 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 strategies as a consequence of site-specific factors, the timing of the com-
pliance decisions, and other institutional concerns.

o  Retrofit scrubbing costs vary substantially 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 eflectiveness of FGD 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 aflected by an emission reduction
program.

o The differences in prices between low-sulfur coal (19¢ sulfur). compliance coal
(- 0.79 sulfur) and high-sulfur coal are the primary factor influencing utility

compliance strategies.

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



o Central Appalachon bw-sulfur and compliance-coal producers wall supply the
uegortty of the new murkets created by coal switehing Western Loawesulfur
coals only supply about 20 percent of the coal swaitehimg markets ander the
high emission reduction scenaros However, if the conts of devotng unis for
the use of low-ranked Powder River Buasin couds 1+ less than assumed i the
PRI analysis. then the castward penetration of this coal mav be signtficantly
greater

The EPRE study also highlishted some previvusly unanticipated gaps i data The
study tesm Cound that relatively hitde 15 known about the reserve buse and production
oet of eustern compliancee coall Moreaver. in contradiction of the comumen view meor-
porated in most coal models that depleting reserves make new mines the highest-eost

mines. new mines often were the lowest-cost producers o many regions

Although many of the poliey proposals and analvtie approaches wo the wed e
problem discussed here way appear to be mutually exclusive aud logically meampunble,
the Congressional legislutive process deals with compromise. not logic. Henee. the final
legmislation. when it eventuaily emerges from a House-Senate Conference committee and i~
sent to the President for his signature. may contain elements of many of these proposals
stnee only 1 this way will 1t be possible to accumulate sufficient votes for the passage of
the tinal piece of legislation.

Even when an acid rain bill hus been passed into law, there will remain many areas
of uucertainty. There is considerable likelihoad. as has occurred in other major pieces of
environmental legislation in the past two decades. that the states will be called upon 1o
plav a kev role in implementing acid ram legislation. If the final bill cither does not man-
date a technology for clean-up or only mandates a technology for one phase of the clean-
up effort, the governments of high-sulfur coal-producing states are almost certain to res-
trict fuel switching by the utilities within their boundaries. Furthermore, some statesx
may elect 1o melude large industrial sulfur dioxide emittors in their implemenmation pro-
grums. even though the federal legislation foeuses on electric uuilities. As in all major
environmental legislation, there is also the potential for litigation. While the courts will
probably uphold the government in most cases, litigation does have a considerable poten-
tial to slow the implementation of acid rain legislation.

The single-most significant factor in creating uncertainty as to the eventual results
arising from the passage of acid rain legislation is the dynamism of the energy market
itself. Many variables will determine the eventual extent of the impact of acid rain legis-
lation on the U.S. coal industry: the import of power from Canada, the greater use of
natural gas in electric generation, a shift from an exclusive reliance on large central gen-
erating facihities by utilities to small distributed facilities operated by cogenerators and
independent power producers, a greater economic wheeling of electricity from region to
region. improvements in new clear coal technologies, and the interaction of acid rain
legislation with other clean air imitiatives such as ozone non-attainment. "greenhouse”
legislation. and tall stacks regulations.



Clean Coal Technologies

Clean coal technologies are seen by many in the coal industry as the answer to the
threat pused by vanious forms of clean air legislation and regulation  The current govern-
ment Tunding £or clean ool technologies an the United States ongimates from a jomnt
report on actd rn prepared e 1985 by Bl Davis of Canada (the former preaver of
Outarto} and Drew Lewrs of the United States. Among other things, the report recom-
mended the expenditure of #5 hillon over five vears o control sulfur disxide and nitrogen
ondes emissions President Reagun and Cunadian Prime Minister Mulroney signed the
report early m FS6 0 The DOE began the Clean Coal Technology Program in 1956 1n
partid fulfilluent of these commitments. The initial federal share of the budget was $400
muthon  In 1987, an additonad $336 mallion of federal funds were made available under a
second phase of the program  The intention is to provide $2.5 hilhon over a five-vear
perwed with the private sector contnibuting an equal amount. Polineally this would not
onlv fultill President Reagan’s commitment to Prime Minister Mulroney, but also it
would put a more positeve slant on the Reagan administration’s long-standing opposition
tor acid ram legislation

The process of obiwning federal funding for a project is. however. arduous. The -
tal round of proposals has resulted 1n seven agreed-upon projects and four proposals still
in negotiation. The length of the negotiation period has led to complaints from some
would-be participants that it s very difficult to keep the original engineering team
together through such a lengthy process. The second round of funding by the May 23,
1988, deadline drew 54 proposals competing for $336 million in federal funds. The com-
pantes selected will at least need to match any monies received from the government.
Among those submitting bids. the major plant builders were the leaders. Babcock & Wil-
cox and Combustion Engineering both submitted four projects each. Among utihties sub-
mitting proposals. Southern Companies is the leader with four projects. and the Tennes-
see Vallev Authornty has two.

The rather sparse representation of electrie utilities among those presenting propo-
sals 15 a result of the changing regulatorv environment for electric utilities. In recent
vears 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 portions of conventional power plants (both nuclear and coal) from
rates because they were in excess of immediate load needs. As a consequence, utilities
have become reluctant to invest in new conventional power plants and in many cases.
have lost interest in contributing to research. This withdrawal of utilities from techno-
logical development is unfortunately occurring just as large sums are needed for the com-
mercial demonstration of some clean coal technologies. In order to convince potential
users of the soundness of a new technology. a demonstration at a meaningful scale. gen-
erally over 100 MWW, is needed. This permits cost data. both capital and operating and
maintenance, to be obtained along with data on vields, availability or reliability, capacity
factor. quantuty of air emissions along with liquid and solid wastes disposal. the number
and type of operuting personnel required, spare parts required, and other factors required
for operability  Very few new coal technologies have been adopted by electric utilities
without a demanstration of this tvpe. Moreover, the economies of seale for handling coal
makes it difficult to obtain meaningful cost numbers from a small-scale installation.
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The predominant technology proposed 15 some form of fluidized bed combustor (11
proposals). The remaining proposals deal primarily with various combustion  -hnolo-
gies. including gasification and 1o a lesser extent with flue gas clean up and precombustion
removal of sulfur through coal cleaning. Some of the technologies are complete responses
to a given emission problem, while others, such as physical coal cleanmmg are a partial
response and must be combined with another technology. The selection of technologies 1s
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 technologicul 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 United States.
The Tennessee Valley Authority is heading a consortium of engineering companies and
electric utilities in the construction of a MW atmospleric FBC unit at the Shawnee plant
in Paducah. Kentucky. Although the unit is not scheduled to be operational until later
this month. TVA anticipates that projected costs will be comparable to existing units
with scrubbers. The Shawnee test unit 1s expected to burn coal with a sulfur content of 3
percent to 6 percent. TVA has applied for federal assistance in the latest round of the
clean coal technology program. A 130 MW 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 botler 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 M\V 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 greenfield generating technologies as for
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extending the lives of and upgrading older existing coal units There are also a consider-
able number of industrial FBC units in operation in the United States at present Exclud-
ing trash-to-energy fucilities, telephone surveys done in the course of buildmg large
proprietary industrial energy-use data bases suggest that at least one million tons of
industrial coal are now being burned in FBC boilers at industrial facihiues.

FBC techrology is not necessarily a blessing for the coul industry. On one hand.
FBC technology helps to mitigate 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 anything
from lignite to anthracite without significant cost or operating disadvaniages resulting
from a high ash or high sulfur content or frem variations in ash fusion temperature, why
would a utility pay a premium for a better coal? Further, why pay more to use coal at
all> FBC technologv 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, agricultural wastes, and anthrac:ce wastes. By
significantly enlarging the scope of the materials which can be used as fue: for electricity
generation. FBC techinology may tend to depress both the demand and the price of coal.
It has been argued by some advocates ol the technology that it will put new life into the
now moribund movement to convert oil-fired power plants to coal. Perhaps, but this
trend could only be economically justified if oil prices were again to rise sharply. Overall,
FBC technology will favor those coals with the lowest production costs regardless of qual-
ity. In time. as these technologies penetrate the electric utility market in the United
States. thev may have an unfavorable impact on companies which have built their stra-
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 Chalmers, 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 operations to providing fuel for electric power
generation. The dominant technology at present is the Texaco gasifier. which is already
in use in commercial-scale chemical plants by the Tennessce Valley Authority {TVA) at
Muscle Shoals, Alabama. and Tennessee Eastman at Kingsport, Tennessee. Shell. based
on the successful operation of its large pilot plant at Deer Park. Texas. has declared its
proprietary process commercial ready. The company claims that its process 1s character-
ized by high thermal efficiency, a high throughput rate, useful by-products, environmental
compatibility. and efficient heat recovery through the production of high-pressure super
heated steam. The Dow Chemical gasification system is currently undergoing tests in a
commercial-scale facility at Plaquemine. Louisiaua.

The use of gasification in the production of electricity. primarily in the form of
mtegrated gasification combined cvele (1GCC) plants, has in recent vears begun to
attract utility interest in the United States. The world’s first demonstration of the tech-
nologyv using commercial-scale components and based on the Texaco gasifier has been
operating successfully for more than three years at Barstow, California. The Cool Water
Project was initiated by Texaco und Southern California Edison and extensively funded
by EPRI and the Jupunese. As the project progressed. oil prices dropped. Thus, avouded
costs, which was the basis for the purchase price of power produced by the plant,
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They were compelled 1o seck prie support guarantees from the Syarhene Paels Corpoup
teow masitum aneant b 2020 aodlen during the plant’s demenstraten pervad whach
ends in 1984

Technieally the progect has been a success but cecnoamieslly the plant caunor be
judged a commercial success EPRI has progressed i oats thnking om the gastticatnom
wste and now s proposing the development of "eoal refineries” which wonld recover and
market the byv-products from coal susitication. For example, EPRE = ~tudving o process
mg plant for using Hy ash o remove valuable metals such as alummum. iron. silver,
trtanium. and galliom. The Cool Water plant at present removes 949 percent of the sulfur
from the coal and sells 1t for us much as $100 ton. Howeser, the "eonl refinery” s more
hke a chemical plant than an electrie generating plant and 10 s not elear that elecirie unl-
tties will waunt to be i the business of marketing coal byv-products EPRI has also pro-
pused the use of the guxifier at Burstow for methanal production The methunol could be
stored and then used for peaking fuel or could be <old for use as g transportation fuel.
Storing methanol for use us a peaking fuel in 1GCC plants would alzo reduce the size of
the gasttier needed in such units and consequently the capital costs. EPRI has submitred
a proposal 1n the second round of the clean coal technology progrum to test this concept
at the Barstow plant.

Utilities are not expected to adopt 1GCC technology very quickly. Although many
of the individual compounents of 1GCC have been commerciully applied for many vears,
other components are new and wmn fact unique to IGCC. The Cool Water 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 Witer project, many utility
investors may lack sufficient confidence in component cost and performance estimates.
There is also justifiable concern over the lack of demonstrated experience with the entire
svstem since the only operating 1GCC’s are Cool Water and the Dow facility. There
could also be major delays in the licensing and permitting process for IGCCs. particularly
if the potential environmental impacts are not precisely known by regulators. For exam-
ple, there is at present very hittle 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 restrictions on its use 1n utility boilers because of the repeal of the relevant sections of
the I uel Use Act in 1987, have created considerable interest in building plants at which
the initial unit is a combustion turbine. A steam turbine and gasifier are added at later
stages. This has the benefit of taking advantage of a low-cost clean fuel while it is avail-
able and adding gasification techunology as gas rices rise and gasification technology
improves. Potomae Electric Power is planning a similar natural gas combined-cyele
plant. The gasifier is to be added later when the cconomics become more favorable. The
economices 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 twe 300 MW units for Virginia Power
which are to use w noxture of nutural gas and synthetic gas prodoced from coal. The
unts. which are 1o be m operation fate in 1990, are to operate mitially on natural gas and
will add gasifiers us natural gas prices rise International Energy also has o 100 MW



contbreas combinedaove e wnnt wnder constractien o Hacelton Perosalvan o which widl ose
matural was and svarthiet was o 3 Lo T ratie The ele iy froan the plant s oo be
parchased by Peansyhoanie Power & Light and the steam s ro be sold toopearby andos-

Tries

A further enhaneement i gastfication technology s being deveioped by NTW Kl
Loy and Beehtel who have schmntred o proposal to fund o demonstration project an the
~ceond round of clewn coal technolosy fundhing The wdvaneed  gasilication combaned-
evele svstem bemng developed by the two compames s <aid 1o be an mmprovement on the
Cool Warter technology The project will use o KRW air-blown Huidized-bed gasitier and
@ combuston turbine with a non-reheat steam turbine . The goul 15 v develop gusificats o
eopnpment which i computible with standardized off-the-shelf gas turbimes The demons
tration factlity will be a 600 MW unit wath a modularized gasifier asland . The aonl =1
achteve capital cont~ below 1000 AW of nstalied capacity The planned vt wall be
built in Somerset County Pennsvivanin, and s expected 1o be operational by mnd-1991
However, averded costs, which cap the rate at which the electricity produced by the pro-
Jeet can be sold to a wnlity, are oo low for the project 1o be profitable o the first ten

vears

There are stll further unprovements i the experimental phase of gasification 1ech-
nology. The DOE research laboratories are focussing on the techuologies for hot gas
clean-up. If implemented. these technololgies would remove sulfur and particles withom
first cooling the hot gas from the gasifier. I successful. this clean-up technology would
signtlicantly lower the cost of 1GCC technology to below $1.000 k\W.

Cogeneration

In 1978 the Carter Administration. deeply concerned about the nation’s growing
dependence on oil and gas, passed the National Energy Act of 1978 One aspect of this
strategy was the Public Utility Regulatory Policies Act (PURPA) of 1978, which was to
encourage entrepreneurial investment in renewable and alternative forms of energyv.
Prior to 1978, cogeneration had been in decline for about eighty veurs. In the 1R90s.
about two-thirds of U.S. electricity was produced at on-site power plants by industrial
plant owrers. At the turn of the century. cogenerated electricity was about 60 percent.
by 1978, it was down to less than 5 percent.

In part. the basis of this trend was related to the economies of scale from large
power plants. Further. it was reinforced by the existence of three keyv barriers to cogen-
eration:

o Utilities were not required to purchase excess power from cogeaerators: if
they did buy power. they paid for it at their average svstem cost

o Rates for back-up power were very high

o Cogenerators were regulated as utilities

PURPA eliminated these barriers and created neentives for entreprencurs to
become involved i cogeneration and small power production. The raagor provisions of
the act were us frliows
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o Exemption from f.deral and state regulaticn as a uulity.

Q Exemption from il and gus use prombitions.
0 Ixempuon from incremental pricing of natural gas
o Guaranteed sale of excess power to utilities at their avoided cost.
o Pernussion for the simultaneous purchase and sale of power
0 Provision of tax incentive credits
O Liberalized depreciation and leasing rules.
0 Uuilities are required to sell back-up power at reasonable rates.
O Vulities are compelled to provide mterconnection capability.
o Provision of mandatory wheehng authority across utility transmission sys-
tems
rofits exempt from federal and state rate of re sgulations
o Profits exempt from federal and state rate of return regulations.

PURPA also imposed 2 minimum operating standard fer "qualifyving facilities” {QF}.
that 1s. thermal output must exceed 3 percent of total energy output, as well as minitnum
efliciency standards for facilities using oil or gas as fuel. Utlity ownership of QFs was
restricted to 50 percent or less. QFs were also permitted to easily obtain exemptions
{rom the Power Plant and Industrial Fuel Use Act (PIFUA) for the use of gas in cogenera-
tion facilities.

When PURPA was first proposed and passed into law. 1t was anticipated that
entrepreneurs would build perhaps 5.000 MW of iacremental capacity, primarily from
renewable resources. Initially, the impact of PURPA was limited. PURPA gave the
authority to each state utihty commission to define avoided costs as it sees appropriate.
'his took some tume 10 accomplish since some states attempted to estabhsh benchmarks
at X0 percent rather than 100 percent of avoided costs. It took time for the courts to rule
in favor of the 100 percent avolded-cost interpretation. As well, the electric utility indus-
try. led by American Electric Power Company. filed a lawsuit challenging PURPA. The
suit was flinally dismissed by the Supreme Court in 1983,

Uncertainties about the structures of financing of the QFs and about pow:r purchase
contracts signed by utilittes with QFs resilted in an initial reluctance 1o invest on the
part of the financial community. However, by 1983, several successful financial models
had been tried. the litigation had been largely resolved, and investment in PURPA facili-
ties became highly fashionable in the financial community. As of June 1987, cogeneration
filings totaled 41.983.5 MW and small power filings totaled 15.347 MW Smull power
production factlities tend to use either biomass or waste proulucts as fuel or to be powered
from wind. hydro. or geothermul sources. This "ulternative energy” industry. which
surged ahead faster than cogeneration in the early vears after PURPA becume law.
appears now 1o be slowing down

One dithiculty mn assessing the ultimate magnitude of the cogeneration industry 1s
the Luck of dara on the historical base of fnstulled capacity. GRI estimates that i 1980,
the qustalled base was approximately 9.000 MW, but other industry sources put the figure
for 1980 a= high as 140000 MW For 1985, GRI estimates an mstalled eapacity of 19,000
MW while other imdustry estimates suggest 22,900 MW Both the DOE and the FERC
have attempted to eollect mational data on cogeneration, but both have Tuled  The



Edison Electric Institute conducted a survey of non-utility generating capacity in 1985
and reported a total of 20.062 MW on hine as of December, 1985 The DO 10 compiling
data on power purchases by utithties from non-utihity sources found about 26 milhion
MWh in 1985, an increase of 100 percent over 1983 und an increase of 2.300 percent since
1981, Projections of eogeneration capacity by the veur 2000 by the Office of Technology
Assessment, the International Cogeneration Soctety, 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 private power industry 15 very difficult because of the lack of reliable data noted
above. Figure 2 indicates that to June 30, 1987, only 23 percent of some 41,985 NV of
QF capacity was coal-fired  However. an examination of many of these projects to the ex-
tent data 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-
thracite and bituminous coal wustes, usually in FBC units. In certain regions. coal ap-
pears to be the preferrcd fuel for cogeneration. for example in Appalachia and in New
England. Recently, when Virginia Power announced the results of its competitive 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, 36 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 23-vear contracts, it would tend to favor coal because of its
long-range economics. Even in California, where the stringency of clean air standards has
discouraged the siting of utility-owned coal-fired generating capacity, coal use for indus-
trial cogeneration and for enhanced oil- recovery projects is increasing. For example,
several weeks ago, Kerr-McGee Chemical Corporation 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 INern County.

Figure 2

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

Coal
23%

Biomass
6%

Natural Gas

Source: Federal Energy Regulatory Commission
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The Restructuring of the U.S. Electricity Utility Industry

Stgntficant chuanees an the regubntory environment G electre and was utilities and
vechnologteal development= o the aeneratien o clectreany e kel oo the 1990~ 1 ara-
Doty drog the nature o the b e wenerad et industry Steee the cooonne ealey f
the Us vl mdestiy s chosely tied o the stadabry of the elecrre anthey mdustry o
pertond of potentodly sigmidteant change hes ahead There are many factors 1o be eon-
stdered momeasuring the hkely impuact of these changes  However, from the present per-
~pretive gt appears that the net impact of these changes could be negative for the U S

coubidustry both mterms of demund growth and profitabihiny

The eleetrne unhity amdustry of the 19995 45 expected o be mare competitive, but
~ubstuntial m=ttutional and regulatory constramts will reman to mhthit effective com-
petitien. resulting in a nuxed “ecompetitive-regulated” marketplace  Lurge mdustrisd
commercial. and wholesale customers have an inereasing array of alternatives available 1o
them i cbtaming electric service. Institutionally, these cholees include cogeneravion,
sell-generation. or the purchase of service lrom entrepreneurs willing to invest in genera-
tion facilities to supply a facility’s needs. Technologically. the choices now include coal,
oil, gas, and alternate fueis (e.g., RDF. biomuss} On the wholesale level. Canadian utili-
ties und ndependent power producers (IPPsh will inereasingly compete in the market-
place. The expansion of the number of options available to entities shopping for bulk
power will have a number of effects on the electric utility industry-

o Electrie uulities will be forced to enter into price competition 1o retain or
obtain bulk power loads.

0 A disaggregation of vertically-integrated serviees will occur 1 order to tailor
service to a specific customer’s needs.
o There will be an elimination of historical cross subsidies of certain classes of

customers by others.

The many factors wnvolved will have @ major cumulative impact on the coal indus-
try. Competition between generating entities using different fuels and different technolo-
gies on the one hand and between generating entities using the same technologyv. but hav-
g different fuel costs attributable either to location, contract vintage or transportation
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
resorting to litigation to escape from high-priced contracts. In most instances. the courts
have defended the sanctity of contracts entered into between utilities and coal companies.
and some rather 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 market prices. Recent instances include Georgia Power’s buy-out of two
Westmoreland Coal contracts and Delmarva Power & Light's buy-out of a Pittston con-
tract.

Bulk-power-ofl-system sales have also significantly increased the uncertainty about
fuel needs. This causes utilities to rely more on the spot market and to build frequent
price and volume re-openers into new long-term contracts. Far shorter contracts have
also replaced the ten-to-twenty vear contracts of the 1970s and early 1980s. Resource
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Data International of Denver, whieh trachs utihiny coud contracts, found that o 1983 50
percent of all new contracts signed were for o peread oF tweo vears or fessom T9NG0 was
60 percent and i TIRT 10 rose 100 72 pervent . Hisine budk power sades and mter-ntih
competition o the bulk power market are one nechamsm by which lower ool and gos
prices exert competitive power over coul prices  Suely sales abso briine unlines with bagh-
priced coal mto competition with utihities with low price of coad oS not uneonmmeon for
utilities to offer to buy weremental coul tonnage for use o generating power for off-
svstem sales if their coal supphers will decrease their prices Thus, the competitive forees
i the electricity idustry will exert a steady downward pressure on coal prices The
effect of this pressure may. however. not be all bad because as coal prices dechne. coal
becomes more competitive than ol and natural gas. and the economies of at least <ome
gas-fired projects could become more doubtful.
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ENERGY USE IN BUILDINGS:
THE U.S. EXPERIENCE AND LESSONS FOR CHINA

A\ark D. Levine* and Bo Adamson**

This paper covers ‘hree 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
the 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.

Energy Use in U.S. Buildings

Buildings in the U.S. consume. according to the standard tabulations, more than
36% of total US. energy.l 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 U'.S. amounts to a total of 26.8 quads (one quad
= 10" Btu.) This compares with total commercial energy consumption in China of 21
quads. Thus. U.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 bili for the 26.8 quads is more than $170 billion per year, at 1285 energy
prices. (Today the energy bill for buildings is higher than it was in 1985, in spite of the
decline in oil prices, becausc of the relatively small use of oil and the large use cf 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 4.2 over a twelve year period {or
about 0.349 per year). During the twelve year period before 1973, residential energy use
increased T19¢. Thus. the growth rate of energy use in the U.S. residential sector prior to
the oil embargo was more than 13 tiines 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 yvear over this twelve year
period. In the twelve vear period prior to 1973, energy use in commercial buildings

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

** Head. Dept. of Building Seiences, University of Lund, Sweden



pereased by 9750 or 58 per vear Thus, the growth i commercrd butlding energy use
also declined substantiadly after the embargo (annual zrowth was cut by a factor of 3 1),
but the commercial building sector appeared to respond less than the residential sector 1o
higher energy prices

These reductions in energy growth in the building sector are smaller than for onher
sectors.  As a result. buildings consume a larger fraction of total U S, energy use today
than they did at the time of the o1l embarge: 36 3°¢C today versus 32,35 in 1973 Since
the embargo. industry has cut its energy use by 4.5 quads (147}, transportation has
increased by 15 quads (+8Y¢). and buildings have increased by 2.7 quads (+1190).
According to these statistics, 1t might well appear that buildings have been the laggard
reducing energy use. compared with other end use sectors.

This is. we believe. not a correct conclusion. It s very important to recognize that
buildings are very long-lived capital stock. A building will typically survive 75 10 100
vears. Ounce a building 15 built many worthwhile optioas for increasing energy efficiency
in a cost-eflective manner are gone. Thus. considering that the existing building stock
turns over very slowly. the gains in energy performance in the U.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 or building energy use in a slightly differeni way. For
the residential sector. the primary unit is the household. In 1973, the average household
consumed 205.6 million Btu per yvear. In 1983, consumption was reduced to 176 million
Btu per household per year. This 14 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 hall of new homes in 1973 had central air conditioners com-
pared with 70 in each of the last five vears), 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 lactors. 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 (especially
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 Mevers.
1987, for more details and quantitative information about the efficiency improvements
and conservation measures that have occurred in residential buildings."1 3)
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The improvements in thermal integrity of new houses have been substantial since
1973 In 1973, an average new house mstalled ceting msulitnion of K-25, eqmivalent to a
thickness of about 10 em of insulation. By the ecarly 1980s, the average value of cetling
insulation had wereased to almost k-3, double the thickness and insulating values of the
1973 levels.* Thickness of wall mnsulation in new houses increased by 10 or 5077 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 gluzmg.4
More recently. houses have been constructed with low emissivity glazings. further reduc-
ing heating loads in winter.

In addition to these large improvements in the thermal integrity of new houses, the
efficiency of major energy-consuming appliances has improved as well. Figure I presents
data on the energy consumption ot the 19835 stock of appliances if they all had the
efficiency of (1) the typical new appliance sold in 1973 fleft most bar!, (2) 1985 stock
'second bar’, {3) the national energy efficiency standards in the U.S., as mandated by the
National Appliance Energy Conservation Act (NAECA) of 1987 ithird bar,, or (1) most
efficient technology. currently available fourth bari or likely to be available in 1990 or
somewhat thereafter fifth bar.. This Figure demonstrates that substantial efficiency
improvements have taken place in many of the household appliances since 1973. that
under NAECA additional improvements are in the offing, and that current and future
technslogy could lead to much greater efficiency gains.”

Figure 1,
Trends in U.S. Appliance Efficiency
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New commercial buildings in the United States also showed significant gains in
energy cfficiency. 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 vear. 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 600! (The reductions in energy use
from the average office building stock in 1979 were about 309.)

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.
so0 ———|NEW LARGE OFFICE BUILDINGS|
— oM
3 = ,/v
o ‘I -
x| 400 Us. . i Scales for all
~ = K i ! commercial
= 4 i buildings
G . Vs
o 5 s ' :
r= o0 . ] 1978 survey 4 150
; e ~ : U.S. avg. —»
o o ‘ office stock
o - ~ Voluntary U.S. standards| 3 n
G 200 - £ w0 g
o 7. .. -.Sweden. - - - - .. / a “ 2
5 P 2a o
2 = [PPSR o | o
@ w0 | 1975 standard é ! 50 §
, o a
BECA.cn I Mandatory | ' < !
- ]
0 1 [l i i b 1 1 B NS ¢ ] 0

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
Year built



With these dramatic reductions in energy use mtensiy i new office buildings sinee
the peak in the early 1970s. it is useful to usk why energy consumption m commercial
buildings has continued to increase (albeit at a much slower growth rate than i the past)
since 1973. Some lactors that have worked to icrease energy intensity m 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-
cellancous 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
lave not increased in efficiency as much as residential apphances (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 bui'dings 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.”7 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
. 3
analysis.

For purposes of the study, China was divided into three prineiple heating zones. fol-
lowing the map i Figure 3. Cities such as Harbin, NXining. Betjing, and Jinan are located
in the central heating zone. Nunjing 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 Zanes

m Centrai heatinr roze D Transition zonm E 3 Hoa-heating zone
R

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 vear, for reasonable comfort
conditions to be met. This limit, +12°C, seems from a Western point of view tu be very
low, but is an essential improvemen' compared with current conditions in the transition
zones in developing countries such as China.
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For buildings with central heating, the cost of the heating system s an essential puart
of the total butlding cost I the heating system can be excluded (ie o a pussively heated
butdding). the cost of the heatmg system can be used to mprove the bnlding envelope
without inereasing the total bhuilding cost. We investigate this issue for buildings in the
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 cuy n the transition
zone (Nunjng) and two cities in the central heating zone (Beijing and Xinimg). The design
variables to achieve passive design included inereasing: (1) insulation of exterior walls, (2)
areas of south-facing glazing. (3} thermal mass of interior walls. and (1) reduction of air
mhltration.

Results of Analvsis

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 0.3 air changes per hour), piacing moderate levels of
insulation in the walls (IK-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
butlding can be expected to achieve temperatures of greater than +14°C in all but 100
hours with no heating svstem using a passive design. This design includes (1) well-
insulated exterior walls (IK-3) and roofs (IK-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 vear. (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 ts that
it is possible to design a passive residential house in the Betjing climate that meets comfort
conditions significantly betler than presen! 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 cnnservation measures can
reduce annual energy use to 137 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 1n Beijjing
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, significaatly
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 U.S. (as well as other western) researchers would be highly desirable. These
include:

o establishing methods to gather data on enzrgy 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.

e assessing lechnologies to increase energy efficiency of busldings 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 inefliciencies 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 tu 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

There have evolved over the past decade a wide variety of programs and policies 10
eflect energy savings in building in the United States and other developed countries.
Of particular note in the United States have heen (1) federal energy efficiency

13-8



standards (either voluntary or mandatory), (2) state standards, (3) electric utility
rebate programs to foster energy efficient appliances. (4) electric utility energy audit
programs lor residential bulldings. and (3) utihty low interest loan programs to
foster energy conservation wvestments in residential and commercial buildings.
These policies and programs are dependent on u substantial body of analysis, as well
as the development and application of analyvtical tools and data.

Lawrence Berkeley Laboratory is presently leading a major effort to develop policies
to promote energy efficient commercial buildings n five countries in Southeast Asia
{Indonesia. Malayvsia. Philippines, Singapore, and Thailand). 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
studies. with the purpose of developing and implementing energy standards 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) strain the capital resources of China. as large amounts of capital are needed to
fuel the energy sector. As the developed countries have discovered, investments in energy
efliciency 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
countries like China. We also believe that the Chinese will develop indigenous methods of
improving the efficiency of energy use. Collaboration, in both technical and policy stu-
dies, has the potential to be a very valuable undertaking.
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ENERGY USE IN CHINESE BUILDINGS

Lang Siwer®

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 distrizt heating, and
ways of promoting its developient.

Realizing the modernization of China depends on (he adequate supply of energy and
its effective use. At present. energy use in buildings accounts for about 20% of total
energy consumption in Chkina. In recent years construction of residential buildings has
proceeded at aorapid 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-risc 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.l

Energy Use for Jeating 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 defined 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 709 of the total land area,
the transition zone about 15%. The floor area of residential buildings in cities and towns
in the ceniral heating zone accounts for about 5057 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 209G. 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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Euergy 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
peor, so a great number of residential buildings are high energy consumers. The heat
iransfer coefficients in buildings designed in 1980 in several cities are listed below.

Table 1. Heat transfer coefficients of envelope in residential buildings5

Coeff. (W/m™-*C) Limit of Coefl.
- ’) o
City Days in (designed in 1980) (W/m=-°C)
heating scason

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

According tn measurements,Q'3 the average energy consumption for space heating of
residential buildings over the entire heating season is 32.6 W/m‘l. 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 is 35¢.7 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_/mg.

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 350 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 Energv

The authorities have paid more attention to the work of energy saving in recent
vears. Since 1982, the Ministry of Urban and Rural Construction and Environmental
Protection has been entrusted with projects on energy savings in buildings. The lustitute
of Air Conditioning. the lnstitute of Building Physics, and the China Academy of Build-
ing Research have developed a ~Design standard for energy-eflicient residential buildings™
(referred to as the ~Standard™). and undertaken projects on investigation, nieasurement,
and analysis of the current situation of energy consumption in heated residential build-
ings. These tusks had been completed before 1985



Through investigation and measurement over several vears, the energy consumption
of residential buildings in the central heating zone has beceme understood. This provides
the basic data for formulating policy of energy saving in buildings, and fer compiling a
design standard for energy-efficient residential buildings.

The Standard® was approved in March 1986 by the Ministry of Urban and Rural
Coustruction, 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 econom.ic 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% 8

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 50-607¢ of total electricity consumption in the
building.1 Of the electricity consumption for air conditioning and refrigeration, 40-50%
is consumed through heat transfer of the envelope, 30-40°C is consumed by treating



outdoor fresh air. and 23-30°¢ is consumed by transportation and distribution of water
and air On the basis of data from high-rise hotels, the mstalled capacny of air condition-
ing. refrigeration and ventilating equipment is about 43-65°¢C of 1otal installed electrical
capacity. that of hghtuing is about 20-30¢: that of kitchen. laandry, steam bath, ete.. 1s
about 10-1547: and that of elevators, telephone. TVs. ete . is about 3-16¢.

According to data from ten hotels in several cities, average electricity use for a stan-
dard guest room (double-bed room with floor area of 30 m~) is about 21-30 kWh day.

Factors Influencing Electricity Consumption

Selection of chiller plant and heating plant. Use of absorption chillers 1s a good way
of reducing electricity consumption and reducing the pressure of supplying electricity in
the summer. Electrical resistance heating should be prolibited in winter.

Thermo-technical performance of the envelope in existing and new high-rise build-
ings is generally poor. In Shanghai and Guangzhou. the heat transfer coefficient of exter-
nal walls 1s more than that in residential buildings in Beijing. Single glazing is used in
external windows. The ratio between window area and wall area is about 0.3-0.4; some-
times the ratio reaches 0.3. 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 40-50 m3/hour per persen in most hotels.
According to this value, energy consumption for treating outdoor air acccunts for 30-33%¢
of total energy consumption in the whole vear. It is possible to reduce this by 50-607¢ by
using heat recovery.

The rate of hire for guest rooms and the rate of business for restaurants and shops
in hotels also intluences electricity consumption.

The difference in weather in various regions influences energy consumption in two
aspects. Oune i1s 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
transfer coefficient of the envelope in Shanghai and Guangzhou regions is more than 3.49
W/m?°C, and the average in Beijing region is about 2.33 W ‘m?°C. The electricity con-
sumed for cool energy loss through heat transfer in external walls accounts for 10-17¢¢ of
total electricity use in hotels. If the average heat transfer coefficient of the envelope is
reduced to 1.16 \'\’/’m2 *C. 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-reflect 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-
ditioning system. the outdoor fresh air is pre-heated or pre-cooled. This can reduce elee-
tricity consumption for treating 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 107¢.

. 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%.

'y 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 wlen 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 80YC 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 3°¢ of total electricity use over the whole year. If the air leakage is

reduced to 3%, electricity use can be reduced.

It is evident from the zbove 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 1 development stage in the past
thirty years.

The supply of heat from cogeneration is rising steadily at an average rate of 6% per
vear. 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°C. 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 distriet heating has lagged
behind. The heat loss from supply heat pipelines is rather high and there are not yet
advanced adjustment devices.

Development of District lleating

[t 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 1o 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

Javant 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 annuai 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 becanse 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 [1]. 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% {2].

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 179 to 229 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 averzge incomes. Although,
the way continents were settied 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 Program. Lawrence Berkeley Laboratory



hospitable terrain, often lured by valuable mineral deposits.

Urbanization levels are extremely high in Latin America. Venezuela has 85°¢ of its
population living in urban centers. Other Latin American countries have similarly high
levels of urbanization. These rates are higher than the 74 urbanization in the U.S. in
1985 but similar to those in the UK., Germany and other industrialized countries in
Europe.

Urbanization

(As percentage of total population)

1965 1985
China 18 22
India 19 25
Argentina 7 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 Development 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 49 from 1973-83 while its urban population increased
at 877 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 109 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 189 in 1965 to 22% in 1985. Population of Beijing has increased at
rates in excess of 39 annually during the last few vears in contrast to an average popula-
tion growth of around 1.2°¢ for the country.

Urban incomes are higher and rising faster thun iu 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 time several fold in major cities.
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Modern 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.



Estimates of Annual Per Capita Energy Consumption

in Urban and Rural Arcas in India

1 00U Kealy
URBAN RURAL

1973-74 1978-79 1973-74 1978-79
MODERN SOURCES
Softcoke 210 197 13 15
Kerosene-hghting NA 20 NA 33
Kerosene-cooking NA T0 NA b
Electricity 16 30 2
Subtotal NA 139 NA aR
TRADITIONAL SOURCES
Fuelwao 706 393 1197 191
Agr residues® 21 174 52 743
Dungcakes 61 86 175 31a
Charcoal 16 19 - 1
Subtotal 803 672 1424 1254

Source Bhatia {1987)
* And other sohd 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 Custa 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 us that in Asia. The use of electricity
at lower-income groups may indicate a preference to use electricity over other fuels or
lower electricity rates.



Cooking Fuels Used in Urban Households®™

Fireweod Charcoal Kerosene LPG Electrienty

{percent of households in grouping)
Hvderabad { 1982)

Lower-income 41 {b) 70 19 -

M. Hleincome RE] (b) 65 34 -

H.gher-income 13 (b) 37 71 -
Nairobs (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 2 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 , Umiversity of Connecticut
Sathaye. J  Mevers S (1985) Energy use in cities of the developing countries Ann. Rev. of Energy, 10
Hughes-Cromwick E (1985) Nairobi households and their energy use Energy Economies, Oct 1985

(a) Data for Hyderabad (India) reflect use of more than one fuel by households

Nairobi {Kenya) data refer o "primary™ cocking fuel

{b) Small amaounts of charccal 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 bhoth 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 charcoai 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 400 miles north of the city (61.

Ownership and use of multiple appliances which use diflerent 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 3579¢ of households in ltaly relv on a mix of natural
gas, LPG and electricity for cooking.

Lighting

The degree of indoor lighting is one of the main differences hetween 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 1ts poor light. since it is portable and because the first cost of obtaining electricity
1s prolibitive.

Recent studies of lighting 11 urban areas in India show a tremendous potential for
saving electricity through the use of low wattage flouroscent laraps as replacement for
incandescent lamps 7. The peak demand fer electricity is not fully met in most parts of
India. Peak load occurs between 3 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 are commercially available, may reduce the need for
10.000 MW or 23¢F of presently installed capacity. The annual rate of return on expendi-
ture for lamp substitution in electricity saved would range from 45 to 559¢.

Electricitv [ntensive Activities

The past decade has seen enormous growih in household electric appliance owner-
ship in Asiau cities. Particularly important in terins 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 329 in 1984 [8].
For refrigerators. Singapore and Taiwan are approaching 100°¢ saturation, and in other
cities the level is over 507%. Saturation of refrigerators has also begun to grow recently in
Beijing.

Saturation of Refrigerators and Air Conditioners
(% of househoids)

Year Refrigerators  Air Cond:tioners

Bangkck 1984 62 12
1976 26
Kuala Lumpur 1980 70 9
Taiwan 1984 95 32
1975 63 6
Singapore 1982 96 1
1977 88 8
Indonesia Urban 1984 26 2
Philippines Urban 1979 44 3
Beijing 1984 15
1981 2

Source Gandht et al (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
1s 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
mecome levels hy using stoves and that it is a lower prionity for households than
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refrigeration 9

Water heating consumes substantial amounts of electricity and solar hot water
(SH\W) heaters hold promise in many urban areas where the high cost of electricny is
compounded by the unreliability of supply. An economic analysis of a SHW system com-
pared with an electric gevser 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 SH\V system would have a payback period of about 3 vears
10..

Mobility and Acquisition of Vehicles

Energy use in transportation is determined by the demand for movement of people
and 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 ievels of car ownership. most cities of the Tlhird 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. Iu Cairo. the gasoline price
was 60°¢ and diesel price was only 20 of comparable interational 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 nuinber 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 Number of Cars
Between 1970 and 1980

(¢ vear)
Cairc 170
Abidjar 100
Buenos Aires 100
Jakarta 98
Bangkoi 79
Sao Paulo 78
Hong Kong 74
Singapore 68
Bombay 61
Calcutta 356
Stockhoaim 30
Leondon 26
Stuttgart 25
Toky 25

Seasree World Bank Urban Transport 1986



Many transport options are availuble in cities. These options, or transport modes,
provide diflurent 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. Govern-
ment policy often dictates the availability of modes, particularly when large capital
tnvestmrent 1 transport infrastructure is called for.

The traditional human and animal-powered forms of transportation predominate
rural areas of developing countries. In the cities, a wide vanety of transport modes co-
exist. Walking. bicveles, and cyele rickshaws. are still ecmmon forms of transportation,
particularly in countries hke China. where government pohicy and low income combine to
restrict transportation mainly to the first two modes.

Mode of Personal Transport in Chinese Cities

{percent of trips)

Walking Bus Trolley Car Brevdle Other

Shanghai 432 38 5 132

TR
Tianpin 426 103 445 26
Xuzhou 16 5 62 1“6 27

Scource Mac and Hu (1925) Ching’s Transport and Its Energy Use,
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 145¢ per
vear 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 were revised upwards again in 1983.

Hong Kong: Private Cars Licensed at Year End (°000)

1977 1980 18981 1952 1988 1954 1955 1956

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 between 1980

and 1985. while the percentage using private cars declined from 8¢ to 5¢. The percen-
tage using taxis rose significantly. however.



Hong Kong

Daily Average Passengers Carried by Mode

tpercent)

14K 1985
Heavy buses B! 42
Light buses M) 16
Rl tram 13 25
Taxis 11 16
Private cars 8] 5
Others 4 4
T tal passengers ( 000) T428 346

Source Parker L 11987) Energv Usean Land Transport in Hong Kong

Centre »f Urban Studies Umiversity of Hong Kong

Factors Aflecting Transportation Energv Use

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 worse 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 i1s utilized. Traffic conditions aflect 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 1n 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 motoreycles 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 motoreyceles per capita increased three-fold in India. primarily due to the goveri.-
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. motoreycle) miles travelled in 1982 occured in
urban areas  This {raction has increased from 559 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 1980

1670 1980
Pop Income Per Cars per Pop Cars per
{Thous )  Capita (US$) 1000 Perams | i Thous ) 1000 Persons
Seoul 5536 110 63 8366 15
Caliutta 7402 270 130 9500 10
Bonivayv 5792 390 135 8500 21
Jakarta 4312 325 180 6700 33
Bangkok 3090 525 197 5154 71
Sao Paulo 8400 T8 623 12800 151
Mexten City R600 1275 783 15056 105

Source Warld Bank 1975 and 1986 U'rban 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 13.5 per thousand persons in 1970 to 23.14 in 1981-82, but 1t increased only 15°¢
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 government policy to limit imports of automobiles, as in Seoul, Bombay and
Calcutta, or by heavy tax on imported cars, as in Jakarta.

The tvpes of fuel-—gasoline, diesel, 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. Utility 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 migranis seek better
opportunities in the cities and as villages hecome 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 wcerease in o1l and energy demand observed in the developing world
n recept vears,

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 ol cars, motoreycles 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 mayv have peaked Strong government policy in Hong
INong has been responsible for dissuading customers from purchasing vehicles i favor of
using mass transit systems.

Cities like Shanghai in China are already crowded with very httle or no personal
ownersaip of vehicles. Allowing personal ownership of vehicles will exacerbate congestion
and ircrease the consumption of scarce petroleum products. Yet, in order to achieve
higher economic standards mobility 1s important. Can 1t 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 Mevers
in compiling specific information on fuel use and government policy.
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URBAN ENERGY SUPPLY AND UTILIZATION IN CHINA

Zhang Tingwu®

Introduction

Wirh the deepening of economic reform. China’s urbanization process has
accelerated. Since 1979, non-agricultural praduction in rural areas has developed rapidly.
According to incomplete statmsties. now about 209¢ of rural labor has been shifted into
industrial preduction. 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 standard of urban residents has also
improved remarkably. In 1982, the per capital living expenses of town residents was 495
vuan: in 1987, the figure increasced to 916 vuan. Deducting the influence of inflation, the
real average annual increase rate was 6.3°¢. Urban modernization also progressed
rapidly. All these changes caused the increase of urban energy demand and changes in
the consumption structure.

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,
China’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% 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-
erallv 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 supplv and especiallv electricity supply is insufficient. At present,
the civil-used coal and LPG 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 shortage is China’s long unsolved problem. Even in large cities,
such as Beijing, Tianjing, and Shanghai, power cuts happen freauently. With the rapid
popularization of domestic appliances such as refrigerators and TV in recent years,
residents have become increasingly resent{ul about power cuts.

4. Low consumption level and low efficiency. According to investigations in Beijing,
Wuhan, Hangzhou. and Xinxiang conducted by the Nuclear Energy Institute, Qinghua
University, China’s urban energy consumption takes up 17-219¢ of total energy consump-
tion. Consumption per capita is about 0.4 TCE. Compared with the per capita urban
energy consumption of developed countries. this consumption level is rather low. Xore-
over. because only a little more than 207 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-
1zation efficiency of which is very low.

-

5. Air_pollution is aggravated by direct combustion 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 Urban 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 toms, about 0.167 tons per capita. I
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 15 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 standard. the corresponding increase of urban energy
intensity will be a natural tendeney. Under this situation, if the process of urban high-
grade cnergy supply cannot meet requirements, the results will be more meonvenience of
people’s daily life and increased environmental pollution. This problem should receive the
close attention of responsible administrations, und effective countermeasures should soon
be advanced. To sacrifice the quality of the environment. even temporarily. is not an
acceptable approach.

Because China is vast in territory, conditions differ greatly among cities. The ways
to realize urban high-grade energy supply should be selected based on local conditions.
Up to now. we still do not have a typical pattern. Under the conditions of irrational
urban energy prices and the imperfect state 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.

Urban Electrification Should be Based on China’s Concrete Conditions

Due to historical reasons, the Chinese government has been offering heavy subsidies
on house rent, medical treatment, food, and some other major items. With the increase
of people’s income, a “"domestic appliance craze” 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 time. and the ownership of these appliances has increased
rapidly. For example. in Beijing. both the saturations of refrigerators and color TV were

only L.7% in 198}. but the saturations increased to 61.5% and 50.99¢ respectively in

1986.

Table 1. Saturation of domestic appliances 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 TV 50.9 36.4 16.6
B'WTV 69.2 88.0 168.5
Washing machine 79 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 6.79¢. while the annual average increase
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rate in the “civil daily life’” class was 13.2C  We should see that China’s “daily life”
electricity consumption level is still very low (the national average per capita “daily fife”
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 deht.” Now the problem is,
under China’s concrete conditions. how to guide the development of urban electrification
correctly and avoid the unnecessarv 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 people’s 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, 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 23500 vuan to add one kW 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 vears, 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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The Development of Urban Gas Supply

The development of urban gas supply should follow the policy of using multiple gas
sources according to local conditions and should promote raticnal utilization. Increasing
arban gus supply is very significant for improving the urban environment. improving
people’s living standard, and saving energy. In 1985, about 1 4 of the national urban
population waus supplied with gas. According to the Seventh Five Year Plan of the former
Urban and Rural Construction Ministry, by 1990 about 50 million pecple will be supplied
with gus. amounting to more than 10°¢ of the urban population. In order to realize this
target successtullyv, the following should be done:

1. Develop multiple gas supply sources according to local conditions. First, if condi-

tions permit. LPG and natural gas should be developed with great efforts. With the
population over 1 billion und the production of natural gas only about 13 billion cubie
meters and LPG production only about 1 nmiillion tons, the per capita gas consumption is
too small. A large part of natural gas and LPG 1s still consumed in industrial furnaces.
If prices can be readjusted rationally, following the law of value, it will be possible to sub-
stitute this LPG and natural gas with coal (or coal gas), and supply this LPG 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 substituted as much as possible to supply
urban users. Using part of the self-used coke-oven gas from steel enterprises and coking
plants to supply adjacent cities is a rational approach economically, and should be popu-
larized. China has abundant 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 introduction 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 rather complicated and the investment
and costs are rather high. It is not economical to produce gas in medium and small cities
using these ovens (for example, gasification plants with a daily production helow 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 znd markets.

3. Priority should be given to cooking in urban gas allocation. At present. gas price
is still irrational 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 institutions. 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 heen fixed by the government for along time. The expenses of
the state workers for space heating are also paid by the state or eaterprises. Up to now,
the residence houses are still not commodities, so most urban residents cannot choose the
wavs of space heating according to their needs. Coal is the main fuel used in urban space
heating. which is relatively simple. Generally, heating rudiators are installed in the newly
constructed buildings in space heating areas. and the heat s supplied by various-scaled
coal-fired boilers. Coal stoves are still used in many one-story houses and some buildings.

In recent vears, urban district heat supply systems have been developed in north and
northeast China, though the proportion is still rather small. Beijing is the ety wath the
most district heating area. The heated area. supplied by thermaul power plants and dis-
trict hoiler stations. exceeds 10 million square meters, but the proportion has been under
15¢¢ for a long time.

Because coal is the main fuel used in urban space heating, and clean fuels are not
expected in the short rum, it is necessary to substitute the many scattered small boilers
with district heating systems in 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 i1s 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 resideace 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 peoj:ls ‘o spend money to buy “‘clean™ after the government subsidies
have been canceled, evers the.ugh it might be rational from the macro point of view.
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REDUCING ENERGY DEMAND WITII COMMUNITY BASED SYSTEMS:
A NATIONAL ENERGY POLICY VIEWPOINT FOR CHINA

Fred 8. Dubin*

Background

Energy consumption per capita will continue to grow - perhaps leap upward -~
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 imyorts.

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 eccnomie
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

. Prgside_nt, Dubin-Bloome Associates, and {"r-7essor of Architecture, Carnegie-Nellon
University



does determine the design parameters of the individual buldings comprising the commnn-
iy,

Even if increasing energy supplies could keep up with ever mcreasing demand, 1 o1s
only with great costs in capital, increased pollution. and increasing depletion of resources
-— and let’s keep in mind, saving one Buu is equivalent to producing 3 new Btus. Also. we
must keep in mind that reducing energy demund with energy conservation and energy
management offsets the need for construction of new capital-intensive and energy-
intensive electricity generating plants.

Community svstems may wmvolve each of the following disciphines individually. or
combinations with one or more of the others:

o Space Heating

o Heating Hot Water

o Lighting

o Power for Motors and Applhance
o Natural or Mechanical Cooling
o Potable Water Supply

o Fire Protection

o  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 1s 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/lzzs are related), but is system and equipment dependent. The
magnitude of each discipline influences energy requirements for the distribution syvstems.
The energy requirements for dictribution systems are dependent upon the terminal louds.
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 the 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 shuding to reduce heating and cooling
loads, and wind channeling for passive cooling.
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One can use Landscape planning to provide trees to ereate venture-effects for natural
cooling of building complexes  In the UNEP World Headquarters in Nairobi Kenya,
Dubin-Bloome Associates designed wind channeling systems 1o passively cool the build-
ings and act as solar shading as well,

One can use site development to create berms for nsulation and thermal storage to
reduce heating and ¢« Ung louds The layout of streets and land development are impor-
tant considerations for reducing loads on a communmity-wide basis.

Underground buildings. with exposed south-facing fucades. requiring site develop-
ment to attan the topographical profiles on a community-wide scale. reduce heating and
cooling requirements and systemr capacity.,

Energy storage using the acquifer, deep abandoned mines. caves and other natural
subterranean features can be used with a number of community energy system options.

In most climatic zones in China, space heating 1s. and will be. a requirement.
Energv-conscious community planning can reduce energy for heating by orienting each
building with an east-west axis to maximize passive solar heating through south.
southwest. and southeast exposures. The community plan will avoid locating buildings
which will shade those facades of adjacent buildings. while providing wind breaks for the
north, northwest and northeast exposures of adjacent buildings. Community systems pro-
vides this opportunity. which is not fully available in individual stand-alone buildings.
Proper orientation can reduce heat loss and heat gain in the summmer by 20 to 40°¢, while
contributing passive solar heat gain in the winter to meet vhe reduced residual load.

One can locate buildings within a commuanity so that south-facing structures can
reflect sunlight to the north facade fepestration of neighboring buildings to enhance day-
lighting.

Developing the site plau so that solar access is assured to all buildings can increase
solar passive heaung and davlighting to all buildings. This requires control of building
heights. set-backs. and careful study 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.

The juxtaposition of industrial plants, housing, and institutional and commercial
buildings provides opportunities to meet the individual loads in combined systems, taking
advantage of the diversity. Capital costs and operating costs and fuel consamption are
materially reduced.

Community Planning Can Reduce Distribution Loads

For community systems with distribution services between buildings, the energy
requirements for distribution must be less than the energy savings resulting from the
more efficient community systems equipment and diversified load. It is essential that pip-
ing distribution runs be as short as possibie. which leads to the requirement for energy
efficiency community planning, with the largest loads closely adjacent to the energy plant.

An efficient distribution system starts with the community physical plan. Central
facilities distribute to high thermal loads near the central facility. often with a spoke
wheel tvpe distribution pattern. Light loads in decentralized systems are more remote
from the energy center. A good example of such planning was a project in Minnescota, not



vet built, which we worked on wuth Buckmnster Fuller, the noted engineer. architect,
innovator. philosopher The Minnesota Experimental City was conceived in 1966 as a new
town plan that is “ambitious without being impractucal.” a completely self-contumed
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, Athelstan Spilhaus, who
first proposed the city in the comic strip. “Our New Age.”” which he writes for Sunday
newspapers. Under the guidance of Spilhaus, former dean of the Umversity of
Minnesota’s Institute of Technology. the full resources of that university were placed at
the disposal of the project. The 73.000-acre site is 120 miles north of Minneapols.

Dubin-Bloome Associates are the consulting engineers responsible for the energy and
waste management programs, and for recommendations for future design and plananing.
The emphasis is on the integration of energy and utility systems with transportation and
building structures. 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 treatment 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 aud protect parts of the eity \With its pollution-free.
total energy systems, many jobs will be created in research-oriented industries alone.

To reduce the distribution loads for all energy efficient community systems. basic
principles apply:

o  Reduce power for fans and pumps 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 Plant

Community systems may be decentralized, centralized, or decentralized/centralized
combinations. There are benefits and constraints with each type. Decentralized systems
provide individual end use control as do centralized/decentralized systems, but decentral-
ized systems alone can not take advantage of load diversity, central maintenance, higher
efficiency central equipment, centralized pollution control, and more effective use of
recovered waste heat.

Community systems may comprise multi-use buildings. wherein one energy plant
designed for the huilding as a whole is smaller than the sum of the energy plants 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 (time of
use) perm:is a smaller plant tc meet the total load since maximum requirements for each
function do not peak at the same time.

Energy management techniques and technology that should be evaluated in a com-
munity system include the following:

o Solar ponds for heating domestic hot water, space heating. and air conditioning for
some commercial spaces requiring cooling.

o

Community greenhouses which can supply thermal energy to adjucent buildings for
space and hot water heatings, as well as providing efficient agricultural methods to
produce food and plants
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Central boiler plants with large efficient units to provide thermal energy to multiple
buildings.

Central chiller plants with large efficient units to provide air conditioning and refri-
geration to multiple facthities.

Large heat recovery units from prime movers to provide lower grade thermal energy
for other uses.

Cogeneration svstems to generate electricity for the communrity. with waste heat
recovered and used for thermal purposes.

Seasonal heat and cooling storage. taking advantage of chimatic conditions with hot
summers and cold winters

Chilled water or ice storage systems for air conditioning and commercial and domes-
tic cold storage lacilities in a combined svstem for daly or weekly storage.

Regional evaporative cooling systems to condition the outdoors and produce a
desired micro-climate as designed for the AECC community n Iran.

Central active solar thermal energy svstems. and solar photovoltaic cells to generate
electricity, combined with wind generators to provide urban energy requirements
again diversity permits smaller plants.

Energy efficiency standards and codes to assure that all structures will be energy
efficient and fit into the energy parameters of community energy system require-
ments.

Central biogas energy plants serving multiple and mdividual buikhings.

Fiber optic power and light transmission.

Wind generators tn generute electricity on a regional scale. with power supplied to
the electric grid to eliminate storage.

Wind-driven heat pumps to provide aeating and or cocling at high Coeflicient of
Performance (COP).

Large-scale solar crop drying systems to improve food production and condition the
crop in a shorter period of time.

Large-scale -"phytotron’ type structures for food production using solar passive
heating and power to control nutrients and growth.

A high technology application for communities near the coast line can eventually
employ the Ocean Thermal Energy Conecept (OTEC) 1o generate electricity and
thermal energy.

More efficient lamps and luminaires for street lighting, and other outdoor applica-
tions on a community scale can reduce electric power or gas consumption by a factor
of 3 ar 1 eompared to present practice.

Commumty energy systems listed above, plus athers yet to be optimized. can result

m reducing enersy consumption ~ome 20 10 500 campared to the same number, tvpe,

and size individual bulddmgs i the same location, not Tavored by Total Ewergy Efficient

Communnty Planmng The potential s very great to reduee energy demand and depletion
of natural resources with commumty systems  To evaluate the cost benefits of such o

systemis) requires a comprehensive study of total communny planng i context with
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present cultural and social values, pahiticul considerations. and technology

Energy systems are linked to other essential societal needs, i.e., food, water, waste
disposal shelter, clean air, national security, sociological patterns, and local economics.

The Modular Integrated Utility Svstems (N LU S) developed by HUD (USAY at the
mitial suggestion ol Fred Dubin is an energy eflicient alternative to conventional utility
svstems for providing heating, cocling, eleetrie power: solid and hguid waste managenient
and potable water  This systemn reduces the drain on non-renewabile resourees and
energy. Rejected heat from power generation. hquid sewage from homes and non-
residential butldings und garbage and trash wre the prineipal wastes mvolved. The
henefits of MLLU.S include rhe tollowing:

o Raves fuel by utihizing waste heat from on-site power generation.
o Saves fuel by recovering heat from solid waste combustion.

0 Provides opportunity for drawing upon new energy sources.

o  Reduces air pollution emissions and improves air quality.

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 better organization and management of the overall utility
system.

o  Provides savings due to a better matching between demand and capacity, which
avoids “overbuilding.”

o  Provides savings due to greater usage of installed capacity.

o Offers single management responsibility.

o Improves operation and maintenance because of integrated design.

o Allows land development independent of existing utility infrastructure.

o  Allows application to remote. isolated communities.

o  Increases the need for enforceable mechanisms for shaping community growth.

o  Provides alternatives for military bases, national parks, and other government
installations.

o Offers portable systein for disaster relief and emergency housing.

o  Reduces reliance on foreign oil exports.

o Offers exportable system for sale to other countries.

o} Provides opportunity to increase off-site fabrication of utility components.

o Provides opportunity 1o develop mechanisms for institutional innovation.

Heat-Pump-Centered Integrated Community Energy Systems developed by Dubin-
Bloome Associates for Boston, Mass. and Washington D.C' reduce dependence on scarce
fuels and ather resources The very efficient svstem s based on the second law of thermo-
dvnamies when weually only the first baw efficiencies are addressed . The aperating costs
for an ntegrated <verem for New York Oy were cadeulated to be $787 compared to
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$1.057 per vear per dwelling unit for simlar performanee

A solar pond is one of the most cost effective solar encrey techmques  fros low tech-
nology. and can provide energy for space heating, water heating, absorption cooling. ar
eiectric power generation. There s no limt, except land area, 1o the number of such
ponds that could supply the energy needs of a4 community.

A heat pump system, drawing heat from sewage n a relatively dense huilding
development. can be used to upgrade the heat from sewage and dehiver thermal energy at
a higher level 1o buildings.

While air conditioning will not be used widely by residential and small non-
residential buildings in the tmmediate future. air conditioning for industrial processes.
farge commercial builldings, hospitals, and wurnist {acilities can grow to become a major
energy user and contribute heavily to peak power demand. Therefore, it 1s nmportant to
utilize low energy svstemns for air conditioning. These may mclude direet and indirect eva-
porative cooling. dessicant dehumidification. cooling storage systems. efficient equpment,
night sky radiation. and diurnal swing cocling.

New problems will arise over time. A master plan for community energy systeins
must be adaptable to accommodate change. Changes in transportation for instance, or
development of new products, or sociological changes all impact energy, and the energy
systems design must be able 1o meet new challenges.

However, with goals firmly in mind, energy community systems as they develop, and

as China’s industrial development develops, will be of increasing importance in attaining
the goals of national policy.



ENERGY AND TRANSPORT 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 62.0 100.0

* Institute of Comprehensive Transportation, State 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 compcuent 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 1983 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-
jlusuo, Lianyungang) and to develop new coal ports. Construction of ship unloading ports
located in Shanghai, Jiang-su, Zhejian, Fujian, Guangdong will also be empliasized.

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 enzrgy corsump-
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 different transport modes in 1985

Mode-Specific Unit Common Unit

Raillway:

Steam lLocomotive Coal (kg/1,000 gross Tkm) 17.0 (kgee/1,000 net Tkin) 25.3

Diesel Locomotive Diesel oil (kg/1,000 gross Tkin) 2.88 (kgee/1,000 net Tkm) 6.2

Electric Locomotive kWh /1,000 gross Tkm 12.15 (kgce/1,000 net Tkm) 6.5
Waterway:

Sea Oceanship Diesel oil (kg/1,000 equivalent TSM) 8.55 (kgee/1,000 net Tkn) 6.6

Changjiang Navigation  Diesel oil (kg/1,000 equivalent TSM) 6.94 (kgee/1,000 net Tkm) 9.9
Road:

Freight Vehicles Gasoline (L/100 vehicle-km) 36.0 (kgee/1,000 net Tkm) 93.6

Diesel oil (L/100 vehicle-km) 32.7 (kgce/1,000 net Tkm) 6.4
Passenger Vehicles Gasoline (L/100 vehicle/km) 30.0 (kgce/1,000 pkm) 98.2

Diesel oil (L /100 vehicle-km) 26.9 (kgee/1,000 pkm) 75.0




Railwav transport. At present, the steam locomotive 1s still the main railway trac-
tion power in China. Electric and diesel traction have de\ :ioped slowly. The shares of
traffic volume fulfilled by steam, diesel and electric traction were 60.99%, 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 kWh 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. Railway energy consumption structure

unit: % of total energy

1985 2000
Coal 81.1 59.2
il 13.0 18.4
Electric Power 59 224

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 3,000 234
Vans 110 34 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 (3.23). Therefore, the contradiction between oil
demand and supply will be very sharp.

Table 5. Oil consumption and structure of different transport modes

Transport mode 1985 2000 (forecast)
Million tons % Million tons %
Railway 2.07 10.6 3.30 6.3
Highway 12.00 61.2 35.00 63.4
Waterway 4.28 218 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.

Table 6. Energy 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 20 543 5.3
Pipeline 0.86 1.8 1.43 1.4
Total 48.10 100.0 102.20 100.0
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Energvy 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 3075, for electric 28%¢. If the electric
traction will have 45% of the traffic volume, diesel traction 35%%, and steam 20% , they
wiil 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-
sumptior.

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 witk 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 comliort.
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THE U.S. TRANSPORTATION SECTOR 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 d:stributed to States for road
construction purposes according to formulas based on population, area, and mileage
requirements.

Full construction of what came to be known as the Interstate Highway System
began with Congressional establishment of the Highway Trusi 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 r:quired 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 stafl 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
naticn’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 969 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.

19-1-7



The Airline Deregulation Act of 1978 established that the air transportation system
will rely "on competitive market forces to Jetermine 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 was initially designed as a
self-financing corporation but it has required F'ederal subsidies since inception.

The Federal Interstate Commerce Cominission 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 intercity freight was moved by other means.
Heavily regulated and economically uncompetitive, railroads were not generating
sufficient earnings to meet basic capital expenditure. 12quirements.

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 System 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 25.7% 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 4°¢ in 1960 to about 18%¢ today (see Table 1).

Table 1. Percent of Intercity Passenger Miles by Mode of Travel

1960 1986
Automobile 90.4 80.4
Airway 4.4 17.6
Motor Coach 25 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 Alr
& Canals  Pipelines

1929 749 33 16 1.4 4.4 0
1939 624 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 76 9.2 174 0
1970 39.8 213 5.9 10.5 223 0.2
1980 37.5 223 3.9 12.5 23.6 .

1985 36.4 24.8 3.1 12.5 22.9 0.3

19-3



Freight railroads reported improvements only in their truck trader-to-rail opera-
tions in 1986, Containerized and truck-to-rail freight shipment 15 viewed as having
significant growth potential as a trans-continental trunsport system. Coal and farm pro-
ducts hauling represents nearly 509¢ of revenue freight for reporting railroads.

Energy in Transportation

The transportation sector accounts for one-fourth ol 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 U.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
LS. 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
1.5¢ 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¢ 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
43¢). Trucks and buses account for 31 of the sector’s petroleum use. air transport
p p

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-efiective 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
rents for autos, and 0.2 cents for commercial aviation.
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Deregulation of the petroleum market in 1981 brought about consumer and
econd e henefits that significamly affected the transportation sector  After adjustment
for iflation. U S gasoline prices are the lowest they have been 1 a generation. Since
mid-1985 gasoline prices have remained below #1.00 per gallon. Furthermore, the U S
taxes gasoline at the lowesi percentage of any Western nation. with consequent retail
prices that are among the lowest in the world

Near-Term Transportation Issues

Clean Air

The benetits 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 96°¢. and NOx emissions by 76%¢. Neverthe-
less. air pollutants have remained substantially above the standards set by Congress in
1960. About 80 U.S. metropolitan areas are, and are likely to remain. in viclation of the
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 U.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 198R
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-
uive fuels in fleet-operated vehicles and for minimum levels of oxygenated blends.

Fuel Economv

Federal standards for automotive fuel efficiency were legislated by Congress in the
late 1970s in the aftermath of the OPEC iaduced oil shocks. Corporate Average Fuel
Economy (CAFE) for the U.S. fleet averaged 15 miles per gallon (mpg) in 1670. The US.
Departmeant 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 1984 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. U.S. Depart-
ment of Energyv projections of vear 2000 petroleumn demand assume a continual rise in
auto fuel efficiency. reaching nearly 40 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 1n 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 wiil take
office in January 1989,

Alternative Fuels

The 1986 collapse of oil prices and subsequent reduction in U5, domestic oil produe-
tion induced a re-examination of national dependence on petroleum imports ! Subsequent
analvses concluded the U.S. faces oil imports of between ® und 10 million B D by 1995
and bevond. Because non-transportation oil use in the U S s 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 importapt 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 svstem 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 promuigated
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. r.blic 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 import . and determining conditiows for
the introduction of alternative transportation fuels.
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ENERGY USE IN CHINESE INDUSTRY

Wang Jiacheng*

The Present Situation 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 vuan in 1985. The average
annual growth rate (calculated in constant prices) was 10 196. 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 3.992. During this period, the proportion
of industrial energy consumption in China's total energy consumption decreased from
64.79% to 61.29%. 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 1195, 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
Mtce. 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 4.27% of total energy con-
sumed. Most of this was saved by industrial sectors. Direct energy conservation
accounted for 257 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 43.29, coke 9.5¢, oil products 8.5, gaseous fuels such as natural gas 5.57¢, electri-
city 26.9%. 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 developiient and balancing
of the whole nutional economy It will [oeus on readjustment of industrial product
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structure; developing more complete processing, 'processing 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 compreliensive utibzation 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 forcign 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 cegeneration 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 technical 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 conservatiou 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 irtends to establish a batch of
kev projects for energy conservation and introduce widespread projects with advanced
techniques and good energy-saving and economic efiects.

The energy industry is both an energy producer and an energy consumer. The self-
consumed energy in China’'s 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 sirengthen 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 1983) is far lower than that of the main industrial-
ized countries (in 1982, 15.49% in the U.S., 23.5% in Japan, 19.89% in West Germany, and
16.09% 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-vear Plan. The electric power production
of the whole country in 1990 was planned to reach about 550 billion kWh, and in 2000 it
is forecast to exceed 1.200 billion kWh. 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 mdustrial energy structure will be
reduced gradually. However, more coal will be processed and comverted e forms such
as gas tc raise the efficiency of energy utilization and reduce environmental polluten

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
industrial trades. Taking 1985 as the base vear. we adopt the forecasting method of sec-
tor analysis and forecast briefly industrial energy demand in China by the yeuar 2015,

The energy consumption, gross output value, and expense of energy per unit of out-
put value in China’s industries in 1983 are listed in Table 1.

Table 1. Industrial Energy Consumption and its Composition, 1985

Expense of

Energy Gross Quiput Energy per
Consumption Value unit Output
Trades Value
100 M (10000 1ce
Mtce hrs Yuan e 100M Y uan)
Total Industries 471.73 100.0 8294.51 100.0 5.69
Of Which:
Energy Industry R2.76 17.6 852 82 3 9.69
Raw material Industry 246.81 523 2074.52 250 11.90
Processing Industry 142.16 30.1 5366.17 64.7 2.65
Of Which:
Heavy Industry 376.83 79.9 4322 69 50.9 8.42
Light Industry 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 per year.
It is assumed here that the average annual growth rate of industrial output value will be
7.5% during the period from 1686 to 2000 and 69 during the period from 2001 to 2015.
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Changes of Industrial Structure

As mentioned above. m recent vears China obtuimed the effect of reducing the
expense of energy per unit of indastrial output value m the readjustment of industrial
structure  llenceforth, in the coordinated development of industry, heavy industry must
still keep a higher development speed. The steady merease 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. food. hight and textile industries) should be increased appropriately. The
development of raw materia) industries - - metallurgy, chemistry and building materials

must focus on those raw matertals that provide for agriculture and hght industry. and
emphusize the non-ferrous and non-metal industries for which there are abundant
resources. and the petrochemical depth processing industries. in the development of 1ron
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-
<tum <hould be given attention. The assumed industrisl structures of the year 2000 and

2015 are <hown 1n Tuble 2

Table 2. The Composition of Industrial Value

1980 1985 2000 2015
Trades {Actual) {Actual) {Assumed) (Assumed)

Total Industries 100.0 100.0 100.0 100.0
Of which.

Energy industry 129 10.3 11.0 15.0

Raw Mateoal Industry 27.0 25. 240 220

Processing Industry 60.1 617 62.0 63.0
Of which:

Heavy Industry 53.1 509 53.0 520

Light Industry 46.9 46.1 17.0 48.0

Change in Energv Intensity

At present in China, the efliciency of industrial energy utilization is low. There is
potential for energy saving in processing, converting, transporting, stockpiling and final
consumption. In consideration of the difficulty of energy saving in the future, the rates of
decrease in energy use per unit output value in the main industrial trades are assumed as
follows: 2-4° during 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 estimated at
approximately 910 Mtce in 2000 and 1560 Mtce in 2015. The average annual growth
rate of industrial energy demand is 4.5 from 1986 to 2000 and 4.79 from 2001 to 2015.
The industrial energy consumption elasticity coefficients are 0.600 and 0.617 respectively.
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Conclusion

Industry 1s the main sector of energy consumption in China. With continuing
maodernization. China’s industrial energy demand will increase greatly. Energy conserva-
tion 1s 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-
iuted economic development and overall balance. and lav emphasis on rationalizing the
product structure and increasing depth processing. Energy saving depending on technical
progress I1s the basic way of industrial energy conservation. During the coming thirty
vears, 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 ENERGY USE AND CONSERVATION
IN THE UNITED STATES

Marc Ross*

Introduction

US. 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°% in the past 13 vears or an average of 2.3¢ per
vear. (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 refinerv processes. Coal is no longer heavily used outside the iron
and steel industry, although the long decline in use of coali 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 38°% 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, 1358-1985
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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®  Fuel® Total®
(approx). (billion kwh) (trillion Btu) (quadrillion Btuj

Food processing, tobacco  20.21 31 50.0 804 1.37
Textiles, apparel 222331 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 28 351,332 130.5 2015 3.70
Petroleum refining 29 333.354 35.3 2306 2.71
Rubber & plastic products 30 353.336 26.6 130 0.43
Cement, clay, glass 32 36 341 811 1.20
Primary metals 33 37 134.4 1904 3.43
Metal products & 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 1n 29 and 28

c) Includes losses 1n 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 Bru = 293 kWh

If we express total manufacturing energy use as the sum of products for each sector:
aggregate energy intensity = Si (production share x energy inl:ensit:y)i

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 2% 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 foss:| 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



Figure 2

Aggreqgate Energy Intensity of Manutacturing by Energy Form
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Figure 3

Divisia Analysts of Fossil Fuel consymption by U.S. Manufacturers
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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 of U'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 declire due to sectoral shift up to 1974. The rapid relauve
decline of materials manufacturing in the U3 beginning 1n 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, 1973. and 1982 are. however. seen ) The stagnation in real electricity
intensity 1s 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 electricity.
Most are not electricity intensive, however.

The balancing of growth by efficiency improvement is especially clear when one con-
siders electricity used 1ather than electricity purchased, 1e. electricity used whether 1t is
generated ofl-site or on-site. (Total electricity is shown in Figures 2 and 4.) 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 1s resulting in increased on-site generation.

Figure 4

Dwisa Arayss of Eectnety Carsumpion by U.S. Manufacturers
Toial Elecncly Intensity Using Physicat Cuput
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Reductions of Energy Intensity in the Separate Sectors

Decision-Making About Energy Use

Given process requirements in making a product. there remain many choices shout
the use of energy. This 1s particularly so in designing a new facihty. but it 1s also true at
an existing facility. How much eflort will be made by engineers and management to use
less energy or less expensive energy” One of their major motivations 1s the cost of energy.

The relative role of energy costs varies strongly with individual sector, sven more
than energy use does. In Table 2. the ratio of energy cost to value of shipments 1s shown
for some sectors. In typical manufacturing sectors, this ratio is about 17¢. 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 matenals manufacturing,
energy conservation has a high priority. while in tyvpical manufacturing 1t usually has a
low priority.

Table 2. The Ratio of the Cost of Energy to Value Added
and to Value of Shipments, U.S_, 1985

Electricity® Energyb Electricity® Em:*rg_vb
Sector cost 1o 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 16
Other manufacturing 20 31 1.0 i3

Source “Annual Survey of Manufacturers. 1985, US Bureau of the Census
a) Not including electricity generated and used on site

b)  Includes purchased electricity and fuels but not by-products of the process such as bromass fuels in

pulp and paper and petr:leum refinery by-products nor arganic feedstacks

c) SICs 20-25. 27, 30 31 34-39

During the past several decades in the U.S. there have been important cha.ages 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 its
long decline. The 1960s saw relatively stable prices. During the 1930s and 196Us. the use
of natural gas and electricity increased dramatically whiie that of coal declined. By the
end of the '60s. oil and electricity prices began their increase and shortages of uatural cas



Figure 3

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 industriai 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 receat years (the mid 'SOs) is con-
sidered by most to be a temporary phenomenon.

It is a common mistake in U.S. araly=i. .> overemphasize the role of price. Price 1s
tmportant 1n decision making, but not all important. The reliability of supplies is
extremely important, and faciiities hav: Seen added at many factories so that beth
natura! gas and r.sidual oil can be burned. In the early days of electricity. many plants
genera’ -4 their own in order to have a reliable supply. That is no longer 3 major 1ssue 1n
the U ~. but there are special cases where reliability is one argument in factor of self-
gener: - facilities.

Another very important consideration in energy decision making is connections
between energy use and product quality, yield of matenials. maintenance of equipment.
capacity of production. efe. Energy conservation measures are not undertaken if respon-
sible people believe that the measures will interfere with production. Energy 1s not "the
tail that wags the dog”; it is not usually that important in the whole scheme of produc-
ton. However. some new techniques have several benefits including saving energy. In
these cases energy wons vation is sought after. A decision 'o conserve energy 1s less
hkeiy if the only benefit is a cost reduction (with no impact on the product) as. ¢ g . with
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heat recovery

Of course. f people are aware of opportunities toosive energy which provide very
large cost savings and wil! not interfere with production. they wall dot The typical eni-
terton for energy conservation projects i U S andustries appears to be g simple pavback
{2 vears or less Smmple pavhack s the ratio

cost of m<tallationi/(net benetits per veard

Of course. this eriterion 15 not universally used  Nome firms have ton few eagimeers tao
consider energy conservatlun measures. or no Money to invest, and sc a0 not ook for pro-
jects to save energy and renovate their preduction precesses Other tirms have high earn-
ings ond large engineering stafls These firms have carnied cut muny conservation pro-
jects. even in cases where energy 1 a very smaull fraction of costs. (Examples of the latter

are [BM and ATAT)

Energv Intensity Reductions Sinee 1972
e Pl

A national program was introduced in the mid-1970s requiring the various industrial
sectors to report the change 1n their energy use per umit of production. Goals were set for
1980 and 19835 For the poriod 1972 - 1985, the following average rates of reduction n
energy per ton of product were achieved: chemicals 3 45¢ vear. steel 1.8€¢ vear, paper
2.5 -vear, petroleum refining 1.15¢ vear. (The reduction of energy intensity 1n
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
thi= kind: 1) changes in operations and maintenance. 2} relatively small investments in
energy-intensive equipment of in energy- conservation technologies (typically costing fifty
-aousand to ten million doilars), and 3) charges in the major processes of production.
often requiring new facilities costing tens or hundreds of million dollars. Consider the
second and third categories.

The 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 automatic controls. 3)
improving the performance of process heaters and boilers. and 4) reducing aste streams.
such water discharge at paper mills, and rejection of product at steel mills. The use of
senscrs (for electrical parameters, pressure, temperature, chemical composition, size, etc.)
in combination with micro-processors and actuators has proved especially helpful in
achieving many of these goals, because it permits operating much closer to optimum con-
ditions than manual rontrol, often enabling multiple benefits.

New facilities are most likely 1o be justified when increased production is needed.
This is no longer the situation in many of the energy- intensive industries in the U S
Nevertheless, it is important to consider the choice hetween bulding plants using esta-
blished technology or striving to develop and introguce new technology  There ure
promising new processes Which could conserve materials. reduce pollution. save energy,
and reduce overall costs  Consider an example

Steel making processes ~honld Le w ceneral focus o research and development in the
US because we have the raw muternds meluding abundant coud and we have extenspye
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markets Radical new processes for reducing :ron ore usmg coal, such as reduction by
blowing powdered ore and coal into a +:ath of molten metal. appear to have promise.
Radical processes for casting steel near i-s final shape have great promuse 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 tume for processing und enable a
continuous tlow process (Eketorp).

Thus. while 1t is important to renovate and improve the performance of existing lac-
tories. it 1s also tmportant to look to the long-term future and plan developmental work
<o that new facilities may incorporate technology that s better adapted to local resources
and needs
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ELECTRICAL ENERGY PRODUCTION AND CONSUMPTION IN CHINA

Hu Zhao-v1*

The Electric Power Industry in China

The Chinese government attaches great importance io the electric power industry.
As of the end of 1987, the installed generating capacity was 101.92 GW, and the annual
electricity generation of 496 TWh ranked v the world

In 1987 new installed generating capacity was 81 GW. 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 Ilebel province: Quinghe in Linoning: Jianbi in Jiangsu: and
Gezhouba. liupaxia hvdropower station. More power plunts 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 uaits
are the dominant units in current thermal power plants. 600 MW units have been made
tn 1986 and will be put into operation in 198%.

To match the construction of large thermal power plants and 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



Table 1. Selected Power System Statistics

Coal consumption rate for generating (kgee kKWh) 0 348
(plant capacity, 6000 kKW and above)

Coal consumption rate for supplying (kgee KWh) 0132
(plant capacity, 6000 kW and above)

Power plant electricity demand ("¢ 642
of which: hvdro ) 028
thermal (‘¢ 7N

Line losses (<) 815

(plant capacity of 500 kW and above)

Equipment utilization {h vr) 53RN

(plant capacity, 300 kW and above)
of which: hydro (h vr) 3882
thermal (h ¥r) 3974

National income increased at an annual average rate of 9.717 from 1981 to 1985,
while electricity consumption showed a yvearly average increase of 6.49C. The electric
power consumption elasticity of 0.67 is much lower than that of some countries where 1t
is usually higher than one. The electricity shortage was estimated at 530-70 TWh in 1987
The long time electricity shortage has a bad effect on the national economy and people’s
lives. The government is making reform on the administration and organization 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.

Electrical Energy Sources in China

In the period of 1981-1985 energy consumed for generating electricity was about
23°C of total primary energy consumption. This is less than the 30-10¢ in developed
countries. [t is estimated that the share for electricity generation will be 3090 in 2000,
and 40°¢ in 2015.

Energy consumption for generating electricity during the period of 1981-1983 s
shown in Table 2. Coal is the main source for electricity generation. Illectric power pro-
duction accounted for 21.6°C of total coal consumption in 1985, The estimated share is
359 in 2000, 45°¢ in 2015. In the coming vears. over half of the newlyv-added coal will be
consumed in electricity generat.,n.

In the 1970s. 6 GW oil-fired power plants were designed. and some coal-tired plants
with total capacity of about 58 GW were changed 1o oil-fired or oil coal-fired At
present most of these plants have to be changed 1o coal-tiring

[ 39
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Table 2. Energy consumption for generating electricity

1980 1981 1982 19R3 1984 1985 1981-1985
Coal (Mt) 12648 12689 13427 14310 15935 17588  730.62
Crude oil {Mt) 5.74 540 480 396  3.35 3.41 20.93
Heavy ol (Mt 1419 1350 1321 1356 1355  12.62 66.13
Diesel oil (M) 0.72 (2t 073 055 070 1.09 126
Natural gas (105w | 2.4 24 2] 2.0 2.0 29 1.4
Coal gas (10%m* 5.9 8.6 9.1 9.8 10.2 9.3 17.0
Total (Muce) 11202 11151 11498 119.06 12028 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 458 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 3183 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 toc 379 GW, corresponding to 1900 TWh of annual
electricity. The resource is mainly concentrated in Southwest China, however, witk only
1.29 in North China (Table 4). Proved coal deposits amounted to 8146 billion tons as of
the end of 1986, mainly distributed ‘n North China.



Table 4. Distribution of hydropower and coal resources (‘)

Hyvdropower  Coal

Whole nation 100 100

North China 1.2 58.0
Zast China 3.6 6.0
Northeast China 20 28
Central Chma 15.5 35
Southwest China 678 10.0
Northwest China 99 19.6

Energy is mainly consumed in the southeastern. seacoast region. Therefore, the pat-
tern of electricity and coal transportation 1s from north to south and west to east.

East China, Northeast China and Central China are e¢nergy poor regions. Neverthe-
less. annual product provided by these three regions’ industries was 70°¢ of the total
value of industrial output in 1986. These regions are scriously 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 stations located in the upstream of the Huanghe (Yellow) River, and up- and mid-
stream of the Changjiang {Yangtze) River, and the Hongshui River Valley, would be the
strategic measures for supplying electricity to these regions.

To develop nuclear power is an eflective 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 nurlear power plant equipped with 2 x
900 MW PWR. and East China's Qinshan nuclear power plant cquipped with 300 MW,
are bemng constructed. They will be commissioned in the carly 1990s. It is projected that
5000 MW 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, tidal, solar and other renewable encrgy resources are used to gen-
erate electric power in China. A pilot geothermal power plant has been built at Yanghaj-
ing in Xizang: four generating units have been installed with a total capacity of 10 MW,
28 thousand wind power devices have been erected over a wide area in China (Nei Mong-
gol, Heilongjiang. northern part of Gansu, eastern part of Jilin, Lianodong Peninsula and
Qinghai-Xizang plateau). More than 20 thousand husbandry tents and yurts have electri-
city for lighting and television. In Shandong, Zhejiang and other provinces, 12 tidal gen-
erating sets with total capacity of 5606 kW have been built and operated. 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 stage in our country,
the amount of energy provided is not large. the economic benefit ts not high. and there
are many technological problems remaining to be solved.



Peaking capucity 1= i short supply almost evervwhere. We plan to build some
pump-storage hyvdropower stations. One (800 MW s focated i Ming Tomb, Being,
another (1200 AW in Conghua, Guangzhou  East China's Tuanhuongping pump-storage
hvdropower station of 1600 NW iy under feasibiiny investigation. Coal-fired 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  (T\Vh) 1200-1300 100€¢
hyvdropower 250-260  21-20 ¢
thermal power 920-1000 T
nuclear power 30-40 3

Total Installed Capacity (GW) 2.40-266 100°¢
hyvdropower 55-60 23°¢
thermal power 180-200 757
nuclear power 5-6 20¢

The Structure of Electricity Consumption in China

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 vears, 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.



Table 5. Sectoral shares of energy and electricity consumption
in China (in percentage)

Energy Flectricny
1980 1983 | 1980 1985
Total consumption 100 100 100 100
Agriculture* 7.8 73 11.0 10.1
Industry 64.7 61.2 80.2 7.3
heavy {33.4 4389 67.3 62.6)
light (11.2 123 | 128 117)
Construction 1.6 1.7 1.6 1.7
Transportation &
communication 1.8 8 0.9 1.5
Commercial buildings 0.81 1.1 0.4 09
Public buildings 20 21 23 3.0
Households 18.3 218 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, Per capita use of electricity is about 21.3 kWh per year, much lower
than in developed countries {(about 1000-3000 k\Wh) 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 cnly 2.39%.



Table 8. Share of electricity in
secondary energy consumption in 1985*

Total consumption 74
Agriculture 11.7
Industry 98
heavy 9.9
light 9.6
Construction 7.9
Transportation & communication 22
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 (13.25¢) to be much greater than that of total electricity con-
sumption (6.7°Z). The electricity consumption for residential lighting increased more
rapidly (15.39%¢). In 1985 the share of municipal electricity consumption was 7.57¢,
about 409¢ larger than in 1980. In the rural areas, the household electric growth rate
(10.239) was also greater than the total electricity consumption growth rate (8.89°Z).
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 was 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 TWbh in 1980
to 18.5 TWh in 1985. The net increase of 13 TWh accounted for 63 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°7 in 1985, That
taken by irrigation and drainage decreased from 44.19¢ in 1980 to 23.71¢ in 1985, Elec-
tricity consumption of villages and towns’ enierprises will continue to increase, and grow
1 share.




Table 7. Electricity consumption by various sectors

Conrumption (TWh) Share (©0)
1980 1985 Average 1980 1985
Sector growth
rute (¢)
1. Rural area 374 373 R.8Y 12.67 13.96
a. irrigation & drainage 16.5 13.6 -3.9% 5.59 3.31
b. farming, side-line
processing 9.7 11.6 3.79 3.27 283
¢. villages and towns’
enterprises 5.4 \R5 2774 1.8 1.50
d. light 5.8 J4 10.23 1.96 2.30
2. Industry 196.1 257.0 5.56 66.39 62.60
a. heavy 164.3 2049 151
b. light 31.8 521 10.12
3. Transport 1.5 31 16.36 0.50 0.70
4. Municipal & household 16.6 30.8 13.18 5.62 7.50
a. water supply & sewer 3.3 19 8.00 1.13 1.19
b. residential lighting 7.9 16.2 15.39 2.68 3.95
¢. non-industry power 27 7.5 2234 0.93 1.83
d. others 26 232 -3.31 0.88 0.53
Total of 1-4 251.6 3484 6.72 85.18 8182
5. Power plant use 20.4 27.3 6.00 6.89 6.64
6. Line losse 234 29.5 4.73 7.93 7.91
Total 295.4 405.2 61 100 100

The growth rate of eleciricity 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 (10.495/vr) than
that of heavy industry (4.5%/yr). The ratio of electricity consumption in light industry
to that of whole industry increased from 16.29 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. lmport of high-
energy-intensity materials such as steel, aluminum, capper, 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.




Projections to 1990 and 2000

Clectricnty demand in 1990 und 2000 as predicted by EPREis hsted in Table 8 Crit-
ical factors considered in the forecast mceluded population increase, development rate of
national economv, total industry-agricultural output value, the ratio of hight to heavy
idustry, and the propertions 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 (ompercial sectors, stafl and workers’ wages, dwelling area. and investment related
to municipal and residential facilities were taken into account. Electrificaticn of railroads
and transport capacity were also thought over.

In the forecast process. many methods were adopted. Both mathematical modeling
methods were used in order to correct each other, and vield

The methods adopted Ly 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.

and compreh=nsive analysis
results of higher confidence.

Table 8. Electricity demand projections for the years 1990 and 2000

1990 200G
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
Munietp.l, commercial 51-35 10 120-150 11.8-127
Transport 6.7-7.5 1.3 20-30 225
Total 306.7-533.5 100 1020-1180 100
Generation capacity 596-631 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 consiruct 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 hvdropower projects are higher than for thermal
projects. However. corresponding coal mine and railway investments can partially be
In view of the total investment. the construction of hydropower stations is
economiecal. In order to build hyvdropower stations, funds must be procured in many ways
and favorable policy must be offered.

saved.
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Unified Planning of Coal Transportation

In North China and Northwest China, coal consumed by electrieity generation s
provided by local coal mines. Corl consumed by power plants in East China, Northeast
China, and South China is supplied from Shanxi. West Nei Monggol, Shaanxi, and West
Henan province The distance is as [ar as i900-2000 km, and the freight volume is large.
The amount of coal oatput from Shanxi's coal minas was about 130 milhon tons (AMi) in
1985 and 15 estimatec to be 400 Mt in 2000 and 900 Mt in 2015. Alany ways for tran-
sporting coal must be adopted, such as by rail. highway. land and water transportation.
It is necessary to stuly pipeline transportation of coal. It 1s ‘mportant to construct an
integrated transpert retwork in order to expand the transportation capability.

Raising Coal Quality for Electricitv Generation

In our country most power plants burn coals of rather inferior quality. The average
heating value of coal burned in power plants is about 13.3 MJ kg: average ash content is
about 309 . This resits in increased transport costs for ccal and capital costs for plants.
Because of rhe limitution of water supply. mine-mouth power plants cannot be con-
structed in some regions. About half of coal-fired power plants will hereafter be built at
railway junctions, hurbors and near the load center of metropeolitan areas. This means
that half of the coal for electricity generation will be transported a long distance.

To 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 transport washed coals
in which ash content is less than 20°¢. Low-grade coals may be burned in power plants
located in mine area.

Construction of High-energv-intensitv Enterprises in Energv-rich Regions

For example. to produce | ton of aluminum the consumption of coal 1s about 10
tons. If the aluminum plant is built near the mine-mouth power plant. transportation
capacity would be saved. So high-eniergv-intensity plants must be built in the energe-rich
regions as much as possible: plaats must be built in Southwest China where hydropower
potential is rich. and in Shanxi province and others where coal reserves are abundant.

Power Plant Siting and Environmental Conservation

Half of new thermal power plants hercafter will be built in the populous areas. For
example. near the mouth of Changjiang River. power plants with total caparity of about
30 GW will be built in the next three decades. MNost of these wiil be located along the
river and sea coast. very close togeiher. Study must be put on solving the problems of
environmental conservation. Cuarceful planning, careful selection of the site of power
plant. and eureful desizgn of the plants and their fucihities are needed ta lower poilution. to

preserve the nutural surroundings, and to be i harmony with the environment
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STRUCTURAL CHANGES IN THE U.S. BUSINESS ENVIRONMENT
AND ELECTRICITY MARKETS - POTENTIAL LESSONS FOR CHINA

Ohiver S Yvu?

In the laxt several decades. the U.S. business environment has experienced funda-

mentul structural changes. which 1o turn have precipitated major shifts in the electric
utility industry and electricity markets. The key driving forces and implications of these
structural 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 1ts
interactions with the rest of the world.

FIGURE 1. STRUCTURAL CHANGES IN THE U.S5. BUSINESS ENVIRONMENT AND
IMPLICATIONS FCR THE ELECTRIC UTILITY INBUSTRY

KEY STRUCTURAL BUSINESS ENVIRON- MAJOR IMPLICATION
DRIVING FORCE CHANGE MENT INDICATION FOR ELECTRIC UTILITY
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* Manager of Planning & Analysis. Planning and Evaluation Division, Electric Power
Research Institute, Palo Alto, Culifornia
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Structural Change in International Power Politics

The fisst fundamental stru tural change is 0 ointernational power polities and mayv
he characterized as a change from US dominaice 14 werld interdependence The by
frivina foree o this chanee has beon the overstre ching 00 s aoaver e the nabaloy o

the Uit Sstate s to fineat e the sum of ats el bal and doaneste mtere<sts and b heat. s

sinee the ernd o Workd War 1 the Unntod States s o cndy tahen on the s s
ity o reconstructing Jupan and most of Western Farope s well as the role of world
poliemen with far-fhane global mubitary deploavments but has also Lanehed aombar -
Jomestoe programs such as the Great Soerety and socnd securiny expanstons contribatimg

toothe taree nuoontrotadd)

eoentitlement portion of the government budget NMoreover
pastoweorbd ket dommanee bas mdueed many US nosntactarers fo be complacent. as
topadied by the bigaimg process of modermzation in the steel industry and the long neglect
of product qualiny oo the automobde idustry As u result, U.S. economic productivity
growth has slowed and its world market share has fallen sharply  This overextension of
US power, resulting from the mabiiity of productivity growth to meet mussive govern-
ment expenditures, has significantly weakened the USD positor 1 the world economy and
fostered strong forergn competition. 1tis a major cause for the erosion of basic industries,
the unprecedented budget and trade defieits, the rupid rise in foreign debis, and the pre-
cipitous dechne of the US. dollar. On the other hand. public and business concerns about
productivity improvement and future growth have intensified the competitive pressures
and etliciency drive in the general business environment.

For the electric utility industry. the relative decline and overall vulnerability of the
national economy m a tightly interconnected world economy have contributed not only 1o
the general slowdown and increased uncertainty in electric demand growth. but also te
the potential volatility in both mflution and interest rates. Moreover, unlike the 1930s
when ULS. Marines could control irouble spots in the Middle Last, the loss of US. mili-
tary as well as economic dominance in the world has also made the cnergy industries
highly susceptible to mmternational polities. In addition, the intense competitive atmo-
sphere 1n the general business environment has increased the political appeal of introduc-
g competition mto traditionally regulated mdustries such as the electrie nulities.

Structural Change in the Socio-Economic Development

The other fundamental structural change is ia 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 ~hange from producer
dominance to consumer dominance in the general business environment. This change has
been driven mainly by the sharp increases in income and education levels in the United
States following World War II. As an indication of these increases, by 1970, 50°¢ of the
people had income levels equal to the top 13°¢ of the population in 1950, demonstrating
that the ~Affluent Society” has indeed become a reality for many. The increase in educa-
tional levels daring this time period was equally dramatic. With rising income and educa-
tion, people beeame increasingly individualistic, expressive. and demanding. These collee-
tive attitudinal shifts have spawned many social changes m the past decades including
consur.erism. environmentahism, the ‘me’” generation. as well as changes in the Amerivian
family with rising single-person and single-parent households.
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Another aspect of this structurul «hanae has heen on the economic side. W hiie the
donnnant position of the Unired States o thee world coonomy bis eroded Between 14950
and TUS3 read per capita expenditares doublod T 1950 the v ~tandard Lo the
pgority of the Us popobaea was reasonabdy comtortablo m o matenad verms NMost poae-
ple contd wtbed the essenniads fod b Shelrer ad rrospeatoon 1rowerk
Vot 1090 of perscnad expenditures was for strerly disoretionury gtems such as recrea-
o The muportance of the doubling of averase real meone by TO85 s that funds ol
able for expenditures other thun easentiad~. i 1950 termns, have mereased not taiee bt
tenfold  Thus. income expansion has given the consumers a tremendous amount of disere-
tionary power. With this power comes the great diversity in consumer cholees, the van-
ishing muss markets. the declining producer dominunce. and the mereasing competition
the geaeral business environment. Farthermore, i response to the changes m consump-
ton patterns amd the incereasing discretionary expenditures that are relatively serviee-

imtensive. the service sector tn the U economy has grown rapidly

Stull another part of this structural change has been in the geographic distribution of
the population. With increased income, personal automobiles became affordable and peo-
ple began to move to the suburbs in search of a more attractive living environment The
resulting urban sprawl and suburbanization has mude American hife not only dominated
by oul use but also heavily dependent on Jlow-cost oil imports.

This socio-economic structural change has had profound impact on electric utilities.
Consumerism und environmentalism have caused special interest groups to increase their
imtervention into the decision-making processes of business in general and utilities 1 par-
ticular. The exponential rise in environmental faws has added sigmificantly to electricity
supply costs. The increased competition 1n 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 patterns, with residential and commercial sales
growth outstripping that in industrial sales. In turn, the end use shifts have resulted in a
gradually dechining 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 eflects as well as the indirect ¢conomic 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 competition and interna-
tional economic fluctuations, which in turn will introduce added volatility in its own econ-
omy. These changes in national 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 capita 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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Currenth electrieny markets i Chuna are domnmated by mdustriad use Agan . as
mcotie mereases electriedy consumption widl shift mereasigly 1o resadential and com-
mercial sectors These changes m consumption and production patterns will affect the
characteristies of future electricnty demand

With new technologies and past lessons from industrialized nations, however. China
should be able to anticipate the many difficulties, bypass the many pitfalls, and leapfrog
the many ohatacles in traditionul economie, energy. and electricnty developments
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PROGRESS OF ENERGY SAVING
IN CHINA'S PETROCHEMICAL INDUSTRY

Wang Bing Shen®

Introduetion

The petrochemical industry (including petroleum refining) is an important industry
in China and it playvs a kev 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 ethvlene capacity amounted to 1.3 million tons per vear

To make full use of our petrochemical resourcs and to expedite the development of
the petrochemical industry. the state council decided 1n 1983 1o set up the China Petrw-
chemical Corporation (SINOPEC) to have overall control. planning and management over
the kev refining and petrochemical enterprises in China. Since the estabhishment of
SINOPEC. the experience shows that the reform in the economic system has brought
vigor and vitality to the development of the petrochemical industry.

At present, SINOPEC has 40 large and medium-sized enterprises with an annual
refining capacity of 100 million tons, which accounts for 9177 of the total in China. The
annual capacity of the other major products are as follows: 1.5 millien tons of ethylene,
15 million tons of plastics. 220.000 tons of synthetic rubber, 380,000 tons of synihetic
fibre monomer, 320,000 tons of suythetic tibre polymer, 360.000 tons of synthetic fibre, 3
million tons of svnthetic ammonia, and 4.5 million tons of urea. 97 milhon tons of crude
oil were processed in 1987, an increase of 29.9°¢ over the amount in 1982, From 19%6 to
1957, 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 SINOPEC 1n 1987 was 35.4 bil-
lion vuun. an increase of 8.5¢ over that in 1986, The total value of product sold came to
46.1 bilhon vuan, 11.1°¢ more than in 1986.

With the technical revamp of the production units and enhancement of energy con-
servation management, outstanding achievements have been made in energy saving. The
overall .ergy consumption per 10 thousand yuan output value was reduced from 5.83 to
1.94 toe from 1983 to 1987. The annual average reduction rate was 1.1, More than 1
million tons of o1l were saved within the tive vears since the founding of SINOPEC.

Progress in Energy Conservation

The progress made in the five vears since the founding of SINOPEC is described
below

* China National Petrochemieal Corporation
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\dopting and Spreading Bunergy saving Techmques

Fruergy Conaercation Revamping of the P'rocessing Uit New energy savings tech-
mees are bemng awdopted and spread toothe processing units, of which the energy eon-
suniptie noos lagh and teehinobogicud revimping s being made to deerease energy consump-
ti-n The energv consumption of the processing units accounts for 84% of the total
refining energy consumption, and the energy consumption of the atmospheric and vacruum
Aistillation units and the FCC units is 55% of that of the processing units, so they are the
Aev areas far energy conservation  We successively conducted w widespread energy con-
~ervation revamping of 15 atmosphene and vacuuin distllatien units and 35 FCC unns
Woo adopred new tupe travs dry vacuum distullution process. optimal heat exchange
schemes measures 1o merease the furnace efficiency and other energy suving techmgues
for the atmeospheric and vacuum distdlation unirs - As a result. average energy consump-
o 1987 decrensed 1013 35 heg ol equivalent tons which was reduced by half as com-
pured G the vear of 1978 the best umit reached 106 kgoe ton We adopted complete
regeneration. Hue gas turbine, waste heat boder and other techniques for the FOCC unns.
average energy consumption (ncluding the energy consumption of some heavy ok FOCC
umita) decreased 1o 706 thousand Keal tons and the best umit reached 600 thousand
Keal ton For other processing umits that consume more energy. we also adopted
applopriale €Hergy suving meuasures.

With respect to petrochemical production. our focal point is to revamp the four
existing ethyvlene production units for energy conservation  Although the revamping s
still being conducted. we cun see the preliminary results from the partial measures of the
cracking furnace revamping. The energy consumpuion of the four units in 1987 decreased
by 1580 as compared to 1981 We have also achieved some results in the energy saving
revamping of the petrochemical polvmer praduction units. Far example. after revamping
of the 80 thousand tons year jolvmer unit, its capacity has increased by 1170, but its
energy caonsumption has decreased by 25C. and the pavback period is only one vear.

For the ammonia units, we recover the hvdrogen from the tail gas and have replaced
the inner constructional elements of the ammonia reactors. resulting in decreasing the
fuel and power consumption per unit charge.

Improving Equipment Efficiency to Save Energy. The process furnaces and steam
boilers consume about 75% of the fuel and power consumption in vie petrochemical pro-
duction. Therefore improving the furnace efficiency is a major field of energy conserva-
tion. We used heat pipes, rotary 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 radiation paints and other techniques; this increased the heat
efficiency of most big and medium-sized furnaces to over 83%. With respect 1o the
mechanical and power equipment, besides adopting the high efficiency equipment, we use
hydriulic couplers. oil film clutches, frequency-mouulated electromotors. ete. to improve
the efficiency.

Adopting New Insulating Materials and New Constructions To Reduce the Heat 1.0ss
of the Pipeline System and Equipment. This job requires a tremendous amount of work.,
but the investment s low and we can see the effect very soon  In recent years we set up
optimal procedures for designing heat insulation systems for heat transfer pipeline. and
reahized control of the overheat extent and the temperature profile of the steam pipeline
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svstem We reduced the heat loss to less than 3¢ after the energy conservation revamp-
ing of the pipeline svstem.

Increased Application of Computers. Since the establishment of SINOPEC, use of
computers has been adopted rapidly  Today the enterprises of SINOPEC have 87
medim und sinall sized computers, and 2280 microcomputer~  Through the process con-
trol and the optimization of the energy utilization. we have made good progress in the
tield of energy conservation. We have adopted computer syvstems m 10 atmospheric and
vacuum distillation units, 21 FOCC units and 12 fertthzer and fiber umts. By the end of
1957 we realized combustion control of 80°¢ of the furnuces Ly microcomputer, improv-
ing the furnace efficiency by 1--2¢¢, resulting in saving 30 thousand tons of fuel vil and
gus unnually A certain refinery reduced energy consumption of processing units by 1
kgoe ton crude oil after adopting the computer system for optimization  Another
refinery reduced the energy consumption of the total refinery by 1 kgoe ton after accept-
g the linear program optimization.

Other Energy Saving Techniques. The new techniques, new equipment and new
muterials such as n.ultistep heat utilization, low temperature waste heat utilization for
electricity generation. new catalysts, new solvents, multistep utilization of hydrogen.
multieflect evaporation, supercritical recovery process. heat pumps heat segregators. new
heat exchangers of forced heat transfer, high temperature leak online plugging, anticorro-
sion paints, etc. also play an important role in encergy conservation.

Improving the Management of Energy Conservation

SINOPEC is not only an energy-product-providing organization, but also an organi-
zatien consuming energyv and providing non-energy products. Therefore, energy conserva-
tion is an effective way to increase economic results. For that reason. in recent vears we
have established a comprehensive management system for the headquarters of SINOPEC
to subordinate enterprises The system includes target management system, responsibil-
ity systemn. contract system and assessing system. It leads to the work of energy conser-
vation to being done successfully.

Target management system. The headquarters of SINOPEC worked out 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 situations every year. The subordinate
enterprises assign the tasks to grass-roots organizations and launch the activities of target
managemetft.

Responsibility system. The enterprises have their organs of energy conservation
management. The deparuments and the grass-roots organizations of the enterprises have
their spectal or part-time energy conservation managers whose responsibilities for energy
conservation are definite. A system of combining comprehensive management with divi-
sion management and, special management with the whole stafl management is being car-
ried cut. 5o a network of energy conservation management is formed. the energy con-
sumed everywhere 1s under control of somebody. and every project of energy conservation
s under soneone’s responsibility.

Contract system. The contracts in various forms are being carried out in the enter-
prise~ on the bhasis of wdvanced and reasonable norms and targets. The people who reduce



the energy consumption to below the norms or reach the targets of energy conservation
are rewarded.

Assessing system. We have a specific assessing svstem to supervise and speed-up the
fultiliment of energy conservation tasks and targets. The stafl and workers who achieve
successes 1o 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 consumption 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 1987 decreased by 41.97C us compared 10 1979,
an annual decrease rate of 6 477, The energy consumption per 10 thonsand yuan product
value 1n petrechemical, synthetic fibre and fertilizer industries in 1987 decreased respec-
tively by 21 87766 070 and 11190 as compared 10 1983, an unnual decrease rate of 6,007,
23 6¢ and 3.7C¢ respectively  For example, the unit energy consumption in recent three
vears for polvpropylene decreased by 27.79. for cis-nolvbutadiene rubber deereased by
22 65¢. for acrvlonitnle decreased by 25.97¢. for nitrilon decreased by 1265 and for
polvester decreased by 19,16

Outloox for Energy Conservation

Though the China petrochemical industry has laid quite a good foundation, greater
progress should be made to satisfv the development of the national economy. Energy
conservation i a long-term strategic task  Here, 1 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 techmques m the
petrochemical industry,

) Strive to develop new energy saving techniques, new schemes and new equip-
ment to improve the equipment eificiency and to reduce the energy consump-
tion of petrochemical units.

° Accelerate the application of modern management and micrecomputer tech-
mques within our enterprises. Energy grades should be well disposed 0 as 1o
make optimum use of energy to reduce devaluation and loss of energy and to
improve the overall energy efliciency.

. Study the effective utilization of energy and develop the techniques of heat and
electricity cogeneration, etc.

. Actively develop the techniques of recovering low-grade energy

The promotion of our petrochemical industry is based on sell-reliance, but the
cooperation with foreign countries has a bright future as well. especiully in the ficlds of
rational use of energy and resources of energy comservation. We shall be wilhng o
research and exploit various new methods of cooperation and exchange with those whe
are in the same trade with us in order to promote cur mutual development



TRENDS IN DEMAND FOR PETROCHEMICALS

Edward Flom*

From 1960 to 1973, U.S. real GNP and oil demzand 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 39¢/year, and we at AMOCO believe this rate
of growth will continue until the year 2000. One area of most rapid petrochemicul
growth was for plastics, including polypropylene and polyethylene, which grew at a rate
1.9 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°% of the total fiber market in 1988. ANMOCO 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.= and aluminum declined during the 1970-198%
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 859, 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 307Z/year from 1974 to 1986.

* Manager of Industry Analysis and Forecasts, AMOCOQ Corporation
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The US and Western Europe o 1983 each had 25-267 of world demand for
polvpropylene and 30-329¢ of world production capacity (Table 1) These areas are
exporters to the rest of the world. In contrast, Japan. China and the rest of the Far Fast
had 3490 of the demand and 267 of capacity. with China being u targe net importer of
polypropylene.

Table 1. World Polypropylene Demand and Capacity, 1985

¢ Demand ¢ Capacity
USA. 253 300
W. Europe 258 316
Japan 15.6 15.4
China 6.6 22
Other Far East 11.5 8.1
Latin America 1.5 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 U.S. uses a substantial amount of propane to make
propylene. naphtha and gas oil are the major feedstocks used in Lurope to make pro-
pylene.

AMOCO believes that in the future world demand for polypropylene will continue to
rise, though at a slower rate (Figure 1j. In 1974, 3 million tons:yvear were being consumed
and there has been a 10 vear increase so that by 1987, 10 million tons; year were con-
sumed. We anticipate that consumption will increase by 7%/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.
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ENERGY UTILIZATION IN RURAL CHINA

Quao Mu*®

Introduction

The Bureau of Energy and Environmental Protection under the Ministry of Agricul-
ture is an admimstrative body responsible for rural energy and protection of the agricul-
tural environmeni. Simiar 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 drving systems. solar water heaters and solar cookers).
wind energy. geothzrmal energy. small coal mines. small hydropower plants. 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.

Progress of Rural Energy Development in China

At the beginning of the 1980's our government and the concerned departments
started 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 initiated that have
further developed rural energy.

Since 1983, the Ministry of Agriculture has arranged demonstration of fuel wood
and coal-saving stoves in 389 counties. At the same time. various provinces have also
selected counties for demonstration. The purpose of doing this is to ease the shortage of
energy for daily use in rural areas, to rationally utilize the biomass enerzy, and to reduce
damage to forests and vegetation. The measures have proven effective as many provinces
developed highly efficient and easy-to-use stoves that have been popularized after evalua-
tion. The thermal efficiency of the old stoves is less than 125¢ while the thermal efficiency
of the fuel-wood and coal-saving stoves is normally over 257 At present. our Bureau is
selecting medels 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

Starting from 1983, our Ministry has selected 100 counties [or the development of
biogas digesters These counties are mainly located in the middle und lower reach of the
Yungtze River and the southern part of China, where familv-based und speciahized

* Bureau of Energy & Environmental Protection, Mimstry of Agniculture
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households-based livestack and ovoultry operations are rather concentrated The people
there take great interest in the biogas technology because on the one hand. the animal
excreta and poultry hitters cun be treated. and on the other hand. the biogas can be used
for cooking and illumination Some livestock farms und specialized households produce
biogas to generate electricity so as to relieve the shortage of electricity. With this tech-
nology. rural hvgiene shall be greatly improved

The development of fuel wood forests has been stressed since 1983, and this has
plaved an important role in the protection of forests and the improvement of the eaviron-
ment

From 1983. 100 counties {mostly i1n the south) have been selected for experiments of
rural electrification and the development of small hvdropower plants. By the end of 1987,
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 agricuitural produe-
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 lso 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.

o

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.

) 9
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 enmergy consumption consists of commodity energy consumption and non-
commodity energy consumption (dry straw and fuel wood)
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Table 1. Rural Energy Consumption in China

1980 1955
Production Energy Production Energy
Value Consumption Yo Value Consumption ¢
(billion yuan) (Mtcee) {billion yuan} (Mtce)
Total 343.71 100 485.98 100
A. Rural Production 268.44 61.82 18.86 564.02 156.49 38 37
1) Agricultural production (planting, forestry, 196.45 23.59 (6.87) 291.22 2717 (5 59)
animal husbandry, sidline, fishery)
2} Village-town enterprises (agro-product 71.99 41.23 (12.00) 272.80 159.32 (3278)
processing, industry, architecture,
transportation
B. Rural Daily Life 278.89 81.14 299.49 61.63
1) Commodity energy consumption 59.00 (17.17) 79.00 (16 2t)
Coal 51.29 71.19
Petrol 1.43 1.43
Electricity 3.28 6.48
2} Non-commodity energy consumption 219.89 163.98) 220.49 (45 37)
Crop straw 117.03 123.35
Fuelwood 102.86 97. 144




The total value of rural production ereased from 268 billion yuan in 1980 to 564
billion vuan 1 1985, among which agricultural production value inereased by 67°¢ {from
196 to 291 billion vuan. and th2 productive value made by village-town enterprises
increased from 72 to 272 billicn yuan. The growth of village-town enterprises productive
value is 4 times faster than that of the agricultural production value. Meanwhile, the
total consumption of rural energy increased by 41%5 from 344 Mtce in 1980 to 486 Muce
in 1985, The commudity energy consumption increased from 125 Muce to 265 Mtce, while
the consumption of non-commeodity biomass energy didn't change greatly, maintaining at
the range of 220 AMice.

In the rural urea of China. the energy consumption has the {ollowing features:

1. Since the mid-1980s, the commodity energy consumed by rural production and daily
life 1s greater than non-commodity energy. The consumption of commodity energy
increased from 36Y7 of total eaergy consumption in 1980 to 53¢ in 1985, It is fore-
cast that the share of commodity energy will increase in the future continuously.
The main reasons for the growth of commodity energy consumption are: a) con-
sumption by the village-town enterprises increased from 1 Mtce in 1980 to 159
Mice in 19853: b} the commodity energy consumed by rural hfe increased from 39
Muce in 1980 up to 79 Mtce 1n 1985, This growth was faster than in the 1970's.

2 The per capita consumption of commodity energy for rural personal needs 1s stll
low The total energy consumption of rural area in 1985 was 486 Mtce. With the
rural population of 840 million at that time, the average energy consumption per
persor was 376 kgee. The consumption of rural commodity energy {for production
and hfe) was 316 kgce per prrson. and the consumption of non-commodity energy
was only 263 kgce per person.

3. The main energy consumed by rural life in ihe yvear 2000 will still be non-commodity
energy. The proportion of non-commodity energy in the total energy consumption
of rural life was 7977 in 1980 and 74C in 1985, It is forecast that it will be about
60 by 2000.

4. The energy efficiency in the rural area is low M\lost of the energy-using equipment is
out of fashion. and there s a lower technological, operational and management level.
Therefore. a great difference in energy consumption per product exists between
village-town enterprises and similar state-enterprises, sometimes with the difference

as much as 1-3 times. The heat cfficiency for the old-fashion stoves consuming
biomass energy in rural life was only 1267,

Conclusion

Rural China is now lacing a new situation of greater development of the commodity
economy and big growth in the peasant’s income. This requires that the State provide a
great amount of commodity energy In the aspect 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 hund the related items of rural energy should
be actively developed and utilized  In the other band we would put the work of energy-
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saving for rural production and Iife in the first plice so as 1o reduce the pressure of rural
energy shortage and serve the requirements of rural economie and cultural development.
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THE ENERGY CONSERVATION TECHNIQUE SERVICE
CENTER OF JIANGSU-NANIJING

Zhang Ximodan*

The Energy-Conservation Technique Service Center of Jiungsu Province and Nanj-
ing Municipality (here after the Center), founded in 1983, 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 Coramission and the State Scientific and Technological Commission
in its vocational work.

The Center is a tec-nical 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 ol 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 Utilization.

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 s responsible for monitoring, testing and management of energy utiliza-
tion in Jiangsu Province and Nanjing Municipality. Its tasks are Lo 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 utihzation, such as power consumption of the
energy-utilization unit., the efficiencies of energy consumption equipment, the level of
energy consumption ol products, and the quality of energy supply.

This ~ection 1~ equipped with an energy-monitoring van speciadly  designed and
manufactured for our conntry by the EEC with various kinds of advanced mstruments
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, ene gy
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 encrgy-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 Energv-Saving Information network and the
China Energy Information network, and also is the Energy Information Center of China
and the EEC, invested by the State Scientific and Technological Commission with the
task of exchanging information between China and the EEC.


http://ta.sk

The Technical Information Section offers the following services:

1. Information on the basic situation, the state-of-the-art, and the development ten-
dency of energy both at home and abroad for helping to lay down the plan, prine-
ples and policies for energy development;

2. Information services for continuous development of co-operation projects hetween
China and the EEC;

3. Information services for tackling key energy-conservation projects of the state, and
or researching and mannfacturing major energy-conservation equipment;

1 Infermation services for technical reform of power consumption equipment and for
better energy utilization;

5 [Information services for introducing energv-saving projects into China and for
exporting cnergy-saving products:

6. Information services for opening the energy technology market and for promoting
transfer of technology:

7 Information services for suinming-up and popularizing new technology, new tech-
nique, new products and new materials for energy-conservation;

8 Services to enterprises and institutions by acting for energy-saving information con-
sultation and patent application, and to supply information services for special
topics;

§.  Nervices for editing and publishing all kinds of energy information publications.

audio and video mmformation and popular science hooks.

10, Services for hoiding exhibits, svmposia for exchanging experiences and press confer-
ences for various kinds of energy-suving products.

Eaerqy Utilization, a bimonthly periodical. and its supplement News in Brief of
Jiangsu are publications of the Center that are distributed throughout the country. Therr
main purposes are to popularize the national energy prineiple of "laving equal stress on
both energy deveiopment and conservation” and to popularize various energy policies: to
pass on energy mformation 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 as "energy management”, "rescarches and
exploration”, "forecast and prospect”, "abstracts of world energy patents”. "special
- " ”"- . " ”"- M ” La & - -
topies™, “international survey”. and "information and recent developments™. The periodi-
cal has the approval of the Administration for Industry and Commerce at both the Pro-
vincial and Municipal levels. Each issue carries some ads of energyv-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.

Technical Service Department
The Technical Service Department is a lasion window of the Provineial and Munici-

pul Service Center for Energv-Conservation Teclinique in the urban area It offers
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Complete technical services for energv-conservation reform projects, designing.
installation and adjusting of equipment for lactories, mines. enterprises and civil
daily requirements;

To act as an agent 1o 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

Joha b Lichiblau*

Some majar changes have takea place i the world oil market since the price col-
lapse of 1986, 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 in 1988 This vear's demand in what oil industry statisticians refer to as the
Non-Communist World (NCW) market (excluding the Soviet Bloc and the People’s
Repubhic of Chinalis 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 NCW. which had risen steadily since the mid-
1670°s. 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. U 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 vears 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 1983 z.:d the world inflation rate. In real
(inflation-adjusted) national currencies the IEA’s average price in 1987 was about half the
1985 price (which itself was about 20 below the peak price of 1981). The real 1988 price
is still lower by 10-15¢. The fact that NCW oil demand will have grown by only 3%,
2€C and 29, 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, NCW 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-vear 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 1ts ability to enforee 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 meauns eliminated
it Given OPECs excess producing potential of at least 10 million B D. a free-market

* President. Petroleum Industry Research Foundation
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price of $10-11. the low point of 1986, would be sutticient to meet world ol requirements
for several vears Thus, the cartel s stull mamtaming prices 40 1o 5070 above the
hypothetical market level

Of course, a free market price m oil could only come about i OPEC were 1o collapse
totally and its members were then to engage in maximum competition with each other
and if no reconstitution ol the orgamzation in anv 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 economie and political self-interest of all oil
exporters to prevent it or. if 1t should happen. to quickly reverseat.

What we are likely to see in the period to 1995, and probably longer, is a world oil
market in which prices will he 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 mamtained prices without regard for the reality of
the market. Nor is there likely to be a return to the 6-month period in 1986 when the
market took over almost completely. depressing the average world oil price to $10. with
further dechnes certain if OPEC had not reconstituted itself. llowever, 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. But it reflects the current thinking of the
majority of deeision makers. As sueh it is valuable.

The consensus scenario shows a slow, modest upward movement in the world oil
price, probably starting next vear. The increases should be less than the world inflation
rate until 1991-92 and shightly faster thereafter. I 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 1s
contained in the latest edition of US. Department ol Energy’s Annual LZnergy Outlook.
Its Base Cuse assumes a U.S. oil miport price of $22.40 (in [987%) in 1995. This would be
24¢ above the comparable 1987 level but 2297 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 forees require it,
but primarily because OPEC will regain some of its streugth. Probably. the trend | have
Just deseribed will not follow a smooth path. The cartel and the market will battle it out
all ulong the way. with the result that price volatility will often mask the underlying
trend

What 15 the rationale for this price puth? A princeipal factor is that for the foresee-
able future, OPEC will have to cope with substantial excess producing capacity. From
1973 through 1981 the cartel had virtually no available excess eapacity, nor did any other
otb exporter - This was the key factor i OPECs pricing power during that period 1

I


file:///U7-i

Believe OPEC will et even attempt to raase prices “exeessinvely ™ between now and 19495
The reason i the publicly achaowledged recogmton by ar least 3 of OPECS Persin Gulf
<uper powers (Saudi Arabin hawat, Abu Dhabi) that the long term interest of their
~ountries, whose current reserves/production ratios are over 100 years, are better served
by muaintenance and eventual expansion of market shares than by price maximization at
the risk of permanently losing market shares. Venezuela, OPECS Targest producer out-
side the Persian Gulf, has expressed similar views. Having had o drumatic demonstration
i the 19%81-85 period of how much and how quickly market share can be foss when prices
remann excessive, and having seen wm the 21 2 veurs sinee the big price break how
ditticult it s to regain the losses, OPLECs pricing poliey in the first half of the 19907 wii
not be u repetition of the 1970°s. almost regardless of commercial circumstances.

However. even the most committed price doves in OPEC recognize that modest
price inereases are not only feasible but essential if the cartel is to maintain any eflective
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 vear on, despite the cartel’s continuing
surplus and continuing ability to meet all demand requircments at substantially lower
prices.

Market Trends

What market trends to 1995 can we expect under this price scenario? In broad
terms: (1) A modest increase in world cil demand -- 1% per year or slightly more, which
would be about half of the total energy growth rate; (2) Continued growth in non-OPEC
supplies for the next few vears (but slower than in the 1979-85 period), foliswed by a lev-
eling off in the early-to-mid 1990’s and a decline somewhat later; (3) A steady increase in
OPPEC’s world market share in the 1990’s, with the bulk of tie increase coming from the
Middle East.

Among major markets. Europe will have very little increase in oil demand because
of the continuing inroads of other fuels (nuclear power and natural gas) into the station-
ary oil market. Japan, which had experienced almost steady annual declines from 1979 to
1984, registered growth rates of about 1.35G in both 1986 and 1987 and will probably con-
tinue to grow at about this rate. The U.S. market, which is as large as Europe and Japan
combined, can be expected to grow at somewhat below 1°¢ 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 distillates. 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 US. The develop-
ing countries ather than OPEC (which can supply its growth out of its own shut-in excess
production), will register the most rapid growth rate, perhaps 270 annually, from their
current 9.5 million B D.

In all major wndustrial countries other than the U.S.. residual fuel oil demand will
decline while light products demund will rise. In the developing eountries, both light and
heavy all products will register a growth  But fuel substitution will be at work there. too,
< that demand will grow mnch faster for light produets than for heavy fuel oil in these
COUNTTIES



Oil Supply

On the supply side. non-OPEC NCW production will be about 0.6 milhon B D
higher this vear than in 1983, 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 U.S. production. For most of
the rest of the NCW 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.5. 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 31¢. In 1987 it dropped by another 15¢. This yvear we are seeing a modest
increase, perhaps on the order of 12-13%¢. 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 1983 and 1987 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 produe-
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 17%% 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
97 -129C 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 NCW 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 1.4 million B D and exports from China to 733.000
B D. This vear Soviet Bloc exports will have grown to 1.8 million B. D {about the same
as in 1987) while Chinese aet exports will have dropped to slightly below 600,000 B D.
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By 1993 we expect the Soviet Bloe to register o modest dechne. since production will
at best remaim at s current fevel while domestie demand s hikely 1o grow. However, the
arowth widl be quite smell since Soviet natural gas will contimue to displace o1l i non-
transportation uses of oill Let us assume anet Soviet o] export fevel of 1.5 mdlion B D
for 18495

I am refuctant to make wny projections of o1l exports by the People’s Republic of
Ciuna i the presence of experts who are fur more qudified to make such forecasts. How-
ever. we do know that Chinese oil exports peaked in 1985 and have declined sinee then.
Goven the slow growth i domestie production and the rapid industrialization of the coun-
try. requirtng rising levels of o1l and other energy sources. | assume that Chinese exports
will continue to dechne. By 1993 1 have somewhat arbitrarily assumed they will be no
more than half of this vear's level.

We can now put together the NCW supply and demand balance for 1995. Demand.
hased on our annual growth rate of 197 or slightly more. will be 52-53 million B D in
1993, Non-OPEC supplies from all sources should be approximately 28-29 million B D.
Thus. depending on how we combine the upper and lower ends of the supply and demand
ranges. OPEC, as the world’s swing producer, would have to provide 23-25 million B D
of hquids to balance supply and demand. Since the cartel can be expected to produce
about 2 million B D of natural gas liquids by ther, its required crude oil production
would be on the order of 21-23 million B D. While this would be a significant improve-
ment from this year's likely I8.5 million B, D, it would still leave the cartel with a sub-
stantial excess producing capacity. Thus, our projected price path to 1995 is not required
by market fundamentals, but assumes a moderately eflective cartel whose power is very
gradually strengthened over time by market fundamentals.
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PACIFIC REGION OIL PRODUCT TRADE

Dennis J. O'Brien*

The Pacific Economies

I want to say something about the extraordinary economic changes in the Asia-
Pacific region:

0 By 2000 the combined GNP of the Asia-Pacific region will equal the size .. 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 economiy into the 2lst 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 evervthing 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 s 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 raie of economic growth is faster than that of the U.S. Europe
and the rest of th= world  Secondly, their governments are heavily involved in the energy
sector. Thirdly, they are heavily reliant on petroleum.

Togerther with economic growth, the region is also seeing strong growth in oil con-
sumption. Lower crude oil prices have contributed to this growth, as well as the appreci-
ation of many currencies. making petrolenm produets more aflordable. Government regu-
lution of eal 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 traek registrations have seen double-digit growth in several countries as the standard

* Chief Economist. Caltex Petroleum Corporation
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of Iving has risen and mdustriadization has progressed Therefore arowth an transport
fuels his been and contimues to be strong Rerosene 1= stdl extensively used e the region
i household cooking and heating, but s being displaced by LPG s allluence imereases
The role of non-commercial energy (woud, charcoul agrivultural wastes) hax been dinnn-
ishing for some time,

Heavy fuel ail 1s a substantial portion of petroleum consumption. but displacement
bv coal and natural gas continues 1o fluctuate with oil prices.

Petroleum as a proportion of total energy is declining in the long run as the stra-
tegic plans of governments strive to reduce reliance on imports and encourage
diversification.

Nuclear power plays 2 minor role i Asia-Pacific.

Petroleum Product Demand

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 3¢ per vear from 1987 to 1992, from 2.4 mbpd to 3.1 mbpd. Petroleum consump-
tion is increasing particularly fast in Korea and Thailand.

Table 1. Petroleum Product Demand in Selected
Asian Countries

1982 1987 1992
Austraha 366 600 6350
Hong Kong 132 115 120
S. Korea 197 613 930
W. Malaysia 146 152 155
New Zealand 79 85 92
Pakistan 119 180 250
Philippines 195 182 220
Singapore 185 83 300
Thailand 200 254 360
Subtotal 2.119 2461 3.097
Japan 4.3 1.3533 -4.235
Us (ClA) 15,296 16,556 17.200
\W. Europe (IEA) 12,100 12,100 12,200
Free World (IEA) -16.900 AR.600 A HAY
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White oals {oasohines, diesel PG, Kerol jet fuel) are becommmg o lurger proportien of
demand at the expense of heavier products (fuel ol for electne power generatien and
bunherst (Figure 11 Their share of mland consumption e 1957 raneed from 2370 m

Swgapere to 9607 in New Zealand (Tabie 2)

Figure 1
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Table 2. White Oils* as Per Cent of Inland Consumption

1987 1990
Australia 88 90
Hong Kong 26 63
Japan 63 65
S. Korea GR| 54
W. Malaysia 65 66
New Zealand 95 96
Pakistan 72 73
Phillipines 5% IR
Singapore 25 21
Thailand R1 81

* Gasolines, diesel, LPG. CNG, Kero, domestic jet fuel

(ias oll represents a large proportion of total demand, from 207 in Singapore to
50¢ in Thailand. Consumption is growing 6°¢ per vear as 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 diesel
consumption.

Table 3. Automotive Diesel Consumption

MBPD
©¢ of 1987 Inland

Consumption 1987 1990 1992

Australia 2R 151 165 175
Hong Kong 39 12 11 16
S. Korea 30 173 215 245
W. Malaysia 29 41 4 46
New Zealand 25 18 Y 19
Pakistan 13 67 82 94
Philippines 28 18 55 60
Singapore 21 10 11 11
Thailand 19 105 175 190
Subtotal 625 780 856
Japan 22 193 51 575
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Selected Countries

AUSTRALLA Gasoline comprises over 307¢ of total consumption. but growth is lev-
elling off with increases in engine efficieney. 1o contrast, LPG demand is inereasing by
53 pa Diesel demand is being boosted by growth in agriculture and mining. Tourism
and expanding air [reight are boosting jet fuel consumption

HHONG KONG. Petroleum use is declining as town gas and LIPPG are displacing
kerosene. Also. coal-fired power stations are displacing fuel oil. Jet fuel demand is grow-
ing by 77 p.a.

KOREA. The car population has been growing by 207 a vear and consequently
gasoline consumption. However. nuclear energy and LNG are displacing fuel oil in electric
power generation. LPG is growing at 165¢ p.a. in the household sector and as a vehicle
fuel. Also. naphtha use for petrochemical production is increasing sharply.

MALAYSIAL In Malaysia, the vehicle population, mogas and diesel consumption are
all increasing. Also. LPG growth of 10°¢ per vear is anticipated in household and indus-
trial use. Kerosene use however is declining as more electricity is available. Fuel ol con-
tinues to be displaced by coal. natural gas and hvdro 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 ccntinue to grow into the 21st Century
throughout Asia as economic growth improves the lives of the people of Asia. The auto-
mobile fleet 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 maude
national refineries designed to meet individual product dehicit requirements. Initially, pro-
Juet differentinds will uot support heavy mvestment an fuel ol upgrading plants mvest-
ment~ will imtiadly foens on amprovements e vields of existing units, for example,
modifications to allow the use of new catalvtie eracking catalvsts will be made Product
qualiy standards will alsoimerease, putting further upward pressure on differentials By
the mid-1990.5. continued strong growth i transportation fuels, slow fuel oil growth. a
heavier crude mx worldwide and the start-up of hittle new upgrading capacity will all
contribute to an merease i the upgrading differential. which will prompt a new waver of
Nl refinery mvestments,

In the meuntinie. the surplus capacity in both natural gas and coal will continue to
overhang the market. There will be strong efiorts to continue substitution for fuel oil in
boiler and bunker applications. We have nearly reached the limit in these applications.

There will be increased efforts to substitute coal and gus in transportation applica-
twns. lo Indonesia. Singapore. Malavsia, and Thatland. CNG and LPG use as transporta-
tion fuels will grow. shghtly 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 247% in 2030).
Japan is also looking at wavs 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 aifect the pay-out of
those investments.

In short. 1 am suggesting a tightening light petroleum produst market in the
medium-term which encourages investment. In the longer-term, surpluas 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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PACIFIC REGION COAL TRADE

Stuart B Ehrenrewch®

I understand there 1s un old Chinese curse which roughly translates as "May vou live
i interesting times” -meantng that periods of war, famine and rebellion tend to rate
poorly on any index of cuse und comfort even il one’s adrenalin level stays high. [ believe
that curse was originally directed at a coal salestnan sometime in the dim past. Interest-
ing is a gross understatement when it comes to describing the current state of the world

coal industry.

Since this conference is concerning itself with the —energy’™ market and the future of
“energy’ demand. it seemed appropriate to concentrate on the seaborne world steam coal
trade in the Pacific Rim. Steam coal is used to generate power, fuel industrial boilers and
provide fuel for the cement and ceramics industry. Furthermore, coking ccal demand,
while an important component of world coal trade, is not expected to increase dramati-
cally in the coming decades. Only Japan. Korea and Taiwan import significant quantities
of coking coal. Anthracite 1s a product serving a very small segment of the market, i.e.,
the specialty steel and home heating sectors. Therefore, 1 have made the easy choice to
only discuss “'steam coal” trade in the Pacific 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
llong Kong Canada
South Korea South Africa
Taiwan Indonesia
Indonesia Columbia
Malaysia USA
Philippines USSR
Thailand

India

Singapore

Rather than air iy ignorance of the Chinese coal industry, I hasten to add that the
“Pacific Rimn Coal Trade™ I will concentrate on is that portion of demand which countries
cover by importing steam coal, which naturally means the supply side must be included.
Supply has been a neglected issue for some vears. possibly a reflection of the fact it’s been
a buyer’s market for several yvears in the coal business. One of the points | make is sup-
ply 1s not so assured in the next decade. so 1 will spend some time on supply issues. On
the demand side I will refer to Asia as constituting the above customers.

* Viee President of Marketing, land Creek Coal of China, Lid
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Asia and Steam Coal in Context

Tuable t shows that concentrating on the import component of Asian demand nar-
rows dramatically the scope of this tulk. 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 1988

(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 seahorne coal was used to fuel
the steam engines of orean going cargo ships. The coul 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.

30-2



The modern postwar coal trade started in Europe with the main supphers being the
USA and Poland It was a marginal activity for both sides- - European customers needed
to replace depleting local production and the suppliiers 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 output in the
late 1960s. This necessarily meant reliance on imported coking coals and it was soon
obvious the “traditional’” supplier, the USA, 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 alwavs been done with the exception being the mines were in Australia, not the USA.

The OPEC “oil shocks™ of 1973-74. for Europe, essentially meant more marginal
tonnage would need to be imported. including growing quantities of steam coal. It was
small scale business though and Table 2 shows the total steam coal trade in 1979 was still
only about 46 million tonnes. nearly all going to Europe. Japan, again, figured in the
changes we now take for granted but did not play a major role in the beginning of the
steam coal trade.

Table 2. Major Steam Coal Importers

(Million tonnes)

1981 1983 1986 1987 est.
France 15.7 11.4 8.1 50
Germany 9.5 B R 9.4 7.5
Italy 7.3 77 9.0 1.2
Denmark 10.7 8.4 12.0 8.0
Netherlands 4.2 4.6 75 78
Japan 11.6 13.9 19.7 233
Hong Kong 0 3.4 6.2 75
South Korea 1.2 37 8.9 9.2
Taiwan 32 5.5 98 10.7
Total Seaborne Trade 75.0 83.0 136.0 145.0

Japan’s planners decided to commission u new generation of power plants on nuclear
fuel. coal and LNG: all imported material. The role of coul was to provide backup to the
base load output 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 eflort servic-
ing those Japanese coul-fired plants to be reminded tiat their installed capacity of about
12,000 MW 15 only some 10°¢ of the total Japanese electrical generating capacity.

One interesting irony 15 that 1 the 1960s Japanese utilities burnt almos' as much
coal us they do now. ull locally provided of course, but the drive in that decace was for
conversion to ot
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Though Japan 1s now the world’s major importer of both coking and steam coals sts
dominance of the two coal trades varies dramaticallv. With cokmg coals. Lipan aceonnts
for 44¢ of world imports but the figure for steam coal imports is only about 169

Table 3 also shows there i1s a fuir number of significant steam coul importers The
consistent growth has been in Asia. which is not surprising given the greater relianee on
imported coal of Japan. South korea, Taiwan and Hong Kong. Except possibly for faly
and Denmark. most European buyers still view coal imports i the “traditional™ way as
marginal supplements to local production. Inter-fuel competition is also stronger in
Europe because of proximity and population distribution. especially as regards gas and
nuclear generated power.

Table 3. Major Steam Coal Exporters

(Million tonnes)

1979 1981 1983 1986 1987 est.
UsSA 2.3 299 15.5 20.2 17.3
Canada 1.1 2.0 24 4.7 4.3
South Africa 16.7 254 26.2 41.0 36.0
Poland 18.7 4.6 11.5 16.0 12.0
Australia 5.7 10.2 181 40.5 44.5
China 1.0 25 3.5 6.0 11.5
Columbia 03 06 0R 6.3 8.0
Total Seaborne Trade 16.0 750 83.0 136.0 145.0

Despite the present prominence of Asia. Europe was responsible for the start of the
modern steam coal trade commencing in 1979 with the first shipments of Phase 2 coal
from Richards Bay in South Africa. Most of this coal was targeted for Europe, South
Africa’s ““natural market”, 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 “natural” market due to embargoes by countries such as Denmark and France.

Oil companies as well as the 3 local giants (ANICOAL. GENCOR and RAND) figure
prominently in the 48 million tonnes currently permitted to he exported by the South
African government and the 44 million tonnes 2uthorized after the next expansion of

Richards Bay.

They also set up “Utah type” mines. that is large scale production projeets 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 *puost
ol shock™ coal-fired plants in Japan. South Korea and Taiwan began to come on stream
and those customers signed contracts for project mines in Australia and. ta a lesser
extent. Canada and the USSR, Each time though. the project concepts. goals. financing
and structure was adjusted. reflecting the country in which 1t was set up and the attitude
buyers and shippers had then of the coal trade

30-4



Two further events gave this luter wave of mines a special flavor. First came the
1979 OILEC trebling of the ol price followed in short order by the virtual cessation of
coal exports from Poland during the days of Solidarity. A brief “Golden 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 buvers. huge premiums paid for equity in coal companies. Steam coal
prices even exreeded 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 $US 20. in nominal terms, by the middle of 1987,
or a drop of 33-10°¢ in product’s prices within 5 vears. 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
(US$, tonne, 6700 keal/kg ADB basis)

JFY82 ‘83 ‘84 ‘85 ‘86 ‘87

China

- (Datong) 51.62 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$) 11.11 41.10 43.40 48.72 52.05 41.50

- (CEPC) (USH) 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 36.50 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 earler 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 conveational wisdom at the time they were nego-
tiated and both sides felt reasonably content with the result. The buvers wanted protec-

ton 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 diflerence in
the corporate natures of buvers 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 mariet.

However, the same does not apply to shippers. In the past seven yvears we have seen
the marked decline in importance of Poland and the USA and in the past yvear. the start
of a downturn in exports by South Africa as costs. geology, transportaticn, 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% to 415
million tonnes but that is really the last of the production plunned back in the early 1980s
coming on stream. Though Australia has the infrastructural 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, Austrahian capacity will start to decline as present
mines and equipment are playved out.
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Table 5. Australian Steam Coal Exports
(Milhon tonnes)

1979 1983 19886 1987 est.

Total 3.7 18.4 40.5 445
Japan 1.6 7.6 14.8 19.1
South Korea 02 1.8 54 413
Hong Kong 0 1.0 25 27
Taiwan 0.7 1.4 3.2 38
Indonesia 0 0 1.3 09
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 0.1 03
2.5 12.3 28.1 319

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, | must confess to serious reserva-
tions as | 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 situztion 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 SEZ’s. but the ahove 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 wayv of saying that even il the
increase in Asian coal imports by 1993 1s at the lower end of my forecast range (see Table
8). supply will become very tight. This figure, 24 million tonnes. is almost equivalent to
current total steam 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
ccming from Australia! If you allow me a plug for my own company, ICCC, we are taking
about unother An Tai Bao mine starting up about every vear to 1995 under the optimis-
‘1 scenario.

Table 8. Pacific Rim Steam Coal Imports Demand Forecast

(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 I1-14
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

+i58  +83-33.3

Do not lose sight of the fact that we are treating Asian imports only in this presen-
tation. Some of the estimates | have seen for European demand increases suggest that in
the next decade, we would be looking for the equivalent of two ‘““new’ Australias.

I postulate the major concerns of the next decade will be securing supply rather than
chasing demand, but I'll let you digest that thought and return to the present.

Country Pen Sketches

On the straight demand side my 1990 estimate (see Table 7) assumes the only new
coal fired power plants will be Kyushu's 700 MW Matsuura plant and Hokkaido's 350
MW Tomato No. 1. The first will start up in 1988, after a 6 year delay, while Tomato
No. 1 is an old plant which is *‘new’” to imported coal. It will burn 700,000 tonnes of
imported coal in JF87 while under the 8th Coal Plan, other utilities in Japan share the
burden of using the displaced domestic tonnage. Hokkaido Electric has, until now, burnt
some 40°C of Japan's domestic steam 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. Estimate of Coal Fired Power Plants
in Key Pacific Rim Markets

(Megawatts of capacity)

1987 1990 1995

Japan 11,802 12,502 17,362
Taiwan 3,953 3.9535 5.053
South Korea 2 6RO 2 680 3,IR

Hong ong 1,490 5,150 5.810
Philippines 300 600 720
Malaysia 0 300 600
Thailand 0 0 0
Singapore 0 0 300
Indonesia 150 750 1,330
Total 23.677 25937 34.377

+2260 + 8440

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 ahout 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 fired capacity | sce being commissioned is: EPDC’s
Matsuura (1000 MW), Chuba’s Hekinan (2100 MW), Horukiku's Tsuruga (500 MW}, and
Tohoku’s Noshiro (600 MW). Of the officially approved new plants in the period to 1995
I have already eliminated Kyush's 700 AW Reihoku project. | must confess to a belief
that Noshiro will not start before 1995 and at least | of the 3 X 700 MW units for Hek-
inan will also be delauyed. Still. even if these slippages occur, the power sector will be look-
ing for coal to fire 2200 N\YV of new plant capacity or some 6 million tonnes of ann1al
steam coal demand
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Japanese industry used some 14 million tonnes of steam coal in JFRT {Table ) =ix
vears ago. the cement companies were the major consumers and 1n 1981 they looked set
for a great future with 81 milion tonnes of cement production Alas. the gods would
have it otherwise and in 1986 production had staggered to 71 milhon tonnes  This vear
has seen an improvement with domestic sales picking up as the government’s plaps to
stimulate residential consumption take effect.

Table 8. Steam Coal Demand in Japan

{\illion tonnes)

JFY 81 JFY 87

Electric Power 12.2 2313
Import 15 133
Domestie R7 10.0

Cement 10.8 6.0
Import 83 5.3
Domestic 25 07

Other industry 4.1 8.0
Import 1.2 6.2
Domestic 29 1.8

Total 271 373
Import 13.0 248
Domestic 14.1 12.5

At best though, the cement companies will cuntinue to import at present levels.
There i1s 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 doubied from 1981 to 1987. 1 see this trend continu-
ing, at least till the early 1990s as more companies realize the beneliiz of coal usage.

As for steel mills, 1 will admit the Japanese steel industry is, like cement, a mature
one and so unlikely to import much more than the present araual 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°¢ of
their coal intake. I hesitate to claim all of this as ““steam coal” though as. in a buvers’
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°¢ or even 40¢. 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 1= more downside m the figures for South Korea than those for Jupan. Two
major ussumptions ve bult mto my estimates are that Korea Electrnie (KEPCO) will i
the early 1990s revert substantially to an emphasis on coal-fired plants rather than
another nuclear plan. and the government mspired push for industry to switeh towards
coal reliance will continue unabated

The present stalled situation of the nuclear program in Taiwan has given coal
demand a major boost. Taiwan Power is switching 1ts coal-fired plant base load to cope
with an annual electricity demand growth of 10-11¢¢ 2ad iz sure to speed up commission-
mg of the 4 X 330 MW coal tired units at Taickung. Industry demand for coal in Taiwan
¢oatinues to be strong also, so present imports of about 3.7 million tonnes will expand.

Since its emergence as a coal user in 1982, Hong Kong has continued to be the kind
of growth market shippers dream about. With another 660 NIW que to be commissioned
at Castle Peak before 1990 and an annual electricity growth demand of 10-13¢, that
dream will run for some time vet. However. the mid to late 1990s pose big questions for
coal exporters (other than China). Will. for example. coal imports continue at the
present rate or will it gradually become a reserved domestic market for Chinese steam
coal” If Hong Kong used 100( Chinese steam coal taday, China would have to ship all of
its export steam 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 llong Kong coal fired stations? Or could it. as rumored.
Le commissioned at the expense of existing Hong KNong coal fired capacity, resulting in the
lass of up to 3 mullion tonnes of coal imports to Hong Kong?

In the Philippines, the installation of at least another 300 MW unit at its Calaca
coal-fred power station is almost a certainty. Furthermore. by 1995 a third unit should
be installed at Calaca and possibly two smaller units in the islands. like Cebu. The Phi-
lippines has the advantage of having large quantities of semi-bituminous coal but the
disadvantage of 1t being wet. clavey and difficult to handle. These characteristics have
led to difficulties at its major minc. 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 attempt to commission a nuclear plant in Manila. Co-generation is one possi-
bility that is just beginning to be explored in the Philippines. The competing priorities
for the trickle of funding available from the government miakes the future uncertain for
additional coal-fired capaciy.

Indonesia has ambitious plans for both coabfired power plants and domestie eoal
production  Suralava <hould have 1500 MW of capacity by 2000 and there are simndar
projects planned for Puton and Central Juva The official plans desenibe 9-15 mullion
tennes of coal prodaction irom Kalunantan and Samatra o) oftically no anport needs
will persist bevond the very short-term Hhwever | helieve import< will continue at least
at present levels for some time I the power plant program continues. the domestic coal
production falters {which bused on pust expenence s a very real possibility !y, and ol pro-
duction dechines as predicted Tndonesi could be catapulted mto the ranks of the muajor
coul importers by the end of the century
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There 1= 1 good chianee Singapore conhd enter the coal fired power stakes in the
1960s with an mttial 300 MW unmit Also the massive 2100 MW Ao Phy project in
Thatbined <hould wee some of the 14990< but Tve atbawed cnly for Singapore in my demand
figures. Even wirth the probuble serubbiag of the Num Choan Hydro Project. Thailand’s
huge high quality hgmte reserves pose a hurdle for coal importers

That feaves Malavsie which s much imore tangible i that construction of the Port
Klung complex 1= advanced and this month ar next should see the first importation of coal
for the tirst 300 MW coul-tired station of the National Electrie Board at that complex.
The Maluvstans are hedwimye thenr bets abouat whether future units will be based on coal.
ol or gas. L anew 'm biased und think the jury is already in on that one but am reason-
ably certain at least one more 300 MW unit. and possibly two will be in place by 1995.

Conclusion

| have not tried to formulate fanciful theories on the relationships between fuel
demand and economic growth or the crossover poiats for inter-fuel competition because
I'm dealing with the next 7-8 vears only and am presumptuous enough to think we’ll have
more of the same 1n that period.

More of the same is enough for shippers, and | suspect buyers, to handle! In the last
7-8 years, prices have halved, (reight 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, | 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-
try. Shippers and buyers are seeing the start 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 3-6 months for spot prices has already reversed the 1987 downturn in prices
and has vet to show signs of flattening out. Personally, | hope we all manage this rising
market 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
trying to cover their coal needs with “long term™ contracts, that is 1-5 years. These con-
tracts though will reflect the experiences and wisdom of the past few years in that they
will allow for greater flexibility in the tonnages supplied and, at least, closer consultation
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 times' so we’'ll have to treat that curse as part of our
working conditions.

N.B. The views expressed in the above paper ure my own and do not necessarily reflect
the views of Island Creek of Ching ("1CCCT). its shareholders. the An Tai Bao Mine
("ATRBY) or the varisus Chinese ministries, corporations and enterprises involved with
the ATHB 1CCC caul jomnt ventire
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PROSPECTS FOR CHINA'S PETROLEUM TRADE AND INVESTMENT

Kim Woodard®

The Impact of Price Volatility on China’s Petroleum Exports

For the first two decades of its development {1959 to 1979), China’s 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 ca rrols in the domestic market created a highly stable environment for the early
developrient of the Chinese o1l 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 o1l industry. Consider the following trends:

1. By 1985, China had emerged as the largest petroleum exporter in Asia. Crude
o1l and refined petroleum products export volume doubled between 1981 and
19835 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.

[

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 aflected 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 {CEVCQ), Washington. D.C
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exploration and development budgets of the multinational oil companies, con-
tributing to a 30¢ 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 o1l
discoveries.

5.  Lower oil prices completely derailed an mitiative 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 o1l prices, the inability to sustain
foreign exchange earnings from o1l 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 mode] 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
Perroleum Corporation itself is now responsible for its own profits and losses and must
over time become more sensitive to market considerations and more respoasive to the
aeeds 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 1s particularly intense for electric power and refined petroleun 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
107 per vear between 1981 and 1985, and reached a peak at 12% in 1985. Efforts 1o res-
train economic growth in 1986 and 1987 were only partially successful. The national pro-
duct expanded by 87 in 1986. 8¢ in 1987, and is projected to grow by at least 7-85¢ this
vear.

Sectoral economic expansion is also impressive. Growth in industrial output has run
10-13 per vear since the early 1980's. 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 1n 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 trzusportation 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-powezed. 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 production 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, |

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 .7 million for the year 2000. The 1990 target
1s likely to be exceeded.

If these targets are met, the domestic vehicle population will continue to grow at
10-15¢ per vear for the halance 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.



Nonetheless, the bottom line for petroleum products demund 1s clear. Expansion of the
vehicle fieet will increase vehicle gasoline and diesel fuel consumption by at least 8-12%
per year for the next 10-15 vears.

A similar picture could be painted for a number of other sectors of the economy that
are dependent on iight and middle distillates. Expansion in air transportation, petrachem-
ical preduction. and agricultural mechanization 1s veraging 10-20¢ per vear. 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 1983, output growth
has dropped to 2-39 per year in 1986 and 1987. If sustained over time, a 3-4% per vear
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 vear may fall considerably
short of demand requirements by the mid-1990's, given the projected growth in refined

products demand of 6-8°C per year and in light and middle distillates demand of 8-129
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 909 of proven and probable reserves and 95% of existing produc-
tion is located at these aging fields. The super-giant Daqging 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 ol field. China’s "second Daqing” is providing most of the annual increment
of production increase sShengli 1s currently producing at about 700,000 barrels per day
and 1s 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



either Daqing or Shengh

Sustained growth in crude o1l production bevond the mid-1990’s will depend on fron-
tier exploration programs that are currently underway  The mujor constraint facing new
exploration 1s a persistent capital shortage Total domestic investment in exploration and
development averages the equivalent of about $1 billion per vear. which would be compar-
able to the exploration and development budget of a single mid-sized independent ol
company e g Pennzoid or Umion Oil). Expenditures for frontier exploration are just a
fraction of the total exploration and development budget -- perhaps $100-200 million per
vear. spread over the entire country.

In an effort to remedy rhe chronic shortage of exploration capital, foreign multina-
tionals were invited in the late 1970°s to participate in joint exploration of the Chinese
continental shell under the terms of production-sharing contracts similar to those used in
ather 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 1982 and
1983. Total foreign investment in exploration offishore China reached $300 million per
vear in 1984 and 1985,

The offshore exploration program has been sharply curtailed as a resuit of falling
world crude oil prices and mixed drilling results on the first 130 offshore wells. The suc-
cess ratio on offshore wells was respectable by world standards (30% of total wells drilled
with test yields over 1.000 bbl day, 8¢ with test vields over 5,000 bbl/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 onstream (Chengbei and Weizhou
10-3). but have achieved only margina! commercial success. Development programs are
underway or likely on seven additional oil fields and the giant ARCO gas discovery. But
all of these programs 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 $300 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 Corporation is mounting 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 China’s land basins remains little more than a dream. Only one
exploration contract (CSR BHP in northern 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 terms of a production-sharing
contract at $17 per barrel oil. Prospects for joint exploration of the western basins are
stll visible tn the long term. hut difficult to implement in the near term.

The upshot of these trends i1s that annual investment 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 production. The

result may well be that the current petroleum supply,/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 1s growing at twice the rate at which crude petroleum output is increasing. Domes-
tic demand for the light and middle distillates is 1 sing at three times the growth rate for
crude oil production. Increasing domestic dem? 4 pressure can be met in a number of
ways:

1. rationing;

2. prlice 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 existiug 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 yvears from initial design to full-scale production. Thus, while

refinery upgrading is available as a long-term measure, it has little eflectiveness 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 595 per vear and a shift to a lower
quality crude export slate;

e

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 1). Crude oil exports are down from a peak of 600.000 bbl day
in 1985 to about 320,000 bbl/day this year and are not likely to exceed 500.000 bbl day
in 1990.

Exports of light Daging 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, 19856-1987

GROWTIH RATE

1955 Ist Q 2nd () 3rd 4th Q 1086 Ist Q nd Q 3rd Q 4th Q 1987 1985-1986  1986- 1957
VOLUME
(bbl/day)
Crude Oil Exports 600,000 462,400 520,300 666,400 630,400 570,000 480,000 512800 514,400 671,200 544,600 -5.0% -1.5Y
Retined Products Exports 136,100 83,000 118,400 111,200 119,200 109,200 87,200 99,200 100,000 109,600 95,800 -19.89%, -9.5%%,
Refined Products Imports 3,100 3,184 25,9438 49,197 78,916 39,311 31,849 23,817 50,463 52 421 39,639  1168.1% 0.3%
Net Products Exports 133,000 84,816 92,452 62,003 40,284 69,889 535,351 75,383 49,537 57,179 59,161 -47.5% -15.4Y%
Net Petroleum Exports 733,000 547,216 613,252 728403 670,684 639,339 535,301 583,183 563,937 728,379 604,761 -12.7¢¢ -5 6Y¢
VALUE
{million curreat U S.$)
Crude 0il Exports $5,250 $751 §483 §527 $636 $2,396 $632 $718 $751 $977 $3,109 -54.4% 29 7,
Refined Produets Exports $1,450 §232 $204 $151 §173 $760 §151 §195 $200 §219 $765 -47.69, 07%
Retined Products Imports $50 $13 $54 $54 $146 $208 $64 $59 $121 $127 $371 195 9% 24 6°¢
Net Products Exports $1,400 $219 $150 $60 $27 $162 $87 $136 $73 393 $304 -67.09%, -14.8%
Net Petrolenm Exports $6,650 $969 $632 $593 $663 $2,858 $719 $854 $360  $1,070 $4,502 -57.0% 22,69

Source: General Administration for Customs.

Note: Refined products import voluine and value estimated for 1985,



about 30°¢ Daqing and 50°¢ Shengli by the end of the decade. This has the effect of
reserving the better crudes for domestic refineries. which are long on distillation capacity
and short on secondary processing capacity.

For the past several vears, the China National Chemical Import and Export Cor-
poration (SINOCHEMI!) has been refining about 100.000-130.000 bbl day of its own export
crudes in Singapore, under the terms ol processing contracts with major Sirgapore
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 strategy, and began re-importing
the light and middle distillates produced from its own crudes in Singapore. The 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 distillates 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 the Singapore spot
market to pay for transportation and processing charges. This transaction is no doubt
highly profitable for SINOCHENM, which pays local prices for the export crude ($3-8/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 domestic market
at clese to world prices and the LSWR is dumped on the Singapore market for whatever
price it w:ll bring.

China's net refined products exports have declined by more than 50¢ since 1983,
from a peak level of 130,000 bbl/day (not counting crude refined in Singapore) to 60,000
bbl‘day in 1987. This i1s the combined eflect of gasoline and diesel re-imports from Singa-
pore and reduction in products exports from domestic refineries. [ project that net refined
products exports will be further reduced, to about 30,000-35,000 bbl/day by 1990, and
perhaps completelv phased out thereafter (see Table 2). The only reason to maintain any

level of refined prodccts exports is to earn foreign exchange for SINOPEC'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 onto the domestic market. While this
may not seem much hy world standards, it has increased the availability of gasoline and

diesel fuel on the - rnestic market by 20-309% at a time of critical domestic fuel shor-
tages.

While the shortages have not been completely eliminated, some time is being bought
for the addition of 430.73J0 bbl day in primary distillation capacity and -i80.000 bbl dav
in secondary processing capacity to China's refineries. By 1990, the buffer provided by
diversion of refined products exports to the domestic market will have been exhausted.
But by then, u mid-term solution -- a lighter products barrel from domestic refineries --
mayv be in sight.

Surprisingly. the reduction in petroleum export volume and ol export revenues has
dene hittle dumage to China's balunce of trade and foreign exchange position Non-oil
exports doubled ut precisely the right moment (1986- 1988} to more than compensate for



Table 2. China's Petroleum Trade and Foreign Exchange: Base Case Projection

Growth Rate

S 1982 1983 1984 1955 1956 1987 1988 19384 1990 1485-90

PETROLEUN EXPORT VOLUME
(thousand bl day)

Crude Petrolenm 293.6 2496.6 440.2 600.0 570 0 4.6 5200 500.0 H00 G -3.6%
(Diapng) 396.2 4800 1275 J10.1 3200 2813 2000 -13 0%
(Shengh) 41.0 120.0 1425 170.2 1950 2188 250 0 14 7Y%
Petrolenm Products 107.6 107.6 124.9 133.0 69.9 59.2 50.0 100 320 -u8.5%
Tow 4002 4042 565.1 733.0 6399 6038 5700 5400 5320 647
AVERAGE PRICE BB ($)
Crude Peteodeum $30.30 §26.72 $25.08 $:203.97 $11.52 $15.64 $16.25 $16 84 $16.7H
(Daqng) $1250  $1650  $17.00  $1750  $1750
(Shengh) $11.00  $1500  $1500  $1600  $16.00
Petrolenm Products $35.42 $13.53 $29.68 $25 81 §15.11 $18.25 $19.00 $19.00 $19.00
FUTROLEUM EXPORT VALULE (8B)
Civoe Petroleum $3.25 $2.89 $1.03 $5.25 $2.40 $3.11 $3.0%8 $3.07 $3 06 -10.8Y
Petroleum Products $1.39 $1.32 $1.35 $1.40 30.46 $0.39 $0.35 $0.28 $0.22 -36.876
Total $1.61 $1.21 $5.33 $6.65 $2.86 $3.50 $4.43 $3.35 $328 - 14.1%
FOREIGN TRADL (§13)
Non-0il Exports (FOB) $17.30 $17.95 $19.65 $20.71 $28.07 $36.42 $44.47 $51.74 $57.42 20496
Oil Exports $1.64  $1.21 $538  $6.65  $2.86  $350  $343  $335  $328  -14.19%
Total Exports (FOB) $21.94 32206  $25.03  $2736  $3093  $39.92 34790 $55.09  $60.60 15.97
Imports (CH) (318.94) ($21.32) ($20.75) ($42.26) ($42.90) ($43.88) ($50.44) ($58.00) ($63.51) 8 20
Net Balanee $3.00  $0.84  ($1.72) ($14.90) (311.97) ($3.94)  ($2.53)  ($2.92) (83 21) .
FOREIGN EXCHANGE (313)
Trade Balance $3.00  $0.84  ($1.72) ($14.90) (811.97) ($3.94) (32.53) ($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 (313.30) ($9.97) (81.44) $0.47 $0.038 ($0.21)
Net Capital Account $0.30 (30.20) $3.60 $4.30 $8.55 $6.27 $3.00 $1.00 $0.00
Errors & Omissions $0.30 (30.40)  (%0.90) $1.20 $0.00 $0.00 $0.00 $0.00 $0.00
Change in Reserves (85.10)  (32.44) (32.98)  $4.80 $142  ($4.83) (8347} (S1.08)  $0.21
Total Reserves $1130 $1374 31672 81192  $1050  $1533 31879  $19.88  $19.67
FOREIGN DEBT $10.30 $14.60 $23.15 $29.12 $32.42 §33.42 $43.42 16.6%

Source: General Administration for Customs [MJF, 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 Daging/Shengli erude slate estimated.
Al values in current dollars or billions of current dollars ($B).



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*

Introduction

The principal energy source in China is coal, followed by oil and natural gas. Com-
nared 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

QOil Coal Natural Gas Other
1970 14.67 80.89 0.92 3.52
1975 21.07 71.85 251 4.57
1980 20.83 721 3.06 3.99
1981 20.0 7275 2.74 4.51
1982 18.68 74.02 248 4.82
1983 18.05 74.29 24 5.26
1984 17.45 75.31 2.33 4.91
1985 17.09 75.85 %25 481
1986 17.33 75.26 238 5.03

Recent years have witnessed rapid growth in China’s economic development, and the
domestic eneigy demand as well, at annual rates of 10.8% and 6.5% 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 Tne /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 Oi} Corporation
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domestic o1l demand and o1l export needs for toreign curr-ney 10 s urgent to make more
mvestment. speeding up oil exploration 1o vbtain enough ol reserves

Of China’s oil demand, 45% is burned as fuel oil. This is much higher than the
world level of 20%, and developed countries level of 16%. The high fuel oil properticn i~
an indication of ineffective use of oil and lack of refining ~ophistication More heht and
middle distillates are needed to meet unsubstitutable cal demand in transportaten and
petrachemistry.  And coal. gas and other energy are bemng substituted for fuel cal
industry and heating to keep the low ol proportion e Cliana s energy stracture

The development of China’s natural gas and other energy (hvdro and nuelear. ete s
has been much slower than i other countries Diversiied coergy demand has beeome
long-term strategic policy 1n many countries. Natural gas, often gnored an petraleum
exploitation. is a very important potential energy source. In recent vears fast growimg
countries suck as Indonesia, Malavsia, 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

Ol Export

China’s oil export started in the early 1970s and was increasing from year to vear.
It reached a peak of 7 billion doMars in 1985, but fell sharply by 56°F 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 54 4.36
1984 2239 50 5.71
1985 30.64 5.6 6.95
1986 2R.05 3.7 3.07
1987 - - 4.13

While the oil companies’ revenue has dropped deeply. oll exploration has become
more risky, and new oi} investment has declined. This has produced great impacts on
China’s petroleum industry. especially on Sino-foreign cooperation in the offshore oil see-
tor.

Coope:ative Exploration and Development in China’s Offshore Qil Sector

China embarked on Sino-foreign cooperation in the offshore oil sector in 1978 By
the end of 1987, the China National Offshore Oil Cooperation ((NOOC) had signed 39
petroleum contracts and geophysical survey agreements with 15 compantes from 12 coun-
tries, through bilateral negotiations and two hidding rounds. A total of 179 exploratory
wells (including CNOOC-financed) had been dniled. resulting in 77 oil and gas discoveries



and the definition of 39 hvdroearbon-beurme ~troctures

With respect o field developrment. two fields are alreads on stream the Chenghe
field under Sino-Japanese cooperation m the Bob Gult amd Wezhon 10-3 Hield under
Sipo-French cooperation in the Bethu Gult in the =cnth China Seqc Bott are producing
about 100 thousand tons crude per vears o additons development of BZ 251 and 6
other ticlds s underwav, giving an expectation of annual o production of three mlhen
tons from China offshore o 1990

Over the past moe veurs, we have furthered our understanding of the oceurrence.
accumulation and migration of hyvdrocarbon resources on China's continental shelt A
suecess rate of 300 in the offshore eaploratory dolling has been made. which <hould wea
be regarded as o low figure  We have fath o promising prospects for China's offshiore
petroleum. as we have extensive continental shelf and less than one-third of the prospee-
tive structures have heen tested

This vear has witnessed even more encouraging oil and gas discoveries. among which
Huizhou 26-1-1 well. located east of the Pearl River Mouth in the South China Sea. is the
best. The well was tested at 42 hundred cubic meters per day crude oil. the highest il
production of tested wells on China's offshore, and of a production well in a sandstone
laver. 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 nake geological data availuble to facilitate foreign partners 10
select favorable areas for cooperation. Last January CNOOC made an announcement of

the first open sale of geophysical data 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 coniractors to sign a geophvsical
survey or drilling agreement for areas of interest with limited initial commitment They
will then have the option of entering 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 exploration perind.
flexible relinquishment requirements. reduced or no Chinese participating share. and fast
recovery of exploration expenditures.

{4) We try to reduce the financial burdens on foreign contractors as much as possi-
ble. For instance. the signature fee cun be paid by instullments under certain conditions,
and the training and technology trunsfer fee reduced or paid by stailments

(3) Some fiscal termx for new contracts such as the pereentage of profit split and
arrangements for the investment recovery will be negotiated and determined an the prin-
ciple of mutual benefit according to the resource assessment made by both parties, s the
foreign contractors can have reasonable return under the oil price conditions durimg the
contract life.
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(6) We make an appropriate cost reduction for Chinese persannel. to serve the pur-
pose of reducing investments of hoth parties and mimimize the costs of exploration and
development

(v) Contracting services needed i the exploration and development operations,
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 competition.

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 contractors by reducing royvalties 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 operations contracted in
China.

CNOOC will start 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.



THE U.S. ENERGY ECONOMY AFTER ENERGY CRISES

Mao Yushi*

First. the energy production and consumption of the United States is reviewed, and
the relationship between US energy and the world market is discussed. Then. the
interactions between U.S. energy structure and economy is analyzed: discussions include
oil. coal. natural gas, and electric power. Following this, the responses of U.S. energy
structure to energy prices since 1973 and the successes and failures are commented on.
Finally, it 1s pointed out that if the United States keeps a flexible economic structure, the
third global energy crisis may not occur, or will be much easier to cope with.

The U.S. in the International Energy Market

The more a country is dependent on oil. the more it is threatened by oil exhaustion,
and the United States is just such a country. Its energy consumption (commercial energy)
takes up 22°¢ of the global total; its per capita energy consumption is 3.5 times 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 U.S. is a resource-abundant country, and energy resourccs are not exceptions.
[ts coal reserve is second only to that of the USSR, and can be mined for more than 300
vears at current pace. Its oil reserve used to be the largest in the world before the finding
of the Middle East oil. Up to 1963, the U.S. had been the largest oil producer in the
world. Its oil production used to take up 50-63% of the world’s total, and it supplied 20-
337 of oil export of the international market.

From the late 1940s to about 1960, U.S. energy consumption transferred from reli-
ance mainly on coal to oil and natural gas. Since the 1960s, cheap Middle East oil surged
mto the U.S. U.S. natural gas production quadrupled in the 1950s and 1960s. By 1973.
coal took up only IBC of total primary energy consumption, domestic oil took up 30,
imported oil took up 17°¢. and natural gas took up 309¢. Even though U.£. 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 bhecome an
indispensable element of the U.S. economy. So, the OPEC oil embargo in 1973 caused a
serious itmpact. The Iran and Iraq war in 1979 caused sharp 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 US. can avoid the impact of political and
economic changes of certuin il producers. The U.S. poliey of diversifving oil import
sources can only alleviate the tmpact of market changes o the process of market read-
Justment. the U.S. can use its strategic reserve to alleviate the impact.

In recent veurs, the USorutio of oll reserve o oil production has been decreasing

gradually: the unnual newlv-udded reserve is less thun the production of the same vear

* Chinese Academy of Soctal Setenees. Being
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The ratio of oil reserve to ail production 1= under @ 1n the U S while the ratio is above 30
on the world average T 1986, US ail production took up 14 of the global total bhut ns
remaining recoverable reserve is only 370 of the total - And the degree of U S0 ol explora-
tion is rather high. so the opportunity to find large-~cale new oil reserves s less than that
of other places in the world. This situation indicates that the exhaustion of the UN il
reserve will be earlier than that of the other places in the world., while the ol denand of
the U5, economy <hows no tendency 1o deercase. We can project reasonably that the
U S dependency on imported oil will increase. Even though the US is making great
effort to reduce such dependency. the development tendency of ol reserve and economy
indicates that this effort will be hurd 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 s bound to increase. Meanwinle,
due to the growth of population and the improvement of living standard. oil demand will
increas also. So. under the inHuence of both factors, ol price 15 bound to increase. For
the vear 2000. if we take the oil price as $10 barrel (in 1987 dollars). the US oil consump-
tion as 19 million barrels d (about 1 3 increased). and tmported oil as 11 muillion
barrels.d 2, the annual {oreign exchange spent will be $160 billion. This would take up
40-50°¢ of the total U.S. export value then (assuming the U.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 U.S. international trade balance.

LS. coal exports will help to make up the foreign trade 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 1710 of the oil
expenditure several vears ago. Since 1983, the U.S. coal export has stabilized at 75 to 80
Mt. The U.S. has become the second largest coal exporter, less than only Australia. But
before 1995, the U.S. will find it very difficult to increase in large scale its coal export.
Because of soft oil prices. the substitution 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 slump, without indications that its coal demand will
increase on large-scale. Power and metallurgical industries are two of the largest coal
consumers. Besides, the production capacity of other coal-producing countries. such as
Colombia and China, is increasing rapidly. Before 1995, China’s newly-added coal
exporting capacity will reach 30 At, sufficient to meet the increased coal demand in the
Asia and Pacific region. To increase coal export, the U.S. probably should wait until
after 1995.

The U.S. imports natural gas mainly from Canada and Mexico. Since 1985, the U.S.
annual gas import has been about 25 billion cubic meters. 57 of the total U.S. gas con-
sumption. The U.S. ratio of proven natural gus reserve 1o annual production has heen
decreasing. The gas production was highest in 1973, and 127 decreased by 1978; the pro-
ven gas reserve was highest i 1967, and 257 decreased by 1978 3 According to an
optimistic estimate. by 2000 the newly-added proven gas reserve can only make up the
reduction of current reserve. Gas production will not be decreased on a large seale, while
the gus import will be inereased shightly. In the future, the U S0 will probably import
more LNG
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The U.S. Energy and Economic Development

From 1930 to 1973, the U S energy consumption per dollar GNP was between 61.9
and 36 7 Bty I we compare the US annual growth rate of GNP 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 structure also changed. and the previous fixed relationship disappeared. After
1973. the energy consumption per unit GNP began to decrease in the U'.S. By 1986, it
was decreased by more than 1 4. The U.S. GNP was increased by 40°¢. and the change
in energy consumption was only 15¢. 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 vears. great success has been made in the eflort to substitute oil by
other energyv sources or non-energy resources in the U.S. Qil was substituted by coal and
nuclear power in electricity generation: the proportion of coal and nuclear power to total
power utility energy consumption increased from 55% 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 substituting energy by non-energy resources. Because of the improvement of
engines, body materials, 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 cliemical processes to meet their needs, so the energy mntensity of GNP is rather 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 industrial energy science and tech-
nology research was $1 billion; this increased to $3.9 billion in 1979, when the second
energy crisis began 4].

In the two decades after World War II, the U.S. energy consumption structure
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 natural gas is restricted by lim-
ited gas reserves and price regulations, ard has not increased since 1973.

The Power Industry

The decade before 1973 was the golden age of the U.S. power industry. Power
demand increased steadily, 7¢¢ per vear. while cost was decreased gradualiy. The reasons
were continuous economic prosperity and cheap oil from the Middle East. The 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
merease as hefore  But, after the il crisis. coal price inerease was driven by oil price
increase. the cost of power production began to inerease. and the annual increase rate
decreased by three percent points  After the second energy crisis. electricity  price
mereased agam, and the growth rute of power demand decreased further. As the result of

decreased demand. many power plants eould not be put into operation after their



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 5. (In the U.N. 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 the 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 657 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 63°¢ 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 79 in 1973 to its current 17%. But the
development of nuclear power was hindered by the psyvchology 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. 1S, 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 cnisis, 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 $63.1. 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 encrgy crisis. Another
factor that restricts coal production is the backward railway svstem. For example. the
coal in Wyoming has low sulphur content, and the coal deposit is near the surface. but
the coal i1s far away from the market.

The Responses of the U.S. to the Fluctuation of Energy Prices

The U.5. economy 1s a market-ariented one, or more precisely a price-oriented one.
Its production structure. consuinption 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 vears has had profound influence on the U.S economy.
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Problems of il Price Controls

The 1973 oil embargo brought great panic in the US. At that time. the OPEC ol
export took up more than 90¢ of the global oil export and 40°¢ of the U.S. domestic oil
consumption relied on tmported oil. According to the ‘.arket principle of the U.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 imparted oil was shared by all refiners equally according to a nationally
unified ratio; that is. the refiner who used more domestic o1l 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 {7]. The jow
oil price was harmful to both conservation and production growth. From 1975 to 1979,
the U.S. oil consumption increased by 149¢. while in the European countries, the increase
was only 1092, and the increase was only 3.4% 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 oll 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 eflorts. 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 mn~
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

33-5



with legislative measures caused a series of problems.

First. oil price start to fall after 1981, but according to EPCA. the automaobile

mileage should be increased from 22 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 U.S ol
price controls were canceled in 1981, Consumers could choose between increased oil cost
and more expensive oil-eflicient avtomobiles rationally. but EP’CA forced the consumers
to spead irrationally more money on automobile oif conservation. In 1985, the mileage of
1he automobiles manufactured by General Notors was only 25.5 mpg, less than the leg-
wlatively fixed 275 mpg. The new automobiles satisfied the chaoice of the consumers but
General Motors was tined about $100 million.

second. the Act 15 only valid for new automobiles: it put no conservation require-
ments on old automobtles. which take up 80 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. cut 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 manufactuiess
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 v
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 1s 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 vears of oil price controls has been
admitted by the international energy society. But people are forgetful, so the same mis-
take may occur eisewhere. 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 21 large companies.
which take up 1,2 of the total gas production, and about 500 large independent producers
and 5400 small independent producers ‘8. But natural gas supply is through pipelines.
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Producers and consumers cannot select trade partners freely . s there s pot w full com-
petitive market. Another basic question s how much natural gas reserves remam an the
U.S If the remaining gas reserves are very lhmited. gas supply eannot be imereased even
under very high price: then the gas price level will not influence gas supply, 1t can only
influence the consumption behavior,

Due to the suspicion against the natural gas market. the theoretical basis of gas
price controls was found. The gas price controls of the federul government were only
valid 1o inter-state gas trade: the gas price within a state can change according to market
situations. The in-state gas price was promoted by ol price increase. but the mter-state
traded gas price was controlled. The ratio of the two prices became 1:4.1. As a result.
the inter-state gus supply was cut sharply. the gas consumers along the inter-state natural
gas pipelines were not supplied. some consumers were forced to construct new pipelines,
and resources were wasted.

As is commonly known. there are two pricing principles. one based on cost and
profits, another on the price of substitutes. In the case of natural gas, the price is based
on the oil price The cost-based price is lower than the substitute-based price. The con-
sumers wanted cost-based pricing. and the producers called for substitute-based pricing.
In order to persuade the government, both sides employed muny geologists., economists,
and energy management experts to conduct research. Their 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 estimation, and the estimations of different persons may differ
greatly. Now, the pricing principle of international natural gas transactions is based on
the use value of the natural gas, and has nothing to do with the recovery and transporta-
tion cost. But natural gas is priced based on cost in the U.S., and the problem of price
controls followed.

The debate 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 olil
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 deteriorate .he development of natural gas; the lower the domestic gas produc-
tion. the more gas and oil will be imported. So. on the basis of efficiency, gas price should
change with international gas price changes. In order to settle the debate of equity and
efficiency. since the early 1970s natural 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 inter-state market was $0.69/1000 CF.
but the newly contracted inter-state gas price in the same vear was $1.42 1000 CF. 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: that 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 sue-
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 gas or new gas is hard to tell.
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Fortunately, the U.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 aflocation
better.

Is the United States Making the Third Energy Crisis?

After the second energy crisis, the U.S. oil and natural gas price controls were can-
celled graduallv. Production, allocation. and consumption are under the control of
market forces. When the oil price decreased shar;ly in 1986, the response of the U.5.
economy was to cut energy production aad incress+ energy consumption and import. If
this tendency continues. is it possible that the U.S. will follow the same disastrous road of
19737 Many Americans are worried about that {9].

Because of the sharp lall 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 o total U.S. oil consumption decreased from 46% in 1979 to
25% in 1985, and then increased tc 379 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 {1]. 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 oue.

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 4077
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 14°¢ 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 40%Z 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 industriai siructures can be readjusted
freely with the changes of price signals, and keep the whoie economy operating in a rather
efficient manner.

Of course, the economic structure reac 'ustment 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 estimations 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 vear or even the next morning. Only the current oil price 1s
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 relv on the market to get rid of its “*blindness’ or the human ability to
control the market changes. The good wish to master the market has existed for hun-
dreds of vears. but we have not found the method to approach success yet.

Many Americans worry that the current low oil price will be unfavorable to oll
exploration and development. and the future oil production capacity might be reduced. It
is a fact that 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. The cil
price in 1980 reached $39.75. 'barrel. and the number of exploratory wells soared to 3.220.
There is no reason to keep this exploration enthusiasm stimulated by high oil price now.
But the research achievements of exploration technologies developed at that time will be
helpful to reduce current drilling cost and increase the success rate of drilling.

The business efficiencies of the large U.S. oil companies differ greatly. The average
exploration cost was only $3,/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/barrel. 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 important role in competition;
businesses with low efficiences were eliminated. The fluctuation of oil price accelerated
the process of elimination.

What we know about the prospect of oil price changes is that with the continuous
decline of tie global ratio of reserve to recovery, oil production 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 to increase investment on
exploration in advance, not give up the pre-production preparation 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 $3530 million to develop Niakuk oil field, Arco also planned to
invest $300 miilion, a 1007 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°¢ of the oil exploration investment
in the past decade was concentrated in North America. Based on the opinions of most
petroleum geologists, however. 90°¢ of the oil reserves are distributed outside of North
America 11 . The investment cfficiency was reduced greatly by the divorce of investment
and resource distribution.
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Compared with 1973, now the U S s better prepared for a sudden o ~supply ersis
The U.s. has established a Strategic Petroleum Reserve o wbout 5 allion barrels. more
than the U.S. imported from the Middle FEast in 1973 It s safficient 10 make up the
deficiency of import stop for 9 months During the 9 months. the U.N. can readjust 1ts
domestic energy structure and reduce energy consumption, and can seek new interna-
tional otl supply channels. Except if there i1s great imternational support. there are no
major oil exporting countries that can bear the production stop of 9 months at present.
So. the 9-month Strategic Petroleum Reserve will be a sufficient reserve 10 guarantee reli-
able oil supply.

In addition to the Strategic Petroleum Reserve. the U.S. also has a rather large geo-
logical oil reserve. All the proven oil reserves in the U S, are under privately owned land
or land rented according to federal leases. The U.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 U.S.. when land 1s privately owned.
the underground mineral resources also belong to the private owners. This i1s in favor of
rational exploration and development of mineral resources, for the land ewners are very
interested 1n the economically rational development and uuilization of these underground
mineral resources. The land owners will make every effort to increase the percentage of
recovery until the marginal cost equals the marginal revenue. and this is just the optimal
percentage of recovery for the whole society. Under other ownerships, this problem is
hard to be solved properly. Because the underground mineral resources and the develop-
ment and utilization rights do not belong to private owners, the mineral resources under
the federally-owned land are basically not developed. In the U.S.. about 60%¢ of the total
land belongs to private owners, 32€¢ belongs to the federal government. and 7€¢ belongs
to state and local governments. It is estimated that about 209¢ of oil: reserves. 30%¢ of
natural gas reserves. and about 40¢ of coal reserves are under federal-owned land 12 .
In recent vears, the Bureau of Land Management adopted a more active attitude toward
leasing for oil and gas development. This will help to increase future U.S. oil production.

Oil reserves will exhaust eventually. This is not an unforeseeable and sudden event.
but its arrival 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 uncertainty of
the future, what is needed is the flexible ability to deal with political and economical
changes.
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