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MARKETS FOR SMALL-SCALE, ADVANCED
, COAL-COMBUSTION TECHNOLOGIES:

A SCREENING ANALYSIS OF OECD COUNTRIES

by

M. Placet,L.D. Kenkeremath, D.G. Streets,G.E. Dials,
D.M. Kern, J.L.Nehring,and C.B. Szpunar

ABSTRACT

I

This report examines the potentialof using U.S.-developed
advanced coal technologies(ACTs) for small combustors in foreign

markets; inparticular,the market potentialsof the member countries

of the Organization of Economic Co-operation and Development
(OECD) were determined. First,the United Statesand those OECD

countries with Very low energy demands were eliminated. The
remaining 15 countries were characterizedon the basis of eight
factorsthat would influencetheirdecisionto use U.S. ACTs: energy

plan and situation,dependence on oiland gas imports,experience with
coal, residential/commercial energy demand, industrial energy

demand, trade relationshipwith the United States,levelof domestic

competition with U.S. ACT manufacturers, and environmental

pressureto use advanced technology. Each country was rated high,

medium-high, low-medium, or low on each factor,based on statistical
and otherdata. The ratingswere then used to group the countriesin
terms of their relative market potential (good,good but with

impediments, or limited). The best potentialmarkets appear to be

Spain,Italy,Turkey, Greece, and Canada.

1 INTRODUCTION

This report evaluates the potential of foreign markets for U'S.-developed

advanced coal technology (ACT) in residential,commercial, and light industrial
applications. In this report,ACT refers to any coal technology that offersdistinct
advantages over conventional coal combustors (from a tec[,,,7:al,economic,
environmental,or aestheticstandpoint)and thatcan compete successfullywith an oil-or

gaS-combustion technology. In thiscontext,ACT refersnot only to technologiesalready

! developed but alsoto technologiesunder development or that could be developed in the
| future. This study examines the potentialforusingACTs in smallcombustors,i.e.,those

firingabout 50 × 106 Btu per hour (Btu/h)or less._

The 24 countries that are members of the Organization of Economic

Co-operation and Development (OECD) were selectedfor thisanalyslsfor two reasons.
First,information about their government energy policiesand their historicaland
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projected energy-use patterns was readily available. Second, since the trade
relationshipsbetween the United States and the OECD countriesare well established,

penetratingthe markets inthese countriescould be easierthan penetratin_the markets

in less developed nations or in the centrallyplanned economies, where institutional
barriersto trade and lack of technology-transfermechanisms might exist.Thischoice is

not meant to Imply that the OECD countrlesrepresentthe largestforeignmarket for
U.S. ACTs. Developing or newly Industrializingcountriesmay have a higher overall

demand for U.S. ACTs, since a large increase in the demand for energy Is usually

associatedwith development and industrialization.This examination of market potential
in OECD countries simply represents the first application of this screenlng

methodology. We used thisanalysisto selectthreecountriesfor a subsequent studythat

involved gathering detailed,facility-speciflcdata and on-siteinterviewingof energy

decisionmakers. That more detailedanalysisof the markets in Spain,Italy,and Turkey
willbe the subjectof anotherreport.

Our methodology isbased on factors that influenceenergy teclmology choicesi

factors such as_historicaland projected energy-use patterns in varioussectors, fuel

availabilityand fuel-useinfrastructure,the levelof trade and competition with the
United States, the environmental regulator:"climate, and the prevailingdisposition

toward or againstincreasedcoal use. With minor modifications,thismethodology could
be appliedto the studyof other countries.



2 METHODOLOGY

Our goal was to identify OECD countries in which the potential market [or coal-
combustion technologies appears to be large. Estimates of current energy use can
indicate the potential size of the replacement/retrofit market, and estimates of

projected energy growth can indicate the size of the potential market for new coal-fired
combustors. Therefore, the first step in the screening process was to eliminate countries

with low current or projected energy use in the residential, commercial, and industrial
sectors.

Table 1 shows the 24 OECD countries and their current (1985) and projected

(2000) residential, commercial, and industrial energy use. The initial screening
eliminated the United States and any country in which these sectors did not have (1) a

total energy use of 25 _ 106 metric tons of coal equivalent [Mt (ce)] or more in 1985 or
(2) a projected increase in energy use of '; Mt (ce) or more between 1985 and 2000. These

requirementseliminated eight countries with a low market potential.

The next step was a detailed analysis of eight important factors that would

influence a country's decision to import U.S. ACTs. The factors can be grouped as
follows:

• General Energy Situation r

i

- Factor 1: Energy Plan and Situation. The availability of coal in

the country (through either imports or domestic production) and
the extent to which the national energy plan of the country favors
the use of coal. '

- Factor 2: Dependence on Oil and Gas Imports. The degree to
which a country is dependent on imported oil [especiallyfrom

members of the Organizationof Petroleum ExportingCountries

(OPEC)] or, to a lesserextent,on naturalgas imported from the
Union of SovietSocialistRepublics(USSR).

- Factor 3: Experience _ith Coal. Past or present experience in
the use,handling,and transportationof coal.

• Energy Demand

- Factor 4: Residential/CommercialEnergy Demand. The current
leveland the rate of increaseof totalenergy use and coal share
in the residential/commercial sector.

- Factor 5: Industrial Sector Energy Demand. The current level
and the rate of increase of total energy use and coal share in the
industrial sector.



TABLE 1 current and Projected'Industrial, Residential, and

Commercial Energy Use in the OECD Countries

(

Initial Energy Use [Mt (ce)]

Screening
Indicators a Projected

Projected Growth,

Country 1985 b' Growth c 1985 in 2000 1985-2000

Au_t:ralia , + 46.1 65.7 19.6

Austria 22.3 24.3 2.0

Belgium + 37.3 37.1 -0.2
Canada + + 159.6 210.0 50.4
Denmark 16.0 17.9 1.9

F{nland d + + 23.7 28.4 4.7
France + 141.6 141.5 -0.i

FRG + 218.9 216.3 -2.6

Greece + 11.6 17.5 5.9

Iceland 0.7 i.i 0.4

Ireland 7.1 8_.4 i.3

Italy + + 110.9 125.4 14.5

Japan + , 275.7 363.0 87.3

Luxembourg 3.5 4.8 1.3
Netherlands + 59.9 56.4 -3.5

New Zealand 8.5 9°8 1.3

Norway 20.2 23.6 3.4

Portugal + 9.6 16.1 6.5

Spain + + 48.0 66.9 18.9
Sweden + 38.7 40.i 1.4

Switzerland 19.0 22.5 3,5

Turkey + + 35.4 94.3 58.9
UK + + 147.0 154.8 7.8

United States e + + 1,194.5 1,494.3 299.8

aCountries with a plus sign in either column were chosen for

further screening.

bThe symbol "+" means 1985 energy use was 25 × 106 Mt (ce)or more.

CThe symbol "+" means energy use in 1985-2000 is projected toincrease by 5 × 106 Mt (ce) or more

dAlthough Finland fell just below the required level for both

current and projected energy use, it was chosen for further

screening.

eshown for comparison purposes only.

Source: Ref. i.
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• Trade and Environmental Issues

- Factor 6: Trade Relationship with the United States. The

current level of trade between the United States and the country
and the incentives to increase trade, especially trade related to

energy technology.

- Factor 7: Lack of Competition. The current levelof domestic

ACT research and development (R&D) and the extent to which
domestic suppliers of ACT are absent in the country.

- Factor 8: Environmental Pressure for ACT. Environmental

regulations or other incentives that favor the use of ACT instead
of conventional, uncontrolled coal combustors.

Each country was given one of four ratings -- high, medium-high, low-medium
and low -- for each of the factors. Higher ratings indicate a more favorable disposition
toward the use of U,S. ACT. The rating procedure was guided by a list of questions, the

answers to which were provided by statistical or other data. For example, a great deal

of star _tical information about energy use is available for the countries in this study in
various OECD publications. 1-11 These data were supplemented with tnformation from

U.S. Department of Energy and U.S. Department of Commerce reports and other sources

(primarily for the trade issues). 12-24 The information compiled can be found in

Appendixes A-H (one appendix for each factor).

The ratings were used to segregate countries into three groups: (I) those with
good potential as a market for U.S. ACT; (2) those with some potential but which have
some serious impediments (i.e., for which several low or low-medium ratings were given);

and (3) those with low potential because of many impediments. Generally, to be

categorized as being a good potential market, a country was required to have high or

medium-high ratings for most of the factors. Section 3 reports how each country was
assigned to one of the three groups and describes for each country the conditions

favoring or discouraging use of U.S. ACT.

A considerable amount of professional judgment was applied in rating the
count_ies on each factor and in grouping them by market potential. Although the

screening did not employ a rigorous method such as decision analysis to weight the
ratings, some types of information influenced the ratings more than others. The

following sections more fully describe the eight factors, list the questions used to guide
the rating procedure, and explain which questions most strongly influenced the final

ratings.

2.1 GENERAL ENERGY SITUATION

Factors i, 2, and 3 address the general conditionsinfluencingenergy choices,

indicatingwhether a country isdisposed toward increasedcoal use, but each looksat a
differentaspectof the energy situation.
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2.1.1 Factor 1: Energy Plan and Situation

The energy strategy of a country, as described in itsgovernment's energy plan, is,

one of the important factors affecting the likelihood of increased coal use in that

country. For example, the energy plans of some OECD countries explicitlystate that

increased coal use isa primary goal. Other plans may stressreliance on domestic energy

resources; in those countries, therefore, coal isemphasized only ifitisalready produced

there. Beyond explicit statements, the willingness of a country to import coal can be

viewed as an indication of its commitment to use coal. In addition, because OECD

countries will probably import less coal from certain countries (e.g.,South Africa and

Poland) in the future, a high level of imports from such coal-supplying countries now may

indicate a potential opportunity for the United States to export coal and advanced coal-

combustion technology as a package there. A reiiance on or desire for growth in nuclear

energy would tend to promote electricityuse rather than coal use. Finally,government

actions that either subsidize or tax the domestic production of certain fuels demonstrate

a desire to promote or discourage the use of those fuels.

Recently, European countries have shown an ,increasing interest in the use of

natural gas, an inherently clean fuel, both for power generation and in smaller

combustors. The development of internationalgas pipelinesand grids isalso being widely

promoted. As a result,natural gas will be coal's major competitor in industry and in

commercial applications where environmental considerations apply.
d

The answers to the following questions helped determine a country's rating;

detailsare found in the tables of Appendix A.

1. Does the energy plan of the country state that increased coal use

isa primary goal? (See Table A.1.)

2. Does the country rely on any domestic renewable or

unconventional forms of energy (e.g., peat, geothermal,

hydroelectric, wood, waste, or solar),including energy used in the

production of electricitythat supplies the residential,commercial,

or industrialsectors? Are any of these sources being heavily

promoted in the energy plan? (See Table A.2.)

3. Does the government alter the market price of any fuel inany way

(e.g.,via taxes or subsidies)? (See Table A.3.)

4. Is coal produced in the country? How much was produced in 1985?

By what percentage ims coal production been increasing (or

decreasing) over the lastdecade? (See Table A.4.)

5. What percentage of nonmetallurgical coal is supplied by domestic

sources? (See Table A.5.)

6. What percentage of metallurgical (coking) coal is supplied by

domestic sources? (See Table A.6.)

L

f



7

7. How much coal was imported in 1985? What are the primary

sources (countries)ofcoal imports? By what percentage have coal
imports been increasingover the lastdecade? (See Tables A.7 and
A.8.)

8. What percentage of the country's electricityis generated by
nuclearpower? By what percentage isnuclearpower projectedto

grow between 1985 and 2000? For thosecountrieswith hig'hlevels

of nuclear generation,what percentage of total residential,
commercial, and industrialenergy use was supplied in 1985_by

electricityand what percentage is projected in 2000? (See
Tables A,9 - A.II.)

The ratingsfor thisfactor were influenced most stronglyby the levelof coal
productionor imports,the change in the levelof production or imports over the last

: decade, and the attitudeof the government toward increasedcoaluse as expressedinthe

. energy plan. One element that could alter a country'srating slightlywas taxes or

subsidiesaffectingcoal use. The p_esence of taxes on coal tended to lower a country's
rating,whereas taxeson oilwere seen as promoting coal use. The informationon nuclear

power was used primarilywhen the energy plan was not explicitabout goals for coal
use. Insuch cases,projectionsof nuclearpower growth were used to gauge whether the

country was leaning more toward nuclear or coal-firedpower plants, because the
industrial,residential,and commercial sectors are more likelyto use coal in countries

that are committed to coal in the electricpower sector. Ifa country imports coal from
South_Africa,itsratingwas generallyshiftedslightlyupward.

2.1.2 Factor 2: Dependence on Oil and Gas Imports

The energy plansof almost allOECD countriescallfor a reductiopin the use of
_ oilimports for nationalsecurityreasons. A high levelof oilimports,especiallyfrom

OPEC countries,can thereforebe viewed as a potentialopportunityfor greatercoal use

(because the oilsupply from OPEC may be viewed as more interruptiblethan supplies
from other countries,such as OECD countries).Inaddition,dependence on gas imported
from the USSR may be a factor in futuredecisions to increasecoal use, because as

Sovietuse of gas increasesin the future,the amount of gas the USSR willhave available

forexport may decrease. Priceconsiderationsaside,thisfactorhelpsindicatehow likely
the substitutionof coal-based technology for oiland gas would be in the residential,
commercial, and industrialsectors.

The answers to the followingquestions helped determine a country'srating;

detailsare found in the tablesof Appendix B.

i. What percentage of the totalprimsi.yenergy requirement (TPER)

was suppliedby imported oilovel"the lastdecade? (SeeTable B.I.)

2. What are the principalcountriessupplyingthe oil imports? (See
Tables B.2 and B.3.)



3. What percentages of tota'naturalgas use and of the TPER are

imported from the USSR? What percentage of the TPER was
suppliedby naturalgas from the USSR over the lastdecade? (See
Table B.4.)

4. Does the country have a domestic oil or gas supply? (See
Table B.5.)

The ratingsforthisfactorwere most heavilyinfluencedby the percentageof the
country'sTPER that was suppiiedby imported oiland whether or not the sourceof the oil

was OPEc. High levelsof imported gas from the USSR influencedthe rating less,

especiallyif a country (e.g.,Finland)has a strong relationshipwith the USSR. The

existenceof a domestic oilor gas supplytended to lower a country'srating.

2.1.3 Factor 3: Experience with Coal

Coal use ismore likelyto increasein countriesthat have experiencewith coal

and coal handling. Although the use of coal inpower plantsisnot explicitlyexamined in

thisstudy,a recent trend of convertingpower plantsto coal or buildingnew coal-fired
plants indicates both a commitment to coal and a lack of transportationaland
institutionalconstraintson coal use. In countriesthat use littleor no coal or that have

not increased coal use in recent years, the coal transportationinfrastructuremay be

insufficientor attitudinalbarriersto coaluse may exist.

The answers to the followingquestions helpeddetermine a country'srating;

detailsare found inthe tablesof Appendix C.

i. What percentage of the country'sTPER was suppliedby coal over
the lastdecade? (SeeTable C.1.)

2. How much of the energy consumed inthe productionof electricity
was suppliedby coal,oil,and nuclearpower over the lastdecade?

(SeeTable C.I.)

3. What is the current capacity of ports receivingcoal shipments?
Are additionsto thiscapacityplanned? (SeeTable C.2.)

4. Does an infrastructureexistto transportcoal to major residential,
commercial, and industrialcenters? (SeeTable C.3.)

The trend over the lastdecade in the percentage of the TPER suppliedby coal
and the existenceof an adequate infrastructurefor coal transportationwere the most

influentialfactorsin the rating. A high existing;coal share and an increasein the coal

share were seen as good indicatorsof a country's;coal-handlingexperienceand potential
to increasecoal use,leadingto high or medium-high ratings.The lack of an adequate

transportationinfrastructurewas seen as a fairlystrongimpediment and tended to move

a country toward a lower rating.Coal'sshare of electricityproductionwas alsoweighted
quitestronglyin the ratings.
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2.2 ENERGY DEMAND

Factors 4 and 5 address the current and projected levels of residential,

commercial, and industrialenergy demand. In addition,other factorssuch as district
heating(DH) experienceand demographic statisticswere consideredinthe ratings.

2.2.1 Factor 4: Residential/Commercial Energy Demand

Coal use could increase in the residential/commercialsector in severalways,

includingthe following: (I)small coal-firedcombustors could be used increasinglyin

institutionalsettings,multifamilyhousing,0fficebuildings,largecommercial operations
such as shopping malls, etc.; (2) the use of DH to supply heat (and sometimes electricity)

to individual dwellings or buildings could become more widespread; and (3) coal/water

slurry or coal-refining technology could be used to produce oil substitutes for any

application that currently uses oil. These coal applications could occur in both retrofit
situations and new installations. Therefore, the existing residential/commercial energy

• demand and the projected growth in that demand are both important to this analysis.

The current ratio of oil use to gas use is also an important factor, because coal
may be viewed as a more likely substitute for oil than for natural gas, especially when an

energy plan calls for reduced oil imports. Highly urbanized countries may be more
inclined to increase their residential/commercial use of coal, since large residential

buildings are more likely to be found in those countries and coal distribution would be
simplified by the concentrated demand. CounJcries that now use or plan to use DH may
also be candidates for increased residential coal use.

The answers to the following questions helped determine a country's rating;
details are found in the tables of Appendix D.

1. What was the total use of energy (including coal, oil, natural gas,

= electricity, and miscellaneous sources) in the residential/com-

mercial sector (including agriculture) over the last decade? (See

Table D. 1.)

2. What is the projected growth in energy use in the
residential/commercial sector between 1985 and 20.00? (See

Table D. 1.)

3. What is the current ratio of oil consumption to natural gas

consumption in thissector? (See Table D.I.)

4. What is the growth in coal use in these sectors projected to be?
(See Table D.2.)

5. What percentage of the total residential/commercial energy use

was supplied by coal over the last decade? What percentage is
projected to be supplied by coal in 2000? (See Table D.2.)
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6. By what annual average percentage isthe populationexpected to
increasebetween 1985 and 2000? (SeeTable D.3.)

7. What percentage of the populationllvesin the largestclty,in
citiesof 500,000 or more people,and in other urban areas? (See
Table D.3.)

8. Isdistrictheatingused inthe country? Ifyes,what isthe installed

DH capacity and what percentage of that capacity iscoal..:fired?
(See Table D.4.)

9. Do institutionalfactors(includinggovernment policygoals)favor

the use of DH plantsinthe future? (SeeTable D.5.)

The strongestinfluenceon the ratingsfor Factor 4 was the projectedgrowth in

totalresidential/commercialenergy demand, because thisgrowth indicatesthe number
of new combustors that may be requiredin the future. Countriesrated highor medium-

high generallyproject high growth in energy demand. Existingenergy demand carried
somewhat lessweight in the ratingsbecause ltrepresentsthe potentialretrofitmarket,

and replacingexistingcombustors with new coal-flredones is more problematic than

installingnew combustors in"greenfield"sites.

A high share forcoal of currentdemand had a fairlystrongupward effecton the

rating,since itindicatedthat the country alreadynad some experience with coaluse in
thissector. An increasein the coalshare over the lastdecade alsoincreasedthe rating,

because itindicateda dispositiontoward increasingcoal use. A projectedincreaseinthe

coal sharealsotended to move ratingsupward. However, because the projectionsused in
this analysiswere made by governments, they were influencedby the biases for or

againstcoal held by those governments (e.g.,whether or not the government wished to
promote an optimisticview of coal productionpotential).Therefore,they appear to be

reliableindicatorsof whether or not coal isbeing promoted by the government in this

sector but do not necessarilyreflect an impartial analysisof the feasibilityand
desirabilityof increasedcoal use. Inaddition,projectionsof low futurecoal use may not

consideradvanced and innovativetechnologiesand the advantages they may have over
conventionalcoal combustors. The availabilityof advanced technologiesin the future
could raise coal use projections. Therefore, projectionsof the coal share did not

influencethe ratingsas much as did totalenergy demand growth and h_storicalcoal
share.

Coal-firedDH experiencegenerallymoved ratingsupward; severalcountriesthat

were rated low based on the answers to the other questions were increased to
low-medium based on the DH question. A high degree of urbanizationtended to move

the ratingsvery slightlyupward.



2.2.2 Factor 5: Industrial Energy Demand

Advanced and innovativecoal-combustiontechnologiesmay replace theuse of

oil,naturalgas,and electricity(viacogeneration)In the industrialsector The leveloi'
existingIndustrialenergy use can indicatethe sizeof the potentialreplacement market,

and projectionsof future energy use can indicatethe size of the potentlalmarket for
new coal,firedcombustors. In addition,an examination of recent trendsin the fuelmlx

in industriessuch as cement manufacturing,in which coal has been able to replacegas

and oileffectively,dan help to determine to what degree these industrieshave already
switched to coaland the remainingpotentialforswitching.

The answers to the following questionshelped determine a country'srating;

detailsare found inthe tablesof Appendix E.

I. What was the totalindustrialuse of energy (includingelectricity,

but excluding metallurgical coal use in the iron and steel

industry*)over the lastdecade? (SeeTable E.I.)

2. What Isthe projectedgrowth of energy use in thissectorbetween
_ 1985 and 2000? (See Table E.1.)

3. What percentage of total ladustrial energy use was supplied by coal

(excluding metallurgical coal) over the last decade? (See
Table E.I.)

4. What percentage of total industrial energy use is projected to be

supplied by coal (excluding metallurgical coal) in 2000? (See
Table E.l.)

5. What is the current ratio of oil consumption to natural gas

consumption inthe industrialsector? (SeeTable E.1.)

= 6. What percentage of totalannual energy use was suppliedby coal
over the last decade in the i,ollowin_industry groups: cement

(nonmetallic minerals); chemicals and petrochemicals;

transportationequipment and machinery;_ food, beverages, and

tobacco;and other industry(excludingiron and steel).What was
the totalannual energy use in those industrygroups over the last
decade? (See Table E.2.)

*Fuel use in the iron and steel industry is treated as a separate question. Most of the
"fuel" used in the _ron and steel industry ts metallurgical coal that is used in coking

ovens to produce coke, a feedstock in steel production. A potential for ACT does: exist
in the iron and steel industry in the form of a melter-gasifier, wraith would be used
instead of a coke oven to provide coke for steel production. Small steel mills may

constitute a market for melter-gasifiers that have firing rates of about 50 _ 106 Btu/h.
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7. What are the major industriesinthe country? (SeeTable E.3.)

8. What was the totalannual energy use Inthe Ironand steel!ndustry

over the lastdecade? What percentage of totalannual energy use
in the industry was suppiled by coal ove_'thls period? (See
Table E.4.)

9. How many small steel mills are there in the country? (See
Table E.5.)

The ratingsforthlsfactorwere most stronglyInfluencedby the _rowth projected

fortotalenergy demand. Existingdemand, whlchlndlcatesthe potentialretrofltmarket,
and the current and historicalcoal shares were alsostronglywelghted. The projected

coal share influencedthe ratings less than the projected energy demand and the
hlstorlcalcoal share. The trend of the coal share InspecificIndustrygroups alsosllght!y

influencedthe ratings;a historicaldecrease inthe coalshare,particularlyinthe cement

industry,generallytended to lower the ratlng. However, since such a decreasecan also
be interpretedto mean that the industrymight be inclinedto reconvert to coal,this
element was not glven a strong weight. The presence of small steelmillsInthe country

and a high energy use and coalshare in the Ironand steelindustryinfluencedthe rating

slightlyupward.

2.3 TRADE AND ENVIRONMENTAL ISSUES

2.3.1 Factor 6: Trade Relationshipwith tileUnited States

A favorabletrading environment between the United States and a foreign

country could stronglycontributeto the successfulexport of U.S. coal technology. The
United Stateshas establlshedtradingrelationshlpswith allthe countriesincludedin this

study. As members of the OECD, all the countriesexamined are committed to falr
trade,expresslyencourage fareign investment,and have agreed to exchange Ideasand

positionsrelatingto internationaltrade amcng themselves. Licenslngof U.S.technology
and the formation of jointventuresand dlstrlbutorshipsbetween the United Statesand
these countriesare common. While each Country maintains itsown sovereignlaws, no

- major impediments existthat would precludeU.S.entry intoany of these markets.

Nevertheless,the historicaltradingrelationshipof the United Stateswith some

OECD countriesisstrongerthan with others,and incentivesto increaseimpor'_sfrom the
United States dlfferamong the nations.Several representativemeasures have been
chosen as indicatorsof trade relations:the currentU.S.percentageof importsfrom and

exportsto an OECD tradingpartner;the balance of trade between the United Statesand
the country;the overalltrade and current account balancesof the country;the levelof

U.S. investment inthe country;the extent to which there are nationalsecuritytieswith
the United States;the levelof U.S. coal or coal technology exportsto the country;the

extent to which cooperativeagreements existrelatlngto coal and coal technology;and

the extent to which U.S. boilerand gas-turbinemanufacturers currentlylicensetheir

technologiesto manufacturersinthe country.
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Trade inttbalancesbetween nationstheoreticallyprovide incentivesfor increased

trade in order to reach trade equillbrium. The existenceof a U.S. trade deficitwltl_
another nation (i.e.,the situationIn which U,S. Importsfrom the country exceed U.S.

exportsto the country) may providean impetus for negotiationsaimed at increasingU.S.
exportsto the other nation. Examples of such negotlatlonsincludeUnited States-Japan

Trade Committee meetings and negotiationsfor a United States-Canada Free Trade
Agreement. On the other hand, a U,S.trade surpluswith a foreigncountry may have the

reverse effect, and the foreignpartner may want to decrease Itsimports from the
UnitedStates.

Similarly,the overall '!tradeaccount" baiance of a country (which Is the

differencebetween the value of goods imported from and goods exported to allof its
forelgn tradlng partners) carl Indlcate its Inclinationto alter its existing tradlng

pi'actices. A nation with an overall trade deficitwould generally be dislncllnedto

increase imports and incllned to Increase exports and domestic production.Another
statlstic,the "current account" balance, measures trade in both goods and services

between the nation and allof itstradingpartners. Similarto imbalances in the trade

account, deflcits and surpluses In the current account provide disincentlvesand
incentives,respectively,for increasingimports. The trade situatlondeemed to most

stronglyencourage increasedU.S. exportsisone in which the forelgnnation has a trade
surpluswith the United States,in combination with overalltrade-accountand current-

account surpluses.

The level of U.S. investment in a country may also be viewed as an indicator of
U.S. bilateraltrade relations.The levelof Investment indicatesthe relativeease with

whlch U.S. companies can enter intobusinessrelationshipsinthe country. A high level

of investmentindicatesa generallypositiveand secure tradingenvironment.

High levelsof U.S. coal imports into a country may indicatea potentialfor

increasedimports of U.S. technologydesigned for use with the coal. Current importsof

U.S. energy technology (e.g.,boilers)indicate that U.S. manufacturers have already
succeeded in entering a foreign market to some extent. Similarly,the existenceof

licensingagreements between U.S. boileror turbinemanufacturersand flrms in another

countrysuggeststhat futurelicensingof U.S.-developedACT may be a potentialavenue
of entrythere.

Aside from specifictrade issues,other conditionsthat encourage trade with the
United States are strong mutual defense agreements or commitments (e.g.,North

AtlanticTreaty Organization[NATO], U.S. militarypresence or involvement),bilateral

l_&D agreements related to coal technology, and support through various U.S.
development/asslstance programs. These conditions indicate a general spiritof
cooperationbetween the United Statesand the othercountry.

The answers to the followingquestions helped determine a country'srating;

_ details are found in the tables of Appendlx F.

i. What share of the country's imports comes from the United

States? What share of total exports go to the United States? (See
Table F.1.)



2. What is the trade imbalance with the United _tates? (See

Table F.I.)

3. What are the overalltrade and current account balances of the

country? (See 'FableF,I.)

4. Does the country currentlyImport energy products (e.g.,coal)or

energy technology (e.g.,boilers)from the United States? (See
Table F.2.)

5. Are there any cooperativeagreements with the United Statesthat
encourage bilateraleilergyR&D? (See Table F.3.)

6. What is the cumulative levelof private U.S, Investment? (See

Table F.4.)

7. Do U.S. boiler and turbine manufacturers currently llcense

technologyin the country? (SeeTable F.5.)

8. Does the United States have a defense agreement With the
country? (SeeTable F.I.)

The current U.S. percentage of total imports, the trade imbalance with the

United States,and the overalltrade-accountbalance were the most important elements

in the ratingprocess for Factor 6. Because thisstudy isdirectedprimarilytoward U.S.
exportsof technology,which are merchandise (notservice)exports,the overalltrade-

account balance was weighted more heavilythan the current-accountbalance. The level
of U.S. investment and the existenceof llcensingagreements were alsofactoredinfairly

heavily. Current Imports of LI.S.coal or boilerstended tO increasethe rating. Ina few

cases,cooperativeagreements on rossii'energyR&D projectswith the U.S. Department
of Energy influencedthe ratlng. A strong U.S. presence inthe cou_ttryfor reasonsof

securityor development assistancesometimes slightlyincreasedtherating.

2.3.2 Factor 7: Lack of Competition

Countries that have no domestic advanced coal-combustlon industrywould be

much more likelyto import U.S.ACT. The levelof government and privatespend{ngon

ACT I_&D can also indicate whether the country has developed or is interestedin

developing such an industry. Of particularinterestto thIsanalysisis R&D on small
combustors (particularlyatmospheric fluidized-bed [AFB] combustors), coal/water

mixtures(CWM), cogeneration,and districtheating.
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The answers to the following questions helped determine a country's ratlng;
details are fomd tn Table G.1 of Appendtx G.

1. DOes the country have its own energy-technology tndustry with
which U.S. ACT producers would have to compete?

2, What percentage of the government R&D budget is directed
toward the development of advanced coal technologies? Is any

privatecoal-relatedR&D belng undertaken?

3. Toward which technologiesismost of the R&D directed?

Thes_ questionswere weighted about equallyIndeterminingthe ratings.

2.3.3 Fao ter 8: Environmental Pressure for ACT

Oil and gas are often favored over coal, especially in the residential,
commercial, and Industrialsectors, because of environmental concerns_ particularly

concerns about emissionsof sulfurdioxide(SO2),nitrogenoxides(NOx), and particulates
from co_Llcombustion and about the disposalof solidwastes. ACT may offera way to

use Ioc81or imported coal incountries in which there are existingstringentregulations

or a growing environmentalawareness.

The answers to the following questionshelped determine a country'srating;

detailsare found in the tablesof Appendix H.

I. What environmental regulationsapply to the combustion of coal or
coal products in small boilers? In ma]or urban areas? (See
Table H.I.)

2. Is the country committed to a reduction in acld-rainprecursor
emissions as part of the "30% protocol," the EEC Large

Combustion Plants Directive,or a similardomestic policy? (See
Table H.I.)

3. If the country has no existingemissionregulationsaffectingsmall

coal-flred boilers,are any such regulationsbeing considered
because of poor air quality or increased environmental

awareness? (SeeTable H.I.)

4. Would ACTs be able to comply with exlstingor planned emission

regulations?(SeeTable H,I.)

5. Can the domestic or currently imported coals meet the standards

of environmentalpolicieswithout requiringfurthercleanup or the
use of ACTs? (See Table H.I.)
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6. What regulations or policies affect the disposal of solid wastes
from combustion? (SeeTable H.2.)

The questions related to air quality issues were generally weighted more heavily than
those related to solid waste. The existence of stringent regulations and plans for
emission reductions in the future were weighted more heavily than a perceived need for

regulations as a result of existing air quality problems.
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3 RESULTS

An overview of the faator ratlng'sisgiven in See. 3.1. Section 3.2 profiles all15

countries, grouped according to thelr prospects for using U.S.-cleveloped ACTs. In

See. 3.3, a brief description Is provided of the reasons for the selection of the three

countries chosen for further study.

3.1 OVERVIEW OF RATINGS

A summary of the ratingsof each country isgiven inTable 2.

3.1.1 General E_erg_ Situation

Only five of the 15 eountrles (Belgium, France, Japan, the Netherlands, and

Sweden) were rated Iow-medlum for Factor i, energy plan and situation(Fig. I). In the

TABLE 2 Summary of Ratings by Country

Number of Factors Classified

at Each Rating Level

Medium- Low-

Country High High Medium Low

Australia 2 3 0 3

Belgium 0 3 4 1
Canada 1 5 i 1

Finland 0 2 4 2

France 0 6 2 0

FRG 3 3 1 1

Greece 3 2 3 0

Italy a 2 4 2 0

Japan 4 2 1 1
Netherlands 1 2 3 2

Portugal 2 1 3 2

Spaln a 2 5 1 0
Sweden 1 1 3 3

Turkey a 3 3 2 0
UK i 4 i 2

aCountries chosen for further analysis.
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other 10 countries,coal is eitherbeing promoted in the energy plan,readilyavailable

through domestic sources,or being imported at significantor increasinglevels;none of
the 15 countrieswere rated low. High ratingsfor Factor 1 are not always linkedwith a

high dependence on oiland gas imports (Factor2). For example, although Australia,

Canada, Finland,the Federal Republicof Germany (FRG), and the United Kingdom (UK)
are rated low or low-medium for Factor 2, theyare viewed as favorablydisposedtoward

coal,as indicatedby theirratingsfor Factor I. On the other hand, in Belgium, France,

and Japan, oilimportsare fairlyhigh,but the ratingsfor Factor 1 are only low-medium
because energy resourcesother than Coal (primarilynuclear and renewables)are being

promoted more than or justas much as coal.

. Many of the countriesthat are rated highor medium-high for Factor 1 alsohave
considerableexperience with coal and are thereforerated high or medium-high for

Factor 3; this is the situationin Australia,Canada, the FRG, Spain, and the UK.

However, some countriesfavorcoal even though they have not had much experiencewith
itor may not have a transportationnetwork that isadequate to transferthe coal to

demand centers (Finland,Greece, Italy,Portugal,and Turkey). This inadequacycould
constrainincreasedcoal use inthose countries.When Factors 1,2, and 3 are considered

together,nine countriesappear to have generalenergy conditionsthat favor increased
coal use: Australia,Canada, the FRG, Greece, Italy,Japan, Spain,Turkey,and the UK.

• 3.1.2 Energy Demand

Residential/commercia!energy demand (Factor4) and industrialenergy demand
. (Factor 5)were rated high irlcountriesthat have eitherhigh projectedpopulationand

industrialgrowth or highcurrentenergy demand. ConsideringFactors4 and 5 together,

i0 countries appear to have a currentlyhigh or rapidly increasingenergy demand:
Australia,Canada, France,the FRG, Greece,* Italy,Japan, Spain,Turkey,and the UK.

3.1.3 Trade Issues

Countries with a high or medium-high rating for trade relations(Factor 6)

" currentlyimport a significantportionof theirgoods from the United Statesor have other

conditionsfavoringtrade with 'theUnited States. However, the presence of a domestic
ACT industrycould thwart U.S. effortsto exportsuch technologiesto'thatcountry,even

iftrade relationsare strong.A high levelof domestic ACT manufacturingor R&D exists=

:n Australia,Finland,the FRG, Japan, Sweden, and the UK. Competition was seen as a
possibleimpediment (indicatedby a low-medium ratingforFactor 7)in Belgium,Canada,

: France, Italy,and the Netherlands. When Factors 6 and 7 are consideredtogether,the

*Although Greece is ratedlow-medium onresidential/commercialsectorenergy demand
because of thelow absoluteamount of energy consumed and the low currentcoalshare,

the projectedgrowth rateof energy u:_einthissectorisalmost 3% per year. Therefore,

the market in Greece would primarilybe for new ratherthan retrofitcombustors, and
the overallprospectfornew combustors was deemed fairlygood.
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followingcountriespresent trade possibilitiesfor U..S.ACT: Belgium, Canada, France,
Greece, Italy,the Netherlands,Portugal,Spain,andTurkey.

3.1,¢:EnvironmentalIssues

Demand for ACT willbe highestinthose countrieshaving stringentairpollution

controlrequirements that cannot be met by uncontrolled,conventionalcoal.combustion

technology. Those countriesin which such environmentalpressureexists(indicatedby

high or medium-high ratingsfor Factor 8) includeCanada, Finland,France, the FRG_
Greece, Italy,Japan,the Netherlands,Spain,Sweden, and the UK.

3.2 COUNTRY PROFILES

Based on the ratings describedin Sec. 3.1,the countrieswere classifiedinto

threegroups:

i. Countries_ith good potentialas markets forU.S. advanced small-

combustor technology:Spain,Italy,Turkey, Greece, and Canada.

2. Countries with good potentialas markets, but which have some

seriousimpediments: Australia,France,the FRG, Japan, Portugal,
and the UK.

3. Countries with low potential as markets because of many

impediments: Belgium,Finland,the Netherlands,and Sweden.

3.2.1 Countries with Good Potential Markets

The countriesin the firstgroup are those that lookpromisingineach of the four

broad areas. (Turkey is includedeven though it is rated low-medium for Factor 8,

environmental pressurefor ACT. Since it isgenerallyrated high in the other three

categories,_the factthatenvironmentalawareness has onlyrecentlyemerged inTurkey is
not seen as an overridingconstrainton the useof ACT there.)

3.2.1.1Spain

Spain ishighlydependent on imported energy; in 1985,more than 50% of Spain's
TPEK was met by imported oil,and a largeportionof thiscame from OPEC countries.

Hence, Spain was rated high fordependence on oil/gasimports (Factor 2). The national

energy plan of Spaincallsstronglyfor reduced dependence on energy imports. A special
effort isbeing made to substitutecoal for oilproducts in industryand in urban areas

through initiativessuch as the creation of regionalcoal stockpilesand investment
subsidies(althoughthe responseto thisplanhas been fairlymodest, giventhe currentlow

oil and gas prices). Spain has domestic coal resourcesand a moderate but increasing
level of coal production. Because of difficultmining conditionsand resultanthigh
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productioncosts,however, Spain'saverage domestic coalpricesare generallyhigherthan
prices of imported coal. This situation,combined with the poor qualityof some of

Spain'sdomestic fuels,has led to increasingcoal imports,a largeportionof which are
from South Africa. These conditionsled to arating of high forenergy plan and situation

(Factor i). Spain israted medium-high for experiencewith coal (Factor3),sinceitsuse
of coal inpower productionis moderatelyhighand increasing,itsuse of nuclearpower is

decreasing,itsport capacity isfairlyhigh,and itscoal,transport(railway)network is

adequate. Overall,the generalenergysituationinSpain as measured by Factors i,2,and
3 appearsto stronglyfavor increasedcoaluse.

Spainwas rated medium-high forboth Factors4 and 5. Although currentenergy
demand in the residential/commercialsector (Factor 4) is moderate at 16 Mt (ce),

demand grew at 3.6% per year between 1973 and 1985 and is projectedto continue to

grow at a steady 1% per year between 1985 and 2000. Coal'sshare of energy demand in
the residential/commercialsector iscurrentlya modest 3%, but ithas increasedsince

1973 and is projected to grow to 8% by 2000. The growth in energy demand in the

industrialsector (Factor 5) isprojected to be quite high between 1585 and 2000 [an

increaseof 16 Mt (ce)inthat period],and the coal share isprojectedto increasefrom 6%
in 1985 to 12% in 2000. Inthe residential/commercialas wellas the industrialsector,oil

use is much higher than naturalgas use_therefore,the incentiveto increasecoal use in
order to reduce oilimportsisquitestrong.

The trade relationshipwith the United States(Factor6)isratedlow-medium. In

1984, the United States was the leadingsupplierof goods to Spain,but since Spain's

accessionto the European Economic Community (EEC)in 1986, itsimports have been

coming increasinglyfrom European tradingpartners. The FRG is currentlythe major
investorin Spain. In addition,Spain has a trade deficitwith the United States and an

overalltrade deficit.On the otherhand, Spain imports some U.S.coal,isa NATO ally,
and receivesassistancefrom theU.S. Agency for InternationalDevelopment (AID). The

Spanish government is committed to developing high technology and is promoting the
applicationof new technologiesinexistingindustries.Both the government and private
investorsare funding some ACT R&D in Spain,and some coal-technologyequipment is

being manufactured;however, the levelof R&D spendingrelativeto the grossdomestic

product (GDP) isquite low when compared with that in other OECD countries°Spain is
rated medium-high for lackof competition(Factor 7),so despitea low-medium ratingfor

Factor 6,conditionsfor the exportof UoS.ACT to Spainare consideredfavorable.
z

Factor 8, environmental pressurefor ACT, isalso rated medium-high. Spain's

domestic coalshave a very highsulfurcontent,4-7%. Under the terms of the EEC Large

Combustion Plants Directive,Spain willbe requiredto apply SO 2 removal technology to
new power plants. However, Spain has obtained a specialderogationthrough 1999 that

allowshigheremissions(800 milligramsper cubic meter) from plantsthatburn imported
coal and requiresonly60% sulfurremoval for domestic solidfuel combustion. The

Spanishgovernment is exploringthe use of low-cost SO 2 controltechnologiesto meet
thisrequirement.

Overall,there do not seem to be impediments to coal use or constraintson U°S.

export initiativesin Spain. On the contrary,most conditionsseem to favor Spain as a
market for U.S.-developedACT forsmallcombustors.

_
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3.2.1.2 Italy

Italyishighlydependent on oilimports (Factor2),significantamounts of which
are from OPEC countriesand the centrallyplanned economies, and itrelieson the USSR

for 22% of itsnaturalgas requirements. Untilrecently,nuclear power productionwas

seen as a primary way to reduce thisdependence;sincethe Chernobyl accident,however,

the nuclear prog.'amhas been reconsidered,and a nationalreferendum unfavorable to
nuclear power wa._ passed in January 1988. Although an increaseduse of coal in power
stationsisseen as _notherway of improvingItaly,senergy situation,the government has

publishedplansto increasethe use of naturalgas in power generationby 30%. Gas now
appears to be favored over coal forlargerapplications,especiallysinceItalyalreadyhas

independentgas pipelinesthat linkitwith Algeria,the Netherlands,and the USSR. Most
of the increase incoalconsumption calledfor inItaly'snationalenergy plan isexpected

to occur inpower plants.

Italiancoalproductionislow relativeto that in the other OECD countries,but

Italyhas the second highestlevelof coal imports. A large portionof thisimported coal
comes from South Africa,although imports from the United Statesaccounted for about
40% of allsteam coal in 1985. South African imports may decline in the future,and

imports from sourcesthat are lesspoliticallysensitive(such as the United States)may

rise. The attitudetoward coal expressedin the energy plan and the recent trend incoal
imports are the primary factors contributingto Italy'smedium-high ratingfor energy

plan and situation(Factori).

Italy'sexperiencewith coalis fairlyrecent,leadingto a low-medium ratingfor

Factor 3. In 1985,coal suppliedonly 11% of the country'sTPER, up from 6% in 1973.

Electricityproductionby coal-firedpower plantsincreasedfrom about 5 TWh to 30 TWh
over the same period. Although the railnetworks that can transportcoal to Italy's

interiorappear somewhat inadequate at thistime,both the nationalrailwaysystem and

the port infrastructureare being upgraded. Considering Factors i, 2, and 3 together,
Italyisthought to be quitefavorablefor increasedcoal use, especiallyat the numerous
potentialcoal--combustionsitesalong Italy'sextensive coastline,where transportation
constraintswould be minimal.

Both energy demand factorswere rated medium-high. Current energy use inthe
residential/commercialand industrialsectors is fairlyhigh' indicatinga substantial

retrofitmarket. Residential/commercialenergy use has been increasingat I% per year

since 1973, and thistrend isprojectedto continuethrough 2000; projectedgrowth in the
industrialsector is somewhat lower. Although coal'sshare of residential/commercial

energy was lessthan I% in 1985, thisshare is expected to increase by 2000. Coal
suppliesa greater proportionof the energy used in the industrialsectorthan in the
residential/commercialsector;itisexpected to supply12% of totalindustrialenergy use

by 2000. Although coal'sshare inthe cement and chemical industriesdeclinedover the

period 1970-1985,ithas been growing inother industrialcategories.Italianindustryuses
twice as much oilas gas, and since Italyimports so much of itsoil,thisfactor [night

encourage conversionto coal. Overall,the prospectfornew combustors,inboth retrofit
situationsand new facilities,isquitepromisinginItaly.
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Italy appears to offer good prospects for trade with the United States
(Factor 6). In 1986, 6% of total Italian tmportscame from the UnttedStates_the United

States was Italy's third largest trading partner in both imports and exports_ and coal was

oneof the principal Italian imports from the United States. Italy tsa NATO ally, and the
United States is Italy!s leading foreign investor. Italy's investment tn coal R&D has been

increasing, and interest on the part of both the public and privat e sectors in ACT,

especially c0al/water fuel technology, has been tnc_'easing. Although Italy's domestic
R&D efforts may lead to a technology that could successfully compete with that from
the United States, Italy has traditionally welcomed United States involvement in R&D

and commercial development projects. (Italy has a coal-related bilateral R&D

agreement with the U.S, Department of Energy, and Italian firms currently license U.S.
conventional coal-fired boiler and gas-turbine technology.) Italian domestic competition

(Factor 7) is notseen as an overwhelming impediment.

Environmental pressure for ACTs is also high. Local air pollution ts a primary

concern. Under the EEC Large Combustion Plants Directive, Italy will be required to
reduce emissionsfrom existingplantsthat are more than 50 MW (thermal)by 27% for

SO 2 and 2% for NO x by 1993,by 39% for SO 2 and 26% for NO x by 1998,and by 63% for

SO 2 by the year 2003 (basedOn ].980emissionlevels).Although FGD systems are being
promoted for large coal=firedplants,envlronmentallstsfavoringthe use of naturalgas
for energy generation are resistingsuch construction. A potentialrole for ACT may

exist in smaller units to help achieve the SO 2 goals and ameliorate waste disposal
problems. Insummary, Italyappears to be a promisingexport market forU.S.-developed
ACT.

3.2.1.3 Turkey

Turkey's energy reserves include large quantities of poor-quality lignite and some
hard coal. Although lignite production increased substantially over the last decade [from

3 to 13 Mt (ce) between 1973 and 1986], coal users in Turkey have increasingly turned to

imported coal. Coal imports, primarily from the United States, rose from 0.01 Mt (ce) in
1973 to 3 Mt (ce) in 1986: However, almost 40% of the TPER in Turkey is currently

supplied by imported oil, and a large portion of that comes from OPEC countries and the
USSR. Oil imports have not declined over the last decade. Hence, government energy

policy objectives in Turkey include increased domestic energy production. Although the

government is also encouraging the use of renewable sources (primarily hydroelectric
power), interest in the clean combustion of lignite and an increased use of coal (both
domestic and imported) is very high. Furthermore, the country currently uses a large

amount of wood and animal dung for fuel in rural areas, and the development of

replacements for these fuels might be encouraged for environmental reasons. It should
be noted that Turkey, like many other OECD countries, is also showing increased interest

in natural gas. Acombined-cycleplant is under construction andasecond is planned.

The increased use of coal in Turkey will be constrained by its low port capacity

and lack of an adequate transportationnetwork; inlandtransportationof coal isprimarily

by truck. In addition,coal willsoon have to compete with naturalgas supplieddirectly
to Ankara by a new pipelinefrom the Soviet Union. Nevertheless,the general energy
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situation in Turkey quite strongly favors increased coal use because of coal's curren_ high

share of the TPER (almost 30% tn 1985), Turkey's domestic coal and lignite reset'yes, and i

the increased level of coal imports in Turkey in recent years.

Turkey ts an industrializing country with a rapidly growing population and thus
has good prospects for increasing its demand for energy. Between 1973 and 1985,
combined residential, commercial, and industrial energy use rose by almost 60%. This

increase iS projected to continue at an even more rapid rate in the future_ between 1985
and 2000, residential/commercial energy use is projected to double and Industrial energy

use is expected to increase by almost a factor of three. Coal's share of
residential/commercial energy use, already quite high at 13%, is projected to double

between 1985 and 2000. Annual Coal use in industry is projected to increase by almost

5 Mt (ce) over the next 15 years. Although no DH capacity is currently installed, the

government is carrying out R&D on these systems. Overall, the energy demand situation
(Factors 4 and 5) in Turkey looks encouraging for an increased use of ACT.

The environment for ACT trade with Turkey also appears to be quite good. A
fairly substantial portion (11%) of Turkish imports in 1986 were from the United States,

with coal being the second largest import. U.S. imports from and exports to Turkey have

been increasing steadily since 1984, and U.S. investment is about 12% of the total foreign
investment in Turkey. In addition, Turkey is a member of the NATO alliance. Therefore,

Turkey was rated medium-high for Factor 6, despite its trade deficit with the United
States and its overall trade-account deficit. The levels of ACT R&D and manufacturing

are minimal in Turkey, yet a strong demand exists for ACT, leading to a high rating for
Factor 7 (lack of competition).

Environmental awareness in Turkey is just emerging. Air pollution regulations

were passed in 198{] but do not appear to be very stringent. Turkey is looking for ways to
burn lignite more cleanly, especially in fairly polluted areas such as Ankara. The new

pipeline that will provide natural gas from the Soviet Union to Ankara is expected to help
reduce pollution levels as gas is substituted for lignite. Therefore, despite some concern

over pollution levels, the environmental pressure for ACT is relatively low and Turkey
w_:'_srated low-medium for Factor 8. This lack of stringentair pollutioncontrol

requirements should not be an overridingconstrainton ACT use in Turkey, because in
additionto reducingemissions,ACT alsogenerallyprovidesa way to use coaland lignite

more efficientlyand is therefore more desirable than conventional systems. In
conclusion,there appear Io be no major constraintsto,and severalstrong incentivesfor,

the exportof U.S.-develo_,edACT to Turkey.

3.2.1.4 Greece

Having few domestic energy resources, Greece is highly dependent on foreign oil
and gas. The country has made great strides toward reducing this dependence over the
last decade; oil imports supplied 58% of Greece's TPER in 1985, down from 91% in

1973. Government policy favors the use of renewable energy sources, imported coal, and

an increased use of domestic lignite to reduce dependence on oil imports. The Greek

energy minister recently stated that the government was against the construction of a

new coal-fired power plant. Construction of such a plant, however, is now being
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consideredby a privatesector consortium.Coal Imports have doubled since 1973, and

coal productionhas tripledover the lastdecade_coal'sshare of the TPER increasedfrom
17% In 1973 to 33% in 1985. Thus, Gree0e was rated high for energy plan and sltuatlon

(Factor I). Greece's experience with coal ls falrlyrecent, leadlng to a low-lnedlum

rating for Factor 3. Improvements In the country'sInfrastructurefor recelvlngand
transportlngcoal are needed if coal use ls to continue to lncreaselaccordlngly,the

railway system is being modernized. The pressure for Increasedcoal use In Greece

appearsto be quite hlgh, as evldenced by the large Increases In coal imports, coal

product!on,and the coal share of energy requirements;therefore,the general energy
situationinGreece isviewed asfavorlng coaluse,

Although the m arkc_ for new coal combustors appears to be falrlyllmltedInthe

resldentlal/commerclalsector,the lndustrlalsector offerssomewhat better prospects,
Total energy use In both sectors is low but increasing,and thlstrend is expected to

continue through 2000. Although coal'sshare of residentlal/commerclalenergy use Is
low, itsshareof industrialenergy use Is28%, up from 8% In 1973. Coal'sshare of energy

use has been Increasingin three major industrycategorles: cement (inwhich the coal
share was 70% in 1985), chemicals, and transportationequipment and machlnery,
Conversion to coal in the lndustrlaland residentlal/commerclalsectors would be ,

advantageous, since the main noncoal energy source In these :]ectorsisnow oil. The

energy-demand sltuatlonInGreece offersgood prospectsfornew combustors.

Greece offersa somewhat mixed picturelnterms of tradeprospects.ItsImports

from the Unlted States were 3% of itstotalimports in 1986, down from 8% in 1985.

Greece isa recent member of the EEC, which suggeststhat itwillturn Increasinglyto

European trading partners. These considerationsled to a low-medium rating for
. Factor 6. Yet Greece currentlyImports more than 50% of its steam coal from the

United States,and approximately one-thlrdof allforeigninvestment isfrom the United
States. Moreover, Greek experlence with ACT lslimited;government budgets for coal

R&D are very low, and littleprivateACT R&D or manufacturing isbeing carriedout.

This situation suggests a good opportunity for American manufacturers of ACT

(Factor7).

Greece has no existingfederalenvironmental regulations.The country willbe

subjectto the emissionstandardsfor new plantscontained Inthe EEC Large Combustion
: Plants Directivebut willnot be requiredto reduce emlssions from existingplants. In

spiteof theseconsiderations,Greece receiveda medlum-high ratingfor Factor 8 because

of its strong environmental awareness, which is related to itsdesireto preserve its

ancientmonuments. Reducing SO 2 emissionsand increasingurban-planningt_.easuresare
favored. A potentiallylargerolefor ACT existsin Greece. Overall,Greece appears to

be a fairlygood candidateas a market for U.S.-developedACT.

_

3.2.1.5Canada

,_ Canads has abundant reservesof oil,gas, and coal and isa net exporter of all

three. Canada alsoproduces a largepercentageof itselectricityfrom hydropower, anda
significantportionof its industrialenergy demand (15% in 1985) issuppliedby wood.
Because itsenergy resourcesare so diverse,only 11% of Canada's TPER was met by coal

_-
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In i985. Although the government energy plan eontatns no expliett poltotes eneoaragtng
greater coal use, some provincial governments have shown a strong Interest tn coal
technologies. Canada received a medium-high rating for both Factor 1 and Factor 3 for
the following reasons_ coal is readily avatlable_ coal production has increased tn recent

years{ coal Is currently being used quite Widely tn power plants{ and the coal-

transportation network Is adequate andexpandtng. However, the incentives for increased

coal use in Canada are not as strong as they are in Italy,Spain,Turkey, and Greece,

which are currently highly dependent, on ImPOrted otl.

Both the current and the projected energy demand tn the ,residential/commercial

and industrial sectors are quite htgh In _Canada, Indicating that the, potential markets for

both retroftt and new combustors are good. Ali especially large Increase in industrial
energy demand [34Mt (ce)]Isprojected for the periodbetween 1985 and 2000. Coal's

share of curx'entenergy demand Issmall,although ltIsprojectedto increasesllghtlyIn
the Industrialsector. Canada isfalrlyurbanlzed,and itspopulationIsexpected to grow
much largerover the next 15 years.

Canada offersexcellentprospects as a tradingpartnerbecause of Itsproxlmlty

to the United States,Itshistoricallygood trade relationshipwith the United States,and
the fact that ltrunsa largetradesurpluswith the United States. Canada and the United

Statesare each other'slargesttrading partners. About 70% of Canada's totalImports
were supplledby the United States In 1986, and 78% of itstotalexports were destlned

for the U.S. market. Furthermore, the two countriesare currentlyengaged In bilateral
trade negotlatlons(United States-Canada Free Trade Agreement) with the ultimate
objectiveof reducingor ellmlnatingtariffsand other bilateraltrade barriers.Canada Is

a NATO ally,and the United States accounts for 80% of all foreign investment In

Canada. For these reasons,Canada received a high ratingfor Factor 6. Although the
Canadian government appears to be reducing Itssupport of coal-relatedR&D, some

fluidized-bedcom bustlon(FBC) equipment Isbelng manufactured and coal/water fuels

are being used commercially and are being tested for small-bollerapplications.
Therefore,Canada recelveda ratingof low-medium for Factor 7. Nevertheless,Canada

is viewed as a good market for U.S. ACT because of Itsvery strong hlstorlcaltrade

relationshipwith the United Statesand ItspossibleInterestin U.S.suppllersofACT.

Environmental pressurefor ACT Isalso fairlyhigh in Canada. Nationalpollcy

callsfor a 5096reductionIn SO 2 emissionsby 1994,althoughsome of thlsreductioncould
be achleved by using more hydroeleetrlcand nuclearpower and usinglow-sulfurcoals.

Regionalpressures,throughprovlnclalgovernments, alsotend to push forlower emissions

and the use of clean technology. Because of itshlghprojectedenergy growth, favorable
trade eonditlons,high level of environmental pressure,hlgh availabilityof coal, and

consider.ableexperiencewith coal,Canada appears to have quite favorableopportunities
forexportof U.S.-manufacturedACT.



27

3.2.2 Countries with Good Markets but Some Impediments

3.2.2,1 Australia

The Australian government Is committed to using tt,s abundant domestic energy
resources,especiallycoaland naturalgas. Over the lastdecade,the eountry has reduced

ItsoilImports,which were never very high. In 1985, Imported ollsuppiIedlessthan I%
of Australia'sTPER. A majoi'ooalproducer, Australlacurrentlyrelleson domestic coal

for 40% of itsenergy requirementsand Is one c_ the few OECD countriesstudiedthat
has no currentor planned nuclearpower generation. Although Australiarecelved a low

ratingfor Factor 2 (dependence on olland gas imports),itsratingsfor Factori and

Factor 3 are both high,owing to Itshigh levelof coel production,extensiveexperience
with coal,and Itsgovernment'scommitment to Increasedcoaluse.

Australlawas rated medlum-hlgh for Factors 4 and 5. Although energy use In the

resldentlal/commercialand industrialsectorsis moderately low,indicatinga fairlysmall

potentlalretrofitmarket, ithas been Increasingover the lastdecade, and a healthy
increaseis forecastbetween now and 2000, Coal currentlysuppliesa small portlonof

resldential/commercialdemand but a fairlysubstantial(13%) share of the industrlal

demand. [n some respects,the resldentlal/commercialsector in Australia Is In a
favorablesituationfor conversionto coal= the country ishighlyurbanized,simpllfylng

the distributionof fuel supplies,and thissector uses almost four times as much ollas

gas,indlcatlngthatthe incentiveto switch tocoal might be fairlyhigh.

Approximately one-fourth of Australia'stotal Imports are from the United

States,and these Imports includeboilers.The United Statesenjoys a 2'I trade surplus
with Australia,and U.S. investment in AustraliaIssubstantial.The United Stateshas a

milltaryalllancepact with Australia,the Australla/New Zealand/UnltedStates (AN ZUS)

treaty. However, because the Australiangovernment Iscommitting asubstant]alamount
of itsresourcesto coal R&D and because ACT Isalreadybeing manufactured there,U.S.

manufacturersare likelyto meet with considerablecompetltlon.

The country offers no real prospects for U.S.-developed ACT from an

environmentalperspectlve.Australiahas no acid rainproblems,and existingregulations

allow uncontrolledburningof low-sulfurcoals. Tall stacksare considered an effective

means to eliminatelocal air pollutionproblems_ only the Northern Territoryhas SO 2
emission regulatlons. Solid waste disposalIs not a problem. Therefore, although
increasedcoal use isfavored in Australiaand energy demand growth Isprojectedto be

quite high, the competition ['rom domestic manufacturers and the lack of strong
environmentalpressureare seen as falrlystrong Imperilmentstn the export of U.S. ACT
to Australia.

3,2.2.2France

France Isdependent on Imported energy,and ltimportslargeamounts of oliand

naturalgas from OPEC countriesand the centrallyplannedeconomies. France has made
a strong com mltment to nuclearpower for itslate twentle1:h-centuryenergy needs; In
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]985, lt was the largest producer of electricity from nuclear power of the countries
studied. Coalproduetlon has decreased by 40% over the last decade. Nevectheless, some
polttleai pressure exists In France to restore production to the higher levels of the 1950s
and 1980s. Moreover, coal imports have Increased by 3096 over the last decade. Coal's
share of the TPER has decreased over the samepertod, although electricity production
from coal ts fairly high. Despite the fact that much of the general energy situation in
France appears to favor a greater use of coal, the preponderance of nuclear power tends
to limit the potential for such Increased use.

On the other hand, the high total ene_'gy demand and fatrly hlgh coal share of
total energy demand In France led to medium-nigh ratings for Factors 4 and 5. Although
the use of energy In the residential/commercial sector in 2000 ls projected to be about
the same as tn 1985, coal use Is projected to increase in that sector by about 6 Mt (ce).
The coal share in industry is also projected to increase, from 896 tn 1985 to 12%1n 2000.
Current energy use in both these sectors Is fairly high, indicating a good potential

retrofit market. Both sectors use about twice as much oil as gas, strengtheningJ

incentivesto switch to coal. The domestic coallndustrylsstronglypromotingnonutllity
cosluse to counter itslossesto the nuclearIndustryin the utilitypower market.

Seven percent of French Imports in 1986 were from the United States,whlcil

made the United Statesthe thirdlargestsupplierof goods to France. France Isa NATO

ally,and Investment by the United Statesrepresentsabout 20% of allforeignInvestment

In the country. French firmslicenseboilerand gas-turblnetee.hnoloi_lesdeveloped In the
United States. France reeelved a medlum-high ratlngfor Factor 6. However, coal

technology,Includingsmall coal-flredcombustors, has histoMcallybeen manufactured In

France. In addltlon,the French have begun R&D on and tilemanufacturing of ACTs,
Includlngcoal/water fuelsand FBC units.Therefore,French demand for ACT for small

boilerslslikelyto be met by domestic teehnologles.

Environmental pressurefor ACT ishigh inFrance,particularlyinurban areas and

for small Installations.The French are aiming"for a 85% reductionIn SO 2 emissionsby
1995 and a reductionof 20-30% InNO x emissionsby 2000. These goalsare expected to
be achieved through Increased use of nuclear power, fuel substitution,and limitson

sulfurIn fuel;however, ACT could possiblycompete wlth low-sulfurcoal and fueloliin
protectedurban areas.

Severalfactors-- environmentalpressure,projectedIncreasesInenergy demand,
and possibleincreasesIn the coal share In the residential,commerclal, and industrial

sectors -- indicate that some potentialfor increaseduse of ACT exists in France.

However, French competltlon with U.S. technology and France'sheavy dependence on
nuclearenergy may limitthatpotential.

3.2.2.3 The Federal Republic of Germany

The FRG produces the most coal and the most coal-generatedelectrlcltyof all

the countriesconsidered. The objectlvesof the government's energy policyInclude
Increasingthe role of coal in the country'senergy mlx. Because the government

explicitlyfavors uslngdomestic hard coal Inelectricitygeneratlonand In Ironand steel
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production, tt subsidizes the domestic hard Goal Industry and encourages Iong..,term
agreements between the Goal mlntng industry and the eleetrtc uttllty and steel

industries. Coal supplted about 30% of the country's TPER In 198_. However, the

proportion of coal-generated electricity fell slightly In 1987, wtth demand being metby
lno_ea_ed eleetrtclty imports from France and by the use of natural gas and fuel o11,

Most of the FRO's otl imports come from other OECD countries, making the country
relatively invulnerable' to supply interruptions; these considerations led to a low-medium

rating for Factor 2. However, the FRG's htstoricaluse of coal, adequate transportation

network, and favorable attitude toward Goal contribute to generally high rattngs for
Factors i and 3,

Both the residentlal/eommerclalsector and the }ndustrla]sector {n the FRG

offergoodpotentlalretrofltmat'kets.Although energy use Inthe resldentlal/commerclal

sector }sprojectedto decline,lt}scurrentlyhlgherIn Germany than In any of the other

countriesconsldered. Coal'sshare of thlsenergy use is low, but some coal-flredDH
capaelty {s Installed,and the German government {s Investing[n coal-flredoomblned

heat and power systems. Coal suppliesabout 10% of Industrialenergy use,but thlsshare
is expected to decrease by the year 2000. Multlfuelcapaelty {s wldely availableIn

IndustryIn the FRG, allowlngconsiderablefuelflexlbillty.The resldentlal/commercial
and Industrialsectorsuse considerablymore ollthan gas; therefore,converslonto coal

may be quite desirable. Because of the hlgh potentlalretrofltmarket In these two

sectors and the government's promotlon of ooal-flredDH systems, the FRG Is rated

medium-hlgh forboth of the energy demand factors.

Environmental pressure for advanced coal technology Is high In the FRG.

Detailed emlsslon regulatlonsfor large and small plants,both new and existlng,are

already In piace. Although low-sulfurcoal Is adequate for small Installations,

considerablepressureexlsts_ouse FBC or otherACTs. Technologiesthatlimitboth SO 2
and NO x are eonslderedde_Irable.The government isofferlngtax rellefto installersof
ACTs.

Insp}tcof Itshlgh ratingson the above factors,the FRG does not appear to be a
very good prospect for trade wlth the Unlted States in ACTs. Although many factors

favor trade wlth Germany, Includlnga trade surplusin the FRG's favorand a strongU.S.

politicalalliance(leadlngto a high ratlngfor Factor 6),the German government and
private industryare heavl]yInvolvedIn coal R&D and ACT productsare manufactured

there. U.S. suppllersof ACT would llkelymeet strong competition from German

suppllers.Indeed,the German ACT Industrywould be a major competitor of the Unlted
States in allEuropean markets. A low ratingon Factor 7 (lackof eompetltlon)tends to

override the otl'er positive factors.

3.2.2.4 Japan

Japan has few domestic energy resourcesand so must rely heavilyon imports.

Fifty-seven percent of the country's TPER in 1985 was met by imported oil, mostly from
• OPEC countries. Japan is seeking a balanced mix of energy sources, including nuclear,

coal, hydropower, and renewables, to help reduce this reliance on imports. Japan
produces only a moderate amount of coal and this production has been decreasing over
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the last decade, yet tn 1985, Japan:was the largest, importer of coal of ali the countrle._
considered. Although Japan's Industrial coal use Is primarily In the Iron and steel
Industry, Its coal-generated electricity production Is the third highest of the countrte._ we
considered (about 100 TWh In 1985) and has shown large Increases stnce 1973. However,
the country is moving toward Increased nuclear power procductton, and electricity from
nuclear plants, has increased at a much faster rate (from less than l0 TWh In 1973 to

more than 159 TWh in 1985) than that from eoai-ftred plants over the period 1973-85.
Therefore, although Increased coal use should be seen as a posstble option in Japan, the
country ls not eornmttted to coal to the exclusion of other energy sources.

Japan has the htghest Industrial energy use and the second highest
residential/commercial energy use of ali the countries considered, i'_nergy use tn both of
these sectors Is expected to Increase through 20OO. Coal's share of

resldentlal/commercialuse Is lessthan i% and has been decreasing,whereas the coal
shareof industrialenergy use {sincreasingand Isexpected to be about 16% In2000. The

cement Industryalready uses coal for {]2% of Itsenergy needs. Although thlsIndustry
may be close to Itscapacity for coal use,other Industriesseem to have potentialfor

conversionto coal. Japan Isfairlyurbanlzedand projectsa moderately hlgh growth In
populatlonby 2000; these factors,combined wlth the hlgh totalenergy use and the fact

that four tlmes more ollthan gas Isused Inthe residential/commercialsector,suggesta
good potentialmarket for both retrofitand new combustors. Therefore,Japan {srated

medlum-hlgh for Factor 4 (residential/commercialenergy demand) and high for Factor 5
(Industrlalenergy demand).

Environmental pressurefor ACT Ishigh InJapan. A strong SO 2 and NO x control
program Isin place at both the federaland locallevels.Flue-Rasdesulfurlzat{on(FGD)

and NOx-reductlon technologiesare used on largeplants,mostly wlth waste mln{mlzatlon
techniques. Heavy lndu_trlallzatlon,largepopulatloncenters,and limitedlandfor waste
disposalhave made Japan a leader In the development of efficientemission control

systems. As a result,Japan lookslesspromising from a competlt{on perspective. The
country has a high levelof both U.S. Investment (about50% of totalforelgnInvestment)

and U.S. Imports (aboutone-quarterof the totalImports to Japan, Includlng some coal).
Japan hasa largetrade surplusand alsohas defenseand energy-relatedR&D agreements

wlth the United States. These factorsled to a high ratingfor Japan on trade relations
(Factor 6). However, Japan Is a leader In domestic coal R&D and manufacturing

actlvlty. 'l'heJapanese government's budget for coal R&D Is the highestof all the
countriesconsidered,a high levelof privatecoal R&D Isbe{rigcarriedout,and ACTs are

widely manufactured In the country. The stiffcompetition U.S. manufacturers would

meet from domest]c suppliers{s considereda very strong{mped!ment to the export of

U.S.-developedACT to Japan.

3.2.2.5Portul_al

Por'_ugalhas a historyof heavy dependence on energy imports;in 1985,67% of

the country'sTPER was met by ollimports,and thislevelof imports has changed little
since1973. Portugal'ssituationas an ollImporter,however, isfa{rlysecure;most of the

Imports are from OECD countries(loweringan otherwlsehigh ratingfor Factor 2 to a

medium-high). _
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The primary objectives of the natlonal energy plan of Portugal Include

development of domestic resou_,_'.,(_:_,land diversificationof enel.gy supplles. The
Portuguese government has stressedt.heImportance of coal as a primary energy source

and has establisheda program of grant_ to cover 15-30% of the cost of projectsfor

energy eonservatlon,ollsubstitution,and stimulationof domestic energy productionand
use, Coal productlonIscurrentlylow,as are lmports,but Imports have increasedrapidly

slnce 1973, Most coal imports come from the Unlted States. Hence, Portugal'srating
for Factor i (energyplan and situation)Ishigh.

Portugalhas very littlee_cperlencewlth coal. Coal'sshare of the TPER was only
6% In 1985 and, as of 1983, no coal transportationInfrastructurewas In place, so

Portugal receiveda ratingof low for Factor 3. Therefore,althoughseveralImportant
factors favoring Increased coal use In Portugal are present,some falrlyImportant

eonstralntstend to make prospectsthereappear lesspromlslng.

In 1985, Portugal had the lowest resldentlal/cornmerclalenergy use of allthe

countriesconsidered. Although thlsenergy use has been Increaslngand should contlnue
to do so through 2000, it is expected to remain low relativeto the other countrles
considered. No ceal Isused In thlssector,and thereareno plansfor coal use. Industrial

energy use Isalso falrlylow but isexpected to almost double by 2000, at whlch tlme
coal'sshare Isprojectedto be 12%, A potentiallylargecoal converslonmarket existsin

the cement industry,where the coal share Is currentlyonly 18%. Only ollIsused In
Industrynow, so coal converslonwould be falrlydeslrableIn vlew of the country'sgoal to

reduce ollImports. However, due to the relatlvelylow absolutelevelsof energy use In

Portugal,the ratlngsare low for the resldentlal/commercialsector (Factor 4) and iow-
medium for the Industrial sector (Factor 5).

Although the United Statesand Portugaltrade -- 8% of Portugal'simports were
from the Unlted States In 1986 and coal is Itssecond largestImport from the United

States-- Portugalhas recentlyjoinedthe EEC and Isllkelyto turnIncreaslnglyto other

EEC tradlngpartners. U.S.exportsto Portugalhave been decllnlngsteadilyslnce 1984,
and U.S. Investment remains low. Portugal is therefore rated iow-medlum for trade

relations(Factor6). However, llttlecoal R&D or ACT manufacturing Isbeing carried

out Inthe country. Assuming Portuguese interestin ACT, U.S.suppllerswould probably
meet wlth llttlecompetit|on from Portuguese domestic suppliers. Therefore, both

posltlveand negatlvetrade Influencesaffectthe export of ACT from the United States

to Portugal.

Envlronmental pressure [_orACT In Portugal ls rated low-medlum. Portugal is

subject to the new plant emlssion standards In the EEC Large Combustion Plants
Directlve,but lt will not have to reduce emlsslonsfrom existingplants. At present,

envlronmentalawareness isnot strongand few IncentlvesforACT appear to exist.

[mpedlments to the export of U.S.-developed ACT ['orsmall combustor

appllcationsIn Portugalincludea lack of coal-transportatloninfrastructure,low energy

demand, competItlon from EEC countries for trade, and a lack of envlronmental

regulationsto encourage use of ACT. On the positiveside,Portugal isvery anxious to
increaseItscoaluse as a means to reduce ollimports,and domestlc competltlon forACT
ismlnlmal.
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3.2'.2.6 The United Kingdom

The government o¢'the UK rellesprlmarllyon market forcesinImplementlng Its

energy pollcy,the maln objectiveof which Is to ensure adequate and secure energy

suppllesat the lowest long-term cost. Over the last decade, coal has consistently

suppliedmore than 30% of the UK's TPER. Most of the eoalused ismlneddomestlcally;
however, Imported coal, prlmarlly from Australla,has begun to supply some power

plants. Anticipatedprivat{zatlonof the eleetrlclty-generatlngindustryls expected to
open up the market to additionalImports,but such imports willhave to compete with

natural gas. Following the declslon to prlvatlzethe electricityIndustry,p{_ns for

natural-gas-flredpower plantshave been submitted,and a 1,000-MW gas-flredplant In
Scotland has been approved. The UK isthereforerated medlum-hlgh forenergyplan and
sltuatlon(Factori). Although there has been asubstantlalIncreaseInnueleargeneratlng

capacity in the UK over the lastdecade, only about 10% of the generatlngcapacity was
nuclear In 1985 and most Of the remainder was coal-fired. Inland transportation

networks,primarilyrail,appear to be adequate in the country. Therefore,the ratingfor

the UK forexperiencewlth c0al(Factor3)ishlgh.

The UK isa net exporterof petroleum (leadingto a low ratingfor Factor 2)and
alsoproduoes naturalgas. These fuelscompete witheoalin the residential,commercial,
and lndust;'lalsectors. Therefore,althoughthe country'spriorexperiencewith coal and

the availabilityof coal from domestic sourcesgenerallyfavor increasedcoal use Irlthe

UK, competltlon from domestic oll and gas may negativelyinfluenceprospects for
increasedcoal use. This issueiscloselylinkedto the long-term stabilityof suppliesfrom
North Sea fields.

The UK ismainly a retrofitmarket for new combustors. Energy demand In the
resldentlal/commerclalsector in 2000 isprojectedto be vlrtuallytllesame as ltwas in

i985, and growth in the Industrialsectorisprojectedto be low. Although the coal share
in the resldentlal/commercialsector isnow high,at 13%, lthas been decreasing(from

25% in 1973),and isprojected to continue to decrease (to 9% irl2000). Domestically

produced naturalgas isthe primary fuelused In the resldentlal/eommerelalsector,and
prospectsfor itsreplacement with coal inretrofitsituationsare probablynot good unless

gas pricesIncreasedramatlcaily.The UK was thereforeratedlow-medlum for Factor 4
(resldential/commerelalenergy demand). However, some researchIntocoal-firedDH has

been undertaken,and success in that area of research may provide some impetus for

reversingthe trendinresidentlal/commercialcoal use.

In the industrialsector,the coal share of energy use deellnedin every industry
between 1970 and 1985. However, the coal share of total industrialenergy use is

. projected to increase from 9% to 15% between 1985 and 2000, implying that some
industriesmay reconvertsome of theircapacityto coal. The UK_ therefore,received a

medium-high ratingforFactor 5.

In general,the UK has a strong trading relationshipwith the United States.

About 11% of UK imports came from the United States in 1986,and the UK isthe fifth

largestpurchaserof U.S. goods, ltran a trade surpluswith the United Statesof about
$3 billionin 1986. Hence, the UK was given a medium-high ratingfor Factor 6 (trade

relations).However, because it has a strongdomestic coal-technologyindustry(which
(
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includes manufacturing of small fluidized-bed combustors) and a considerable level of

private ACT R&D, it was rated low for Factor 7 (lack of competition).

The environmental pressure for ACT in the UK was rated medium-high.

Proposals for new pollution regulations that would require a 30-90% reduction of SO 2
from industrial boilers are still under discussion. Such proposals will have to take into
account the new emissions standards under the EEC Large Combustion Plants Directive.

This directive requires the UK to reduce SO 2 and NO x emissions from existing large
plants by 20% and 15%, respectively' by 1993 and to achieve reductions of 40% and 30%,

respectively, by 1998 (based on 1980 levels). Therefore, a role exists in industry for

highly efficient ACTs. Pretreated "smokeless '' coals and coal by-products are considered
desirable options for avoiding local air quality problems.

In summary, although the UK was rated fairly high on many of the important
factors considered in this analysis, two impediments to increased use of U.S.-developed

ACT exist: domestic production of oil and gas that competes with coal and a domestic
coal-technology industry.

3:2.3 CountrieswithLimited Markets
r

3.2.3.1 Belgium

Belgiu m is highly dependent on imported oil, but most of its oil imports come

from OECD countries, giving a medium-high rating for Factor 2. The country is moving

to lessen its oil dependence through measures to encourage rational use of energy and
diversification of supply. Nuclear power capacity has been increasingly brought on line

to meet electricity demands. Electricity capacity is now in oversupply, and this
condition is expected to continue in the near-to-medium term.

Conversion to coal is being encouraged in all economic sectors in the Belgian

energy plan. Coal,generated electricity and imports of coal have increased over the last
" decade. Since Belgian coal is very expensive to exploit, the government subsidizes the

difference between the production cost per ton and the world market price for imported

coal; in addition, coal is taxed at a lower rate than other fuels. Although these factors

indicate some positive pressure from the government of Belgium to promote increased
coal use, Belgium is rated low-medium for Factor 1 (energy plan and situation), because

the large increase in nuclear power production and the oversupply of electric generating

capacity will force coal to compete very strongly with electricity in the
residential/commercial and light-industrial sectors.

Domestic coal production is fairly limited but was much higher during the 1950s
and 1960s. Coal supplies over 20% of the TPER in Belgium, and the transportation

infrastructure is good. Therefore, Belgium is rated medium-high for Factor 3

(experience with coal).

Although the residential/commercial sector uses a moderate level of energy, this

use has been decreasing since 197.8 and is not expected to grow over the next 15 years;
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similarly,coal'sshare of this energy has been decreasing and this trend is expected to

continue. The lack of growth in this energy sector is reflected fin the country's low

projected population growth over the next 15 years. Belgium does have some installed

DH capacity, including combined heat and power systems which are entirely coal-fired.

Because the residential/commercial sector uses more than twice as much oil as gas,

increased use of DH in the buildingssector could offer opportunities for coal. Belgium

was rated low-medium for Factor 4.

Although a modest increase in coal'sshare Of energy use in the industrialsector

is expected by 2000, total industrialenergy use islow and littlegrowth is expected over

thenext 15 years. Coal plays only a small role in most of the industry groups thatwere

examined, but it isused extensively inBelgium's cement industry. Overall, because of }ts

low current energy use and low growth projections in the industrialsector, Belgium

received a low rating for Factor 5.

Belgium appears to offer some potential as a partner with the United States in

ACT trade. U.S. investment in Belgium isvery high, and Belgium is a NATO ally. Only

5% of the country's 1985 imports were from the United States, but those imports

included both boilers and coal. The United States holds about 20% of the market for

pollutioncontrol equipment and Belgian firms license U.S. boiler technology. Therefore,

Belgium was rated medium-high on Factor 6 (trade relations). ACT manufacturing in

Belgium is very limited. However, Belgium is carrying out collaborative research on

ACT with both Germany and the Netherlands, and any future Belgian demand for ACT is

likely to be filled by imports from those countries or by development of a Belgian

domestic industry.

Environmental pressure for ACT isfairly minimal (rated low-medium). Emission

limits proposed for existing plants can be met through the use of low-sulfur coal. For

new plants, the standards in the EEC Large Combustion Plants Directive have already

been incorporated into Belgian law. Belgium will have to reduce SO 2 emissions from

existing plants by 40% in 1993, 60% in 1998, and 70% in 2003, and NO x emissions by 20%

in 1993 and 40% in 1998 (based on 1980 levels).

Although a small market for U.S.-developed ACT may exist in Belgium, the

overall prospects are limited by the present overabundance of electric power generating

capacity, the small increase in projected energy demand_ the lack of environmental

incentives,and the competition from neighboring ACT technology developers.

/

3.2.3.2 Finland

Although Finland has extensive peat resources and makes use of waste fuels (such

as spent liquorsfrom the pulp and paper industry),ithas virtuallyno domestic oil,gas, or

coal and relies on imports to meet much of its demand. About 40% of the TPER in

Finland is met by imported oil;most of thisoil,however, comes from the USSR, a fairly

secure supply for Finland. Therefore, Finland was rated low-medium for Factor 2.

Nuclear power supplies 20% of Finland's electricity,but the current government has

stated that no new nuclear power plants will be built during its administration.

Consumption of spent liquors is currently greater, on an Mt (ce) basis, than coal
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consumption. However, coal isplayingan increasingrole in the energy picture. Coal's
. ,_

share of the country'sTPER was about 30% in 1987/88, a significantincreaseover the
1973 level_moreover, coal importsincreased by 66% over the period 1973-1987,and the

projected use of coal in 2000 is double the 1985 level. Therefore, Finland'senergy
situationappears to favor coal in some respects, but its current and projected

dependence on nuclear energy suggest that coal will have to compete stronglywith
electricityinthe residential,commercial, and industrialsectors.

Present and projected energy use in the residential/commercialand industrial
sectors is low. An increase of 5 Mt (ce) over the period 1985-2000 is expected in

industry,which now uses eight times as much oilas gas. Coal suppliesalmost 8% of
iildustrialenergy use, and thisshare isexpected to_remain relativelyconstant through

2000. A considerableswitch in the industrialsector from heat to electricpower is

expected over the next few years,due mainly to process changes in the pulp and paper

industry. A number of small gas-firedcombined heat and power plantshave recently
been ordered. The domestic gas grid,however, islimitedto major populationcenters.
Residential/commercialenergy use is expected to decline. Though the coal sha_e of

residential/commercial_energy is expected to increase substantiallyby 2000, overall

energyrequirements are so small that thisincreasedoes not translateto a largemarket
for coal combustors. Moreover, the country'surban populationissmall and population
growth isprojectedto be fairlylow. There may be some opportunitiesforcoal indistrict

heatingapplications,especiallysincethe government ispromoting such systems,and coal
use isexpected to continue in industrialplants. However, the verysmall energy demand

in the residential/commercialand industrialsectors led to generallylow ratingsfor
Factors4 and 5.

Finlandappears to offerlimitedtrade prospectsfor U.S. ACT. Historically,it

has had a strong trading relationshipwith the Soviet Union, mainly attributedto

geographicproximity. This relationshipisexpected to diminishin importance,however,
as Finlandlooksto itsWest European neighborsfor increasedtrade. Approximately 5%

of Finland'stotal imports are from the United States,while the same percentage is

exported to the United Statesfrom Finland. U.S. investment remains at a modest level,
' and the United States has no militaryalliancewith Finland. These factorsled to a low-

medium ratingforFinland for Factor 6 (traderelations).Finlandhas a strongdomestic

industryin a variety of ACTs, and there are several Finnish manufacturers of small

- fluidized-bedunits.Hence, Finlandwas rated low forFactor 7 (lackof competition).

Environmentalpressurefor ACT {srated medium-high. Existingregulationswill

. requirea 70-80% reduction in SO 2 emissionsfor largercoal plants,and a limiton coal
sulfurcontent of 1.2% appliesuntil1994; thereafter,a I% limitwillapply. Finlandis
interestedin flexible-fuelequipment such as fluidized-bedcombustors, which can burn a

variety of domestic supplies(peat, wood waste, coal, etc.) in an environmentally

acceptablemanner.

- Although Finland was rated high on itsenergy plan and environmentalpressure,

the increaseduse of nuclear power, low current 8nd projected energy demand in the
residential,commercial, and industrialsectors, and competition from domestic=

manufacturerstend to limititspotentialfor importingU.S.-developedACTs.



36

3.2.3.3The Netherlands

Although theNetherlands has only ave 'ysmall domestic olisupplyand relieson
o{Iimports for a largeportionof itsenergy requirements,the country has a highlevelof
domestic naturalgas production,enablingit to use gas for more than 30% of itsTPER.

The Netherlands is thus rated low-medium for Factor 2, dependence on 0il and gas

imports. ' i

Nuclear energy supplies only 3% of generating capacity and, sin0e the Chernobyl
accident, the government has postponed consideration of new nuclear plants. In the

meantime, the Netherlands is considering the use of gas- and coal-fired plants to meet

projected electricity demand. The construction of a gas-fired power plant in the north,
possibly using relatively inexpensive imported gas from Norway, has been proposed.

Increased electricity imports from France and the FRG are also envisaged. Current use
of coal for electricity produc:ion is fairly low, and coal supplied only 11% of the TPER in

1985. Little coal is produced in the Netherlands, though production was considerable in
the past. The coal transportation system is good, although it is used at close to its

capacity. Therefore, the country wasrated medium-high for Factor 3 (experience with

coal). The Netherlands currently relies on coal imports, which have increased by 146%
since 1973. The interest in coal appears to be focused primarily on power generation.

Renewable energy sources and DH are being promoted in the demand sectors.
Furthermore, domestically-produced natural gas will provide strong competition to coal

in the residential, commercial and industrial sectors; therefore, the Netherlands was

rated low-medlum for energy plan and situation (Factor 1).

Current and projected energy demand in the Netherlands, as reflected in its

ratings for Factors 4 and 5, is low. Current residential/commercial demand is moderate,
but is projected to decrease by 201)0; industrial use is fairly low, with low projected

growth. Coal's share of energy use is low in both sectors; gas is the predominant energy

source. The Netherlands does have some installed DH capacity, and the government
provides subsidies for DH projects. Although this implies a potential opportunity, coal is

not currently used for such projects.

The Netherlands has one of the most open trading environments of all the

countries considered, imposing few tariff or nontariff barriers to U.S. exports. Fourteen

percent of the country's 1985 imports were from the United States, and these imports
included coal. Thirty-five percent of total coal imports to the Netherlands in 1986 came
from U.S. sources (54% in 1982). The Netherlands is a NATO ally, and the United States

is the largestforeign investorthere. U.S. boilertechnology is manufactured under
licensein the Netherlands. Tra_lerelations(Factor 6) were thereforerated medium-

high. However, the government has committed substantialresourcesto coal R&D and

privateindustryis conductingcoal R&D on itsown; moreover, some ACT manufacturing
isbeing carriedout. These competitionfactorstend to offsetthe Netherlands'otherwise

favorableratingon trade.

Environmentalpressurefor ACT isfairlyhigh. Astrongeontrol program similar

to that of the FRG isinplace;limitsforsmallerplantscan be met with low-sulfurcoal,

Because of the land shortage in the Netherlands,waste disposalis a major issue.

Atmospheric fluidized-bedcombustion and integrated gasification/combinedcycle
(IGCC) unitsare alreadyunder development.

_
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The major constraintson the export of U.S.-developedACT to the Netherlands
are a domestic natural gas supply, low current and projected energy demand, and
competitionfrom domestic ACT suppliers.

3.2,3.4Sweden

The Swedish government's energy policyemphasizes the replacement oi"oiland
nuclear energy and the introductionof new energy technologlesbased on renewable and

domestic energy sources. Measures to improve the efflciencyof electricityuse are also

promoted inthe Swedish energy plan. Although some coal has been imported by Sweden
in recent years,the taxon coalhas been increasedrecently,and other energy resources

(inparticular,domestic fuel wood and peat)are being encouraged much more strongly

than Coal. Despitethe Swedish government'sreservations,thereare plansforthree coal-
fired power plants totaling1,245 MW (electric)to come on stream between 1,988and

1995. However, there are alsoplansto import naturalgas,eitherfrom the North Sea via

Denma_'k or from the USSR via Finland,to compensate for the future lossof nuclear
capacity. Energy policy is stilla subject of considerablecontroversy. Sweden was
thereforerated low-medium for Factor 1 (energyplan and situation).

Although over 30% of the TPER in 1985 was met by imported oil,most of that
came from OECD countriesand the centrally-plannedeconomies, so Sweden was rated
low-medium for Factor 2. Sweden has very littleexperiencewith coal,leadingto a low

ratingfor Factor 3. Only 5% or lessof itsannual TPER was met with coal duringthe
1973-1985 period. Therefore,the general energy conditionsin Sweden do not strongly
favor coaluse.

Sweden is also rated generally low _ on the energy demand factors.

Residential/commercialenergy use iscurrentlymoderately low, at 20 Mt (ce),has been

decreasingsince 1978, and isexpected to continue to decrease through 2000. The coal
share of residential/commercialenergy demand is also low and is projectedto remain
so. However, Sweden does have a small amount of coal-firedDH capacity,and the

government isencouraging expansionof that capacity;thischanged Sweden's otherwise
low ratingfor Factor 4 to low-medium. Factor 5 was rated low due to a low current

industrialenergy demand, a low coal share acrossmost industrialcategories,a decrease
inindustrialenergy demand since1973,and a low projectedincreaseinenergy demand.

: The United Statesexportsa small amount of coal to Sweden, and importsof U.S.
goods comprised about 7% of totalSwedish imports in 1986. Sweden has a trade surplus

with the United States. Behind Norway and Finland, the United States is the third
largestforeign investorin Sweden. Swedish firms manufacture both conventionaland
fluidized-bedbOilersunder licenseto U.S.firms. Therefore,Sweden was rated medium-

high on Factor 6 (traderelations).However, Sweden has played a strong leadershiprole
in the development of ACT (particularlyFBC units)and pollution-controltechnology.

Application of ACT at small installationshas been emphasized in Swedish R&D

projects.For thisreason,Sweden was rated low for Factor 7 (lackof competition).

Environmental pressure is high in Sweden. There is a strong domestic air

pollutioncontrol program and high environmental awareness. Control of NO x is an



trnportan't issue, and demand could be high for U.S.-developed technologies that combine

_O 2 and NO x control. Sweden also is strongly interested in fluidized-bed and sorbent-.
injection systems for small units.

Despite this very positive environmental pressure, increased use of U.S.--
developed ACT in Sweden will be constrained by the low energy demand, the

commitment of the government to renewable energy sources, the lack of coal

experience, and the presence of domestic competition for AcT development in Sweden.

b

3.3 CONCLUSIONS AND RECOMMENDATIONS
i

One of the purposesof thisanalysiswas to choose the three OECD countriesthat

appear to have the highestpotentialas export markets foz.U.S.-developedACT insmall-
combustor applications.Eight of the 24 OECD countrieswere not examined in depth
because of theirvery low currentand projectedenergy demand. The evaluationof the

remaining 15 countries(theUnited Statesexcluded) led to the grouping of the countries

aceordin_ to theirmarket potential. Group I (countrieswith good potentialmarkets)
includesSpain,Italy,Turkey, Greece, and Canada.

We found no strong impediments to the export of U.S. ACT to SPain. Spain was
rated highor medium-high on allof the factorsexcept traderelations.The low-medlum

ratingon that factor isdue to Spain'srecent accessionto the EEC, the Spanish trade
deficit,and the high level of German investment i:,Spain. Although such conditions

serve as indicatorsthat certainextra incentivesto tradewith the United Statesmay not

be present in Spain, they do not constitutebarriersprecluding entry of U.S. ACT

exports.Allother factorscharacterizeSpainas a very promisingmarket.

Italywas rated high or medium-high on allfactorsexcept lack of competition,
forwhich itreceiveda low-medium rating.Although tl_eItaliangovernment and industry

are carryingout extensiveR&D on certainACTs, the Italiansare generallyreceptiveto

the idea of working cooperatively with the United States. Domestic competition, which ,
exists primarily in the area of coal/water fuel development, is not viewed as an

overriding constraint in this case.

In Turkeys transportation problems could hamper a rapid and extensive increase
in coal use. Furthermore, although some environmental pressure exists in Turkey, ACT is
not necessarily viewed as the primary way to reduce air pollution there. However, the

very favorable attitude toward coal and the high levels of energy growth projected for

Turkey appear to be so overwhelming that Turkey is viewed as a very good potential
market for U.S. ACT.

Greece and Canada, although promising irl many respects, do not appear to be as
favorably disposed to increased use of ACT as Spain, Italy and Turkey. Canada has a

broad spectrum of energy options -- coal, oil, gas, nuclear, and hydropower --- from which

to choose, so coal is not being very heavily promoted. The energy situation and factors
driving conversion to coal in Greece are very similar to those in Turkey, but current and

projected energy demand in Greece is much lower than in Turkey. Therefore, we recom-

mend that the next phase of study be directed toward Spain, Italy, and Turkey.
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APPENDIX A:

FACTOR I,ENERGY PLAN AND SITUATION

RATINGS AND REASONS, BY COUNTRY

Australia Factor I rating:High

• Government wants to use domestic resources,especlailycoaland

naturalgas.

• High coal productlonin 1985 [117 Mt (ce),about halfmetallurgical
coal];coal productionmore than doubled from 1973 to 1985.

® Fairlyhighnonmetallurgicalcoal consumption [37 Mt (ce)in 1985].

• No imported coal;abundant domestic coalreserves,

• No existingor projectednuclearpower.

Belgium Factor I rating'Low-medium

• Nucle_trenergy supplies38% of electricitygeneratingcapacityand

itsshare Isprojectedto increase;excessgeneratingcapacity
exists.

• Coal converslonisencouraged Inalleconomlc sectors;"rational

energy use"objectivesincludecoal.
• Some domestic coal production[7Mt (ce)]in 1985,but production

declinedby 28% from 1973 to 1985.

• Domestic coalindustryissubsidized;coal taxesare lower than
those on other fuelsand electricity.

• Some coalimports in 1985 [9Mt (ce)];an 11% increaseinimports
over the lastdecade; in 1985,about 70% ofsteam coalwas

imported.
• South Africaisa major sourceof coal imports.

Canada Factor 1 rating:Medium-hlgh

• Moderately high 1985 coalproduction[48 Mt (ce)];productionmore
than doubled over the lastdecade;about halfof 1985 coal

productionwas metallurgicalcoal;about 5 Mt (ce)of steam coal
] was exported.

• Some steam coal imports from the United States.

- • Fairlyhighlevelof steam coaluse [30Mt (ce)].

• Variedenergy sources: hydropower providesa largeportionof
electricity;some nuclearpower (12% of electricitygenerating

capacity);wood providesa significantamount of industrial
energy.

• Energy plan does not specificallypromote coal.



Finland Factor 1 rating: Medium-high

• Projected use of coal in 2000 is twice tile 1985 level.
• 66% increase tn coal imports from 1973 to 1985.
• No addltlonalnuclearcapacityplanned.

• Considerableemphasis on use of unconventionaldolnestlcresources
(peat,wood chips,etc.),

• Recent agreement with the USSR for import of electricity.

• Energy plan not available (Finland is not a member of the
International Energy Agency [IEA]).

France Factor 1 rating: Low-medium

• High e_lsting and projected nuclear capacity in the utility sector;

existing oversupply of generating capacity°

• High increase in electricity use projected for the residential/com-
mercial and industrial sectors.

• Projected total use of coal in 2000 is about the same as use in 1985,

but projected use in the residential/commercial and industrial
secto,'s is 62% higher.

• Moderate level of coal production [15 Mt (ce) in 1985]; 40%

decrease in production over the last decade; some political

pressure to restore coal production to previous levels.
• Moderate level of coal imports [17 Mt (ce)]; 30% increase in imports

over the last decade; no longer accepts South African imports.

• Energy plan not available (France is not a member of the IEA).

FRG Factor 1 rating: Medium-high

• Increasing the use of coal is a policy objective, though tile

proportion of electricity generated from coal fell in 1987.
• Produces the most coal of ali countries considered; second-highes t

steam-coal producer; slight decrease in production over the last
decade.

• Moderate level of coal imports_ increased imports over the last
decade.

• Domestic hard coal industry issubsidized.

• Nuclear plants supplied about 17% of electricity generating

capacity in 1985; nuclear energy production is expected to
increase.

• Multifuel capacity ts widely available tx industry, giving fuel

flexibility.
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Greece Factor I ratingzHigh

• Policy has favored the useof Imported coal and domestio lignite to
reduce dependence on otl imports, but some shift In this policy
toward naturalgas may be Indicated,

• Use of Imported syngasor naturalgas isplanned,but currently
there Isno access to gas pipelines,

• Some domestic coalproduction[7Mt (ce){n1985]{product{on

tripledover the lastdecade.

e Low levelof coalimports [2Mt (ce){n 1985],but {reportsdoubled
s{nee 1973 (prlmarllyfor the cement Industry).

• Oilproducts are taxed more heavilythan other fuels.

• No currentor plannednucleargeneratingcapacity.

Italy Factor i rating:Medlum-high

• Increaseincoalconsumption calledfor inthe nationalenergyplan,

to come mostly from steam coal forpower generatlon.

• Planned use of naturalgas forpower generatlon;gas {sfavored over

coal forlargeappl{cations.
• Low coalproduction[<1 Mt (ce)in 1985],but 60% IncreaseIn

productionover thelastdecade.
• Second highestimporterof coal in 1985 of eountrlesconsidered

[20 Mt (ce)];85% Increase}nimports slnce1973.

• South Africa isitslargestsource of coal imports.

• Nuclear energy suppliedonly 2% of generatingcapacityIn 1985;

referendum to haltnuclearpower plantconstructionwas upheld
by the government.

Japan Factor 1 rating:Low-medlum

• A balanced energy mix, includingcoal,isa major objective;

hydropower and renewablesare encouraged.
• Moderate levelof coalproduction[14Mt (ce)in 1985];decrease {n

productionover the lastdecade.

• Largest importerof coal in 1.985of eountrlesconsidered,primarily
_'orthe Ironand steelindustry;some increasein importsover the
lastdecade.

• Nuclear {sthe largestsourceof domestic energy (hydropower Is
second);moving toward increasednuclearpower production;

renewables are encouraged.
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Netherlands Factor i ratlnglLow-medlum

• Major natural gas producer,

• Coal conversionpromoted Inelectrleltygeneratingsectoronlyl
priorityon renewablesand cogeneration,

• Low coal production,but moderate coal Imports [12Mt (ce)In
1985];IncreaseInImportsof 146% since 1973.

• Nuclear power suppliesonly 3% of generatingeapaclty;nuclear
share isunlikelyto IncreaseInthe near future.

Portugal Factor I rating:Hlgh

• Government stressesthe importance of coalas a primary energy
source.

• Low coalproduction[< 1 Mt (ce)in 1985];26% decrease in
productionfrom 1973 to 1986.

• Low Imports in 1985 [1.5Mt (ce)];largepercentage increase(360%)
inimports between 1973 and 1986, mostly from the
United States.

• Fuel oil is subsidized.

Spain Factor 1 rating:High

• Government Ismaking an effortto substitutecoalforollinIndustry
and Inurban areas.

• Moderately high 1985 coal production[20Mt (ce)l;largeIncreaseIn
production(111%) from 1973 to 1985.

• Moderate levelof coalimports [8 Mt (ce)];largeincreaseinimports
(152%) from 1973 to 1985.

• Large amounts of coalare imported from South Africa.

New, coastalelectrlepower plantsare designedfor imported coal.

Sweden Factor 1 rating:Low-medlum

• No pollclesto encourage coal inenergy plan;use of domestle fuel

wood and peat Isencouraged.
* Almost no coalproduction.

• Moderate levelof coalimports [5Mt (ce)in 1985];97% increasein
importsfrom 1973 to 1985.

• Coal tax was recentlyIncreased.

• Alinuclearplantsare beingphased out.
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Turkey Factor 1 rating: Medium-high

• "Optimal" ene_'gy production from ltgnlte Is Included Irl goals, along
wlth dlverslfleatlonof energy sources;renewables encouraged.

• Moderate coal (mostlyllgnlte)produotlon[13Mt (ce)iihlghIncrease

(78%) Inproductlonbetween 1973 and 198B.
• Moderatelylow coal Imports,but Importshave Increasedfrom

0.01 Mt (ce)In1973 to an estimated3.1 Mt (ce)in 1986,

primarilyfrom the UnitedStates.
• Coal wlllhave to compete wlth naturalgas when the gas plpeline

li,orethe USSR Iscomplete.

UK Factor 1 rating,Medium-hlgh

• High 1985 coalproduction[77 Mt (ce),almost allsteam coal];29%
decrease Inproductlonbetween 1973 and 1985.

• Moderate coalimports [11Mt (ce)],wlth largepercentage increase

Inimportsfrom 1973 to 198_ (706%);most imports are

metallurglcalcoal,primarilyfrom Australia.
• Free-market policyfor energy.
• Drlvatlzatlonof electricpower Industrymay open the market for

imported coaland for power generatlonfrom naturalgas.

SUPPORTING INFORMATION

The followingtablespresent informationthat helped to answer the questions

guldingthe ratingsfor Factor 1 (seeSec. 2,1.1).
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TABLE A.1 Energy Plans and Coal Use (Question 1)

Does the energy plan of the country state that increased coltl
GounLry use iu n primary goaL?

Australia The ,government iu _oncerned with making 'the best 'use of the
country°B domestic resources, partlcularly coal and natural gas,,

Belgium Energy pc)licy objectives Include "rational use of energy," which

includes coall government will provide subsidies of up to I00%
for "rational use" development projects. Goal conversion isi

generally encouraged in all economic sectors.

Canada Energy policy stresses ael. f-suff[c[ency_ energy secur[cyt and
increased energy efficiency, lt does not contain specific
provisions encouraging coal.

Finland Information not available from IEA.

France Information not available from IEA,

FRG One objective is to reduce the share of oll in the energy supply
and increase the role of all other energy sources, especially
domestic coal.

Greece The main goal is to reduce dependence on _mported oil! one
avenue for this is through the use of imported coal.

Italy The energy plan calls for an increase in coal consumption,
mostly steam coal for power generation.

Japan A balanced energy mlx, !ncludlng coal, is a major objective.

Netherlands The government is promoting coal conversion in the electricity
generatlng Sector.

Portugal The government stresses the importance of coal as a primary
energy source.

Spain A special effort is being undertaken to substitute coal for oil

in industry and in urban areas.

Sweden Laws for replacement of oil and nuclear energy have been
enacted. Phase-out strategy is based on renewables and domestic
energy resources.

Turkey "Optimal" energy production from lignlte is included in goals,
as is diversification of energy sources. Turkey signed an
agreement with the USSR in 1984 to buy natural gas, and a new
p]pellne to Ankara is under construction.

UK The UK has no centralized energy plan, but general policy is to

ensure adequate and secure energy supplies at the lowest long-
term cost.

Sourcel Ref. 2.
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TABLE A.2 Renewables and Other Energy Sources
(Question 2)

Does the country rely oll any domestic renewable or uncortven-
Lionel forms of energy? Are ally of' these sources buing i_eavlly

Country promoted In the energy plan?

Austrniia llydropower provides 12% of electricl_y, The rote of el.hor
renewables la small and not lleavily promoted°

Ilelgium Does not rely heavily on renewable energy° t[owever_ 18,1% of

government energy RbD spending [n 1985 was £or llotherll energy

sources (solar photovolt.aic, wlnd, mlcrohydro, and blomaHs)_ aa

opposed to 9,3% for coal.

Canada Biomass (mostly wood) accounted for 14,5% oi' total [ndu_trial

energy de|,nnd In 1985. llydropower accounts lcr almost all

electrlc{ty general[on In Quebec and Britial_ Columbia and 66,2%

of" electricity country-wide, Other renewable sources are net

heavily promoted,

Finland tins extensive peat resource=l and makes use of waste fuel_ such
as spent liquors from the pulp and paper indusLry, Consumption

of spent liquors is currently greater on an Ht (ce) basis than

coal consumpt Jen,

France [nformation not available from IEA.

FRG Doca not now rely on renewable sourcea_ whlch accoUnLed fop
11.6% of the 1986 energy budget,

Greece Does not now rely on renewable sources. Policy emphasizes

switch , ,lay from imported oil for electricity generation through
increased use of domestic lignite_ renewables, and hydropowerl
63,2% of the 1986 energy RbD budget was for renewables.

Italy Dees not now rely on renewable energy, tlydropower provLde_ 24%
of electricity. Geothermal energy ia expected to play a larger

role in electricity generation. Government is not heavily

promoting renewnbl es.

Japan Hydroelectric power /ollows nuclear a_ the largest source of

domestic energy (33 GW of capacity in 1986)I hydropower in

_ promoted by government. Renewable sources such as solar and

= wind are encouragedp but they claim a an|_ill share or' tile energy
R&D budget (4.3% in 1986.)

Netherlands Doca not now rely on renewable energy. The government t, iace_

priority on development of renewables, partlcularly wind,

ityPortugal Does not now rely on renewable energyp although it is a prior

area fo_ government energy RbD funding.

Spain Does not now rely on renewable energy, which received 27.6% of
tile 1986 energy RbD budget.

Sweden Domestic fuel wood and peat contributed 5.3 Ht (ce) in 1985.

Efl orts Lo develop these resources further are being carried
out. Renewables received 21,8% oi energy R&D budgt:t in 1986.

Turkey Fuel wood and animal dung are used extensively in rural areas.
A major hydroelectric development program is underway. Budget
allocation for solar, geoti_ermal, and bio|nasa more '.:hendoubled

from 1983 to 1986,

UK Does not now rely on renewable sources and they are not heavily
promoted.

Sourcel Ref. 2.
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TABLE A.3 Fuel Taxes or Subsidies (Question 3)

Dues the governm_mL alLer the market price of any ltlel in any

Country way?

Australia (.1overl.nentenforces import parity pricing of crude etl, Fossil

fuel production Is taxed by slates, Natural gab pr{cell ar_

partially controlled by states.

Belgium imported coat iu pric(._daL the worl d market level l h{Bher-co+It

Beigian'coal la subsldi_ed. The value-added tax raLe applied t;u

other fuels and elecLricity |s llZ, versus 6X ['or coal. ,

Canada Coal prices are inarket-determined, Crude oil and naLural gas
prices were deregulated in June 1985,

Fillland Inl'o,'mat ion nel oval lable from IF.A.

France lnlormation l_ot available from [F,A.

I,'RG Energy pricing iu generally free of' government intervention,
Coal levy applies to imports of metallurgical coal, The

domestic hard coal industry ts subsidizect and ims an assured
market share,

_reece F,nergy product prices are ,el by Lhe federal governlnentl there
are heavier taxes on oil products.

italy Coal prices are unregul.ated, Electricity and natural gas for
Lhc residential/commercial sector are regulaLed. PeLroleum

product pr[cea are regulated in some cases,

.Japan Domestic coal prices are fixed by the government., and domestic
coal is assured of markets. Imported coat prices are market-
determined. Electricity and tows gas tariffs need government

approve I.

NeLherLand.. Coat prices reflect the world market. Oil product prices are
freely determined,; gas and electricity are regulated,

PorLugal Coal pricKS are unregulatedl petroleum product prices and
electriclty raLea are controlled by the governmentl fuel ell iu
subaidiz.ed,

Spain Host prices are controlled by government and specific energy
taxes are used for pollcy reasons, Coal. prices are unregulated
for residential/conunercial and nonmetall.urg[cat industrial uses.

Sweden Imporl:ed coal is al world markeL prices. Domestic prices

reflect production and distribution coats. The coal tax was
recently increased.

Turkey Metallurgical coal is imported at world market price.
Residential [lgnlLe is priced below average production cost,
industrial lignite priced above. Pe-roleum (except llqulfled

petroleum gas) is at the world market price, Electricity prices
are controlled by the government,

UK Oil and coal industries are responsible for setting the prices

oi their products, but prices are significantly influenced by
tinaecial dtsctplit_e imposed by the government on public
corporations and utilities.

Sourcet Rot, 2.
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TABLE A.4 Domestic Coal Production (Question 4)

Coal Production [Mt (ce)] Change,
1973-1985

Country 1973 1978 1985 (%)

Australia 57.50 70.04 _ 117.20 +103.8

Belgium 9.17 6.77 6.61 -27.9
Canada 16.71 24'46 48.20 +188.5

Finland 0 0 0 --

France 25.77 20.11 15.37 -40.4

FRG 131.91 121.23 117.77 -10.7

Greece 2.41 3.97 6.91 +186.7

Italy 0.43 0.43 0.69 +60.5

Japan 25.57 15.97 13.74 -46.3
Netherlands 1.80 0 0.I -94.4

Portugal 0.19 0.i0 0.14 -26.3

Spain 9.26 ii.i0 19.56 +111.2
Sweden 0 0 0 --

Turkey 7.44 10.04 13.23 +77.8
UK 108.41 98.94 76.71 -29.2

Source: Ref. i.
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TABLE A.5 Domestic Nonmetallurgical Coal, 1985 (Question 5)

Coal from

Dome stic

Use a Production Exports Sources

Country [Mt (ce)] [Mt (ce)] (Mt (ce)] (% of use) b

Australia 37.2 63.39 29.15 92.0

Belgium 7.4 3.13 0.84 30.9
Canada 30.6 25.05 4.64 66.7

Finland 1.5 0 0.01 0

France 23.7 11.98 0.81 47.1

FRG 94.3 67.15 3.47 67.5

Greece 8.7 6.91 0.21 77.0

Italy 12.6 0.69 0 5.5

Japan 41.4 9.64 0 23.3
Netherlands 6.1 0 1.23 0

Portugal 0.8 0.14 0 17.5

Spain 22.6 i8.61 0 82.3
Sweden 2.5 0 0 0

Turkey ii.0 11.40 0 >i00 c
UK 76.4 74.19 2.17 94.3

d

aConsumption in the industrial, residential/commercial, and

transportation sectors plus consumption by electric

utillties minus consumption by the iron and steel industry.
L

bl(Production - exports) . use] × I00.

Cproduction exceeded use.

Source: Ref. i.

i
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TABLE A.6 DomesticMetaUurgical (Coking) Coal, 1985

(Question 6)

,.

' Coal from

Dome stic

Use a Production Exports Sources
Country [Mt (ce)] [Mt (ce)] [Mt (ce)] (% of use) b

Australia 4.1 53.83 48.59 >i00 c "

Belgium 4.9 3.49 0.20 67.1
Canada 5.7 23.14 21.36 31.2

Finland 0.5 0 0 0

France 8.5 3,39 0 39.9

FRC 17.3 50.63 5.61 >i00 c

Greece 0.0 0 0 0

Italy 5.9 0 0 0

Japan 39.7 4.10 0 10.3
Netherlands 2.4 4.10 0.i0 >I00 c

Portugal 0.2 0 0 0

Spain 4.0 0,94 0 23.5
Sweden 1.2 0 0 0 _

Turkey 2.3 1.81 0 78.7
UK 6°5 2.53 0,06 38.0

acoal use by the iron and steel industry.

b[(Production - exports) + use] x i00.

Cproduction minus exports exceeded use.

Source: Ref. i.
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TABLE A.8 Principal Sources of Steam Coal Imports, 1985 (Question 7)

Quantity Quantity

Country. source (kt) Country Source (kt')

Australia -- 0 Japan Aust.ralia 14,137
Canada 780

Belgium Australia " 205 China 2,426
China 112 South Africa 4,091

FRC 1,067 USSR 1,020

South Africa 2,078 United States 960

United States 671
Nether- Austra'lia 1,755

Canada United States 8,391 lands Canada 130
Colombia 150

Finland Australia 404 FRC 143

Colombia 347 Poland 878

Poland 2,407 South'Africa 812

USSR 852 United States 2,872

United States 1,018

Portugal South Africa 104

France Australia 850 UK iii
Canada 410 United States 669

Czechoslovakia 883

FRG 1,134 Spain Australia 407

South Africa 6,444 Canada 173

UK 204 Colombia 134

United States 678 Poland 379
South Africa 2,243

FRG Australia 720 United States 855

Canada 235

Czechoslovakia 346 Sweden Australia 603

Poland 2,709 Colombia 183

South Africa 3,196 Poland 11271

USSR 166 USSR 407

UK 180 United States 343

United States 1,072
Turkey United States 275

Greece Australia 588

South Africa 207 UK Australia 2,469

United States 1,136 FRG 746
Poland 258

Italy Australia 250 South Africa 724
Colombia 180 United States 498

Czechoslovakia 1,150

South Africa 6,64].

USSR 150

United States 3,518

Source: Ref. i.
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TABLE A.9 Electricity Generation Capacity, 1985

(Question 8)

Nuclear Total Nuclear

Capaclty a Capacity a Share

Country (MW) (MW) (%)

Austral ia 0 32,695 0

Belgium 5,425 14,112 38.4

Canada 11,1.59 97,356 11.5

Finland 2,$00 11,313 20.3

France 37,487 86,562 43.3

FRG 16,095 92,701 17.4

Greece 0 7,116 0

Italy 1,273 55,626 2.3

Japan 24,686 169,358 i4.6

Netherlands 508 16,991 3.0

Portugal 0 6,010 0

Spain 5,815 39,205 14.8

Sweden 9,455 33,168 28.5

Turkey 0 9,118 0

UK 7,064 67,607 10.4

aNet maximum capacity as of
December 31, 1985.

Source: Ref. 3.



TABLE A.10 Existing and Projected TABLE A.11 Electricity Use in

Nuclear Generating Capacity Countries with High Levels of

(Question 8) Nuclear Generation a (%)

1985 2000 Change Electricity Share

Country (GW) (GW) (%) of Total Energy Use b

Australia 0 ' 0 -- Country 1985 2000

Belgium 5.4 6.8 + 25.9
Canada 11.2 17.6 + 57.1

Finland a 2.3 3.6 + 56.5 Belgium 16.9 21.0
France 37.5 78.0 +108,0 Finland 25.4 31.0 c

FRG 16.1 25.6 +59.0 France 21.6 35.6
FRG 19.9 22.7 c

Greece 0 0 --

Italy 1.3 9.1 +600.0 Italy 18.5 29.4 c

Japan 24.7 62.0 +151.0 Japan 27.7 29.9 c
Netherlands 0.5 3.0 +500.0 Netherlands 12.7 14.7

UK 20.7 24.1

Portuga ! 0 0.9 --
Spain 5.5 10.4 + 89.1

Sweden 9.5 8.5 - 10.5 aCountries that had a high per-

Turkey 0 0.6 -- centage of nuclear-generated

UK 7.1 18.0 +153.5 electricity in 1985 or projected

high growth in nuclear-generated

electricity between 1985 and
aThe current government has stated 2000. Sweden is excluded because

that no new nuclear plants will be all nuclear power plants are
built during its administration, scheduled to be phased out by
The projections shown here do not 2000.

reflect that policy.

blncluding residential, commer-

Source: Ref. i. cial, and industrial energy;

excluding energy used in the iron

and steel industry.

Cprojected industry-specific elec-

tricity use not available; may
include use in the iron andsteel

industry.

Source: Ref. i.



APPENDIXB:

FACTOR 2, DEPENDENCE ON OIL AND GAS IMPORTS

RATINGS AND REASONS, BY COUNTRY

Australia Factor 2 rating:Low

• Less than I% of the TPER was met by oilimports in 1985, down
from 15% in 1979.

• Moderate levelsof domestic oiland gas.

Belgium Factor 2 rating: Medium-hlgh

• 45% of the 1985 TPER was met by oilimports.

• Moderately highimportsfrom the USSR, low imports from OPEC.

• No domestic oiland minimal quantitiesof gas.

Canada Factor 2 rating:Low

• Net exporterof petroleum.

Finland Factor 2 rating:Low-medlum

• 40% of the 1985 TPER was met by oilimports.

• The USSR is the primary source of oil imports; very littleoilis

imported from OPEC.
• No domestic oilor gas,

France Factor 2 rating:Medium-high

• 41% of the 1985 TPER was met by oil imports.

• Significant oil imports from OPEC and centrally planned economies.

• 24% of the natural gas used in 1985 was imported from the USSR.

• Some domestic oil and gas.

FRG Factor 2 rating:Low-medium

• 40% of the 1985 TPER was met by oilimports, but most imports
come from OECD countries.

• 29% of the naturalgas used in 1985 was imported from the USSR.

• Moderate ]evelof domestic gas.
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Greece Factor 2 rating, High

* 58% of the 1985 TPER was met by oilImports,down from 91% in
1973.

. Much of the imported ollcomes from centrallyplanned economies.

• Minimal domestic olland gas.

Italy Factor 2 rating'High

* 59% of the 1985 TPER was met by ollimports,down from 79% in
1973.

• Significantollimportsfrom OPEC and centrallyplanned economies.
, 22% of the naturalgas Used in 1985 came from the USSR.
• Moderate levelof domestic gas.

Japan Factor 2 rating:High

• 57% of the 1985 TPER was met by ollimports,down from 82% in
1973.

• A largeportionof the imported ollisfrom OPEC.
• Minimal amount of domestic oiland gas.

Netherlands Factor 2 rating. Low-medium

• 40% of the 1985 TPER was met by oilimports,down from 65% in
1973.

• Significantoilimportsfrom OPEC and centrallyplanned economies,
as wellas OECD countries.

• High levelof domestic gas production.

Portugal Factor 2 rating: Medium-high

• 67% of the 1985 TPER was met by oilimports,and the levelof
imports has not changed much since 1973.

• Most oilimportsare from OECD countries.

• No domestic oilorgas.

Spain Factor 2 rating: High

• 53% of the 1985 TPER was met by oilimports,down from 72% in
1973.

• Minimal domestic crude oiland gas production.

• Crude oilimportscome primarilyfrom OPEC.
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Sweden Factor 2 ratlngzLow-medlum

• 31% of the 1985 TPER was met by oliimports,down fr,om BI% In
1973.

• P_actieallyno domestic gas or ollproductlonIn 1985.
• Most oliimports come from OECD countriesand centrallyplanned

economies.

Tru'key Factor 2 ratlngzMedlum-hlgh

• 38% of the 1985 TPER was met by ollimports.

• Oilimports have Increasedsllghtlybetween 1973 and 1985.
• A substantlalportionof dieselollimports come from OPEC and the

USSR.

• Minimal amount of domestic Oilproductionand no naturalgas.

UK Factor 2 ratlng_Low

• Net petroleum exporterin 1985.

SU PPORTING INFORMATION

The followingtables present information that helped to answer the questlons

guidingthe ratingsfor Factor 2 (seeSec.2.1.2).
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TABLE B.2 Principal Sources of Crude Oil for the

Largest OECD Importers, 1985 (kt) (question 2)

Total Crude Main Sources and

Country Oil Imports Quantities Imported

France 67,043 UK 14,897
Total OECD 19,737

OPEC 35,166

USSR 29970

Total CPE a 3,070

Non-OPEC Africa 5,773

FRG 64,193 UK 17,218
Total OECD 20,884

OPEC 35,016

USSR 3,886

Italy 63,551 UK 3,289
Total OECD 39406

OPEC 37,310

CPE 5,844

Non-OPEC Africa 7,640

Asia 7,575

Japan 164,798 Australia 1,746
OPEC 119,522

Total CPE 11,084

China 10,953

Asia 23,306

Netherlands 37,394 UK 10,409
Total OECD 13,137

• OPEC 18,123
USSR 2,179

Spain 43,467 UK 1,462
Total OECD 1,793

OPEC 25,461

CPE 1,230

Non-OPEC Africa 4,964

UK 26,596 Norway 10,959
Total OECD 11,971

OPEC I0,872

aCPE = centrally planned economies.

Source: Ref. 25.
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TABLE B.3 Primary Sources of Petroleum Product Imports, 1986 (kt)

(Question 2)

Gasoline/Diesel Oil Residual Fuel Oil,

Country Source Quantity Source Quantity

Australia OPEC 166 OPEC 448

Singapore 499 Singapo_e 416
United States 80 United States 80

Total CPE a 20

Belgium Netherlands 39566 Netherlands 1,065

UK 192 Total OECD 3,496
OPEC 84 OPEC 176

USSR 979 USSR 1,016

Canada UK 751 OPEC 749

OPEC 232 United States 119

Finland USSR 1,419 USSR 2,083

France Italy 1,456 Italy 206:

UK 1,093 Total OECD 655

Total OECD 4,827 OPEC 153

OPEC 2,463 USSR 67

USSR 1,455

Total CPE 2,382

FRG Netherlands 12,339 Belgium 1,060
UK 1,729 Netherlands 2,290

Total OECD 18,286 Total OECD 5,152

OPEC 1,941 OPEC 656

USSR 3,080 USSR 1,492

Total CPE 5,567 Total CPE 3,446

Greece Italy 65 OECD 123
OPEC 127 OPEC 298

USSR 170 USSR 52

Total CPE 893

Italy OECD 468 OECD 1,413

OPEC 2,096 OPEC 4,781
USSR 559 USSR 70

_ Total CPE 2,369 Total CPE 364

Japan UK 573 UK 1,679

OPEC 530 OPEC 2,927
USSR 467 USSR 214

China 292 Total CPE 446
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TABLE B.3 (Cont'd)

Gasoline/Diesel Oil Residual Fuel Oil

Country Source Quantity Source Quantity

Netherlands UK 1,030 Belgium 1,413

Total OECD 3,537 Total OECD 3,114
OPEC 2,912 OPEC 19495

USSR 49629 USSR 2,424

Total CPE 4,965 Total CPE 2_592

Portugal OECD 48 oEcD 1,121

Spain OECD 334 OECD 316
USSR 144 USSR 275

Total CPE 292

Sweden OECD 1,375 UK 690
USSR 635 Total OECD i_809

Total CPE i_128 USSR 444

Turkey OPEC 230 Total CPE 778
USSR 209 Non-OPEC

Middle East 121

UK Netherlands 420 Spain 1,005

Total OECD 676 Total OECD 3p721
USSR 704

aCPE = centrally planned economies.

Source: Ref. 7.
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TABLE B.4 Imports of Natural Gas from the USSR, 1985 (Question 3)

Natural Gas Imports from USSR

TPER Consumption As Share of As Share of

Country [Mt (ce)] [Mt (ce)] Mt (ce) TeEN (%) Gas Use (%)

France 281.7 35.8 8.7 3.1 24.3

FRG 383.6 59.2 17.1 4.5 28.8

l_aly 200.3 39.6 8.5 4.2 21.5

Source: Ref. 15.

TABLE B.5 Domestic OH and Gas

Production, 1985 (Question 4)
i

Crude Oil Natural Gas

Country (kt) (i03 Tcal)

Australia 25.0 125.0

Belgium 0 0.4
Canada 65.1 765.5
Finland 0 0

France 2.6 50.0 _

FRG 4.1 134.3

Greece i.3 0.8

Italy 2.4 128.2

Japan 0.5 21.8
Netherlands 3.7 678.0

Portugal 0 0

Spain 2.2 2.6
Sweden 0 0

Turkey 2.1 0.5
UK 122.4 396.9

Source: Ref. 3.
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APPENDIX C:

FACTOR 3, EXPERIENCE WITtt COAL

RATINGS AND REASONS, BY COUNTRY

Australia Factor 3 rating:High

• Coal supplied40% of the TPER in 1985,38% in 1973.

• Fairly high electricityproduction from coal in 1985, moderately

high in 1973;no nuclearpower.
• Adequate transportationinfrastructure,with expansioncontinuing.

Belgium Factor 3 rating: Medium-high

• Coal supplied21-24% of the TPER between 1973 and 1985.
• Low but increasinguse of coalfor electricityproductionsince1973.

• High levelof coalproductionin the 1950sand 1960s.
• Good transportationinfrastructure.

Canada Factor 3 rating: I}_dium-high

• Coal supplied11% of the TPER in1985, 9% in1973.
• Substantialcoal-firedelectricitygeneratingcapacity.

• Good transportationinfrastructure.

Finland Factor 3 rating:Low-medium

• Coal supplied1,1-18%of the TPER between 1973 and 1985.
• Low level of electricityproduction from coal; increasinguse of

nuclear power.

• Moderately low portcapacity;no data on transportationnetworks.
J

France Factor 3 rating:Medium-high

• Decrease in coal'sshare of the TPER between 1973 and 1985 (to

12.6% in1985).

• Moderately high levelof electricityfrom coal (highestin 1978);

very largeincreaseinnuclearpower overthe 1973-85 period.

• Moderately high port capacity,with planned additions;no data on
transportationnetworks.

• Higher levelsof coalproductioninthe past.



FRG Factor 3 rating:High

• Coal supplied28-32% of the TPER between 1973 and 1985.

• Very high and increasing use of coal for electricityproduction
(highestof allcountriesconsidered).

• Moderately low port capacity,but expansion isplanned;adequate
transportationnetworks.

i

Greece Factor 3 rating:Low-medium

• Coal supplied17% of the TPER in 1973,33% in 1985.
• Low use of coal for electricityproduction in 1973 and 1978,

' moderately low in 1985;no nuclearpower.
• Low port capacity;inadequate transportationnetworks as of 1983;

railwaysystem now being modernized.

Italy Factor 3 rating:Low-medium

• Coal Supplied6% of the TPER in 1973,11% in 1985.
• Coal use for electricityproductionwas low in 1973 and moderately

low relativeto other countriesin 1985 (but greatly increased

over the 1973 level).

• Moderately high port capacity; national railway system being
upgraded.

Japan Factor 1 rating:Medium-high

• Coal supplied17-20% of the TPER between 1973 and 1985.

• Moderately high electricityproductionfrom coal between 1973 and

1985;largeincreaseincoal-generatedelectricitysince1973.

• Very high port capacity with planned expansion;adequate inland
transportnetworks.

• Extensiveexperiencehandlingmetallurgicalcoalshipments.

Netherlands Factor 1 rating:Medium'high

Coal supplied5% of the TPER in 1973,11% in 1985.
• Low use of coal for electricityproduction in 1973 and 1978,

moderately low in1985.

• Considerablyhighercoalproductioninthe 1950sand 1960s.
• High port capacity;excellentinlandtransportationinfrastructure,

but itisbeingused at closeto capacity,
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Portugal Factor 3 rating:Low

• Coal supplied6% or lessof the TPER between 1973 and 1985.

• Very low electricityproductionfrom coal.
• Coal transportationinfrastructurewas not inpiace as of 1983.

Spain Factor 3 rating:Medium-high

• Coal supplied16% of the TPER in1973,26% in 1985.

• Moderately high and increasing use of coal for electricity

production.

• Moderately high port capacity with planned expansion; existing
railwaysare sufficientfordomestic coal productionas of 1983.

q

Sweden Factor 3 rating:Low

. Coal supplied5% or lessof the TPER bet_een 1973 and 1985.

• Very low electricityproductionfrom coal'
• Moderately low portcapacity;adequate transportationnetworks.

Turkey Factor 3 rating:Low-medium

• Low portcapacity;inlandtransportationismostly by truck.

• Coal supplied21% of the TPER in 1973,27% in 1985.

e Low electricityproductionfrom coal in 1973 and 1978, moderately

lowin 1985;no nuclearpower.

UK Factor 3rating: High

• Coal supplied31-35% of the TPER between 1973 and 1985; coal's
sharehas been decreasingsince1973.

• Very highelectricityproductionfrom coal;increasinguse of nuclear

power.
• Moderately low port capacity; adequate inland trans1_ortation

network.

SU PPORTING INFORMATION

The followingtables presentinformation that helped to answer the questions

guidingthe ratingsforFactor 3 (seeSee. 2.1.3).
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TABLE C.2 Capacity of Coal-lmporting Ports (Mt/yr) (Question 3)

Long-Term

Planned Proposed/

Current Additions Planned

Effective to Capacity Capacity

Country Throughput a Capacity a by 1990D Additions c

Australia 0 0 0 0

Belgium 29.3 57.9 d 0 0
Canada !7.0 28.1 0 0

Finland 4.5 23.1 0 0

France 23.5 62.4 d 0 2.5

FRG 8.8 19.3 0 10.7

Greece 1.4 4.0d 0 0

Italy 24.1 40.7 d 0 0

Japan 109.4 154.0 d 6.6 50.3
Netherlands 36.0 35.1 0 32.3

Portugal 0.9 nae 5.0 0

Spain 10.8 32.3d 0 7.4
Swede_ 3.5 i0.I 0 8.5

Turkey 2.0 2.9d 0 0
UK 0.8 20.5 0 0

aActual (as of 1985, 1986, or 1987).

bZero values indicate that OECD has no record of reported
additions.

CNonzero values are shown for projects which are uncertain or

which will be completed after 1990; zeros indicate that OECD

has no record of long-term expansion plans.

dEffective capacity may be larger than value shown because data
are not available for all ports.

elnformation not available.

Source: Ref. i.
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TABLE C.3 Coal Transportation Infrastructure (Question 4)

Does a transportation infrastructure exist to transport coal to

Country major residential/commercial and industrial demand centers?

Australia Yes, adequate rail; expansion and upgrading continuing. Coal
industry considers state-determined freight rates high.

Belgium Yes, adequate; additional handling facilities may be required

for substantial expansion of coal use.

Canada Ves; rail capacity being expanded.

Finland No information available from IEA.

France No information available from IEA.

FRG Yes; adequate rail, inland waterways, and roads.

Greece Inadequate in both capacity and network spread as of 1983; rail

system now being modernized.

Italy Adequate for coastal shipments. Energy plan calls for expansion
of port infrastructure tO accommodate increased imports.

Railway system being upgraded.

Japan Adequate.

Netherlands Yes; excellent inland transportation infrastructure (inland

waterways and rail). Lack of space for new transportation

developments could become a constraint in the future.

Portugal Transportation infrastructure not yet in place.

Spain Existing railways are sufficient to handle domestic production;

a few small lines might be added in the future.

Sweden Yes; adequate for the near future.

Turkey Mostly by truck (expensive and inadequate for future
development).

UK Yes; adequate rail.

Sources: Refs. i and 5.
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APPENDIX D_

FACTOR 4,RESIDENTIAL/COMMERCIAL ENERGY DEMAND

RATINGS AND REASONS, BY COUNTRY

Australia Factor4 rating:Medlum-hlgh

• Moderatelylow energy use [15 Mt (ce)]Inthe resldentlai/com-

merclalsector,implyinga moderatelysmall retrofltmarket;
moderate increaseinresldential/commercialenergy use since

1978 and a healthyincrease(2%/yr)projectedby 2000.

• Coal providesa very small shareof residential/commerclalenergy_
sharehas decreased since 1978;negligibleprojectedincreaseby
2000.

• A highpercentageof the urban populationisInlargecities_hlgh
percentageof urban dwellersintotalpopulation;second hlghest

populationgrowth between 1985 and 2000 of allcountrles
, considered.

• Resldential/commercialsectorusesalmost four times as much oil

as gas.

Belgium Factor 4 rating"Low-medium

• Moderatelylow levelof energy use inthe resldentlal/eommercial
" sector [18 Mt (ce)]; level has decreased since 1978; no change

projected by 2000.
. Coal's share of residential/commercial energy is 8%, third highest

of all countries considered; large decrease in coal share since

1973, decreasing trend to continue through 2000.

• High percentage of population in cities/towns of < 500,000 persons_

very low population growth projected for 1980-2000.
• Some installed DH capacity, with combined heat and power capacity

entirely coal-fired; government energy programs could favor DH

in the buildings sector.
• Residential/commercial sector uses more than twice as much oil as

gas.

Canada Factor 4 rating: Medium-high

J • Moderately high energy use tn the residential/commercial sector
[70 Mt (ce)]; increasing by l%/yr since 1973; increasing trend

.pro]ected to continue through2000. Total increase in energy use
between 1985 and 2000 projectedto be 16 Mt (ce)(potentially

- high retrofitand new combustor market).
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• Coal's share of current residential/commercial energy ts very low_,

coal share has decreased since 19731 decrease is projected to
continue through 2000.

• A htgh percentage of the population is in large cities_ third highest
projected population growth of countries oonstdered for 1980-
2000.

• More gas than ell is used In the resldentlal/commerclal sector.

Finland Factor 4 ratingsLow-medlum

o Low energy use inthe resldentlal/commerclalsector[10 Mt (ce)];
roughlyconstantsince 19731slightdecreaseprojectedby 2000.

• More o{Ithan gas Isused inthissector.

• 1985 coalshare of totalresidentlal/commerclalenergy was 5%, up

from 1% In 1978. Share Isprojectedto increaseto over 21% 'In
2000,but due tofairlylow energy requirements,the projected
increaseincoaluse between 1985 and 2000 Isonly 1.5Mt (ce).

• The populationresidesprimarilyinsmall citiesand nonurban
settlngslonlyone cityof more than 500,0001moderately low

populationgrowth projectedfor 1980-2000.

• InstalledDH capacity,some coal-f|redlgovernment policypromotes
increaseduse of DH and combined heat and power systems.

France Factor 4 rating:Medium-hlgh

• Moderately highenergy use inthe residentlal/commercialsector
[70Mt (ce)],implyinga largeretrofitmarket; 7% decrease since

1973;2.5% decreaseprojectedbetween 1985 and 2000.
• Coal'sshare of resldential/commercialenergy was 5% in 1985,down

from 11% in 1973,but itisexpected to increaseto 13.5% In
2000.

• Low percentageof urban populationinlargecltieslhighpercentage
of urban dwellersintotalpopulation;moderately highpopulation

growth isprojectedfor 1980-2000.
• Twice as much o1!as gas Isused in thissector.

FRG Factor 4rating: Medlum-hlgh

• Highestresidential/commerclalenergy use of allcountries

considered,hence,a largeretrofitmarket;slightincreasesince
1973 but decreasingsince 1978;decreasingtrendprojectedto

continuethrough2000.
• Coal'sshareof resldential/commercialenergy use Islow and has

decreasedsince1973;decreasesare projectedto continue.
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• A high percentageof the populationisinsmall-medlum eltles;II
citlesof more than 500,000persons;negativepopulationgrowth

prolectedfor 1980-2000.
• installedDH capacity;52% of combined heat and power capacity is

coal-flred;government isInvestingindevelopment of coal-flred

combined heat and power systems.
• Twice as much oilas gas isused inthissector.

Greece Factor 4 ratlng_ Low,-medium

• Second lowest 1985 residential/commercial energy use of all

countriesconsldered[8.5Mt (ce)],but increasingat 2%/yr since

1973;increasesprojectedto continueat 2.9%/yr through 2007.

• Coal has a very low share of resldentlal/commercialenergy and this

share has been decreasing;decreasesare projectedto continue.
• No gas isused inthe resldentlal/commerclalsector.

• A highpercentageof the populationisinlargecities;moderately
low populationgrowth isprojectedfor 1980-2000.

Italy Factor 4 ratlnglMedium-high

• Moderately hlghresldential/commercialenergy use [52 Mt (ce)],
increasingat l%/yr since1973;increasesare projectedto

continueat 1%/yr through 2000.
• Coal'sshareof resldentlal/commercialenergy isvery low (0.3%)but

has been stablesince1978;projectedto increaseby 2000.

• Moderately highpercentageof the populatlonisinlargecities;low

populationgrowth isprojectedfor 1980-2000.
• About 40% more oiithan gas isused inthissector.

Japan Factor 4 rating:Medium-high

• Second highestresldentlal/commerclalenergy useof allcountries
considered[93Mt (ce)],increasingat 2%/yr since 1973;

increasesare projectedto continueat 2%/yr through 2000.
• Coal'sshare of residential/commerclalenergy isvery low (<1%) and

has been decreasingsince 1973;slightdecreaseprojectedby
2000.

• Moderate-sizepopulationinlargecities;moderately highpopulation

_ growth is projectedfor 1980-2000.
• Four times more ollthan gas {sused Inthissector.
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Netherlands Factor 4 rating_Low

• Moderate levelof resldentlal/commercialenergy use [30 Mt (ce)J;

thatlevelhas been roughlystablesince1973 but isprojectedto
decreaseby 2000,

• Coal has a very low shareof resldentlal/commerclalenergy (0°3%),

but the share has been constantsince 1978;a sllghtIncreaseIs

projectedby 2000.
• A hlghpercentage of the populatlonIsInsmall-medlum cltles;

moderately low populatlongrowth projectedfor 1980-2000.
• InstalledDH capacity;government subsldlzesDH systems;no coal Is

used tn these systems.

• Domestic gassupplies most of the residential/commercial energy.

.

Portugal Factor 4 rattng_ Low

• Lowest 1985 restdential/commeL'cial energy use of countries

considered [3 Mt (ce)], but this has been increasing since 1973;

the increasing trend is projected to continue, but energy use will
still be low [4 Mt (ce)] tn 2000.

• No historical or projected coal use in this sector (1973..2000).

• Htgh ratio of oil use to gas use tn this sector.

• Fairly low percentage of urban dwellers in total population; only one

city of more than 500,000; moderately high population growth
projected for 1980-2000.

Spain Factor 4 rating: Medium-high

• Moderately low residential/commercial energy use [16 Mt (ce)], but

increasing at 3.6%/yr since 1973; increases are projected to

continue at 1%/yr through 2000.
• Coal has a low share of residential/commercial energy (3%), but the

share has been increasing since 1978; increases are projected to

continue through 2000, when 8% of residential/commercial

energy is to be supplied by coal.

• High oil/gas use ratio in the residential/commercial sector.
• A high percentage of urban dwellers in the total population, about

evenly split between large and small-medium cities; moderately
hlgh population growth is projected for 1980-2000.

Sweden Factor 4 rating:Low-medium

• Moderately low residential/commercialenergy use [20Mt (ce)],
decreasingsince1978;decreasesare projectedto continue
through 2000.
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• Coal's share of residential/commercial energy ts very low (2%)! no
coal was used in 1978! a small Increase in coaluse is projected
by 2000.

• Very high oil/gas use ratio (i.e., practically no gas is used) in this
sector.

• A high percentage of urban dwellers in the total population, more in
small-medium cities than in large ones; no population growth
projected.

, Installed DH capacity! a small amount of DH capacity ls ooal-ftredl
government encourages expansion of coal-based DH systems.

Turkey Factor 4 rattngt High

• Moderately low residential/commercial energy use [22 Mt (ce)],
increasing since 19731 projected almost to double by 2000.

• High 1985 coal share of residential/commercial energy use (13%),
Increasing since 1978; projected to double by 2000 [an increase
in coal use of 9 Mt (ce) between 1985 and 2000].

• Very high oil/gas ratio (almost no gas used) in this sector.
• Only about half the population is urban! etties are primarily small-

medium_ projected population growth is the highest of ali
countries considered (about 2%/yr for 1980-2000).

• No installed DH capacity; R&D is being carried out.

_ UK Factor 4 rattng_ Low-medium

• High residential/commercial energy use [83 Mt (ce)J; increasing
i since 1973! projected to remain roughly stable through 2000.

• High competition from domestic natural gas.
• Coal's share of residential/commercial energy was high (13%) in

1985, but decreasing since 1973; decreases are projected to
continue through 2000.

• • Htgl_ly urbanized; about half of the ctties are large (17 cities of
more than 500,000 persons); low population growth projected for
1980-2000.

• Installed DH capacity (no information on fuels used); no government
policy on DH.

SUPPORTING INFORMATION

The following tables present information that helped to answer the questions
guiding the ratings for Factor 4 (see See. 2.2.1).
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TABLE D.2 C0al Share of Total Resldentlal/Commerolal Enemy

Use (Questions 4 and 5)

Projected Average
Coal Share of Annual Change

Total Energy in Coal Use,
Use (%) 1985-2000

Country 1973 1978 1985 2000 a Mt (ce) %

Australia 3,1 3,1 1,3 1,4 +0,i +1.33

Belgium 16,8 7.6 8.0 4.0 -0,7 -4,33
Canada 1,0 0.3 0,3 0,i -0,i -0.45
Finland 2,0 0.9 5,0 21.3 +1.5 +9.75

France ii,0 7,4 5.4 13,5 +5.7 +6,21

FRG 13.2 6.3 5,7 3,5 -3.0 -4,03

Create 2,3 0 1.8 i,i <0,i +3,80

Italy 1,5 0.6 0.6 2,3 +i.i +11.14

Japan 3,3 0,9 0.6 0,5 <0.i -0,15
Netherlands 1,7 0,3 0,3 0.8 +0.i +2.19

Portugal 0 0 0 0 <0, i +17.09

: Spain 3.8 2.3 3,1 8,0 +i.0 +7.04
Sweden 0.4 0 2,0 2.8 +0.i +2.19

Turkey ii.9 11.4 13,3 27,¢, +8,5 +9,62
UK 25.4 16.6 13.1 8.6 -0,7 -2,73

aprojected.
!

Sourcel Ref. I.

' IT ..... IIl_ "
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TABLE D.4 Residential/Commercial District Heating Systems a

(Question 8)

J

Installed Capacity (1981)

Heating Only Combined Heat and Power

MW Coal Share MW Coal Share

Country (thermal) (%) (thermal) (%)

Belgium 741 na b 193 i00

Finland c 5,163 na 3,964 38

FRG 9,950 15 21,050 52
Netherlands 991 O 556 _ 0

Sweden 12,800 4d 4,000 na

TUrkey None -- None --

UK 5,707 na 93 na

aOnly countries for which information is available are shown.
The other OECD countries are assumed to have little DH

capacity.

bData not available.

CContracts have recently been let for a number of small, gas-

fired combined heat and power plants. However, the domestic

gas grid is limited to major population centers.

. dlncludes wood.

Sources: Refs. 6 and 12.
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TABLE D.5 Institutional Factors Affecting Distric!t Heating programs (Question 9)

Country Comment

Belgium There is a program to look into rational use of energy in the

domestic(buildings) sector that could favor DH.

Finland Government gives priority to combined electricity and heat _

supply in industrial and municipal back-pressure power plants

when electric capacity is increased. A policy objective is to

increase DH capacity by 600-700 MW/yr during the 1980s. DH

schemes are supported in areas where economically justified, and

combined heat and power projects are promoted by long-term
loans.

FRG Government places heavy emphasis on development of DH-based

systems, particularly coal-fired combined heat and power and _

waste heat recovery systems' The government has invested
U.S. $3.0 billion over 1981-85 and U.S. $2.5 billion over

1986-1990 for, among other things, the construction of new or

the extension of existing coal-fired combined heat and power
systems, conversion of oil or gas-fired combined heat and power

systems to coal, and conversion of existing coal combustion

plants to combined production.

Netherlands Government subsidizes DH projects (based on the total energy

saved ver the life of the project) with risk-bearing loans of

up to 15-20% of total capital expenditure. However, social

housing policy is a constraint: government financing does not

i allow for use of capital-intensive systems like DH. Also, there

is a trend toward more insulation and less energy use.

Sweden Government has introduced measures to encourage development of

DH systems and believes that the expansion of DH in the next

decade should be based primarily on coal.

Turkey R&D is being carried out on DH.

UK Government has not formulated a policy on DH, but it has

commissioned some studies. The National Coal Board operates a

number of coal-fired, heating-only DH schemes. There is some

concern about eventually switching to combined production

• because of the relatively high price of British coal.

Source: Ref. 6.
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APPENDIX E:

FACTOR 5, INDUSTRIAL ENERGY DEMAND

RATINGS AND REASONS, BY COUNTRY

Australia Factor 5 rating:Medium-high

® Moderate levelof industrialenergy use[27 Mt (ce)],increasingsince

1973;moderately highprojectedgrowth between 1985 and 2000
[13Mt (ce)].

• Coal has a moderate shareof industrialenergy use (13%);coal's

share was lower in 1985 than in 1973,but higherin 1985 than in

19781siightdecrease incoalshare isprojectedby 2000.
• Large decrease incoal'sshare incement and food/tobacco

industriessince1970 (reconversion ispossible).
• Equal amounts of oiland gas are used inindustry.

Belgium Factor 5 rating:Low

• Low industrialenergy use [15 Mt (ce)],decreasingsince1973;low

projectedgrowth [1.4Mt (ce)increase]between 1985 and 2000.
• Coal has a moderate shareof industrialenergy use (7%),stable

since1973;small projectedincreaseincoal share(to 10% by

2000),but the absoluteamount ofadditionalcoal used willbe
small.

, ® Coal suppliesa moderately low shareof energy for most industry
categories;high(42%) 1985 coal shareof totalenergy used in

the cement industry,which could be closeto the maximum the
industrycould use.

• Somewhat more oilthan gas isused in industry.

Canada Factor 5 rating: Medium-high

• High industrialenergy use_[84Mt (ce)],increasingsince1973;high

projectedgrowth [34 Mt (ce)to be added between 1985 and
20001.

• Coal has a low share of industrialenergy use (3%),decreasingfrom
5% in 1973;a small increaseisprojectedincoalshare,to 6% in
2000.
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• ,In 1985, coal's share of energy in most industry categories was

moderately low; its share of energy used in the cement industry

was moderately htgh (32%), up from 17% in 1970; coal was
eliminated in the transportation equipment and food/tobacco
industries between 1970 and 1985 (reconversion is possible).

• Equal amounts of oil and gas are used tn industry.

• Several small steel mills; coal's share in the iron and steel industry
dropped between 1973 and 1985.

i d

Finland Factor 5 rating: Low

• Low industrial energy use [13 Mt (ce)J, increasing since 1978;

moderate projected growth [an increase of 5 Mt (ce)between
1985 and 2000].

• Coal's share of industrial energy use is moderate (8%) and roughly

stable since 1973; projected increase in coal share is

insignificant, but coal use is expected to continue in industrial
plants.

• Coal's share of energy across industry categories is low.

• Eight times more oil than gas is used in the industrial sector.
® Some small steel mills.

J

France Factor 5 rating: Medium-high

• Industrial energy use is moderately high [61 Mt (ce)] but decreasing

since 1973; no projected growth, but a largepotential retrofit
rnarketo

• Moderate coal share of industrial energy (8%), increasing since
1973; coal's share is projected to increase to 12% by 2000.

• Moderate coal share of energy used in most indu'_try categories;
somewhat higher coal share in "other industry" category. Coal's
share in cement and chemical industries declined between 1970

and 1985 but grew in other industries.

• Twice as much oil as gas is used" by industry.

• Many small steel mills; growth is projected in energy use in the
• steel industry.

FRG Factor 5 rating:Medium-high

• High industrialenergy use [96 Mt (ce)],decreasingslightlysince
1973;no projectedgrowth, but largepotentialretrofitmarket.

• Coal'sshareof industrialenergy use ismoderate (10%),increasing
since1973 but projectedto decreaseby 2000.

• Coal'sshareof energy inallselectedindustriesexcept cement
decreased between 1970 and 1985.
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• About twice as much otl as gas is used in industry.
• Many small steel mtlls.

Greece ,,' Factor 5 rattng_ Medium-high

_/ Low industrial energy use [6 Mt (ce)], increasing since 19731

/ moderate projected increase by 2000 [3 Mt (ce)].
• High coal share of industrial energy, increasing from 8% in 1973 to

28% in 19851 projected to remain stable.

• Increasing coal share in cement industry (frern 20% in 1970 to 70%
in 1985), as well as in the chemical and transportation equipment

industry.

• Noncoal energy source is primarily oil.

Italy Factor 5 rating:Medium,hlgh

, Moderately highindustrialenergy use [53 Mt (ce)],decreasingsince

1973; moderately low [7 Mt (ce)]increaseprojectedby 2000.
• Coal'sshare of industrialenergy isabout 5%, up from 1.5% in 1973;

projectedto remain stable.

• Coal,sshare of energy in most industrycategoriesdeclined
somewhat between 1970 and 1985. The coal sharewas

moderately highin 1985 inthe cement industry(21%),an

increasefrom 3% in 1970,and the potentialcould existto
increaseeven further.

• Almost twice as much oilas gas isused inindustry.

• Many moderately smallsteelmills;possibilityof increasedcoal use
inthe ironand steelindustry(thecoalshare islower than in
some other countries).

Japan Factor 5 rating: High

• Highest industrial energy use of all countries considered

[143 Mt (ce)], but decreasing/_ since I973; high projected growth
[59 Mt (ce)] between 1985 and 2000,

• Coal's share of industrial energy is moderate (8%), increasing from

1.5% in 1973 and projected to increase to 16% by 2000.

_ * Coal'sshare inthe chemical industryislow, but itwas high(62%) in
cement industryfor 1985.

• Much greateruse of oilthan gas.
Sever'alsmall and moderate-slzedsteelmills.
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Netherlands ' Factor 5 rating' Low

• Moderate industrialenergy use [28 Mt (ce)],decreasingslightly

since1973;very low projectedgrowth.
• Coal'sshare of industrialenergy islow (1%);stablesince 1973 and

projectedto remain stable.
• Low coalshare acrossindustrycategories.

• More gas than ollIsused In industry.

Portugal Factor 5 rating: bow-medium

• Fairly low industrial energy use [6 Mt (ce)], increasing from
4 Mt (ce) in 1973; projected to almost double by 2000 [5 Mt (ce)
increase between 1985 and 2000].

• Moderately low coal Share of industrial energy (6%), increasing from
3% in 1978; projected to increase to 12% by 2000, but the

absolute quantity of coal consumed will remain fairly small.
• Low coal share (19%) in the cement industry, indicating a

potentially large coal-conversion market there.

• Only oil (no gas) is used in industry.

Spain Factor 5 rating: Medium-high

• Moderate industrial energy use [28 Mt (ce)]; small decrease since

1978; moderately high projected growth [16 Mt (ce) increase
between 1985 and 2000].

• Moderately low coal share of industrial energy (6%), up from 2% in

1978; increase to 12% projected by 2000.
• Coal's share declined in the chemical industry, from 16% in 1970 to

3% in 1985 (potential reconversion); large increase in coal's
share in "other industry" category between 1970 and 1985.

• Ten times more oil than gas is used in industry.

Sweden Factor 5 rating:Low

• Fairlymoderate industrialenergy use [18 Mt (ce)],decreasingsince

1973;low projectedgrowth.
• Low coalshare of industrialenergy use (4%),increasingslightly

since1973;projectedto increaseslightlyby 2000 (to5%).
• Low coalshare acrossmost industrycategories;high 1985 coal

share(41%) of energy used inthe cement industry(may have
reached maximum).

• Industryuses mostly oil.
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Turkey Factor 5 ratlngzHigh

• Low Industrialenergy use [IIMt (ce)],increasingsince 19731

projectedto grow by 27 Mt (ce)from 1985 to 2000.
• Moderately hlghcoal share of industrialenergy (18%),decreasing

slightlysince1973;projectedto decrease slightlyby 2000 (but
stillremaining high relativeto othercountriesconsidered).

• Coal suppliesa largeshare of the energy used In three industry

categories:transportationequlpment and machinery, food and
tobacco,and "other.'J_Decreaslngcoalshare between 1970 and
1985 inthe chemical industry(possiblereconversion).

• Only oll(nogas)isused In_Industry.
• Steelindustryisprojectedto grow rapidly.

UK Factor 5 rating: Medlum-high

• Moderately high industrialenergy use [57Mt (ce)],decreasingsince

1973;moderate projectedgrowth by 2000 [8Mt (ce)increase]_
thus moderately high retrofitand moderate new-combustor
markets.

• Moderate coalshare of industrialenergy use,'ncreasingsince1978;

projectedto increaseto 15% by 2000.
• Coal shareof energy use was much higherinthe past (coalshare

decreased between 1970 and 1985 inallindustrycategories),

indicatinga potentialforreconversion.

• About equalamounts of olland gas are used inIndustry.

• Many smallsteelmills,but the ironand steelindustryIsnot

projectedto grow.

SUPPORTING INFORMATION

The followingtablespresent Informationthathelped to answer the questions

guidingthe ratingsfor Factor 5 (See See.2.2.2).
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TABLE E.3 Chief Industries in OECD Countries (Question 6)

k

Country Major Industries

Australia Mining, manufacturing, transportation

Belgium Machinery, iron and steel, coal, textiles, chemicals, glass

Canada Motor vehicles and parts, fish products, forest products,

petroleum and natural gas, telecommunications, processed and

unprocessed minerals

Finland Metal and steel, forest products, foodstuffs, textiles, clothing

France Steel, machinery, textiles and clothing, chemicals, food

processing, aircraft, electronics

FGR Iron and steel, coal, chemicals, electrical products, ships,
vehicles

Greece Processed food, textiles, metals, chemicals, electrical

equipment, cement, glass, transportation equipment, p._troleum

products, construction, _lectrical power

Italy Automobiles, machinery, chemicals, textiles, shoes

Japan Machinery and equipmenti metals and metal products, textiles,

automobiles, chemicals, electrical and electronic equipment

Netherlands Petroleum refining, steel, metal products, electronics, bulk

chemicals, natural gas

Portugal Textiles, footwear, wood and pulp, paper, cork, metal-working,

ore processing, chemicals, fish canning, wine

Spain Processed foods, textiles, footwear, petrochemicals, steel,

automobiles, consumer goods, ships

Sweden Machinery

Turkey Textiles, processed foods, iron and steel, cement, leather goods

UK Steel, motor vehicles and aircraft, construction, electronics,
chemicals

i

Source: Ref. 14.
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TABLE E.5 Numberof Small .Steel Mills in OECD Countries (Question 8)

L

Capacity Capacity

Between Between capacity

5 × i0_ and i0_ _nd le s than Unknown
Country 106 t/yr 5 × I0 t/yr I0_ t/yr Capacity a Total

Australia 2 1 4 2 9

Belgium 0 1 3 -- 4
Canada 1 7 8 7 23

Finland 0 i 2 -- 3 _
France 1 13 16 -- 30

FRG 1 5 17 _-- ,, 23 _

Greece 0 0 0 -- 0

Italy 2 21 _ 9 -- 31

Japan 3 13 8 -- 24
Netherlands 0 0 0 "- 0

Portugal 1 I 0 -- 2

Spain i 8 5 -- 14
Sweden 0 i0 6 -- 16

Turkey 2 8 5 1 16
UK 1 i0 23 -- 34

aMills for which plant capacity data are not available that have fewer
than 500 employees.

Sources: Refs. 21 and 22.
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APPENDIX F:

FACTOR 6,TRADE RELATIONSHIP WITH THE UNITED STATES*

RATINGS AND REASONS, BY COUNTRY'

Australia Factor 6 rating:Medium-high

• About one-fourthof totalimports have been from the United States
since 1984.

• Boilersare imported from the United States.

• High levelof U.S.investment inAustralia.
• ConventionalU.S_ boilersare manufactured under license.

• Trade deficitwith the United States.

• Overall tradedeficit;currentaccount deficit.
• Member of the ANZUS alliance.

Belgium Factor 6 rating:Medium-high

• Boilersare imported from and exported tothe United States.
• The United Statesholdsabout 20% of the Belgianmarket for

pollutionControlequipment; a great increaseinthismarket is
expected.

• ConventionalU.S.boilersare manufactured under license.

• Strong U.S.security/defensepartner;significantU.S.presence in
Belgium.

• Trade balance with the United Statesisroughlyinequilibrium.

• 5% of imports are from the United States;ranksbelow the top ten

countriesinimportsfrom and exportsto the United States.

® Small overalltradedeficit,but currentaccount surplus.

Canada Factor 6 rating:High

• Large tradesurpluswith the United States.
• Overalltrade surplus,but currentaccount deficit.

• 70% of importsare from the United States;the United Statesand
Canada are each other'slargesttradingpartner.

• Energy R&D agreements with the United States.
• The United Statesand Canada are engaged intradenegotiations,

seekingto reduce or eliminatevarioustariffand nontariff
barriersto trade.

_' *Trade statisticspresentedare for 1986 unlessotherwisenoted.
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• 80% of all foreign investment comes from the United States,

• NATO ally.

I

Finland Factor 6 rating: Low-medium

• Small trade surplus with the United States.
• Overall trade surplus, but current account deficit.

• 5% of importsare from the UnitedStates since 1984.

• The USSR has been a major trading partner, but its importance has
been decreasingasFinland looksmore to Western European

L

partners.

• U.S.exportsto Finlandhave been declining.
• No U.S. militaryalliancewith Finland.
* Modest levelofU.S. investment in Finland.

France Factor 6 rating:Medium-high

• Trade surpluswith the United States.

• Overalltrade deficit;currentaccount surplus.
• 7% of totalimportsare from the United States;the United Statesis

France'sthirdlargestsupplierof goods.
• The United StatesisFrance'smost important investor.
• U.S. boilersand turbinesare manufactured under license.

• NATO ally.

FRG Factor6 rating:High

• Large trade surpluswith the United States.

• Overalltrade surplus;currentaccount surplus.
• 6% of imports are from the United States.
• High levelof U.S.investment inthe FRG.
• U.S. boilersand turbinesare manufactured under license.

• Strong U.S.security/defensepartner;largeU.S.presenceinthe

FRG (NATO ally).

Greece Factor 6 rating: Low-medium
E

• Small trade surplus with the United States.
• Overall trade deficit, current account deficit.

• 7% of imports are from the United States; U.S. exports to and

imports from Greece have been decreasing since 1984.
• Recent member of EEC; Greece is expected to look more toward

European trading partners.
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• 51% of steam coalimports came from the United Statesin 1986,
94% in 1982.

• High levelof U.S. investment inGreece.

Italy Factor 6 rating: Medium-high

• Trade surpluswith the United States.

,, Overalltradedeficit,but currentaccount surplus.
,, 11% of totalimports are from the United States;the United States

isItaly'sthirdlargesttradingpartnerforboth exportsand

imports-
• 41% of Italy'ssteam coal importscame from the United Statesin

1985.

• U,S.pollutioncontrolequipment was insecond placeamong Italian

importsof such productsin 1986.
• U.S. boilersand turbinesare manufactured under license.

• Memorandum of understandingwith the United Statesexistsfor

cooperationincoal-relatedR&D.

Japan Factor 6 rating:High

• Trade surpluswith the United States.

• Overalltradeand currentaccountsurpluses.
• 23% of imports were from the United States;the United Statesis

Japan'slargestexport market and,next to Canada, Japan isthe

largestsupplierof goods to the United States.
• A small amount of coal isimportedfrom the United States.

• U.S.conventionaland fluidized-bedboilersand gas turbinesare
manufactured under license.

• The UnitedStatesaccounts for more than 50% of allforeign

investmentinJapan.
• Bilateraland multilateralagreements with the U.S. Department of

Energy.

• Strong U.S.security/defensepartner.

Netherlands Factor 6 rating:Medium-high

• The UnitedStatesisthe largestforeigninvestorin the Netherlands'
• Trade deficitwith the United States.

e Overalltradeand currentaccountsurpluses.

• 8% of importsare from the UnitedStates.
• Coal isimported from the UnitedStates(30% of steam coalimports

in 1985,54% in 1982).
• U.S.conventionalboiler.sare manufactured under license.

• Open tradingenvironment.
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Portugal Factor 6 rating:Low-medium

• Trade with the United Statesisroughlyin equilibrium.

• 7% of importsare from the United States;the United Statesisthe

fifthlargestexport market for Portugal.
• Coal isthe second largestPortugeseimport from the United States

(63% of steam coal importsin 1986).
• Turning increasinglyto European tradingpartnerssinceaccessionto

EEC.

• Receives U.S. AID assistance.
• NATO ally.

• Low le,}el of U.S. investment in Portugal.

Spain Factor 6 rating: _Low'medium

• Trade deficit with the United States.

• Overall trade deficit; current account surplus.
• 9% of imports are from the United States.

• Some coal imported from the United States, but Australia and South

Africa have taken over the Spanish coal market.

• Fairly hign levels of U.S. investment, but the FRG is by far the

largestinvestorinSpain.
• NATO ally.

Sweden Factor 6 rating:Medium-high

• Trade surpluswith the United States.

• Overalltradeand currentaccount surpluses.
• High levelof U.S.investment inSweden.

• 8% of totalimportsare from the United States;importshave been
declininginrecentyears.

• NATO ally.

• Coal and coke are imported from the UnitedStates,but U.S.steam

coal has been virtuallyreplacedby importsfrom Australia,
Poland,and the USSR.

• U.S.conventionaland fluidized-bedboilersare manufactured under
license.

Turkey Factor 6 rating: Medium-high

• 11% of importsare from the United States;U.S.importsfrom and
exportsto Turkey have been incl.easingsteadilysince1984.

• Coal isthe second largestimport from the United States;the
UnitedStates was the solesteam coalsupplierin 1986.
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* Import regime was recentlyliberalized;the government encourages
importationof foreigntechnology.

* Receives U.S.AID assistance.
, Trade deficitwith the UnitedStates.

, Overalltradeand currentaccount deficits,which are typicalof a

newly industrializingnation.

UK Factor 6 rating:Medium-high

• Trade surpluswith the United States.
• Overalltradeand currentaccount deficits.

• 1196of totalimports are from the United States;the UK isthe fifth

largestpurchaserof U.S.goods (includingpower-generating
equipment).

• 26% of coalimports were from the United Statesin1986.
• The United Statesisa major foreigninvestorinthe UK.
• U.S. conventionalboilersand gas turbinesare manufactured under

license.

• Coal research agreements exist with the United States.

• Major U.S. security/defense partner (NATO ally).

SUPPORTING INFORMATION

The following tables present information that helped to answer the questions

guiding the ratings for Factor 6 (see See. 2.3.1).
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TABLE F.3 Energy Research Agreements between OECD Countries and the U.S.

Department of Energy (Question 5)

Country Energy Research Agreements

Australia A U.S./Australian biiateral agreement in the area of coal w_th

the U.S. Department of Energy, Office of Fossil Energy (DOE/FE),
from June 19"3 to June 1983 isnow inactive. No funds have been

budgeted or spent. There are no products resulting from this

agreement; its purpose was the exchange of information

concerning magnetohydrodynamics and coal conversion, extraction,

processing, and mining. DOE/FE is a participant in three

multilateral agreements that include Australia, and an oil shale

agreement between the United States and Australia is pending.

Belgium DOE/FEdoes not have a bilateral agreement with Belgium.

Canada DOF/FE currently has four active bilateral agreements with

Canada in the areas of resource characterization of tar sands,

steam-flooding with additives in a tar sand deposit,

dissemination of information (oil)_ and monitoring frontal

movements in thermal recovery. The United States and Canada

also participate in six multilateral agreements°

FRG DOE/FE has just completed a bilateral agreement that involved

the design, construction, testing, and evaluation of a plant

converting approximately I00 barrels of methanol per day to

gasoline/olefins in a fluidized bed reactor. The FRG currently

participates in two multilateral agreements.

Finland DOE/FE has a general cooperative bilateral agreement in energy

research and development with Finland that has been extended

until November 6, 1990, but there are no active annexes at this
time.

France DOE/FE does not have any bilateral or multilateral agreements

with France. An enhanced oil recovery agreement between the

United States and France is pending.

Greece DOE/FE does not have any bilateral agreements with Greece, nor

. is Greece a participant in any multilateral agreements that

include DOE/FE.

I l lllriii i II -- Iii 11 li
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TABLE F.3 (Cont'd)

r•

Country Energy Research Agreements

Italy DOE/FE has one memorandum of understanding for cooperation in
fossil fuels research and development, the activities of which

include coal/water mixtures, structure and reactivity of c0al,

combustion studies, enhanced oil recovery, and Iiiother

topics. An implementing agreement for a program for direct coal

liquefaction was signed on December 5, 1985, for a five-year
period. Italy also participates in two multilateral agreements
that involve DOE/FE.

Japan DOE/FE currently has one general bilateral agreement with the

Japanese Ministry of International Trade and Industry and one

memorandum of understanding with the Japanese Agency of

Industrial Science and Technology. DOE/FE participates in four

multilateral agreements that include Japan.

Netherlands There are no bilateral agreements between the DOE/FE and the

Netherlands, but there is participation in three multilateral

agreements.

Portugal Portugal and the DOE/FE do not participate in any energy-related

agreements.

Spain DOE/FE and Spain have two current bilateral agreements, one to _

study catalysts for the reduction of NO emissions and one for

labcratory experiments on in'situ gaslflcation of Spanish
coal. DOE/FE and Spain also participate in two multilateral

agreements.

Sweden DOE/FE and Sweden do not have any bilateral energy agreements

but do participate in three multilateral agreements.

Turkey DOE/FE and Turkey do not participate in any energy-related
agreements.

UK The DOE/FE and the UK DOE have one memorandum of under-

standing for collaboration in energy research signed October

1984. DOE/FE and the NCB (National Coal Board), CECB (Central

Electricity Generating Board) have a memorandum of agreement

signed March 1986. The United States and the UK also partici-
pate in three multilateral energy-related agreements, one of
which is related to the Grimethorpe pressurized fluidized-bed

test facility.

Source: Ref. 23.

B
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TABLE F.4 U.S. Investment in OECD Countries (Question 6)

1986

Investment

Country (U.S. $, millions) Comments

Australia 9,120 There are 750 D.S. companies (composed of,

inter alia, subsidiaries, branches, etc.)

represented in Australia. Another 500 firms

have licensing agreements. The government

is encouraging inward investment through
liberalization of its investment review

procedures.

Belgium 5,229 Over 900 U.S. companies have operations in
Belgium, nearly 400 of which are regional

headquarters.

Canada 49,940 The United States is Canada's principal
supplier of foreign capital, accounting for
80% of ali direct investment.

Finland 292 U.S. investment remains at a modest level.

Only a few U.S. sales and manufacturing
subsidiaries are in operation.

France 8,857 More than 600 American firms are repre-
sented in France; these firms accounted for

one-fifth of ali foreign investment in
France. U.S. investment has been dropping

over the last four years.

FRG 20,846 American direct investment in the FRG has
been in ali the usual forms: branch

offices, subsidiaries, and joint ventures.

In most cases, management has remained in
German hands. The FRG's central location,

liberal attitude toward foreign investment,

and predominant position in Europe are

highly attractive to investors.

Greece 172 Eighty-six U.S. regional marketing offices
are based in Athens. There are five U.S.

bank branches located in Greece. U.S.

investment in Greece reFresents 32% of all

foreign investment. Investors have enjoyed

the right to full repatriation of profits

earned on all investment of foreign capital

made after J_ly 25, 1986.
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TABLE F.4 (Cont'd)

r_

1986

Investment

Country (U.S. $, millions) Comments

Italy 6,935 The United States has •been the leading
foreign investor in •Italy for over a

decade, with 6,500 U.S, firms
represented. Some 40% of U.S. investments

are wholly U.S. owned.

Japan 11,332 Japan is the eighth iargestrecipientof

U.S. investments, accounting for more than
one-half of major direct investment in

Japan in 1986. The Japanese government

appears to take a positive attitude toward _

foreign investment and its promotion.

Netherlands 1!,618 The United States is the Netherlands '`•

largest source of foreign direct

investment; more than 1,000 U.S. firms have

offices there. The investment environment

is free of major impediments.

Portugal 278 U.S. investment in 1986 was $13 million,

which was only 8% of total 1986 foreign
investment into Portugal. Some incentives

for investment established in 1986 are

meant to encourage efficient energy use.

Spain 2,612 New tax investment laws have been passed

that are more liberal and simplified. The

FRG supplies one-third of ali foreign
investment in Spain; the United States is a

distant second. The Spanish government is
actively promoting the creation of new

industries and the application of new

technologies to existing industries.

Sweden 1,002 There are about 170 subsidiaries and

affiliates of U.S. companies operating in
Sweden; over half are sales and

distribution firms. Sweden does not offer

special tax or other inducenients to attract

foreign capital.



105

TABLE F.4 (Cont'd)

1986

Investment

Country (U.S. $, millions) Comments

Turkey 242 Twenty-two American firms maintain opera-

tions in Turkey. A number are engaged in

the petroleum industry. U.S. investment

represents about 12% of total foreign

investment in Turkey. In order to stimu-

late the Turkish economy, the government

actively encourages the importation of

foreign capital and technology.

UK 35,692 Eighty percent of approximately 2,000 U.S.
branches and subsidiaries are 100% U.S.

owned, concentrating mainly in export-

oriented industries. The U.K. generally

welcomes foreign investment; 40% of all

U.S. investment in Europe is in the UK.

Sources: Refs. 15-17.
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TABLE F.5 Licensing Experience of Selected U,S. Firms in
OECD Countries a (Question 7)

Conventional

Coal-Fired Fluidized-Bed Gas

Country Boilers Boilers Turbines

Australia Xb ....

Belgium X ....
Finland X ....

France X -- X

FRG X -- X

Greece X .....

Italy X -- X

Japan X X X
Netherlands X ....

Portugal X ....

Spain X ....
Sweden X X

Turkey X ....
UK X -- X

awe interviewed ii U.S. boiler and gas-turbine

manufacturers by telephone. This table is intended

solely to illustrate typical licensing experiences of

these manufacturers and is by no means comprehensive,

since only Ii firms were contacted. Licensing

agreements may also exist in other countries.
Individual licensing experiences of particular firms

are not presented in detail because that information

is proprietary. The firms represented here are

Babcock & Wilcox, Barberton, Ohio; Combustion

Engineering, Windsor, Conn.; Combustion Power Co.,

Menlo Park, Calif.; Fluidyne Engineering Group,

Minneapolis, Minn.; Foster-Wheeler Energy Corp.,

Livingston, N.J.; Keeler/Dorr-Oliver Boiler Co.,

Williamsport, Penn.; Riley-Stoker Corp., Worcester,

Mass.; Pyropower Corp., San Diego, Calif.; Johnston

Boiler Co., Ferrysburg, Mich.; Wormser Engineering,
Inc., Woburn, Mass.; and General Electric Corp.,

Schenectady, N.Y.

b"x" indicates that at least one U.S. firm

licenses this technology in the country.
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APPENDIX G:

' FACTOR 7, BACK OF COMPETITION'

RATINGS AND REASONS, BY COUNTRY

Australia • Factor 7 rating:Low

• Moderately highbudget for coal R&D in 1983;coal has a largeshare
of the totalenergy P HD budget and coal budget isincreasing.

• Low levelof privatec0al R&D.
• Moderate ACT manufacturing activity,includingsmall AFB units.

. Belgium _ Factor 7 rating:Low-medium

• Moderately low budget for coal R&D in 1986; moderately highcoal
shareof the totalenergy R&D budget;stablecoal R&D budget.

• Moderate levelof private coal R&D.
• Low levelof ACT manufacturing,but collaborativeACT R&D is

underway with Germany and the Netherlands(hence,importsare

more likelyfrom those countries).

Canada Factor 7 rating:Low-medium

• Moderately highcoal R&D budget in 1986;moderately low coal
share of totalenergy R&D budget;decreasingcoal R&D budget.

• AFB and CWM technologiesbeingdemonstrated in smallunits.

• Moderate levelof privatecoal R&D.

• Some ACT manufacturing.

• StrongACT demand and interestin U.S.suppliers.

Finland Factor 7 rating:Low

• Moderate levelof ACT manufacturing.

• Strong domesticindustryinACTs; emphasis on heatcombustlon.
• Severaldomestic suppliersof smallAFB units.

France Factor 7 rating:Low-medium

• Domesticallymanufactured conventionalsmall boilersavailable.
• Some R&D on ACT isbeingconducted.z

• Some domestic manufacturing of small FBC units.

_

_
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FRG Factor 7 rating: Low

• Hlgh budget forcoal R&D in 1986;moderately hlghcoalshare of
the energy R&D budget;stablecoal R&D budget.

• High levelof privatecoal R&D.

• High levelof ACT manufacturing.

• Major ACT exportingcountry.

Greece Factor 7 rating:High

• Low budget forcoal R&D in 1986; moderately high coalshare of the
energy R&D budget;stablecoal R&D budget.

• Low levelof privatecoal R&D.

• Low levelof ACT manufacturing.

italy Factor 7 rating:Low-medium

• CWM technologyisproduced and marketed on a commercial scale;
extensiveR&D program on CWM.

• Interestincoal isvery recent;ACT demonstrationsare planned and

industrialprojectsare underway.

• Low budget forcoal R&D; coal has a very low share of the energy
R&D budget;stablecoal R&D budget.

Japan Factor 7 rating:Low

• Budget forcoal R&D isthe highestof allcountriesconsidered

(U.S. $202.6 millionin1986);coal'sshare of the energy R&D

budget isfairlylow; the coal R&D budget isstable.

• High levelof privatecoal R&D.
• High levelof ACT manufacturing.
• Leader inR&D and commercial activityon ACTs.

Netherlands Factor 7 rating:Low-rL_dlum

• Moderately highbudget forcoal R&D; high coalshare of the energy

R&D budget;increasingtrend incoal R&D budget.
• High levelof privatecoal R&D.

• Domestic ACT manufacturing.

• AFB and pressurizedfluidized-bed(PFB) researchisongoing,some
directedat small applications.
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Portugsd Factor 7 rating:High

• Very low budget forcoal R&D; very low coalshareof the energy
R&D budget;the coalR&D budget isstable.

• Low levelof ACT manufacturing.

Spain Factor 7 rating:Medium-hlgh

, • Moderately low coal R&D budget; moderately highcoal share of the

energy R&D budget;decreasingtrend incoal R&D budget.

* Moderate levelof privatecoal R&D.
o Some domestic ACT manufacturing.
. ACTs for treatment of hlgh-sulfurcoal isa researchpriority.

Sweden Factor 7 rating:Low

• Low coal R&D budget;moderately high coalshare of the energy

R&D budget;the coal R&D budget isstable.
• High levelof privatecoal R&D.

• High levelof ACT manufacturing,includingAFB.

• Leader in novelflue'gasdesulfurization(FGD), AFB, and NO x
controltechnologies.

Turkey Factor 7 rating:High

• Low budget forcoal R&D; high coalshare of the totalenergy R&D
budget;stablecoal R&D budget.

o Low levelof privatecoal R&D.

• Low levelof ACT manufacturing.
• Needs ACT for cleanlignitecombustion.

UK Factor7 rating:Low

• Low government budget for coal R&D; very low coalshare of the

totalenergy R&D budget;the coal R&D budget isstable.

* High levelof privatccoal R&D.

• High levelofACT manufacturing.
: , AFB isbeingdevelopedfor small applications.

• AFB isbeing manufactured by severalcompanies.

SU PPORTING INFORMATION

The following table presents information that helped to answer the questions

guidingthe ratingsfor Factor 7 (seeSec. 2.3.2).
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APPENDIX H"

FACTOR 8, ENVIRONMENTAL PRESSURE FOR ACT

RATINGS AND REA,cONS, BY COUNTRY

Australia Factor 8 rating.'Low

• No strongenvironmentalpressureforACT.

• No acidrainor long-rangetransportproblems.
Existingregulationspermit combustion of domestic coalswithout

controls;tallstacksavoidlocalproblems.

• No solid-wastedisposalproblems.

Belgium Factor 8 ratingsLow-medium

• Required emissionreductionsto be achieved by increasednuclear
power, fuelswitching,and energy conservation.

• Low-sulfurcoaland emissionsbubblingpreferredforsmallerunits.

• No FGD systems or new, largecoal-firedplantsplanned.

• EEC Large Combustion Plant Directivewillapply.

Canada Factor 8 rating:Medium-high

• Strong environmentalconcerns over acidraindamage.

• Major reductioninSO 2 emissionsplanned by 1994,some from
smelters.

• Other reductionsto be achieved by increasedhydropower and

nuclearPower, Increasedelectricityimportsand useof low-
sulfurcoal,and 15-20 FGD retrofits.

• InterestinACT at R&D and pilot-plantscale(FBC, slagging

combustors.IGCC). Opportunitiesforcommercial ACT to reduce
emissions.

Finland Factor 8 rating"Medlum-high

• New regulationsin 1987 require70-80% reductioninSO 2 emissions
from new plants> 50 MW (thermal);proposalsforlimitson the
sulfurcontent of fuelforsmaller units,

• Limits on sulfurcontentof fuelare inpiace.

• Preferredcontrolsforlargeplantsare spray dryers.

• Environmentallybenignuse of coal (and peat)isa policyobjective,
" sincethe nuclearoptionhas been halted. Inuseor planned are



I14

AFB units;low-energy gas from peat,wood waste,and coal;and

gas,flredcomblned heat ano power (districtheating).

France Factor 8 rating:Medlum-hlgh

• EEC emissionstandardsfornew plantswillapply.

• The emissionreductiontargetof 65% by 1995 Isexpected to be met
easilyat low cost by continuedemphasis on nuclearpower

generationand switchingaway from hlgh-sulfurfueloll.

• No federalregulations,but the sulfurcontent of fuelIsregulatedin
major urban areas(Paris,Marseilles,Lyon, etc.).

• Sulfuremissionsfrom smallerunitsare expected to increaseas the

French coal Industryseeks to replacethe coalconsumption lost
to nuclearpower generation.

• No large'scaleairpollutionproblems,but opportunitiesforusing
ACT to burn coalin urban areas couldbe significant.

FRG ,, Factor 8 rating: High

• Detailed and stringent emission regulations for new and existing,
large and small combustors.

• Strong environmental pressure for emission reductions as a result of

forest damage that maY be linked with acid rain or related air
pollution. Some expansion of nuclear power, but most of the
reduction will come from FGD retrofits.

• Low-sulfur coal may be adequate for small units, but there is strong

pressure for AFB or other ACTs. NO x reductions are called for
also, which favors certain ACTs.

• Tax relief for new, clean technologies could further spur
development and commercial installations.

• Waste dispose1 regulations effectively force the use of regenerable
or saleable-waste control systems.

' Greece Factor 8 rating: Medium-high

• No existing federal regulations, but _he EEC emission standards for
new plants will apply. Local regulations are strictest in the
Athens area (0,7% sulfur in fuel oil).

• Environmental concern over damage to historical structures has led
to new urban planning measures in Athens, where most of the

industrial and commercial activity resides.

• Potential role for ACT, especially for burning low-quality domestic
lignite, but the scope is limited.
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Italy Factor 8 ratlng_High

• No federalemissionregulationsbelow i00 MW (thermal),but coal is
limitedto I% sulfurcontent. Local airpollutlonismore

important than acidrainor long-rangetransport.

• Emphasis at largeplantsison multifuelcapabilitywith FGD
systems. Two AFB unitsare planned by 1991.

• ACT for smallerplantswould helpachieve the 30% reductiongoal
and amelioratewaste disposalproblems. (

\

Japan Factor 8 rating"High

® Strong SO 2 and NO x controlprograms are inpiace at both federal
- and locallevels.

. * FGD and NO x removal technologiesare used on major plants,
mostly with waste minimizationtechniques.

• There isstrongdomestic R&D intomany kindsof ACT, especially

coal-derivedliquidsor gases and FBC units.

Netherlands Factor 8 rating:High

• Strong controlprogram inpiace,similarto that inthe FRG_ limits
for smallerplantscan be met with Iow-sulfurcoallhigh
environmentalawareness.

: • Domestic interestinACT isto improve energy efficiencywhile

providingadditionalenvironmentalprotection.AFB and [GCC
unitsare alreadyunder development insupportof an activecoal

: policy.

• Waste disposal is a major issue due to shortage of land.

|

Portugal Factor 8 rating:Low-medium

• EEC emissionstandardsfornew plantswillapply.
• Some sulfurcontentrestrictionsfor fuel;the average coalsulfur

contentisabout 1.5%.

• No strongenvironmentalawareness.

• No firm plansfor FGD at the few existinglargecoalplants.
• Although sulfurincoal ishighand ACT could improve the

environment,there seems to be littlepressureat presentto

absorbhighercostsof ACT.

• For government projects(suchas some district-heatingprojects),
fundingcouldcome from an internationalorganizationsuch as
the World Bank, in which case environmentalissueswould have

to be addressed. Portugalhas receivedfundingfrom the EEC

forsmall energy projects.
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Spain Factor 8 rating:Medium-high

• EEC emissionstandardsfor new plants willapply,but with

derogationsfor certainpower plantsover 500 MW (thermal).
• Local coal isVery high insulfur(4-?%);government isexploringthe

use of low-costSO 2 controltechnologies.
• Policyisto achieveemissionreductionsinthe longerterm by

developingand utilizingnew technologiesthatcan burndomestic

coalscleanlyand efficiently.
• Emerging interestin ACT, especiallyPFB and AFB; potentialfor

U.S.technologyto assistindomestic policygoals.

Sweden Factor 8 rating:High

• Strong airpollutioncontrolpolicy,high environmentalawareness.

• FGD systems,particularlyspray dryers,are favored forlargeunits.
• Strong interestin AFB and PFB and insorbentinjectionsystems for

smallerunits.NO x controlisan importantissue;potentialfor

U.S.combined SO2/NO x controltechnologiesto filla niche.
i

Turkey Factor 8 rating:Low-medium

® Environmentalawareness isjustemerging;airpollutionregulations
passed in1986 are not thought to be very stringent.

• Looking for ways to burn domestic lignitescleanly,but resources
devoted to R&D are small and commercial interestislow_

• A new gas pipelineto Ankara may ameliorateairpollutionas lignite
isreplacedwithgas.

• DespiteSome concern over pollution,the environmentalpush for

cleanertechnologymust be consideredrelativelyweak.

UK Factor8 rating:Medium-high

• EEC emissionstandardsfornew plantswillapply.
• Ifproposed regulationsare adopted,new industrialcoal-firedboilers

would require30-90% SO 2 reduction;a roleexistsforACTs
having highremoval eff{ciencies.

• Domestic R&D interestinAFB, PFB, and IGCC; low-NO x burners
are preferredforNO x control.

z

SUPPORTING INFORMATION

The following tablespresent informalion that helped to answer thequestions
guidingthe ratingsforFactor 8 (seeSec. 2.3.3).

-
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TABLE H.2 Solid Waste Issues (Questions 6)

Country Issues

Australia No major _'oncerns; sufficient land is available for disposal.

Belgium Regional r_sponsibility, with emphasis on waste minimization and

regenerable control systems. No waste-producing FGD systems are

allowed. Ash is largely reused in cement manufacture. Land is

limited, but no major concerns at present.

Canada No national solid waste disposal policy; provincial governments

issue permits for solid waste disposal. Characterization stud-

ies of FGD waste, FBC waste, and disposal options are under way.

Finland FGD waste is currently disposed of as landfill. Strong interest

in reusable waste products from spray drying and sorbent

injection (sorbent injection limits the reuse of fly ash).
Concrete and road bed materials are desired.

L

France Waste disposal requirements are determined for individual

facilities after public hearings. General policy is to limit

waste generation and encourage recycling. Disposal is usually

on land, sometimes in nearby coal mines.

FRG Demonstration of waste minimization is required as part of
licensing; this has forced the choice of either gypsum-producing

FGD systems or regenerable systems. Markets exist for sulfur

products; ash is often disposed of in worked-out coal mines.

Greece Local requirements only; land availability for disposal is

becoming a serious problem.

Italy Disposal of wastes on land is becoming a serious problem,
leading to the selection of regenerable FGD systems Or

technologies with usable waste.

Japan The 1970 Waste Management Law requires isolation of wastes from

surface waters and groundwater. Land reclamation from the sea

by waste filling is now strictly controlled. Severe shortage of

land for disposal has resulted in a waste minimization policy

that effectively forces the use of regenerable or similar

systems.

Netherlands Strong policy to limit waste generation is in effect. Utilities

have set up a company, Fliegasunie, to market coal combustion

by-products. Wastes are used for cement, asphalt, roadbed, and

concrete production; may be a surplus of usable gypsum from

regenerable FGD by 2000.
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TABLE H.2 (Cont'd)

Country "' Issues

Portugal No national policy or regulations; requirements established on a

plant-by-plant basis as part of the licensing process.

Spain No problems yet, because no FGD systems are in piace.

Regenerable FGD systems are not attractive due to a glut of

sulfur products.

Sweden Landfill is currently adequate and low-cost. Coal combustion

waste is often dumped with household garbage. Environmental

pressure exists for reuse of wastes, but strict regulations
control acceptable leaching rates from such applications.

Turkey Awareness of environmental issues such as solid waste disposal

is just beginning. One approach is to improve the quality of

Turkish lignite prior to combustion. Disposal of wastes does

not appear to be a major problem.

UK No national policy for disposal of combustion wastes, but waste

minimization is encouraged according to the EEC Directive.

Waste disposal was a major factor in the UK decision to install

FGD systems with salable products. However, gypsum production

may exceed market demand.

Sources: Refs. 1 and 9-12.
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