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Introduction 

The Pipestem Workshop is the second in a series of Improved Conversion Efficiency Work- 
shops sponsored by the Division of conservation Research and Technology (C,ONRT) of 
the U.S. Energy Research and Development Administration (ERDA), and hosted by 
selected community colleges across the nation. Through these'workshops, private citizens 
and representatives of business, industry, labor, state and local governments, and the aca- 
demic community help CONRT plan its research and development activities. 

CONRT's Improved Conversion Efficiency Workshops were instituted in response to a 
recommendation of the Energy Conservation Workshop for Community College Leaders 
sponsored by CONRT in November 1975 at Chicago. At that workshop, community col- 
lcgc lcaders and representatives of ERnA met to survey community college projects in 
energy conservation and to explore new ventures in the energy programs of community 
colleges. The participants concluded that the community college system, with its close 
ties to,local communities, was an ideal mechanism for involving regional interests in, and 
acquiring regional feedback on, energy-conservation programs. They recommended that 
ERDA's Office of Conservation should use the community colleges as sites for workshops 
in which a cross-section of local community ,leadership could respond to program plans. 

The first workshop ;f the series, the Energy Conservation R&D Objectives Workshop, was 
held in San Diego in March 1977. It was hosted by the Coast Community College District 
of Costa Mesa, California. This experimental workshop focused principally on CONRT's 
planning process and the use of the workshops as a mechanism for involving private citi- 
zens and industry in the planning process. Participants made many recommendations for 
improving the workshop series, and these improvements have been incorporated into the _--- 
Pipestem Workshop.l This pre-workshop material expla'lnGg the r61~ioc.sMpvbctGen 
CONRT's activities and national conservation goals is the outcome of one recommenda- 
tion. These relationships are also described in greater detail in several of CONRT's plan- 
ning documents for fiscal year 1978. 

The recommendations from the Pipestem Workshop will be incorporated into the plan- 
ning of CONRT's activities for fiscal year 1979 and subsequent workshdps in the series. 
Participants will discuss three topics: CONRT's projects for fiscal year 1978; the project 
appraisal methodology used in selecting projects; and the workshops .themselves as a 
method of involving the public and i n d u s t j  in the planning process and their role in the 
CONRT planning process. Participants will serve as panelists on one of three panels- 
engines, heating systems, or waste heat recovery-which will concentrate on a selection of 
CONRT proje'cts as well as .the other two topics. 

I .To provide a common basis for the discussions, this briefing has been prepared on the 
energy situation in the United States and on CONRT's activities. Chapter 1 provides an 
overview of the national energy situation and the National Energy Plan for achieving a 
transition from scarce oil and gas to more abundant, renewable sources of energy. Chap- 
ter 2 describes CONRT's role in the transition and the technology options for improving 
energy conversion efficiency in the four energy-using sectors (the residential/commercial, 

~ u . s .  Energy Research and Development Administration, Division of Conservation Research and 
Technology, Energy Conservation R&D Objectives Workshop, vol. 2,  Summary. CONF-770305~Pl .  



transportation, industrial, and utilities sectors). Chapter 3 provides some essential infor- 
mation on the discussion topics: the projects constituting CONRT's Improved Conver- 
sion Efficiency Subprogram for fiscal year 1978; CONRT's project appraisal methodology; 
and CONRT's annual planning cycle and the role of the workshop series in the planning 
process. Appendix A briefly defines the objectives of the CONRT projects, and Appen- 
dix B is a glossary of technical terms for rkaders who may be unfamiliar with the 
terminology. 

This pre-workshop material comprises the first of a two-volume set on the Pipestem Work- 
shop. Volume 2 will be a summary of the recommendations and discussions of the work- 
shop and will be published after the workshop. 



The National Energy Plan: 
A Blueprint' for Change .., 

. . 
Americans are by nature optimists, a not 'altogether surprising cultural trait. From our 
beginnings as a nation, we 'have had access to plentiful and cheap natural resources, and 
we have expended them lavishly to achieve a notably high standard of living.. The only 
possible limitation. to our enjoyment of these resources could have been our technological 
ingenuity, but this too appeared to be boundless. A free-handed expenditure of energy 
and expertise produced explosive technological progress. . .  ,. . 

With the industrial revolution, which coincided with the founding of the nation, we 
shifted from human labor, wood, water, and wind as energy sources to a more economical 
fuel, coal. And coal we possessed in abundance. ~ o a l ' s u ~ ~ o r t e d  the spectaculdr g ro i th  
of American industry and easily supplied a burgeoning pbpilatidn with cheap eriergy 
until the 1920s. The third decade of the century, however, saw another transition to 
even cleaner, more economical, more versatile'fuels-oil and natural gas-which we have 
continued to use as if supplies were inexhaustible to meet an ever-growing demand for 
energy. 

This apparently endless flow of energy has shaped our lifestyle. Access to powerful, 
roomy (and weighty) automobfles and che.ap gasoline has,led to a migration from con- 
gested cities to suburbs and the countryside. We live and work in poorly insulated build- 
ings that we. cool in summer and heat in winter with equipment powered by oil, natural 
gas, and electricity. We rely on a wealth of petroleum-based plastics for an almost endless 
supply of everyday products. Our entire stock of capital goods,. in.fact, is based on an 
expectation that we would have cheap energy whenever we needed it. We now use more 
than 30 percent of the world's supply of energy although we constitute only 6 percent of 
the world's population. . . 

In 'the, last few years, however, our attitude toward energy has been changing. The oil 
embargo of 1974 brought home to us,.as nothing else had, our precarious energy position. 
We became conscious as a nation that our energy sources were not unlimited, that energy 
was no longer cheap, and that it would become more costly. The realization has been 
sobering, but our energy appetite has been difficult to curb. Despite the need.to conserve 
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energy, our demand continues to grow. . . 

Today, America's primary source of energy is oil, which, directly or indirectly, provides 
nearly half the energy we use. Naturalrgas supplies about one-fourth of our energy neeas. 
It has become the major fuel for residential heating, and it has progressively replaced oil 
or coal as a boiler fuel for industry and electric utilities .because it is environmentally 
clean and cheaper to use. However, neither fuel can be renewed, and experts are already 
forecasting the exhaustion of the world's reserves of oil. We can extend the life of these 



valuable .resources o,nly by reducing the rate at which we are consuming them; yet, be- 
tween 1968 and 1976, our demand. for energy grew at an annual average rate of 2.3 per- 
cent. If we continue to increase demand at this rate, by 2000 our consumption will have 
nearly doubled. 

The point that the embargo drove home to most Americans is that our domestic produc- 
tion of oil and gas is steadily dwindling, and we must, consequently, import more of both 
fuels. We have become dependent on foreign fuels to support our accustomed way of 
life-an uncomfortable thought. To resolve the conflict of dependence, dwindling re- 
sources, and rising prices, we must make another transition; a transition not merely to 
new sources of energy, but to a new approach to energy use. To conserve the fuels in 
short supply, we must begin to use energy more efficiently. 

The National Energy Plan, announced hy President C a r t ~ r  in April 1977, preoonto an intc- 
grntod appro&sli fui wlrservhlg crlcrgy and i i i W l ~ g  Llle switch fiom oil and gas to a do- 
mestic energy base of coal and renewable energy sources. The plan calls for a deliberate 
transition in three phases. The early phases are designed to b ~ y  time for the development 
of technolljgits based on alternarlve erlergy sources, and for an orderly transition that will 
not jeopardize our economic viability, endanger our natural environment, or impose in- 
equitable burdens on any region of the country, economic sector, or level of society. 
However, the plan is not based on a blind faith in a "technological fix" as the exclusive, 
quick answer to our problem. Technological development can provide only some of the 
answers, although it will play a vital role in effecting the energy transition. In any case, 
energy technologies are slow to develop; we will not see the results of work in progress 
for years, even decades. The plan acknowledges this fact by proposing a gradual shift 
over the next quartcr of a century. 

In the first, or near-term, phase of the plan, from the present to 1985, we will concen- 
trate on c o n s e ~ i n g  energy to reduce the rate of growth of our energy demand. We will 
continl~e to rely on oil and gas for many purposes but will irllroduce more efficient ways 
of using them and of eliminating or recapturing wasted energy. We will also begin shifting 
back to our abundant fuel, coal, so that by the mid-1980s, as the world's oil supply is, 
peaking and beginning to decline, we will be reducing oil imports. 

In the mid-term, from 1985 to 2000, we will accelerate the transition from oil and gas to 
other sources of energy, including synthetic fllels derived from coal. Because thcsc will 
be more expensive than present fuels, we will continue to introduce systems and equip- 
ment that use energy more efficiently. 

In the long-term, beyond 2000, as world supplies of oil and gas become seriously depleted, 
we will cunlplele the transition to a new energy base. Innovative technologies developed 
during earlicr ph~aca nf tlic pla~r 1~111 bo introdbccd as they beconlt: e~ulrurrlicdly viable 
and widely available. 

The near-term (1985) goals of the National. Energy Plan are: 

1. To reduce the average.rate of growth of energy demand to below 2 percent annually 

2. To reduce gasoline consumption to 90 percent of its present level 



3. To reduce oil imports from a potential 16 million barrels per day to 6 inillion barrels 
per day . - + > '  . . , $  - .  

4. To store 1 billion barrels of oil in the Strategic Petroleum Reserve as an emergency 
supply during any future interruption of imports 

, 5. To increase coal production to 1 billion tons per year, an increase of 66 percent over 
current production 

6. To improve the energy efficiency of American homes and all new buildings so that 
90 percent meet a designated set of minimum standards 

7. To use solar energy in more than 2.5 d o n  homes. 

The common theme of these go& is conservation of schm fuels. But conservation is 
possible only if wt~ understand clearly what it implies. 

In part, conservation implies tightening &Its. We can cut back o;r energy use by lower- 
ing thermostats, using lower wattage lights, carpooling, and, in general,*ing energy more 
sparingly. Although these measures mean some changes h aur lifestyle,, 'hay will reduce 
demand. But conservation also means using less fuel to do more work hidating a house 
so that heat does not escape maintains a reasonable level of warmth with.hiss.&l con- 
sumption; using the steam that drives electric generators for space heating and id&@al - _ 
processes economizes on fuel use, 

We can economize our use of oil and gas, then, by using less energy and by using energy ''\ .- \ 

more efficiently; we can also extend the life of these dwindling fuels by switching to 
alternative sources of energy-coal and nonconventional soyces, su& as-solar and geo- 
thermal energy, biomass, and nuclear .fusion. The* idternatbe en& s o u r ~ ~ s . ~ , - h  >, ., . < 

large part, constitute the new energy base as the advanced technologies,Wt can exploit = -. 
them come onto the market. Exhibit 1-1 shows the effects of energy conservation on 

, > 
energy usage, and partidkrly ail and gas &age. 

I - < ,I . 8 . 7 , .. ", ̂
.h.. ., r. ,r*-.7 

In the last 15 years of this century, we will be abk t i  measure the success or failure of 
the National Energy Plan, If it succeeds,'we will'make the transition to a new energy base 
without major disruptions; if it fails, w 6 . d  face critical energy shortages and economic 
and social dislocations. 

- -  , 

The near- and mid-term strategy for making the transition is based on projections of the 
energy situation in 1985 that assume a growth in U.S. population and the economy fol- 
low& current trends. By then, pdpulation will have reached 235 million, the gross na- 
tional product will increase about 46 percent over its 1976 level, and we will consume 
97.3 quadrillion Btu, or quads, compared with 74.2 quads in 1976. 

If the plan is successfully implemented, the changes in the rate of growth of energy de- 
I I ~ I J  al dial yuii~t will not be drmntio. However, we will have made: mme significant 
shifts in energy use and will be using energy more efficiently in all sectors of the economy. 

The most critical change in our consumption patterns will be a major reduction in oil im- 
ports. In 1976, we produced 3.5 trillion barrels of oil and imported 2.7 trillion barrels. 



Exhibi 1-1 

Effects of Conservation on National Energy Usage 
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. SOURCE: US. Energy Research and Development Administration, Office of Conservation. 
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By 1985, without the plan, imported oil w& reach 4.2 trillion barrels, outstripping do- 
mestic production by 0.4 trillion barrels. In other words, our oil imports will have grown 
at a time when the world's supply is leveling off-and the developing nations have mark- 
edly increased their consumption. These and other changes in energy use, with and with- 
out the plan, are illustrated in Exhibit 1-2. 

I By 1985, under the plan, all major energy-using sectors will have critically changed their 
mix of fuels. Exhibit 1-3 illustrates for each sector the crucial shifts in fuel use that will 
be in progress. 

' ? 
Residential and commercial users will reduce d v e r ~  energy use by 1985 aqd 4 have 
started a major sMt fnnn oil to other fuels. Some of their increased demand will shift 
from oil to other fuels, some to natural gas; but most will be absorbed by eleqtricity,. 
which will then be produced mainly by coal-fired plants. 

Energy use in transportation will change little, with or without the plan, if (a) the auto- 
mobile ~fficiency standards now in force are met and (b) higher gasoline prices restrict 
vehicle use. However, with the plan, a more efficient use of energy will slightly reduce 
the demand for oil. 

Without th6 plan, industrial consumers will have more than doubled their demand for d 
by 1985. With the plan, the demand for oil will rise only by 25 percent, and most of the 
increase in industry's overall demand will be absorbed by coal and coal-fired electricity. 

Finally, the utilities, which will be using about one-third of the nation3 energy in 1985, 
will make a major shift from oil and natural gas to coal and nuclear fuel. With the plan, 
their 1985 demand for oil and natural gas will drop below 1976 levels. Without the plan, 
the demand for oil will increase slightly, apd the demand for gas will not decrease as 
markedly. More efficient use of fuel will also conserve about 1.6 quads in all. 

Changes in the mid-term are more difficult to predict precisely. However, the rate of 
growth in demand shodd diminish considerably from that of the first phase as conven- 
tional technologies give way to new energyefflcient technologies. Industry will begin to 
replace obsolete equipment with the more efficient equipment now available or under 
development. Much of this new equipment will have the capacity to use synthetic fuels, 
coal, and other alternative fuels as well as oil and gas, so that, as new fuels become avail- 
able, a changeover can be accelerated. 

Solar power, geothermal power (within geographical limitations), and recovered waste 
heat will supply much of the low-grade heat for space-heating and cooling and for some 
industdl processes-uses that will account for a third of our energy use. High-grade heat 
for power plants and industry will be increasingly produced by coal and synthetic fuels 

C derived from coal, supplemented by nuclear power. Solar power, biomass, municipal 
solid waste, and high-temperature geothermal resources will also provide some high-grade 
industrial heat and electricity. 

These near-term and mid-term changes in the patterns of energy use 4 provlde time for 
the full-scale development of the new energy technologies that win shape the more dis- 
tant energy future. What those technologies will be is impossible to predict at this point. 
Many technical problems remain to be solved; many unforeseen developments may occur. 



Exhibit 1-2 

National Energy Use by Fuel 
(quadrillion Btu) 
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SOURCES: 1976 data from Monthly Energy Review, May 
Administration; 1985 data from The Netionel Energy Ran, 
Energy Policy and Planning, 1977. 
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Exhibit 13 

Energy Used by Energy-LJsing Sector 
[quadnl l~on Btu) 

27.3 

Residential 8 
Commercial 

Transportation 

Industrial 

without plan with 

SOURCES: 1976 data from Montnly Energy Revfew, May l Y I I ,  publtsnecl by tne wderal tnergy Aamtnlsrratlon; 
198Rdata frnm The National Enemy Plan, Executive Office of the President, Energy Policy and Planning, 1977. 

NOTE: Electricity figures include losses incurred to generate and transmit electricity. 

m j l n c l u d e d  in other sector totals as electricity. Includes conversion and transmission losses. 
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For example, it is not clear what source of energy will replace petroleum for transporta- 
tion. Liquid fuels derived from coal are a known technology, but are still prohibitively 
expensive; methanol, already in use in racing cars and drag racers, may become an addi- 
tive to, or even a substitute for, gasoline in general use; electric vehicles are also a possi- 
bility. A1I of these are options for research and development. New options for the gen- 
eration of electricity, including solar and geothermal power, nuclear fusion, and nuclear 
breeders, could also be explored. 

L 

Although the long-term future of energy in the United States is still open, the need for 
innovative technologies is less debatable. We must develop a broad range of technologies 
and fuels to ensure that we will, in the future, have energy options that are reasonably 

8 

priced and environmentally acceptable. And planning these optioas must begin now. 



Conservation Research and Technology: 
Preparing for Transition 

When the Department of Energy is' established, it will obviously spearhead the transition 
from oil and gas to alternative sources of energy. Until then, many agencies of the fed- 
eral go"erninent have a'part in effecting the transition, and a leading role has fallen to 
ERDA. ERDA's primary mandate has been to research, "dvelop, and demonstrate energy 
technologies, and to transfer them to industry and the public when they reach the level of 
commercialization, that is, when they can be produced and marketed competitively. .. . 

> .  

' The degree 'to which the federal government involves itself in research, development, and 
demonstration (RD&D) depends on the extent to which industry is involved and the im- 

" 

portance of the oulcome to the national interest. Much energy RDRcD has devolved 
onto the,government because the economics of this' research make it unattractive to in- 
dustry, which treats fuel as a raw ingredient and passes on its cost to the purchaser in the 
price of the product. 

As one group studying RD&D in industry recently pointed out: 

In general, corporations work on t e~hno lo~ iesbes t  suited to their short-term 
interests., They do not research and develop energy technologies to solve nat- 

, tional problems':." They are malnly interested in preserving and extending the 
markets for their pioducts, which are often in competition with other energy 
technologies. In fact, the firms working with technologies that still require ex- 
tensive research and development are mainly looking to the government for 
funding. Those working with more, developed alternative technologies are also 
waiting for federal'actio'n'to make the technologies' economics more attractive. 

The federal government supports energy RD&D where (1) the development of a technol- 
ogy would otherwise be delayed by technical risk and economic uncertainty and (2) the 
results of basic ressa~cll into the must cost effective options for conserving energy are to 
be widely disseminated. 

These two considerations have defined ERDA's ;ole, which has been carried out by the 
six offices of"the agency: Fossil Energj;; Solar, Geothermal, and Advanced Energy Sys- 
tems; Environment and Safety; Nuclear Energy ; National Security; and Conservation. 
These offices have worked in cooperation with each other and with other government 
age~~cies,  will^ ihcliistiy; nndwith tho univercibios: 

EWA's  Office of .Conservation has been assigned responsibility for RD&D of more effi- 
cient uses of conventional and new sources of energy. Its activities constitute a program 
that is managed by its six divisions: Industrial Energy Conservation; Buildings and Com, 
munity systems; Transportation Energy Conservation; Energy Storage ~ystems;'~lectrical 
' ~ n e r ~ ~  Systems; and Conservation Research and Technology. Although these divisions 



have directed their efforts to different aspects, or subprograms, of ERDA's Conservation 
Program, their common purpose has been, and is expected to remain, the achevement of 
11 objectives: 

1. To improve the energy characteristics of residential and commercial buildings so that, 
by 1985, energy demand for heating, ventilating, and air conditioning (HVAC) can 
be reduced by 30 percent in existing buildings and by 50 percent in new buildings. 

2. To improve the energy efficiency of HVAC equipment, appliances, and lighting so as 
to  reduce their energy requirements by at  least 30 percent. 

3. To use alternative energy sources for space conditioning and water heating so that, 
by 2000, 50 percent of their energy requirements can be supplied by sources other 
than oil and natural gas. 

4 .  Tu hr~provc the effic~~llcy ul energy use in the transportation of people and goods, 
specifically by improving the performance of the automobile by at least 100 percent 
and of 1.1lher transportation modes hy n t  1cm~t 25 percent by 2000. 

5. To use alternative fueis fnr transportation systems, which arc. now wholly dependent 
on petroleum, so that, by 2000, 80 percent of automobiles and.60 percent of other 
transportation modes use nonpetroleum fuels. 

6.  To promote the substitution of coal and electricity for oil and gas in the production 
of industrial heat so that dependence on oil and gas can be reduced from 70 percent 
to less than 45 percent by 1985. 

7. To improve the efficiency of basic industrial processes, specifically by improving the 
efficiency of steam and direct-heat conversions by 10 perccnt, using waste heal Lo 
reduce requirements by 10 percent, and improving the efficiency of specificenergy- 
intensive processes by up to 35 percent. 

8. TO eliminate the use of' oil for the generation of electric power by 2000. 

9. To improve the efficiency of the electric generation, transmission, and distribution 
systems to achieve an efficiency'of 42 percent by 2000. 

10. To promote the cogeneration of electricity and proccss steam for district heating and 
total (integrated) energy systems as an option to large, central station coal-fired and 
nuclear power plants, and, by 2000, to recover, 25 percent of the waste heat from 
generating electricity for use as industrial process heat and for space-heating. 

11. To provide, by 2000, 3 quads .of the national energy demand by using waste materi- 
als such as u ~ b a ~ i  and agricultural waste and by recycling energy-intensive products 
such as glass, aluminum, and plastic. 

CONRT manages the Office of conservation's subprogram in Improved Conversion EIfi- 
ciency. The division supports research and development of a diversity of technologies 
that (1 j are adaptable to fuels other than oil and gas, (2) have applications in more than 
one of the energy-using sectors, or (3) are in a very early stage of development. Because 



of the overlapping market applications, CONRT's work is organized around the technol-' 
ogies'themselves, not around markets, as is the conventional practice, and several technol- 
ogies applying to a single market will be developed simultaneously. When they reach the 
stage of commercialization, they will be transferred to industry and offered as options 
from which the market itself will make its choice.. In other words, they w d  ultimately 
compete for a share of the market, and the customary economic forces will determine 
how widely any one is accepted and applied. 

The following sections summarize by market the technology. options for ,ihproving 
energy-conversion efficiencies. Many of the technical terms in the descriptions are de- 
fined in Appendix B. 

. . 

~ e c h n o l o ~ ~ ' 0 ~ t i o n s  fdr the Residential/Cdrnrnercial Market 

The residential and commercial market uses about 15 quads annually, approximately 
20 percent of the nation's energy, for space-heating, ventilating, and air conditioning. Total 
energy systems will be developed for use in hospitals, universities, apartment buildings, 
and similar complexes that can generate their own elecGicity. Waste heat from the gen- 
eration process will be recovered and used for heating systems. Advanced, computerized 
HVAC control systems that operate equipment according to demand will be introduced, 
and more-efficient components, such as improved furnaces and heat pumps, will be incor- 
porated into HVAC systems. 

The options for energy-conversion technologies applicable to the residential and commer- 
cial market are: 

Advanced ~ A C  control systems 

0 Combustion technology for more efficient space-heating furnaces 

Conversion systems based on urban waste 

Fuel cells for total energy systems 

Gas turbines and Stirling-cycle engines for total energy systems 

Heat-pump and heat-transfer technology for improved efficiency in HVAC systems 

I~~sulation materials. 

Technology Options' for the Transporation Market 

Virtually all energy used in the transportation market involves the conversion of the chem- 
ical energy of petroleum-based fuels to mechanical energy in internal-combustion engines. 
A ~ ~ r u c l l  s~llallc~ a~iiaunt of cnorgy iu ucod in pumps, cnmprmsnrs, and other equipment 
used in transporting materials by pipeline. Improvements in transportation technologies 
will be concentrated in new heat engines, more efficient conventional engines, waste heat 
recovery, reduced friction and wear, improved aerodynamics, and alternative fuels. 

Brayton-cycle and Stirling-cycle engines, which are external-combustion engines, are 
being developed for stationary applications ,and for use in automobiles. Both types of 



engine are more efficient and less polluting than conventional engines. They will be im- 
proved further, as will conventional gasoline and diesel engines. These new engines will 
also allow a transition to synthetic liquid fuels in the transportation market. More effi- 
cient combustion processes, such as optimized and variable fuel injection, improved fuel/ 
air mixing, and stratified charging, will all improve the miles-per-gallon rate of conven- 
tional engines considerably. 

Waste heat can be recovered to perform many functions that are now powered by fuel 
combustion. A large part of the automobile's power is used to drive fans, alternators, 
power steering and brakes, and air-conditioners; at 50 mph, 9 percent of the fuel burned 
may be required for the car's air-conditioner. Fuel use can be significantly.reduced if 
waste heat from the radiator or exhaust is recovered and used for. these systems. Waste 
heat can also be recovered from engines used to pump natural gas through pipelines. Im- 
provements in lubricants and automobile components, such as pistons, piston rings, and 
tires, will reduce losses resulting from friction and wear. Techniques for reducing drag are 
also being developed. 

The options for energy-conversion teclu~ologtls upplicablc to the tnalsyortal.inn market 
are : 

Advanced electric hybrid vehicles that use fuel-ceil batteries 

Advanced Stirling-cycle and turbine heat engines for stationary and automotive appli- 
cations 

Combustion technology for using alternative fuels to reduce petroleum dependence 

Combustion'and materials technology leading to  an advanced diesel engine 

Heat exchangersheat pipes for recovering waste heat from automobile engines 

+ Improvcd convcn'tioudl s p a ~ k  e ~ ~ g l r ~ e s  

Improved technologies for reducing aerodynamic drag and vehicle weight 

Wenr, friction, and lull iculdun tcchnologji to ~ecluct: ellergy losscs from friction. 

Technology Options for the Industrial Market. 

U.S. industry uses approximately 40 percent of the nation's energy. About half of this 
'amount is used to manufacture p;oducts; the remainder i$ lost as waste heat. Three gen- 
eral approaches to improving the efficiency of the thermal-energy conversions in industry 
appear to be productive: improvirig the efficiency of energy conversion in basic industrial 
processes; developing systems to utilize waste heat liom industrial processes; and install- 
ing cogeneration systems for generating electric and thcrmnl cncrey nn bite. 

The options for eneigy-conversion technologies applicable to the industrial market are: 

Closed Brayton cycles, thermionic devices, and other conversion technologies fol 
using high-grade (above 1,000"F) waste heat 

Combustion technology for industrial burners 

Conversion technology ~ising low-gade (below 200°F) waste heat 



Fuel cells for cogeneration systems and for using waste gas 

Gas turbines and Stirling-cycle engines for cogeneration systems 

Heat exchangers and heat-transfer technology to  extend waste, heat applications ' 

Heat pumps to upgrade low-temperature heat for producing high-quality process 
. . 

steam 

Improved conversion efficiency in specific manufacturing processes 

Organic Rankine cycles and other conversion technology for using middle-grade 
(200°F- 1 ,000"~)  waste heat 

Recuperatorslregenerators to recycle waste heat 

Reduced friction and wear in machinery 

Reduction of losses other tha,n waste heat. 

Technology Options for the Utilities Market 

The utilities market is large and complex. Utibty cornparlies vary greatly in size, and 
ownership may be wholly public, wholly private, or some combination of the two. How- 
ever; from the technological viewpoint, the market can be conveniently divided into large 
utilities that operate units with capacities above 300 megawatts, and small utilities (gen- 
erally, municipal and rural utilities) that operate units with capacities up to 10 mega- 
watts.* The technological requiiements of each group are quite different. 

Large Utilities 

The large utilities generate more than 90 percent of the electricity used in this country. 
Improvements in this market may be achieved by improving the efficiency of conven- 
tional power plants or by developing new energy-conversion cycles. Dependence on oil 
may be reduced by developing equipment capable of operating on a variety of liquid and 
gaseous fuels. 

The options for energy-conversion technologies applicable to large utilities are: 

a Advanced gas turbines in combined-cycle power plants 

FI.IAI cells 

High-temperature topping cycles 

Improved combustors, boilers, and heat exchangers 

Improved steam-turbine systems. 

Small Utilities 

Small uthties generate less than 10 percent of the electricity used in the Ur~ileJ States 
L but serve over 15 percent of the population. Most of them use diesel or gas-turbine gen- 

erators and have to meet rapid fluctuations in demand. The options for energy-conversion 

*Few utilities operate units with capacities in the middle range, and technology options for this mar- 
ket are not discussed here. 



technologies for this market segment are, consequently, limited to those that require 
small capital investments, are capable of rapid-load response, and can use alternative fuels. 

The options for energy-conversion technologies applicable'to small utilities are: 

Bottoming cycles for conventional diesels or turbine generators 

' Cogeneration 

External-combustion engines, such as Stirling- or Brayton-cycle engines 

.a  Fuel cells. 



The Pipestem Workshop: Contributing to 
CONRT's R&D Planning 

The panelists at the Pipestem Workshop will be reviewing, discussing, and commenting on 
three topics: CONRT's projects; CONRT's project appraisal methodology; and the work- 
shop itself as an element of CONRT's planning process. The results cf the workshop will 
contribute to the planning of CONRT's strategy and program for fiscal year (FY) 1979, a 
process that  hegins in October 1977, and will help to shape subsequent wprkshops. 

The three succeeding sections are a brief introductionto these projects, the methodology, 
and CONRT's planning process. 

CONRT Projects 

CONRT'.s R&D projects are the means through which the division will research and de- 
velop certain technology options that,'when fully developed, will compete for shares of 
the various energy-using markets. The division's budget for FY 1978 is set, tentatively, at 
$58.28 million. The division's specific objectives for each project are summarized in 
Appendix A. 

CONRT's R&D 'projects, listed alphabetically, are: 

Advanced Cogeneration Technology 

Advanced Heat-Transfer and Heat-Exchanger Applications 

Alternative Fuels 

Boilers and Furnaces 

Continuous-Combustion Engines 
Controls aild Diagnostics 

External-Combustion Engines 
Fluid Mechanics 

Fuel Cells-Applied Research 

Fuel Cells-FirstGeneration Technology 

Fuel Cells-Fuel utilization 
Fuel Cells-Second-Generation Technology 

Fuel Cells-Systems Development 
Fi.114 Calls-l Jt,ility Demonstrations 

Fuel~Processing, Transport, and storage Technology 

Heat-Exchanger, Environmental, and hiaterials Technology 

High-Grade Heat Utilization 

High-Temperature Materials 



Industrial Process Heaters 

Insulation Materials 

Intermittent-Combustion Engines ' 

Low-Grade Heat Utilization 

Methane Conservation 

Middle-Grade Heat Utilization' 

Open-Cycle Brayton 

Polymers and Reinforced Plastics 
Scaling and Simulation 

Thermodynamics 

Tribology 

These projects may involve one' or more of the technology options. For examl?le. the 
Duilels altd F I J I R ~ C ~ S  Pryect nncnmpasses camhuntion t~:.chnslogy TUL 11lure-cfflcicnt 
space-heating filrnaces; combustion technology for industrial process burners; improved 
conversion efficiency in specific manl~facturing processes; and improved conlbustors for 
large utilities. Projects are matched with technology options in  hib bit 3-1. Obviously, 
the achievement of ERDA's conservatio~l objectives is a guiding principle in formulating 
CONRT's projects. The relationship of the projects of concern to the workshop p,anels and 
the 11 conservation objectives is shown in Exhibit 3-2. Before the workshop, cach of the 
Pipestem participants will receive a list of the projects that apply to his or,her panel. 

CONRT's Project Appraisal Methodology 

Every year, as CONRT begins to plan its RSLD activities for subsequent fiscal years, the 
division appraises each proposed project. The managers of CONRT's adrninistrativc sub- 
divisions, or branches, pvpare a briefing on these projects for a panel consisting of the 
director and assistant director of the division, other .branch managers, planning analysts, 
representatives of other divisions of the Office rif Conservation, and outside consultants. 
During several days of intensive discussion, the panel reviews and evaluates every prqject 
against cight crite~ia alld larlks the projects. 'Ihe ranking of the projects is used to prepare 
budgets that must be approved .by Cur~gress for subsequent fiscal years, and guides the 
branch managers as they select projects to pursue during the next. fiscal year. 

The projects themselves may be (a) projects begun ih previous years that could be con- 
tinued, (b) new projects, perhaps proposed during previous years but not started because 
of lack of funds, and (c) unsolicited proposals from industry for CONRT support. 

The eight criteria, which are weighted to reflect their importance as R&D consideratiu~ls, 
are : 

Critc'rion . Weighting 
-. 

Energy savings 20 
Technical risk 16 

Cost 12 
Commercial potential 12 
Unlqueness 12 
Resource availability 12 
Environmental impact 8 
Legal, social, and institutional effects 8 
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Clearly, some of the criteria, such as energy savings, are quantitative; others, such as legal, 
social, and institutional effects, depend upon qualitative judgments by the panel. 

A criterion consists of a set of factors, each of which carries a range of scores that can be 
applied to the project under review. To keep track of the scoring of each project, the 
panel uses a "score card." At the end of the briefing, a rating score'for each criterion is 
computed by multiplying the criterion score by its weighting and dividing the result by 
the maximum score for the criterion. The criteria scores for each project are summed, 
and projects are ranked accordingly. The application of the project appraisal methodol- 
ogy is demonstrated in .the following sections, using the Methane Conservation Project as 
an example. Briefly, the project, which began with a feasibility study in 1976, will de- 
velop the technologies for recovering methane, an alternative fuel that can be substituted 
for lkalulal gas in industflal processes, from coalbeds and other sources. If successful, the 
prnject rnllld result in the produotion of 1.5 quads pcr ycal by 1905 a~lcl'lwlce lllls 
a l~~uu i l l  by ZUUU. 

Energy Savin~z  

The primary purpose of CONRT's projccts is energy conservation; Lhe energy-savings po- 
tential of a project is consequently given the highest weightkg of 20. This .weighting 
clearly favors projects that apply widely to several markets. 

Projects are'scored on -the amount,of energy in quads that they would conserve in appli- 
"cations in 15 market, segments. Relative scores are based on the percentage of total U.S. 
energy used by the market segment, as shown below: 

Percent of Methane 
Total Maximum ' ' Conservation 

Market Segment Energy Use Score Project Score 

HVAC for buildings 21.1 10.0 0 
Highway vehcles 18.5 9 .O 0 

E l t c l ~ i ~  gtwar uliclr~ t11id 17.0 8.0 0 
transmission losses 
Primary metals industry 11.0 5.5 0 
Other industry 8.7 4.5 1.2 

Chemicals industry 8.1 4.0 0 

Hot-water heating for 7.9 4.0 0 
Luilclir~gs 

petroleum and coal industry 5.8 . 3 .O 0 
Building lighting 4.0 2 .O 0 

Aif~lal'L Lla~~spur lalion 3.5 1.5 0 

Paper industry 3.3 1.5 0 
Stone, glass, and clay 2.9 1.5 0 
industry ' 

Food industry 2.3 1 .O 0 
Marine transportation 1.8 1 .O 0 
Rail transportation , 1.3 0.5 0 



The Methane Conservation Project is-aimed. at one market segment (other industry) and 
would conserve 1.5 quads in this segment 1985. The project received. a Score pf 1.2 
for this criterion. 

Technical Risk 

Essentially, the technical risk criterion is applied to evaluate the probability of achiedng 
the technical goal of the project. It is the second most important criterion and has'a 
weighting of 16. . . 

Six factors are considered in rating projects for technical risk: 

Methane 
Conservation 

Factor Score Project Score 

Efficiency (percknt) O to 10 - " " 8  . 

Useful life (hrs) 0 to 4 4 
Weight/kW (lb/kW) 0 to 4 4 
Volurne/kW (ft3/kw) 0 to 4 4 
Timing of project (years) 0 to '6  5 
Reduction of.cost in going from 0 to 5 3 .  
development to production 

Fnctors that are inapplicable to the.project (for example, the weight./kW ,factor for the 
Methane Conservation ~rojedt )  are discounted by applying to  the. project the highest 
score for the factor. High scores imply low risk or high probability of success. ' 

In the recovery of methane, the technical problems are few. Directional drilling through 
coalbeds offers the major obstacle, and several methods of ghding the drill string in the , 

coalbed are being investigated. Available technologies such as gas turbines, liquefied na- 
tural gas production units, and ammonia production units, can be modified to use meth- 
ane. Consequently, the Methane Conservation Project received a,.high score for this 
criterion. 

Cost 

This criterion has a weighting of 12. 'Four factors are considered in rating project cost: , 

Conservation 
Factor Score Project Score 

Initial cost 0 to 6 3 

Operating cost ($/kwh) 0 to 8 5 

Federal implementation cost . O t o 1 0  . . 5 

Pay Lack peiiod (years) 0 to 6 5 

The cost and payback period for the project 1s compared to the cost of the component or 
system being replaced. Lower-cost technologies receive higher scores; a mean score for 
any factor indicates that costs are identical. 



The current cost of recovering methane ranges from $2.25 to $2.75 per milllon Btu; the 
successful completion of the project should lower the cost to about $1.50 per million 
Btu, in some cases using equipment already in stock. Overall, the project received com- 
paratively high scores for most factors. 

Commercial Potential 

The commercial criterion, which is qualitative, is based on six factors that 
balance the likelihood of the market's accepting or resisting the technology with the non- 
commercial factors that may influence industry's decisions, such as environmental and 
social drawbacks. It has a weighting of 12. The commercial potential factors are: 

Methane 
Conservation 

Faclur Score Project Score ' 

Marketlindustrial systems barriers 0 to 10 4 

End market perceptinn 0 to 10 9 

Financial constraints 0 to 8 7 
Perception of environmental barriers O to 6 6 
~erck$tion of social barriers 0 to 4 4 

Projects with high commercial potential or few barriers receive high scores. 

Methane has a wide variety of applications for which natural gas is now used; for example, 
on-site power generation and production of petro-chemicals. However, coal producers 
generally regard methane, whch  occurs naturally as firedamp in mines, as a hazard to be 
disposed of rather than recovered. Moreover, methane sources are not conveniently sited 
for commercial users, and production rates are low compared with natural gas wells. Con- . 
sequentl.~, the resistance to recovering methane from coalbeds is high, although rising . .- - . . . - . . . - . - . , . . . 
prices for rrlalural gas may overcome the resistance. The project accordin& received maxi- 
mum, or near-maximum scores for all but the first factor. 

Uniqueness 

The uniqueness criterion is designed to exclude (a) projects more appropriately under- 
taken by the private sector,'(b) projects whosc purposes can be.achieved by nlearis ulher 
than RD&D (e.g., regulation), or (c) projects unproductively overlapping or duplicating 
research by other government units. This criterion has a weighting of 12. High scores im- 
ply no duplication or no private-sectoractivity. 

Methane 
Coaservatiun 

Factor Score Prqject Score 

RD&D more appropriate in private 
sector 
Purpose bettcr nchicvcd by means 0 tu .8 6 
other than RD&D 
Duplication within government 0 to 8 7 



Artificially low natural gas prices have inhibited the recovery of methane by private inter- 
ests. To overcome this obstacle and accelerate technological development of methane re- 
covery, the federal government has taken the initiative in supporting R&D. Without fed- 
eral support, it is debatable if methane recovery and utilization would be pursued; they 
would certainly not receive attention in the near future. The early demonstration of pro- 
totype recovery systems will resolve technical and economic uncertainties and promote 
earlier commercial use, and, again the project scored well for most factors. 

Resource Availability 

No project can be successfully concluded if it calls for the use of fuels or fabrication ma- 
terials that are unavailable or scarce. This criterion, which has a weighting of 12, evalu- 

. ates a project's reliance on scarce resources and penali~es '~rojects that are dependent on 
them. It consists of five factors: 

Methane 
Conservation 

Factor Score Project Score 

Use of oil and gas 
Use of inexhaustible domestic fuel 
supplies 
Use of economically recoverable 
domestic fuel supplies 
Use of foreign supplies of fuels 
Use of scarce materials 

The Methane Conservation Project uses no scarce materials, and, in fact, would provide a 
substitute for scarce natural gas. Consequently, the project received a very high score for 
this criterion. 

Environmental Impact 

The environmental acceptability of a project is important but, from a.technical view- 
point, is less crucial than the preceding criteria in establishing a project's feasibility: I t  is 
accordingly assigned a lower weighting of 8. 

Five environmental or safety factors are considered. Negative scores are assigned to proj- 
ects with adverse'effects, and zero scores to those with neghgible effects or no effect. 

Methane 
Conservation 

Factor Scorc Project Score 

Air pollutiion 
Water pollution 
Noise . 

Solid waste 
Radiation effects 



Adverse environmental effects of methane conservation are negligible, and the benefits 
would be notable; mine safety would be improved, while air pollution from the discharge 
of methane to the atmosphere would, be reduced. The scoring of the project reflects 
these considerations. 

Legal, Social, and Institutional Effects 

The legal, social, and institutional influences on a project, like environmental impact, are 
not critical factors in determining its technical feasibility. They should be 'considered, 
however, because they may present barriers to commerciahzation, and the criterion is as- 
signed the same weighting factor as the environmental criterion. 

The impact of a project on employment could be a social issue; changing consumption 
patterns, such as a switch to battery-powe~.cd autu~nobilcs, could affect lifeslyles a l~d  ill- 
stitutions. Obviously, this criterion is qualitative. 

Eight factors are considered: 

Methane 
Conservation 

Factor Score Project Score 

Decreased personal freedom -3.to 0 0 
Decreased personal mobility -3 to 0 0 
Decreased individual comfort -2 to 0 0 
Decreased standard of living -3 to 0 0 
Increased public antigovernment -1 t o 0  0 
sentiment 
Effect on industrial freedom -2  to +2 1 
Change in total employment -3 to +3 1 

Increased regulations and -2 to 0 0 
enforcement 

. .- 

lnfnrmatinn on the legal, sncial, and instit~~tinnal effects nf methane cnnsewatinn is 
mcagcr. Howcvcr, no additional govcrnmcnt rcgulation is forcsccn, and it can reasonably 
be assumed that the availability of an alternative fuel supply to natural gas consumers 
would be beneficial. 

CONRT Planning Process 

CONRTplans its activities in an annual cycle, which is illustrated for fiscal year (FY) 1978 
in Exhibit 3-3.* During FY 1978, CONRT will plan its R&D activities for FY 1979, and 
concurrently prepare its budget for FY 1980. This budget will be incorporated eventually 
into the national budget for FY 1980, submitted by the President to Congress. These 
parallel R&D planning and budgetary activities are the major components of the planning 
cycle. 

*Fiscal years run from '~c tober  1 to September 30; FY 1978 begins on October 1 ,  1977, and ends on 
September 30,1978. 



The planning of R&D activities for FY 1979 begins in the last 2 months of 1977, soon 
after the President submits his budget for FY 1979 to Congress for approval. CONRT 
uses this proposed budget as a basis for formulating its R&D plans, although the budget is 
tentative and may be amended by Congress. 

CONRT's first planning step is the preparation of the Program Strategy Document, the 
framework for selecting the technologies to  be researched and developed during FY 1979 
in pursuit of CONRT's objectives. The Program Strategy Document explains CONRT's 
purpose, defines the division's objectives, identifies the technology options that could 
achieve these objectives, and describes in some detail a strategy that the division should 
follow in FY 1979, and, in more tentative terms, for the following years. Its content 
amalgamates material from a variety of sources: the fmdings and.recommendations of 
CONRT's Improved Conversion Efficiency Workshops and of other technical conferences 
and workshops; CONRT's plans for the previous fiscal year; the ERDA plan; and reports 
of technology assessment studies performed for CONRT and for other divisions and 
agencies. 

The managers of CONRT's branches use the document, along with the results of technical 
studies, suggestions from industry, and the planning documents of other ERDA divisions 
and offices, in selecting projects they propose for funding in FY 1979. Each branch 
manager prepares a minimum budget, estimating the cost df continuing for a 
5-year period. and projecting costs for augmenting these projects or starting new projects 
should additional funds become available. These projects are evaluated by the division's 
review panel, using the project appraisal methodology described earlier. 

Exhibit 3-3 
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The ranking of the projects by the panel and the branch managers' budgets provide the 
basis for the next stage of the planning process, the Spring Planning Projections, which 
are the division's budget projections for FY 1980. The budget is reviewed within ERDA, 
and, when accepted, is incorporated into ERDA's budget, which is submitted to  the Of- 
fice of Management and Budget (OMB) and, eventually, incorporated into the national 
budget submitted to Congress. 

During the spring, the branch managers also begin to draft their branch plans. Each plan 
projects the branch's activities and budget for a 5-year period and proposes modifications 
of these activities to anticipate possible Congressional amendments to  CONRT's budget. 
The branch plans are. the lowest level of planning document in the division. They contain 
d e t d e d  information which is synthesized and amalgamated into all CONRT planning 
documents. 

When tile budget is luiaidly,  appiuvcd by Cui!gic~~ ( i i ~ i i d l ~  Li July Gi August), t l ~ c  
branch plan is finalized and constitutes an agreement between the division director and 
the branch manager for the work of the branch in FY 1979. Periodically throughout the 
year, the branch's progress toward the objectives defined in the branch plan is reviewed 
by a panel consisting of the division director, assistant director, planning analysts, and 
outside consultants. The panel also evaluates the branch rnanagar's adr~~irlistrative tech- 
niques for achieving the objectives. 

After the branch plans are drafted, they are synthesized and consolidated to become 
CONRT's Program Plan. The program Plan defines the goals, strategy, objectives, and 
content of the division's Improved Conversion Efficiency Subprogram. An important, in- , 

dependent component of the Program Plan is the Environmental Development Plan, 
which discusses the environmental issues raised by the division's activities. It describes 
CONRT's strategy for countering the adverse health and safety, socioeconomic, ecologi- 
cal, cultural, and aesthetic effects of its activities, and identifies environmental problems 
warranting research. When tkie budget is approved, the Program Plan becomes an agree- 
ment between the Assistant Administrator for Conservation arld [he divisiv~l di~,ector for 
CONRT's activities during FY 1979, 

The final stage of the annual planning cycle is the preparation and approval of the Pro- 
giam Approval Document PAD), which summarizes CONRT's objcctivcs, milcstoncs, nnd 
budget for FY 1979. It is the hghest level of planning document for the division and be- 
comes an agreement between the Administrator for ERDA and the Assistant Administra- 
tor for Conservation for CONRT's activities during FY 1979. 

The flndirlgs and recorr~~llerldalivrrs uT ~1 le '~ i~es la l l l  Wu~ksl~up w i l l  r;o~~tl.ibutt toward the 
development of CONRT's Program Strategy Document for FY 1979; to the refining of 
the project appraisal methodology and the appraisal of projects; arid to the improvement 
of CONRT's Improved Conversion Efficie.ncy Workshops as an element of the planning 
process. 



Appendix A: . Objectives of CONRT Projects 

Advanced Cogeneration To determine the market requirements for advanced cogeneration technology for 
Technology Project industrial and residential/commercial applications. 

To determine the market viability of the most appropriate technology applications. 

Advanced Heat-Transfer 
and Heat-Exchanger 

. Applications Project 

Altemative Fuels Project 

' Boilers and Furnaces Project 

Continuous-Combustion 
Engines Project 

. . " .  
Controls and Diagnostics Project 

External-Combustion 
Engines Project 

Fluid Mechanics Project 
.. . 

. . Fuel Cells-Applied 
Research Project 

Fuel cells-~irst- ene era ti on 
Technology Project 

To extend the upper-temperature limit on the capability of heat exchangers by de- 
veloping ceramic heat-pipe recuperators. 

To improve the of heat exchangers through more efficient heat-transfer 
techniques while lowering cost and reducing size. 

To improve the efficiency of heating systems by coupling heat pumps with 
fluidized-bed heat exchangers. 

To develop the technology for direct combustion of alternative fuels, such as syn- 
thetics derived from coal, municipal and industrial wastes, and wood residues. 

To develop, test, i d  verify new ways of designing and operating more efficient 
boilers and furnaces for all sectors capable of burning alternative fuels. 

To develop highly efficient, low-emission, multifuel combustors for use in advanced 
gas turbines, Stirling engines, and other continuous-combustion engines. 

To, develop control devices Such. as sensors, actuators, and computers for making 
design or operational changes in equipment or mode of operation. 

To develop reliable, inexpensive instruments and sensors for improving the effi- 
ciency of industrial pro'cesses. 

To identify new applications for,instruments to improve the energy efficiency of 
buildings and foundry operations. 

To develop industrial external-combustion en,gines (e.g., Brayton, Stirling) for sta- 
tionary power applications that will be competitive with conventional engines in 
these applications. 

To assess the technical feasibility of using advanced external-combustion cycles in 
cogeneration systems. 

To reduce automotive aerodynamic drag. 

To research the loss of heat from buildings produced by wind loads. 

To develop a cavitating hydrojet for descaling heat-exchanger tubes. 

To examine advanced fuel-cell systems for application after 1985. 

To support emerging systems with a sufficient technology base for continuing im- 
provements. 

. . 
To provide technology to  lower the cost and increase the reliabihty of first- 
generation fuel-cell systems. 



Fuel Cells-Fuel To broaden the spectrum of fuels acceptable for use in fuel cells to include No. 1-6 
Utilization Project fuel oils, coal,-and solid wastes. 

Fuel Cells-Second-Generation To develop coal-fueled, highly efficient, electric generating plants based on molten 
Technology Project carbonate fuel cells. 

Fuel Cells-Systems To  develop fuel-cell systems for specific applications, such as in total energy sys- 
Development Project tems for residential and commercial buildings, electric hybrid vehcles, industrial 

cogeneration, and integrated with urban and industrial waste-conversion systems. 

Fuel Cells-Utility ' To demonstrate the viability in electric utilities of fuel-cell systems which are near- 
Demonstrations Project ing readiness for commercialization. 

Fuel-Processing, Transport, and To develop improved technologies that will reduce the use of fuel and fuel losses in 
Storage Technology Project the processing, transporting, and storing of petroleum and natural gas. 

Heat-Exchanger, Environmental. To improve the performance, reliability, and lifetime of heat exchangers through 
and Materials'Technology Project more precise design criteria, greater efficiency, and advanced testing techniques. 

To extend the capability of heat exchangers to 'operate in high-temperature 
processes. 

To reduce the cost of heat exchangers. 

High-Grade Heat To determine the technological and economic feasibility of developing therrnionic 
Utilization Project devices for use as 't'opping-cycle systems for power plants and industrial processes. 

To develop and test a prototype thermionic topping-cycle system. 

High-Temperature To develop specification standards for ceramic materials. 
Project To develop nondestructive techniques for evaluating ceramic components. 

To fabricate and test ceramic materials for components of gas turbines operating 
at high tcmpcraturcs: 

Industrial-ProcessHeatersProject To develop moreefficient combustion and heat-transfer equipment for industrial 
processes capable of burning alternative fuels. 

Insulation Materials Project To improve insulation for cryogenic (extreme low temperature) processes. 

To improve low-temperature insulation for food processing and storage, building 
insillatinn, and l n w - t e m p e r a t ~ ~ r e  prnr.ess heat applicatinns 

To improve intermediate-temperature insulation for.steam-operated power gener- 
ating oquipment. 

Intermittent-Combustion To develop an intermittent-combustion engine technology that wdl an im- 
Engines Project provemefit in the efficiency of fuel use while meeting emissions standards even 

. . more stringent than those in force now. 

To develop engines capable of using low-Btu and synthetic fuels. 



Law-Grade Heat To determine the economic feasibility of recovering arid using waste heat from 
Utilization Project federally-owned heavy-water plants and gaseous diffusion process plants for enrich- 

ing uranium. 

To determine the economic and technical feasibility of developing innovative low-, 
grade heat recovery systems. 

Methane Conservation Project To develop the .technology for the recovery and use of methane from coal-beds and 
other sources. 

Middle-Grade Heat To develop competing Rankine bottoming-cycle systems for recovering waste heat 
Utilization Project from diesel and gas turbine engines used in transportation, industrial, and utility 

applications. 

To develop a binary Rankine-cycle' waste-heat recovery system for testing-in a 
diesel-fired municipal power plsnt. 

To develop and test a solid-waste gasification'system for use with a gas turbine. 

To develop the main components of bi-phase turbine bottoming systems for recov- 
ering waste heat from stationary diesels, gas turbines, and industrial processes. 

OpenCycle Brayton hoject  To develop more-efficient advanced Brayton cycles. 

To develop critical components for moreefficient, small, industrial gas turbines 
and large, heavy-fuel-tolerant gas turbines that can be modified in the field to burn 
coal and fuels derived from oil shale. 

To develop the Lysholm helical expander for use in automobiles, electric power 
generation, and topping cycles for central power plants. 

Polymers and Reinforced To develop lightweight polymer and composite materials for use in conventional 
Plastics Project and innovative automobiles. 

To develop polymers and low-cost composite materials for heat exchangers. 

To develop techniques for recycling scrap plastic materials. 

Scaling and Simulation Project To develop the engineering tools (mathematical modeling and laboratory experi- 
ments) needed to design and operate more-efficient unit processes, such as nitrate 
production, water purification, and frost prevention in orchards. 

Thermodynamics Project . To apply thermodynamic analysis to conversion devices and industrial processes 
now in use to identify R&D opportunities with high payoff. 

To develop moreefficient thermodynamic working 'fluids with less risk of adverse 
effects on the environment, health, and safety. 

To increase the efficiency of power generation and heating and cooling cycles. 

Tribology Project To reduce energy losses from. automotive engine friction through improved design 
of pictonc, ringb, and lubric3ntc. 

To reduce the rolling resistance of tires. 

To reduce fleetwide fuel consumption through wider application of low-viscosity. 
lubricants. 





Appendix B: 

Alternative fuel A fuel other than oil or natural gas that may replace these scarce fuels. Coal, syn- 
thetic fuels derived from coal, wood waste, combustible solid waste, and methane 
are all regarded as alternative fuels. 

Bottoming cycle Generally, a mechanical energy or electrical generating system that makes use of ex- 
hausted waste heat from an industrial or utility process. 

Brayton cycle A thermodynamic cycle in which a gas is compressed and heated by direct combus- 
tion or by a heat-transfer process. The heated gases are used to drive a turbine. 

Cogeneration The concurrent production of electricity or shaft horsepower and thermal energy 
by a single system. An industrial cogeneration system primarily produces hgh-  
temperature, high-pressure steam for process use while generating electricity. A 
utility system primarily produces electricity with steam as a,by-product for trans- 
mission and sale to an industry. Small cogeneration systems, installed in hospitals 
and similar complexes, produce electricity and thermal energy for space-heating and 
-cooling. 

Combined cycle An energy-conversion process combining topping and bottoming cycles; two 
thermal-to-electrical systems in series, e.g., a gas turbine (topping cycle) and a 
Rankine cycle (bottoming cycle). 

Efficiency The ratio of output to input. This ratio is always less than 1. Work efficiency is 
the ratio of work actually produced by a system to the work entering the system. 
The difference between the two constitutes waste heat. Efficiency may also be 
defined as the ratio of actual output to the theoretical maximum output. 

External~ombustion engine An engine in which heat is generated outside the engine cylinder and transferred to  
the cylinder to produce useful shaft work. 

Fluidized bed A fluidized bed results when a fluid, usually a gas; flows upward through a bed of 
suitably sized particles at a high enough velocity to overcome the influence of 
gravlty and buoy the particles.' A fluidized-bed combustor burns coal with a 
catalyst to reduce sulfur emissions. A fluidized-bed heat exchanger transfers heat 
through direct contact with the particles. 

Fuel cell A device that directly converts chemical energy into electrical energy by an electro- 
chemical reaction (usually hydrogen and oxygen producing water). A fuel cell can 
operate at high efficiencies and produces virtually ilo pollution. 

Heat Thermal energy. Heat is commonly produced byburning a fuel; it may also be pro- 
duced by compressing a substance or by friction. Heat produced in thermodynamic 
cycles is classified as high-grade (above 1 ,OOO"F), middle-grade (200°F- 1 ,OOO"F), 
and low-grade (below 200°F). 

Heat exchanger Any device that transfers heat from one fluid (liquid or gas) to another or to the 
environment. 
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Heat pipe An enclosed tube containing in one end a liquid that is vaporized by immersion in a 
heat source and condensed at the other end of the tube, transferrhg the heat to a 
colder fluid. 

Heat pump A device that transfers heat from a cooler region to a hotter region to  raise or main- 
tain its temperature (the reverse of a refrigeration process). 

Lysholm helical expander A device that produces work by, direct expansion of high-temperature combustion 
gases that turn helical 'screws or rotors. It differs from a conventional turbine in 
that there are no thin vanes susceptible to  damage by contaminants in the combus- 
tion gas. 

Methane A gas produced by the decomposition 'of' organic substances. Methane is found 
llalulally as IileJallp ili cud' iiiii~cs. It may be extracted from natural gao, whioh io 
a mixture of methane and smaller amounts of other gases. 

Methanol A light, liquid alcohol produced by the destructive distillation of wood or by syn- 
thetic processes. 

Rankine cycle A thermodynamic cycle in which a working fluid, such as water, is vaporized in a 
boiler and used to turn the shaft of an engine or turbine. The vapor is then con- 
densed and returned to the boiler. 

Recuperator, regenerator A type of heat exchanger that recovers heat at the end of a process and returns it to 
the beginning of the process, thereby reducing the amount of fuel required to heat 
the working fluids. 

Stirling cycle A thermodynamic cycle in which a confined gas-usually helium or hydrogen-is 
alternately heated by external burner and cooled at a rapid rate; the heated gas 
expands to drive a piston, is cooled, and then reheated. 

Synthetic fuel A fuel that does not occur nat~lrally, but is manufactured by a process of chemical 
synthesis. Liquefied and gasified coal are two synthetic fuels under development. 

Thermionic device A device, generally used as a topping cycle, that converts high-grade heat directly to 
electrical energy by heating a metal surface which gives off electrons that are col- 
lected on a cooler surface. 

Thermodynamic Having to do with the conversion' of heat to other forms of energy and the proper- 
ties of matter related to the conversion processes. Thepodynarnics is the study of 
thc tran3formation of heat into other forms 6f enermr and of their prar.tir.aI applica- 
tion The three laws nf thermodynamics are: (1) energy can be transformed in an 
isolated system but its total is constant-it can be neither created 'nor destroyed; 
(2) heat catulot be changed, directly into work at a,constnnt temperature by-any 
cyclic process; and (3) heat capacity i d  entropy of every crystalline solid become 
zero at absolute zero (on K). 



Thermodynamic cycle A sequence of changes in the properties of a fluid caused by a device such as an 
engine. In a closed cycle, the fluid undergoing thermodynaniic change returns to its 
original state. A residential steam-heating system can be thought of as a closed 
cycle;. the water is vaporized (as steam), cycled through the pipes and radiators, 
condensed, and returned to the boiler for reheating and recycling. In an open 
cycle, some of the fluid is consumed and must be replenished. In an intemal- 
combustion engine, which is an open-cycle system, gasoline fuel is continuously 
mixed with air and burned to convert its chemical energy to mechanical energy; the 
resulting waste gases are vented through the exhaust system. 

Topping cycle Primarily, an electrical generating system that operates on high-grade heat extracted 
from a thermodynamic cycle prior to its intended use, e.g., in an industrial process. 

Tribology The study of lubrication and wear of interacting mechanical surfaces, such as the 
surfaces of gears i d  bearings. 

Turbine A device that produces work by rotation of a shaft turned by the pressure of a 
heated fluid (e.g., exhaust gases, steam) passing over vanes or blades attached to  the 
shaft. 




