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Mr. Chairman and Members of the Subcommittee:

I appreclate this opportunity to appear before you today to
discuss the Department of Energy's revised FY 1982 budget request
for Solar Energy, Alcohol -Fuels, Geothermal,‘ﬁydropower, Electric
Energy Systems and Energy Storage programs under the jurisdiction
of this Subcommittee. As you may already know, all of these
major renewable energy programs now report to the Assistant
Secretary for Conservation and Renewable Energy for programmatic
direction.

- By way of overview, the revised FY 1982 budget for solar and
other renewables in the Energy Technology Appropriations account
totals $290.5 million. This amounts to an overall reduction of
$478.5 million from the levels reflected in the January 15 budget
submittal. In addition, the Administration {s proposing rescis-
sions to existing FY 1981 appropriations totalling $158.0 million
for these same program areas. Total Federal support for renewable
energy, however will remain extremely high, due to continuation of
tax credits for renewable technologies. For example tax credits
for solar, alcohol fuels, and hydropower are expected to toéal
nearly $0.7 billion in FY 1982 alone and grow rapidly in future
years. More detailed budgetary comparisons between the January
15 and revised budgets are summarized by specific technology in

the accompanying table.
THE FRAMEWORK FOR THE BUDGET

Before I describe the technology highlights of the Depart-
ment's FY 1982 revised budget for solar and other renewable
energy programs, I would like to comment briefly on both the
underlying assumptions that have been factored into the overall
formulation of the Reagan energy budget and a very different
philogophy regarding Federal involvement in solar and other

renewable energy technology development,
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Department of Energy
Energy Supply Research and Development
Renewable Energy Revised Budget
(BA in Millions)

Jan. 15 Sutmission Revxsed Budget Changes
FY 1981l/ Fy 1982 Fy 198ll/FY 1982 FY 1981 FY 1982

Solar Energy

Active Solar Htg. & Cooling 40.7 32.5 38.4 11.5 - 2.3 =-2.0
Passive Solar Htg., & Cooling 31.7 31.9 30.2 10.3 - 1.5 =21.6
Photovoltaics 154.2 161.5 133.2 62.9 - 21.0 =~ 98,6
Solar Thermal Energy 133.82/ 85.3 115.72/ 44.0 -18.1 - 41.3
Biamass Energy Systems 42.5 55.9 27.2 20.5 -15.3 =354
Wind Energy Systems 80.3 73.6  54.2 19.4 =26.1 = 54.2
Ocean Energy Systems 39.0 36.8 34.6 o - 4,4 -136.8
International Solar Program 12,0 13.0 10.8 4.0 - 1.2 = 9.0
Solar Information 1.4 12.6 1.4 6.7 0 - 5.9
Solar Energy Research Institute 5.0 23.8 5.0 0 0 =-23.8
M-X/RES 0 9.5 0 0 0 ~ 9.5
Program Direction 7,23/ 6.9 6.8 4.0 4 - 2.9
SUBTOTAL 547.7 843.4 3a57.5 83.3 - 90.3 =360,
Alcchol Fuels 20.94%/ 32.6 18.0 10.0 = 2.9 =-22.6
TOTAL SOLAR PROGRAM $68.6 576.0 375.5 93.3 - 93, -382.
Ene Storaqce

Electrochemical 38.5 31.3 27.3 26.2 -11.2 =~ 5.1
Physical and Chemical 32.3 27.2 23.6 12.3 - 8.7 = 14.9
Program Direction 1,13/ 1.0 1.0 S5 -~ .1 = 0.5
TOTAL 71.9 9.5 51.9 33.0 - 20.0 -~ 20.5
Geothermal

Hydrothermal 67.9 35.0 58.6 6.0 3.3 -~ 29.0
Geopressured Resources 3s5.8 26.4 33.9 20.3 - 1.9 -« 6.1
Geothermal Technology Dev. 49.9 28.1 47.6 20.4 - 2,3 -~ 7.
Program Direction 2.4 2.0 2.4 1.6 0 - .4
TOTAL 156.0 91.5 142.5 48.3 - 13.5 = 43.2
Geothermal Resource

Develcoment Fund

Reserve Fund 42.08/ 4.3 20.0 0 =220 - 4.3
Loan Evaluation 1.1 1.1 1.0 o} - 1 - 1.0
Program Direction .2 .2 .2 .2 Q 0
TOTAL 43.3 9.6 2.2 .2 - 22.1 -~ 5.3
ngooower

1 Scale Hydro Power Dev. 11.0 2.7 6.4 0 - 4.6 - 2.7

Feasibility Studies Loan Prog. 10.0 0 -9.9 0 -19.9 0
Program Direction .8 .5 .8 0 - 0 - .5
TOTAL 21.8 3.2 =-2.7 3] - 24.5 - 3.2
Electric Energy Systems

Power Delivery 20.0 19.0 17.7 4.9 - 2.3 - 14.1
System Architecture & Integra. 19.0 12.9 16.7 4,1 - 2.3 - 8.8
Generation & Storage Applica. Q 6.3 Q Q g - 6.3
Program Direction .9 .8 .6 .9 - .3 = L1
TOTAL 9.9 39.0 35.0 9.9 - 4.9 - 29.1
GRAND TUTAL RENEWABLES 901.5 774.6 723.4 290.7 -178.1 -433.8

1. Differences between FY 1981 Conference allowance mark for individual Solar Technolo-
gies is due to the allocation of the FY 1981 $20.2 million reduction.

2. Does not include the FY 1980 S8.0 million deferral for Barstow.

3. Includes $0.4 million for a pay ccst supplemental.

4. Total is reduced by proposed rescigsion of $2.5 million for construction of an ethan-
ol-frambiamass facility and includes proposed supplemental of $52,000 for pay costs,

S. Includes a preposed supplemental of $67,000 for pay costs.

6. Includes $41,982 million teappropriation of unobligated reserve funds.




Underlying Assumptions

Essentially, the Administration's energy policy and ‘revised
budget request are baised upon the following underlying assumptions:

o A realistic energy pgicing policy which decontrnls oil

ﬁfices. and al@ous tﬁém to rise to world market levels.
o Elimination of.exCensive on~budget subsidies for energy pro-
* duction, but revention of gsubstantial energy tax ctebits.
© Reformed regulatory policies, especially for cocal combustion.
o Prompt resolutiun of the regulatory and institutional pro-

blems inhibiting the use of nuclear power.

Philosophy for Federal Energy Involvement

In addition to thes: general underlying assumptions, the
budget revisions for FY 1981 and FY 1982 embody a new philosophy
regarding the proper role of the Federal government in developing
domestic energy supplies and their attendant technologies. This
is especially true for solar and other renewable energy development.

Briefly stated, this philosophy allows the Federal government
to focus its support on longer-term, high-risk research and develop-
ment which private industry cannot reasonably be expected to under-
take. Accordingly, industry will be expgcteé to support demonstra-
tion of promising neacr-term technolegies and to be responsible for
waeir ultimate market or commercial deployment. Thus, it will

‘he free marketplace-and not government--which will be expected
«o supply the considerable capital investments required to support
N, commercial i{ntroduction of new and alternative energy technolo-
gies into the economy. It is the Administration's firm conviction
tha the marketplace can achieve this introduction more effic.ently
and 2ffectively than government, especially if energy prices are
4%.iF- ) to reflect their true replacement costs.

Finally, stimulated gy Federal solar tax credits, the Admini-~
stration notes that the mark2t for solar energy products in
parricular is expanding rapi. ly. Deregulation of oil in accordance
it the President's policy ¢nd increasing natural gas prices,

perwitted under the Natural Ges Policy Act of 1978, will remove



the subsiéies for competing oil and gas regources that have
prevented solar and other renewables from achieving their true
potential, As a consequence, the President believes it is now
possible to shift the focus of the Department's solar and renewable
activities away from costly near-term development, demonstration
and commercialization efforts and into longer-range research and
development projects that are too risky for private firms to
undertake, Therefore, the Department will continue direct Federal
support for solar and other renewable programs focused on advanced
tesea;ch concepts and exploratory development, but assumes that
the private sector will be regponsible for developing marketable
systems once technical feasibility has been established, Such
concepts and philosophies have been incorporated into the FY 1981
and FY 1982 revised budgets before you today.

1 would now like to turn to technology highlights for each
solar and other renewable technology programs in our FY 1982
revised budget request, and share with you specific goals and
objectives, program benefits, recent accomplishments, proposed
programs with special emphasis on changes in direction, and

responses to previous Congressional concerns where applicable.



ACTIVE SdLAR HEATING AND COOLING

Goals and Objectives

The overall goal of the active solar program is to accelerate
the use of active solar systems for residential and commercial
buildings. Specific program objectives are to work with industry
in the development of longer term active solar technologies (e:g.,
cost effective and reliable active solar cooling systems; solar

assisted heat pumps, and solar ponds).

Benefits

With over 300,000 active gsolar water and space heating systems
. in place saving over 1l million barrels of oil equivalent per year,
active solar is supplying the largest amount of renewable energy by
any insolation-based solar technology.

When the Active Solar Program began in 1974, the solar industry
was in an early stage of development. Less than 20,000 systems had
been installed and less than 50 manufacturers were in business,
employing about 1,000 persons. Annual savings w;te 10,000 barrels
of oil equivalent valued at $0.25 million,

Today, due in part to the strong catalytic effect of the Federal
Solar program (including tax credits and rising energy prices) there
are over 300,000 active systems annually producing energy equivalent
to 1 million barrels of oil worth $35 million. 1Initial estimates
for 1980 indicate that as many as 3,500 manufacturers and installers
are now in business. Many of these businesses got their start as a
result of the National Solar Heating and Cooling Demonstration Program,
In add{tion, many of these businesses are now participants in the
$50 million Solar in Pederal Buildings Program. The industry currenzly
has an annual sales volume of $750 million and employs a work force

of 15,000 solar professionals.
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Pederal efforts significantly reduced the risks associated with

development of new technologlies and introduction of new products to

a very competitive market. Also, the information dissemination

program has lead to positive consumer attitudes towards the use of

solar,

Over 17,000 jobs were created during this period and industry

revenues increased 100-fold.

Recent Accomplishments

Specific accomplishments include:

=]

Developed and tested prototype absorption cooling machines
varying in size from 2 ton to 200 ton capacity.

Developed and installed prototype rankine cooling machines
in 3 to 50 ton size range.

Completed prototype design and testing of six high tempera-
ture/high performance collectors. Component development
included improved glass selective coatings, extended life
polycarbonate glazing and better sealants.

Analyzed desiccant materials to determine those best suited
for solar cooling machines.

Developed an integrated gas/solar hot water system.

Selected 840 projects for $38 million in awards for the Sclar
in Pederal Buildings Program. Projects from 16 Federal
agencies in all 50 states will be constructed with these
awards.

Constructed and monitored 288 demonstration projects in the
commercial sector. All construction should be completed by
the end of calendar year 1981.

Obtained data from 172 operational sites to provide accurate
performance and evaluation information to the industry.
Investigated reliability and maintainability problems asso-
ciated with the design and installation of solar heating and
cooling systems and published guidelines for proper system
design. .

Improved storage systems through projects in baffle design,
membrane linears, phase change packaging and modular

filber glass tanks.



o Provided information specifically regquested on solar and the
solar industry to over 1,000,000 persons, comprising a mix
of residential building owners, purchasers of solar gystems,
remodellers, building developers, architects and other
audiences including utilities, financial institutions and
state and local governments.

o Succeeded in getting the overwhelming majority of organi-
zations normally associated with development and implemen-
tation of codes to achieve concensus which is embodied in
the model solar document for state and local code officials.

0 Made significant progress towards establishing a standards
base which furthers the realization of quality assurance
gystems. To date, approximately 70 of the more than 500
standards eventually required for solar energy products have
been developed through the congensus progess és supported

by DOE.

Proposed Program

With a vibrant and growing industry now in place, and the
significant accomplishments already achieved by the program it is
proper to phase down DOE intervention into the solar marketplace.
0il price decontrol, tax relief and easing of regulatory burdens
coupled with continued Federal tax credits for solar will provide
the necessary incentives to producers and consumers to continue
healthy growth in active solar usage. Therefore the FY 1982
program will focus on longer term R&D that the private sector is
unwilling to undertake on its own.

By focusing efforts on longer-term research for emerging tech-
nologies, the program is able to provide research advances beneficial
to all active solar systems. Ma&or program emphasis will be on solar
cooling technologies with less emphasis on solar-assisted heat pump
and solar pond technologies.

The development of active solar cooling technology is an integral
of the long-term strategy to maximize energy contributions from active
golar heating aystems. Three alternative system types have been

identified as holding significant promise. These are absorption,



Rankine and desiccant cooling systems. Program activities will
continue the partnership with private industry by undertakipg high-
risk research activities in solar cooling. Proposed efforts include:

o Establishing the optimum solid desiccant for first generation
systems, studying alternative liquid desiccant concepts and
completing controls studies for desiccant systems.

O Computer modelling of the double effect absorption machine
performance for system analyses will be developed. Cooling
systems analyses will be conducted to determine optimal system
configurations, control gtrategies and evaluate cost perfor-
mance benefits of proposed system modifications.

0 Efforts to improve collectors, storage, and controls optimized
for selected cooling systems will continue.

0 Technology development activities will lead to completion

R of tests for a 25 ton, water cooled, electtic‘auxilia:y

cooling unit for a light commercial building and application.

Program efforts in the solar space-heating and-cooling applica-
tions area will focus on solar~assigsted heat pumps and solar ponds.
The overriding problem facing solar-agsisted heat pumps is the lack
of developed hardware for this application since attempts to use
conventional heat pump hardware in solar-assisted applications have
failed. Understanding and controlling the behavior of thermal gnd
salinity gradients in solgr ponds is a primary factor limiting their
commercial application. The development of techniques and hardware
for extracting heat from the pond is also required before soclar ponds
can be considered viable. Proposed efforts include:

o Basic and applied research activities to investigate the
behavior and performance of solar ponds to understand the
mechanisms that cause movement of the pond layers and how to
control this movement to maximize collection and storage
efficlency. Additional research will include an investigation
into the effects of heat extraction on the thermal gtability
of the pond, maintenance of clarity of the pond, metéods of
surface wave suppression, and identification of alternative

galts to sodium chloride.
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Te;hnology development activities for solar-assisted heat
pumps will be focused on the development: and evaluation of
a prototype system, SOIQr‘gqnd development activities will
address hardware issues such as identification of heat

remeval technigueS’qf low=-cost materials for pond liners.
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PRSSIVE & HYBRID SOLAR

Goals and Objectives

The passive and hybrid solar energy program has as‘rts goal the
accelérated development of new systems; designs and technology that
can meet the energy needs of buildings. To achleve this, DOE rélie;
on a partnership with industry to conduct the necessary researéh and
dévelopment to bring passive and,h?bria technologies into common use.

The programs® objectives are to:

o Gonduct research and development of cooling systems and

designs for residential and commercial buildings,

o Assist lndustry to develop new materials and refine tradi-

tional buiiding materials for use in passive dystems,

Benefits

Passive and hybrid technologies have the potential of providing
significant enefgy annually; and of stimulating small business growth
and -employment. opportunities in virtually every part of the nation.
The development of passive and hybrid solar technologies will mean
more €fficient materials, lower cost installed systems and energy
conscious construction. The availability of the technology will add
sales and generate new business especially in the glass, masonry, and
insulation industries. Also, export markets for both hardware and
software will become available, Passive solar technologles can be
agplied’tu both new and existing residential and commercial building
epplications throughout the U.S5,

‘Qver the past three yeara the program has provided industry with
a technical base of information, new high performance materials and
camponents, design and analysisg teals ﬁcr architects, enginéers and
builders, new construction methéds and facilitated industry coopera-
tion through formation of a passive solar industries council which
invelves 26 construction trade professional associations and labor
-anions. DOE's program is critical. to this new ‘technology since the
building industry has limited capability té undertake research and
develdpment by its very fragmented and diverse mature. Over 40 per-

cent of the passive PY 81 budget directly supports small business.
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To dite the 50,000 passive gsolar vesidences that exist can be
traced in many ways to the federal passive and hybrid program.

Funds expénded on these projects exemplify the use of the
fewest federal dollars possible to gain maximum benefit, For
example, a project to develop a new type of insulating f£ilm for
windows bagan with a $500,000 investment of federal dollars for
baslic. research. This, in turn, spurred private industry to contliaue
the research, develop prototypes, raise capital for miarket reseach
and product refinement, and begin product manufacture and marketing.
Statistical analyseé indicate that 600,000 barrels of oil were saved
as the result of the product'’s first year of use, and that over a
period of 20 years, approximately $21 million would be saved by
consumers because of the reduction in fossil fuel usage. While the
the long~term gavings of §21 million for a §500,000 federal invest-
mént is an exceptionally high return for a Fedeval investment; the
majority of activities in the Passive and Hybrid Program are
anticipated to yleld at least a 40-to~1 and as high as 125-to-1

return for each Federal dollar spent,

Recent Accomplishments

Pagsive heating for residential use is the most advanced of all
pasaive technologies., In FY L981 the residential program accelerated
activities aimed at providing ‘architects, engineers, bullding owners
and consumers with technical, design and economic information on the
applications and benefits of passive heating. In addition, emphasia
was placed of the development of prototype passive designs Eor
manufactured and conqentionally constructed buildings including
design and construction of 350 demonstration projects, lnstrumentation
and mopitoring advances, field testing of heating and cooling system
deéigns, and cost-shacred development of prototype designs for 25
‘manufactured buildings.

Because of the saphistication reguired of passive systems for
commercial buildings, this particular program area is oriented toward
research and development of solutlions to systems engineeringiproblems.

Passive heating systems for commercial buildings are in the prototy»e
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system development stage, and ceoling will require further basic
research.

In FY 1981, exceptional progress was made in aevelopiné and
compiling analytical and performance data on passive systems for
commercial buildings,

Other major accomplishments included experimental~test5‘fqr
*warm and humid® eclimates, engineering field tésts for system

prototypes, and development of sophisticated computer energy
analysis toois, ,

Advances being made in the development of new solar materials
and components correlate directly to the development and market-
ability of passive systems and applicatians.

Specific accomplishments in residential heating included research,
development and field testing of transparent insulation, waterwalls,
:eflecéive-insulating blinds and collector surface materials. The
Solar Clities and Towns.?rogram‘established in 1980 address block-scale

solar designs.

Fropesed Program

Riging energy prices, accelerated by decontrol of oil, have
legsened the need for continued Federal involvement in near-term
technology deveiopment and commercialization activities for paséive
and hybrid gsolar. Responding to market forces, consumers will demand
and builders will pro#ide pasgive and hybrid solar bulldings when it
1is economically sound to do so, making much of the previcus passive
golar program no longer necessary. Therefore, the BY 1982 request
for the Passive and Hybrid Solar Energy Program emphasizes cooling
technologies. This is consistent with the Department's emphasis dn
longer term high, risk[high payoff rasearch and develcpgent that the
privﬁte*secto: iz ‘'unwilling to undertake on its own. .Planned activi-
ties in FY 82 include:

o Residential Building Cooling ~ basic research, testing and

development of analysis tools for evaporative, ventilative,

and ground=coupled syatems.
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Commercial Building Cooling ~ basic research and experimefical
testing of ‘solar driven ventilation, passive lighting and
radiative cooling systems will be conducted.

Research and development on advanced materials- such as' selec-
tive suvfaces, glazing fllms and control devices, and the

development of test procedures for these,
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PHOTOVOLTAIC. ENERGY SYSTEMS

Goals and Obtectives

The goal of the PV Energy Systems Program is to work with
industry and universitieS'in»thé’:esearch and development of
low-cost, high risk, high payoff photovoltaic systems that are
capable of providing cost effective energy to residential and
central station aystems within the United States,

The approach of the program is to wark with industzy in the
development of the high-risk, low-cost te:hnoiogies. The activities
gupported range from new silicon polycrystalline sheet and vibbon
approaches that show good promise to the langer ¥ange thin-film
activities in amorphous silicon, cadmium sulphide’ compounds,
gallium avsenide compounds and other materials that are likely
to emerge as longer range technology feasibility is established,
Ssimilacly, concentrating callectors are bging developed by pursuing
bpth‘higher afficiency photoveltaic materials and.lower cost cptical.
concentrator elements. The components of the system other than the
module and system copncepts and des{gns are being develecped with

industry.

Benefits
The most important benefit has been the actual and planned
inveatment of almost $300 million of private funding in the photovoltaic
indugetry. 1In addition contractors in the program have been willing
to cost-share some Oof the critical development efforts and many of
the applications experiments, thereby allowing the program to spread
Its coverage to more activities than would be possible without the
cost-gharing.
In addition to the abgve leveraging, other benefits to the
country include:
o Rapid expansion of the photovoltaic: industry which is opening
up many new jobs,
© Rapid dgrowth in the shipment of photovoltaic systems, manu-
factured in the U.S., to other countries, with the positive

impact ‘'on our balance of-trade s{tuaticrn,
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De&elopment of higher quality components that are leading to
gystems with a longer life and resultant lower energy costs,
Development of new materials, components, and system; that

will result in more reliable, low cost photovoltaic applica-

tions.

Recent Accomplishments

A number of new materials have reached the applied research stage.

All of these show capability of being developed for manufacture at

40¢ per peak watt or less. They are listed as follows with the latest

conversion efficiencies compared with values seen a year ago.

o

Amorphous silicon solar cells of approximately 1 cm?2 have
shown over six percent conversion efficiency (4-5% a year
ago) at RCA & ECD (private funding); other competing low cost
methods have shown four percent efficiency (1-2%). Further-
more, RCA has reduced the time and cost to deposit the solar-
cell on to the support gtructure.

The conversion efficiency of the copper sulphide/cadmium
sulphide class of cells has increased from 8.2% to over

10%. The newer, more stable, copper indium selenide/cadmium
zinc sulphide cells have measﬁred efficiencies of 8.7%

which is equivalent to 9.7% with an antireflection coating,
This is up from 6% a year ago.

Cadmium Telluride solar cells, prepared by a variety of

.low cost techniques now show efficiencies in the 4% range.

Cells produced by these methods were 1-3% efficient a year
ago.

Phqtovoltéic electrochemical cells with over 6% efficlency
have been develoéed.

The efficiency of cells based on zinc phosphide in association
with a magnesium Schottky barrier or with zinc oxide hetero

junctions has increased from 1.2% to 13.5%,
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Polycrystalline silicon cells based on several different
production technigues have now exceeded 10% efficiencies.
Three exploratory develcpment programs directed at technolo-
gies capable of meeting costs of less than 50¢/Wp have been
started.

Thin film single crystal gallium arsenide cells have shown
efficiencies to 178, A potential efficiency of 22% (compared
to 18% for silicon) {s estimated.

Multiband-gap advanced concentrator cells have shown 16%
efficiency relative to a potential of 35%. The materials
problems of fabricating and interfacing these multilayered
structures of di{ifferent compositions is being systematically

attacked with several promising approaches.

In the Technology Development area industry has achieved $2.80

per peak watt technology readiness for flat-plate modules and concen-

trator collectors. The program is moving rapidly toward further

cost reductions by stimulating geveral industrial firms to build

silicon material plants with low cost processes and using their own

funds.

It is supporting several promising technologies for the

production of sheet silicon that are now nearly reaching the stage

necessary to achieve $.,70/peak watt.

Other recént accomplishments include:

[+}

(=]

Initiated the operation of two Residential Experiment Stations.
Developed 13 residential prototype systems which are in the
process of initial performance testing.

Several companies have invested their own funds to develop
power conditioning equipment in response to DOE's earlier
program activities that have developed several more poten-
tially low cost power conditioners.

A novel flywheel system for storing and processing PV power
hag been developed and tested at 1/10 scale.

Low cost array structures for arrays of solar cell modules
have been designed, developed and tested.

The first Performance Criteria and Standards report has been
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prepared.
© Sixteen intermediate load experiments have been designed

and are constructed or are being constructed.

Proposed Program

The FY 1982 request for Photovoltaics Energy Systems is $62.9
million. This level of funding reflects the philosophy that the
program should focus on longer-term, high risk research which {ndustry
cannot justify undertaking because the benefits are so far in the
future and so uncertain. There is now a growing photovoltaics indus-
try, backed by investments from large corporations and spurred on by
rising prices for oil and gas, th&t will be expected to undertake the
demongtration and commercial marketing of photovoltaics on its own.

The request for the Advanced R&D activity is $44 million.
Funding for this element ig being held level after two years of rapid
growth. It will be used for work on advanced concepts such as
film polycrystalline silicon devices, amorphous silicon materials and
other technologies and material needed to meet the technical feasi-
bility goals of the program.

Our request of $11.9 million for the Technology Development
activity will support a basic low-cost gsolar array program for silicon
materials develocpment, The aim is to achieve technology readiness
for low cost silicon technologies so that they may be transferred
to the private sector.

The remaining $7 million will be used for capital equipment to
provide necessary instrumentation and associated test equipment
required for laboratory testing of photovoltaics materials and equip-

ment.
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BIOMASS ENERGY SYSTEMS

Goals and Objectives

The broad goal of the Biomass Energy Systems Program i{s to reduce
U.S, dependence on oil and natural gas by developing biomass produc-
tion and conversion systems that exploit renewable regional resources.

In FY i982, emphasis will be on a broad based, long-:ange.re-
search program that supports development of advanced technologies
to produce alternative fuels and petrochemical gubstitutes. The
program will include activities related to biomass feedgtock
production and harvesting, its conversion to fuels and chemicals,
and the development of high risk innovative biomass energy concepts
that have potentially high payoffs.

The specific objectives of the production research activities
in FY 1982 are to reduce production costs and to develop high
yielding biomass energy crops. These activities include continuation
of wood species gselection and stand establighment, and species selec-
tion and production systems development for arid and wet lands. As
improved energy crops are developed and yields per acre increase,
more biomass may be used for energy without disrupting traditional
foregt and agricultural markets.

The specific objectives of the biomass conversion technology
research and development planned for FY 1982 are to complete tests
of selected gasification process development units, develop new ther-
mochemical gasification and liquefaction concepts, and new biochemical
conversion concepts.

Research and exploratory development of innovative biomass energy
technologies is also an important part of our FY 1982 program. The
specific objectives are to develop micro- and marco-algae cultivation
systems, biochemical hydrogen production systems, and the technology
for anaerobic digestion of crop residues. Activities in this area
also provide the underlying exploratory research for totally new bio-

mass energy concepts.
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In terms of enerqgy produced, biomass has the greatest potential
near-term "payoff® of pll the solar technologies. Some studies have
shown that under certéin conditions, biomass can produce as much as
5-17 quads of energy per year by the year 2000, given current trends
in demand and energy economics.

Wood from forest land represents the greatest potential séurce
of biomass energy. The U.S. Forest Service estimates that at least
550 million tons of wood is potentially available annually for use
as energy feedstocks or for the production of petrochemical gubsti-
tutes. This is the gross equivalent of 9.3 guads of energy.

The dirgct combustion of wood already provides 2 percent of our
national energy consumption, or 1.5 quads. Technology currently
exists for producing two to three times this amount without adverse
effects on the environment or the forest products industry. This
would be approximately one half of the estimated available supply.

Significant biomass resources potential also exists in the form
of agricultural crop residues and specially cultivated terrestrial

and aquatic plants.

Recent Accomplishments

Both the Federal Government and private industry have provided
support for the development and commercialization of biomass energy
technologies during the past few years. The most notable area of
progress has been the increased use of wood by the industrial and
residential sectors of the economy. This growth has been stimulated
by site~specific wood supply lnformation that we have provided to
the public.

Most of the wood energy currently used in the industrial sector
is consumed by the forest products industry. This industry burns
mill residues to generate process heat, steam and electricity and
is currently 50% energy self-sufficient., We have recently demon-
strated that in many other industries the use of wood with either
new or retrofited boilers is cost-effective and that boiler;
retrofitted to use wood have demonstrated payback periods of less

than three years. Both direct combustion and low Btu gasification
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of wéod have been shown to be commercially competitive with oil.
and natural gaa. As a résult, the use of wood s spreading to
the food processing and textile {ndustries. '

The use of wood energy has also expanded in the residential
sector. Annual sales of woed stoves have increased from 160,000
stoves .in ‘1972 to over 1,000,000 today: DOE in cooperation-with
private ilndustry has characterized emissions factors for residential
wood burning stoves, These charactevizations provide assistance to
industry in the development of safe and environmentally acceptable
wood burning stoves.

We have encouraged the use of biomass energy in the agricul-
tural sector. Our efforts to increase this sector's energy
gelf-sufficiency are designed to exploit bicmass resources that
-are readily available and, in many casés, are presently wasted,

By using locally collected, low=cost biomags resources as energy,
the agricultural sector ¢an have agsured supplies of low-gost
energy. This will redude the impact of rising fuel costs on the
price of food, and will enable this sec¢tor to continue to produce
for both domestic consumption and export if oll supplies are
interrupted.}

One example of biomass energy techrniology progreéss for the agri-
citltural sector is the cost-shared construction and operation of
a large=gcale anaerobic digester at a cattle feedlot in Bartaw;
‘Florida. The digester is designed to use the manure.from 10,000
beef cattle aAd has been in operation since the spring of 197%.
‘The Bartow project has demonstrated the feasgibility of producing
methane gas %o generate electricity. The electricity is used in
an adjoininq meat packing plant with the excess being fed into
the local utility qrid.

We have.cnmgleted an assessment chal indicates the technical
feagibility of producing and processing diesel fuel substitures
from oil seed crops. Use of these diesel fuel substitutes by the
agricultural community would, of course, reduce the impact of oil
supply distuptions on the availability and cost of agricultural

products.
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Bioma;s‘gnergy conversion technologies have kept pace with the
progress achieved in expanding available biomass Eeedstcckst Initial
proof-of-condept tests of sélected technologles for the gasification
and liquefaction of wood have beeén completed at the process develop-
ment unit stage: However; additional research and development is
required for low and medium Bti wood gasificatien and wood liquefac-
tion technologies, -

Longer=term technoiqgtes are also peing developed, For example,
we have completed a prototype freshwater microalgal production
facility. This facility will provide information on the bicchemical
mechanisms controlling hydrocarbon production by these aguaric plants.
This and similar research is essential for the development of a number
of promising longer-range biomass technologies.

-

Propoged Program

In FY 1982, we are planning to direct our efforts toward a broad-
based, longer-range research and development program emphasizing
highe;-risk technologies that have high potential payoffs. With oil
price decontrol, tax relief, easing of regulatory barriers, and solar

— - —

tax credits, we can rely on free market forces to. stimulate private

sector interest in develeoping the technology and marketing needed to
cﬁmmercialize near~term wood and near-term agricultural biomass
enerqgy systems aimed at indreasing the agricultural sector's energy
self-suﬁffciency. Therefore, our previous activities in near-term
technology development and commercializaticn are no longer necessary.
We are,reguesting $20.5 million for the Biomass Program in FY
19a2. He_pian to allocate $8.8 million for Production and Conversion
Systems Development, $11.2 million for- Research and Exploratory Devel-

cpment, and $0.5 million for Capiral Equipmeént.

Cf thée $8.8 million requested for Production and anveésion
Systems Development in FY 1982, $4,0 million will be vsed for
research in biomass resource production. The major obiectives
are to increase the vields of biomass from forest stands through
improved silvicultural technigues, and ro use marginal lands for

the production of herbaceous erops that traditionally have not
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been cultiéa;ed.

The screening of tree species and the development of cultural
practices for high yfelding silvicultural farms will continue at 50
-selected sites. These are located in New England, the Southeast,

‘the Lake States, the Pacific Northwest and the Southwest, These fleld
experiments include. evaluations of various regeneration, stand esta-
‘blighment and management techniques. Productivity rates of 12-30 ary
tons per hectare have been demonstrated at these locations. 1In
.addition, £irat generation genetic selection has shown a 25 to 90
percent production improvement for many species. I

Efforts will continue to identify herbacecus species that will
provide sustzined high yields, to define optimum cultivation practides
for promising species, and to develop production systems suitable
for marginal and arid lands in ordef to reduce competition for the
use of prime agricupltural land.

The remaining $4.8 million requested for Production and Conver-
gion Systems will be used to help the‘pyivate sactor develop
thermochemical conversion systems that convert biomass resources
into the energy form needed by the region., The objective i3 to
produce gasecus and liquid fuels as well as petrochemical substitutes.
The thermochemical convérsion processes under development include
innovative direct combustion, low and medium Bty gasification
and the liguefaction of biomass,

A variety of high performance gasification systems will continue
to be evaluated to determine which are technically and economically
feasible., Ohe maj@r challenge is the production of medium Btu gas
and synthetic gas without the addition ¢f pufe oxygen, Medium Btu
gas can be piped a considerable distance, Synthetic gas can be up-
graded to substitute patural gas and reformed intg liguid fuels, such
as methanol and other higher alcohols, Novel heat transfer
techniques are béing incorporated in the design of biémass gasifiers
to eiiminate costly oxygen units, Catalysts are also being employed
to direct procegses toward a desired gas comgosl:ion and to eliminate

tars and heavy hydrocarbons:
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In FY 1982, research and development will also continue on the
production of liquid fuels and other hydrocarbons by fast pyrolysis
techniques and the catalyzed direct conversion of biomass. In addi-
tion, efforts will be initlated to develop novel approaches to

convert biomass energy to.shaft power.

A total of Sl}.z million is requested in FY 1982 for resea;ch
and exploratory development to identify and investigate long-range
technologies that have a high potential for increasing the biomass
resource base and the supply of energy and energy related products
produced from biomass,

We will continue regearch to identify and develop the potential
of innovative, advanced biomass production and conversion systems.
These include hydrocarbon synthesizing microalgae systems on non-
arable, unproductive land, and carbohydrate synthesizing macroalgae
produced in land based and near shore systems., Yields of these
submerged aquatic plants have been demonstrated to be several times
greater than that of grasses, forest, and agricultural crops. The
screening of microalgal and macroalgal species for optimum biomass
yields and capacity to synthesize hydrocarbons and carbohydrates
will be completed in FY 1982, and development of harvesting technolo-
gies will be continued.

Anerobic digestion research will continue to gain a more
complete understanding of the biochemistry of producing methane from
crop residues. Significant research and development is needed before
this technology is ready for commercial application. Comparisons are
being made between thermophilic and mesophilic bacterial systems.
Various pretreatment schemes are being tested to improve the anaercbic
digestion process by reducing the retention times necessary to conver:
cellulosic feedstocks.

The demand for hydrogen as a chemical feedstock is growing
steadily and the trend is expected to continue., Low cost, reliable
hydrogen production systems are needed and several candidate
technologies, including electrolysis and thermochemical procésses,

are being developed by DOE. 1In the Biomass Program, research is
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by photosynthetic bacteria, algae, and in cellefree gystems, In
addition, basic research in biomass production and conversion

technologies will be conducted.
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SOLAR THERMAL ENERGY SYSTEMS

Goals and Objectives

The goal of the Solar Thermal Energy Systems Program i{s to esta-
blish feagibility of cost-effective systems for converting sun;ight
into low-, medium-, and high-temperature heat. Federal efforts have
focused on development of complete systems meeting investor criteria
for operability, maintainability, and reliability. The Solar Thermal
Program addresses technology which is compatible with the way this
nation does business, including component designs which can take
advantage of mass-production methods to reduce costs.

Solar Thermal concepts under development include concentrating
collector systems as well as solar ponds for electricity generation.
The concentrating concepts are: tracking parabolic Eroughs, stationary
hemispherical bowls, heliogstat-based tower=-mounted central receivers,
and tracking parabolic¢ dishes. These approaches all use reflective
collector surfaces to concentrate the sun's rays on a small ;rea in
a receiver to capture solar heat and to increase its temperature
dramatically. Solar ponds rely on a physical phenomenon whereby
salinity differentials suppress convection, enabling a saline pond

to both collect and store heat energy.

Benefits

Solar thermal concepts offer a versatile energy option because
they can convert sunlight into heat within a wide range of tempera-
tures, including temperatures above 2,000 degrees Fahrenheit. The
heat can be used directly, as in industrial processes; can be
converted into electricity; or can be used to drive chemical
reactions that proéuce fuels. Further, the concentrating concepts
permit achievement of high energy conversion and land use effi-
ciencies.

Collectively, the alternative collector concepts are complemen=
tary and can address a wide range of applications. 1In addition to
differences in temperature capabilities, the concepts also differ in

their moduylarity and adaptability to siting considerations.
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The sglar thermal option is adaptable and flexible and can be
pursued without revolutionary changes in our nation's infrastructure
for delivering and utilizing energy. For example, there is flexi-
bility for deployment in simple retrofit and hybrid configurations
and total energy applications with concommitant easing of requirements
for capital. Solar thermal systems linked to heat-storage systems can
become interchangeable with conventional boilers. The potential for
displacing oil and other depletable resources is significant. The
opportunity for manufacture is not limited to any geographic area.
Solar thermal energy systems offer the nation a diversified source of
clean, renewable energy with the potential for major impacts in

the coming decades., -

Recent Accomplishments

The Solar Thermal Energy Systems Program is currently at a key
stage in its evolution. The several technical paths being followed
involve a development cycle of roughly 10 to 15 years from concept
definition to product maturity. As a result of efforts to date, two
concepts~--parabolic troughs and central receivers--have progressed
the furthest. Experience with test facilities and operating systems
over the past year has demonstrated technical feasibility of key sub-
systéms and levels of component reliability and durability which are
consistent with criteria for specific applications.

We are Bn the threshold of operating two different energy systems
that will be first-of-a~kind for the U:S. One {3 the 10 megawatt
central receiver pilot plant (Solar One) being built near Barstow,
California. It is to start operation by the end of 198l1. The other
system {3 the total energy p;raboiic dish project which is to provide
electricity and heat for a kanltwear factory in Shenandocah, Georgia.
Both of these endeavors include contributions by cooperative indus-
trial partners.

The Central Receiver Test Facility at Albuquerque, New Mexico,
has been used to support the Barstow project; it also has been used
for successful tests of a prototype molten salt receiver geared for
utility repowering and central receiver stand-alone applications.

Further, we are benefitting from operating data gained from parabolic
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trough field experiments, including a 150 kilowatt irrigation
pumping system near Coolidge, Arizona. Additionally, a 65-foot
prototype of a hemispherical bowl is producing valuable operating

data.

Propoged Program

The federal effort under the Solar Thermal Energy Systems Program
will continue to focus on necessary development and testing of generic
components and gystems, where benefits accrue to industry as a whole
and where aggressive prlva;e research and development by an individual
company or utility user could not be justified.

Each of the solar thermal technologies is supported by phased
efforts in the .follawing programmatic areas: Research and Advanced
Development (RAD), Technology Development, Systems Testing, and
Planning and Assessment. The request for Fiscal Year 1982 totals
$44 million., 1T will discuss highlights of the request in terms
of the four areas 1 just noted.

The FY 1982 funding request for the RAD Activity i{s $21,100,000,
which reflects greater emphasis on advanced development., These
funds will expand work in the areas of Materials Development, Applied
Research, Fuels Processes, and Solar Ponds. We will address solar
heat absorbtion and transport requirements, durability and reliability
of materials in high-temperature environments, and feasibility of
using existing and new polymeric materials in advanced concentrators.
We will continue exploratory development and testing of advanced heat
receivers and other high-temperature components and subsystems in
concert with programs to foster innovation through programs with
university faculty and the solar thermal test facility users associ-
ation. 1In addition, innovative designs of advanced subsystems and
systems will be conducted aimed at meeting far-term needs. There
will be continued development of baseline processes for fuels produc-
tion,.as well as feasibility testing of alternate solar fuels
processes. Solar ponds work is directed toward research and design

studies in support of first-of-a-kind experiments,
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Technology Development Activity (TD) provides for development of
components and subsystems as building blocks of technically viable
systems. The FY 1982 funding request for the TD activity is
$11,050,000, reflecting completion of generic feasibility phases of
distributed receiver programs. FY 82 funding will be applied to
engineering development and test facility operation needed to
establish technical feasibility of improved subsystems and components.
There will be emphasis on the testing of advanced heliostats for
potential utility repowering and industrial retrofit applications and
exploratory development of improved heliostat subassemblies. Design
studies will be conducted to define cost, scope, and development
requirements related to use of Barstow as a repowering test facility.
Testing of existing parabolic dish engineering experiments will
continue., We will also complete development, testing, and document
design {nformation obtained in Brayton and Stirling engine subassembly
testing funded in prior years. Support will be provided to complete
the evaluation and documentation of the Modular lndustrial Solar
Retrofit (MISR) program, which was initiated in FY 1980.

The Systems Testing Activity (ST) has responsibility for the
construction, operation and testing of solar thermal engineering
experiments and pilot plants to prove the technical and engineering
feasibility and economic potential of complete systems. The FY 1982
funding request for Systems Testing is $8,000,000, reflecting
coempletion of gajor field experiment construction. A key development
will be operation of the Shenandoah Total Energy Project, the first
U.S. test of a complete parabolic dish system. Resources also will
be applied to operation of the Barstow Pilot Plant to obtain data
relevant to small grid-connected applications. In FY 1982 the
repowering and retrofit design study efforts conducted over the
previous five years will be summarized, documented and disseminated.

. The FY 1981 appropriation provided final increments for Barstow
and Shenandoah. Construction funding is not requested for FY 1982
for the Small Community Experiment pending a review to evaluate the
appropriate size of experimental systems. '

An additional $3,850,000 is requested for Planning and Analysis

Activity and capital equipment.
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Regponse to Previous Congressional Concerns

The proposed ‘efforts include. suppért of modifications to the
Central Receiver Pilot Plant to minimize the need for future hardware
activity in relation to répowering appiications; No funds are re-~
quested for further central receiver constfuct;on projects, pending
evaluation of the pillot plant experiénce. Likawise, funds are not
requested for construction of the planned 1 MWe Small Community

Parabolic Dish Engineering Experiment, However, design studies and

‘prototype module evaluation will be completed in FY BL.
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WIND ENERGY SYSTEMS

Goals and Objectives

The objective of the wind energy aystems program is to advance
‘the technology to design, manufacture, and operate wind machines and
to transfer this technology to industry. The principal technical
challenges are understanding the characteristiecs of the wind resource,
development of materials and degign techniques to feduce the stresses

machines encounter over their lifetime, and understanding the dynamic

interactions of wind machines with the electric utility grid.

Benefits

Nind‘qyétemsﬂa:e one of the oldest renewable rescources used by
‘man. In the mid 1800's wind provided a significint portion of the
U.5.'s non=trangportation energy and was a major factor in the de-
vélopment of the West, In the 1920's and 1930's, many of our farms
cbtained their first electricity from wind turbines. Howaver, the
gsubsequent Arrival of low cost fossil fuels caused a trend away from
wind systems; That trend has now reversed, and it is anticipated
that, in the l1980%'s, wind systems will become cost-effective again
in high wind, high fuel cost locations, Industry and users, in
_percéiving this economic trend, are expected to he the driving force
in the reestabligshment of a wind energy lndustry in the. U.S.

Wind systems have several Xey characteristics which support this
trend. They are:modular in nature and can be built in & range of
gizes. Typically, small multi~Xilowatt machines are.useful for rural
resldences or agricultural and {irrigation purposes, and large multi-
megawatt machines or machine clusters will provide utility electrical
generation, Local terrain and climatic conditions focus the conversion
of the sun's diffuse energy into areas of concentrated wind .energy
which leads to mere favorable economics at those locations: Wind
systems can be factory fabricated and installed rapidly, and can
produce the eguivalent energy needed to manufacture them in six to
ninevmonths. They also represeat a potentially signiﬁicqnt expore

product .,


http://can.be

=31~
The primary value of wind systems, however, is in their potenttal
capability to replace fossil fuels economically, particularly for

utilities with oil or gas intermediate and peaking plants.

Recent Accomplishments

The technological basis for systems which could achieve the
necessary performance and economics was laid {n the 1970's, initially
through advanced research and experimental development supported by
the DOE, and more recently, by rapldly increasing private englneering
development and 1nve5tment. In the mid-1970's there were about 7
importers or manufacturers of amall wind systems, while intermediate
and large wind Systems weére belng inﬁesiigated primarily only under
government funding. Today, there are approximately 30 U.5. manufac=
turers oEssmall.sgstems and at least six'firms involved with inter-
mediate and large scale systems,

‘Under Federal sponsorship, high performance small gystems were
developed by industry at the 1, 8, and 40 kilowatt sizes, for rural
residential and agricultural use. Prototypes of these systems are
undergoing extengive testg at the DOE'S Rocky Flats>Test.Centet.
Several of the maanagturers are englneering these systems for
‘commerc¢ial sales. Development of additional systems at the 4 and
15 kW sizes is neqriné completion. A number of privately designed
systems in the 1 to 50 k% range are also being developed and are
beginning to entetr the market.

At the intermedlate and large silzes, DOE has installed four, 125
foot diameter, 200 kW Mod-CA's in test operations with cooperating
utflities, Together they have accumulated over 15,000 hours of opera-
tian ?hicn is prdvidinq a base of practical experience for the utility
industry. The Hawaii unit operated for its €irst three manths at a
capacity factor of over 70 percent, The Block Island, Rhode Island
unit, over the winter months, has averaged almost 12 percent of the
Island’s energy and on windy nights has reached as high as 50 percent
of the power demand. At least three private manufacturers are inde-
pendently developing intermediate systems. One company; based an the
performance of its prototype on Cuttyhunk Island, ME has sold two

additional units to utility companies,
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The DOE funded 200 foot diameter, 2 megawatt Mod-l system, being
tested at Boone, N.C., has proved the Basic technical feasibiliry
of utility cIass'systemgj Wnile a number of ‘technical probiems arose
on what was the first syatem of such a size attempted in 40 years,
these problems have been,. 6r are being resolved, and the information
gathered is being applied to the advanced systems. The second genera-
tion, 300 foot diameter 2.5 MW MOD-2, by far the world's largeét
system, recently produced full power during its initial testing at
Gocdnoe: Hills, WA. Two additional units will be completed this spring
and wili’arlowlfot‘the testing of the first multisunit system and
investigation of milti-unit electrical stability and aercdynamic
ques:ions;

Two manufacturers are independently entering the large system
field, One unit of a Swedish developed system has been sold to the
Water and Power Resources Administration and a privately developed
unit has been sold to a public utility company,

Several other utilitles are planning to purchase test units and
at least two have announced long range plans: which lnclude significant
quantities of wind energy in their future gereration mix. The tax
eredits. for renewable energy systems and the interconnection reguire-~
ments of the Public Utility Regulatlon Pelicy Act have led to the
formation of several private cofporations that -intend to précure wing
systems. and sell the electric output to utilities. Three potential
large scale projects are believed zo be in the planning and

negotiating stage.

Proposed Program

In view of these rapid changes, the DOE is concentrating its
rescources on projects and activities which will best foater the
growth of the private séctor in eéstablishing a wind industey. In
FY 1982 the primary thrusts of the requested $19.4 million will be
on identifying and resolving the major remainfnq technical uncertain-
ties, providing test data from wind aystems to bal;date bath V
engineering and economic projections, providing information on wind
characteristics for design and siting; and identifying and amelio-

vating barciers to the mandfacturing and utilization of wind systems.
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UndeE the Planning, Management and Analysis element, studies
will cohtlhue to assess and evaluate the technology and economies
of wind anergy in a variety of applicatlions .and conditions. Research
will continue on questions of television interference, noise,
fegulatory and other deterrents to wind aystems,

Research on Wind Characteristics will concentrate on three
areas. We will refine our understanding A&f gusts and small scale
tirbulence to support the design of more reliable and efficient
gystems, We will conduct research on determining and reducing
uncertainty in forecasting the wind to allow utilities to galculate
more accurately the value of wind energy. Wind prospecting technigues
will be refined .and results published.

The major program activity in 1982 will be in the Technology
Development element. Testing of small systems will continue at the
Rocky Flats Test Center to obtain performance, aercdynamic, structural
and eldctrical information, In addition to testing DOE fiunded sy-
atems, the test center will commence operating on a cost-reimbursement
basis for small systems manufactures by providing high guality, -
detailed test data. Research will continue on the development of
analytical tools for improved design of the structural; aerodynamic
and electrical components of wind systems. Research will also
continue an high risk, but potentially high payoff innovative con-
cepts. Tasting and analysis of blade fatigque properties, the major
question related to system lifetime, will be undertaken,

Testing of the 1 kW to 40 kW small wind systems and the Mod-0/OA,
Mocd~1 and Mod-2 intermediate and large experimental systems will
continue and will provide the major practical experience on perfor-
mance, strésses, and systems interactions, These data will assist
industry in theé development of future systems, and the utility and
user communities in the assesgment and evaluation of wind energy.

With the rapidly lncreasing interest and potential investment
in wind energy by induatry, we believe that this approach :is most
beneficial to the development of wind eénergy and the attainment of a

gsignificant use of wind power over the next decade.
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OCEAN ENERGY SYSTEMS

Goals and Objectives

The. Ocean Energy Systems program performs basic research, and
drplied rasearch and technology development of components, subsystems
and techniques which have the poteatlal to extract significant and
usable. amounts of energy from the odedns in a reliable, .economic and

environmentally acceptable manner.

Benefits

The oceans occupy two thirds of the earth's surface and represent
the largest sclar thermal cellector on earth. Furthermore, energy
generation from the oceans thermal differences suffers no shutdown
from daily cloudcover or sunsets, This énergy option is renewable
and ‘available 24 hours -a day, with an estimated extractable resource
of billions of barrels of oil equivalent per year, S;udies and tesats
to date have fdentified no significant negative environmental conse-
qdencésu -

The cloged cycle ocean thermal energy conversion (QTEC) cdoncept
is the most techniecally developed of the oéean energy options and
‘hag received tha majurity of funding support. Concepts and devices
for wave energy, ocean current energy, and open cycle OTEC (which
uses sea watgr as the heat transfer fluid and can potentially produce
potable water) have been explored, 'Ocean thermal systems have applica-
tions to both island and mainland electric utilities and to energy
intensive ‘material production. Initial applications are projected
for the United States Islands such as Hawail, Puerto Rico, the
Virgin Islands. and Guam where electric power is provided almost
exclusively by imported oil and the ocean thermal resource is
great. Comparative econcmic studies show that existing OTEC
designs could be comperitive with conventional energy sources as a
baseload option for islands by 1985, and as a baseldad option for

the Gulf Coast by 1992,
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Recent Accomplishments

In August of 1979 the State of Hawaii, in cohjunction with a
private industrial consortium, deployed and operated the Mini=O0TEC
Experiment -- & seabased OTEC which generated net electric power
{10 KWe) as well as 40 KWe housekeeping power. The net power
produced met prior performance projections and clearly established
the techhical feasibility of OTEC as a baseload energy source.

A major program milestone was achieved on December 23, IQSO when
the OTEC-1, & 1 MWe capacity sea-based, power system develdpment test
téciltty,.uas deployed and initiated full scale operations. 1In the
short period that OTEC-1 has operated the Eolrowinq has been accom—
plished:

'@ The world's deepest mooring for a large vessel [over 4000

feet) was successfully deployed

© The largest cold water pipe (CWP) to dateé, 2300 feet lomg and

a diameter equivalent te 7 ft., was succegsfully assembled on
a beach, floated to the site, vercicallg oriented, keel
hauled and attached to the ship

0 The CWP has permitted continucus pumping of cold deep water

even during sevéral Kona sbarms {winds to 50 knots, sea waves
to 18 feet) and subsurface ocean currents higher than 1.5
knots

o A 4 MWe eqguivalent heat exchanger cenfiguration is the

first géneration technology being demonstrated and is pro-

jected to be cost effective for island markets by 1985,

Land based tests on heat exchanger elements have already demon-

stratéd at least two efiective‘cleaning technigues for maintaining

the efficiency of heat exchanger surfaces for at least 9 months.

Preliminary designs of cold water pipe doncepts have been completed.
Several cost effective and structurally competent designs were
identified, FPurther analytical evaluation of electric riser power
cables indicate & high probability of the cable being able to survive
for a 30 year life. Electric cable tests are being initiated to

verify thease projections this year.
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In summary, sufficient progress has been made to dateé to indlcate
that OTEC is technically feasible and could compete in several commer=
ctSI market areas,

The Department is developing a plan required by the Ocean Thermal
Energy Conversion Research, Developmeént, and Demonstration Act (P,L.
96-310) to define altarnative approaches to achieve the goals of this
act. The accomplishments to date have brought this technology vo
the point where industry can take a more active role in its further
commercial development. Furthermore, foteign initiatives by the
Japanese in the Sauth bacific island nation of Mauru and the European
Economie Community in the Ivory Coast could result in a 10 MWe to 40

MWe operating OTEC plant by 1985.

Proposed .Program

'Given the recent accomplishments in OTEC technolegy, including
dlghr evidence provided by “Mini-OTEC" that this technolegy is
technically feasible, further development of OTEC technology
suitable for pillot and commercial sc¢ale demonstrations can be left
to the private sector. Therefore, the Department is regquesting

no funds for the ocean energy systems program in FY 1982,
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‘INTERNATIONAL SOLAR

Goals and Objectives

the goal of this activity is to continue cooperative efforts
with the government of Saudl Arabia. Specific objectives for
this program have been to augment U.S., domestic ReD efforts,
decrease U.S. R&D costs through ¢ost {or task) sharing, accelerate
technical development and cost reduction of solar equipment, and

gather new ldeas on a worldwide basis,

Benefit

The most important advantage of activities with Saudi Arabia
(referred to-.as the SOLERAS program} Kas been the reduction in
cogts of undertaking large R&D projects, which can benefit gubstan-
tially the 0.S. domestic solar technology programa‘and increase
the involvement of U.$, industry in international tfade.A The
effort is funded through a 50-50 caostsharing arrangemént with
Saudi Arabia.

In addition to cost leveraging, other benefits to the U.5. in

the past have included the followings

o Fills gaps in the U.S. =molar technoelogy programs such as
advanced solar ecooling dqmonstrations; comparison of alter-
native gsolar-powered desalination designs, and ‘construction
and operation of solar-powered, closed-cycle, environmental;
agricultural systems' for food production in arid climates.

o Accelerates U.5, technical progress by ifcreasing cpportuni-
ties for obtaining early system design and performance
results, as with the 350 kWe photoveltaic concentrator
Systems to be installed in Saudi{ Arabia. This technoclogy
represents the most advanced state of the art in photoveoltaic
systems, and will be the world's largest photovoltaics system
at the time it i{s ingtalled.

¢ Identifies markets and export products for U,S.,indu;try and

provides international exposure for U,S. firms and products.
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Othet'broader~beneijts aceruing to the U.S. as a vesult of this
activity include: improving the U.S. balance of trade, decreasing
global dependence on oil, supparting U.5, programs for deveioping
countries, serving as a vaiuablg instrument of U.5. foreign

policy, and increasing thé worldwide use of solar energy resources.

‘Recent Accomplishments

o Initiated tonstruction of a 350 XKW {peak electric} photovol-
taics village power system employing a concentrator system.

o Initiated construction of four advanced sclar cooling systenms
‘t¢ be installed in commercial buildings in the U.S. Scuthwest.

¢ Initiated preliminary designs of five environmental agricul-
tural systems (closed, self=regenerative) for food production

in desert or low-water availability regions.

Proposed Program

The FY 1982 request for this activity will directly support
the Department's sblar Rad programs and atil focus on. longer-term,
high risk R&D.

it is comprised of $4.0 million in new Budget autherity for
continuation of the SOLERAS program. ~Planned activities for the
SOLERAS program {n PY 1982 indlide:

o Ceompletion of the first operational test éycle of the four

advanced solar ccoling aystems in the U,S5. Southwest,

o Completion of the preliminary design phase of five solar
energy water desalination systems, and award of up to two
contracts for detailed plant design and construction,

o Completion of the basic construction of the 350 XWr (electric}

' photoveltaic village power system, sSystem acceptance, and
initial system perfotrmance evaluation.

o Completion of five preliminary design studies for environ-
mental agricultural gystems, and selection of systems for

detdiled desgign and construction,
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Response to Previous Congregsional Concerns

In the past, Congressional concerns have focused on the method
by which the Departﬁeﬁt;s international sclar programs hHave been
funded, Through FY 1980, all international Solar commitments wecre
funded ou; of related domestic technology programs, With the
submittal of the Department®s FY 1981 budget request, 3 sepacate
Iine~=item was established for international solar activities that
were commitments but could not be justified on an integrated program-
matic basis .as part of a domestic solar tecpnglcgy program. This
was done to prevent those international agreements made primacily
for reasons other than attaining domestic: solar program objectives
from competing for funds against the various solar technology pro-
grams. International agreements that contributed significantly
toward attaining the goals of the domestic solar programs wete justi-
fied, and budgeted, as part of particular prodrams and did not receive
funds from the "golar international" line item. As a conseguence,
domestic solar programs continued to fund telated portions of selected

jnternational solar agreements in FY 1981,
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SOLAR INFORMATION SYSTEMS

Goals and Objectives

The overall objective of the Sglar Information System Program
is to develop an integrated natidnal network that efficlently trans-
fers relevant solar energy technical information to’ energy decision
makets.,

The central thrust of this program has been the development of
thé Solar Energy Information Data Bank (SEIDB), The SEIDB was
fritiatéd in FY 1979 at the Solar Energy Research Instituta (SERI}
and operated in FY 1980 and FY 1981 as a national network with the
direct participation of the Regional Solar Energy Centers (RSECs)
and the National Solar Heating and Cooling Information Center
(NSHEIC) and with close coordination with selected DOE information
activities, particularly the Energy Information Administration (EIA)
‘and the Technical Information Center (TIC}. Liaison with ofher
appropriate Federal information activities is alsc maintained to
maximize-utilization of existing technical information and data and
to minimize duplication of effort,

The SEIDB represents an effective access to solar energy lafor-
mation and allows comprehensive data retrieval and dissemination
service with central coordination., This greatly facilitates
info:mgticn transfer among nétional; state, and local levels, and

between the public and private gectors.

Benefit

€ritical to the rapid and widespread use of solar energy ls the
deliberate development of systems for tramsferring or making available
the tesults of federal reéearch and development t& the privata sector.
For example: gcientists need the latest solar research results to
enhance their own efforts; engineers and ‘installers need performance
dat'a to design solar systems; potential owners of splar energy systems
need cost information to make purchase decisions: manufacturers need

‘materials data to provide improved products,

The program benefits derived from a solar infofmaticn program
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are significant. They include among other things:

The elimination of duplication of efforts.

The closer coordination of information activities among
Federal agancies.

More cost effective information disgsemination approaches,
The reduction of expenses for small businesses.
Elimination of wasteful searches for informatinn~cpneerning
the state-of-the-art of various research and development
projects.

Educational benefits.

Cost-effective wayd to maintain awareness of alternative
energy sources.

‘A centralized source of credible information products.

‘Recent Accomplishments

Congiderable progress has been made in the sclar information

program over the last year. These activities include:

o

The Office of Information and Interprodram Applications was
craated under the Deputy Assistant Secretary for Fleld
Operations and Internatfonal Proérams and has the responsi-
bility for the dévelopment and implementation of all
information policles, plans and procedures in support of
congervation and solar programs:
A Conservation and Solar Energy Steering Committee for Infor-
mation Planning and Development was chartered on June 6,1980
to provide management guidance and oversight for informa»
tion policy development.
The refinement and consolidation of SEIDB activities has
increased the current capabilities of the Department to
address and satisfy the infcrmation needs &f energy decision
makers. In FY 1981 the following SEIDB services were
performed by SERI:
—Niqe~d;ta bases were developed intluding bibliographic,
calen&ar, models, manufacturers, legislation, fnté:natienal,

education, installation, and insolation.
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-;2.000 data base recerds were developed,
=40C,000 ingiiries were answered.

-8,000 technica; solar documents were collected.
-4,000,000 solar-related documents were mailed,

o Under other information digsemination activities, a host of
information publiéations fncluding educstion directories,
manufacturers directories, solar events, vocational trai?ing
directory, téchnical reports bulletins, information locator,
data bank training bulletins and insclation data directories
were forwarded to interested decision makers under this

program in PY 1981,

Proposed Program

The central thrust of the Solar Information Systems Program to
date has been the development of the SEIDB. It will continue to serve
as a primary basis upon which to bulld a more efficient network to
adequately serve the conservation and solar information needs of the
information user community. The program is structured to provide
inquiry, data collection, and digsemination services to meet high
priority needs. Focus will be first to the reseatrch community followed
by fimancial sector and equipment manufacturers, architects, etc,
Information prcducts'will-be geared to meet this prioritized systenm.
Data base activities and information products will turn from general
information to those that are reaponsive to the identified pridrity
needs.

In addition, DOE will develop a solar information gathering,
packaging and dissemination framework for users within DOE and amang
Federal agencieg having a8 solar energy mandate. This framework will
emphasize combining like activities to avoid duplicaticn and to reduce
costs, {i.e., elimination of an additional computer at SERI and coh-

selidation/utilizZation oF computer files at TIC).
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Responses to Previous Congressional Concerns

A major congressional concern in this area has been lack of
coordination among various federal conservation and solar energy
information programs. Much of this concern centers on criticism
regarding the overlap and. confusion within the federal solar
information program. The Department has taken the following
steps to correct this shortfall:

o DOE has identified the main agencies and departments cur-
rently conducting related outreach and dissemination activi-
ties. This inventory will now be used to define roles and
responsibilities among the various parties.

o The Assistant Secretary for Conservation and Renewable Energy
has chartered a Steering Group of Deputy Assistant Secretaries
evaluate and guicde the integration of departmental informa-
tion activities.

o A focal point has been established to provide oversight
for information efforts and to recommend for implementation

measures to reduce duplication and improve efficiency.
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SERI PERMANENT FACILITY

Goals and Obiectives

The purpose of this project is to evaluate and, if appropriate,
propose permanent facilities for the Solar Energy Research Insitute
{SERI) which is currently housed in interim, leased space in
Golden, Colorado. The following objectives have been establishéd
for the SERI permanent facility project:

©0 To evaluate the cost effectiveness of providing a permanent

facility for SERI,

o To design a physical plant that provides adequate facilities

to meet the programmatic mission and objective of SERI.

o To incorporate life-cycle cost-effective solar energy and energy

conservation technigues in;o the design.

o If the evaluation indicates it is appropriate to do so,

build a facility that produces minimal environmental impacts

and that complements the natural features of the site.

Benefits

SERI has been established to provide the nation with a center
of excellence dedicated to serving the needs of the public and indus-
try in the development of solar energy to the status of a major
alternative energy source. SERI serves as a much needed focal point
for the national solar energy effort. It implements programs
in research, in the fields of photovoltaics, biomass, wind energy
systems, storage, industrial process heat, passive solar, ocean
systems, active heating and advanced solar energy research as well
as programs in analysis and planning, academic and university research,
internationa. programs and information systems on a national and
international basis. It is necessary to evaluate whether SERI's
continuing programs could best be served on a cost-effective basis
by physically providing a permanent facility for such research, data
accumulation and dissemination, and interaction of the managgment,
scientific researchers, and staff. The SERI permanent facility would
be designed to provide the minimum required space necessary to meet

the functional program objectives.
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Recent Accomplishments

o Environmental assessment approved by DOE in March 1980.

o Preliminary design (Title I) completed in August 1980 for a
$98,500,000 total estimated cost integrated facility.

© DOE's Energy Systems Acguisition Advisory Board decided in
November 1980 to redirect the design baseline for a phased
modular approach and within a maximum cost ceiling of
$75,000,000,

© A detailed design of the essentjal field experiment test area
and its associated support facilities (e.g. roads, utilities,
storage areas, shops and enclosed assembly areas) is being

developed.

Proposed Program

Given the redirection of the DOE solar program undecrtaken by
the new Administration, SERI's current mission and staffing levels
are likely to change. Until a new mission, staffing level, and
facility requirements for SERI are established, it would be unwise to
continue with design and construction of a permanent facility that is
based on a now outdated mission for this organization, Therefore, no
funding for a SERI permanent facility {s being reguested in FY 1982
until the underlying issues regarding the organization itself are
resolved, Once SERI's new mission is defined and an appropriate
staffing level agreed upon, it will be possible to evaluate whether
SERI could best be served on a cost effective basis by construction
of a permanent facility.

While additional funding in FY 1982 is not being requested,
egsential project activities will continue with the appropriations of
$14,900,000 made available to date., Specifically, this w}ll consist
of completion of transfer of title to the site from the state of
Colorado to the Federal government and design and construction of the

field experiment test area and its associated support facilities.
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‘Responses to Previous Congressional Concerns

Conference report 96~1366 stipulated that no funding was to
be used for facility construction until the Committees are ﬁrovided
a complete report with consideration to a phased, modular construction
concept. The'Departmeﬁt intends to comply with thls request following
a reassesament of the needs for the facility consistent with the
deferred funding request. A report as reguested would accompany any
future request for funding construction of the facility.

Conference report 96-1366 also requests the identification and
justification Oflfgnding.fop the four:ReqiqnaI Solar Energy Centers
{RSEC's) and the Solar Energy Research Institute (SERI) to perﬁit
fyll assessment by thé Committees on Appropriations of the effective-
ness of these programs. The Department intends to comply with the
request and will furnish the information on RSEC and SERI funding
for FY 1981 and FY 1982 in the near future.

Condress has also expressed concerh as to the effe:tiveness of
SERI and ths RSEC's and DOE's reorganization of the golar program for
mahagemént of SER! and the RSEC's as reflected in the General
Aceounting Qffice report EMD-R0-106 dated August 18, 1980, DOE's
response to the GAC recommendations reflects actions that had already
beefi implemented by DOE which address all cén¢erns. Thesae include an
ingtitutional {multi-year) planning process, improved coordination and
review of work between SERI and the RSEC's, and overall DOE management
of SERI and RSEC's in one offlce. These provisions for improved
effectiveness and management of SERI! and the RSEC's are being main-

tained.
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ALCOHOL FUELS

Introduction

The Office of Alcohol Fuels manages several programs that are
primarily implemented through a network of DOE regional and field
offices and national laboratories. The Solar Energy Research Insti-
tute (SERI) has major responsibility for managing technology develop-
ment activities and manages information dissemination activities.
The Idaho National Engineering Laboratory (INEL) provides engineering
and technology support for the design, construction and testing of
small scale alcohol fuels plants. INEL has also been the primary
resource for the review of solicited and unsolicited proposals for
technical and financial assistance programs. The Qak Ridge National
Laboratory is responsible for performing environmental and safety
compliance studies. The Argonne National Laboratory has major respon-
sibility for environmental research and development. The Bartlesville
Energy Technology Center provides engineering and technology support

primarily for engine and vehicle system development,

Goals and Objectives

The goals and objectives of the office are to encourage the
continued development of alcohol for fuel use. Developing new
methods of producing alcohol which expand the raw material resource
base will provide the private sector with the baseline data needed
to pursue some of these areas in an effort to increase the market

share for alcohol in blends and pure form.

Benefits

The removal of price controls from domestic crude oil will make
alcohol fuels increasingly competitive., Tax credits and exemptions
will continue which will result in a minimum subsidy of $16.80 per
barrel.

Through R&D efforts, new feedstocks and technologies will be
developed bringing more alcohol into the market. Existing t;x credits

and exemptions -not direct Federal expenditures -- will provide the
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necessary incentives for private lending institutions to support con-
tinued production facilities. These domestic investments, and the
positive effects on the economy resulting from them, will aéhieve

the goals of reducing our dependence on imported oil while reducing
government intervention in the market.

Through previous funding asthorizations such as the Federal Non-
nuclear Research and Develcpment Act of 1974, P.L. 93-577, as amended,
and Public Law 96-126, we have awarded 44 feasibility study grants and
2 cooperative agreements related to alcohol fuel projects. The
feasibility study awards include potential plant sites in 38 states
amounting to $20.2 million, these represent a production capacity of

1.2 billion gallons of ethanol annually.

Recent Accomplishments

When the Office was established as a task force in February 1980,
no publicly available data existed on the activities of the burgeoning
alcohol fuels industry.nationally. To address this need, the National
Alcohol Fuels Information Center and Data Base was established at
SERI's Colorado headquafters to monitor production capacity. As
part of the information and education process, training programs in
a dozen community colleges have been organized for students to
learn all elements of alcohol fuel production, from chemistry to
economics.

The research arm of SERI, directed by the Office, has produced
major results. Work with methanol powered engines has indicated that
S0 percent greater efficiency can be achieved -- meaning more miles
per gallon, Bench tests have ended, and road work will soon begin
using the newly designed dissociated methanol engine in a Chevrolet
Citatien.

Feedstock research has led to processes of converting cellu-
losic forage grasses into ethanol much more efficiently than the
standard conversion of wood and other cellulosic material., Further,
methanol work at SERI has produced an oxygen/biomass gasifier using
syngas (Hp+CO) to maximize the yield of methanol from biomass.

Researchers at the pilot plant in Kansas have developed a steam
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explosion process which, coupled with standard treatment of cellulosic
material, shows great promise for producing ethanol from woqQdy bio-
mass.

The Tennessee Valley Authority (TVA) has built and operated a
small-scale still which allows an individual farmer to use almost any
starchy biomass feedstock to produce ethanol to operate farm equipment
and vehicles.

The Office has also recently concluded an agreement with the
Bureau of Alcohol, Tobacco and Firearms, which is the permitting
authority for all ethanol plants, to grant access to the information
it collects. This will provide us with the most accurate production
capacity data possible regarding projected ethanol fuel production.
The Energy Information Administration (EIA) is also involved in the
collection and analysis of Alcohol Fuels data.

Section 272 of the Energy Security Act requires the Office of
Alcchol Fuels to report to Congress assessments concerning the poten-
tial of alcohol as a motor vehicle fuel, {n Soth blended and pure or
"neat® alcohol forms. This study is nearing completion but the
preliminary findings substantiate several earlier studies that indi-
cate a great potential for neat alcohol as a fuel in automobiles and
light trucks. The modifications necessary to retrofit a gasoline
powered vehicle to use alcohol are minimal and the alcohol has some
inherent advantages over gasoline in that it is a clean burning,
high octane fuel, The use of pure alcohol is technically and environ-
mentally sound and the Office of Aleohol Fuels will be carefully

monitoring progress in this area.

Proposed Program

It is anticipated that the decontrol of oil prices will produce
a sharp change in the marketplace creating an even more favorable
economic situation for alcohol fuels. In view of this anticipated
increase, the Federal Government need not conduct its own marketing

activities or provide subsidies to the new industry because:
4
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© The 4¢ per gallon excise tax exemption, coupled with the
decontrol of crude oil prices, will make gasohol highly
competive with gasoline at the pump. 1In addition, Spproxi-
mately 30 states provide tax credits for gasohnl. The
Federal excise tax exemption will result in estimated tax
expenditurés of approximately $200 million in 1982, and could
total over $2 billion over the next 5 years.

o Private {nvestments in alcohol fuels projects are made even
more attractive because certain types of plant and capital
equipment are elicible for an investment tax credit of 20%.
In 1982, this will result in tax expenditures of over $200
million.

0 The President's program for economic recovery is designed to
result in a gignificant increase in the amount of capital
formation in the private sector for all types of investment
projects. This should increase capital availability for
alcohol fuels, projects without the need for government
intervention through.loan guarantees and other financial
incentives, Also, unlike other forms of alternative fuels,
alcohol fuels projects are a less risky investment because
the technology is proven and the econcmic feasibility can be

estimated relatively accurately.

Therefore, the primary thrust of the new budget is in the area of
research and development and the Office has $10 million that will be
used primarily for this purpose. The research and development efforts
will be conducted in two major categories of (l) process technology
and development and (2) utilization development.

The process technology, as the title implies, will be focusing
on all elements of the actual production of alcohol. The primary
objective is to develop advanced technologies through the proof-of-
concept stage utilizing the most efficient feedstocks and processes
in terms of energy and raw material cost and availability. Areas
that will be key elements of the program include acid and eﬁzyma:ic

hydrolsis, fermentation technology, energy efficiency and by-prcduct
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utilization. Methanol development through biomass gasification
and other methods will also be studied.

The utilization development activity will be concentrating on
all areas relating to the use of both ethanol and methanol for surface
transportation, Studying'advanced alcohol engine systems, which can
use higher alcohol gasoline blends and neat alcohol, will provide
the testing and evaluation necessary for designing optimum performance
vehicles.

An industrial liaison program williproviae results to the private

sector and develop commercial demonstrations.
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GEOTHERMAL ENERGY

Goals and Objectives

The goal of the Geothermal Energy Program is to support com-
mercial development and uiilization of geothermal resources as
economic and environmentally acceptable sourceégof thermal energy
for electric power generation and direct heat applications, as well
as methane from geopressured resources, Specific objectives for FY
1982 are to complete the hydrothermal commercialization activities
that have successfully fostered a viable hydrothermal industry, and
to perform the necessary R&D to determine the technical and economic
feasibility of the extraction of methane, thermal, and hydraulic

energy from geopressured resources, as well as thermal energy from

hot dry rock.

Benefits

The success of the hydrothermal program has made a large alter-
native energy source ready for utilization by the private sector for
both generation of electricity and direct heat applications. The
U.S. Geological Survey has estimated that the energy equivalent of
S5 to 85 billion barrels of oil will be economically available for
utilization from hydrothermal resources.

The Federal program to determine the technical and economic
feasibility of utilization of the potentially much larger geopressured
and hot dry rock resources will delineate the extent to which these,

too, will be available for economic exploitation in the future.

Recent Accomplishments

Working closely with industry, the Federal hydrothermal program
has successfully eliminated key technical, economic and institutionai
barriers to development of hydrothermal resources., As a result of
these efforts, as well as Government financial incentives totaling
only several hundred million dollars, industry has announced plans
for investment of over $5 billion in hydrothermal power plants in

California, Nevada, Utah and New Mexico, that will yield over 4,000
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MW capacity by 1990,

sim{lar rapid development of direct heat applications makes it
clear that industry is prepared to move forward promptly with hydro-
thermal resources, However, lang Fange technology development is
required In support of all types of geothermal energy utilization
and is ‘provided for in tle budget.

In. the geopressured rescurces pregram, tests were conducted in
six existing oil and gas wells, "wells-of-opportunity,” in FY 1980
and FY 1981. The early tests of geopressured aquifers confirmed the
exiztence of significant amounts of methane in all geopressurad
brines, while more recent tests have demonstrated the existence of
high gag-to-water ratios of 40-65 standard cubic feet of gas per
barrel of water from low-salinity brinés. Tests are alsé dontlnuing
on the first well designed‘specifiqally:fo: reservoir evaluatien, in
Brazoria County, Texas. Another design well has been drilled in
Cameron Parish, Louisiana and is being readied for a twe year test
program, An additional well is currently being drilled in Vermilion
Parish, Louisiana.

The technical Eeasibilitg of extracting thermal energy from hot
8ry rock on a small scale was demonstrated in FY 1980 and FY 19B1
through operation of a 5 MW thermal loop at Fenton Rill, NM, which
included ‘the e¥periméﬁtal generation of electrical power. The first
well for a mich larger heat extfaction system has been completed and
work is progregsing on ‘the second.

The gecthermal program also includes the Geothermal Loan Guaranty
Program which was degigned to assist developers in securing private
financing for comme;ciaL-§c§le preojects involving both electric
utility and direct heat &spplicatiens of hydrgthermal energy. Five
projects were guaranteed under this program, which has sucecessfully
introduced lenders to hydrothermal energy as a valid and reasonable

investment.

Proposed Program

The FY 1982 request ‘for thé Geothermal Energy Program is $48.375
million an additional $.2 millicn' for program direction for the five

existing loan guaranty projects. §6.0 million is requested for the
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Hydrothermal Industrialization activity to allow completion of the

. . o L
Baca 50 MW Flash Stéam Demonstration pgant. $20.336 million is

|

fequested for the Geopressured Resourdes Program and will bé used

primarily to drill twe additional:desiﬁn uéilsq.support ongoing
design well testing, and vonduct two w%@lsuof—oppcrtdni&y tests in
suppoert of reservoir evaluatidn and resource definition. The request

for Geothermal Technology Development, which includes the Hot Dry

Rock Program, is $20.439 million which will be used to support long-
term, high 'payoff development of ener%y conversion techniques,
expleoration technology, reservoir engﬂneering, reservolr stimulation,
and drilling technology. $10.0 million is requested for hot dry
rock developmént in support of the 20450 MW thermal loop at the
‘Fenton HLll site. In addition, the FJderaI Republic of Germany and
the Government of Japan are contributilng $2.5 million each to the

Fenton Hill project. under a four year (IEA agreement.

—_em el . w - . - EETIT TR R L
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SMALL=SCALE- HYDROPOWER PROGRAM

Goals and Objectives

‘The goal of the hydropower program has been to re-establish a
vigorods small hydropower--industry in |the 'United States. The stra-
tegy has been that the Federal Governﬁént would "step in" to re-awaken

interest in this resource and then 'sﬂep ocut,” leaving development to

non-Federal sectors.,.

Specific program cobjectives are to: assess the resource poten-
tial; develop costereducticn techniques for small hydro technology:
demonstrate immediate: commercial feasibility; reduce front=end finan-
cial risks for developers; and reduce regula‘.tdr'y and envirunmeni;al
barriers at the Federal and state levJI.

The small hydro program was begun in 1977 in response to the
need to i{ncrease our naticnal energy -supplies, diversify energy
sources, and lessen our dependence onh |imported oil. Hydro was con-
gidered a prime candidate for development in that it is domestic,
widely dispersed, renewable, non-polluting, and relatively benign in
terms of its environmental impacdts, It is alsc a mature technology,
‘and the many small sites, collectively, are capable of making a
significant supply contribution in th% near ‘term.

At that time, the amall hydro indistry had been in a depressed
state as a result of decades of dgcliqe in thé use of waterpower for
electric power generation, par:tcularﬁy at small sites. Thousands
of hydrcelectri¢ plants have been abaJdoned in the past because of
their inability to compete with lowrcqst oil and large central station
‘thermal plants. Inéreases in oil priées.are'helping to stiquiate a
Tebirth of interest in the hydropower |rescurce, hut years of neglect:
have created a serious shortooming in jour ingtitutiomal, technica11
and financial capability to assure a renewal of the industry.

As a3 result of these constraints, most signtficant hydropower
developmen:§ undertaken in recent years have been by the Federal
government through the U.S. Army Corps of Engineers and the Water

and Power Resourcas Service {Interior).
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Program. Benefits

The: Department's small hydro program has served to stimulate
a resurgence of state, local government and private interest in
exploiting this attractive resource a%d to resuscitate an essen-
tially quiescent industry. Our activ%ties have helped to alleviake
technical and nen-technical constrain%s afid to create an economic,
legal, and instititional climate mg:e‘condqdfve to the development

of the resource by these sectors.

Recent Accomplishments

beveloping an idp-to=date asseasmept of the small hydro rescurce
base has been largely éarried out by the Cbrps'of Engineers. We pro-
vided funds to enable the Corps to assess the small-scalée potential
and .make this information available to interesteg developers. An
initial assessment has been published and widely disfributed, and
the Corps is now revising and refining| that assessment. We expect
their new study to indicate,; for exampie; that there are over 1,000
prime existing dams up to 30 MW 3{ze that could be retrofitted to
produce 7,600 MW of capacity.

Qur next important activity was to work cooperatively with
developers to demonstrate renewed econgmic feasibility  in the context
of today's changing enérqy market (as Lell as today's institutional
and envirdnmental constrainﬁs}. We initiated a deménstraticn program,
and presently have 20 demonstration projects underway. These demon-
s:rat;qns wora gselected to prove the e?onomic feasibility of small
hydro in a number of different areas, under differing circumstances,
and to stimialate the domestic hydropower equipment industry. The
DOE share totals $27 .million out of an]overall estimated cost of
$212 million. The 20 projects will brinq 134 MW of power on line By
the end of 1985,

Because small hydro projects are capital-intensive, require a
long leadtime before revenue generation, and are only beginning to
emerge as economically ccmpebitive with conventional power productiocn,
the front-end financial risks have been substantial, To help amelio-
rate this gituation, Congress adthorized the feasibility and licensing

loan program in Title IV of the Public |Utility Requlatocy Policies
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Act of 1978 (PURPA). The program provides loans up to $30,000 each
for feasibility studies.and for expenses incorred in obtaiding a
Federal Epnergy Regulatory Commission qFERC) license and Gther required
permits., To qualify, projects must bé at existing dams and have a
‘¢apacity between 100 kW and 30,000 kW. A lcan may be cancelled if a
project is found not to be feasible. ‘Otherwise, repayment muat be
made over 10 years, beginning 4 years lafter the loan is made,

The program became operational in April 1980. To date we have
received about 350 applications. About two thirds have been reviewed
and 150 loans or loan offers have been made; These contracts have |
a total face amount of $5,873,000,.

We believe that gignificant progress has also been made in the
mitigation Of restrictive Federal and state laws, procedures and
environmental requirements. Through research contracts with the
Johns Hopkins University and the Frqhk&ih,?ierce Law Center, legal
and institutional impediments have been identified and solutiens
recommended. Utilizing the findings of the studies, we have funded
the National Conference of State Legislatures to praovide technical
support for state legislatures in implementing legislation and proce-
dures to minimize requlatory and other|barriers, We have also workad
closely with FERC to improve and expedite the Federal permitting

and licensing procesgs.

In most areas of the country, low raies”pgid for electricity
produced py small-scale facilities have added to the financial risk
of development. However, FERC, pursuant to Title 1I of PURPA, has
provided what we believe will bhe a eigqificaqt beost for the re=esta-
Blishment of the small hydro industry gy developing a sound procedure
for states to follow in determining attractive ratés. Regulatlions
have been published réquiring each state public utility commissicn
to establish rates using the agoided or marginal cost concept. The
Franklin Pierce .Law Center's Energy Law Institute, with funding and
direction from DOE, has provided technical assistance to the state
PUC's in this effort, When such rates |are in place, they should
serve as an important aid in helping a%all power producers negotlace

N ]
favorable pawer-purchase contractz with their local public uzilities.

|
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In the envirenmental area, the cos

ties, for example when added to the cos
power generation, could make projgctb ﬂ
Meeting requested minimum stream-flow é
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Proposed Program
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achieved as evidenced by the rapld increase in the number of license

applications before FERC.

|
additional appropriations for this small

This does not imply a phase-cut of Fede

As A result
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t of retrofitting dam; for
cénomically infeasible.
eguirements beiow the projects
nding research to provide

ers and to resolve jssues

dlife Sérvice on minimum

hnology, DOE research and
nmental area, have been limited
highly specialized applications.
of pumps as low-cost turbines,
onceﬁtual studies and ¢éne
ons (less than 10 feet).
exert a leadership role if
tal is to be reallzed. State
hydfo prégram are being imple-
cffices. Through these

to simplify their procedures,

encourage develdpers to under-

v

ower program have largely beéen

we are not requesting any
l-scale hydropower pragram,

iral invglvement in small

hydrg: To the contrary, there will stﬂll be strong federal incentives

for continied development of hydropower

involvement irclude:
o realistic energy pricing polici
domeéstic crude oil prices, whic

attractiveness of small hydro

o Credit assitance through USDA p

The major elements of this

es, such as the decontrol of

h fncrease the economic a

)
© A 21% inveatmsnt tax credit Eé& private hydropower projects
1

%agrams for publicly-owned

|
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hydropower projects
o Derequlation of small hydro through the raising of the

threshold of projects partially exempt from FERC jurisdiction
to 15 MW.

These actions will ensure a continued strong hydropower program

in the U.S. without the need for direct spending programs in the DOE
budget.
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ENERGY STORAGE RESEARCH & DEVELOPMENT

Introduction

The Energy StOrége Research and Dévélopment Program serves: ag,
“the nucleus for virtually all research and development related to
energy storage within the Department, The program supports the end=
use gectors in our Conservvation program and also the Renewable Energy

programs,

Program Goals and Objectives

“The program goal is to help industry provide the technalogies
required to supply reliable; low-cost, safe, and environmentally
acceptable energy storage systems, The mechanisms used to attain
this goal are primarily cost=sharing centracts with industry on
advanced gtorage techngiogies and more fundamental research, Ib
addition, we draw on the vast resources of our national laboratories,
other Government ageﬁcies, agreemants with foreign Governments, and

the university and technical ¢ommunities.

The research sponsored by the Energy Storage Research and
‘Development Program provides -a filrm technelogy bage on which industry
can proceded with its developments of new, energy-efficient, and
tenewable producdts, Implementation of this strategy requires clese
coordination with applied research laboratories in industry as well
as with academia in corder to ensure that the research being under-
taken is suppertive of industry, that our effarts do nat duplicate
those of industry, and that, as & result of our work, we neither
supplaht nor lessen industry research efforets. The benefins of cost
effective energy storage téchnologies are: increassed energy produc-
tivity, increased aubstitution of ceal, nuclear, and renewables for
petroleum and natural gas; increased use of renewable but intermittent
energy sources, and inereased effectiveness of baseload electric

pover generating and distribution capacity,
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_Recent Program Accomplishments

‘While this research program supports many other enerqgy -supply

and end use programs, one useful way to categorilze its recent accom-

plishments: is by ultimate end=use, Theé following summarizes the

accomplishments of our development of energy storage technologies:

For Transportation'Technologies:

o

=]

Battery researchers from national laboratories and industey
are cloge to achieving program goals ih battery performance
in vehicles. The batteries being developed include: hickel/

zinc, nickel/iren, zinc/chlorine, and improved lead-acid.

.Performance goals range from 41 to 69 wh/kg (energy density

or range) for up to 1300 cycles (lifetime), depending on the
battery type.

The National Battery Test Laboratory (NBTL), where célls and
modules developed by research teams undergo verification
testing, now operates on a continuous basis.

A prototype aluminum/air cell {whose "mechanical” recharge
feature ia similar to gasoline refueling) has been success=
fully tested at full size with a recrystallizer that removes
the products formed on battery digcharge., It has an energy

denaity of 340 Wh/kg.

For Building Heating -and Cooling Technologies:

4]

Life and stabilicy tests of experimental phase=-change
materials in unigque packages ﬁave been performed, and

the phase-change materials were used in an air-conditioning
field test.

Prototype design and economic studies for a'sulfuric=acidr

‘water chemical heat pump have been completed, and a residen-

tial<size salt-alcohol system has been constructed,
A laboratory-size hybrid chemical heat pump has been success-
fully tedted, and a rapid cycling system using waste heat has

proceeded into further development..
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For Solar and Conventional Utilities Technologies:

o

Construction has been completed on the Battery Energy Storage
Test (BEST) facility that will test large-scale utility load-
leveling batteries. Installation and checkout of test equip-
ment is underway and the Electric Power Research Institute
will assume support in FY 1982.

In the exploratory electrochemical technology area, experi-
mental sodium/sulfur cells now exhibit 500-900 cycles (vs.

a goal of 2000 for loadleveling), and a zinc/bromine module
storing 80 kWh (a convenient size for load-leveling plants)
has been assembled for laboratory evaluation.

Design and fabrication of a 10 kWh prototype superconducting
energy storage magnet have been completed for power stabili-

zation in the Bonneville Power Administration grid.

For Industrial Technologies:

A 200 kW prototype electrolyzer system using 2.5 £t2 soliad
polymer electrolyte cells has been agssembled and tested.

An analytical study is underway to define whether customer-
owned battery storage for industrial and small business areas
would achieve a significant peak electric demand reduction
and thus an oil saving.

To reduce energy consumption in electrolytic process indus-
tries, air cathodes (for chlor-alkali) and hydrogen anodes
(for zinc refining) are being experimentally developed and

tested in full-size electrolytic cells.

Proposed Program

There are two program areas in the storage program. For the

Electrochemical Storage area the request is $26.25 million and for
the Physical and Chemical Storage we are requesting $12.25 million.

The program direction request is $0.50 million.

The emphasis in the program will be to concentrate available

resources on developing the technologies needed for industry to in-
crease productivity significantly and on long~term research and

development since nearer term storage technologies will be



-63-

developed by the private sector as the market develops. Areas that

will continue to receive emphasis in the Electrochemical Energy

Storage area include:

o

Technology base and supporting research projects on elec-
trolytes, electrodes, electrochemical materials, fuel cells,
and electrochemical process fields.

Evaluation of metal-air battery modules and fuel cells for
mobile applications.

Exploratory technology development in advanced electrochemical
systems for load-leveling.

Applications-oriented R&D related to dispersed site systems

(customer-gide-of~-the-meter systems) and solar concepts.

In the Physical and Chemical Energy Storage emphasis will be

placed on:

]

[+]

Thermal energy storage technology base development
Activities aimed at applications in buildings
Chemical heat pump development

Flywheel materials research

Underground gt;rage supporﬁing research

Reservoir stability experiments with compressed air

Stabilizing magnet development.
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ELECTRIC ENERGY SYSTEMS

Introduction

The electrical energy network in the United States provides
energy to all sectors of -the economy for a variety of different
purposes--including an indispensable power link during national
emergencies and for national defense. Becauge the electric neéwork
is so reliable, it frequently is taken for granted.

In addition, the system must be more efficient to control costs.
Transmission losses are inherent in all systems. Electric system
losses consume about 220 billion kilowatt hours per year equivalent
to 380 million barrels of oil per year., Much of these logses can
be attributed to low voltage equipment~-primarily transformers and
conductors.,

As a result of crude oil price decontrol and other Federal
incentives, diversified electric sources--both conventional and
renewable will become an increasing share of electrical energy supply
"to support future U.S. economic growth, It is seldom mentioned that
new dispersed facilities, when integrated with conventional large
scale plants, require advanced control methods and new network designs,
To accomplish this, an advanced transmission and energy distribution
system is required with different characteristics than that which

exists today.

Goals and Objectives

The Electric Energy Systems (EES) principal function is to
evaluate electric network problems from a "systems" perspective and
to undertake longer-term, high risk research to meet the future needs
of the system. No other program in the Federal government shares
this responsibility. To accomplish this, EES has four major objec=-
tives: A

O Perform a long-term “system architecture® function to help

successfully Integrate into the electric power system large
remote generating facilities with new electric sources that

[

are frequently intermittent and unpredictable.
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Reduce system losses throuéh the research on advanced
transmission and distribution technologies. )

Improve the long-term national electrical system efficiency,
reliability, and adaptability under normal and emergency
conditions by the use of advanced control system technology,
Protect the environment by performing research on the {mpacts

and harmful effects of high voltage electric fields,

Our efforts are concentrated on the "systems" approach because

the experience to date shows that we can achieve over-all economy,

efficiency and reliability only by integrating generation, trans-

mission, distribution and utilization of electric energy into one

comprehensive system.

Program Accomplishments

The accomplishments of the EES RsD program span hardware and

sof tware, studies and assessments. By the end of FY 1981 we expect

these accomplishments:

Q

Completed first significant field test of a 100 meter single
conductor superconducting cable.

Started fullescale laboratory test of # 600 kV dc cable,
having completed test prototype. '

Developed a laboratory model compact gas-insulated transformer
which will be 60% smaller and have 20% less energy loss than
current transformers.

Completed small animal biological tests on the effects of high
intensity electric fields on living organisms. Some effects
have been identlfged, but do not as yet indicate that they
pose a risk to humans.

Fabricated components at MIT for an advanced superconducting
generator.

Demongtrated the effects on distribution systems of heating
and cooling storage, including the Olympic Village in Lake
Placid, New York.
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Proposed Plans

The DOE requested FY 1982 EES budget is $9.9 million. . The pro-
gram has divided this funding into $4.9 million for power deljvery
program activities, $4.1 million for system architecture and integra-
tion program activities,.and about $0,9 million for orogram direction.
This will enable critical hiéh-risk regsearch activities to be per-
formed while transferring all the near-term demonstration and feasi-

bility evaluations to the private sector.
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PARTNERSHIP WITH INDUSTRY

As the program levels in the. Department's revised FY 1982
budget for solar and other renewable energy technologies reflect, we
are embarked on a new course regarding the appropridte Federal role
in energy development. Quite gimply stated, this budget expliciily
eliminates excessive Federal involvement in solar and other renewable
energy development. Concomitantly, this revised request contains as
implicit redirection as well -- a closer partnership with industry.
I would now like to explore with you two aspects of this implied

redirection.

Clarification of Roles

In the past, the Department's energy technology programs were
not'clear on the appropriate role to be played by the Federal sector
in technology development. Program managers were responsible for
the entire spectrum of iechnology development and transfer from
research, development, demonstration, through commercial deployment.
The government role and relationship between industry and government
were not clearly defined. Government perceived that specific techno-
logies such as solar and geothermal were not being developed as
rapidly as possible due to high technology risks and large front~end
capital investments., On the other hand, industry perceived that
government might subsidize demonatration or near-commerical hardware
projects with the result that necessary investments were delayed,
thereby creating the climate for a very real market failure., 1In
Conservation and Solar Energy, past emphasis on technology develop-
ment was oriented toward end-use applications rather than supply-side
technology development, Not surprisingly, industry played a secondary
role in all phases of technology development as a result.

The revised FY 1982 budget before you today, in addition to
recent organizational realignments along fuel or supply=-side lines
within the Department, clearly sorts out and delineates the appro-
priate roles to be played both by industry and government in solar and

renewable energy technology development. As I attempted to convey at



