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LEGAL NOTICE

Neither the Commission of the European Communities nor any person acting on
behalf of the Commission is responsible for the use which might be made of the
following information



FOREWORD

The Scientific and Technical Research Committee (CREST), having discussed
the first report on the confrontation and co-ordination of the energy
research and development policies and programmes of the Member States and
of the European Communities (Report EUR 5911), asked its energy research
and development Subcommittee to continue improving and keeping up-to-date
the inventory of energy research and development programmes and activities.
With the preparation of the present 1976-78 edition, the Subcommittee
confidently hopes to have fulfilled its task. The nomenclature - in which
the whole of energy R&D activities may be sub-divided - has been revised,
the scope has been widened and now covers not only R&D activities, but also
demonstration ones.

The Subcommittee considers the inventory = in its present factual form -

as a useful element of information and recommends that it be circulated
widely to the interested quarters. I wish to express my gratitude to all
members of the Subcommittee for their willing co-operation in preparing
this document and to the Commission of the European Communities - in
particular to Mr. G. Valentini and Mr. M. Francini - for its active support
in preparing and publishing it.

Prof. Paul De Meester
President of the Energy
Research and Development Subcommittee
of CREST

Brussels, October 1979
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1.

SECTION 1

1.17. INTRODUCTION

1.2

The present inventory, by reference to the previous ones realized in the
framework of the energy R&D Subcommittee of CREST - the first referring to
expenditures 1973/estimates 1974 (doc. XII/648/74) and the second referring
to expenditures 1974/75/estimates 1976 (doc. EUR 5911) - differs rather
substantially from them.

Firstly, its scope has been broadened to cover not only research and devel-
opment, but also demonstratijon artivities and - in general - even financial
support of energy technologies.*

Secondly, its nomenclature (sub-division in sectors and sub-sectors) has
been changed: while maintaining its technology-oriented structure, it is
now more homogeneous and can be compared more easily to the structure
adopted in the IEA's reviews by reference to which, however, shows a more
detailed sub-division between the items in which the different aspects of
a given energy technology can be split.

It cannot be compared with other reviews carried out for more general
statistical purposes, as that realized by the R&D Statistics Subcommittee
of CREST; not only the nomenclature of the present inventory differs
greatly from the NABS' one, and any effort in realizing their mutual
compatibility would alter substantially the nature of one or other or both,
but also the kind of expenditures taken into account differ basically:
while the NABS covers the R&D allocations of central governments, the
present one adds to them the demonstration funds of central governments
and the RD and D allocations of the undertakings of the public sector.

EXPLANATORY NOTES

Section 2.1

ALl figures of the summary tables are expressed in milljons European
Units of Account (EUA) and are rounded up to the second decimal.

~ Only figures pertinent to the years 1976 and 1977 are expenditures;
those pertinent to 1978 are, in general, only estimates.

-~ Table I gives the RD&D expenditures of Member States altogether and
of the E.C. in each of the sectors and for the period 1976-1978.

- Tables Ila, Ilb, and IIc give the summary expenditures of each Member
State and of the E.C. in each of the sectors for the years 1976, 1977,
and 1978 respectively; Tables IIla, Il1lb, and IlIc give the per head
expenditures (in EUA) in each Member State and in the E.C. (considered
as EUR-9); the population data have been taken from the report
CREST/51/78 and are the following (in thousand units):

| 8] o | ok | F | IR ] 1 ] N | uk ] EUR-9

1976, 9818 | - 61531 | 5073 | 52921 | 3162 | 56169 {13773 56001 | 258449
19771 9830 | 61400 | 5089 | 53084 3192 | 56462 | 13856 55967 259226
1978 9850 ) 61317 | 5111 | 53239 | 3222 (56740 | 13937 55894 | 259310

* See Item 1.3 "Qualification Statements'.



1.3

—2—

- Tables IVa, IVb, and IVc give the summary expenditures of each Member
State and of the E.C. for the years 1976, 1977 and 1978 respectively
for each sector and sub-sector. When examining these tables, the
reader should be aware of the fact that only figures pertinent to the
totals of the sectors 0, 1, 2 ... 6 are exact; figures pertinent to
each sub-sector 1.1, 1.2, etc. - as those of columns 9 and 11 - are
only approximate and indicative; the abbreviation "p.m. (pour mémoire)
which appears in some squares of the tables, means that, although
activities exist in the concerned sub-sector so that the (horizontal)
additions referring to single sub-sector, as are in particular the
squares of columns 9 and 11, cannot help being approximate.

Section 2.2

Each table in section 2.2 gives a summary of the expenditures (in milliong
EUA) of each Member State and of the E.C. for the period 1976~-78 as well
as a comparison of the main lines of activity for each sub-sector.

Section 3

Each sub-section of section 3 refers to a Member State or to the E.C.; for
each sub-section are given:

- A summary table with 1976 and 1977 expenditures and 1978 estimates in
each sector and sub-sector (in millions EUA);

- A qualification statement;

- A summary of national energy RD and D policy and of priorities;

- Single sheets -one for each sub-sector- giving a summary description of
national programmes and activities: the expenditures are expressed in

both national currencies and EUA). Expenditures in national currencies
have been converted into EUA by applying the exchange rates given below:

BF DM DKr | FF | UK/IR & I Lit | Fol
1976 | 43.165 2.815 [ 6.761 5.345 0.622 930 2.955
1977 | 40.882 | 2.648 | 6.856 5.606 0.654 1007 2.800
1978 | 40.358 | 2.573 | 6.969 5.645 0.672 1061 2.759

QUALIFICATION STATEMENTS

Qualification statements to each Member State are included in sub-sections
of section 3.

As for the European Communities, it should be noted that expenditures given
here refer to the totality of the appropriations earmarked in the Community
budget in the sector of energy research and technology; the estimation of
the pure R&D fraction, where exists, is indicated for each item on the
corresponding sheet.



SECTION 2

SUB=SECTION 2.1 SUMMARY TABLES OF THE RD&D EXPENDITURES OF
MEMBER STATES AND EUROPEAN COMMUNITIES IN
THE PERIOD 1976-1978.
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SECTION 2

SUB-SECTION 2.2 COMPARISON OF MEMBER STATES AND EUROPEAN
COMMUNITIES EXPENDITURES AND MAIN PROGRAMME'S
ACTIVITIES IN THE DIFFERENT SUB-SECTORS.
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SECTION 3

SUB-SECTION 3.1 BELGIUM

6)






ENERGY

R+D&D POLICY
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COUNTRY : BEL

GIUM

SUMMARY OF RESEARCH, DEVELOPMENT AND DEMONSTRATION EXPENDITURE

(in million E.U.A.)
SECTORS AND SUBSECTORS Expendl ture Expena I yure EStig‘;ges
1. RATIONAL USE OF ENERGY n.a. 5.24 3.62
1.1. Industry n.a. "-“6.51 0.34
_“-1.2. Residential and commercial h n.a. 1-;; 0.54
B 1.3. Transportation o n.a. (;-;; ------- Oj3; —————
-—-—;jé. Low-gr;de ener;;-utilization o n.a.--- 2.60 2.39 o
1.5, others ) - - -
2. FOSSIL FUELS AND DERIVATIVES n.a. 4.03 5.96
B 2.1. Coal exploration and extra;;;;;——_ n:a. 1.06 N 1.17 )
S - - ——
2.2. Coal preparation, valoris.& transpt. - - -
[ 2.3, cosl Uiquefaction - - T
2.4 coal gasification | nea. 2.26 479
----- 2.5. Coal co;;ustio;_- - i N —_--‘ - -
-“—2.6. 0il & g;s assessment & ;;;;L_c:rmz;t—i—o—n“ = - -
2.7. 0iL & gas production - - -
2.8. Refining and derivatives | - 0.71 -]
2.9, Transport of 0it | p.n. .| pum.
- 2.10. Transp;;; of gas- ________ p-;. ""‘7;;;: ----------- ;;;: -----
----------------------------------------- e
2.11. Storage of oil p.m. p.m. p.m.
- - ——— — — - - TSR
2.12. Storage of gas p.m. | p.m. p.m.
L e e _— SO VRO SOOI .
2.13. Others - - -
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SECTORS AND SUBSECTORS E"pﬂ';d;;”re Expe,lngd;;“'e Esggggtes
3. NUCLEAR POWER " 49.80° | 51.65 | 56.01
3.1. Proven reactors 10.12 10.08 12.66
B 3.2. High temperature reactors 0.31 0.24 0.19
r.--.-.;.-;:-Breeder‘s ‘bél?b. [25:85" [ éf;éi,‘
3.4. Fuel cycle 1.44 1.65 1.90
3.5. Nuclear safety 6,14 7.85 | 10.90" 1
P--_;:;:-;;;;;-;;;atment and disposal 2.09 2.94 3.15
3.7. Radiation prot.& decommiss.of power pl. p.m. p.m. p.m.
3.8. Fi;;ile materials control p.m. p.m. p.m.
"";:9. Others p.m. p.m. p.m.
4. NEW ENERGY SOURCES AND VECTORS 1.04 3.27 4.19
4:;: Thermonuclear fusion 1.04 1.63 1.96 |
F-_-A.Z. Geothermal energy - - 0.09
[ 4.3, solar energy . 114 a1 |
P--—Z.a. Ocean ) - - -
[ 4.5, wind - -- 0.154
Z.é. Hydrogen as an energy ve;;;r o —:- ﬂ ) 0;50 - O;?8>
0.7, Others - - -
5. ELECTRICITY - 1.48 Q.72
o - ) : - 0.30 | . ]
S.1. Electricity generating equipment - -
B 5.2.-Tran;;;rt of electricity - 0.45 0.10
5.3. Control & instrumentation - - -
._——5.4. Fuel cells o - 0.73 0.62
5.5, Electrochemical storage - pun. ..
__________________ —d-- -
5.6. Other storage techniques - p.m. p.m.
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Expenditure Expenditure Estimates
SECTORS AND SUBSECTORS 1976 1977 1978
6. GENERAL STUDIES -= 0.86 1.97
6.1. Analytical studies on energy systems Nn.a. 0.66 0.79
6.2. Socio-economic studies -- 0.20 1.18
6.3. Studies on environmental effects — p.m. P,
TOTAL 20,84 66.53 2,47




Qualification statement

The figures quoted here are those for which there is a budget heading
for a state-body even if the beneficiary is private industry.
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ENERGY RESEARCH, DEVELOPMENT AND DEMONSTRATION POLICY

1. General objectives

: BELGIUM

to moderate the increase of energy consumption through appropriate
conservation efforts

to diversify the sources of energy supply through the development
of new energy technologies

to improve the supply of coal through the underground coal gasification
programme

to increase the contribution of nuclear energy to the energy supply

2. Specific objectives

a. Short-term_(1977-1985) and_medium-term_(1985-1995)

= nuclear energy

sodium-cooled fast breeder reactors
proven reactors

gas reactors

reactor safety

fuel cycle

- energy conservation

reduction of waste heat

secondary raw materials recovery.

Long=term_(2000_and_beyond)

- new energy sources

solar energy utilisation

controlled thermonuclear fusion

3. Priorities

In decreasing order :

nuclear energy

energy conservation

in situ coal gasification
solar heating and cooling
solar photovoltaic conversion

low enthalpy geothermal energy



— 82 —

4. Ongoing and/or planned comprehensive programmes

The five year (1973-1977) nuclear energy technology R&D programme.

The four year (1975-1978) national non-nuclear R&D programme,
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5. Programme description

R+D&D POLICY I. SECTOR 1, RATIONAL USE OF ENERGY

COUNTRY : BELGIUM

II.SUB-SECTOR 1.1. INDUSTRY

and budgets

DATE : 24.11.78

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities
- heat transfer
- fluidized bed heat transfer
=~ reduction of energy consumption in
. metallurgical industry
. chemical industry
. gas industry
. cement industry (x)
. food and agriculture
- micro waves
- amonium cycles
5=
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e b )
< ¢
N AR o o e
X S > &% AN x @ <
O e <7 NN . (=) 2>
OBJECTIVES o(("' & S /S 0&1@‘\ s & & &
O N &( K 0( 3° [e) A o
Q <t % o O & “
1 X
(x) X
Y S
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x106)
1 _n.a. 20.7 13.8
- o--l_g_g-
TOTAL (in N.C.) N 3, 20.7 13 R
TOTAL (in EUA) ‘n.a. 0.506 0.342
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R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY

COUNTRY : BELGIUM
5. Programme description

11.SUB-SECTOR 1.2. RESIDENTIAL AND COMMERCIAY pate . <4/11/78
and budgets

ITI. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

thermal insulation of buildings

insulating materials

Llow temperature heating (x)
use of heat pumps (xx)
use of solar energy (x)

systems analysis

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

’b(e Qo\‘ b e’c) 3
LGRS < e
% > ? o AN 2 <
' <% . o AN . ?
OBJECTIVES < R ASING AR NN & ,\679 2
X N AR S . R N &
© Q & & LR > o & %
1 X
(x) - x
(xx) X
‘ Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 “n.a. | 80.7 - 21.7
enel ene
TOTAL (in N.C.) “n.a, 80. 7 21.7
TOTAL (in EUA) N.a. 1.974 0.538
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R+D&D POLICY I. SECTOR 1,

RATIONAL USE OF ENERGY

COUNTRY : BELGIUM

5. Programme description
and budgets

I1.SUB-SECTOR 1,3. TRANSPORTATION

DATE : 24-11.78

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

- optimization of engine-fuel systems

fuel cells
- hydrogen engines

- Llinear electric motors

cavitation phenomena

I
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

. C;\" &’ >
NI ANSAN o< e
X, S > o AN oW @ <
S e <. . 2
OBJECTIVES R & S SAES S ES S & & S
> Q .ﬁf ~ & A 5 o & ) °
[ 2 o
1 X
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 Nud. 6.7 14,1
esel ous
TOTAL (in N.C.) n.a. 6.7 14.1
TOTAL (in EUA) n.a. 0.164 0.349
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R+D&D POLICY I. SECTOR 1., RATIONAL USE OF ENERGY

COUNTRY : BELGIU%

1.4. LOW GRADE ENERGY UTILI-
ZATION

5. Programme description

and budgets II.SUB-SECTOR

2. TT.78

DATE :  reyised

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Development of heat pumps

2. Waste heat utilization

~ data collection on heat sources and heat demand maps
- total energy systems

- combined cycles.

3. Recovery of urban waste

- processing and recovery of residential and municipal waste

7

INTERNATIONAL COOPERATION

*z &V 2’ (o)
< > YL ) 2 <©
z(\ (\Q« \)( N e I 2 (\'\ vo [} ,bQ ‘\’b
OBJECTIVES < 0 SRS .K\) on°®®o < é\qs ~ “ s
© Q Q;‘}' ,er' 0\\ v < ‘\ ° e(\ ‘\o
1 X
2 X X
3 X
ceelaen
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x108) (x10%) (x106) (x10%) (x106)
14243 .3, 106,2 96,6
'!!,l.l
TOTAL (in N.C.) rea. 106.2 96.6
TOTAL (in EUA) n.a, 2.598 2.394
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R+D&D POLICY I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES

COUNTRY : BELGIUM

5. Programme description
and budgets

2.1. COAL EXPLORATION AND

-SUB-SECT
I1.SUB=SECTOR EXTRACTION

DATE

Feb. 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Development of new ore exploration methods

2. Coal extraction techniques including secondary and tertiary recovery

3. Evaluation of coal reserves

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

5 .\ 2 >
ALY ANIRAN O e
X (3 2 S N & e <
o () < . . G O 2
OBJECTIVES N & LSS S LS SN o x4 B
N 2 RN O N & *
Q oF 6\\6(’9\\ < < e LR
1 X
2 X
3 X
Y A
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x108) (x106)
1+2 N.a. 43.3 46.3
- - 1.0
Y T
TOTAL (in N.C.) Nada 43.3 47.3
TOTAL (in EUA) n.a. 1.06 1.17
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R+D&D POLICY I. SECTOR 2.

FOSSIL FUELS AND DERIVATIVES

COUNTRY : BELGIUM

5. Programme description

II.SUB-SECTOR 2.4. COAL GASIFICATION

DATE : FEB.1979

and budgets

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Underground gasification

2. Technico—economical studies on the possibilities to introduce in Belgium coal
liquefaction and gasification technologies

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e )
< N2
N ‘\'b,(\Q N (3 2
X > 2 " AN . 2 <
QO e <% . o] N . () >
OBJECTIVES <€ &S S oqez@@o(‘ ¥ & &S
1) N <N SRy NS 5 >~ '
Q o e S C S < %
1 X
2 X
Y AR

V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations

(natl. currency) 1976 1977 1978 1979 1980

OBJECTIVES (x106) (x106) (x106) (x10%) (x106)

14+ 2 N.3., 92.2 193.5
Y S

TOTAL (in N.C.) n.a. 92.2 193.5
TOTAL Cin EUA) n.a. 2.26 4.79
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 2, FOSSIL FUELS AND DERIVATIVES

COUNTRY :

BELGIUM

I1.SUB-SECTOR 2+6+ OIL AND GAS ASSESSMENT

AND EXPLORATION

DATE :

FEB. 1979

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. 0il drilling at important depths

4
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e %
< A
o ARL® A > e
\ > 2 9 N oA \2 <
< e e . 3 ) 4
OBJECTIVES & & S LSS SES S X o i s
N AR RN o & d
N <t ? & < © ¢ e
SR .
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x10%)
1 DaM, DaM, p.m,

eseloss

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY I. SECTOR 2.

FOSSIL FUELS AND DERIVATIVES

COUNTRY : BELGIUM

5. Programme description
and budgets

I1.SUB-SECTOR 2.8.

REFINING AND DERIVATIVES

DATE : FEB. 1979

I11. OBJECTIVES AND MAIN LINES OF ACTIVITY :
1. Current activities
- hydrocarbons thermal cracking
- carbon chemistry
- upgrading of used oil products
4
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e )
< .2
A ‘\o ‘(\’b-(\q ‘xg:\ 6 e
X > ) o AN (2 <
< ) <% . e} A . O 2
OBJECTIVES o(é" & SO E S on%@@O ¥ ‘\é" &S
9 ™ S . <o 5 * Q o
N S SO ° e %
1 X
ceelaan
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 ' - 29.0 -
.I),ll.
TOTAL (in N.C.) - 29.0 -
TOTAL (in EUA) - 0.71 -
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R+D&D POLICY

and budgets

5. Programme description

I. SECTOR 2, FOSSIL FUELS AND DERIVATIVES

COUNTRY : geLGIUM

I1.SUB-SECTOR 2.9, TRANSPORT OF OIL

DATE : FEB.1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Gas and liquid fuel distribution modeling

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e % <
\ .2
N @ LS s Co) e
X S ) AR o A e <
) ) <7 . ) 2
OBJECTIVES &8 IS PPN er7’§\>° ¥ & o 2
N N [N < R .0 N Q&
< X
et @zQpA < © e o\
1 X
cvel een
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x10%) (x106) (x108) (x106)
1 p.m. DM 0.,

socloos

TOTAL (in N.C.)

TOTAL (in EUA)

™
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R+D&D POLICY I. SECTOR 2. FOSSIL FUEL AND DERIVATIVES COUNTRY :BELGIUM

5. Programme description

and budgets II.SUB=-SECTOR 2.11. STORAGE OF OIL DATE : FEB. 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Study of energy resources storage

V4
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e )
< .2
Y °\5 ‘(\’b N -C‘ b e
x, > 2 PANER oW Q <
Qo e N > o . 3 *) o
2 & SIS e 2% A < 2
OBJECTIVES . < R ,g")(\\ N ERYL &/« & (s,\e “ R
Q s 6szepé > © ° [2 o
1 X
ceelaen
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
0BJECTIVES (x106) (x106) (x106) (x108) (x10%)
1 p.m. pam. P

sssloss

TOTAL (in N.C.)

TOTAL (in EUA)
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R+DED POLICY

5. Programme description
and budgets

I. SECTOR 3. NUCLEAR POWER COUNTRY : BELGIUM

I1.SUB-SECTOR 3,1. PROVEN REACTORS DATE : FEB. 1979

III.

1.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

Zirconium assemblies

2. Fuel utilization :
- performances
- fuel physics
3. Plutonium recycling
4. Safety
7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e o
< @
o 2. A > e
X > N NN o R 2 <
. (2 e . ° O )
e & O NS e? & ha < WP &
OBJECTIVES < 0 S &S 'Ko S «,3' e (\4\9 “
© NS st SO © ° e “*
1 X
2 X )
3 X
4 X
1 eeel/ee.
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x10%)
124 437 412 511
llgllgl
TOTAL (in N.C.) 437 412 511
TOTAL (in EUA) 10.12 10.08 12.66
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R+D&D POLICY I. SECTOR 3, NUCLEAR POWER

COUNTRY : BELGIUM

5. Programme description

and budgets 11.SUB=SECTOR 3.2. HIGH TEMPERATURE REACTORY

DATE

: FEB.1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Thermal gas-cooled reactors

- fuel fabrication

- coated or spherical nodules development and irradiation tests

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e %
< A
o 2. O ) & e
X > SN X ¢ <
S e < . o NP . ) 2
OBJECTIVES \)(("' < & @q‘ 5 i~ OQ“Z@(\ < \\ée \;«4’ X 2
P > <N <7y <O A o QS °
CSE SO ° < S
1 X
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x10%) (x10%) (x106) (x10%)
1 13.4 9.7 7.8
PP S
TOTAL (in N.C.) 13.4 9.7 7.8
TOTAL (in EUA) 0.31 0.24 0.19
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R+D&D POLICY I. SECTOR

3. NUCLEAR POWER

COUNTRY @ p¢| a1uM

5. Programme description

and budgets I1.SUB-~SECTOR 3.3. BREEDERS

DATE

° SEPT. 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Fuel assemblies

- design

- fabrication
Materials developmant
Sodium technology
Aux. equipment

Safety and instrumentation

2. Kalkar (SNR _300)

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

‘éc & & 3
% > SO = 2 <
S <% . o ANt . ) 2>
OBJECTIVES ¢ & S SES SN & SR >
C)( NG é’b & z(lbd' O S " 0,5\ & |
Q oF 'b\\ ) AW , (2 CN
1 X
2 X X
el een
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x106) (x10) (x106)
1 796 783 687
2 575 _398 411
- - - 'l-,-.-
TOTAL (in N.C.) 1.371 1.181 1.098
TOTAL (in EUA) 29.70 28.89 27.21
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R+D&D POLICY I. SECTOR 3. NUCLEAR POWER

COUNTRY : BELGIUM

5. Programme description

and budgets II1.SUB=-SECTOR

3.4. FUEL CYCLE

DATE : FEB. 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Reprocessing (general) :

- Gaseous effluents
= Tritium removal from effluents
- Conditioning of cladding waste

2. Reprocessing breeder fuel :

- Plutonium dissolution

3. Head- and semi-pilot facility

4, Plutonium recycling (see in sub-sector 3.1.)

rd
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e % C)
< 2
ool ° . ~ (o] e
% > > SN o w g <
QO <. . . ) 2
0BJECTIVES < S “ S &S oQ&@@‘)o o & 4«4’ X <
> N\ LN . o < X ) (o]
¢ Q P ANy > © ° ¢ e
1 X X
X .
3 X
Y S
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x106) (x10%) (x106)
123 62.1 67.5 76.5
%
p.m. p.-m. pPeM.
cecloos
TOTAL (in N.C.) 62.1 67.5 76.5
TOTAL (in EUA) 1.44 1.65 1,90
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R+D&D POLICY

and budgets

III.

5. Programme description

I. SECTOR 3. NUCLEAR POWER

COUNTRY : BELGIUM

II.SUB=SECTOR 3.5. NUCLEAR SAFETY

DATE : SEPT. 1979

1.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

.

Safe-guards and applied research

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

o xﬁﬁ ® “F? o3 e
X e} > ° &% AN ‘.\& () <
< e <7 e o o . ) 2
OBJECTIVES ¢ & LSS S ES S Y & S o
& Q\,’b RSN IO oy & & (3
ot A e %
1 X
eeel een
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x10%)
1 265 321 440
Y ST
TOTAL (in N.C.) 265 | 321 440
TOTAL (in EUA) 6.4 | 7.85 10,90




R+D&D POLICY

5. Programme description

and budgets

I. SECTOR

3. NUCLEAR POWER

COUNTRY :BELGIUM

II.SUB-SECTOR 3.6. WASTE TREATMENT AND

DISPQSAL

DATE

FEB. 1979

III.

1. Treatment

OBJECTIVES AND MAIN LINES OF ACTIVITY :

- radioactive effluents of nuclear plants

- high temperature incineration of radiocactive waste

- qualification of treated radiocactive waste

2. Storage and disposal

- geologic disposal

- provisional disposal

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

5 Q.\. &’ >
% > INSRLONN X e <%
< <. . (e} PR . () ?
0BJECTIVES <@ & SO S LS LY & i 2
N N S < S 4° < &
s SENP LA ° e %
1 X X
2 X ‘X
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x106) (x106) (x106) (x10%)
1+2 90 120 127
Y PP
TOTAL (in N.C.) 90 120 127
TOTAL (in EUA) 2.09 2.94 3.15
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 3, NUCLEAR POWER

11.SUB=SECTOR 3-7- RADIATION PROTECTION AND
DECOMMISSIONING OF POWER PLANTS

DATE : Ffeg.1979

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

(see under 3.5)

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

5 0:\" & >
NG o0 L s e
X, > > AR o () <
'S (A < . . I3 O )
OBJECTIVES R\ S S SF S é§?¢§° o & S B
(J\) Q\, &( '~ g ¢ K S (,06\ ¢ 0‘, (\4 °
+ Riire) 2 o
e 2
PR
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
p.m. p.m. p.m.
eaol coe
TOTAL (in N.C.)
TOTAL (in EUA)
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR

3. NUCLEAR POWER

COUNTRY : BELGIUM

. SUB=SECT
II1.SUB=SECTOR 3.8.

FISSILE MATERIALS CONTROL

DATE

FEB. 1979

III.

1.

Safeguards

(see under 3.5.)

OBJECTIVES AND MAIN LINES OF ACTIVITY :

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

(2 &h o2
& > (&. o\ g@ WK o KC\ & lge
& g XN S TS e w* @ ) x
OBJECTIVES < Q& & o oF & &L & ¢ 2 & @
& Q\:b N Sl O L o &8 &
ot o 5 e %o
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
DM, Dalle Dallla
ccelane

TOTAL (in N.C.D

TOTAL (in EUA)
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR %- NEW ENERGY SOURCES AND

COUNTRY :
VECTORS BELGIM

IT1.SUB-SECTOR 4.1. THERMONUCLEAR FUSION DATE : FEB. 1979

III.

1. Fusion researc

2. JET-Project

OBJECTIVES AND MAIN LINES QOF ACTIVITY :

h

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

\ 'o(z C;\° O >
AL AN RS ';(:\ e
& L S o O3 . & &§ éﬁ
OBJECTIVES o(< & S S F < O R X
¢ Q & O RN A o DI
2 ? (o
1 X X
> X
eeelues
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10% (x10%) (x106) (x106) (x106)
1+ 2 44,8 66.5 79
Tl eos
TOTAL (in N.C.) 44.8 66.5 79.0
TOTAL (in EUA) 1.04 1.63 1.96
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R+D&D POLICY

5. Programme description
and budgets

1. SECTOR 4. NEW ENERGY SOURCES AND VECTORS

COUNTRY : BELGIUM

11.SUB-SECTOR 4 2, GEOTHERMAL ENERGY

DATE :FEB 1979

I11.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Prospective studies on geothermal energy application in Belgium

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

5 &v & >
% > INERONEN X & ¢
< < . ted NP . 0 2
OBJECTIVES & & SO S S LS SN & /P &
X 2 PR ? O . 5 3 o
¢ Q =~ OIS > ° <
2 ? 0
1 X X
el eae
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x108) (x106)
1 - - 3.7 60.0
...’O..
TOTAL (in N.C.) - - 3.7 60.0
TOTAL (in EUA) - - 0.09 1.49
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5. Programme description
and budgets

R+D&D POLICY

I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS

COUNTRY :BELGIUM

II.SUB-SECTOR 4.3.

SOLAR ENERGY

DATE

.24.11.78
rev. FEB.79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1.

2.

Use of solar energy in the residential and commercial sectors (see under 1.2.1.)

Solar heating and cooling

- study and modeling of solar collectors

- insolation data

~ solar energy storage

Photoelectric

- photovoltaic conversion

. silicon and cadmium cells
. technology of thin films

- photochemical processes

- photoelectrolysis
Thermal electric solar power plants

Biomass

- sludge and bio-industrial waste processes

- anaerobic fermentation of organic waste

- pyrolysis

~ waste methanisation

technico-economical studies of solar energy utilization in Belgium

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

[ )
< .2
K 2.0 ~ {3 e
> o b SRS oW O <
O (A \S . . =) )
OBJECTIVES < & S /8 S S ES SN &’ & <*
AS < ~ < . < [e) N <
O égf 6*&95 O < e o
1 X
2 X X X
3 X X
4 X
5 X X Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x10)
2 - 6.2 33.30
3 - 13.6 9.2
4 - 21.3 -
E - 5.4 6.2
] waol aoa
TOTAL (in N.C.) - 46.5 48.70
TOTAL (in EUA) - 1.14 1.2
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS

COUNTRY : BELGIUM

I1.SUB-SECTOR 4.5, WIND

DATE :

Z4TT.78
revised

III.

1. Wind power units

OBJECTIVES AND MAIN LINES OF ACTIVITY :

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

- N 2 >
X > INSRIV A SNy < ¢ 2
~ < . S e . 2
0BJECTIVES R & S S SES S & S 2
~ 6¢° SSNY A Gt o Q&
et 2 &P © e
Y .
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x109) (x10%) (x106)
1 - - 6.2
ecel ans
TOTAL (in N.C.) 6.2
TOTAL (in EUA) 0.154
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R+D&D POLICY

5. Programme description

and budgets

I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS| COUNTRY igg crim

VECTOR

11.SUB-SECTOR 4-6- HYDROGEN AS AN ENERGY DATE : 24.11.78

revised

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

= production by thermochemical watersplitting

= production by electrolysis

metal hydride storage of small and medium capacity

- production by photosynthesis on industrial scale
(preliminary studies)

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e )
< . e
N SR O RS @
(oY 2 ) % oA >
< e < . b 2> O . Y ’bg o
OBJECTIVES Ry S S8 S S ¥ & S T
('0 N ~ < Q° R Q‘o «° O&' & Q o
<t 2 & |
1 X

[y .

V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)

1 - 20.4 21.5

'II,..I
TOTAL (in N.C.) - 20.4 31.5
TOTAL (in EUA) - 0.50 0.78
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R+D&D POLICY I. SECTOR 5.

ELECTRICITY

COUNTRY : BELGIWM

5. Programme description
and budgets

11.SUB-SECTOR 5+1- ELECTRICITY GENERATING

EQUIPMENT

DATE : FEB.1979

III.

1. Current activities

- development of turboengines
- combustion

- superconductivity

OBJECTIVES AND MAIN LINES OF ACTIVITY :

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

<
. & N >
. 5 IR OR X & <@
C (2 <. NN . ) 2
OBJECTIVES < & LSS SES S & 2
& Q\:b SN s S & ~* & N
Qa+ 'b\\ (90 < e '\o
1 X
ceelcen
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x10%) (x106) (x10%) (x106)
1 - 12.1 -
Y T
TOTAL (in N.C.) - 12.1 -
TOTAL (in EUA) - 0.30 =
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R+D&D POLICY I. SECTOR 5, ELECTRICITY COUNTRY :BELGIUM
5. Programme description _ .
and budgets I1.SUB-SECTOR 5.2. TRANSPORT OF ELECTRICITY | DATE : FEB. 1979
III. OBJECTIVES AND MAIN LINES OF ACTIVITY :
1. Current activities
- interaction between power stations and networks
= superconducting cables
- solids behaviour under intense magnetic fields
7 TR AP pM
IV. PROGRAMME FEATURES STATUS & THPLEMECNTATION INTERNATIONAL COOPERATION
e b o
< e
o S
& Q,b > . ‘}\’b&\(\ o< "\,O . 5 qe’b 'b(e
OBJECTIVES & <& £ 0 St W o («*‘QO ¥ o ; 2 4 RN
N N\ oo . (S <, X o
() N
° eJ'K 'o‘\e (:O\ @ © ° ¢ o
1 X ]
T e aun
V. BUDGETS Expenditures | Expenditures | Estimations Estimations | Estimations
(natl. currency) 1974 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x100) (x106)
1 - 18.4 4.1
5, T o m'_' Y
TOTAL (in N.C.) - 18.4 4.1
TOTAL (in EUA) - 0.45 . 0.10
A A
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 5, ELECTRICITY

COUNTRY : BELGIUM

IT1.SUB-SECTOR S5.4. FUEL CELLS

DATE : FEB. 1979

III.

1. More generally :

energy storage

OBJECTIVES AND MAIN LINES OF ACTIVITY :

- study of energy resources storage

- hydrogen batteries

- heat storage

electrochemical

storage

=
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

2 % )
< A
o 2. O ~ & 2
X, o) @\' \° t}\ N\ L% & @
< e <% . o N . ) 2
OBJECTIVES @ & SO S S S LS SN & /S 2
X N RN PN . ) P
) Q > O © R & o\
e 2 & ©
1 X
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x106) (x106) (x10) (x10%)
1 - 29.9 24.9
Y
TOTAL (in N.C.) - 29.9 24.9
TOTAL (in EUA) 0.73 0.62
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SECTCR S.

R+D&D POLICY I. ELECTRICITY

COUNTRY : BELGIUM

5. Programme description
and budgets

II.SUB~SECTOR 5.5. ELECTROCHEMICAL STORAGE

DATE : FEB. 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Electricity storage methods (see under 5.4)

7 "
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

o 2.0 g o) e
X, iy ’b\' \e & Q) WX (2 <
e <7 . o> NP . ) )
OBJECTIVES < & LSS ES S ES S &SP <
& N MG A o & 2
P 6‘&9 L% o\
1 X
cealeen
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 p.m. p.Ma P.M.

YA

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 5. ELECTRICITY

COUNTRY : BELGIUM

I1.SUB-SECTOR 5.6. OTHER STORAGE TECHNIQUES

DATE : FeB. 1979

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. See under 5.4

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

2 ¢ Qo\o 2’
NI AN x5 > ¢
x. ~ < <
< cyb < e SR »* <® 2> x®
OBJECTIVES < & WA X & @ e o °
X 2 AR S . 2
[#) Q +’<. OQ‘ O ~ 0(\ o\
e 2 *
Y SR
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x100)
1 p.m. p.m. p.m.

IIIII‘.

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 6. GENERAL STUDIES

COUNTRY : BELGIUM

11.5UB~-SECTOR 6+ 1+ ANALYTICAL STUDIES ON
ENERGY SYSTEMS

DATE : 24.11.?8
revised

III.

1. Current activities

OBJECTIVES AND MAIN LINES OF ACTIVITY :

- national energy system modelling

- establishment of an energy data bank
- energy accounting (micro-and macro-economical)

7
IV. PROGRAMME FEATURES

STATUS & IWPLEMENTATION

INTERNATIONAL COOPERATION

’b(?, Q"\o _ec, >
N & N e
% > RPN e ° <
o e <7 . o N . o ©) 2
0BJECTIVES Ry S LSS LS SN o Sy 2
N N O S0 A & 3 °
< ot 2 O ' e e
1 X X
el e
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x10%)
1 n.a. 26.8 32.0
- T Y A
TOTAL (in N.C.) n.a., _ 26.8 32.0.
TOTAL (in EUA) N.a. 0.656 0.792




— 112 —

5. Programme description

R+D&D POLICY I. SECTOR 6.

GENERAL STUDIES

COUNTRY :

BELGIWM

and budgets

I1.SUB-SECTOR 6.2. SOCIO-ECONOMIC STUDIES

DATE :

FEB. 1979

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY

1. Current activities

- studies on social costs of primary or secondary energy sources

= technical economical studies of alternative sources of energy

- safety of industrial installations

- land reclamation

= environmental studies

- economical and social assessment of energy investments

4 - AL COOPERATION
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL C
e % 5
< . @
> o R O & <&
x & 2 NN R o ®
< (A < . 2 O . [ 2 o
OBJECTIVES & & & & S W e ¥ < & A
N N LA P O S “° &
6+ ,bA (o) |
1 X
ceel cee
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x106)
1 - 8.2 47.8
Y
TOTAL (in N.C.) - 8,2 . 47.8
TOTAL (in EUA) - .20 |  1.18
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R+D&D POLICY

5. Programme description

and budgets

I. SECTOR 6. GENERAL STUDIES

COUNTRY :BELGIUM

II.SUB-SECTOR 6.3. STUDIES ON ENVIRONMENTAL
EFFECIS

DATE : FEB. 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. See under 6.2.1

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e '\o &
< .2
K 2.0 o) e
* > SO : Q <
N e <7 . o NP . (o) 2>
OBJECTIVES & & > O S WS Qef“‘ & X & s S
<,\>( Ng S z'h« O S " o.(f\ N oK
Q P 6& © AN e o\
1 X
ceel eun
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 Pafl. Dalle Do

Y

TOTAL (in N.C.)

TOTAL (in EUA)
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SECTION 3

SUB=SECTION 3.2 DENMARK






ENERGY

R+D&D PQLICY

— 117 —

COUNTRY

* DENMARK

SUMMARY OF RESEARCH, DEVELOPMENT AND DEMONSTRATION EXPENDITURE

(in million E.U.A.)

SECTORS AND SUBSECTORS Expe1n9d7i(;cure Expe1n9d71'7ture Estjg;;es
1. RATIONAL USE OF ENERGY 1.287 2.173 3.430

1.17. Industry 0.133 0.146 -0.158
h-“1.2. Residential and commercial 0.562“_ 0—.-948 1-.492 )
N 1.3. Transportation 0.222 -b,248 0.273 N

1.4. Low:;;ade energy utilization 0.370 0. 831 1.507 o
““;.5. Others_- ) ) N - '---_" -------

2. FOSSIL FUELS AND DERIVATIVES - 0.233 1.162

2.1. Coar;;ptoration and extr:a;tion-_ N - -“C-v..—O-S-S ---------- 0_ .—2-5-8"“—

2.2. Coal preparation, vaLoris.&-transpt. = o - “- o

2.3. Coal L;quefaction - T I
B 2.4. Coal g;sification S - o

2.5. Coal combustion o o F-_-Eizﬁ; ---------- djg;b -----
2. 0108 cas assessment & exploration - 060 | o.era |
e — —————————— SV S

2.7. 01l & gas production - - -

2.8. Ref‘in‘i;;_and derivatives o T —'“-“““““- ---------- -
S NI NS NN
| 2.10. Transport of gas n.a. 1 n._a_. _____ J_“.__n_._al_. ——————

2.11. Storage of oil - i - -

2.12. Storage of gas = - T “: -------
B 2.13. Others o | - “:“
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SECTORS AND SUBSECTORS Expe1”9d7"6t“"e E""i”:;;“” Esggggtes

3. NUCLEAR POWER 8.038 9.873 11.176
3.1, Proven reactors o O s | w2 | e
" 3.2. High temperature reactors | A ; ]
3.3 Breeders - - -
--"3.4. Fu;z_cycte ------- i i 1.597 2.961 ] 3.645 ]
35, Nuclear safety 21| s | 1as
| 3.6 uaste treatment and disposal | R R T :
r—--;‘:;j—;;;;;tion prot.& decommiss.of ;;wer pl. 0.30 0.33 0.36 B
—“—3-.-8—._-F_i—s-s~1'.l.—e.‘m-a-t-e-r'ia ls cont—r-o_ L-_ T = h - = i
[ 5.9 others T T B pune |
4. NEW ENERGY SOURCES AND VECTORS 0.858 2.787 6.049
4.1, Thermonuclear fusion 0.488 |  0.715 0.933
4.2 Geothermal energy | ¢ 0.030 | ¢ 0.321 | 1715
--“Z.-;j—;ol.ar en;;;y --------- 0.25-1. 0.788 -"‘-_—-1—.-0-3—3 ----- ]

44, Ocean ) - I
P-——ZO-S. wind--- 0.089 0.963 2.368
| i.6. Hydrogen as an energy vector | - | - | - -
o7 others A |
5. ELECTRICITY - 0.015 0.804
| s.1. Electricity generating equipment ae | mea | mee ]
| 5.2. Transport of electricity AR I R B

;-;_ Control & instrumentation o e h = o
-—_5.4. Fuel celts-- T o “—'- I - N -
5.5, Electrochemical storage - 0.158 |
5.6, other storage techniques | - | 0015 | ¢ 0.646 |
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Expenditure | Expenditure Estimates
SECTORS AND SUBSECTORS 1976 1977 1978
6. GENERAL STUDIES 0.148 0.452 1.105
6.1. Analytical studies on energy systems 0.148 0.452 1.105
6.2. Socio-economic studies n.a. n.a. n.a
6.3. Studies on environmental effects n.a n.a. n.a
TOTAL 10.331 15.533 23.726
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ENERGY RESEARCH, DEVELCPMENT AND CEMONSTRATION POLICY

1. General objectives

tc ccordingte and intensify R&D 1in the energy sector in support of
efforts to ensure greater security of supply, curkt the growth of
consumption end, in the longer term, offer a variety of chcice in the
energy sector;

to reduce the rate of increase in the consumption of renewable primary
energy Sources; ,

tc centribute to the developrent of long term solutions to the energy
problem, suchk as by utilising renewable energy sources.

2. Specific chjectives

de

Short term (1977-1985) and medium-term (1985-1995)

- - i o - - - - - - - - . S - -

- 0il and gas exploration and extraction, especially in Greenland
= Uranium-ore exploration and extraction
- Energy consumption in buildings
. prctection of buildings against the weather
. heating and ventilation equipment
. alterrztive heating systems
- Exploitation of wind energy
- Energy storage (mainly heat)

- Exploratory work for energy planning.

- b . - - o o~ o - — -

- Thermonuclear fusion

Fast kreeder reactors

Electric power from solar cells

Coal gasification

Energy storage (mainly electricity).
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3. Priorities

= Energy conservation (conversion and end-use)
- Domestic oil and gas

- New energy sources.

4. Ongoing and/or planned comprehensive prcgrammes and budgets

none.
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R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY COUNTRY : DENMARK
3. Programme description I1.SUB-SECTOR 1.1. INDUSTRY DATE : JUNE 1979
and budgets

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Industrial processes

- heat—-saving measures in laundries

- energy conservation in drying wood

- heat recovery in the plastics industry

- heat recovery from tumbler dryers

~ energy-saving in the use of compressed air

- optimization of manufacturing processes at times of energy and
raw material shortages

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e % )
< A
o\o 2. ~ (o3 e
x, oY 'b\' \ Y O X @ <
o <% . o O . 2
0BJECTIVES @ YA LISYL N & S X
& S S O S > & & o
< ot Qg% e %
1 X 100 100
Y S
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x106)
1 0.9 1.0 1.1 1.2 1.3
Y AT
TOTAL (in N.C.) 0.9 1.0 < 1.1 1.2 1.3
TOTAL (in EUA) 0.133 0.146 0.158 0.172 0.187




— 123 —

R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 1.

RATIONAL USE OF ENERGY

COUNTRY : DENMARK

II1.SUB-SECTOR 1.2. RESIDENTIAL AND COMMERCIA

| DATE ©  JUNE 1979

=T

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Low—energy dwellings

- construction of an experimental Llow-energy house

- design, construction of six low-energy houses at reasonable costs. One year
measurement tests

- operation of a zero—energy house

2. Insulation and heating

- air-tightness of buildings, building structures and building sections

- cavity-wall insulation

- highly insulated concrete facades

- highly insulating, light, load-bearing sandwich structures

- moisture and heat transport in building structures

- moisture and heat conditions in highly insulated roof and wall structures

- heat-controlled window glass

- window design which, from heating and lighting standpoints, are optimum in summer
and winter

- pulsed combustion

- energy consumption in a space heated in various ways

- comfort control of indoor climate

- effect of lighting in the heat balance and energy consumption in buildings

- window's effect on the energy consumption for space heating

- daylight's variations measurement

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES

()]

(0 '\0 zﬁ_,
o 2.0 EN (oY e
X > SN @ <
O < . . 2
OBJECTIVES <& & S S S LS Sy & st
R @ Y2y t Qe & & o
< s S < 2 %
1 X 70
2 X 100 100 ‘ X
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x108) (x106)
1 0.3 1.4 2.3 2.0 1.40
2 3.5 5.1 8.1 10.1 7.1
.Il’l‘.
TOTAL (in N.C.) 3.8 6.5 10.4 12,1 8,50
TOTAL (in EUA) 0.562 0.948 1.492 1.736 1.220
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R+D&D POLICY I. SECTOR RATIONAL USE OF ENERGY COUNTRY : DENMARK
3. Programme description I1.SUB-SECTOR 1.3. TRANSPORTATION DATE : JUNE 1979
and budgets
|

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

- recovery of kinetic energy during deceleration phase (hydraulic system)

- development of electric cars
- internal combustion engines

. insulated diesel pre-combustion chambers

. combustion process in gasoline engines

. alternative engine fuels

. study on increasing the efficiency of diesel engines
. mixture and heat control of gasoline engines

. Stirling engines

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e *\ Cy
< 2
K 2. ~ (3 e
< > SO * ¢ <
(A < . o) ’b(\ (\'\ . ) O ()
OBJECTIVES < & SN LTALIN X < i Y
< & SIS R & & < Ky K
) N\ < fa) < . .
o Q s (& P ~ o & 3 °
1 X 100 100
ceelaee
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x106) (x10%) (x106)
1 1.5 1.7 1.9 2.0 2.3
.Q.,I..
TOTAL (in N.C.) 1.5 1.7 1.9 2.0 2.3
TOTAL (in EUA) 0.222 0.248 0.273 0.287 0.330
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R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY COUNTRY : DENMARK

5. Programme description

JUNE 1979
and budgets

II.SUB=-SECTOR 1.4. LOW-GRADE ENERGY UTILI-
SATION

DATE :

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Heat transport (see under 5.71.2. : District heating)

2. Heat storage

- storage of heat in connection with individual houses (solar energy, heat
recovery, etc.)

- heat energy storage in Denmark

. uninsulated heat accumulator in the earth
. long-term storage of heat
. large-scale heat storage in underground formations

3. Heat pumps

distribution of heat and heated mains water from heat pumps

heat transfer conditions and evaporation sequence in evaporators
- mathematical model for heat transfer from the earth

- simulation of thermal systems

heat-transfer conditions for air coolers

heat transfer conditions in the ground

- heat pumps exploiting air's enthalpy

4. Agriculture
- energy-savings 1in silage drying
-~ total energy systems for greenhouses

~ low-energy greenhouse with removable night insulation

= > ==
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e '\. &
ol o "\e b e
g o NS e Y O o W Q) <
< & <. . ) 2
OBJECTIVES & & L&/ S SES SN & /P 3
& N S ST 5 & o ot
Q o (e ANRY & "
1 X
2 X 50 100 X X
3 X 100 100 X
4 X 100 100 X
X ..l/'.l
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x10%)
1 * p.m. DM, p.m.
2 1.1 4ob 5.9 4,1 n.a.
3 0.5 0.3 N.a. Ned. N.de
4 0.9 1.0 4.6 2.0 1.3
.I.l.ll
TOTAL (in N.C.) 2.5 5,7 10,5 6.1 1.3
TOTAL (in EUA) 0.370 0.831 1.507 0.875 0.187
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111. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

- straw as a fuel for a district heating plant

- bio-gas from organic wastes (manure) (see under 4.3.3.)

7 . -“-.,. "

INTERNATIONAL COOPERATION

e o\ o
<
K 2. O "\e'
< 2 ENTIEPZASIRN N > e
) e v . > S . g N
0BJECTIVES ¢ & & &S S A & & &
(‘o( Q\” RSN AL < cf'& x'% < (\“\ o
et SRS o ¢ ° e e
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x10%)

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY I. SECTOR

2. FOSSIL FUELS AND DERIVATIVES

COUNTRY :

DENMARK

S. Programme description
and budgets

II.SUB-SECTOR 2Z.1.

CCAL EXPLORATION AND
EXTRACTION

DATE :

JUNE 1979

I1I. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Coal exploration in Greenland

, '1 v
IV. PROGRAMME FEATURES STATUS & IiPLEMENTATION INTERNATIONAL COOPERATION
e %
o S w2 S
< > 'b\' \e ‘;(\ RS Y < <
< e \8 . NP . 2
0BJECTIVES & & S e 2 S E S
& < &Nl L55S ’ & 3 ot
<t S % e e
1 X 100
caeleae
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x10%)
1 = 0.4 1.8 14.7 0.8
YA
TOTAL (in N.C.) - 0.4 1.8 14,7 Q.8
TOTAL (1n EUA) - 0.058 0.258 2.109 0.115
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R+D&D POLICY I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES | COUNTRY : DENMARK
3. Programme description 11.SUB~SECTOR 2.5. COAL COMBUSTION DATE : JUNE 1979
and budgets

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Coal combustion

- laboratory scale experiments with fluidized bed combustion

- establishment of a coal catalcgue
- utilisation od coal in smaller heating stations.

I
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e % )
< e
NP AR X > e
N O 2 o N 3 <
S <. e S Q& . 2
OBJECTIVES & & SIS SES S Y & &
N NI LN L O 5 > S St
Q Q’.‘_ \\6(904 N W o < .\‘
1 X 100 100 X
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x108) (x106) (x108) (x10%)
1 - 0.1 1.6 2.6 1.0
Y A
TOTAL (in N.C.) - 0.1 1.6 2.6 1.0
TOTAL Cin EUA) - 0.015 0.230 0.373 0.143
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R+D&D POLICY I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES COUNTRY : DENMARK

2.6. OIL AND GAS ASSESSMENT

5. Programme description -
11.5UB~SECTOR AND EXPLORATION

and budgets DATE :

JUNE 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

Basic geological and geophysical investigation in Greenland

- paleontclogical and stratigraphical studies of the Greenland basin

- sedimentological and tectonic study of the Easterr Greenland basis

- micropaleontological studies of Eastern and Westerr Greenland sediments
- geochemical studies of Western Greenland sedimentary rocks

- palynological and basin studies in central Westerr Greenland

- geophysical studies on the Greenland shelf

- sea-bed studies off Westerr Greenland

- aercmagnetic study of the Eastern Greenland continental shelf

- interpretation of data and study of oil companies samples

- recent methods for locating oil

- mineralogy, geochemistry and petrclogy of the Ilimanssag intrusion

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
Iv. PROGRAMME FEATURES

o > . N > e
X > SO o ¢ <
QO <% . (3 S & . 2
OBJECTIVES N\ ég' NEWLEN Q%'° <\\\>° X & &?’Q 2
& & SN A0S ’ & & 2
s S > © e o
1 X - 100
eael aen
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10% (x10%
1 - 1.1 4.7 7.1 0.3
veoless
TOTAL (in N.C.) - 1.1 4.7 7.1 0.3
TOTAL (in EUA) - 0.160 0.674 1.019 0.043
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R+DE&D POLICY I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES COUNTRY : DENMARK

5. Programme description
and budgets

I11.SUB~SECTOR 2.10 TRANSPORT OF GAS DATE : JUNE 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :
1. Transport systems for natural gas

2. Simulation model for determining the expansion rate of a natural gas grid and
consumer installations in Denmark (see under 6.7.3.)

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
Iv. PROGRAMME FEATURES

e c;\- &
. ‘\. \\’b < ‘:\ > L2
g (o3 2 o AN oA (A <
(8 e < . . 3 @) 2
oBsecTIves /< S S S8 S S ES SN &S
AS <N < . <7 o A\ X ) ©
< Q z& %cho¢ ‘o\) < () e N
1 X
2 X
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x108) (x100) (x106)
1 N.a. n.a. N.a.
2 P.M. PeM. p.m.
Y N
TOTAL (in N.C.)
TOTAL (in EUA) n.a. n.a. n-a.
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R+D&D POLICY

5. Programme description

I. SECTOR 2.

FCSSIL FLELS

AND DERIVATIVES

COUNTRY : DENMARK

and budgets I1.SUB-SECTOR 2.12 STORAGE OF GAS DATE : JUNE 1979
II1. OBJECTIVES AND MAIN LINES OF ACTIVITY :
1. Storage of natural gas in undergrcund salt domes
7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e *\ 3
< N
K 2. N (o) e
oY ’b\' \‘ é(\ '\(\ o -\'k 2 <
(A < . > Qo . [ () \\’o
S S5 S ES S et 5 ®
< N A0S A & N >
< SA ¢ "
1! X 100 100
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x10%) (x106) (x106)
1 - - - 0.2
Y
TOTAL (in N.C.) - - - 0.2
TOTAL (in EUA) - - - 0.029
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COUNTRY : DENMARK

R+D&D POLICY I. SECTOR 3. NUCLEAR FOWER
5. Programme description _ 2 . . -
and budgets II.SUB-SECTOR 3.1. PRCVEN REACTORS DATE : IJUNE 1979
III. OBJECTIVES AND MAIN LINES OF ACTIVITY :
1. LWR

- reactor technology (analysis of pressure vessels, economy, static and dynamic
reactor physics)

- development of experimentally verified computer models to assess reactor safety

- radioecology, establishment of database for meteorological - climatological
assessment of envircnmental effects of nuclear power plants

- dosimetry, operation of experimental reactor, development of radiation equipment
tc experimental reacter

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES

fﬁz &k & >
. > ®\ e AN 2O e & 5
Q < . o NI . Q
OBJECTIVES \)(& %QO‘L S S S é\“)(\ » ‘\é" 4,\49 <
N\ L <Y .. < . X,
< Q eﬁf‘ ’bQQ; (904 {0\) an 5 © z° 4 °
1 X - 100 X NEA
coel aan
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 25.9 28.4 31.3 34.4 37.8
...,.‘I
TOTAL (in N.C.) 25.9 28.4 31.3 34,4 37.8
TOTAL (in EUA) 3.831 4.142 4,491 4.936 5.424
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R+D&D POLICY I. SECTOR 3. NUCLEAR POWER

COUNTRY : DENMARK

5. Programme description

. - TOR 3.4,
and budgets II1.SuUB-SECTO 4. FUEL CYCLE

DATE : JUNE 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Uranium prospection and extraction

= U occurrence at

- Kvanefjeld (2 projects)
- Dalsland, Sweden

~ systematic U procspecting

- geochemistry of U

- design, construction and operation of a pilot plant in semi-commercial scale
for extraction of uranium from the Greenland deposits.

2. Fuel elements

- development, fabrication and examination of fuel elements

- long=-term development of fuel elements

, K Ny
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

OFy e 3
NENPLRS o e
g o 2 o oW e <
S < .. . o 2
OBJECTIVES & < AR OQ%” SOy \\ée = 2
C:o Q\' ‘k.( o z< d° \)( Q,Oc\ AV o" 0(\4 [+
é+ 6& Qp < e
1 X - 100
2 X - 100
cealaee
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 - 1978 1979 1980
OBJECTIVES (x106) (x10%) (x106) (x10% (x106)
1 10.8 20.3 20.8 18.1 8.8
2 N.a. N.a. 4.6 9.5 12.5
ool oo
TOTAL (in N.C.) 10.8 20,3 25.4 27.6 21.30
TOTAL (in EUA) 1.597 2.961 3.645 3.960 3.056
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R+D&ED POLICY I. SECTOR 3. NUCLEAR POWER COUNTRY : DENMARK

5. Programme description

and budgets I11.SUB-SECTOR 3.5, NUCLEAR SAFETY DATE : JUNE 1979

II1. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

- structural analysis of pressure vessels and other load bearing structures
- structural studies of pre-stressed concrete components

-~ statistical reactor physics

- reactor design in general and loop analysis

- repair work, blowing down and emergency cooling

- heat loop experiment

- prcbabilistic fracture mechanics

IV. PROGRAMME FEATURESI STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e 2
<
K 2. O %
> AN SRRy X L ©
& <\\°( < e Q(\b Q?(\ )(\« NG & ‘;oq 4(@»
& RO (”og X o o(\(\ \(". ¥ O K
(AN > ‘ QO o)
Q Q;+ 'z;k (30 I < o e \
- 100
Y S
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 © 1978 1979 1980
OBJECTIVES (x10%) (x106) (x106) (x10% (x10%)
1
Y
TOTAL (in N.C.)
TOTAL (in EUA) 1.21 1.33 1.46 1.60 176
! |




— 135 —

R+D&ED POLICY

5. Programme description
ard budgets

I. SECTOR

3. NUCLEAR PCWEF

COUNTRY :

DENMARK

I1.SUB=-SECTOR 3.6. WASTE TREATMENT AND

DISPOSAL

DATE : JUNE 1979

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Treatment and storage of low activity wastes

7
Iv. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

o Q.\. .22 N
AL AR < ¢
OBJECTIVES & & SO 5’\) ) SRS » <@ eﬁqz °
¢ X SR oK R & < e N
N N NSl ¢ 5 &
Q} ’b\} @0 CR
1 X - 100
R
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x10%) (x10%) (x100)
1
Y P
TOTAL (in N.C.) ‘ ) . .
TOTAL (in EUA) 1.10 1.11 1.22 1.34 1.47
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R+D&D POLICY

S. Programme description
and budgets

I. SECTOR

3. NUCLEAR POWER

COUNTRY :

DENMARK

11.5UB~SECTOR

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

3.7. RADIATION PROTECTION AND
DECOMMISSTONING OF POWFR PLANTS

DATE

JUNE 1979

1. Dosimetry of people and their surrcundings

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

’b(z q’\o .09 b
N\ RIS 0 e
x, > » PR < (A <
N <7 . o e . 2>
OBJECTIVES < 7}0& S/ S S ES S & 5 s
& N R v S80S A )
Q«+ > (o) e '\O
1 X
caelaae
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 - - -
Y
TOTAL (in N.C.)
0.30 0.33 0.36 0.39 0.42

TOTAL (in EUA)
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R+D&D POLICY I. SECTOR 3. NUCLEAR POWER COUNTRY : DENMARK
S. Programme description _ .
and budgets II1.SUB~-SECTOR 3.9. OTHERS DATE : JUNE 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Nuclear power economics

2. Economic studies to ascertain the competitiveness of nuclear power
under the conditions of Denmark

3. Development cf irradiation rigs for research reactors

4. Nuclear rower station dynamics

(see 3.7

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES

%Qz Q.\. * ?'9 oY
N\ e ~
& K \;zv\ N N . . < ‘\7;"
OBJECTIVES & £ S S8 o & &0 °
< Q YO X <Pl o o & °
<t 2 +
ceed oun
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x10%) (x10%) (x106)
Y SO
TOTAL (in N.C.)
TOTAL (in EUA) p.m. p.m. p.m.
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R+DED POLICY

S. Programme description
and budgets

I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS

COUNTRY : DENMARK

I11.SUB-SECTOR 4.7. THERMONUCLEAR FUSION

DATE : JUNE 1979

1. Refueling of fus

ion reactors

I11. OBJECTIVES AND MAIN LINES OF ACTIVITY :

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

'fe &¥ <2
N & SN e & . Cf‘b &
OBJECTIVES «® & & >SS S «F &SP s
& N RN AL S e < ©
Pl > & < v v « e
T X - 50 X 50
weel cue
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x10%) (x10%) (x10) (x108)
1 3.3 4.9 6.5 6.9 7.3
Y S
TOTAL (in N.C.) 5.3 4,9 4.5 6.9 2.3
TOTAL (in EUA) 0.488 0.715 0.933 0.990 1.047
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R+DED POLICY

5. Programme description
and budgets

I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS

COUNTRY : DENMARK

I1.SUB-SECTOR 4.2. GEOTHERMAL ENERGY

DATE :

JUNE 1979

III.

1. Design, construction and operationof afull scale district heating geothermal plant .

OBJECTIVES AND MAIN LINES OF ACTIVITY :

Start-up of further full scale plants.

production in Denmark

5. The use of chemical parameters as geothermal meters in ground water in Denmark

Theoretical and experimental geothermal studies in Southern Scandinavia.

Determination of heat flow, temperature distribution, heat productivity and heat

National geological survey for using geothermal energy (related to project 1)

————Y

- _
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
(0 e zg
o S EN 3
x > S \e g@ 2O s X ®
< <% . (e} NP . >
0BJECTIVES & & WAL Qz"‘ & ot & X &2 &
N 2 SN £ ot N < & o
Q z.q.. & S ‘o‘) [ [+ ) %
1 X X 0 100
2 X 100 100 ’
3 X X 100 100 X
4 X 100 100
5 X 100 100 X coeduue
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 - 1.9 9.9 42.9 4.9
2 0.2 0.3 0.3 0.3 0.3
3 - - - 0.5 0.5
[A - - 1.6 1.6 n.a.
5 - - 0.15 0.15 -
TOTAL (in N.C.) 0.2 2.2 11.95 45,45 5,70
TOTAL (in EUA) 0.030 0.321 1.715 6.522 0.818
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R+D&D POLICY I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS | COUNTRY : DENMARK

3. Programme description I1.SUB-SECTOR 4.3. SOLAR ENERGY DATE : JUNE 1979
and budgets

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Heating and cooling

- development and testing of flat plate solar collectors

- systems analysis of low temperature heat production and habitat applications of
solar energy

- design, construction and measurements on solar heating systems in different
building categories

- solar heat systems in the climatic conditions 1in Denmark
- exploitation of solar heat to supplement the heating systems of existing dwellings

- solar heat systems coupled with heat-pumps.

2. Photovoltaic conversion

- solar cells for energy production
3. Biomass

- design, construction and operation of biogas systems to be used in typical Danish
farms

- design, construction and operation of heat producing systems based on bacterial
decomposition of manure

- bio-gas from organic wastes, in particular domestic animal droppings

4. Climatic conditions and reference year (see under 6.1.1.)

I 4
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e )
< «“2
o\ ) .QO_, LN > e
X (o3 (’b\' ’\ Y 1S o e . Qz 0<
0BJECTIVES N & S S LS S LY & /& s
& N SN S0 S N ™ & &t
N <t > @ © e
1 X 0 100 X X
2 X 100 100 ‘ Sweden
3 X 100 80
4 X X
, 1 -eeree.
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x109) (x106)
1 1.4. bob 4.1 5.0 4.3
2 0.3 0.6 0.6 0.6 n.a.
3 - 0.4 2.5 2.5 n.a.
4 p.m. p.m. p.m.
IIJ,I.I
TOTAL (in N.C.) 1.7 5.4 7.20 8.10 4,3
TOTAL (in EUA) 0.251 0.788 1.033 1.162 0.617
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R+D&D POLICY

I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS

COUNTRY :DENMARK

5. Programme description

and budgets II.SUB-SECTOR 4.5. WIND

DATE

JUNE 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

Current activities

1. Large windmachines

-~ design, construction and operation of 2 large wind energy conversion systems

(> 600 kW)
- assessment of wind resources
- dimensioning of wind profiles

- wind motor design

- studies for the siting of 1000-2000 large windturbines

2. Small windmachines

- establishment of a test site for small wind energy conversion systems

- field testsofsmall windmills

3. University studies on small machines

- combination of windmills and torque converters
- wind power for heating agricultural estates

- integrated wind power heating scheme

7

INTERNATIONAL COOPERATION

e % )
< 2
o O N S e
X, > NS <§@ =G x 3 <
- N <% .. > O . >
OBJECTIVES N & SO S S ES S Y & .2 S
(,( \0 ‘5@ ;\Q 2 . (0 o@ < "‘\ (\Q
Q o ‘;@<§§ oG ° e N
1 X 0 20 X U.S.A.
2 X 0 100 ’
X 100 100
ool ees
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x106) (x10%) (x100) (x10%)
1 0.3 6.0 b6 11.0 3.5
- 0.3 1.6 1.9 1.2
0.3 0.3 0.3 0.3 0.3
saal ans
TOTAL (inm N.co) 0.6 6.6 16. 50 13.20 5.0
TOTAL (in EUA) 0.089 0.963 2.368 1.8% 0.717
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R+D&D POLICY

5. Programme description

I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS

COUNTRY :

DENMARK

I1.SUB=SECTOR 4.7. OTHERS

DATE :

JUNE 1979

and budgets

IIl.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Detailed glacial hydrological investigation of water reservoirs in West
Greenland with a view to energy production :

IV. PROGRAMME FEATURES ~ STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e ’\' Y
<
. o W%
« > SAPLOAS ™ < <©
N <. o < & .
OBJECTIVES @ & S S SLS Sy A
(4‘)( N é'b W& ?,(?)Q’ & \f(r & (\\\‘\ i3
Ry SN ° e "
1 X 100
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations '| Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x10%) (x10%) (x108)
1 - - - 3.4 1.0
, ool o
TOTAL (in N.C.) - - - 3.4 1.0
TOTAL (in EUA) - - - 0.488 0.143
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R+DED POLICY

S. Programme description
and budgets

I. SECTOR S. ELECTRICITY COUNTRY : DENMARK
11.SUB-SECTOR 5.1. ELECTRICITY GENERATING | pATE : JUNE 1979
EQUIPMENT

1.

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

Combined electricity and heat prcduction

District-heating

- cdiesel-steam~power district heating station

- study of combined power and heat prcduction.

- study of undergrcund distribution mains

- study cf existing undergrcund distribution mains

- economic dimensioning of district—heating plants

~ establishing large district-heating stations

- combined diesel and steam power station with district heating capability

Analysis of economic possibilities of increasing electricity preduction

with the use of back-pressure turtines

Imprcved fuel ci

L combustion

, v 3
1V. PROGRAMME FEATURES STATUS & IMPLEMENTATION _ INTERNATIONAL COOQOPERATION
e o
< >
N RO O > e
& (,g,b R AN YL < e 5 & &
OBJECTIVES < & AP % < & o2 @
9 DL RN ~° o <
Q & S o 2 .
1 X
2 X
3 X
4 X
ceal eas
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x10%) (x10%) (x100)
Y P
TOTAL (in N.C.)
TOTAL (in EUA) n.a. n.a.
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR

5.

ELECTRICITY

COUNTRY : DENMARK.

II1.SUB-SECTOR 5.5, ELECTROCHEMICAL STORAGE

DATE

JUNE 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Development of light weight accumulator
Storage of electric energy using ceramic solid state ion conductors

] 7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

\ ‘éz &» &2 >
x > > v SN S e <
O < . . 3
OBJECTIVES o“c ,bé“” & & 5 N OQQ"O@@\)(\ < ‘&(r’ \\.\&Q &
© > SN S e < ¢ © 5 ‘ N
Q N iﬁeﬁé > ° 2 “
1 X 100 50 X
eeid aun
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x109) (x106) (x106) (x100) (x100)
1 - - 1.1 1.2
ool ooo
TOTAL (in N.C.) - - 1.1 1.2
TOTAL (in EUA) - - 0.158 0.172
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R+D&D POLICY I. SECTOR 5. ELECTRICITY

COUNTRY : DENMARK

S. Programme description

and budgets I1.SUB=SECTORS.,6.

OTHER STORAGE TECHNIQUES

DATE

JUNE 1979

I1I. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Small scale storage systems
2. Large storage systems

3. Recovery of energy from de-acceleration of cars

I 7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

(Q e cc,
. O ~ oS e
x > SO X ¢ <
o <2 . N . 2>
OBJECTIVES o(é" ,bé\e &S 0&"’(\@0“ o ‘\95" Q.\o:‘*c* <
N < ~ ° 3 .
¢ N eh ifﬁ§§ e > c” < . °
1 X 100 100
X - 100 X
3 X 100 100
ceel cue
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x10%) (x10% (x106)
1 - - 1.5 1.2 C.3
2 - 0.1 2.7 2.5 0.8
3 - - 0.3 0.2 -
/=
TOTAL (in N.C.) - 0.1 4.5 3.900 1.1
TOTAL (in EUA) ~ 0.015 0.646 0.560 0.158
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R+D&D POLICY

5. Programme description
and budgets

I.

SECTOR

6. GENERAL STUDIES

COUNTRY : DENMARK

ENERGY SYSTEMS

11.SUB-SECTOR 6.1. ANALYTICAL STUDIES ON

DATE

JUNE 1979

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Establishment of a heating plan for Denmark

2.

System dynamic analysis of energy consumption in Denmark over the next 50 years

3.

Description of the Danish energy system using different modelling techniques

4.

Climatic conditions and reference year (solar radiation measurements)

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e % ©
< A
N a2 o< > e
. e 2 o N ) <
N <. o] NP . O >
OBJECTIVES &8 & S /S LSSy &’ i )
< N SO 5 & &
et > *\
1 X 0 100
2 X 100 100 ’
3 X 0 100 X X
4 X 100 100 X
ool eee
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x106) (x10%) (x10%)
1 - 1.0 2.0 2.0 n.a
2 1.0 1.0 1.0 1.0 ‘N.a.
3 n.a. 1.1 4.3 4.3 4.3
4 - - 0.4 0.2 -
Y
TOTAL (in N.C.) 1.0 3.9 7.7 7.5 4,3
TOTAL (in EUA) 0.148 0.452 1.105 1.076 0.617
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R+D&D POLICY I. SECTCR 6. GENERAL STUDIES COUNTRY = DENMARK

5. Programme description _ .
and budgets I1.SUB=SECTOR ¢ 2, $0CIO-ECONOMIC STUDIES | PATE = JunNe 1979

I11. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Conservation of resources

2. Enercy technique and organisation : electricity trades in Denmark
3. Energy related invention evaluation prcgramme
4, Nuclear power economics (see under 3.9.1.)

5. Economic studies to ascertain the competitiveness of nuclear power under the
corditions of Denmark (see under 3.9.2.)

/7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e b )
< .2
N\ N & ~ J e
< > ? P * g \
N e <. o AN . Q)
OBJECTIVES ¢ & S >SS LS S Y & & ¢
c..°( Q\_'b RSN <2 O o & (\‘\\ &
oF e S ° e e

1 X

2 X

3 X

4 X

5 X Y R
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations

(natl. currency) 1976 1977 © 1978 1979 1980

OBJECTIVES (x106) (x106) (x10%) (x10% (x106)

eosl oae

TOTAL (in N.C.)
TOTAL (in EUA) N.d.s N.a. n.a,
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R+D&D POLICY I. SECTOR 6. GENERAL STUDIES

COUNTRY : DENMARK

5. Programme description

11.SUB-SECTOR 6.3. STUDIES ON ENVIRONMENTAL
and budgets

EFFECTS

DATE : JUNE 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

Radioecology, establishment of data base for meteorological=climatological

assessment of envircnmental effects of nuclear power glants (see under 3.1.1.)

Consequences of releasing nuclear pollutants into the atmosphere

- source identification in urban areas

Air gollution from motor vehicles

Physical and chemical behaviour of sulphur cioxide in the atmosphere

IV. PROGRAMME FEATURES, STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e\ 3
< L&
A\ .\. \(\'b . (\Q’ . ~ 6 e
X & 2 I ~ Y 2 <
< e < . o NP . 2
OBJECTIVES o(& S S SE S OQe”Q@o“ R (\é" q.\e?'q . 2
I N &N S8 e <O ) < Q& o
Q Q,+ 04z Q,o o O o e o\.
1 X
2 X
3 X
4 X
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x106) (x10%) (x106)
eaal oae
| TOTAL (in N.C.) Nn.a. N,a, n.a
TOTAL (4n EUA) n.a. n.a. n.a.
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SECTION 3

SUB=SECTION 3.3 FEDERAL REPUBLIC

OF GERMANY
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ENERGY R+D&D POLICY

COUNTRY

: FEDERAL REPUBLIC OF

GERMANY

SUMMARY OF RESEARCH, DEVELOPMENT AND DEMONSTRATION EXPENDITURE

(in million E.U.A.)

SECTORS AND SUBSECTORS Expef:;g“:e Expe1":7i7t“'e EStI';";;es
1. RATIONAL USE OF ENERGY 16.88 14.73 40.03
1.1, Indus;:; o i h 1.34 -”0-..76 .3.89 T
"“1.2. Resider-wtial and commercial.— T 4-_7-0- -2-:6;:-““ ----- 5- —65- -----
i 1.3. Transportation N 4.26 4.53 4,66 N
i 1.4. Low-grade energy utilization 6.58 6.80 26-.-43 h
N 1.5. Others ) - A -
2. FOSSIL FUELS AND DERIVATIVES 35.21 67.62 115. 44
_--—;?;:-E;;I—;;;zg;ation and extra;;ion 5.51- B 20.02 -l:g.ZS o
N 2.2. Coal preparation, v-a-lor'is.;-transpt. _?:..8-4 7.93 _’l_’;-.éé T
©2.3. coal liauefaction o 266 | 350
h 2.4. Coal gasification 1—0..-.2—3 1 1662 | - 1-9_—(51: -----
B 2.5. Coal combustion o N 9.6:6““ 15:.-1—1 i _27.21 o
.----Z;:-;il & _-qas asse-s-s_m-e-nt & exp I.-t;r?a_t-i-o-n 3.06 1 3.78 6.22 |
2.7. 0il & gas production (;.-60 i C;.-?é i -6.?8 N
2.8, Refining and derivatives B
o Teansport of o1t |- - - R
| 2.10. Transport of gas IS R -]
-------------------------- -— - e e
2.11. Storage of oil P.m. p.m. p.m.
2.12. Storage of gas o | e | e
215, others S .60 | o076 | o8 |
(*)  for the 1976 figures see the qualification statements.
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SECTORS AND SUBSECTORS Expg&i&:ure‘ Expgn;;}ure Es;éggtes

3. NUCLEAR POWER 356.66 363.86 398.64
L 3.1. Proven reactors N.a. _E:m. p.m.

3.2. High temperature reactors N.a. 65.71 81.62
r“-3.3. B;;;ders n.a. 118.96 103.77

3.4. Fuel cycle n<a. 102.72 127.09 i

3.5. Nuclear safety N.a. 54.76 61.80

3.6. Waste treatment and disposal N.a. p.m. p.m.

3.7. Radiation prot.& decommiss.of ;;wer pl. n.a. 6.04 6.61
---};};T7;;;;;I; materials control n.a. 2.27 3.1

3.9. Others n.a. 13.40 14,64
4. NEW ENERGY SOURCES AND VECTORS 38.62 43.82 55.59

4.1, Ther;;;uctear ;;;ion 30.20 26.81 29.15
B 4.2, Geot;ermal energy 0.53 0.76 1 3.50

4.3. Solar energy 6.04 8.69 ] 12.44
B 4.4, Ocean - 0.76 0.78

4.,5. Wind 0.07 1.89 3.89

4.6. Hydrogen as an energy vector 1.78 4.91 5.83

4.7. Others i - - - |
5. ELECTRICITY 5.68 6.04 7.77
J‘--;jqj-gzgzz;;;;;;-generating equipment 5.68 6.04 7.77

5.2. Transport of electricity p.m. p.m. 1 p.m. j

5.3. Cont:;I-; instrumentation - - -

S.4. Fuel cells o p.m. p.m. p.m.

5.5. Electrochemical storage p.m. p.m. p.m.
--“-;jgj-B;;;; ;torage techniques = = =
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Expenditure | Expenditure Estimates
SECTORS AND SUBSECTORS 1976 1977 1978
6. GENERAL STUDIES 0.07 0.04 0.04
6.1. Analytical studies on energy systems 0.07 0.04 0.04
6.2. Socio-economic studies = - -
6.3. Studies on environmental effects p.m. p.m. p.m.
TOTAL 3.12 496,11 617.51
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QUALIFICATION STATEMENT

Figures come from the "Energy Research and Energy Technologies Programme
1977-1980" as revised in 1979 and refer mostly (approx. 96 %) to the
Bundesministerium fUr Forschung und Technologie budget, the remaining part
being funded by the budgets of the Bundesministerium flUr Wirtschaft and of the
Bundesministerium des Innern. They include project funds, Institutional
funding, investments for the future programme as well as Federal Government
grants-in-aid for the gas centrifuge demonstration facility, and for the
reactors THTR 300 and SNR 300. As States finance a fraction (10 %) of

the big science research centres, a small contribution from States is
included in the Institutional funding.

1976, 1979 and 1980 figures are budget allocations; 1977 figures refer to
real expenditures and the 1978 ones are partly real expenditures and
partly budget allocations.
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COUNTRY : Federal Republic
of Germany

ENERGY RESEARCH, DEVELOPMENT AND DEMONSTRATION POLICY

1. General objectives

~ Guaranteeing the continuity of energy supply in the medium and
long terms

- Supplying energy at economically favorable costs in the long
term

- Due and timely consideration of the needs for environmental
protection and the protection of the public and the working
population from hazards arising from the conversion and applica-
tion of energy

- Improving the technological performance capability of our energy
technology to maintain its economic competitiveness.

2. Specific objectives

a. Short=term (1977-85) and medjum—term (1985-1995)

e e e e D S S P . S Sy S P S i S S S Y B i P P S P D Sl o S e o S S Y e e G

=~ Support of the oil and gas industry

. exploration techniques
. enhanced recovery
. deep—-drilling technologies

- Rational use of energy in the application and in the secondary
energy sectors (recovery of waste heat)

- Coal

. geological exploration

. efficiency and safety in coal mining

. improvement of existing coal using processes

. direct utilisation of coal and coal conversion

=~ Nuclear energy

. safety aspects of all types of reactors

. fuel cycle

. environmental protection

. support the construction of large scale prototypes of advanced
type reactors :

+ SNR 300 (sodium cooled fast breeder reactor)
+ THTR 300 (gas cooled high temperature reactor)

./2

(1)
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- Thermonuclear fusion

- Alternative energy sources

. solar
. wind
. geothermal (hot dry rocks)

Priorities

Rational utilization of energy in the application and in secondary
energy sectors

Coal and other primary energy sources

New energy sources

1

Nuclear energy

Ongoing and/or planned comprehensive programmes and budgets

The fourth (1973-76) nuclear programme was funded with 6127 millions

DM.

The non-nuclear (1974-76) energy research and energy technology programme
was funded with 545 millions DM.

The energy research and energy technology programme (1977-80) is funded
with 6745 millions DM.
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R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY COUNTRY : GER
5. Programme description I1.SUB-SECTOR 1.1. INDUSTRY DATE :March 79
and budgets ‘

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Improvement of existing technologies

- improved adaptation to the actual requirement of heating boilers

- proper choice of the source of energy
. optimisation of burners and burning-plants
. gasification of LNG for turbine plants in closed cycle

~ reduction of resistances
. flow (liquids)
. friction (solids)
. electric

- thermal insulation in
. industrial plants
. office buildings

2. Modification of production processes

- decrease of consumption of process heat
. optimization of process parameters
. selection of less energy-intensive processes in :
+ substitution of thermal drying with mechanical drying
+ vacuum evaporation
+ partial heating in hardening processes
+ use of heat recovery systems
++ industrial heat-pumps (. MWe range)
»++ regenerative heat-exchange

~ improvement of process flow sheets
. integration of several processes
. optimisation of plants operation (full utilization of capacity)
. substitution of batch operations with continuous methods of production

, \
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e )
< .2
K 2. ® N o) e
X > NN N 2 <
Q e <. o < & . Py ) 2
OBJECTIVES & & S /S LS SR & P B
& NP LENP LN O o 3 & &
Q e:‘. 'sz N <(/\) < [°A .\.
1 X 100 66
X 100 66
100 66
cealaen
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x106) (x106) (x106) (x106)
T4+3 3.78 2 10 13 11
Y
TOTAL (in N.C.) 3,78 2 10 13 11
TOTAL (in EUA) 1.34 0.76 3,89 5.05 4.28
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I11. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

3. Development of new technologies

- more efficient new lighting systems
- wear resistant materials
- new types of bearings with lower friction Losses

- improved lubricants

7
IV. PROGRAMME FEATURES STATUS & IMPLEHENTATION

INTERNATIONAL COOPERATION

@(z Q.\. 2
<& B 2 ..\. BN L "\"'\ . o of‘b K
OBJECTIVES & S S LS S & 2 B
Q( N &(’o o8 ‘%4' R o X (\J‘ &
Q s ng o Y < o [) e

V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations

(natl. currency) 1976 1977 1978 1979 1980

OBJECTIVES (x106) (x106) (x106) (x100) (x10%)

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY COUNTRY : GER

5. Programme description

and budgets I1.SUB=-SECTOR 1.2. RESIDENTIAL AND COMMERCIAL DATE : March 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Development of materials for thermal insulation and heat storage

- new building materials, having good insulating and storage properties, from :
. cheap basic materials
. waste materials

2. Energy conserving housing and residential units schemes

- optimization of heat distribution within buildings
- use of solar energy by proper siting of buildings
- space heating systems with low feed temperatures

- multi-dwelling complexes and residential units

. use of solar energy
. waste heat utilization
. central heat supplies

3. Heat pumps

- development and testing of low cost heat pumps

- development of low capacity units (10 kW) for different temperature levels
- control systems

- design of compact heat pumps with combustion engines

~.studies of the environmental impact

7 o "
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e b )
< A
K 2.0 N Y e
X > > b SNE WX & <
S <. NP . 2
0BJECTIVES ¢ & S S S LS S & 5 £
& \? RN AUE N » & & &
Q Q‘+ ,b\\ QO Q/\) . ] < .\°
1 X 100 66
X 100 66
X 100 66
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10% (x10%)
1+6 13.22 7 13 22 24
vorfurs
Il’ll.l
TOTAL (in N.C.) 13.22 7 13 22 24
TOTAL (in EUA) 4.70 2.64 5.05 8.55 9.33
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II1. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

4. Heat recovery

- recovery of heat from waste water and exhaust air in :

. multifamily houses

. large building complexes

. municipal installations (swimming=-pools)
- optimization of heat circuits

- development of components and control systems

5. Heat storage

- development of economic short-term and long-term storage systems
for the supply of :
. hot water
. space heating

6. Household equipment with low energy consumption

- development of measuring methods for the in-house determination of power input
and specific energy consumption, by the consumer, of household equipment

- harmonization of the existing product information systems.

IV. PROGRAMME FEATURES’ STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
2 o
OBIECTIVES (é\u oeb o(q,\v.\. / c;i-\ocb s (;\.ge . 7, a&b ‘\ée
& c}§? *fdskﬁQ Qféi,ko (d°d§§> 4»3} {ﬁé > §
ot o ANNRY S & 2 ©
4 X 100 66
X 100 66
6 X 100 66
V. ?UDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10% (x10%)

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY

COUNTRY :

GER

5. Programme description

and budgets II1.SUB=SECTOR 1.3. TRANSPORTATION

DATE

« March 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

Motor vehicles

engine efficiency

size, design of vehicle

type of fuel (CH30H, H2, electricity)
tyre design

electronic control systems for engines

Public transport systems

- control systems for
. allowing Llow-loss and smooth operation
. minimizing transmission Losses and peak loads in the grid

- recovery of braking energy

- light weight construction

3. Air transport
~ development of by-pass engines

- improvement of efficiency in the subsonic range

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e % )
<
K & @ >
< > NI X & (@
< 2 <7 . e} NP . >
OBJECTIVES & & S LSS on"’ Ny \\Z(e & . <
0\) Q\. +&< ~ \\Q( o\\ . \)( QJOQ 40 0\' z(\\\ g °
2 2 \e
1 X \
X t  speclial programme
3 x |J
Y SR
V. BUDGETS Expenditures Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x108) (x106)
1: 3 12 12 12 * Part of a special pro-
gramme on tfansport
technologies
} (rough estipates)
eool cas
TOTAL (in N.C.) 12% 12% 12 *
TOTAL (in EUA) 4.26 4.53 466
. £ s
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R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY COUNTRY : GER
5. ipti
Programme description I1.SUB-SECTOR 1.4. LOW GRADE ENERGY UTILISA-| DATE : March 1979
and budgets 710N

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Heat pumps (see 1.1.2. and 1.2.3.)

2. Heat recovery (see 1.2.4.)
3. Heat storage (see 1.2.5.)

4. Coupled heat-power systems and district heating systems

- development of strategies for the design of district-heating systems

. heat atlas for the Federal Republic of Germany

. study of the possibility of using district-heating from heat/power systems
from the viewpoints of economy, ecology and national economy ]

. planning studies to investigate four model areas with different structures
with resoect to the supply of district heat;
+Mannheim/Ludwigshafen/Heidelberg district
+ Koblenz/Bonn/Cologne district
+ Western Ruhr district
+ Berlin district

- Study of the "Ruhr district heat supply system" with the aim of developing supra-
regional district heating systems

- implementation of the integrated district heating system in the Saar region

. compensation of peak load demand by means of the storage effect of lLarge supply
systems

. possibility of feeding industrial waste heat into the integrated heat supply
system

- improvement of techniques of heat transport over long distances

7
PROGRAMME FEATURES STATUS & IMPLEMENTATION

Iv. INTERNATIONAL COOPERATION
e )
< N o '(\7’( .&c’ } xf‘z & 2
OBJECTIVES o(&(\ \,oé‘zb (,‘,(\\‘?::Q\' (@& io“b (on::@“\ f,}*' ‘Fé% \‘-@g . &
O Q dﬁi 6&<§§. N > ) & ﬂ.°
1 100 66
2 100 66 ‘
3 100 66
4 100 66
VN
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x109)
1 p.m. pP.Mm. p.m.
2 p.M. p.m. p.m.
3 p.m. p.m. p.m.
4 13.38 13 61 56 15/
TOTAL (in N.C.) e
TOTAL (in EUA)
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1I1. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

- heat storage

. central and decentralized heat storage facilities

. build=up of an heat storage test pool (30.000 m3 water)
+ techniques of heat input and output

. use of underground water reserves (aquifers stores) as long term heat storage
systems

- development of new power plant concepts and use of gas turbines in combined
power plants

5. Cooling of thermal power plants and utilization of waste heat

- erection and operation of large capacity dry cooling tower (in connection with THTR 300
prototype power plant)

- heating of the outdoor soil for agricultural purposes (AGROTHERM Project)

. field (7 ha) experiments on :
+ dissipation of the heat introduced into the soil

+ heat and water balances
+ reliabjlity of materials and components
+ system behaviour under different climatic and soil conditions
+ investigation of crops and varieties most suitable for cultivation in soil
heated at different temperatures (including subtropical and tropical plants)
IV. PROGRAMME FEATURES. ~ STATUS & IMPLEHENTATION INTERNATIONAL COOPERATION
e 3
< &
< &L & 5 e 8 & <
OBJECTIVES < & /LS S LS S & SR B
& Q\"b &(b ~ z(’b\\’ O A% - (\A\ o
ot o o © ) Q i
5 X 100 66
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x109) (x108)
5 5.15 5.0 7.0 27.0 29.0
TOTAL (in N.C.) 18.53 18 68 83 44
TOTAL (in EUA) 6.58 -6.80 26.43 32.26 17.10
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R+D&D POLICY I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES COUNTRY :GER

5. Programme description

and budgets II1.SUB-SECTOR 2.1. COAL EXPLORATION AND EX-

JRACTION

DATE : March 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Gallery driving and mining systems; Logistic systems

. data bank
. automatic measuring equipment for X-ray analysis of minerals
. horizontal and vertical boring techniques

——— e e s e e e

. basic safety data for the development of blasting techniques of increased
efficiency

. improved performance and increased safety of support operation
in drifting
. rotary dry drilling
. development of self-advanced dritling machines
. high performance drivage system with drilling and blasting
. improved drift advance with road heading machines
. mechanical driving of gate and roads
. support techniques
+ improved backfilling
+ special materials development
+ road support with prefabricated parts
. hydraulic haulage systems
. hydraulic debris disposal
. full face tunnelling machines

. high pressure water-jet coal=winning machines

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES

5 e L2
o 2.0 EN o3 e
x > INERL AN o W of <
Q,(\ (\q' \)( N e O X4 Q(\ »* (r, . ®Q 9‘(@
OBJECTIVES (’0(( \:b(\ n('bQ“\@Q (%q«&o (OQ 0@@ \’f‘/' ‘6@ (\4\6 0“
A s S © ° ¢ A
1 X 100%
cael aan
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x10%) (x10% (x106)
1 15.5 53 119 144 118
Y
TOTAL (in N.C.) 15.5 53 119 144 118
TOTAL (in EUA) 5.51 20.02 46.25 55.97 45.86
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III. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

. steering and partial automation of wirning equipment

. integrated equipment for very thick seams

. high performance mobile combined machine for thin seams exploitation

. supports and impact ripper machines for coal face/roadway transition, optimisation
of face supporting systems

. rock consolidation and roof securing technigues

. improved coalgetting

. mining in inclined deposits
+ high production coal fans in thick seams of inclined formation
+ coal winningin seams in steeply inclined formations

- logistic systems

. battery driven vehicles, diesel-driven vehicles

. control, measure of CO and CH, content, ventilation

. ventilation measuring devices and methods

. computerized monitoring, evaluation and storage of measured values and data
. computer controlled optimization of underground movements

. control techniques and automation of belt conveyors

. intercommunication systems for underground working

. new driving systems for underground mining

. improvement of electric power network

-~ design models of the operation

. building and integration of operational planning models for the coal mining
industry in the Federal Republic of Germany

. early detection of surface damage due to mining

. methods for technico-economic assessment of mining R-D projects

-~ advanced mining (great depths)
. rock mechanics
. drifting and expansion of underground workings

IV. PROGRAMME FEATURES ~ STATUS & IMPLEHENTATION INTERNATIONAL COOPERATION

e *\e o
<
. 2. O I
% > 2 \e ? . C X o3 e
< e <. oD (SR . 2 <
OBJECTIVES <& & RSN IR > @ 22 N
& &3 RPN & Aol ¢ K X
Q dp. 6& 5 SO S S ) S ﬂ.o

V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x10%) (x10%) (x10%)

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 2, FOSSIL FUELS AND DERIVATIVES

COUNTRY : GER

COAL EXPLORATION AND

I1.SUB-SECTOR 2.1. £y TRACTION C(CONT'D)

DATE :March 1979

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

. methods of coal mining
. conveying techniques

. mine climate

. operation management and engineering

4
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e o
< . e
N @ ® N o &
X ey ) PANENQY oA (A <
S e . . &) 2
OBJECTIVES & & SO SES S S ST o) it o
X .
0 NI O A ~ & ot
et 2 P e
Y .
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x10%)

ceol aoa

TOTAL (in N.C.D

TOTAL (in EUAD
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TION AND TRANSPORT

R+D&D POLICY I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES COUNTRY : GER
5. Programme description
. - 4 . March 1979
and budgets II.SUB-SECTOR 2.2. COAL PREPARATION,VALORISA{ DATE :

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Ccke production

- thermal pretreatment of baking pit coal

- improvement of the conventional vertical flue method

. variable range of feed coals

. preparation of coking coals

. production of formed coke from Llignite
+ optimisation of the coking process

- use of Low volatile coals (Ancit Process)

2. Direct combustion

- combustion of pulverised coal in central heating systems
. development of automated boiler systems

. power stations
. heating plants
. industrial boilers

3. Dressing
treatment of crushed coals; water and ash content reduction
- cleaning of coal
- fines separation; combustion of tailings with fluidized-bed firing
~ computer controlled coal preparation
- monitoring and control of conveyance flow in underground working
- dry processing of dirty coals

- continuous production of formed coke (Prosper demonstration plant, terminated in 1978)

- fluidized~bed combustion units at atmospheriCpressure for application in :

I d
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

\ 'éz &h 2 3
< > OO ALY & @
e & SIS N 2 & » & ) N
OBJECTIVES < & S8 (sz.,\o <°on*§) L« & (\4,\9 S
& Q dé' 5&Qpé S o & o
1 X 100 X
2 100
3 100
el aen
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x106) (x106) (x10%) (x106)
1+2 8,2 12 19 19 24
3 2,6 9 1M 17 25
canl aua
TOTAL (in N.C.) 10.8 21 30 36 49
TOTAL (in EUA) 3.84 7.93 11.66 13.99 19,04
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R+D&D POLICY I. SECTOR 2, FOSSIL FUELS AND DERIVATIVES COUNTRY : GER

5. Programme description

and budgets DATE 3

II.SUB-SECTOR 2,3, COAL LIQUEFACTION

March 1979

ITI. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

- synthesis

. basic research on
+ selective guidance of Fischer-Tropsch synthesis
+ catalysts and control of selectivity

- hydrogenation

. preliminary study of a demonstration plant for the production of coal oil
in USA

. participation in the construction and operation of a coal conversion demon=
stratien plant in the USA (on the basis of the results of the abovementioned
study)

Government funding : 300 Million DM

. lLaboratory studies on hard coal conversion

. pilot plants for coal hydrogenation (with a capacity up to 200 t/d)

. development of catalysts

+ new type
+ homogeneous

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES

2 % 3
<
o o X
< > > ¢ R X L °
< . > o A .
OBJECTIVES & & S &S S LS S & & &
& \? &('b N A % 0 < (S‘\ &
Q Q,* 'bdz ) IN A o A .\.
1 X 100 U.S.A. Kpartially)
eselaune
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x106)
1 4.8 7 9 37 66
PPy P
TOTAL (in N.C.) 4.8 7 9 37 66
TOTAL (in EUA) 1.71 2.64 3.50 14,38 25.45
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 2,

FOSSIL FUELS AND DERIVATIVES

COUNTRY : GERr

II.SUB~SECTOR 2.4, COAL GASIFICATION

DATE : March 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Gas generation from coal

= further development of the LURGI pressurized gasificationprocess (at the Dorsten test

. . facility) :
. increase in pressure and performance Lity

. use of coals with hyper fine content
. crude gas splitting
. crude gas conversion

- development of coal dust gasification techniques
. Saarberg-Otto generator (30 bar) ]

. Texaco process (40 bar) pressur1z§d

- Winkler process for lignite
. fluidized-bed gasification
-~ gasification using nuclear process-heat (from HTR)

. operation of semi-technical plant for hydrogenating
(ro 5 ton/day)

coal gasification unit

. operation of semi~technical plant for coal gasification by steam
(~ 5 ton/day)

. design and development of pilot plants with capacities 50 + 100 tons/day
- development of components

. heat exchangers

. feeding and dosing systems

. high temperature fibre filters

. high temperature electrostatic precipitators

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES

L RO L > e
X > L) ~ 3 <
Q e <. e} S Q& . P, o °
OBJECTIVES O(J' \@<‘° (o@\? & & on’b@@\)(\ ! & Q_'\%'o 4 BN
¢ YO o 5 o 3 °
Q °+ %4660 INERW (A .\’
1 X 100
2 X 100 ’ Belgium
cnelaaa
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 27.9 21 %6 46 49
2 0.9 3 3 5 9.
oec/ aaa
TOTAL (in N.C.) 28.80 4Lb 49 31 S&
TOTAL (in EUA) 10.23 16.62 19.04 19.82 22.54
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III. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

2. Underground gasification

- laboratory studies
- theoretical studies and systems analysis

- field experiments

IV. PROGRAMME FEATURES ~ STATUS & IMPLEFENTATION

INTERNATIONAL COOPERATION

\ *c gk &
< > NI A SR\ ~ o '3
& . s o ¢ <
0BJECTIVES ¢ & S S K&‘b SR A <® & <
& & <7 K S < & o
z‘i— ‘34 Q)O N o (2 W
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x108) (x10%) (x109)

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES COUNTRY : GER

3. Programme description I1.SUB-SECTOR 2.5. COAL COMBUSTION DATE : March 79
and budgets

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Electricity generation from coal

- advanced technologies

. construction and operation of a test facility for degasification/partial gasifica-
tion/desulphurisation/combustion of coal (VEW conversion process)

. gas/steam turbine power plant concept with fluidized bed firing

. further development of the 170 MW prototype plant at the Liinen power station
operating with coal pressure gasification and combined gas/steam turbine cycle
- reduction of the emissions from conventioned coal-fired power stations

. non polluting direct combustion of coal in fluidised bed firing system
development of a very compact unit for pressurized operation

. desulphurization of stack gases
. removal of Clp and Fp
. reduction of NOx emissions
- pollution free coal fired power station (200 MW)

2. Direct combustion of coal (see 2.2.2.)

- pulverised coal

- fluidized-bed combustion

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e )
< .
K 2.9
« S SIS 8 S . S
OBJECTIVES & & S S SE LS o B il %
0( 2 .é% N z('b4. O . & & o
Q z+ @Q (30 NN () -\.
1 X 100
2 X 100 X
Y S
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x10%) (x106) (x10%) (x100)
1 27.20 40 70 145 79
2 p.m. P.m. p.m.
ool oas
TOTAL (in N.C.) 2r.20 40 70 145 79
TOTAL (in EUA) 9.66 15.11 27.21 56.35 30.70

(12)



— 172 —

R+D&D POLICY I. SECTOR 2.

FOSSIL FUELS AND DERIVATIVES

COUNTRY : GER

5. Programme description
and budgets

11.SUB-SECTOR 2-6 OIL AND GAS ASSESSMENT
AND EXPLORATION .

DATE : March 79

II1. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Prospection for oil and natural gas

seismic techniques

. arealreflection seismics with high resolution
- other geophysical processes and equipment

. precision gravity measurements

. improved geophysical borehole surveys

. magnetic surveys

hydrocarbon exploration

structures

. three-dimensional seismic data collection and processing

. modelling system for continuous seismic interface analysis

. wave theory applied to modeling problems in reflection seismics

. combined reflection and refraction seismic interpretation methods

- direct detection of hydrocarbons and elucidation of the lithology by means of

. development of organic~geochemical and isotope geophysical methods for use in

. identification of the sources of gases in geochemical anomaly areas
. magnetotelluric measurements for identification of oil-geologically interesting

4
PROGRAMME FEATURES STATUS & IMPLEMENTATION

V. INTERNATIONAL COOPERATION
e % 5
<
o Q %
0(5. (\Q’b 0(9\'\.' \e 6\\':\ & £ (;,\nf‘ o . qzb ‘\,D(Q‘
e >
OBJECTIVES o(( & (o“\. K /o < (on (\\@o < é\e'( \\.,\e X )
¢ ¢ LSS > ° < /4°
1 X 90
eeelaus
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x10%)
1 8.6 10 16 14 12
Y
TOTAL (in N.C.) 8.6 10 16 14 12
TOTAL (in EUA) 3.06 3.78 6.22 5.44 4,66
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R+D&ED POLICY I. SECTOR 2.

FOSSIL FUELS AND DERIVATIVES

COUNTRY :  GER

5. Programme description
and budgets

I1.SUB=SECTOR 2.7. OIL AND GAS PRODUCTION

DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Extraction of oil and gas

- deep drilling techniques

. development of new and improvement of existing coring methods

. casing loads in super deep wells

. improvement of primary cementing works in deep and super-deep boreholes
. system analysis of alternative procedures for deep drilling techniques
. cableless transmission systems for deep drilling wells to surface

- deposit and production techniques

. new polymer types for tertiary oil recovery

. development of new methods and improvement of existing techniques for

tertiary recovery

+ with tensides

+ with surfactants

+ by polymer flooding
+ by viscous flooding

. viscosity=pressure behaviour and compressibility of gas/oil solutions
. stimulation of low permeable deep seated gas reservoir

. S and V elimination from petroleum

~ storage of oil, gas and LNG

. investigation of the geological and hydrogeological conditions for establishing

rock caverns

. geological and geotechnical study for the construction of underground storage

in rock for petroleum products
. survey of underground oil filled storage cavities
. inhomogeneities in salt caverns

rd
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e % )
<
. Y =% >
x. > 5» \e é§08§3 N & <%
J & S S S SR » < R x®
OBJECTIVES < o SE/LS .,\o <°on<“‘@ 5 & = “ S
© Q & SP%y SR ° &< e
1 X 100
veedens
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x108) (x106) (x109) (x106)
1 1.7 2 2 3 7
t
Y
TOTAL (in N.C.) 1.7 2 2 3 7
TOTAL (in EUA) 0.60 0.76 0.78 1.17 2.72
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III1. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

. measuring probe for gasfilled cavities

I N
IV. PROGRAMME FEATURES STATUS & IMPLENENTATION

INTERNATIONAL COOPERATION

éz SV .22 >
N PR S ~ e
< > ? BN = 4 N
Q & < . o < &> . ?
OBJECTIVES & & S >SS S LS Ay & /. 2
& N S AY S o = o
Q Q4+ ’b\xe 04 > O o (A '\.
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x106)

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY

I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES

COUNTRY : GER

5. Programme description
and budgets

II1.SUB=SECTOR 2 11, STORAGE OF OIL

DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

( see under 2.7.1.)

rd
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
¢ &)
< . Q
N ok ‘@.(9 .‘> & e
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N < < . .3 A X, Q 1)
(9 Q z+‘o ’b\\z(bo\\ [V W [o) e %
ceelane
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x10%) (x10%) (x106) (x108) (x108)
Y PP
TOTAL (in N.C.)
TOTAL (in EUA) p.Mm. PaM. p.m.
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R+D&D POLICY I. SECTOR 2. FOSSIL FUELS AND DER

IVATIVES | COUNTRY : GgR

5. Programme description

and budgets I1.SUB=SECTOR 2.12. STORAGE OF GAS

DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :
(see under 2.7.1.)
rd
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e % &)
\ A
K > . A (o3 e
X > NSRRIV o 2 <
o e <7 . e AN . (=) 2
OBJECTIVES o(("' S S L5 S on"‘(\\@o“ ¥ & = BN
1% N [N < . o) A0 Q o
N o+ 6&<§$ > © © ¢ ut
ceel ana
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x106)
.Q.,.‘.
TOTAL (in N.C.)
TOTAL (in EUA) p.m. Pam. p.m.
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R+D&D POLICY I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES

COUNTRY : GER

5. Programme description

and budgets I11.SUB-SECTOR 2.13 OTHERS

DATE :

March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. 0il shales
-~ technical and economical assessment of oil-shale reserves
in the Federal Republic of Germany

- low temperature distillation experiments
. autothermic methods
. environmental pollution evaluation

- pyrolysis of oil shales

4
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

<% c;\° 22
< > AN ® R\
e (\e £ N e <& P’ < . (6; @Q AN
0BJECTIVES /¢ & S SN S S S & &S
O X <. (S 4 Q o
Q s Zse(’od > o e e
1 X 100
Y .
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x109)
1 1.7 2 2 2 3
seol oes
TOTAL (in N.C.) 1.7 2 2 2 3
TOTAL (in EUA) 0.60 0.76 0.78 0.78 L)
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 3. NUCLEAR POWER

COUNTRY : GER

II.SUB-SECTOR3.1. PROVEN REACTORS

DATE : March 79

I1I.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. LWR safety research programme (see 3.5.1)

2. LWR waste management concept (see 3.4.4.)

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e °\ )
< .2
& € 'b\'\ \e (\Z ,\(\Q ¢S (;‘\&'\ . . ,bqe'b \(\’b(?'
2 & /e e? > < }
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Q s fe S NS o & %o
1 X
2 X ‘
R
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x109) (x106) (x108) (x108)
1 p.m A P
2 p.m. P.M. p.Mm.
eool caa
TOTAL (in N.C.)
TOTAL (in EUA) p.m. p.m. Belie
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R+D&D POLICY I. SECTOR 3. NUCLEAR POWER COUNTRY : GER

5. Programme description

and budgets II.SUB-SECTOR 3.2. HIGH TEMPERATURE REACTORS] DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Construction of THTR 300 (300 MWe prototype power station)

- grant-in-aid by Federal Government

2. Advanced HTR's

- fuel element fabrication

. increase of the fission products retention at high temperatures

. increase of the heavy metal concentration in order to achieve higher conversion
ratios

. development of a particle with the proper coating suitable for future large
pebble bed reactors

- process heat HTR

."nuclear process heat prototype plant" project (gasification of lignite and hard
coal)
+ draft of the concept of a large scale facility (3000 MWth) and of the 750 MWth
reference facility (1975-1976)
+ planning of the reference facility (1976-78)
© design of main components
°© safety and cost analysis
o planning and construction of coal gasification plants for 1 # 2 tons/hr capacity
+ detailed design (from 1979 onwards)
o tendering and licensing
o operation of pilot plants for gasification

- advanced HTR's for electricity generation
+ plant design criteria
+ design of the fuel cycle
+ reactor control
+ decommissioning studies

IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e )
<
o & '\e’ (oY
. > 'b\' \o é\’b ,\(\ X, 2 (z
S <O, Y NP . 2
OBJECTIVES N & S8 S S S LS Ay & /S B
X 3 > & /S R & x D K
[9 Q <L PR X 5 o & o
Q+ ,b\\ (30 < e
1 X
2 X ‘ F,USA,CH
ceel aee
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x100)
1 N.d. 60 102 100 110
2 N.a. 114 108 130 158
ssol o0e
TOTAL (in N.C.) A A 174 210 230 268
TOTAL (in EUA) n.a. 65.71 81.62 89.39 104.16
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5. Programme description

R+D&D POLICY I. SECTOR 3. NUCLEAR POWER COUNTRY : GER

II.SUB-SECTOR 3.3. BREEDERS DATE : March 79

and budgets

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1.

Construction of SNR 300 (280 MWe prototype Na-cooled fast breeder reactor)

2. grant-in-aid by Federal Government
b. R&D supporting activities

2.

Compact Na=-cooled nuclear Reactor II (KNK II)

- construction and operation of the KNK II
- fuel elements irradiation
- instrumentation experiments

- plutonium technology (UOZ/PuO2 core)

Advances in fast breeder development

- oxide fuel elements and materials development
. irradiation experiments of fuel and cladding materials
. development of new cladding materials
. behaviour of defective fuel elements
. creep phenomena in high neutron fluxes
. Na—resistant materials
. reprocessing of oxide fuels

- safety studies

. simulation studies of core behaviour for KNK II and SNR 300
. analysis of heavy accidents conditions

. development of instrumentation for core control

. hot Na technology (aerosol, filtration, aeration systems)

. heat exchange

- carbide fuels
. development of preparation methods

IV. PROGRAMME FEATURES, STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e &
x. AN Kﬁfafg .x}z > e
OBJECTIVES \)(J"o \,bo&b (,o@‘?i:&' ol o5 OQ&:@‘)O\ < é\e‘c’ 4«4’& T g
¢ N & 5@Q§¥ €§ @ > ° < ‘bo
1 X B, NL
2 X ‘
3 X
4 X
R
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x10%)
1 a n.a. 156 108 181 175~
1b n.a. 33 43 44 44
2 n.a. 57 47 54 61
3 n.a. 61 60 73 84
TOTAL (in N.C.) —
TOTAL (in EUA)
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III. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

. analysis of swelling and creep properties, compatibility with cladding material,
gas release

. basic problems in reprocessing of carbide fuels.

4, Gas cooled fast breeder reactors

- geperal studies of this alternative line
- safety problems

- heat transfer and pressure losses in the gas loop

IV. PROGRAMME FEATURES, STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e *\e o
<
(o} w@
3 > NN 0 > e
& . % < e <
OBJECTIVES < & 8 NP S ES A < & <°
N NG AN RN xf" & Ky K
Q s 5@ LR ) & ﬂ.°
4 X
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x106) (x108) (x10%)
4 n.a. 8 9 9 8
TOTAL (in N.C.) n.a. 315 267 365 390
TOTAL Cin EUA) n.a. 118.96 103.77 141,86 151.57
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R+D&D POLICY I. SECTOR 3, NUCLEAR POWER COUNTRY : GER
5. Programme description S
and budgets I1.SUB-SECTOR 3,4. FUEL CYCLE DATE : March 79
—

III.

1. Natural uranium supply

OBJECTIVES AND MAIN LINES OF ACTIVITY :

- prospection work in house and abroad

- study on U extraction from

. sea-water
. phosphates
. Low grade ores

2. Uranium enrichment

- gas centrifuge method
. construction of demoplant with capacity of 400 ton SWU/yr

. exploitation of the existing development potential of the centrifuge

technique for :
+ improving the economy
+ reducing its operating risk

- separation nozzle method
. development work

- other techniques

. assessment of the technical potential of

+ lasers

+ plasma rotation techniques

Fuel element fabrication

- for LWR - work - mainly for improving safety and in-pile bahaviours = is included

__in 3.5.1. (LWR Safety Research)
.- for HTR - see 3.2.2. )
j - for LMFBR - see 3.3.3.

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION
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(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 Ned. 37 29° 25 2
2 (R&D) Nada 69 79 150 116
2 (demop lant) N.a. 29 50 48 >
3 Poffia p.m. p.m. PaM. p.m.
...lll-
TOTAL (in N.C.)
TOTAL (in EUA)
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III. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

4. LWR waste management concept

- reprocessing

. PUREX process and plants
+ optimization and further development of components

minimization of waste quantities

+ + ¢

H 1isotopes

improvement of the in-line instrumentation and analytical measuring instruments

development and testing of systems for retention of radicactive I , Kr, C and

. safety problems linked with construction and operation of large scale facilities

. HTR fuels construction of small test facility (JUPITER) for reprocessing tests of

AVR fuel elements

- recycling of Pu

. improvement in the economy and availability of the fabrication process of Pu-

based elements
. prevention
. basic studies on U233 in the Th-U cycle (HTR Line)

- waste treatment

. reduction of waste volume

of the increase in the present low exposure of man and environment

. improvement of chemical and physical stability of the end products

. vitrification of high level waste

. solid wastes (from reprocessing plants)

+ development of decontamination techniques and compaction

+ potential recovery of Zr

. stable fixation of gaseous wastes
+1
+ T
+ Kr

IV. PROGRAMME FEATURES ~ STATUS & IMPLEHENTATION

INTERNATIONAL COOPERATION
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V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x108) (x10%) (x10%) (x10%)

4 n.a. 137 169 183 215

TOTAL (in N.C.) n.a. 272 327 324.0 354.0

TOTAL (in EUA) n.a, 102.72 127.09 12592 130,28 |
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R+D&D POLICY I. SECTOR 3. NUCLEAR POWER COUNTRY : GER

5. Programme description

- ' .
and budgets II.SUB-SECTOR 3.4. FUEL CYCLE (cont 'd) DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

4. LWR waste management concept (cont 'd)

. bituminous, concrete and polystyrene embedding of low-medium wastes from power
reactors : reduction of Leaching rates and increase of time-stability.
- storage

. investigation of
+ salt formations
+ other geological formation; granite, clay, for
suitability to accomodate storage facilities

. test on ultimate storage in salt mines

- transport of nuclear fuels

. development of shipping containers and transport systems against incident and
accident conditions

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
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R+D&D POLICY I. SECTOR 3. NUCLEAR POWER COUNTRY : GER

5. Programme description

and budgets II1.SUB-SECTOR 3.5. NUCLEAR SAFETY DATE : |\t 70

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. LWR Safety Research

- "Emergency core cooling”" and "Containment in case of loss of coolant' Projects :

. Leakage processes
. thermohydraulic events in the primary circuit
. cooling in the reactor core during blowdown
. emergency core cooling
. mechanical behaviour of reactor core

+ heating

+ release of f.p.
.containment's dynamic stresses

+ pipe failures

+ integral pressure and temperature load

+ long term leak tightness

- "Components Safety'" Project

. improvement of the quality of materials
. improvement in fabrication
. safety reserve of pressurized components

- "Burst Protection" Project
. failures of pressurized pipelines and vessels

o'y

- "Core meltdown"Project

. thermal, chemical and mechanical effects of the failure of the emergency core
cooling system

. determination of the extent of f.p. release from a core meltdown accident

IV. PROGRAMME FEATURES,' STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
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V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
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III. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

2. Safety research on advanced reactor Llines

®

- Fast breeder reactors

. simulation studies in SNEAK for SNR 300

. improvement of analysis of severer accidents conditions
. instrumentation for core control

. liquid-Na technology and safety

- high temperature reactors

. preliminary studies for integrate programme

3. Safety research independent from specific reactor lines

"Quality assurance' project

. early detection of incipient failures
. remote non-destructive testing of components

- "External Impacts"” project

. simulation, testing and analytic studies on consequences of :
+ earthquakes

+ plane crashes
+ explosion shock waves and other external impacts

- "Fission products transport and radiation exposure' project

. study on the release of fission products
+ transport
+ meteorological diffusion events

. development of improved methods of F.P. retention and decontamination
. development of techniques and equipment for maintenance, repair and decommissioning
of nuclear power plants
= "Risk and reliability" project

. general evaluation of safety projects
. quantitative analysis of risks in the operation of nuclear facilities Y
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R+D&D POLICY I. SECTOR 3. NUCLEAR POWER COUNTRY : GER
5. Programme description II.SUB-SECTOR 3.5. NUCLEAR SAFETY (cont'd) | DATE : March 79

and budgets

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

4. The Superheated Steam Reactor (HDR) Project (after decommissioning)

study of the effects of LOCA accidents upon pressure vessel and containers
- non-destructive testing of reactor pressure vessels
- load carrying capability of the reactor pressure vessels under extreme conditions

~ behaviour of the plant in case of earthquake simulated conditions

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES
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R+D&D POLICY I. SECTOR 3. NUCLFAR POWER COUNTRY : GER

3.6. WASTE TREATMENT AND
DISPOSAL

S. Programme description

and budgets DATE :

II1.SUB-SECTOR March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. LWR wastemanagement concept (see 3.4.4.)

------

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
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IV. PROGRAMME FEATURES
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R+D&D POLICY I. SECTOR 2 COUNTRY : GER

NUCLEAR POWER

5. Programme description

and budgets II1.SUB~SECTOR 3.7. RADIATION PROTECTION AND DATE : March 79

DECOMMISSIONING OF POWER PLANTS

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Radiation protection research

- Improvement of the radiation protection of workers in nuclear facilities
. technical measures to improve the repair and maintenance capability of
nuclear facilities

. improvement of methods of ionizing radiation dosimetry (local and personnel
dosimetry) and for incorporation monitoring

. development of measuring techniques for the analysis of radiation exposures
in special mines, uranium mines in particular

. establishment of a central personnel dose file
- Development and improvement of techniques for the retention and emission control
of radioactive substances
. improvement of the removal efficiency of iodine filters
. improvement of accident filter systems

. development of techniques for the retention of 3H, 14C, and 85Kr in reprocessing

plants

. improvement of measuring techniques for emission control, especially of 14C and

actinide elements
- Studies of the ecological behavior of radiocactive substances released

. assessment of the atmospheric diffusion and deposition parameters
. studies of the migration of radionuclides in the soil and in groundwater

. studies of the mixing properties of radioactive liquid effluents in surface
waters and seawater

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
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— 190 —

III. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

. studies of the transport of radioactive substances into food and drinking
water and their uptake by man

. work on the analysis of Logat1 regional and global distributions of special
Llong lived radionuclides (°H, 85Kr, 1291, actinide elements)

- Analysis and balancing of the radiation exposure of the public due to nuclear
facilities
. improving the measuring techniques employed in environmental monitoring
. drafting improved models to describe the relevant exposure pathways in man

. analysis of individual and collective doses in normal operation and under
incident conditions

. emergency planning studies
. forecast of future radiation exposure of the public arising from nuclear
technology

- Special problems associated with the treatment and storage of radioactive waste

. further improvement of methods of conditioning, especially of high level waste

. assessment of the criteria for storage close to the surface and for ultimate
storage in geological formations deep underground

. risk analysis of the shipment of spent fuel elements and the ultimate storage
of radioactive waste
- Work on the basic biological and medical principles of radiation protection
. studies of the primary physical and biochemical action mechanisms of radiation
as a function of radiation quality -
. studies of the distribution in the organism of radioactive substances

. animal experiments carried out to determine the risk of late somatic damage
by low radiation doses as a function of the physical and time dependent dose

distribution RV
IV. PROGRAMME FEATURES . STATUS & IMPLEHENTATION INTERNATIONAL COOPERATION
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 3. NUCLEAR POWER

COUNTRY : GER

I1.SUB~SECTOR 3.7.RADIATION PROTECTION AND
DECOMMISSIONING OF POWERWEEANTS(cont'd)

DATE : March 79

III. OBJECTIVES AND MAIN

LINDG OF ACTIVITY :

work on the analysis of the genetic radiation risk

. synergistic effects caused by the combined action of radiation and chemical
pollutants

. epidemiological assessments of groups of persons exposed to higher radiation
levels

. drafting of concepts to fix Llimits for radiation exposure and the uptake of
radioactive substances by man

2. Decommissioning and ultimate disposal of nuclear facilities

- Study of the plant condition after a major accident

- Development of suitable techniques for :

. disassembling
dismant ling
. decontamination
. transport and storage

of heavy reactor components

- Demo—experiments with MZFR
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 3,

NUCLEAR POWER

COUNTRY : GER

IT.SUB-SECTOR 3 8 FISSILE MATERIALS CONTROL

DATE

: March 79

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Nuclear safeguards and physical protection of fissile materials

= drafting of the inspection systems for various nuclear facitities

-~ early detection of diversions

- development of advanced protection systems covering the whole fuel cycle by
cross=Llinking civil engineering, electronic and administrative measures.

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION
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R+D&D POLICY I. SECTOR 3. MUCLEAR POWER

5. Programme description
and budgets

COUNTRY : GER

II.SUB-SECTOR 3.9. OTHERS

DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Operation of the HFR test reactors (Petten) - for technical description see item 3.9

2. Prototype and test reactors (expenditures are covered by other programmes)

of the European tCommunities)

- Karlsruhe Multipurpose research reactor (MZFR)

. decommissioning investigation

=~ Niederaichbach Nuclear Power Station (KKN)

. decommissioning research

—- Grosswalzheim Superheated Steam Reactor (HDR)

. safety experiments

3. Nuclear ship propulsion

= operation of N.S. '"Otto Hahn' (terminating -~ 1980)

. long time behaviour of reactor components

. test of reliability

. materials behaviour

= nuclear demonstration vessel (NCS 80)

of the propulsion system

- specific problems for the commercialization
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R+DED POLICY I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS | COUNTRY : GER

5. Programme description

and budgets II1.SUB-SECTOR 4.1. THERMONUCLEAR FUSION DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Fusion oriented plasma research

- plasma stabilisation and confinement techniques by different techniques
(Tokamak, stellarators, high- ﬁinstaLLations)

- plasma diagnostics and generation by strong pulsed Llasers

- plasma=wall interaction problems

2. Technology of fusion reactors

- problems of the materials of the first wall

fuel inlet and fuel outlet

~ superconductivity

safety problems

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
Iv. PROGRAMME FEATURES
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142 85 71 75 92 95
Y
TOTAL (in N.C.) 85 71 75 92 95
TOTAL (in EUA) 30.20 26.81 29.15 35.76 36,92
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R+D&D POLICY I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS | COUNTRY : GER

5. Programme description

and budgets II.SUB-SECTOR 4.2. GEOTHERMAL ENERGY DATE : March 79

IIT. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Hot dry rocks

Assessment of ressources

- assessment of environmental problems

technological development for non electric applications

small electric power plants

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
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R+D&D POLICY I. SECTOR 4. NEW ENERGY SOQURCES AND VECTORS COUNTRY : GER

5. Programme description

and budgets I1.SUB-SECTOR 4.3. SOLAR ENERGY DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Thermal utilisation

- collectors

. high temperature absorbing surfaces

. selective absorbing coatings

. improvement of thermal efficiency

. flat plate collectors

. low cost and plastic collector

. development of test units

. development of industrial manufacturing processes

. architectural design of solar houses

. modular solar houses heating systems

. modular exchangers with dintegrated latent thermal storage
. long-term energy storage tanks for residential buildings
. hot water supply in prefabricated houses

. hybrid systems (conventional + solar)

. control systems

. heating of greenhouses
. drying systems for green food and grain

- demonstrations

. swimming pools heating
. solar house (Fribourg)

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
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III. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

. solar heating plant for schools (Unterensingen)
. large scale experimental facility (Wiehl)

2. Electricity production

- thermodynamical

. small (10 kW) and medium (50 kW) power solar power plant
. Low temperature thermodynamical cycles (freon 113)

. components for photovoltaic power stations
. photocells
+ CdSe cells
+ CdTe single  crystals for concentration conversion
+ continuous coating process for mass production of CdS cells

3. Supporting research

-~ radiation

. insolation data in the Federal Republic of Germany

+ network of measuring stations with central acquisitions and evaluation capability
for meteorological and technical data

- commercialisation of solar_energy

. system study on intense use of solar energy in the Fed. Republic of Germany
. system studies of solar technologies
_{ . socio-economic difficulties associated with the introduction of solar energy
' devices
. guidelines for the choice and assembly of solar systems and compatibility with :
+ thermal insulation rules + building and home contruction laws

IV. PROGRAMME FEATURES’ STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
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R+D&D POLICY

I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS

COUNTRY :

GER

5. Programme description

and budgets II.SUB=SECTOR 4_.4. OCEAN

DATE

: March 79

ITI. OBJECTIVES AND MAIN LINES OF ACTIVITY :

Assessment studies

- magnitude and location of energy reserves

- technico-economic evaluation of concepts

- potential contribution to the energy supply up to the year 2000

- recommendations about R&D projects

7
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION
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R+D&D POLICY I. SECTOR 4. NEW ENERGY SOURCES AND VECTORS | COUNTRY : GER
5. Programme description _ .
and budgets II1.SUB-SECTOR 4.5. WIND DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

- acquisition and processing of wind energy data for technical application
. meteorological measurements in coastal areas
. wind conditions in the Federal Republic of Germany
. standardized meteorological measurements for the verification of the specification
of wind energy convertor systems

- studies of the economic application of small wind power systems
. development of a 5.5 m ¢ vertical axis converter
. evaluation of a 15 kW power plant

- studies of the economic construction of high capacity power plants and their
integration in existing energy supply structure
. development, construction and testing of a prototype converter
52 m @, 265 kW
. engineering study of a large (1 + 2 MW) power plant (GROWIAN)
+ design
+ storage systems
+ rotor blades
+ dynamic behaviour of the complete system

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
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R+D&D POLICY

5. Programme description

and budgets

I. SECTOR 4, NEW ENERGY SOURCES AND VECTORS

COUNTRY :

GER

I1.SUB-SECTOR 4,6. HYDROGEN AS AN ENERGY

VECTOR

DATE : March 1979

III.

1. Hydrogen

- advanced electrolysis

OBJECTIVES AND MAIN LINES OF ACTIVITY :

. high pressure and temperature
. vapour phase electrolysis

- thermochemical watersplitting

. chemical cycles

. hybrid cycles

. materials problems
. safety problems
. evaluation of environmental impact

2. Nuclear district heat project (closed cycle CH4/H20 conversion)

- testing of the CH, splitting system

- development and testing of methanisation systems (consumption)

- gas transport

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

< .2
Lo AR ® O > e
OBJECTIVES & & S S SES S v @ &
< D S LSS /& )/ « e 7 °
& \? RN AW & S o & K
Q ot S Y e o
1 X 100 66 X X
2 X 90 66
cealeee
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 Nn.a. n.a. N.a. n.a. N.a.
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R+D&D POLICY I. SECTOR

5. ELECTRICITY

COUNTRY : GER

5. Programme description

and budgets EQUIPMENT

I1I.SUB=~SECTOR 5.1. ELECTRICITY GENERATING

DATE: March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Coupled heat-power systems and district—heating systems (see 1.4.4. and 4.6.2.)

2. Cooling of thermal power plants (see 1.4.5.)

3. Generation, transmission and storage of electricity

a. Generators
- improvement of turbines
. components
. materials
- supraconducting coils machines
- improvement of effictency in polyphasic generators

b. Fuel cells

- development of em2rgency power systems in the kW range

. compact 20 kW unit
. electrodes and diaphragms

. development of oxygen conducting ceramic electrolytes for high temperature

fuel cells and electrolyzers (HZO)

c. Transmission

- demo-experiment with watercooled cables

- underground cables

SF6 technology

D.C. high current transmission

7

INTERNATIONAL COOPERATION
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— 202 —

III. OBJECTIVES AND MAIN LINES OF ACTIVITY (continuation)

3-phase current cable technology
- supraconductors
- components .

. switches, insulators, cooling systems, static converters

high power networks and stability probLems>

- batteries for electric vehicles
. Na/S accumulators of high energy density
+ solid ( @ - AL,0,) electrolytes
. Li/S accumulatorS Wwith molten electrolyte
. Ni/Fe accumulators
. Ni0/Hp cells
. improvement of conventional (Pb) accumulator

4. Electricity generation from coal (see 2.5.71.)

- advanced technologies

- reduction of emission

IV. PROGRAMME FEATURES ~ STATUS & IMPLEHENTATION

INTERNATIONAL COOPERATION
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R+D&D POLICY

and budgets

5. Programme description

I. SECTOR 5 gL ECcTRICITY

COUNTRY : GER

I1.SUB=SECTOR 5 2 TRANSPORT OF ELECTRICITY

DATE : March 79

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities (see 5.7.3c)

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION
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(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 p.m. p.m. p.m.

ool uas

TOTAL (in N.C.)

TOTAL (in EUA)

14
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R+D&D POLICY

5. Programme description

and budgets

I. SECTOR

5. ELECTRICITY

COUNTRY : GER

II1.SUB~SECTOR 5.4.

FUEL CELLS

DATE : March 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :
1. Current activities (see 5.1.3.b)
Vd
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
2 )
< .2
oo 2.0
& L (5».\ SN < 86> . 5 ‘fp K
OBJECTIVES < & S & /LS S o & " D
o‘)( Q\_'a é% < zIbA’ \)(o q,°® % o'e’(\ & o
Qa+ ,b‘\ (] < i3 '\o
1 X
eeel eea
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x108) (x106)
1 pa.m. pa.m. Pam.

soel noa

TOTAL (in N.C.)

TOTAL (in EUA)
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R+D&D POLICY

5. Programme descripti
and budgets

I. SECTOR

5.

ELECTRICITY

COUNTRY :

GER

on

I1.SUB-SECTOR 5.5.

ELECTROCHEMICAL STORAGE

DATE : March 79

III.

1.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

Current activities (see 5.1.4.d)

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

o . 2 >
N NSRS N e
X, & > o AN X 4 <
s ) <’ . oY PR . (*) 2
OBJECTIVES < & /eSS S LS S & 20 2
S NG PCERS ? o° A X 3 K
< Q - et Q3 S ~ o &< f
e ey °
1 X
Y SR
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x10%)
1 p.m. pa.m. pa.m.

TOTAL (in N.C.D

Y AN

TOTAL (in EUAD




— 206 —

R+D&D POLICY I. SECTOR 6. GENERAL STUDIES COUNTRY : GER
5. Programme description _ 6.7. ANALYTICAL STUDIES ON
and budgets II.SUB=SECTOR ENERGY SYSTEMS DATE : March 79
—— ]

III.

1.

2.

3.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

System analysis studies related to single technologies which accompany, in
general, major R&D projects

Study evaluating the energy consumption in Germany up to the year 2000

Study evaluating the possibilities of a long-term improvement of the structure of

energy supply

IV. PROGRAMME FEATURES, STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e )
< e <§§K&3 o > e
OBJECTIVES f o‘(é\ \bo“zb (,o(\‘\?::Q\" £ io“b (er"’:(\\o@ 5@.‘“' ‘é\z(’ \;@"’Qz . e‘@(
Q iy & (,0\\. 3P S o & " °
1
2 100 100 ‘
3 100 100
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x100) (x106) (x10%) (x106)
1 N.a. n.a. N.a. n.a. n.a.
0.2 0.1 - - -
3 - - 0.1 0.5 0.4
NPT
TOTAL (in N.C.) 0.2 0.1 0.1 0.5 0.4
TOTAL (in EUA) 0.07 0.04 0.04
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR

6. GENERAL STUDIES

COUNTRY : GER

I1.SUB~SECTOR

6.3. STUDIES ON ENVIRONMENTAL
EFFECTS

DATE : March 79

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Reduction of the emissions from conventional coal-fired power stations

(see 2.5.1)

7
Iv. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

\ s Q.\. &’ >
x > NP X < <®
N e <. o AN . ?
0BJECTIVES & & LSS SES S LY & B S
X NG AN RN . ) Q X
¢ Q < DR ~ o & W ©
Qa+ 'DQ (90 \o
1 X
R
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x10%)
1 p.m. pP.m. p.m.
esel oas
TOTAL (in N.C.)
TOTAL (in EUA)
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SECTION 3

SUB-SECTION 3.4 FRANCE






ENERGY R+D&D POLICY
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COUNTRY

¢ FRANCE

SUMMARY OF RESEARCH, DEVELOPMENT AND DEMONSTRATION EXPENDITURE

(in million E.U.A.)
SECTORS AND SUBSECTORS Expe1n9d;;cure Expe1n9d71'7ture Est;g;ges
1. RATIONAL USE OF ENERGY 38.03 44.29 57.40

1.1.-;ndust;;_ 15.;6--- __-19.3; --------- égjg;-_-_
N 1.2. Res;;;;;ial and commercia:-- 8.52 -;.;Z --------- ;;:gé_-_—
h 1.3. Trans';ortat'ion N 8.8 | . 8- .92 1 10.44 o
B 1.4. Low:;;;;e energy utilizat;;n h 4-8-8 6.08 e 6.90“"
-_—-;.5. Others i - i— ) - i

2. FOSSIL FUELS AND DERIVATIVES 74.94 88.78 115.90

2.1. C;;L exploration and ext;;;tion 13.13 13.47 15.05__—_
.-_--ETET-E;;I-;;eparation, v;r;ris:g-transpt. 2.56 2.46 i 2.28 )
| 2.3, cool_Liauetaction N pane | pun. pu.
—“-ZZ—.C-;;I-;asif'icat'ion o —_—0—.—2-1 o 0.93 3.33

2.5. Coal combustion T -_—;;;; ----- p.m. p.m.
h-.---2.6. 0it & g;;-assessment & expLo—ration _-1_6--8-2 ------ F----1_‘?-.-3-9 ------- 24,94

2.7. Oil—;—gas product;;;“ o 26.62- T 33.91 | 49.45
S _— _— JERSPI SR O ——

2.8. Refining and derivatives 12.57 13.34 14.56
2. Transport of 01t s | g "'”L 056

ZT;O. Trans;ort of gas o i 1.70 2.25 3.29
" 2an. storage of 01t | -] - -
_________________________________________ IS S UUR

2.12. Storage of gas 0.28 1.64 1.86
o others T o | o1 | o
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SECTORS AND SUBSECTORS Expenditure | Expenditure Fstnates
3. NUCLEAR POWER 262.19 287.92 275.55
;:::EZE?-;;OYST reactors _ 41.83 ______‘_4?.29 I 43.46 N
3.2. High temperature reactors 17.03 12.67 8.67
3.3. Breeders 94.11 103.96 T 96.00 N
3.4. Fuel cycle SS.Z;- 66.05 68.06 1
I 3.5. Nuclear safety 35.;;- 37.69 37.57 B
---;j;:-;;;;e treatment and disposal 3.;2_ i 446 4,42 |
----;?;j-;;;;;tion prot.; decommiss.of power pl. 9.92 10.70 ---;;tag--—_
---?;;;~};2;:I;-mategzzls c;:;rot - I 1.71 2.33 o
_--3.9. 8;;;;5 ----- - 230 3.39 3.01 )
4. NEW ENERGY SOURCES AND VECTORS 39.58 20.66 62.81
4.1. Ther;;;uctear fusion 14.41 17.48 19.49
4.2, Ge;;;ermal energy 4.42 5.16 7.85 N
B 4.3. Solar energy 14.78 22.46 30.35 T
-‘——4_4, Ocea; o —-6?69 0.12 1 0.42 o
4.5. Wi;;- ------- i 0.04 i 0.07 0.19
4.6. Hydrogen as an energy vecto;_—— 5.82-- 5.37 1 —_—4:51 o
4.7, Others - - -]
5. ELECTRICITY 50.33 53.17 63.15
5.1. EI;;;ricity generating equipment ------;;:gg- 20.71 23.84 |
+-“;2. Transport of electricity 22.71 20.26 23.77
5.3. Control & inst;umentation 4.77 ] 7.40 9.52 |
sl Fuel cells ] s 1.98 1.68
N 5.5. EL;;trochemi;;I-storag; -------- ) —-3-03 1.93 3.33
---5-6- Other storage techniqu;s 0.64 0.89 1.01
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Expenditure Expenditure Estimates
SECTORS AND SUBSECTORS 1976 1977 1978
6. GENERAL STUDIES 10.77 16.91 14.22
6.1. Analytical studies on energy systems 0.80 1.55 1.68
6.2. Socio—economic studies 0.60 0.70 0.81
6.3. Studies on environmental effects 9.37 14.66 11.73
TOTAL 475.84 541.73 589.03
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Qualification statement

The data relate to the funding of the following bodies:

~ State or public research organizations funded by the State budget,
mainly:

. Délégation Générale & La Recherche Scientifique et Technique (DGRST).
. Ministére de L'Industrie

. Commissariat & L'Energie Atomique (CEA).

. Commissariat a L'Energie Solaire (COMES).

. Bureau de Recherches Géologiques et Miniéres (BRGM).

. Centre National pour L'Exploitation des Océans (CNEXO).

. Agence pour les Economies d'Energie (AEE).

. Institut de Recherche des Transports (IRT).

. Office National d'Etudes et de Recherches Aérospatiales (ONERA).
. Institut National de lLa Recherche Agronomique (INRA).

. Plan Construction

. Centre Scientifique et Technique du Batiment (CSTB).

. Centre National de la Recherche Scientifique (CNRS).

The funding of the universities, being relatively unknown, is not
included.

- National companies in the energy sector:

. Electricité de France (EDF).
. Gaz de France (GDF).

. Charbonnages de France (CDF) et
Centre de Recherche des Charbonnages (CERCHAR).

. Société Nationale ELf Aquitaine (SNEA).

- Technical centres funded basically by levy (in particutar):

. Institut Francais du Pétrole (IFP).
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ENERGY RESEARCH, DEVELOPMENT AND DEMONSTRATION POLICY

1.

General objectives

The goal given on the whole to RD & D is to facilitate = for the
medium and longterms= the country's energy supply in sufficient quantity
and at a cost which allows a reasonable economic growth rate. As indi-
genous energy sources are not available, this implies - in the short and
medium termz- the mastery of both nuclear technology - to cover electricity
needs - and oil technology - to facilitate access to world supply sources.

In the medium and long terms, this implies a sustained research effort for
the diversification of energy sources (renewable energies, controlled thermo-
nuclear fusion). This implies also a parallel RD&D effort, for a more
rational use of energy in all forms.

Finally the extent of this effort renders not only desirable, but even neces-

sary, the strengthening of international cooperation, and first of all in
the European framework.

Specific objectives

a. Short term (1977-1985)

Energy conservation (industry, residential, transportation)

Fossil fuels

. off-shore hydrocarbons exploration and extraction
. secondary recovery
. direct utilization of coal

Nuclear energy

. support of national electronuclear programme (PWR)

. realization of breeder reactors (Superphénix)

. reactors for heat production (residential sector)
- New energy sources and vectors

. application to the habitat of solar and geothermal heating

b. Medium term (1985-1995)

idem and add the following ones :
- Fossil fuels

. tertiary recovery
. heavyoils extraction and transformation
. coal conversion (gasification and liquefaction)

- Energy storage (Electricity and heat)
- New energy sources and vectors

. large scale electrolytic production of hydrogen
. biomass production and utilization
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- New energy sources and vectors

. solar energy (thermodynamic conversion, photovoltaic conversion,
biophotolysis of water)
. controlled thermonuclear fusion.

Priorities

. industry

. car vehicles

. residential (including solar habitat) and tertiary
. heat storage and transport

. electricity storage

= Fossil_fuels
. deep-sea oil technology
. 0il assisted recovery
. direct utilisation of coal

. fast breeder reactors
. reprocessing of irradiated fuels
. safety

. low=enthalpy geothermal energy

. photovoltaic conversion

. biomass

. magnetic confined controlled fusion.
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4. Ongoing and planned comprehensive programmes and budgets

Energy R & D is explicitely included in the priority action programme
"Research'" within the VIIth Plan (1976-80); demonstration is inciuced
in the "energy'" priority actions programme.

These priority actions however cover only a part of the appropriations
that the Government allots to the energy RD & D.

The table hereunder shows the time evolution of RD & D budgetary
appropriations (in 106 current francs) from 1976 to 1979

1976 1977 1978 1979
Nuclear fission 1 297 1 495 1 463 1 605
Fusion 77 98 110 121
Fossil fuels 83 130 218 236
New energies 116 161 217 251
Conversion, storage,
transport techniques 173 207 252 305
Socio—-economics 6 7 8 9
Total 1 752 2 098 2 268 2 532
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R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY COUNTRY : FRANCE

5. Programme description

and budgets I1.SUB-SECTOR 1.1. INDUSTRY DATE : April 1979

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

- comprehensive and detailed analyses of energy consumptions

~ energy recovery from existing installations

- study/development of new equipment with Lower energy consumption
- optimization of industrial systems and procesées

- development of automation

- setting-up of new physico-chemical treatment processes

2. Incentive actions of the DGRST (concerted actions), of the CNRS (programmed
thematic action) and of the AEE (demonstration actions).

IV. PROGRAMME FEATURES' STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e <
<
o 2. O 2
« > NS \e SN s L @
' <% . o AP .
OBJECTIVES ¢ & S Se S S S A & 2 <°
N NN LN S0 o < o o
Q z+ Q,\\Q’Q’OA ((/\} < o) [ o\
1 X
2 X
ceelean
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x108) (x106)
1+2 - 85 108 159.5
Y
TOTAL (in N.C.) 85 108 159.5
TOTAL (in EUA) 15.90 19.35 28.21




(15)

— 219 —

R+D&D POLICY I. SECTOR 1. RATIONAL USE OF ENERGY

COUNTRY : FRANCE

5. Programme description

and budgets I1.SUB-SECTOR 1.2. RESIDENTIAL AND

COMMERCIAL

j DATE : April 1979

III.

1.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

Current activities

- analysis of energy needs of the residential and commercial

sector (new and

existing dwellings, heating systems, hot water, etc.)

- heat recovery (waste heat from industry, from collective and individuatl
dwellings,...)

~ study and development of insulation techniques

- improvement of techniques of :
. combustion
. heat transfer

- study and development of heat pump systems and components

- technico-economic studies on the utilization of new energies :

. solar
. geothermal
. wind

- tuning, optimisation of the exploitation, accounting.

Incentive actions of the DGRST (concerted actions) of the Plan Construction and of the
AEE.

IV. PROGRAMME FEATURES  ~ STATUS & TUPL INTERNATIONAL COOPERATION

x_ "\e @b (e
< . . & 2
0BJECTIVES < £ & 7S
& Q '(‘0" o < f ©
> )
1 X I . R
2 X i o .
UGN USRS —— —— - - S ——

V. BUDGETS Expenditures | Fxpenditures | Estimations Estimations Estimations
(natl. currency) 197¢ 1977 1978 1979 1980
08JECTIVES (106, (x109) (x106) (x109 (x106)

142 . o 46:?” _,M-Wﬁm§5'7 _67.0
R — e - ———
e . - I i e e e
S e Y
TOTAL Gin NoCo) | | 44,7 55.7_ | 67.0
t
TOTAL Cin LUA) 8.36 994 ' 11.85 | ]
— i 3. .
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R+D&D POLICY I. SECTOR 1_ RATIONAL USE OF ENERGY COUNTRY : FRANCE

5. Programme description

11.SUB-SECTOR 1.3. TRANSPORTATION DATE : April 79
and budgets

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities

- basic research (flows, catalysis, materials including composites, ...)

- car vehicles

. new components (engines, lubricants, gear boxes, ...)

. study of the possibility of utilising new energy sources
. new concepts (hybrids)

. car vehicle electronics

- efficiency improvement of aircraft engines

- infrastructure improvement

transportation socio-economics.

2. For car transportation,rincentiye_ac@igp§ of the DGRST (concerted actions), of the
IRT (programmed thematic action) and of the AEE (demonstration).

’ -
IV. PROGRAMME FEATURES STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION
e e )
< .2
o 2 ) ~ &
< > NI X & @
' e <. S . (=) >
& IS >N e & RN ™ <@ LR A
OBJECTIVES < o S5 S & < & ~ S
o Q S DS ANE s I & °
et d“ P < e
1 X
2 X
Y S

V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations

(natl. currency) 1976 1977 1978 1979 1980

OBJECTIVES (x106) (x106) (x106) (x10%) (x106)

1+2 47,5 50.0 9.0
Y

TOTAL (in N.C.) 47.5 50.0 59.0
TOTAL (in EUA) 8.89 8.92 10.44
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R+D&D POLICY

5. Programme description
and budgets

I. SECTCR

1. RATIONAL USE OF ENERGY

COUNTRY :

FRANCE

IT1.SUB-SECTOR 1.4. LOW-GRADE ENERGY

UTILIZATION

DATE :

April 79

III.

1. Current activities

- low—grade heat

=~ study of thermodynamic cycles

recovery

OBJECTIVES AND MAIN LINES OF ACTIVITY :

- study and development of associated equipment (heat-transfer fluids, heat

pumps,
- energy
- energy
~ energy
~ energy

upgrading
upgrading
upgrading
upgrading

heat exchangers, ...)
of low calorie
of industrial wastes
of urban wastes

of agricultural wastes (straw, vegetal alcohol, methane

fermentation,...)

- energy storage

fuels

- study and development of new techniques (heat pumps, Peltier~
effect heat pumps,...)

- optimization of industrial units.

2. Incentive actions of the DGRST (concerted actions) and of the AEE (demonstrations).

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

e )
< A
N o A < o A3
X, & > &b AN oW e <
I & <% . . % O &
OBJECTIVES @ & S/ S SES SR B i o
& \? RSN £ o . & Q&
Q Q‘+ %\\ (o) 3 '\o
1 X
2 X
Y AR
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x108) (x106)
142 26.1 34.1 39.0
Y PP
TOTAL (in N.C.) 26.1 34.1 39.0
TOTAL (in EUA) 4.88 6.08 6.90
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I. SECTOR 2, COUNTRY : FRANCE

R+D&D POLICY FOSSIL FUELS AND DERIVATIVES

5. Programme description

11.SUB-SECTOR 2-1- COAL EXPLORATION AND
and budgets

DATE :Apri
EXTRACTION April 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current activities on the improvement of mining technologies (face support,
measures against dusts, ventilation, problems arising from roof pressure,
coalgetting, electricity use for underground operations)

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES

& e
N AR O > e
X (o) > o AN o A (A <
<% . . ©) >
OBJECTIVES < & S S S LS S & i BN
(‘0( \2 &('b "\Q (’b 3° (0 fo) A0 (\Q OK
Q 0+ 046 o ((,\) C o] e .\.
1 X
eeed enn
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x10%) (x106)
1 70,2 75.3 85,1
esel ans
TOTAL (in N.C.) 70.2 75.5 85.1
TOTAL (in EUA) 13.13 13.47 15.05
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R+D&D POLICY

5. Programme description
and budgets

I. SECTOR 2. FOSSIL FUELS AND DERIVATIVES

COUNTRY : FRANCE

RISATION AND TRANSPORT

DATE : April 79

III.

OBJECTIVES AND MAIN LINES OF ACTIVITY :

1. Current technological studies on coal handling (washing, transport) and on its

carbonisation.

7
IV. PROGRAMME FEATURES

STATUS & IMPLEMENTATION

INTERNATIONAL COOPERATION

ée &k & >
Nooohe NS S e
X > ? PO . 2 <
'Y e <. O SR . ) 2
OBJECTIVES <& & S S SES SN & i <
o N Q\"b &(’o 8 ef?’ e <© {,00 e 0.{5\ N R
< e > e e
1 X
cael can
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x106) (x106) (x106) (x108)
1 13.7 13.8 12.9
Y P
TOTAL (in N.C.) 13.7 13.8 12.9
TOTAL (in EUA) 2.56 2.46 2.28
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R+D&D POLICY I. SECTOR 2, FOSSIL FUELS AND DERIVATIVES COUNTRY : FRANCE

5. Programme description

and budgets 11.SUB-SECTOR 2,3, COAL LIQUEFACTION

DATE : April 79

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

(see under 2.4)

STATUS & IMPLEMENTATION INTERNATIONAL COOPERATION

7
IV. PROGRAMME FEATURES

'()(Z C;\n k q’e b
N ole RS S e
X > 2 o N &N e <
< e \ . . () ()
OBJECTIVES @ & /eSS S LS SN & i B
C§ \? ‘fﬁ & G O e " (S O$
Q s 6Sz S > © o ) “
Y
V. BUDGETS Expenditures | Expenditures | Estimations | Estimations | Estimations
(natl. currency) 1976 1977 1978 1979 1980
OBJECTIVES (x106) (x10%) (x106) (x100) (x10%)
Y A
TOTAL (in N.C.) p.m. p.m. PaM.
TOTAL (in EUA) p.m. Pem. p.m.
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R+D&D POLICY

5. Programme description

I. SECTOR 2, FOSSIL FUELS AND DERIVATIVES

COUNTRY : FRANCE

I1.SUB-SECTOR 2.4, COAL GASIFICATION

DATE : papril 79

and budgets

1.

III. OBJECTIVES AND MAIN LINES OF ACTIVITY :

Study of a process of nuclear gasification by the GEGN (Groupement pour L'étude de
la gazéification nucléaire) - Nuclear gasification study group formed by GdF,
CEA, CdF, NOVATOME and Creusot-Loire = on the

= production of hydrogen within a water steam-m-thane reformer coupled with HTR;
- liguid-phase hydrogenation with production cf ~ich gas and liquid by-products.

The programme covers :

Liguefaction and hydrogenation
at mixture;
:m at 900°C and 50 bar

~ the realization of an experww“*rni e Taw

of coal with a throughr'® i ° IR A
- a test reformer with & throughput U1 | nyssev. of
(see also under 3.2)

_n by the GEGS (Groupe d'études
ication study group formed

Feasibility study of the deep-undergrouna ..
pour Lla gazéification souter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>