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Foreword

Responsi bl e, precautionary climate protection is one of the
greatest environnental policy challenges. This challenge wll
remain with us into the next century and beyond. Both nati onal
and international action is required if it is to be net. And
every person nust do his or her part in daily life.

If efforts to initiate effective neasures, at all levels, are
unsuccessful, considerabl e consequences nust be expected - in-
cluding an increase in average global air tenperature, a rise
in sea levels, shifting of climatic and vegetati on zones and
wor seni ng of the world food situation.

Agai nst this backdrop, the Framework Convention on Cinmate
Change was signed by over 150 countries at the UN Conference
for Environment and Devel opnent (UNCED), which was held in
1992 in Ro de Janeiro. Since then, it has been ratified by 92
countries and by the European Union. The Federal Republic of
Germany submtted its ratification declaration to the United
Nations on 9 Decenber, 1993. On 21 March, 1994, the Convention
came into force. Wth this agreenent, the community of nations
has taken a significant step towards fulfillment of its
responsibility.

The present report is the Federal Governnent's first report in
this context follow ng the Framework Convention on Cimate
Change. I n August 1993, a prelimnary report, "Cimate Protec-
tion in Germany - National Report of the Federal CGovernnent
for the Federal Republic of Germany in anticipation of Article
12 of the United Nations Franmework Convention on Cinmate
Change", was presented. For the present report, that prelim-
nary report has been updated, substantially revised and ex-
panded.

A central feature of this report is a current inventory of
em ssions of climate-rel evant greenhouse gases, including
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binding in reservoirs (forests), a description of possible
consequences of climte change and a conprehensive presenta-
tion of the Federal Governnent's precautionary climate-protec-
tion policy. Further information on reduction of CO, and ot her
gr eenhouse gases can be found in the "Third report of the CO-
reduction Intermnisterial Wrking Goup", which will also
appear in the "Environnmental Policy" series in sumrer 1994,

A particular difficulty in preparing this report has been that
the two parts of Germany belonged to two different political

bl ocs, until they were unified on 3 Cctober, 1990. Con-
sequently, the data in many areas cannot be conpared; where it
is not conparable, it has been presented separately - even for
the period after 1990.

Germany has taken on particular responsibility as sponsor of
the First Conference of the Parties to the Framework Conven-
tion on Cimte Change, which will take place in Berlin from
28 March to 7 April, 1995. During this conference, we plan to
urge that the Framework Convention on Cinmate Change be
further devel oped and i npl enent ed.

Prof. Dr. Klaus Topfer
Federal M nister for the Environnent,
Nat ure Conservation and Reactor Safety
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SUMMARY

The United Nations Framework Convention on Cimate Change
provides an internationally binding basis for conbatting
t he ant hropogeni ¢ greenhouse effect. Wth this first
report of the Federal CGovernnent to the Conference of the
Parties, Germany has fulfilled its obligation pursuant to
t he Framework Convention's Article 12.

I n August 1993, a prelimnary report was presented
entitled "Climate Protection in Germany - National Report
of the Federal CGovernnent for the Federal Republic of
Germany in anticipation of Article 12 of the United
Nat i ons Franmewor k Convention on O inmate Change". The
present report is an updated, substantially revised and
expanded version of that prelimnary report.

Until their unification on 3 Cctober, 1990, the two parts
of Germany belonged to two different political blocs;
this added to the difficulty of preparing this report. As
a result of the long separation, data in many areas is
not conparable; where this is the case, the data has been
presented separately - even for the period after 1990.

l. Inventories of anthropogenic emissions and binding
in reservoirs and by sinks

Anthropogenic emissions

Table | provides a sunmary of em ssions of the nost
i nportant greenhouse gases (wth the exception of
chl or of  uorocar bons (CFCs), chlorocarbons (CCs)

and halons) in Germany in 1990.
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Tab. I: Summary of emissions of greenhouse gases in Germany in 1990
Sour ces and Co, CH, N.O NO, CO NWQOC
si nks of as NG not i ncl udi ng
gr eenhouse ga- M/a kt/a kt/a kt/a kt/a CFCs/ CCs
ses kt/a
Total em ssions 1 012 6 218 223 2 944 10 768 2 978
709 303 5 015 | 1 203 183 40 2 377 566 7 131 3 637 2 234 744
1. Ener gy- 983 1 767 33 2 923 10 104 1 679
rel ated
687 296 1 574 193 24 9 2 361 561 6 526 3 578 1 093 586
2. I ndustrial 29 11 100 21 664 129
processes
22 7 9 2 95 5 16 5 605 59 111 18
3. Use of 6 1170
sol vents and
products
5 1 1 030 140
4. Agricul - 2 043 80 n.a n. a. n. a.

ture
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1 497 546 55 25
5. Land use (- 20)
changes
and forestry?
(-1 (- 6)

14)
6. Wast e n. a. 2 397 4
nmanagement

n. a n. a. 1 935 462 4 . a.
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Hi gh-seas 8 0 n. a. 155 37 16
bunkeri ng?

7 1 0 n. a. n. a. 128 27 31 13
I nt ernati onal 11 0 n. a. 50 58 9
air transport?

11 1 0 n.a n. a. 49 2 54 9

n.

a. Not available

Y Not included in total enissions

Sour ce:

Feder al

Envi ronnent Agency

Germany

Former West Cernmany | Area of the former GDR




The "I PCC Draft Cuidelines for Nati onal G eenhouse Gas
| nventories" were used.

Car bon di oxi de (CQO), nethane (CH;) and | aughi ng gas (N.O
are directly climate-rel evant; nitrogen oxides (NQ),
carbon nonoxi de (CO and nethane-free volatile organic
conmpounds (NWOQOC), on the other hand, have an indirect
effect, because they contribute to formati on of ozone,
which is climate-relevant, in the | ower atnosphere
(troposphere).

The em ssions data for CO, NQ, and CO can be consi dered
wel | -founded, as can the data for NWOC, with sone
exceptions, while the data for CH, and, especially, for
N.O, must be considered subject to major uncertainties.

Fig. | shows the devel opnent over tinme, from 1970 to
1993, of CO, em ssions, pursuant to data fromthe Federal
Envi ronnent Agency; Fig. Il shows the devel opment of CH,

em ssions from 1970 to 1992. The dat abase that woul d
permt a simlar representation for N;Ois |acking.

CO, emissions in Germany (not including high-seas
bunkering and international air transport) decreased from
1,068 mllion tonnes in 1987 (the reference year for the
Federal Governnent's CO,-reduction resolution) to 911
mllion tonnes in 1993. This corresponds to a 14. 7%
reduction within this period. In the area of the forner
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GDR, CO, em ssions decreased by nearly 50% during this
period (the main reasons for this decrease were economc
restructuring, a reduction in population size by about

6% a partial transfer of production to fornmer West
Germany, inprovenents in energy-use efficiency and a
decrease in consunption of lignite, which is an intensive
source of CO, em ssions). CO, emssions in former West
Germany were sonme 2% higher in 1993 than they were in
1987, but the population in the area of former West
Germany al so grew by some 7% from 1987 to 1993.

From 1987 to 1993, energy-related per-capita CO, em ssions
in Germany (not including high-seas bunkering and
international air transport) decreased from13.4 to 10.9
tonnes per inhabitant (a decrease of 18.7%. In the area
of former West Cermany, the decrease over the sane period
was about 4% (from 11.4 to 10.9 tonnes per inhabitant),
while in the area of the former GDR it was about 45%
(from 20.5 to 11.2 tonnes per inhabitant).

Met hane em ssions in Germany decreased by sonme 12%

bet ween 1970 and 1992, to 6,200 kil otonnes per year. In
contrast with the decreasing em ssions in forner West
Germany, em ssions in the area of the former GDR
increased until 1989. This trend was reversed in 1990,
however, through a drastic reduction in |ivestock

i nventories.

Ni t rogen oxide em ssions in Gernmany decreased by sone 4%
bet ween 1975 and 1991 - to 2,900 kil otonnes per year.

Em ssions increased until about the m d-1980s; since

t hen, they have been decreasing.

Car bon nonoxi de em ssions decreased rel atively constantly
from 1975 to 1991, reaching 9,400 kil otonnes per year,
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for a total decrease of 45%

Em ssions of nethane-free volatile organi c conpounds
decreased by about 11% from 1975 to 1991; in 1991 they
were 2,850 kil otonnes per year.

Binding iIn reservoirs and by sinks

The amount of carbon stored in Gernmany's forests is
estimated as being between 1.5 to 2.0 billion tonnes (5.5
to 7.4 billion tonnes of CO). The annual carbon-I evel
increase in the existing 10.8 mllion hectares of forest
is sone 5.4 mllion tonnes (sonme 20 mllion tonnes of
CO,). This corresponds to an annual increase of carbon
stored in forests of about 0.3 to 0.4% The ability of

t hese reservoirs to store additional carbon ends when
forests reach maturity - and thus their maxi mum bi omass
| evel s - however. Currently, it is not possible to
estimate when this takes place.

I1. Effects of climate change and adaptation measures

Cli mat e-nodel I i ng cal cul ati ons have shown that as a
result of the increase of greenhouse gases in the

at nosphere, increases in global nean tenperature and
rises in ocean |l evels nust be expected, along with
changes in precipitation distribution and shifts in
frequency of extrene weather events. Even if no reliable
figures are avail able concerning the regional climte
changes that nust be expected, particularly endangered
areas can be identified, on the basis of natural and

ant hr opogeni ¢ systens' specific sensitivity to climate.

For exanpl e, pronounced consequences of the anthropogenic
greenhouse effect are to be expected in the earth's
sem arid regions, changes which, in particular, could
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lead to increases in mgratory novenents.

In Germany, it is mainly natural and near-natural
ecosystens that seemthreatened, when the country's
geographic and climatic conditions are consi dered.

Ef fects on water resource nmanagenent and on agriculture
and forestry, which are particularly sensitive to
climatic influences, have a nore direct influence on
human |iving conditions. Considerable uncertainty
prevails concerning further econom c and social effects
of climate change. This uncertainty applies to economc
activities (including industry and tourisn) and to
quality of human life (health, food, housing, etc.)

If only for the reason that a considerable tine |ag can
occur between greenhouse-gas em ssions and the effects of
climate change, precaution demands that we act, in our
own interest and in the interest of future generations -
even if not all questions concerning the conpl ex
scientific interrelationships, the extent and,
especially, the effects of climte change, have been
answered. The Federal Government considers neasures for
reduci ng em ssions of climte-rel evant gases to have
priority. It is also enphasising research into the
consequences of climte change, however, in order to
devel op effective strategies for adaptation to the
effects of such change, which cannot be ruled out, in
spite of a wide range of efforts to reduce em ssions of
gr eenhouse gases.

I11. Programme of measures to reduce emissions of
climate-relevant gases and for binding them in
reservoirs and by sinks
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The Federal Government acted early to develop a
conprehensi ve national clinmate-protection strategy. The
CO,-reduction programme is the heart of this strategy.

In light of the world-w de di scussion concerning the
addi ti onal, anthropogeni c greenhouse effect, and the
resulting climte change and effects, the Federal
Government is aimng to respond to this global challenge
wi th an anbitious goal for reducing energy-related CO,

em ssions. It has prepared a conprehensive reduction
concept whose neasures are currently being inplenmented on
a step-by-step basis.

By neans of resolutions of 13 June, 1990, 7 Novenber

1990 and 11 Decenber, 1991, the Federal Cabinet approved
a conprehensive CO,-reduction programme. Its aimin this
connection is to reduce CO, em ssions by 25%to 30% by the
year 2005, in relation to the em ssions volunme in 1987.
The Federal CGovernment is aware of the difficulty of
achieving this, a difficulty that is also due to the
changed gl obal framework. Reduction of other climate-

rel evant em ssions - such as nethane (CH;), nitrous oxide
(NO, nitrogen oxides (NO), carbon nonoxide (CO and

nmet hane-free vol atil e organi c conpounds (NWQC) - is also
taken into account in the national climte-protection
strat egy.

Overall, the Federal Governnent is aimng to achieve a
reduction of all clinmate-rel evant em ssions - expressed
interms of CO, equivalents - on an order of 50% by the
year 2005 - in relation to 1987 |evels.

Wth its resolutions to date, the Federal Governnent has
approved a broad catal ogue of neasures for exploiting the
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exi sting potential for reducing em ssions of CO, and ot her
greenhouse gases in the foll ow ng areas:

- Private househol ds and small consuners,
- Traffic and transport,

- | ndustry,

- The energy industry,

- The wast e- managenent sector,

- Agriculture and forestry.

In addition to econom c instrunents, which have a speci al
role in the CO-reduction programe, climate-protection
instrunments include regulatory requirenents, information
and consul tation programes and education and trai ning.

Wth its resolution of 13 June, 1990, the Federal Cabi net
est abli shed a CO,-reduction Interm nisterial Wrking G oup
(W5, under the | eadership of the Federal Mnistry for
the Environnment, Nature Conservation and Nucl ear Safety.
At the sane tine, the Cabinet set up working groups,
within the CO-reduction I W5 framework, on the follow ng
topi c areas:

- Energy supply (managenent: Federal M nistry of
Econom cs),

- Traffic and transport (managenent: Federal Mnistry
of Transport),

- Bui | di ngs and structures (nmanagenent: Feder al
M nistry for Regional Planning, Building and U ban
Devel opnent),
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- New t echnol ogi es (managenent: Federal Mnistry for
Research and Technol ogy),

- CO, reduction in the areas of agriculture and
forestry, including CO sinks (rmanagenent: Federal
M nistry of Food, Agriculture and Forestry).

In addition to the above-nanmed mnistries, the working
group conprises representatives of the Federal
Chancel l ery, of the Federal Foreign Ofice and of the
federal mnistries of Finance; of Labour and Soci al
Affairs; of Econom c Cooperation and Devel opnent; of
Def ence; and of Education and Sci ence.

In the sumrer of 1994, the CO,-reduction WG will present
its 3rd report to the Federal Cabinet; the findings it
cont ai ns have been taken into account in the present
report.

The present report contains a very conprehensive
cat al ogue of neasures. On the one hand, this catal ogue
provi des an overvi ew of approved and i npl enented neasures
to date; on the other, it lists nmeasures that are
currently being approved by the appropriate deci sion-
maki ng bodi es, or whose approval is currently being
prepared or is planned. This very conprehensive catal ogue
of neasures is ainmed both at the energy-supply sector and
at all energy-consum ng sectors. It conprises the areas
of private households and small consuners, traffic and
transport, industry, the energy industry, the waste-
managenent industry and agriculture and forestry.

In addition to econom c instrunents, the range of
climate-protection tools includes regulatory
requi renents, research and technol ogy devel opnent,
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i nformati on and consul tation progranmmes and educati on and
traini ng.

Table Il provides an overview of the sone 100 i ndi vi dual
nmeasures that are contributing to reduction of em ssions
of CO, and ot her greenhouse gases.
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Tab. 11: Individual measures of the Federal Government
that contribute to reduction of emissions of CO,
and other greenhouse gases')

A Measures that have al ready been approved and that
are bei ng/ have been i npl enent ed

Energy supply:

Measures

(1) Federal table of charges for electricity

(2) Support for local and regional energy-supply and
climate-protection concepts

(3) Act on the Sale of Electricity to the Gid

(4) Elimnation of the excise duty on | anps

(5) Federal Governnent/L@nder district-heating nodernisation
programme for the area of the former CGDR

(6) Funding for renewabl e energies

(7) Energy-saving programe of the European Recovery
Programme ( ERP)

(8) Support for advising of small and nmedi um si zed conpani es
concerni ng energy-saving

(9) Support of the Forum fhr Zukunftsenergien (Future
Ener gy Forum

(10) Information on use of renewabl e energies

(11) Information on saving energy and efficient energy use

(12) Acceleration of authorisation procedures by renoving
wi nd-energy systens fromthe 4th O dinance on Execution of
t he Federal |nm ssion Control Act (4. BImSchV)

(13) Tax breaks for heat/power cogeneration plants

! Measures for reducing the greenhouse gases covered by the Montreal Protocol are not
included here. The list also does not include additional specific measures of the
Lander and of communities for reducing emissions of CO, and other greenhouse
gases
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Traffic and transport:

Measures

(14) Increase of the mneral-oil tax

(15) Em ssions-oriented notor-vehicle tax (1st phase)

(16) 1992 Federal Traffic Infrastructure Plan

(17) Increasing the attractiveness of |ocal public
transportation

(18) Lowering of NWOC em ssions fromvehicle refuelling, as
a result of the Gas-bal ance System O di nance

(19) Progranmme of research into urban traffic
(Forschungsprogramm Stadtverkehr - FOPS)

(20) Inproving continuity of traffic flow

(21) Information on energy-saving and environnental |y aware
driving habits

(22) Research projects and information concerning urban
traffic planning and decreasing traffic pollution in cities

(23) Railway structural reform

(24) Freight centres

(25) Conbi ned transport using waterways

(26) Research progranme on "Pollution in Aviation”

(27) Traffic research

(28) Deregul ation of goods transports on roads by neans of
the Tariffs-elimnation Act (Tarifaufhebungsgesetz)
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Buildings and structures:

Measures

(29) Amendnment of the Thermal Insulation O dinance
(W@rmeschutzverordnung - WSchV)

(30) Anmendnent of the Heating-systens O di nance (HeizAnlV)

(31) Advising concerning energy-saving, efficient energy use
i n housing structures - on-site advising

(32) Tax breaks through the Support-area Act

(F rdergebi et sgesetz), pursuant to the 1991 Tax- Anendnent Act
of 24 June, 1991 and the Act on Securing the Futures of Sites
(Standortsicherungsgesetz) of 13 Septenber, 1993

(33) Housing nodernisation progranme of the Kreditanstalt fhr
W eder auf bau (KfFW reconstruction bank

(34) The joint programe "Econom ¢ Recovery in eastern
Ger many"

(35) Subsidies for construction of public (lowrent) housing

(36) Programme of research into experinental city and housing
pl anni ng: "Reducing pollution in city planning"
( Schadstoffminderung im St@dtebau)

(37) Acceleration of authorisation procedures by neans of the
investnment-facilitation and housi ng-construction-site act
( Investitionserleichterungs- und Wohnbaulandgesetz)

(38) Reduction of barriers to investnment in housing
construction in the area of the former GDR, for cases in
whi ch ownershi p questions have not been settled

(39) Information for building owners, architects, planners,
engi neers, craftsnen
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New technologies:

Measures

(40) Specialised programre on environnental research and
t echnol ogy

(41) Research into, and technical refinenment of, power-plant
and firing-plant technol ogy, especially clean coal-firing
t echnol ogy

(42) Research and devel opnent concerni ng gas and steam
tur bi ne power plants

(43) Research and devel opnent concerni ng use of renewabl e
ener gi es

(44) Programre for pronotion of photovoltaic systens

(45) Support for testing w nd-power systens: "250 MWV W nd"

(46) "Sol artherm e 2000" sol ar-energy pronotion programre

(47) Research and devel opnent concerni ng use of sol ar energy

(48) Research and devel opnent concerni ng secondary energy
systens integrated with renewabl e-energy systens

(49) Research and devel opnent concerning efficient energy use

(50) Nucl ear energy research/reactor-safety research

(51) Nucl ear-fusion research

(52) Research into thermal treatnent of waste

(53) Test project entitled "Generation of heat and power from
renewabl e raw materi al s"

(54) Geotherm c energy
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Agriculture and forestry:

Measures

(55) Joint task "lInprovenment of Agricultural Structure and
Coastal Protection”

(56) Bonuses for |and set-asides

(57) Inprovement of animal digestive efficiency as part of
ani mal husbandry, in order to reduce nethane em ssions

(58) Support for extensive nethods of agriculture

(59) Conservation of existing forests

(60) Support for new afforestation

(61) Forest-nmanagenent neasures

(62) Tax exenptions for pure rape nethyl ester (RVE)

(63) Agency for renewable raw material s (Fachagentur
Nachwachsende Rohstoffe)

(64) Proposal for a fertilizer ordinance

Waste-management sector:

Measures

(65) Ordi nance on packagi ng

(66) Technical Instructions on Minicipal Waste Managenent
(TA-Siedlungsabfall)

(67) Technical Instructions on Waste, Part 1

(68) Waste Managenent and Product Recycling Act
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Overarching measures:

Measures

(69) Inprovenment of training and continuing training for
architects, engineers, technicians and craftsnen

(70) Support programme of the Deutsche Bundesstiftung Umel t
(DBY)

(71) Investnent programme for reducing environnental
pol lution (Federal Mnistry for the Environnment, Nature
Conservation and Nucl ear Safety)

(72) Environnmental programre of the Kreditanstalt fhr
W eder auf bau (KfFW reconstruction bank

(73) Environmental programme of the Deutsche Ausgl ei chsbank

(74) Environnmental protection guarantee programme: liability
exenption in connection wth the supplenentary | oans
programme |11 (Erg@nzungsdarlehen I111) for subsidising

manuf acturers of preventative environnental protection
t echnol ogy

(75) Federal/L@nder joint task "Inprovenment of the regional
econom ¢ structure”

(76) Financial support of the economc infrastructure in the
area of the former GDR - inprovenent of the regional economc
structure in connection with support for nunici pal
infrastructures

(77) Advising concerning thrifty, efficient energy use,

provi ded by the Arbeitsgemeinschaft der Verbraucherverb@nde
(AgV) consuner associ ations' working group, on conm ssion to
the Federal Mnistry of Econom cs

(78) Support for advising of small and nedi um sized conpani es
concerning environnmental protection and energy use

(79) Orientation advising on environnmental protection for
smal | and nedi um si zed conpani es (area of the former CGDR)

(80) Orientation advising on environnmental protection for
communities in the area of the fornmer GDR

(81) Conmunity |oan programme - area of the former GDR

(82) Air quality control programme of the European Recovery
Programme ( ERP)

(83) Technical information concerning efficient energy use
and use of renewabl e energies
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Measures

(84) Studies on optimsing the CO-reduction programre

(85) Anmendnent of the Fee Table for Architects and Engi neers
( HQAI)

(86) Research into specific approaches to regulatory tools

(87) System analysis within the Instruments for Cinmate-gas-
reduction Strategi es (IKARUS) project

(88) Environmental certification mark (Umweltzeichen)

B. Measures that are currently being approved by the
rel evant deci si on-maki ng bodi es, or whose approval is
currently being prepared or is currently planned:

Energy supply:

Measures

(89) Anendnent to the Energy Managenent Act

(90) Proposal for an Ordi nance on Heat Use
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Traffic and transport:

Measures

(91) Raising of the minimumEU levels for mneral-oil tax

(92) Emi ssions-related notor-vehicle tax (2nd phase)

(93) Tolls for use of certain roads

(94) CO, em ssions of new notor vehicles

(95) GCerman railways' site concept

(96) Use of nodern information technol ogy for preventing and
regulating traffic (telematics)

(97) Taxation of aircraft fuels

(98) Anendnent of the Common Rul es of Procedure (Gemeinsame
Gesch@ftsordnung) of the federal mnistries

(99) Introduction of traffic-effects studies

(100) Shifting of international transit traffic from
roads to railways and to ships
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Buildings and structures:

Measures

(101) 2nd O dinance for Anmendnent of the Ordinance on Snal
Conmbustion Plants (1st Federal |nmm ssion Control O dinance)

(102) Instrunents for increasing energy efficiency of
exi sting buildings

(103) Special relevant privileges accorded within the
bui | di ng code

(104) Standardisation of authorisation practices for
renewabl e energy systens

Overarching measures:

Measures

(105) Inprovenment of the framework for vocational training
and for continuing education and training

(106) Support for provision of information concerning third-
party financing nodel s

(107) Introduction of an (at-least) EU w de CO)/ energy tax
that has a neutral effect with regard to conpetition and
total tax-revenue vol une

(108) Law on mandatory |labelling with regard to energy
consunption (product | abelling)

(109) Pl anning of the parlianment and governnment district in
Berlin with regard to environnental protection requirenents,
especially climte-protection requirenents
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An inportant factor in the success of climate-protection
policy in Germany will be whether all those invol ved
truly cooperate. The Federal Governnent alone will not be
able to locally inplement such an intensive programe - a
programe that affects economi c and social structures.

For this reason, the clinmate-protection strategy nust be
diffused to all the various levels, and to each

i ndi vi dual involved. The Federal Governnent is of the
opinion that the effort to acconplish this, which has
been underway since 1990, has been extrenely successful.

G adual ly, the L@der are also preparing their own Land-
specific climte-protection progranmes. An inportant
reason why such programmes nust be devel oped and
inplenented is that in many areas the L@der have
executive conpetency.

Si nce 1990, many comrunities have begun devel opi ng and

i mpl ementing comunity CO,.-reduction concepts, often on
the basis of existing energy-supply concepts. To date,
far nore than 100 such concepts have been devel oped.

I ncreasingly, head community associ ations are giving
greater attention to this topic. In addition, conmunities
are organi sing thensel ves, on the European |level, into an
international climate-protection alliance. This alliance
has the extrenmely anbitious goal of reducing CO, em ssions
inits nmenber communities by 50% by the year 2010, in
relation to 1987 |evels.

I n Novenber 1991, central German industry associ ations
presented a paper describing an initiative for world-w de
precautionary neasures to protect climate. In this paper,
German industry enphasises that it is wlling to do its
part to conmbat the greenhouse effect. The paper also
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makes cl ear that industry considers self-commtnent

decl arations and conpensation solutions to be effective
climate-protection instrunents. Since 1992, the Federal
Gover nment has been conducting intensive discussions with
i ndustrial representatives concerning the specific
details of this initiative paper

O her groups that have been very intensively discussing
climate protection include unions, environnental
protection associ ati ons, consuner organi sations, churches
and ot her groups that play an inportant role in society.
The aimof these initiatives is to nmake it clear to each
person that he or she can nmake a decisive contribution to
conbatting the gl obal greenhouse effect.

V. Emissions scenarios

The devel opnent of energy-rel ated and non-energy-rel ated
em ssions of nethane (CH;), nitrous oxide (N.O, nitrogen
oxi des (NQ), carbon nonoxide (CO and nethane-free

vol atil e organi c conpounds (NWQOC) until the year 2005
was estimated. For the case of energy-related emn ssions,
two existing studies were used as a basis that do not
conform conpletely with the CO-reduction programe. For
t he non-energy-rel ated em ssions, the current framework
is used as the basis for forecasts. Table Ill lists the
em ssions reduction for these greenhouse gases (both
energy-rel ated and non-energy-related) until the year
2005, inrelation to 1987 (where data is avail able) and
1990 em ssions |evels. Further reductions of greenhouse-
gas eni ssions can be achi eved through additi onal

neasur es.
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Tab. 111: Changes iIn emissions of the greenhouse gases
CH4, N2O, NOx, CO and NMVOC by the year 2005,
in relation to 1987 and 1990 levels, and
according to trend estimates_(energy-related
and non-energy-related emissions)®

Emissions change in %
1987 - 2005 1990 - 2005
Met hane (CH,) - 50 - 48
Ni t rous oxide n. a. - 25
(NO
Ni t rogen oxi - - 36 - 25
des (NQ)
Car bon
nonoxi de (CO - 58 - 51
Met hane-free
vol atile
organi c
cogﬁpunds - 47 - 43
(NMVOC)

Y Further reductions of 8reenhouse-gas em ssions can be
achi eved by neans of additional neasures.
n.a. = No figures provided, because the relevant data
is inconplete.
Source: Federal Environnment Agency

V. Research and systematic observation

Research into climte systens, and into the consequences
of climte change, is anong the enphases of Gernman
environnmental research. Cinate-systemresearch is
seeking to obtain reliable statenents concerning the
devel opment of global climte and, especially, concerning
devel opment of regional climte. The purpose of research
into the consequences of climte change is to estinmate
the possible effects of climate change. As part of such
research, the interactions between clinmate and sensitive
natural and civilisation-built systens are being studi ed.
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The Federal Government is al so sponsoring research into
nmeans of easing the effects of climte change. These
efforts are ained at providing the necessary action-

ori ented knowl edge, and technol ogy, in the areas of

envi ronnmental protection and energy, for reduction of
gr eenhouse-gas em ssions. They are al so focused on
identifying options for action to deal with the effects
of climte change. Table Il (especially in its "New
Technol ogi es"” section) |ists specific measures for
supporting research into neans of easing the effects of
climat e change.

But nore than scientific and technol ogical solutions to
environmental problens are now required, if environnental
problens are to be permanently solved; for this reason,
overall efforts are increasingly also incorporating
soci al and econom c approaches.

The Federal Republic of Germany's research programes
have been incorporated into major international
programmes such as the Wrld Cimte Research Programe
and the International Ceosphere and Bi osphere Programe.

The conprehensi ve nmeasurenent progranmes that are al so
bei ng carried out through international cooperation (such
as within the dobal Atnosphere Watch or the
establishment of the A obal Cinmate Observing Systen)
provide an inportant basis for assessing the current
state of the climte system and of anthropogenic
influences on it. Data centres and databases are
currently being established that will provide rel evant
collected data to the public in a suitable form
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V1. Training, education and public awareness

Because gl obal climte change is a | ong-term process,
education, training and pronotion of public awareness are
of central inportance. The entire popul ation has a
responsibility to translate its high | evel of

envi ronnment al awareness into an appropriate wllingness
to act and cooperate in avoiding future environnental
damage. This is why the Federal Governnent and the L@der
are conducting a canpai gn of intensive environnental
information. The topic of environmental protection has
been solidly integrated into school education, which |ies
within the responsibility of the L@der. A range of
training and education nmeasures focusing on climte
protection has been carried out by the Federal Governnent
and ot her sponsors. Table Il lists individual neasures
for providing environmental information, training and
educati on.

VI1. International cooperation in the areas of technology
and finance

The Federal Governnent strongly supports adherence to the
gui delines set forth in the Rio Declaration, and is
orienting its bilateral and nmultilateral cooperation in
the area of devel opnent to the aimof inplenenting the
Decl arati on's Agenda 21.

Bilateral cooperation

In the area of energy, a focus of the Federal
Governnent's cooperation in the area of devel opnent, sone
13 billion DM were provi ded between 1961 and 1993, within
t he framework of financial cooperation; sonme 1.1 billion
DM were provided within the framework of technol ogica
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cooperation. O this funding, sone 2.5 billion DM were
spent on hydroel ectric power generation; sone 500 mllion
DM wer e spend on ot her renewabl e energies. In addition,

t he Federal CGovernnment spends 300 million DM annually in
hel pi ng other countries conserve their tropical rain
forests. The Federal CGovernnment is also supporting

devel opi ng countries' neasures to reduce nethane

em ssions in connection with the keeping of |ivestock, as
wel | as studies in such countries on reduci ng net hane and
| aughi ng gas em ssions in rice cultivation.

In 1992, the Federal Government al so created a

consul tancy assi stance progranme for central and eastern
Eur opean countries. By 1993, over 150 projects in the
area of environnental protection had been carried out
within this programe. In addition, sonme 41 mllion DM
was spent in 1992 and 1993 on sel ected environnental -
protection projects in central and eastern Europe.

In 1992, the Federal Government nade available 5 mllion
DM in special funding; these funds are being used to help
sonme 10 devel oping countries prepare their national
reports.

Multilateral cooperation

In a pilot phase lasting from 1991 to 1993, and which was
supported with approx. 1 billion DM worth of special -
draft loans (central fund plus co-financing), the Federal
Republic of Germany paid 147 million US$ into the central
fund of the G obal Environnental Facility (GEF). For the
period lasting frommd-1994 to m d-1997, the Federal
Republic of Germany has commtted itself to paynent of
240 million US$ (ca. 12% of the total volunme of sone 2
billion US$) into this fund.
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The Federal Republic of Germany strongly supports taking
an internationally coordinated approach. It is
cooperating within the European Union (EU) and in

mul til ateral government organi sations such as the

Organi sation for Econom c Cooperation and Devel opnent
(CECD), the International Energy Agency (IEA), the United
Nat i ons Envi ronnent Progranme (UNEP), the UN s Economi c
Comm ssion for Europe (ECE), the Wrld Meteorol ogi cal
Organi sation (WMD) and the Intergovernnental Panel on
Climate Change (IPCC), and it is making substanti al
contributions to these organisations' initiatives in the
area of climte policy.

The Federal CGovernment took an active role in preparing
the resolutions of the EU s Joint Environnental and
Energy Council of 29 Cctober, 1990, 13 Decenber, 1991 and
June 1992, as well as the various Council resolutions
concerning the European Union's CO-reduction strategy.
Wthin the EU franmework, it continues to support passage
of an effective joint CO-reduction strategy.

The European Conmmi ssion's proposal for a Counci
directive on the introduction of a tax on CO, enm ssions
and energy, dated 4 June, 1992, is a focus of current

di scussion. The Council is still deliberating intensively
on this proposal. The Federal Governnent considers the

i ntroduction of an (at |east) EU w de COJ/ energy tax,
neutral with regard to conpetition and total tax-revenue
vol unme, to be a necessary instrunent for achieving goals
in this area - both national and European goals. During
its EU presidency, the Federal Governnent continues to
pursue the issue of the above-nentioned COJ/ energy tax.
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VIIL. Outlook

The Federal Governnment plans to concentrate its future
work within the Intermnisterial Wrking Goup on CG
reduction on the follow ng areas of action:

- Reduction of CGO, em ssions,

- Reduction of nethane em ssions (CH,) from energy
production, energy transport, energy distribution
and energy use; fromagriculture; fromwaste
treatnment; and from wastewater treatnent,

- Reduction of nitrous oxide em ssions (NO,

- Reducti on of the precursor substances of
t ropospheric ozone, i.e. of nitrogen oxides (NQ),
carbon nonoxi de (CO, nethane-free volatile organic
conmpounds ( NWOQOCs) and

- Reduction of em ssions of other greenhouse gases
(i ncluding CF, and GFg) .

The results achieved to date, in sum have noticeably
reduced CGermany's share of worl d-w de greenhouse-gas

em ssions. The aimof the Federal Governnent's clinate-
protection programme is to reduce Germany's share of

ant hr opogeni ¢ em ssions by about half, by the year 2005 -
based on 1987 |l evels. Wrld-w de, these efforts are

wi t hout parallel, and the Federal Governnent expects that
ot her countries will follow Germany's exanpl e.

The Federal CGovernment will continue to take an active
role in inplenmenting national and EU-wi de cli mate-
protection strategies, and in efforts to achieve a

gl obal Iy coordinated strategy for conbatting the

ant hr opogeni ¢ greenhouse effect. This applies especially
to inplenentation and pronotion of further devel opnent of
t he Framework Convention on Cimte Change. The 1st
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Conference of the Parties, to be held in Berlin from?7
April to 28 May, 1995, will be an inportant step in these
efforts.



1. Introduction

The United Nations Framework Convention on Cimate Change
provides an internationally binding basis for conbatting
t he ant hropogeni ¢ greenhouse effect. This report

descri bes how the Federal Republic of Germany is
fulfilling its obligations under the Framework Convention
on Climte Change. It is the Federal Governnment's first
report to the Conference of the Parties pursuant to the
Framewor k Convention's Article 12.

I n August 1993, a prelimnary report was presented
entitled "Climate Protection in Germany - National Report
of the Federal Governnent for the Federal Republic of
Germany in anticipation of Article 12 of the United
Nat i ons Franmewor k Convention on O inate Change". The
present report is an updated, substantially revised and
expanded version of that prelimnary report.

1.1 The greenhouse effect

1.1.1 The natural greenhouse effect

The earth receives energy through the sun's radiation -
mainly within the visible spectrum To maintain an energy
bal ance, the earth nust rel ease an equi val ent anount of
energy into space. The energy the earth returns to space
i s longer-wavel ength thermal radiation. The greenhouse

ef fect occurs because the absorptive behavi our of the

at nosphere's conponents, especially with respect to trace
gases, differs in different spectral regions. Virtually
none of the incomng visible light is absorbed, while the
earth's returned thermal radiation is absorbed, to
varyi ng degrees, by a range of trace gases - i.e. this
thermal radiation is prevented fromreturning, to a
certain extent, by an insulating layer. To maintain an
ener gy bal ance nonet hel ess, the earth nust have an
appropriately higher tenperature. In brief, this is the
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physi cal basis for the greenhouse effect.

The earth's actual energy balance is nore conplicated

t han descri bed above, however; for exanple, part of the
incomng radiation is scattered by air nol ecul es or
reflected by clouds or the earth's surface, and sone
thermal radiation is absorbed and then re-emtted.

| f the energy bal ance between incom ng and rel eased
radi ati on is considered, w thout taking the greenhouse
effect into account, a nean tenperature for the earth is

obt ai ned of -180C. The reason we instead find a nean

tenperature of +150C is the natural greenhouse effect,
caused by the atnospheric conponents water vapour, carbon
di oxi de, met hane, |aughing gas and ozone - in their
natural concentrations.

1.1.2 The additional, anthropogenic greenhouse effect

The fact that concentrations of natural atnospheric
conponents, as well as those of other greenhouse-rel evant
gases not present in the natural atnosphere, are

i ncreasing due to human activities, gives cause for
concern (cf. Fig. 1.1). These increasing concentrations
are causing an additional anthropogeni c greenhouse
effect, in addition to the natural greenhouse effect,
that is causing global nean tenperatures to increase. The
fact that these changes are occurring rapidly, in
conparison to geological tine-scales, is particularly
troubling. Not only tenperatures are changi ng;
precipitation relationships, climte zones and the
frequency and intensity of unusual climtic events are
changing as well. Changes in the climte bal ance could
have significant effects, especially on natural or near-
nat ural ecosystens, and on agriculture and forestry.
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1.2 Climate-relevant trace gases

The nost inportant gases responsible for the additional
greenhouse effect are carbon di oxide (CQO),

chl or of  uorocarbons (CFCs), as well as hal ons, nethane
(CH)), nitrous oxide (N,O and ozone (G). Oher clinmate-
rel evant gases include perfluorated fluorocarbons (PFCs,
especially CF, and GFg), sul phur hexafl uoride (SFe),
partly hal ogenated CFCs (H CFCs), hydrogenous

chl or of | uorocar bons (HCFCs) and water vapour from

ai rcraft exhaust; sul phate aerosols tend to counteract

t he additional greenhouse effect. The additional
greenhouse effect is reinforced in that the absol ute
amount of water vapour in the atnosphere grows as air and
ocean tenperatures increase; this causes a further

t enperat ure increase.

Sone trace gases al so have sources ot her than em ssions.
Such gases are produced from precursor substances
produced by chem cal reactions. For exanple, in the

t roposphere, ozone is formed only chemcally, from

NWQCs, CH;, CO and NQ. In addition, amobnia em ssions
lead to formation of NbOin soils; these em ssions have an
order of magnitude of a few percent of the anmount of
nitrogen discharged into the soil.

The so-called d obal Warm ng Potential (GAP) is an

i mportant gas neasure within the conprehensive approach
t aken by the Framework Convention on Cimate Change -
whi ch covers all greenhouse gases not subject to the
Montreal Protocol. The GAP for a particul ar greenhouse
gas is a description of that gas' absorptive effect, in
terms of relative magnitude, and in relation to the

ref erence substance, CQO,, taking into account the gas
persi stence in the atnosphere.

Table 1.1 shows the characteristics of the nost
significant greenhouse gases. The nmass-based GAP figures
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indicate the direct radiation effects due to absorption
of infrared radiation. The indirect chem cal effects,
such as formation of the greenhouse gases ozone, CO, and
wat er vapour, as a result of nethane oxidation or ozone
depl etion by CFCs and hal ons, are given in parentheses -
guantitatively for nethane and qualitatively for CFCs and
hal ons. The GAP figures for the direct and indirect
effects of methane are about the sane. The stratospheric-
ozone depl etion caused by CFCs and hal ons wor ks agai nst
the direct effects of radiation. Because of the strong
chronol ogi cal and spatial variations in ozone
concentrations, however, no global GAP figure can be
given for this effect.

Nei t her can any gl obal GAP figures be determ ned for the
indirect climte-rel evance of NWOCs, CO CH,, and NG
(formation of ozone, a greenhouse gas), due to the |arge
chronol ogi cal and spatial variations in the
concentrations of these substances. Because of these
difficulties, it is currently also inpossible to nake
reliable quantitative predictions concerning the effects
on climte of chronol ogi cal and spatial changes in ozone
di stributions, as a result of anthropogenic em ssions.

Because the various greenhouse gases differ in their

persi stence within the atnosphere, a substance's relative
climate-rel evance depends on the tinme franme considered.
The GAP figures in Table 1.1 apply only to tine frames of
100 and 500 years. The relative contribution of
substances with shorter persistence than CO, such as

nmet hane, decreases as the tine frame is enlarged, and it
grows as the tinme franme is reduced.
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Tab. 1.1: Characteristics of the most important climate-relevant trace gases

Car bon Met hane Nitrous | CFC 11 CFC 12 Hal on 1301
di oxi de oxi de
Concentration ppnmv ppnmv ppbv ppt v ppt v ppt v
Pre-industrial | 280 0.6 265 0 0 0
eri od
(1750 to 1800)
1992 355 1.75 310 268 503 2
| ncr ease Ber 1.5 0. 005 0.7 2.5 13 0. 15
year (1992)
(0.4 9% (0.4 9% &§.26 (0.9 9% (2.6 % (7.5 9%
Per si st ence 50-200 Y |10 120 50 103 65
(years)
GWP?
Ti me hori zon
100 years 1 11 (10)® | 270 3400 (-)? 7100 (-)® |5500 (-)¥
500 years
1 4 (5)% 170 1400 (-)? 4100 (-)3 |2100 (-)?

3)

The persistence of CO, in the atnosphere depends,
processes that take place between the various CO, reservoirs.
nosphere and tenporary reservoirs such as vegetation or surface waters takes only a few
of CO, fromthe atnosphere depends primarily on the rate of

which is near the surface,

years.

| ayers.

The act ual
exchange between the oceans
These processes,

r enoval

scal e of about 100 years.

GAWP with respect to mass;
| ndi rect chem ca

effects:

di rect

thin mxing |ayer,
whi ch have been only inconpletely quantified,

radi ati on effects
guantitative for nethane,

in a conpl ex manner,

gqualitative for CFCs and hal ons.

on t he exchange
Exchange of CO, between the at-

and their deep
take pl ace over a tine

A m nus
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sign nmeans that the indirect chem cal effect counteracts the direct radiation effect.

Source: | PCC Suppl enment 1992

The foll ow ng section describes the nost significant sources and sinks of the various greenhouse
gases.



Carbon dioxide (CO0,)

The nost significant sources for CO, are conmbusti on of
fossil fuels (coal, oil, natural gas) and the w despread
destruction of forests (cf. Table 1.2). Since the

begi nning of the industrial age (about 1800), the CO,
concentration in the atnosphere has risen from280 to 355
ppm i.e. by about one-fourth,

The nost inportant CO, sink is the oceans. Forests are
anot her sink. There is uncertainty, however, concerning
t he overall functioning of the sinks. In particular,
there are indications that sone sinks have not yet been
i dentified.

Tab. 1.2: The most important global anthropogenic carbon
and carbon dioxide influences™ for the period
1980 - 1990 [in billions of tonnes per year]

Car bon Car bon di oxi de
Em ssions fromburning 5.4 + 0.5 19.8 + 1.8
of fossil fuels
Net em ssions from 1.6 + 1.0 5.9 + 3.7
forest clearing and
| and use
At nospheric ac- 3.4 +0.2 12.5 + 0.7
cunmul ati on
Absorption by the 2.0 + 0.8 7.3 +2.9
oceans
Net i nbal ance 1.6 + 1.4 5.9 +5.1

") Conversion factor 3.67
Source: | PCC Suppl enent 1992

In the biosphere, some 120 billion tonnes of carbon are
absorbed annually fromthe atnosphere, and an equi val ent
anount is released into the atnosphere; these transfers
are caused by |life processes. If the total anmount of
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vegetati on remai ns unchanged, the anount absorbed is the
sane as the anmount rel eased, and there is no average
change in the atnosphere's CO, concentration. The anount
of CO, emtted annually, found in ca. 6 billion tonnes of
carbon fromfossil fuels, my seemsnmall in conparison to
the biologically transferred anounts; nonetheless, in
conjunction with w despread forest destruction, it causes
a change in the atnosphere's CO, concentration.

Methane (CH,)

Met hane is fornmed when organic material decays under
anaerobi c conditions (w thout oxygen). The | argest

natural sources for nethane are wetlands (marsh gas). The
nost significant anthropogeni c sources include rice

cul tivation, keeping of livestock, oil/natural-gas
production and distribution, mning and landfills.

Met hane em ssions indirectly cause greater water-vapour
concentrations in the stratosphere.

Met hane' s nost significant chem cal breakdown reaction is
its interaction with OH radicals formed photochem cally
in the atnosphere.

Halogenated hydrocarbons

Ful 'y hal ogenat ed chl orof | uorocarbons (CFCs) are
excl usi vely ant hropogenic in origin. Throughout the
wor | d, they have been emitted on a |large scale, and to a
certain extent are still being emtted, primarily in the
foll ow ng areas:

Propellants in aerosols (sprays), as well as foans and
insulating material, refrigerants in refrigeration

equi pnent, cold-storage facilities etc. and solvents and
cl eansers.

The only known sink for these substances is photolysis in
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the stratosphere, as a result of which chlorine atons are
formed, which deplete stratospheric ozone.

The partly hal ogenated chl orof | uorocarbons (H CFCs),
whi ch are used as substitutes for CFCs, also contribute
to the ant hropogeni ¢ greenhouse effect.

O her highly active greenhouse gases include hal ons,

whi ch contain brom ne atons, in addition to fluorine and
chlorine. Halons are used al nost exclusively in fire-
ext i ngui shing and expl osi on- suppressi on equi prnent .

Since the stop to production and use (in Gernmany,
conpleted, for the nost part, at the end of
1993/ begi nni ng of 1994) of these and ot her ozone-
depl eting substances is governed by the "Mntreal
Protocol on Ozone-Depl eti ng Substances”, they are not
di scussed further in this report.

Nitrous oxide (laughing gas; N,0)

G obally, the nost inportant source for NbOis mcrobia
transformati on of nitrogen conpounds in soils. Such
transformati on takes place both under natural conditions
and as the result of nitrogen discharges from
agriculture, industry and traffic and transport. The
contributions of NO em ssions fromsoils, as the result
of mcrobially transformed surplus nitrogen originating
innitrogen fertilisation, have been insufficiently well
researched. It is known, however, that in heavy soils
with | ow seepage rates - that retain groundwater for |ong
periods of time - nost of the surplus nitrogen in the
ground (80-95% is emtted into the air, after
transformati on processes have occurred. Nitrification and
denitrification of anmmoni a nitrogen, one source of which
is agricultural amonia em ssions, and which is

di scharged fromthe atnosphere into the soil, can al so
contribute to the formati on of N,O
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In Germany and ot her industrial countries, chem cal -

i ndustry processes (especially production of adipic acid)
are anot her inportant source. N;Ois also produced in
catal ytic cleaning of notor vehicle em ssions and, to a
smal | extent, in conmbustion processes.

Phot ochem cal processes in the stratosphere are the main
means by which N;O i s broken down.

Ozone (03)

Si nce about the beginning of this century, ozone
concentrations in the troposphere (to an altitude of
about 10 km have risen continually.

Ozone is not emtted; instead, it is fornmed in the

at nosphere by photochem cal reactions between nitrogen

oxi des (NQ) on the one hand and volatile organic
conmpounds (NWOQOCs and CH;) and car bon nonoxi de (CO on the
other. In areas with high em ssion density for these

subst ances, these reactions, under intense solar

radi ati on such as that occurring during high-pressure
sunmer weat her systens, result in relatively high ozone
pol lution (sumrer snog).

Other gases

O her greenhouse substances, of which there are a nunber,
are insignificant, in view of the amounts in which they
are currently being emtted. Sonme of these substances
have very hi gh atnospheric persistence and GAP val ues.
For this reason, em ssions trends for these substances
shoul d be closely nonitored. Anbng these substances are
perfluorated fluorocarbons (PFCs) and sul phur
hexaf | uori de.

O greatest rel evance anong the PFCs are CF, and GCFs,
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which are emtted during alumniumelectrolysis in the
dry way, during certain operational states (anode
effect). PFCs have been proposed as substitutes for
halons in fire retardants in those areas in which use of

halons is still permtted as an exception. In Gernmany,
PFCs have still not been permtted for such purposes,
however .

Sul phur hexafluoride (SFg) is used primarily in high-
vol tage portions of switching systens, in encapsul ated
form The SFs is recycled. SFs is al so used as a
protective gas, and for renoval of inpurities, in
production of alum niumand nmagnesi um

The hydrogenous fl uorocarbons (HFCs) have consi derably
shorter atnospheric persistence than the PFCs. Since they
are used as substitutes for CFCs (for exanple, R 134a),
increases in their production can be expected. HFCs (Ilike
PFCs) have al so been proposed as substitutes for hal ons
in fire retardants in those areas in which halon use is
still permtted by exceptions to regulations. In Gernmany,
use of HFCs for such purposes has not yet been

aut horised. In 1990, production and usage vol unes of HFCs
were still insignificant in Gernmany.

Sul phat e aerosols, which form from sul phur dioxide, also
hel p nodify the earth's radi ation bal ance. In the
troposphere, sul phate aerosols intensify cloud formation
and increase cloud reflectivity. In the stratosphere,

t hey increase scattering of incom ng sunlight. dobally,
i ncreasi ng aerosol concentrations are |likely to danmpen
the tenperature increases caused by greenhouse gases.
Because aerosols are unevenly distributed in the

at nosphere, they are primarily expected to have regional
effects. Precise predictions are still inpossible,
however .

The wat er vapour released by aircraft in the upper
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t roposphere and the | ower stratosphere also contributes
to the ant hropogeni c greenhouse effect. These | ocal

em ssions are likely to have a non-negligible effect in
t hese regions, due to the | ow natural water-vapour
concentrations and the | ong persistence invol ved.

1.3 Global climate change

Climate nodel s can be used to nmake predictions of

possi ble future climte change. Currently, global,
coupl ed ocean-at nosphere climte nodels are being used to
sinmul ate climte devel opnment over tine periods of up to
100 years. Such nodels are currently being devel oped and
applied by the Max Planck Institute for Meteorology in
Hanburg (MPI Hanmburg) and by three other institutes in
the US and the UK

The climate-nodel predictions concerning the future
extent and chronol ogi cal progression of anthropogenic
climate change still contain many uncertainties, since
i mportant climate-system processes are still inconpletely
under stood. The nodels contain a nultitude of
approxi mati ons and uncertainties regardi ng physical and
chem cal processes within the climate system The
uncertainties occur especially in connection with
circulation in the oceans and with hydrol ogi cal -cycle
processes - especially the effects of clouds,
interactions with the biosphere and the effects of
stratospheric sul phate aerosols and of stratospheric
ozone depletion. The term"climte change" as used in
this report should be understood in |ight of the above-
menti oned uncertainties.

On the other hand, there is no question that nassive

ant hropogenic interference in the atnosphere's trace-
substance conposition is exerting considerable influence
on the earth's radiation balance. If only for the reason
that a considerable tinme |ag can occur between
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greenhouse-gas em ssions and the effects of clinate
change, precaution demands that we act, in our own
interest and in the interest of future generations, even
if not all questions concerning the conplex scientific
interrel ati onshi ps, the extent and, especially, the
effects of clinmate change, have been answered. The
Federal Governnent considers nmeasures for reducing

em ssions of climate-rel evant gases to have priority.

The conbi ned effects of all greenhouse gases are
currently being calculated with the aid of equival ent CO
concentrations.

Assuming that no neasures to limt em ssions of

greenhouse gases are taken, the equival ent CO
concentration will increase annually by about 1 percent.
Such an increase, which, in relation to pre-industrial CO
concentrations, would lead to a doubling of the

equi val ent CO, concentration by the year 2025, corresponds
to the IPCC s em ssions scenario A ("business as usual").
This scenario assunmes 22 billion tonnes of CO, em ssions
in 1985, 28.3 billion tonnes in the year 2000 and 42.2
billion tonnes in 2025. Wth this assunption, the near-
ground air tenperature, as a global and seasonal nean

woul d i ncrease by ca. 0.3°C :0.15°C per decade. This woul d
inturn result in an average air-tenperature increase of
3.0°C +1.5°C over 100 years. Such rapid warming i s unusual
in the earth's climate history.

In the IPCC s em ssions scenario D, in which it is
assuned that neasures rapidly becone effective, it is
al so assuned that 1985 CO, eni ssi ons anounted to 22

billion tonnes, that emssions in the year 2000 w ||
anount to 20.6 billion tonnes and that eni ssions in 2025
will total 18.7 billion tonnes. In this case, the nean

gl obal international increase calculated with the M
Hanburg's nodel is only 0.6°C after 100 years.
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The nodel s' regional predictions are uncertain, because
of their coarse resolution. Nonetheless, the foll ow ng
can be derived fromthem

The low altitude tenperature increase is greater
over |land than over water. Because the Northern

Hem sphere has | arger | and masses than the Sout hern
Hem sphere, the warmng will be nore pronounced
north of the equator than south of it.

At first, warmng in tropical latitudes will be
stronger than in higher latitudes. As the CG
concentration in the atnosphere increases, the
regi on of strongest warming will shift to the

Nort hern Hem sphere's higher |atitudes, however.

G obal warming will cause an increase in evaporation
of surface water; as a result, precipitation wll
increase primarily in the higher latitudes of both
hem spheres, in Asian nonsoon areas and, in w nter,
in the Northern Hem sphere's mddle |atitudes.

In summer, precipitation will decrease over non-
tropical land areas; as a result, ground noisture
wi || decrease.

The follow ng observations could indicate that climte
change i s begi nni ng:

Charts of the gl obal and seasonal neans for near-
ground air tenperatures over the last 100 years show

an increase between 0.3 and 0.6°C, with an
accunul ati on of unusually warmyears in the 1980s
and the early 1990s.

A decrease of about 8% in the annual snow cover in
t he Northern Hem sphere since the early 1970s,

A decrease of about 50%in the masses of al pine

gl aci ers since 1850,

A decrease in precipitation in the Sahel Zone,
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- | ncreasi ng warm ng of tropical oceans, and an
i ncrease of water-vapour concentrations in the |ower
tropical troposphere since the md-1970s (in
conjunction with increasing tenperatures in the
| oner troposphere in the tropics and subtropics),

- Decreases in stratospheric tenperatures in both
hem spheres.

None of these indications, however, is proof in itself
that these effects are indeed ant hropogenic in origin,
since the variations in the observed magnitudes still lie
within the range of natural fluctuations. Yet the
observed climate phenonmena do agree with the climate
predictions obtained with the clinmate-nodel cal cul ations.

1.4 The global effects of climate change

@ obal climte change coul d have the considerable effects
descri bed bel ow. These effects would not be the sane in
all regions, and their nmagnitude cannot yet be predicted
with sufficient precision.

Cl i mat e- caused weat her changes

The contrasts between hum d and arid regions could
increase. As a result, the frequency of extrene events,
such as |long periods of drought, alternating with strong
precipitation, could increase, especially in the tropics
and subtropi cs.

Rise in ocean levels

The rise in ocean levels of 30-50 cm predicted by nodel
cal cul ations to occur by the year 2050 (with trends based
on the IPCC s scenario A), could result in increased
frequency and intensity of floods and in permanent
flooding of fertile and, in part, densely settl ed,

| o and coastal areas. In addition, sone island countries
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coul d | ose considerable portions of their areas; sone
coul d even becone uni nhabitabl e.

Forests/natural ecosystems

The ability of forests and other ecosystens to adapt to
change coul d be overwhel ned by both the extent and the
speed of climte changes. As a result, the species
conposition and structure of ecosystens could change to
such an extent over the short termthat ecosystens woul d
no |l onger be able to fulfil their original functions for
human soci ety. The ecol ogi cal and soci o-econom c
consequences of such inability could be consi derable.

Agriculture

Cli mat e change coul d especi ally endanger agri cul tural
production. Especially in sem-arid climtes, soi

desi ccation and consequent degradation (such as excessive
salt concentrations and erosion) would have to be

expect ed.

In warner climtes, increased frequency of extrene
climatic events, and stronger spreadi ng of plant diseases
and pests, could have negative effects on crop yields.

G obal climate change, in conjunction with a rapidly
growi ng worl d popul ation, could have a drastic effect on
the worl d-wi de food situation. The accel erated m crobi al
decay of organic material in warner climtes could | ead
to additional release of CO, into the atnosphere, thus
intensifying the greenhouse effect. In addition, soi
fertility could decrease, decreasing yields and
production reliability of soils.



2. Outline data

A difficulty encountered in conpiling outline data is
that the two parts of Germany bel onged to two different -
in many respects - political blocs until unification on 3
Cct ober, 1990. Consequently, the living conditions, as
wel | as the economi c and social circunstances, etc. were
extrenely different in the two parts.

This also adds to the difficulty of preparing this
report. For exanple, separate data nmust be given for the
peri od during which the GDR existed. In many areas, the
data cannot be conpared; in sone other areas, data is
unavail able for the former GDR 1990, an inportant year
for the Framework Convention on Cimte Change, is al so
the year in which German unification took place.
Consequently, until 3 October, separate data was
collected for each part of the country; after this date,
joint data was collected. Apart fromthese forna
considerations, it is clear that the profound and dynam c
upheaval s that took place, especially in the area of the
former GDR, make collection of precise data nore
difficult, and require data to be |isted separately even
after 1990.

2.1 The political framework

2.1.1 Political structure

The Federal Republic of Germany is a federal state. Its
Basi c Law (constitution) distributes tasks and
responsibilities between the Federal Governnment and the

Liander. Fig. 2.1 shows how Germany's territory has been

divided into a total of 16 Linder. The Lander, in turn,
have transferred a range of tasks and responsibilities to
government districts (Regierungsbezirke) and rural
districts (Landkreise), consisting of conmunities and
cities, and to non-district cities. In addition,
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conmuni ties have the right to regulate all |ocal-
community affairs under their own responsibility, within
t he | egal framework.

2.1.2 Legislation

In the Federal Republic of Germany, |egislative
conpetenci es are divided between the Federal authorities

and the Liander. The Federal authorities have the right to
pass laws in certain areas assigned exclusively to it by
the Basic Law (for exanple, concerning foreign affairs,
defence and currency), as well as the right to pass

| egislation, in certain areas, that conpetes w th Linder

| aws (for exanple, concerning waste disposal, air quality
and noise control), and the right to pass franmework | aws
in certain areas (for exanple, concerning nature
conservation, care for the | andscape and water
managenent). On the basis of this distribution of
conpetencies, the Federal authorities are largely
responsi ble for environnental |egislation. In areas in
whi ch the Basic Law gives the Federal authorities no

| egi slative authority, the Linder have the |egislative
conpet ency.

Proposed | egislation at the federal |evel can be

i ntroduced by the German Bundestag (Lower House of
Parlianment), by the Bundesrat (Linder assenbly, Upper
House of Parlianent), or by the Federal CGovernnent itself
(1.e. the executive branch; at the initiative of the
responsi ble mnistries).

After the Bundesrat (in connection with initiatives of

t he Governnent) or the Federal Government (the executive
branch; in connection with Bundesrat initiatives) has
responded officially, the proposed legislation is sent to
t he Bundestag for deliberation - a process subject to
certain deadlines. Proposed |egislation based on
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initiatives of parlianmentary factions or groups of
menbers of Parliament is placed directly on the plenary
sessi on's agenda.

Proposed legislation is treated in the Bundestag in three
different "readi ngs" (Lesungen). After a first general

di scussi on concerning the necessity and the ains of the
proposed | egislation, the bill is sent to the responsible
commttees for specialised, technical discussion. On the
basis of the reports of these commttees, a second
readi ng takes place (discussion concerning proposed
anmendnents to the proposed legislation); in the third
reading, a vote is then taken.

| f the proposed legislation is rejected by the Bundestag,
it is considered to have failed (with the possibility
remaining that it be re-introduced at a |l ater date).

| f the Bundestag passes the proposed |egislation, it nust
then al so be passed by the Bundesrat, if it touches on

Liander interests. If the Bundesrat rejects it, a
conplicated process begins known as a "resol uti on phase

wi th nediation" (BeschluBphase mit Vermittlung).

If the legislation is passed, it is countersigned by the
Chancel | or and the appropriate federal mnisters and then
sent to the Federal President for approval. Once the
Federal President has signed it, the legislation is
considered "signed into law'. After it has been announced
in the Federal Law Gazette, the |law then cones into force
on the date specified within the |aw

In order to safeguard the basic rights and freedons
guaranteed by the Basic Law, the Federal Constitutional
Court (the highest court in the Federal Republic of
Germany) exam nes | aws, upon subm ssion of a forma
application, with regard to their constitutionality.



- 59 -

The Federal CGovernment or federal mnisters can be
enpowered by law to issue | egal ordinances by which
within the framework of the rel evant enpowernent, the
execution of a lawis nore closely regulated. In
addition, the Federal Government can issue general
adm ni strative provisions. Both |egal ordinances and
adm ni strative provisions, if they touch on Linder

responsibilities - and this is normally the case in the
envi ronnmental sector - nust be approved by the Bundesrat.



2.1.3 Execution of laws

As a rule, federal |aws, |egal ordinances and
adm ni strative provisions are executed by the Linder, as

their owmn affairs. This also applies to the environnental
sector. In addition, there are areas in which federal

adm ni stration applies and areas in which the Linder
execute federal |aws on behalf of the Federal Governnent
(for exanple, safety of nuclear installations and

radi ation protection); in these areas, there is a federal
supervisory authority.

Liander |aws are carried out by the Linder.

2.2 Population

2.2.1 Population size

From 1970 to 1993, Gernmany's popul ation grew by 3.5
million, with former West Gernmany exhibiting a slight
increase and the area of the former GDR a slight decrease
(cf. Table 2.1). The increase in former Wst GCernmany,
especially since the end of the 1980s, is due primarily
to mgration fromthe area of the fornmer GDR and from

abr oad.
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Tab. 2.1: Population 1970 to 1993 [in millions]

For mer West Are of t he Ger many

Cer many former CGDR
1970 60. 7 17.1 77.8
1975 61.8 16. 9 78.7
1980 61.6 16.7 78.3
1985 61.0 16. 6 77.6
1987 61. 2 16.7 77.9
1990 63. 7 16.0 79.8
1991 64.5 15. 8 80. 3
1992 65. 3 15.7 81.0
1993Y 65. 4 15. 7 81.1
b Tabl e date: July 1994
our ce: edera atistica ice: atistisches
S Federal Stati st | O f Stati st h

Jahr buch fir di e Bundesrepublik Deutschl and,
several editions

2.2.2 Predicted population growth

Predictions of Germany's future popul ation growh vary
(cf. Table 2.2). The main factors influencing popul ation

growmh are the birth rate and inm gration.

Tab. 2.2: Population trends in Germany [in millions]

Sour ce 2000 2005 2010 2020
DI W 1990 80. 8 - 78.9 -
| FEU 1992 81.7 81.7 - -
Prognos 80.1 79.7 78. 6 -
199
8. Coordi nated popul ati on
f or ecast
Vari ant | V| 83.3 - 82.0 78.6
Variant 111 2| 84.1 - 84. 8 83.7
b Net mgration is 100,000 persons per year
2) Net migration is 300,000 persons per year
Sources: Prognos- Energi ereport 2010, 1992

Motorisierter Verkehr in Deutschland - | FEU

St udy, 1992
Federal Statistical Ofice: Wrtschaft und
Statistik, expected to appear in issue 7/94
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2.2.3 Age structure

Figs. 2.2 and 2.3 illustrate the age structure of
Germany's popul ation. The denographi cal |y unfavourabl e
structure (inbalance toward ol der age groups) results
fromincreasing |life expectancies and |ower birthrates
(which, in part, are continuing to decrease).

2.2.4 Population density

Tabl e 2.3 shows popul ation density in 1990. Fig. 2.4
shows how popul ation density varies by region in Germany.
In particular, it also shows that the area of the fornmer
GDR has a nuch | ower popul ation density than former West
Ger many.

Tab. 2.3: Population density in 1990 [in persons per km?]

For mer West Area of the Ger many
Ger many former GDR
Popul ati on 256 148 224
density
2.2.5 Per-capita emissions of greenhouse gases

The follow ng section lists per-capita em ssions of CO
CH, and N;O

Energy-rel ated per-capita CO, em ssions in Germany, at
12. 3 tonnes per person in 1990, are considerably higher
than the gl obal average of 4.2 tonnes/person (cf. Table
2.4 and Figs. 2.5 and 2.6); this is due primarily to
Germany's high level of industrialisation and its
standard of living. Cimte also plays a significant
role; heating is necessary during the cold season
(Cctober to April). From 1990 to 1993, per-capita CO,
em ssions decreased from12.3 to 10.9 tonnes per person.
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Tab. 2.4: Energy-related per-capita CO, emissions® [in
tonnes per person]

1970 1980 | 1987 1990 %991 %992 )19932
For mer West 11.7 12.4 | 11.4 10.8 | 11.2 | 10.9| 10.9
Ger many
Area of the 16. 6 18.4 | 20.5 18.5 | 13.7 | 12.0| 11.2
former CGDR
Ger many 12.8 13. 7 13. 4 12.3 (11.7 |11.1] 10.9
Wrld 4.4 4.4 - 4.2 4.1 4.1 -
- Tentative figures

2) Fi gures pursuant to | PCC regul ati ons, not including

hi gh- seas bunkering and international air transport

Sources: COECD: Energy Statistics and Bal ances, various
edi ti ons;
Federal Environment Agency; Wborld Popul ation
Prospects UN, 1992; Energi e-Daten 92/ 93,
Federal Mnistry of Econom cs 1993

The | arge difference between former West Germany and the
area of the former GDR with regard to per-capita

em ssions should be noted. The high figure for the former
GDR, one of the world' s highest, was due to that
country's extrenely inefficient use of fuels, as well as
to the domnant role of lignite there. Since 1990, per-
capita emssions in the area of the former GDR have noved
rapidly toward figures in fornmer West Germany.

In former West Germany, per-capita CH, em ssions decreased
steadily until 1992; the total decrease was 23% The
trend in the area of the former GDR ran counter to this
devel opnent; per-capita CH, em ssions increased (cf. Table
2.5). In 1990, per-capita CH, em ssions in the Federal
Republic of Germany were some 15% hi gher than the worl d-
wi de aver age.
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Tab. 2.5: Per-capita CH; emissions [in kilogrammes per

inhabitant]

1970 1980 1990 1991° 1992
For mer West 100 90 79 78 77
Ger many
Area of the 58 71 75 70 74
former CGDR
Cer many 91 86 78 76 77
Worl d n. a. n. a. 68 n. a. n. a.
* Em ssions figures are partly based on conprehensive

esti mat es

Sources: | PCC Suppl enent Report 1992, Feder al
Envi ronnent Agency

Table 2.6 lists per-capita N;O emissions in 1990. In
Germany (including N;O em ssions from adi pic-acid
production), they are about three tines the worl d-w de
average. Because the data is inconplete, no trend can be
report ed.

Tab. 2.6: Per-capita N,O emissions [iIn kilogrammes per

inhabitant]
1990
For mer West Ger many 2.9
Area of the fornmer GDR 2.2
Cer many 2.7
Vorld 0. 65

Sources: | PCC Suppl enent Report 1992, Feder al
Envi ronnent Agency
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2.3.1

The area of the Federal
= 35,695 mllion hectares.
Germany is 248,620 knf and that of the former GDR i s
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Geography/land use

Area of the Federal Republic of Germany

108, 330 knf.

2.3.2

Land use

Republic of Germany is 356,950 knf
The area of former West

Table 2.7 and Fig. 2.7 show |land use in 1989. Trends in
| and use in former West Germany are characterised

primarily by a conti nual
areas set aside for traffic and transport,

t he expense of agricul tural

consunption).

i ncrease of settled areas and

primarily at
areas (|l andscape

of the former GDR concerning | and-use trends.

No reliable data is available for the area

Tab. 2.7: Land use iIn Germany by main types of use in

1989 [in km?]
Agri cul Ar eas Fore | Water O her Tot al
t ural used st ar eas ar eas ar ea
areas? for ar ea
settlem S
ent and
traffic
/
transpo
rt
Ger many 195 270 | 43 620 103 7 640 6 570 356 950
850
For nmer 133 550 | 32 880 74 4 500 3 680 248 620
West 010
Ger many
Ar ea of 61 710 10 740 29 3 140 2 900 108 330
t he 840
f or mer
GDR

1) Arabl e | and used for farm ng,

past ur el and,

excl udi ng bogl and and heat hs.
classification systemis used,

for

as neadow and and
horticulture and viticulture,

Because a different
the figures given
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here are not identical with those provided under
"area used for agricultural purposes” in Tab. 2.8

Sour ce: Federal Statistical Ofice: Statistisches
Jahrbuch fhr die Bundesrepublik Deutschland 1993



2.3.3

2.3.3.1

Agriculture
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Areas used for agricultural purposes

Table 2.8 shows the area used in Germany for agricultural

pur poses;

Table 2.9 lists the cultivated area. Fig. 2.8

shows how the agriculturally used area is regionally

di stri but ed.

Ecologically oriented farmng is practiced on a small,

but i ncreasing percentage of the overal
agriculture. According to the Federal
Agriculture and Forestry,

0. 75%

area used for
M nistry of Food,
in 1993 this percentage was

Tab. 2.8: Areas used for agricultural purposes in 1991

[in km?]
For mer West Area of the Ger many
Ger many former GDR
Areas used for | 117 849 52 911 170 762
agricul tural
pur poses
of these:
Per manent 42 672 9 971 52 650
grassl and
Crop area 73 015 42 445 115 460
Sour ce: Federal Statistical Ofice: Statistisches

Jahrbuch fhr die Bundesrepublik Deutschland




Tab. 2.9: Use of crop areas (excluding domestic gardens
and continuous crop farming) in 1991 and 1993

[in km?]
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Crop For mer West Area of the Ger many
Ger many former GDR

1991 1993 1991 1993 1991 1993
Gain 41 624 | 41 350 | 20 612 | 21 100 | 62 236 | 62 450
Pul se crops 361 360 503 500 864 860
Root crops 6 449 | 6 400| 2 295| 2 400| 8 744 | 8 800
Rape/ beet s 4 399 4 270| 5668 5 720 | 10 067 | 9 900
Fodder crops 11 789 | 11 800| 6 752 | 6 880 | 18 541 | 18 680
Sour ce: Federal Statistical Ofice: Statistisches

Jahrbuch fhr die Bundesrepublik Deutschland
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2.3.3.2 Fertilizers and animal husbandry

In agriculture, fertilizer use (cf. Table 2.10) and
livestock (cf. Table 2.11) are the nost significant
factors in em ssions of climate-rel evant gases.

Anong fertilizers, it is primarily nitrogen fertilizers
(ammonium nitrate, urea, ammonia) which are significant,
because snal|l percentages of the nitrogen in these
fertilizers (1-3% depending on soil type and use) are
rel eased as nitrous oxide (laughing gas, NO. In former
West Cernmany, use of nitrogen fertilizers increased from
1970 to fiscal year 1987/1988, with brief interruptions;
since then, it has been decreasing steadily. In

1989/ 1990, the decrease in conparison to 1988 was 7% in
1991/1992, it was 17% in conparison to 1987/1988. In the
area of the former GDR, an increase occurred until

1988/ 1989. The decrease in fertilizer use in fiscal year
1989/ 1990, as conpared to 1988/1989, was 18% The reason
for this decrease is found in the uncertain economc
framework that prevailed before German unification

Li vestock i nfluences em ssions of greenhouse gases in two
ways. On the one hand, nethane (CH;) is emtted when

rum nants' stomachs break down cellul ose fibre. On the

ot her hand, nethane also is produced by mcrobial decay
of ani mal excrenent, a process that is influenced by
excrenent origin and by the conditions under which
excrenents are stored and spread on fields. Under certain
conditions, N,O can also formfrom ani mal excrenents.
Since 1990, the ampunt of |ivestock in Germany has
decreased. For exanple, the nunber of beef cattle
decreased fromca. 19.5 mllion in 1990 to 16.2 mllion
in 1992.
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Tab. 2.10: Domestic sales of fertilizers 1989/90 and
1992/93 [in 1000 t of nutrients]
Ni trogen | Phosphate | Potassic Li me
(N) (P.G) fertilizer (CaO
(KO
Ger many 89/ 90 2 167 884 1 313 3 076
92/ 93Y
For mer 89/ 90 1 487 594 792 1 641
West Germany 92/93 1 280 402 573 1 440
Area of the  89/90 680 290 521 1 435
former GDR 92/ 93%
o These figures were not published until Decenber 1992, since

the group of conpanies required to provide data was stil
i nconpl ete until

Sour ce

t hen.

Deut schl and 1993

Statistisches Jahrbuch fhr di e Bundesrepublik
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Tab. 2.11: Animal husbandry® in 1990 and 1992 [in 1000]
Former West - Area of the Ger many
Ger many former GDR
1990 1992 1990 1992 1990 1992
Cal ves | ess 2 275 2 083 737 398 3 012 | 2 481
than 1/ 2 year
Young beef 2 868 2 566 833 425 3 701 2 991
cattle 1/2 to
1 year
Beef cattle 1 619 1 441 642 283 2 261 | 1 724
ol der than 1
year
Cows” 7 780 7 286 | 2 733 | 1 724 | 10 513 | 9 010
Beef cattle 14 542| 13 377 | 4 946 | 2 831 | 19 487 | 16 208
overal |
Pi gs 22 036| 22 115 | 8 783 | 4 399 | 30 819 | 26 514
Sheep 1 784 1 706 | 1 456 680 3 240 | 2 386
Hor ses 406 460 85 71 491 531
Poul try 81 055| 80 751|32 824 |23 263|113 879| 104
014

*

Dairy cows, heifers and all other cows

Decenber census

Sour ce: Federal Statistical Ofice: Statistisches Jahrbuch fhr
di e Bundesrepubli k Deutschl and 1993

1)



2.3.4

Germany's forests are tenperate-zone m xed forests.
mllion hectares of Germany,
is covered by forest.

ar ea,

Forestry

Tabl e 2.

Sone 10.8

or about 30% of the country's

12 provi des an overvi ew of

the main tree species found, along with area percentages for
each. Fig. 2.8 shows the regional di
for forestry.

Tab. 2.12:

stribution of areas used

Overview of tree species distribution (as of

October 1990)

Tree speci es group Area

mllions of ha %
Qak 0.9 9
Beech, ot her deci duous 2.7 25
trees 3.6 34
Deci duous trees total

3.4 31

Pi ne and European |arch 3.8 35
Spruce and ot her con- 7.2 66
ifers
Coni fers total
Ger many 10. 8 100
Sources: Bundeswal di nventur 1986 - 1990 (for forner West

Germany); Mtteilungen der
(for the former GDR)

Landesf or st verwal t ungen




2.4 Climate

Germany's climate is influenced primarily by the country's location within
the tenperate zone, which has frequently changing weather. In each |ocation
within the country, the generally prevailing climate is nodified by
altitude and distance fromthe Atlantic. Overall, the climate features
prevailing westerly winds and precipitation at all tinmes of the year.

In the northern German plain, the annual precipitation varies from500 to
700 mm in the central nmountains, it varies from700 to over 1,500 mm 1In
the Alps, it reaches over 2,000 nm The coast and the inland | ow ands
receive precipitation of over 10 mmon 10-20 days of the year. The
corresponding figure for the central nountain regions is 20-30 days, and in
t he high nountains (Zugspitze) it is 50-70 days.

As one noves fromthe northwest to the east and sout heast, a gradual
transition froma nore maritinme to a nore continental climte is apparent,
i.e. the amounts of precipitation decrease and tenperature anplitudes

bet ween summer and wi nter, and between ni ght and day, gradually increase.
The average tenperatures in January, the coldest nonth of the year, are
between +1.5°C and -1.5°C, in the nountains, they can fall to -6.0°C and

| ower, depending on altitude. In the northern German plain, nean July
tenperatures vary from+17°C to +18°C, in the upper Rhine rift valley, they
range up to +20°C. The average annual tenperature is +9°C. Strong wi nds
(over 8 on the Beaufort scale) occur on only 1 to 6 days of the year in
lower inland altitudes. On the coast and the offshore islands, and in the
central nountains, they occur on 10 to 20 days; in the Al ps, they occur on
about 50 days of the year.

The degree-day nunber is an indicator that is wdely used in the energy
sector to determne heating requirenents. It takes account only of days
with a daytinme nmean tenperature of |ess than +15°C. The | ong-term degr ee-
day nmean for Germany is 4,000. A figure of 3,000 is reached in the wi nter
hal f of the year al one.

Currently, conprehensive, consistent data is still not available in Gernmany
for background concentrations of climte-rel evant gases and their trends.
Establ i shnment of a background station within the WMO s G obal Atnospheric



Watch (GAW is currently being prepared.

The Federal Environnental Agency's neasurenent network provides data on
regi onal concentrations in nore rural areas, although |onger chronol ogies
are available only for CO, (cf. Table 2.13 and Fig. 2.9). In 1992, regional
concentrations at the Schauinsland nmeasuring station were ca. 1.8 ppmfor
CH;; for NO they were about 320 ppb.

Tab. 2.13: Average annual levels for carbon dioxide concentrations [in
ppm]

Measuri ng 1975 1980 1985 1990 1993

station

West er | and 338 349 352 359 364

Deusel bach 340 347 351 362 365

Brotj ackl ri egel 336 341 352 357 359

Schaui nsl and 333 340 347 355 359

Sour ce: Federal Environment Agency, neasurenent network



2.5 Economy

2.5.1 Gross national product, gross domestic product and gross value
added

The gross donestic product (GDP) is the nonetary result of the production
process, i.e. the sumof all goods and services produced within a country's
geogr aphi ¢ boundaries, by both citizens and foreigners, mnus the val ue of
t he pertinent goods consunmed during the production process.

The econom c size of various sectors is given as gross val ue added (GVA);
it differs fromthe GDP by the amounts of the non-deductabl e turnover tax
and inport duties. These econonmic anmounts are added to the total gross
val ue added and cannot be separated out for the individual sectors.

If a relation to environnental pollution caused by econom c processes is to
be established, then the GDP is the nore suitable reference figure, since
it is a nmeasure of an econony's overall economc activity - in contrast to
gross national product (GNP), which is nore an indicator of inconme, and to
GVA, which is a neasure for individual econom c sectors (cf. Table 2.31).

Table 2.14 (cf. also Fig. 2.10) shows the devel opnment of GVA for individual
econom ¢ sectors, in DMand in US$, for the relevant rates of exchange. For
1970-1987, the data is in 1985 prices; beginning in 1990, it is expressed
in ternms of 1991 prices. The 1990 GVA (non-adjusted) for forner West
Germany anounted to a total of 2,438.3 billion DM This is equivalent to a
per-capita figure of 38,280 DM inhabitant. Because the area of the fornmer
GDR had a different econonmi c system no conparable data is avail able for
years prior to 1990. Only for the second half of 1990 can the GVA (this

al so applies to GNP and GDP) for the area of the former GDR be cal cul ated

in a manner that permts conparison. It anmounted to sonme 108 billion DM or
67 billion US$. This figure, when converted to an entire-year figure, to
permt conparison, would then anbunt to a GVA of about 215 billion DM

corresponding to 13,440 DM i nhabitant. The national inconme cal cul ated for
the GDR can be conpared with GVA and GDP only to a limted extent; it is
given in the last line of Table 2.14. No breakdown by sectors is available
for



this figure.

The nean increase in national

mean econom c gr ow h,

West Cer many.

inrelation to GDP (cf.

76 -

Tabl e 2.31),

income from1970 to 1987 was about 4.6% per year.
was about 2.2% per year in forner

The

Tab. 2.14: Gross value added (GVA) by sectors from 1970 to 1993 [in billions]; from 1970 - 1987

in 1985 prices; beginning in 1990,

in 1991 prices

1970 1975 1980 1985 1987 1990% 19937 SPﬁrFE?;nge
c
Eégo A
DM DM DM DM DM US $” DM  US $” DM us $
7 7 7 7
Agriculture, 39.2 24,2
forestry, fishing
- former West 25.8 - 28.7 11.7 | 29.3 16.3 3.9 10.9| 32.1 17.8 36.5 22.5 35.0 1.5 %
Ger many
- Area of the fornmer - - - - - - - - - - 4.9 3.0 4.2 4.5 %
GDR
Goods manufacturing 1 622.7
028.5

- former West 616. - | 638. 259. 735. 408. 740.2 251. 738. 410.5 968.4 597.8 | 941.4 39.7 %
Ger many 7 7 7 0 3 8 9
- Area of the forner - - - - - - - - - - 40.7 25.1 87.1 37.8 %
GDR
Trade and transport 402.1 243.7
- former West 182. - | 200. 247, 137. 261.5 271. 151 355.7 219.6 | 372.2 14.6 %
Ger nany 6 8 81.6 0 2 88.9 8
- Area of the forner - - - - - - - - - - 18. 3 11.3 29.9 17.0 %
GDR
Servi ces 902.3 547.5
- former West 268. - | 334. 136. 419. 233. 490.8 166. 538. 299.2 | 749.2 462.5| 847.2 30.7 %
Cer many 8 7 1 9 3 9 6
- Area of the former - - - - - - - - - - 18.8 11.6 55.0 17.4 %
GDR
Gover nment sect or 392.7 238.1
and private
househol ds
- former West 165. - | 204. 232. 129 | 249.9 85 | 258. 143.7 || 328.5 202.8 | 346.0 13.5 %
Ger many 6 8 83.3 2 6




- Area of the forner - - - - - - - 25. 15. 4 46. 8 23.2 %
GDR
Total GVA 2
764.7 676.2
- former West 12- 1407 572. 1663 924. 1774. 603. 1840 1022. 2 2 100 %
Ger nany 59.6 .7 2 .5 2 3 5 .1 3 || 438. 505.1 | 541.8
unadj ust ed
- Area of the forner - - - - - - - - 66.5| 223.0 100 %
GDR 107.
Nat i onal i ncone_ of 121. 158. - | 193. 241.9 - | 260. - - - -
the former GDR in 6 2 6 6
mar ks
=) Lbllaé T Fres Calculated in fine wth the exchange rate valid at the tine (please Note that the exchange rates vary
consi dera
% %ht? Ior tP% area of the former GDR in 1990 related only to the second half of 1990
entative figures
Sour ces: Statistisghes Jahrbuch fhr die Bundesrepublik Deutschland, W esbaden, various editions/NMnatsberichte der Deutschen

Bundesbank Frankfurt
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2.5.2 Per-capita gross domestic product and gross national
product

Tabl e 2. 15 shows the devel opnent of GDP per capita for
Germany, and the area of the fornmer GDR, from 1991 to 1993, as
well as for former West Germany, from 1970-1993, all in 1991
prices.

To permt conparison with former West Germany, Fig. 2.11 lists
GNP per capita in 1991, for various countries, in US$. This
figure highlights the differences between the industrial
countries and devel oping countries in this regard.



Tab. 2.15:
inhabitant between 1970 - 1993,

- 79 -

Development of gross domestic product per
in 1991 prices [in DM]

1970 | 1975 | 1980 | 1985 | 1987 | 1990 | 1991 1992 199z
For ner 25 27 32 35 36 39 40 40 40
West 420 810 760 020 250 570 850 980 150
Ger many
Area of - - - - - - 11 12 13
t he 450 640 540
former GDR
Cer many - - - - - - 35 35 35

070 490 000

Sour ce: Federal Statistical Ofice
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2.5.3 Energy-related CO, emissions in relation to GDP

Tabl e 2. 16 shows the decoupling of econom c growth and CO,

em ssions. In former West Germany, the relation of energy-
related CO, em ssions to GDP decreased by sone 41% bet ween 1970
and 1993 (cf. Fig. 2.12).

Tab. 2.16: Energy-related CO, emissions in relation to real
gross domestic product (GDP) (in 1991 prices)
Year (€D A co, ) CO, em ssions in
in billions of f[emssions in |relation to GDP in
DM mllions of kg/l 000 DM (rounded
th of f)
Former West Ger many

1970 1 543 711 461

1975 1 719 702 408

1980 2 018 766 380

1985 2 136 703 329

1987 2 218 699 315

1990 2 520 688 273

1991 2 635 723 274

1992 2 676 7122 266

1993 2 626 7102 270

Area of the fornmer GDR

1991 181 217 1 199

1992 198 189? 955

1993 213 176% 826

Ger many

1991 2 816 940 334

1992 2 874 9012 314

1993 2 839 886% 312
o Figures in accordance with | PCC regul ati ons, and

excl udi ng hi gh-seas bunkering and International air
t ransport

2) Tentative result

Sources;_ Federal Environnment Agency, Federal Statistica
ice
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2.5.4 Employment, by sectors

Tabl e 2.17 shows the devel opnent of enploynent in the various
sectors, with the overall-workforce percentage enployed in
each sector, for the 1970-1993 period and for both forner West
Germany and the area of the former GDR The two sectors of
servi ces conpani es and state and private budgets (conbined for
statistical reasons) exhibit a marked increase in nunbers of
peopl e enpl oyed, whereas the corresponding figures in other
areas only slightly increased or decreased - except for the
areas of forestry and agriculture, in which enploynent figures
dropped drastically, especially in the area of the fornmer GDR
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Tab. 2.17: Employment per sector from 1970 to 1993 [in 1 000]
1970 1975 1980 1985 1990 Per cent age of 1991 19922 19932
enpl oyees in
each sector in
1990

Agriculture, 3 259 2 668 2 281 2 118 1 745 4.7 % 1 364
forestry, fishing 2 262 1 749 1 403 1196 995 3.4 % 964 924 880
- Forner West 997 895 878 922 784 8.8 % 401 - -
Ger many
- Area of the forner
GDR
Goods manuf acturi ng 16 784 15 545 15 691 14 878 15 309 41.0 % 14 487
- Fornmer West 12 987 11 624 11 721 10 800 11 309 39.8 % 11 496 11 354 10 823
Ger many 3 797 3 859 3 970 4 078 3 988 45.0 % 2 998 - -
- Area of the forner
GDR
Trade and traffic 6 194 6 199 6 495 6 418 6 729 18.0 % 6 848
- Fornmer West 4 755 4 872 5 032 4 919 5 314 18.7 % 5 547 5 646 5 595
Cer many 1 439 1 447 1 463 499 1 413 15.9 % 1 303 - -
- Area of the forner
GDR
Services sector 4 469 9_569 . 5 884 6 432 5 931 15.9 % 6 401
- Fornmer West 2 933 3 4241’ 3 970, 4 391, 5 294 18.5 % 5 590 5 843 5 977
Ger many 1 536~ 1 748" 1 914Y 2 041Y 663 7.5 % 813 - -
- Area of the forner
GDR
Cover nnent sect or 3 623 - - - 7 586 20.3 % 7 298
and private 3 623 4 351 4 854 5 183 5 567 19.6 % 5 630 5 720 5 739
househol ds - - - - 2 019 22.8 % 1 664 - -
- Fornmer West
Ger many
- Area of the forner
GDR
Total nunber of 34 329 33 759 35 205 35 029 37 300 100 % 36 446 35 831 35 142
enEI oyees 26 560 26 020 26 980 26 489 28 479 100 % 29 227 29 487 29 014
- Forner West 7 769 7 949 8 225 8 540 8 867 100 % 7 219 6 344 6 128
Ger many
- Area of the forner
GDR
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1) The statistical figures for the former GDR and former West Germany for 1975 do not distinguish between a)
enPonees in services conpanies and b) enpl oyees in the governnent sector and in private househol ds

2) Data available only for Former West r many )

Sour ce: Federal Statistical Ofice, StatistiSches Jahrbuch, various years, as of 4/94



2.6 Energy
2.6.1 Reserves of fossil fuels

Table 2.18 lists Germany's proven recoverabl e reserves of

coal, oil and natural gas, along with the anounts of tinme for
whi ch they are expected to last, for 1990 and 1993. Table 2.19
lists these reserves for selected parts of the earth.

Proven recoverabl e reserves are known reserves that can be
extracted under current technol ogi cal and econom c conditions.
The amount of time for which reserves are expected to | ast
(continuity of supply) is obtained by dividing total anmounts
of reserves by current annual production anounts.

Tabl e 2. 20 contai ns an overview of fossil fuel production in
Germany in 1990 and 1993. The figures for the correspondi ng
wor | d-wi de reserves and production vol unes have been incl uded
to show Germany's share of worl d-w de reserves and of the

i nternational energy market.
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Tab. 2.18: Proven recoverable reserves of fossil fuels”
Coal Crude oil Nat ural gas
Proven Continuity | Proven Cbntinuity Proven Continuity of
recoverable | of recoverabl e of supply? |recoverable suppl y?
reserves? | supply? reserves Y reserves?
billi |9 in years|mllions of in years |[billions of in years
ons t onnes m
of %
t onne %
s of
hard
coal
units
1990 38 5.6 230 62. 8 0.03 15 347. 2 0.19 15
Ger many
1993
41 5.5 327 50.4 0. 04 16 297.7 0.21 17
Former 1990 32 335 61.9 0.03 15 300. 4 0.19 19
West Ger many 1993
35 386 49. 8 0. 04 17 285.0 0. 20 18
Area of 1990 6 0. 80 0.9 - - 46. 8 - 7
the former
GDR 1993
6 0.8 173 0.6 - - 12. 7 - 10
Wrld 1990 | 677 100 223 135 100 43 119 100 64
915 288
1993
739 100 238 135 100 43 142 100 65
734 038
As of 31 Decenber, 1993

1) Recover abl e under current technical

and economni c conditions
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2) Proven recoverabl e reserves divided by current annual production
3) Percentage of world reserves

Sources: Bundesanstalt fhr Geow ssenschaften und Rohstoffe; N eders@hi sches Landesant fhr
Bodenf or schung
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Tab. 2.19: Proven recoverable reserves

of fossil fuels world-wide”

1992/ 1993 Crude oil Nat ural gas Coal
conventi onal Hard coal Lignite
reserves
billions of billions of nt billions of billions of
t onnes t onnes of hard t onnes of hard
coal units coal units
West ern Eur ope 5 373 29.2 20.0
East ern Eur ope 57 162 169. 4 61.4
incl. CS
M ddl e East 89.1 44 773 0 0
Asia excl. C'S 4.9 7 148 120. 2 9.2
North Anerica 3.9 7 359 184. 9 17. 4
Latin Anerica 4.3 7 602 8.8 0
Africa 8.3 9 729 60. 4 0
Australi a, 1.1 2 898 44 .2 13.8
Cceani a
Wrld 135.7 142 038 617.1 121.8
*) As of: 31 Decenber, 1993
Sources: Bundesanstalt fhr Geow ssenschaften und Rohstoffe; N eders@hsi sches Landesant fhr

Bodenf or schung
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Tab. 2.20: Fossil fuel extraction”

Coal Crude oil Nat ural gas
mllions % mllions % billions %
of t of t of
of HCU n
2rmany 1990 165. 1 5 2 4.0 0.1 22. 8 1.1
1993
125. 3 - 3.1 0.1 17.5
ornmer 1990 95.4 3.0 4.0 0.1 16.0
Nest Ger many
1993
90. 6 - 3.0 0.1 16. 2
\rea of 1990 69.7 2.2 - - 6.8 0.3
he forner
DR 1993
34. 7 - 0.1 - 1.3 0.1
Mrld 1990 3 152 100 3 005 100 2 064.0 100
1993
- - 3 168.6 100 2 177.2 100

*

As of 31 Decenber, 1993

1993 figures for coal not yet avail able

Sources: Bundesanstalt fhr Geow ssenschaften und Rohstoffe, Hannover; N eders@hi sches Landesant
f hr Bodenf or schung

1)
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Germany's own reserves - which amount to less than 1% of the
worl d's reserves - and Germany's own oil and natural gas
production - less than 1% of world-w de production - are
virtually insignificant with respect to the country's own
requirenents, as these two fuels' roles in the country's
overall energy structure show. oil neets a total of 41% of
Germany's primary energy requirenents, gas a total of 18%
(1993 figures). Sone 99% of CGermany's oil requirenents, and
96% of its gas requirenents, are met through inports.

In 1990, Germany's solid-fuel production anmounted to sone 6%
of worl d-w de production. Production of hard coal is
decr easi ng.

In the area of the former GDR, lignite was the dom nant fuel
nmeeting some 70% of the country's primary energy requirenents.
Lignite production there has been decreasing, due to economc
restructuring, fuel substitutions and inprovenment of energy-
use efficiency. From 1989 to 1993, lignite production
decreased by sonme 62%

In 1990, hard coal and lignite nmet sone 37% of Gernmany's total
primary energy requirenments; by 1993, this figure dropped by
8% In fornmer West Germany, the ratio of hard-coal use to
lignite use is about 70:30; in the area of the former GDR it
is 6:94.

2.6.2 Primary energy consumption

Table 2.21 and Fig. 2.14 give a sunmary of Germany's primary
energy consunption for the period 1970-1991; Tables 2.22 and
2.23, and Figs. 2.15 and 2.16, show data broken down into
consunption for former West Germany and for the area of the
former GDR. Consunption figures are a sum of donestic
production, inmports and consunption from storage; fromthem
are substracted figures for exports, bunkering and
repl eni shnment of storage. Fig. 2.17 shows devel opnent of
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primary energy consunption in Germany.

In former West Germany, prinmary energy consunption increased
by 16% from 1970 to 1980. Subsequently, prinmary energy
consunption remai ned nearly constant. From 1990 to 1993,
primary energy consunption increased by 4.4% While domestic
fuel production decreased by 1.9% from 1990 to 1991, inports
increased by 6.8% In both exports and bunkering, volunes are
decr easi ng.

In the area of the former GDR, there was a continual increase
in primary energy consunption; from 1970-1987, the increase
amounted to 29% As a result of unification-related plant

cl osures, inprovenents in energy-use efficiency and changes in
overall energy structures, primry energy consunption
decreased by 37%from 1987 to 1991. In the 1970s, nmarked

i ncreases occurred in both inports and exports. By 1985, fuel
exports, as a result of energy policy, had increased 250% over
the 1970 | evel.
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Tab. 2.21: Primary energy throughput levels for Germany
between 1970 and 1991 [in PJ]

1970 1975 1980 1985 1987 1990 1991
Donesti c + | 7507 | 7 100 7 291 | 7 488 | 7 153 | 6 319 | 5 444
extraction
| nport 7 038 8 111 | 9 509 | 9 075| 9 469 | 9 682 | 10 186
Consunpti on + 78 167 95 226 106 295 243
from stores
Export - 1375|1192 | 1 440| 1 432 | 1 155| 1 324 | 1 231
Bunkeri ng - 174 142 142 147 147 105 89
Repl eni shnent - 154 560 311 174 129 72 86
of stores
Primary energy | = 12 13 15 15 15| 14 785 | 14 467
consunption 920 484 002 036 297

Sources: Institut fhr

DWW

Energeti k (Leipzig),

Institut fhr Wrtschaftsw ssenschaften der Akadem e
der Wssenschaften, Berlin,

Staat!liche Vorratskomm ssion fhr nutzbare Ressourcen
der Erdkruste, Berlin

Ar bei t sgenei nschaft Energi ebil anzen, Essen

The "Arbeitsgenei nschaft Energiebilanzen” is a body
in which all supraregional specialised energy
producers' organi sations in the Federal Republic of
Germany work together with economic institutes that
concentrate primarily on the energy sector.
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Tab. 2.22: Primary energy throughput levels for former
West Germany between 1970 and 1991 [in PJ]
Donesti c 5 089 4 748 4 733 4 425 4 145 | 3 934 3 861
extraction
1970 1975 1980 1985 1987 1990 1991
| nport 6 242 6 984 8 192 7 845 8 129 | 8 552 9 133
Consunpti on 156 68 212 95 110 147
of stores 69
Export 1 242 1 032 1 148 966 752 965| 1 009
Bunkeri ng 118 122 122 122 87 84
156
Repl eni shnent 547 287 110 122 49 58
of stores 132
Primry 9 870 |10 191 11 43¢ 11 284|11 373 |11 - 11
ener gy 495 990
consunpti on
Sour ce: Arbei t sgenei nschaft Energi ebi |l anzen, Essen
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Tab. 2.23: Primary energy throughput levels in the area of

the former GDR between 1970 and 1991 [in PJ]

1970 1975 1980 1985 1987 1990 1991
donestic + 2 418 2 352 2 558 3 063 3 008 2 385 1 58¢
:xtraction
nport + 796 1 127 1 317 1 230 1 340 1 130 |1 053
~onsunption + 9 11 27 14 11 185 96
)f stores
xport - 133 160 292 466 403 359 222
3unkeri ng - 24 20 25 25 18 5

18
epl eni shnent - 22 13 24 64 7 23 28
)f stores
imary - = 3 050 3 293 3 566 3 752 3 924 3 300 |2 477
ner gy
sonsunpti on
Sources: Institut fhr Energetik (Leipzig),
DI W

Institut fhr Wrtschaftsw ssenschaften der Akadem e

der W ssenschaften
Staatliche Vorratskonm ssion fhr
der Erdkruste,

Berlin,

Berlin

nut zbare Ressourcen
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2.6.3 Summary of primary energy utilisation

Tabl e 2.24 provides a summary of Germany's primary energy
utilisation in the period 1970-1993 (cf. Figs. 2.18 and 2.21).
Tables 2.25 and 2.26 (cf. Figs. 2.19, 2.22 and 2.23) show data
broken down by forner West Germany and the area of the forner
GDR. The tables are divided into two sections:

- The upper section shows final energy consunption broken
down by consunption sectors (industry, small consuners,
househol ds, traffic on roads, other traffic), in addition
to non-energy-rel ated consunption, the nost inportant of
which is rawmaterials consunption in the chem ca
i ndustry. The upper section also contains data for
transformation i nput and output in power plants, in
district-heating plants and in the remaining
transformati on sector.

- The | ower table section shows primary energy consunption,
broken down into consunption of each fuel

The follow ng are added to obtain total figures:

- Fi nal energy consunption, by sectors,

- Non- ener gy consunpti on,

- Fl are and pipeline | osses,

- Transformation input,

- Consunption during transformation, by fuels.

The follow ng are subtracted to obtain total figures:

- Transformati on out put,
- Statistical differences.
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Tab. 2.24: Primary energy utilisation summary for Germany between 1970 and 1993 [in PJ]
1970 1975 | 1980 | 1985 | 1987 | 1988 | 1990 | 1991 &5% 1993
Ener gy
copsunpt i on H 585 | 421
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Primary energy utilisation summary for former West Germany between 1970 and 1993 [in PJ]

Tab. 2.25:

1993"

3 3707

12 002

19927

3 4159

11 958

1991

statistical differences

1990

1895 | 1 387

1833 1 468

11 495 | 11 990

1988

1 94
2 346

11 425
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Tab. 2.26: Primary energy utilisation summary for the area of the former GDR between 1970 and 1993
[in PJ]
1970 | 1975 1980 1985 1987 1988 1990 1991 }992* 19?3*
Energy
consunpti on + 1 065 1 027 1 025 1 001 986 725 430 311
sectors: +| 939 371 478 525 567 525 522 389 | 375 352
| ndustr + 442 539 589 622 575 477 376 361
Househol ds +| 372 159 167 160 183 188 249 322 3319
Smal | + 75 58 52 50 48 39 | 260%
consuner s +| 400 172 161 163 174 194 168 33 | 334 111
Road traffic 127
O her 128 311%
traffic and
transport 86
Non- ener gy 123
)consunptlon3 112
Transformati
on area:
Power 658%
pl ants, +H 1 1 192 1 420 1 628 1 677 1 686 1507 | 1 213 |733Y
ﬂlS%[lCt -1 040 423 524 630 651 649 589 479
eatin
facili?ies +| 310 2 501 2 558 2 618 2 647 2 595 2 123 1 315
- _ - 2 261 2 318 2 378 2 346 2 335 1 921 1 187
Transforqatl 2
on input*® 584
Transformati 221
on out put
r ansf or [
on areasgSH
Transf or mat i
on i nput
Transformati
on out put
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ectricity and district heating

Road traffic and other forns of transport

Transformati on area as a whol e

Provi sional figures ) o )
Sources: Institut fhr Energetik (Leipzig), DKW Federal Environmental Agency

Primry =l 3 3 293 3 566 3 752 3 924 3 813 3 300 2 477 2 2 124
energy 050 198
consunpti on
Primary
fuels _ + 623 616 444 513 503 530 609 706
M neral oil +| 411 240 238 184 205 173 137 92 | 674 61
Har d coal + 2 169 2 240 2 628 2 652 2 611 2 261 1 544 1 052
Lignite +| 303 213 303 339 374 363 282 245 | 82 302
Nat ural gas + 2 11 20 4 47 22 22 -23 1 -9
Fwdrogynan1c +| 294 33 144 148 129 136 63 0 |187 0
ower + 4 5 5 4 5 5 10 12
ucl ear 20 255
ener gy -
O her 11 15
fuel s”
6 - -
5 15
J = 1 Petajoule = 34,120 tonnes of hard coal units
1) Gther mining and processing sectors
2) Including mlitary agencies ) ) ) )
3) For exanple, fuels used as raw materials in the chem cal industry o )
4) I ncludi ng consunption durlng_transfornatlon, bY fuels, transm ssion | osses, statistical differences
5) For exanple, refineries, coking Plants, briquetting piants
6) Including foreign trade balance tor electricity
7) Firewood and waste tinber, fire turf, rubbish, sewage sludge, other gases and waste heat for
e
8
g
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Vari ous tendenci es were apparent during 1970-1993 in former West
Germany's final -energy-consunption sectors. Whereas energy
consunption for traffic and transport on roads nearly doubl ed

bet ween 1970 and 1991, energy use in industry declined overall (by
21% from 1970 to 1993). On the other hand, overall electric power
consunption has been increasing strongly.

The smal | - consuner and househol d sectors exhibited relatively snal
fluctuations. In the m d-1980s (1987) energy consunption by
househol ds was 20% hi gher than in 1970. Energy consunption decreased
until 1990; by 1993, following a new increase, it returned to nearly
the 1987 |evel.

Contrasting trends are apparent in the transformation sector.

Wher eas continual increases occurred in consunption by power plants
and district-heating stations, the remaining transformation areas
exhi bited decreasing energy consunption (especially in the sectors
of coke oven by-products and m neral -oil processing).

Mar ked i ncreases took place from 1970-1993 in use of natural gas,
nucl ear energy and ot her fuels. Consunption of lignite and oil
increased until 1980 and then decreased in the foll ow ng decade.
After 1990, a marked increase (7% in mneral-oil use took place
(this figure includes adjustnent for econom c factors). Over the
sanme period, consunption of hard coal decreased by a total of 27%

In 1990 in the area of the fornmer GDR, primary energy consunption
was about one-third of that in former West Germany. The overal
energy structure shows a dom nance of lignite over this period,
although lignite's share of overall consunption decreased from about
70%in 1990 to 50%in 1993. In 1970, hard coal net about 10% of
primary energy requirenments; by 1993, it was neeting only 3% of

t hese requirenents.

Until 1980, consunption of mneral oils increased. Subsequently,
under the influence of the oil crisis and trade-policy
considerations, it decreased until the m d-1980s. In 1993, it began
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i ncreasing again; the total increase over the 1970 | evel was 72%

Tendencies in the final energy consunption sectors in the area of
the former GCDR differ fromthose in fornmer West Germany. \Wereas
energy consunption in the road transport sector also about doubled
from 1970 to 1991, it increased by only 9% in the industrial sector
by 1985. Since then, it has decreased, with a particularly |arge
decrease taking place in 1990 and 1991, as a result of the
restructuring process. In 1993, primary energy consunption in

i ndustry was sonme 67% 1l ess than in 1970. In the household sector,
energy consunption remai ned nearly constant during the 1970s. It

i ncreased by sonme 40% until 1990; from 1990 to 1993, it decreased by
33% The small-consuners sector showed a clearly increasing trend
until 1987, by which point it had increased by about 56%
Subsequently, this sector's energy consunption decreased
drastically; in 1992, it was 16% | ess than the 1970 level. In 1993,
it increased again.

2.6.4 Final energy consumption by types of application

The primary energy utilisation summaries (cf. Tables 2.24 through
2.26) show, anong other information, final energy consunption

vol umes by sector. To identify final energy consunption areas in
whi ch energy can be saved, it is necessary first of all to break
down this energy consunption by energy services. It nust be
remenber ed, however, that only very limted statistical data exists
for energy input in sone application areas. In the household and
smal | - consuner sectors in particular, the poor quality of the
avai l abl e data strongly limts reliability of analyses. Wthin the
| KARUS research programre, an effort is being nade to inprove the
data. Table 2.27, and Figs. 2.24 and 2.25, show a breakdown only for
former West Germany. The table shows that about three-fourths of
househol ds' final energy consunption goes to provide indoor heat.
About half of small consuners' final energy consunption goes toward
t he sane purpose, whereas in industry process heat is the major
factor, accounting for about 70% of consunption. In the transport
sector, alnost 100% of energy consuned is transfornmed into
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nmechani cal energy.

Useabl e energy is the energy formavailable to the consuner, after
the final transformation, for the required energy service - for
exanpl e, light, heat, nechanical energy. Table 2.27 also shows the
useabl e energy required in fornmer West Gernmany to neet various
energy services requirenents.

A standard way of characterising energy consunption for given
useabl e energy requirenents is to figure final energy consunption
per unit of useable energy. This figure is a neasure of the
technical efficiency of energy transformation in heating systens,
househol d appl i ances, machi nes, heat generators and transport
vehi cl es. The energy supply nust be structured in such a manner that
required energy services are net in a manner that conserves
resources and produces | ow em ssions, while taking econom c
considerations into account. Energy-transformation efficiency is an
i nportant nmeans of attaining this aim

The devel opment during the period covered by Tab. 2.27, for exanple,
shows that a marked increase in efficiency was achieved in provision
of indoor heat. This was achi eved through replacenent of obsol ete,
oversi zed heating systens with nodern systens tailored to the
heating requirenments of the buildings in which they are installed,
and with efficiencies over 85% The efficiency achieved thus far

al so reveals the potential that still remains for saving energy and
reduci ng em ssions, if all existing buildings are equipped with
nodern heating technol ogy.

Even greater savings potential can be tapped if thermal insulation
in existing buildings is inproved in conjunction w th nodernisation
of heating systens. Inproved insulation further inproves the
efficiency of indoor heating.

O all the final energy consuned in fornmer West Germany, about half
is avail abl e as useabl e energy, while the remainder is lost to the
envi ronment as waste heat.
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Al t hough efficiency has been increased in sone sectors, overal
energy use has hardly inproved. The reason for this is that there
has been a disproportionately |arge increase in final energy
consunption in the lowefficiency transport sector; this increase
has nearly "consunmed" inprovenents in other sectors.

I ncreasing efficiency in energy use not only reduces |osses; it also
decreases environnmental pollution and energy |osses throughout the
chai n of useabl e-energy provision - including energy production,

fuel transport, transformation into secondary energy sources, and
final energy consunption. Fig. 2.26 shows how | arge the | osses are
in the prelimnary Iinks of this chain. The figure shows both | osses
in final consunption sectors and in energy transformation and

provi sion. The graph also shows a different way of view ng prinmary
energy consunption, in addition to considering useable energy and
non- ener gy-rel ated consunption. Overall, the energy |osses from
energy provision and energy use in fornmer West Germany's final
energy consunption sectors anmount to sone 63% of primary energy
consunption. In former West Germany, therefore, the ratio of primary
energy to final energy to useable energy is 3:2:1
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Tab. 2.27: Final energy consumption, according to sectors and energy-use efficiency, in relation to
final energy consumption, in former West Germany
1987 1990
Fi nal energy Provi si on of Fi nal energy Provi si on of
consunption useabl e ener gy consunption useabl e ener gy
Fi nal % Useabl e Efficien | Final % Useabl e Effic
ener 0 ener c ener 0 ener enc
S Py % Py’ Py "%
Total traffic and 1 869 100.0 339 18. 1 2 091 100.0 378
transport ) 4 0.2 3 65.0 2 0.1 2 18.1
- I ndoor heating 1 865 99.8 336 18.0 2 089 99.9 376
- NbchanipaLt 70.0
energy, i
gy g 18.0
Tot al househol ds 2 161 100.0 1 310 60. 6 1 860 100.0 1 212
- Process heat 322 14.9 129 40. 0 314 16.9 138 65. 2
- I ndoor heat 1 692 78.3 1 134 67.0 1 397 75.1 1 020
- Mechani cal 147 6.8 47 32.0 149 8.0 54 46. 0
energy, |ight
73.0
36.0
Total small 1 295 100.0 660 51.0 1 226 100.0 652
consuners 290 22. 4 102 35.0 289 23.6 113 53.2
- Process heat 683 52.7 458 67.0 580 47. 3 418
- I ndoor heat 322 24.9 100 31.0 357 29.1 121 39.0
- Mechani ca
energy, light 72.0
34.0
Total industr 2 199 100.0 1 227 55.8 2 252 100.0 1 275
- Process hea 1 526 69. 4 870 57.0 1 576 70.0 914 56. 6
- I ndoor heat 251 11.4 163 65.0 207 9.2 145
- Mechani cal 422 19.2 194 46. 0 469 20.8 216 58.0
energy, |ight 200
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Total of all 7 524 100. 0 3 536 47.0 7 429 100. 0 3 517
sectors 2 198 28. 4 1 101 51.5 2 179 29. 3 1 165
- Process heat 2 630 35.0 1 758 66. 8 2 186 29.4 1 585
- I ndoor heat 2 756 36.6 677 24.6 3 064 41. 3 767
- Mechani ca

energy, |ight

Sources: Arbeitsgenei nschaft Energiebil anzen, RWE- Anwendungst echni k

o g o1 W
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2.6.5 Per-capita energy consumption

Tabl e 2. 28 shows devel opnment of per-capita energy consunption in
Germany - both for the entire country and broken down by fornmer West
Germany and the area of the former GDR - for the period 1970-1993
(cf. Fig. 2.27).

For conparison, Tables 2.29 and 2.30 show devel opnent of world-w de

primary energy consunption and per-capita energy consunption for the
wor | d popul ati on and for sel ected countries and groups of countries

(cf. Fig. 2.28).

The per-capita energy consunption in Germany is about three tines
that of the world population's per-capita energy consunption.

While the world popul ation's per-capita energy consunption renai ned
nearly constant for two decades at a | evel of about 60 gigajoul es
per person, per-capita energy consunption increased by about 18%in
Germany from 1970 to 1987. Subsequently, a decrease took place (of
11% by 1993).

Mar ked differences are apparent between fornmer West Gernmany and the
area of the former GDR in terns of devel opnment of per-capita energy
consunption. While per-capita energy consunption in former West
Germany stagnated during the 1980s, in the area of the fornmer GDR it
increased continually until 1987. On the average, consunption there
was sone 20% greater than in former West Germany. Subsequently, a
strong decrease took place until 1993; by this year, per-capita
energy consunption had dropped to about half the 1987 |evel.
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Tab. 2.28: Per-capita energy consumption in Germany between 1970 and 1993
1970 1980 1985 1987 1990 1991 1992° 1993
Total population (in 77.8 78. 3 77.6 77.9 79.7 80. 3 81.0 81.1
mllions)
- of these, no. in 60. 7 61. 6 61.0 61.2 63. 7 64.5 65. 3 65. 4
former West Germany 17.1 16.7 16.6 16.0 15.8 15. 7 15. 7
- of these, no. in area 16.7
of the former GDR
Total primary energy 12 920 15 15 13 843 14 795 14 467 14 156 14 12¢
consunption (PJ) 002 036
- of this, anmount in 9 10 023 11 495 11 990 11 958 12 002
former West Ger many 870 11 11 3 820 3 300 2 477 2 198 2 124
- of this, anmount in the 3 436 284
area of the fornmer GDR 050 3 3
566 752
Total per-capita energy 196 186 180 175 174
consunpti on 166 192 194
(G&J/ person)
186 180 186 183 184
- of this, in fornmer West 235 206 157 140 13E
Ger many 163 186 185
- of this, in the area of
the former GDR 178 214 226
"Tentative figures
Sources: Federal Statistical Ofice
UN, Energy Statistics Yearbook, N Y. 1992,

Ar bei t sgenei nschaft Ener gi ebi | anzen,

DI W
Institut fhr

Energeti k
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Tab. 2.29: Development of the primary energy consumption and per-capita energy consumption of the
world population between 1970 and 1991

1970 1980 1985 1987 1990 1991

Wrld consunption in 212 636 268 432 288 776 303 085 341 673 344 618
primary energy (PJ)

Wor | d popul ati on 3 697 918 | 4 450 210 | 4 854 547 | 5 027 302 5 295 300 5 386 733
(m1l1lions)

Per-capita energy 58 60 60 60 65 64
consunption of the
wor | d popul ati on
(G&J/ person)

* Not including bionmass

Sources: Statistisches Jahrbuch 1992
UN, Energy Statistics Yearbook, Nr. 4. 1992,
Wirl d Energy Statistics and Bal ances
UN, World Popul ati on Prospects, 1993
Ener gi edaten 92/93, BMWN, 1993
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Tab. 2.30: Primary energy consumption® and per-capita energy
consumption, by groups of countries and selected
countries, i1n 1990

Primary energy | Per-capita

consunpti on ener gy

(PJ) consunption

(G&J/ person)

CECD 166 809 199
USA 79 790 317
EC, total 47 601 145
Japan 17 928 145
Ger many? 15 372 193
For mer West Ger many? 11 647 181
Area of the former GDRY 3 725 229
France 9 243 164
Great Britain 8 793 153
Italy 6 479 113
Australia 3 707 217
Spai n 3 684 95
Net her | ands 2 780 186
Bel gi um 2 006 201
Sweden 1 990 232
G eece 927 91
Denmar k 767 149
Por t ugal 687 70
I rel and 440 125
Luxenbourg 149 393
Eastern Europe 74 481 175
USSR (forner) 56 833 197
Pol and 4 122 109
Czechosl ovaki a (forner) 2 933 187
Romani a 2 550 110
OPEC 16 999 37
| ndonesi a 3 403 19
Saudi Arabia 3 052 205
Venezuel a 1 670 85
Ni geri a 1 665 14
Q her countries 83 713 23
PR Chi na 28 438 25
I ndi a 10 224 12
Brasi | 5 580 37
Egypt 1 334 26
1) I ncl. biomass

2) Due to the use of differing statistics, the figures differ from
those in Table 2.28
Sources: Energy Bal ances (various editions); OECD |EA,
Federal Environnment Agency, Berlin
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2.6.6 Development of GDP, primary energy consumption and
specific energy consumption

Tabl e 2. 31 shows the devel opnent of gross donestic product and
primary energy consunption (in 1985 prices) in former West
Germany for the period 1970 to 1993 (cf. Fig. 2.29). It also
shows this devel opnent for Germany and for the area of the
former GDR for the period 1991 to 1993.

Since 1970, the gross donmestic product in fornmer West GCernmany
increased by nearly two-thirds. On the other hand, primry
energy consunption, after increasing by 16%in the 1970s,
remai ned | argely constant from 1980 to 1990. As a result,
specific energy consunption decreased by 29% from 1970 to
1990.
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Tab. 2.31: Development of real gross domestic product (in
1991 prices), of primary energy consumption and
of specific energy consumption in Germany

Year | G oss donestic Primary energy Specific

pr oduct consunpti on energy

consunpti on
Billions | ndex PJ | ndex PJ/billion
of DM 1970 = 1970 = DM
100 100
Former West Ger many
1970 1 543 100 9 870 100 6. 40
1975 1 719 111 10 191 103 5.93
1980 2 018 131 11 436 116 5. 67
1985 2 136 138 11 284 114 5. 28
1987 2 218 144 11 373 115 5.13
1990 2 520 163 11 495 116 4.56
1991 2 635 171 11 990 121 4.55
1992 2 676 173 11 958 121 4. 47
1993 2 626 170 12 002 122 4. 57
Area of former GDR
1991 181 2 477 13. 68
1992 198 2 198 11.10
1993 213 2 124 9.97
Ger many

1991 2 816 14 467 5.14
1992 2 874 14 156 4.92
1993 2 839 14 126 4.97

Sour ce: Federal Statistical Ofice
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2.6.7 Development of energy prices

Tabl e 2. 32 shows the devel opnent of selected energy prices for
the period 1970 to 1992 in former West Germany (cf. Figs. 2.30
and 2.31). The table shows both inport and consumner prices,
and breaks down the latter into prices for the househol d,

i ndustry and transport sectors.

Tab. 2.32: Development of energy prices (nominal) in former
West Germany

Uni t 1970 1980 1985 1987 1990

Crude oil $/ A 0. 22 6.17 4.73 3.14 4. 05
| nport prices:
- Crude oil DM GJ 1.41 10. 69 14.59 5.88 6. 54
- Natural gas DM I 1.49 6.18 11. 46 4. 45 4.58
- Hard coal DM I 2.05 3.82 4. 97 3.00 3.16
Consuner
prices:
Househol ds DM GJ 3.15 12. 10 15. 60 7.42 9. 60
(i ncl. VAT DM GJ 8. 87 16. 14 23. 37 15. 27 16. 42
- Heating oil, DM GJ 7.47 18. 05 21.75 21.78 21. 29
l'i ght DM & 37.33 57.12 76. 00 79.72 81. 56
- Natural gas ?
- Broken coke ¥
- Electricity ?
| ndustry:
(excl. VAT) DM GJ 2.55 6. 69 8.70 8. 80 9. 20 9.
- Hard coal ¥ DM GJ 2.15 8. 65 12.99 5.78 5.75 4.
- Heating oil, DM GJ 2.01 7.55 14. 42 7.28 8.51 8.
heavy * DMG 17.80 27.81 36. 89 38.44 37.61 7.
- Natural gas ?
- Electricity ?
Traffic/transpo
rt: DM GJ 17. 22 35. 60 41. 57 29.7 34.91
;) gbrnal petrol DM & 15.99 32.53 37. 36 25.63 28. 61
- Diesel fuel

*) Tentative figures

1 G =27.9 |1 heating oil, t; 31.5 n? natural gas; 34.9 kg

lig

broken coke; 277.8 kW el ectri

heavy; 33.6 kg hard coal; 28.

crude oil Y

1) b = barrel = ca. 159 |; until 1983 Arabian light; from
1984 Brent; since July 1987 Brent dated

2) Aver age proceeds

3) Fine coal (fat coal), Ruhr district

ht;
c power; 23.4 kg heating oil,
Ol diesel fuel; 0.17 barrel
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4) Average prices if 2001 t and nore are sold per nonth
5) Brand- name product with self-service

6) Unl eaded regul ar grade petrol as from 1986

Sour ce: Federal Statistical Ofice

The general tendency in the devel opnent of inport and consuner
prices was a strong increase, until 1985, over 1970 |evels;
subsequently, prices decreased, nore or |ess markedly, until
1992. The exceptions were electricity prices for househol ds
and prices for electricity and hard coal for industry; these
prices increased continually throughout the entire period
under consi deration.

Devel opnents in gross national product and in cost of living
were simlar. On the other hand, inport prices, based on a
price index (1985 = 100), had decreased by 1990 nearly to the
1980 | evel .

Tabl e 2. 33 shows the devel opnment of the tax conponent in
energy prices, for selected fuels and sectors.

Tabl e 2.34 contains a price conparison for 1990 between
former West Germany and the CECD countries of Europe.
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Tab. 2.33: Percentage of taxes In energy prices in former

West Germany [%]

1980 1990
Di esel fuel 41. 4 50.1
Pet r ol 48. 7 63.1
Li ght heating oil:
- Industry 3.0 13.8
- Househol ds 14. 3 24. 4
Heavy heating oi
for electricity 4.2 23.3
producti on
El ectricity:
- Industry 4.3 7.6
- Househol ds 15. 3 19.0

Sour ce: | EA
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Tab. 2.34: Relative prices: former West Germany/European
OECD countries™ [in %]

1990

Di esel fuel
Pet r ol

93.4
88. 2

Li ght heating oil:
- | ndustry
- Househol ds

Heavy heating oi
for electricity
producti on

El ectricity:
- | ndustry
- Househol ds

113.8
130. 4

*) German prices were given in relation to unwei ghted
average prices of the European CECD countries, expressed
in US dollars at the exchange rate of the day

Sour ce: Ener gy Bal ances, OECD/ | EA, 1991
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Tabl e 2. 35 conpares 1990 energy prices in the household and

i ndustry sectors in selected countries (cf. Figs. 2.32 and

2.33).

Tab. 2.35: International energy prices of selected
countries iIn 1990 for households and industry,
by fuels

Price conparison for househol ds
Pet r ol Heat i ng Electricit | Gas
oi | y
(1ight)
US dollars |[US dollars |US dollars |[US dollars
per GJ per GJ per GJ per GJ
France 24. 83 9.47 33. 89 9. 50
Cer many 18. 86 6. 45 35. 28 7. 47
Italy 32.02 18. 39 36. 94 13.18
Japan 19. 57 6. 59 37.78 16. 97
G eat 22.51 6. 63 26. 94 7. 37
Britain
USA 9. 40 8. 00 21.94 5.67
Price conparison for industry
Coal Heating oil |Electricit Gas
US dol l ars (heavy) y US dol | ars
per GJ US dollars | US dollars per &J
per GJ per GJ
France 3.48 3.19 15. 83 3.76
Ger many 6. 22 3.48 25. 28 4.53
Italy - 4.57 26. 94 3.80
Japan 2.33 4. 55 34.72 9.94
G eat 2.63 3.26 18. 06 3.79
Britain
USA 1.24 2.67 13. 33 2.70
Sour ce: | EA Statistics 1992, 4th quarter 1991; cal cul ated on

t he basis of purchase-power parity and/ or exchange rates
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2.7 Transport and housing

2.7.1 Transport volume

Tabl es 2.36 and 2.37 show how transport vol unmes have devel oped
in the passenger and goods transport sectors (cf. Figs. 2.34
t hrough 2. 39).

In former West Germany, total transport vol unes increased by
over 60%in the period 1970 to 1992. |In passenger transport,
the "nodal split" has shifted nore and nore in favour of air
transport and individual notor-vehicle transport, and away
fromrailways and | ocal public passenger transport (LPPT). A
sim |l ar devel opnment has taken place in transport of goods, as
nore and nore transports have been shifted fromrailways to
roads.

Until 1990, nost transports in the area of the fornmer GDR were
acconplished by rail and LPPT; after 1990, individual notor-
vehicle transport and transport of goods by road increased
rapidly.

2.7.2 Numbers of motor vehicles

Tabl e 2. 38 shows how nunbers of notor vehicles (W) devel oped
in former West CGermany (1970-1993), in Germany and in the area
of the former GDR (1980-1993). The different outset situation
in East and West is particularly clear (former West Gernmany in
1990: 480 M/ 1,000 inhabitants; area of the former GDR in

1990: 250 MV/ 1,000 inhabitants). The devel opnent of the
overal | nunber of notor vehicles in the area of the former CGDR
since 1990 has to do with the strong growh in road traffic

t hat has occurred there.
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Tab. 2.36: Traffic volume In passenger transport [in billions of passenger-kilometers]
Year | Air transport Public transport Personal -not or- | Taxi s and Tot a
vehicle traffic | hired cars vol unme
Rai | ways Local
transport

billi in % |billi in % billi in % |[billion in % |[billi in % |billions

ons ons ons s of ons of

of of of Eass.- of pass. - km

pass. pass. pass. m pass.

-km -km -km -km

Former West Ger many
1970 6.6 1.4 39.2 8.6 58. 4 12.8 350. 6 76. 8 1.7 0.4 456. 5
1975 8.4 1.6 39.2 7.5 67.7 13.0 405. 4 77.6 1.8 0.3 522.5
1980 | 11.0 1.8 41.0 6.8 74. 1 12. 4 470. 3 78. 6 2.2 0.4 598. 6
1985 |12.7 2.1 43.5 7.2 62. 3 10.3 481. 6 80.0 2.0 0.3 602. 1
1987 |14.7 2.3 40. 0 6.2 61.3 9.4 531.3 81.8 2.1 0.3 649. 4
1990 | 18.4 2.5 44. 6 6.2 65. 1 9.0 593.8 82.0 2.5 0.3 724. 4
1991 | 17.6 2.4 45, 2 6.2 67. 2 9.2 601.0 81.9 2.5 0.3 733.5
1992 | 19.5 2.6 47.5 6.3 68. 7 9.2 610.0 81.6 2.6 0.3 748. 3
Area of the fornmer GDR

1980 0.2 0.2 22.0 20.4 | 29.7 27.5 55.7 51.6 0.3 0.3 107.9
1985 0.3 0.2 22.5 18.4 |29.3 24.0 69. 7 57.1 0.3 0.2 122. 1
1987 0.3 0.2 22.6 17.5 [30.0 23.3 75.7 58.7 0.3 0.2 128. 9
1990 0.3 0.2 18.0 13.5 | 24.8 18.6 90.0 67.5 0.3 0.2 133. 4
1991 0.4 0.3 10. 2 7.9 |16.3 12.6 102. 6 79.0 0.3 0.2 129.8
1992 0.6 0.5 9.8 7.6 |14.5 11.2 104. 3 80.5 0.3 0.2 129.5
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Year | Air transport Public transport Per sonal - not or - Taxi s and Tot al
vehicle traffic hired cars vol ume
Rai | ways Local
t ransport
billi in % |billi in % billi in % [billion in % |[billi in % | billions
ons ons ons s of ons of
of of of pass. - of pass. - km
pass. pass. pass. km pass.
-km -km -km -km
Ger many

1980 11.2 1.6 63. 0 8.9 103.8 | 14.7 526.0 74.5 0.4 706. 5
1985 13.0 1.8 66. 0 9.1 91.6 12. 6 551.3 76.1 0.3 724.3
1987 15.0 1.9 62. 6 8.0 91.3 11.7 607.0 78.0 0.3 778.3
1990 18.2 2.2 62. 6 7.3 89.9 10.5 683. 8 79.7 0.3 857.8
1991 18.0 2.1 55. 4 6.4 83.5 9.7 703.6 81.5 0.3 869. 3
1992 20.1 2.3 57.3 6.5 83.2 9.5 714.3 81. 4 0.3 877.8
1993 21.7 2.4 56.0 6.3 79.5 9.0 730. 8 82.3 - - 888.0
’ Figures for 1993 available only for Germany
Sources: Verkehr in Zahlen 1991/1993, ed.: Federal Mnistry of Traffic, |IFO

W rt schaf t skonj unkt ur

1994
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Tab. 2.37: Traffic volume in goods transport [in billions of tonne-kilometers]
Year Ar Rai | ways Road transport I nl and Long- Tot al
transport wat er ways di st ance vol unme
pi pel i nes
| ocal | ong-
di st ance
bill in billi in %|bill in billi in billi in %|billi in %|billio
ions % ons ions % ons % ons ons ns of
of of of of of of t onne-
t onn t onne t onn t onne t onne t onne km
e-km -km e-km -km -km -km
Former West Ger many
1970|10.14 |0.0 |71.5 33.2 (36.1 | 16. 41.9 | 19. |48.8 22.7 [16.9 7.8 215. 3
7 8 4
197510.18 |0.0 |55.3 25.9 [ 36.7 | 17. 59.3 [ 27. |47.6 22.3 |14.6 6.8 213.7
8 2 2
1980 | 0.25 |O. 64. 9 25.4 | 44.4 | 17. 80.0 | 31. 51.4 20.1 [ 14.3 5.6 255. 3
0 4 3
1985|0.31 |O. 64. 0 25.1 [ 40.6 | 15. 91.6 | 35. |48.2 18.9 | 10.5 4.1 255. 2
2 9 9
1987 |0.37 |O. 59.1 22.6 | 42.8 | 16. 99.9 [ 38. |49.7 19.0 | 10.1 3.9 262.0
4 3 1
1990 | 0.44 |O. 61. 8 20.6 [ 49.4 |16. |120.4 [40. |54.8 18.3 | 13.3 4.4 300.1
5 5 1
1991 |0.42 |O. 62.9 19.7 |51.4 | 16. |136.3 |42. |55.0 17.3 | 13.5 4.2 319.5
3 1 7
1992 | 0.43 |O. 56. 8 17.8 |52.9 |[16. |140.0 |44. |55.5 17.5 | 13.3 4.2 318.9
3 5 0
Area of the former GDR
1980 | n. a. - | 56.4 66.7 |12.4 | 14. 8.6 10. 2.2 2.6 5.0 5.9 | 84.6
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7 2

1985 58.7 72.7 | 9.3 |11. 5.8 2.4 3.0 4.5 5.6 | 80.
5 7.2

1987 58.8 72.5 | 9.2 |11 6.3 2.4 3.0 4.4 5.4 | 81.
3 7.8

1990 40. 9 69.2 | 6.8 |11. 6.2 10. 1.9 3.2 3.3 5.6 | 59.
5 5

1991 17.8 48.4 | 7.0 | 19. 8.0 21. 1.0 2.7 3.0 8.1 | 36.
0 7

1992 13.9 31.9 {10.0 |23. |16.1 37. 1.2 2.8 2.3 5.3 | 43.
0 0
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fear | Air transport Rai | ways Road transport | nl and Long-di st ance Tot a
wat er ways pi pel i nes vol unme
| ocal | ong-
di st ance

billions in % |[billions in % billion in % billio in % |billion in % |billions in billions

of of tonne- s of ns of s of of % of tonne-

t onne-km km t onne- t onne- t onne- t onne-km km

km km km
Ger many

1980 | - - 121. 3 35.7 56. 8 16.7 | 88.6 26.1 |53.6 15. 8 19. 3 5.7 |339.6
L1985 | - - 122.7 36.6 49.9 14.9 | 97.4 29.0 |50.6 15.1 15 4.5 [ 335.6
L1987 | - - 117.9 34. 4 52.0 15.2 | 106. 2 31.0 | 52.1 15. 2 14.5 4.2 | 342. 7
1990 | - - 102. 7 28.6 56. 2 15.7 | 126.6 35.3 |[56.7 15. 8 16. 6 4.6 | 358.8
991 | - - 80.7 22. 7 58. 4 16.4 | 144.3 40.5 [56.0 15.7 16.5 4.6 | 355.9
1992 0.22 70.7 19.5 62.9 17.4 | 156.1 43.1 |56.7 15.7 15.6 4.3 |362.0
1993 0.17 62.6 17.7 65. 2 18.4 | 155.8 44.1 |[55.5 15.7 13.9 3.9 | 353.5

*

Sour ces:
1994

Fi gures for
Ver kehr

1993 avail able only for Germany

in Zahl en 1991/ 1993,

ed. Feder al

Mnistry of Traffic,

| FO- W rt schaf t skonj unkt ur
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Tab. 2.38: Development of numbers of vehicles, including low-pollution cars and newly
registered vehicles, by various technical groupings
Year Total cars Trucks Mot orcycl | Ot her
(1 and es vehi cl es
Jul y) t ow ng
vehi cl es
) of these, |low
Total in |pollution cars *
mllions
~ Nunber in in in
% in mllions mllions mllions
mllions
Former West 1970 13.9 - - 1.1 0.2 -
Cer many 1975 17.9 - 1.2 0.3 -
1980 23.2 - - 1.3 0.6 1.8
1985 25. 8 1.9 0.5 1.3 1.0 2.0
1987 27.9 10.0 2.8 1.4 1.1 2.0
1990 30.7 30.9 9.5 1.5 1.2 2.1
1991 31.3 41.5 13.0 1.5 1.3 2.2
1992 32.0 49.9 16.0 1.6 1.4 2.3
1993 32.7 67.0 21.9 1.6 1.7 2.9
Area of the 1970 - - - - - -
former CGDR 1975 - - - - - -
1980 2.7 - - 0.2 1.3 0.4
1985 3.3 - - 0.2 1.3 0.5
1987 3.6 - - 0.2 1.3 0.5
1990 4.8 - - 0.3 1.3 0.6
1991 5.6 - - . 0.2 1.2 0.4
1992 5.9 30.5 1.8 0.3 1.1 0.4
1993 6.1 55.3 3.4 0.7 0.2 0.6
Cer many 1980 25.9 - - 1.5 1.9 2.2
1985 29.1 - - 1.5 2.3 2.5
1987 31.5 - - 1.6 2.4 2.5
1990 35.5 - - 1.8 2.5 2.7
1991 36.9 - - 1.7 2.5 2.6
1992 37.9 80. 4 17.8 1.9 2.5 2.7
1993 38.8 65. 2 25.3 2.3 1.9 3.5
*) Vehicles conformng to Annex XXIII (US norm + XXV (EC norm, diesel + spark-ignition
engi ne; source: statistics of the Kraftfahrtbundesant
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**) Cal cul ated using figures of the Kraftfahrtbundesant: difference between Gernmany as a whol e
and former West Gernmany

Sour ce: Ver kehr in Zahlen, publ. by : Federal Mnistry of Traffic; Kraftfahrtbundesant
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2.7.3 Forecast development of transport volume

As a result of the EC Single Market, German unification and

t he openi ng-up of eastern European markets, transport vol une
will continually to grow strongly. Tables 2.39 through 2.42
contain forecasts concerning the further devel opnent of
transport volumes until the year 2010, for both passenger and
goods transports (cf. Figs. 2.40 through 2.43). These
forecasts are based on prem ses of the Federal Traffic

| nfrastructure Plan (Bundesverkehrswegeplan - BVWP), as well
as on estimates of the German Institute for Econom c Research

(DIW.

It is clear that both under trend conditions (scenario F of
the BWWP and DIW, and under the assunption that certain
stresses are added to road traffic (for exanple, travel-tine
del ays and increases in travel costs; scenario H), large
further increases in personal-notor-vehicle traffic and in

| ong-di stance transports by road nust be expected. This fact
makes it necessary for further efforts to be made to limt
em ssions in this sector, by means of technical and pl anni ng
measur es.
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Tab. 2.39: Development and anticipated development,through the year 2010, of goods transports
[in billions of tonne-kilometers]
Long-di stance road transport Rai | way transport I nl and wat er ways
Former West | Area of | Germany | Former West Area | Gernman For mer Area of Ger many
Ger many t he Ger many of y West t he
former t he Ger many former
GDR forme GDR
r
GDR
1988Y 106. 2 6.7 112.9 60. 0 60. 4 120. 4 52.9 2.5 55.4
1992Y 140.0 16.1 156. 1 56. 8 13.9 70.7 55.5 1.2 56. 7
2010 196 61 257 94 41 135 79 24 103
DI W)
D Source: Verkehr in Zahlen, publ. by Federal Mnistry of Traffic; Kraftfahrtbundesant

2)

from:
t he Feder al

R&D proj ect

"Ver m nderung der
Envi ronnment Agency;

Luft-

und L@ nbel astung durch den Ghterverkehr 2010" of
Publ i cati on planned soon
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Tab. 2.40: Forecast total goods-transport volume in 2000, 2005 und 2010 according to the
Federal Traffic-infrastructure plan (Bundesverkehrswegeplan) [in billions of tonne-
kilometers]

Long-di st ance road Rai | way transport I nl and wat er ways
transport
Form | Area Germany | Forne | Area Germany | Forne | Area Ger many
er of the r of the r of
West | fornmer West | former West t he
Cer - GCDR Cer - GCDR Ger- |[forne
many many many r
GDR
2000
Scen. 154. 26.5 181.4 101. 6 65. 9 167.5 79.0 11.8 90. 8
H 9 39.3 188. 8 96. 6 65. 2 160. 6 78. 4 11.8 90.1
Scen. 160.
F 5
2005
Scen. 169. 28.3 209.0 117.9| 63.9 183.1 86.0 17.1 103.1
H 7 42.9 221. 4 110.1 61.4 171.6 84.9 16.9 101.9
Scen. 178.
F 5
2010
Scen. 182. 56. 2 238. 4 133.9| 60.2 194.1 90.9 25.4 116. 3
H 2 62. 6 257. 2 122.9 54. 4 177.3 89.5 24.6 114. 1
Scen. 194.
F 6
Source: "prognos" 1992 "Entw ckl ung der Em ssionen von Luftschadstoffen und CO, durch den

Verkehr in Ost- und Westdeutschl and bis 2010; BM-FuE Nr. 90344/91
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Tab. 2.41: Development of passenger transport [in billions of passenger-kilometers]
Per sonal - not or - Public transport on Rai | ways Air transport
vehicle traffic roads
Form| Area Germany | Form | Area Germany | Form | Area Germany | Form | Area Ger many
er of er of er of er of
West t he West t he West t he West t he
Ger- |forme Ger- |forne Ger- |forne Ger- |forne
many r many r many r many r
GDR GDR GDR GDR
19- | 555. 79. 634. 8 30.8 94.5 22.8 64. 6 15.7 0.6 16. 3
88 6 63. 7 41.8
19- 611. | 104.3 714.3 14.5 83.2 9.8 57.3 19.5 0.6 20.1
92 0 68. 7 47.5
Quel l e:  Verkehr in Zahlen, publ. by: Federal Mnistry of Traffic; Kraftfahrtbundesant
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Forecast passenger-transport volume in 2000, 2005 und 2010, according to the Federal
Traffic Infrastructure Plan [in billions of passenger-kilometers]

Per sonal - not or - vehi cl e Public transport on Rai | ways Air transport
traffic roads
Form Ar ea Germany | Form Ar ea Germany | Form Ar ea Germany | Form | Area Ger many
er of the er of the er of the er of

West | former West | fornmer West | former West t he

Cer - GCDR Cer - GCDR Cer - GCDR Ger- |forme

many many many many r

GDR
2000
Scenario | 634. 129.0 763.2 | 80.0 24.5 104.5| 58.6 28.4 87.0| 20.7 3.0 23.7
H 2| 134.6 788.5| 75.0 22.6 97.6 | 52.7 25.1 77.8 | 19.7 2.9 22.6
Scenari o | 653.
F 9
2005
Scenario | 651. 151.7 802.7 | 82.6 25.3 107.9 | 64.7 27.0 91.6 | 23.3 5.6 29.0
H 0| 160.2 839.9 | 74.7 22.4 97.2 | 56.5 22.5 79.0 | 21.9 5.4 27.4
Scenario | 679.
F 8
2010
Scenari o | 659. 176. 6 835.6 | 84.1 26. 2 110.3 | 69.8 17. 4 87.2| 25.6 9.6 35.2
H 0| 189.0 885.4 | 74.7 22.3 95.7 | 56.5 13.8 73.6 | 21.9 9.2 33.0
Scenario | 679.
F 8
Source: "prognos" 1992 "Entw ckl ung der Em ssionen von Luftschadstoffen und CO, durch den Verkehr in
OGst- und Westdeutschland bis 2010; BW-FuE Nr. 90344/91
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2.7.4 Residential structures and existing housing

In 1990, the average size of residences in Germany was 81.9 nf; each
resi dent had an average of 34.8 ntf (cf. Table 2.43). In the area of
the former GDR, the corresponding figures, at 64.4 ntf per residence
and 28.2 nf of living space per person, were smaller than those in
former West Germany: 86.5 nf per residence and 36.4 nf of |iving
space per person

Tab. 2.43: Housing

Former West | Area of the Cer many
Cer many former CGDR

1990 1992 1990 1992 1990 1992

Li vi ng space in nf

- per residence 86.5 | 86.7 64. 4 64.5 81.9 82.2
- per resident 36.4 | 36.5 28.2 29.0 34.8 35.1
Nunmber of roons
- per residence 4.4 4.4 3.8 3.8 4.3 4.3
- per resident 1.9 1.9 1.7 1.7 1.8 1.8
Resi dences with
- 1 room 2.3 2.3 1.7 1.8 2.2 2.2
- 2 roons 5.8 5.8 8.8 8.9 6.5 6.5
- 3 roons 21.0 | 21.0 27. 4 27.4 22.3 22.3
- 4 roons 29.2 29.1 37.8 37.7 30.9 30.8
- 5 roons 19. 6 19. 6 16. 6 16.5 18. 9 19.0
- 6 and nore 22.1 22.2 7.7 7.7 19. 2 19. 2
roons, in %

Sour ce: Federal Statistical Ofice
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There is a trend toward smal |l er residences. Anbong the causes for
this are: the nunber of one-person households is increasing; the
nunber of three-generation households is decreasing; there are fewer
children per househol d; the nunbers of divorces are increasing;
children are tending to nove out of their parents' hone earlier; the
difference in the |ife expectancies of nen and wonmen has i ncreased.
This trend is considerably stronger in former West Germany than in
the area of the fornmer GDR Consequently, the percentage of three-
and four-person households in former West Germany is considerably
smal ler than in the area of the former GDR (cf. Table 2.44).

As a result of the continuing strong demand for |iving space, and of
t he favourable supply conditions, the total nunmber of residences
will continue to increase in comng years. The reasons for the
strong demand i nclude changes in sizes of househol ds, "catch-up"
effects and i mm gration.

Tab. 2.44: Private households by size
Pri vat e househol ds Househol d-si ze class as a ratio of al
w th househol ds, in %
Former West Gernmany | Area of the fornmer
GDR
1990 1992 1990 1992
1 Person 35.0 35.0 28.5 28.1
2 Persons 30.2 31.0 29.8 32.5
3 Persons 16. 7 16. 2 20.9 19. 6
4 Persons 12. 8 12.6 16. 3 16.0
5 and nore persons 5.3 5.2 4.5 3.8
Tot al 100.0 100.0 100.0 100.0
Source: Federal Statistical Ofice, Mkrozensus
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3. Inventories of anthropogenic emissions and
binding iIn reservoirs and by sinks

The follow ng section provides an overview of em ssions
of the nost inportant greenhouse gases. Ozone, one of
them is fornmed in the atnosphere by phot ocheni ca
reactions of the precursor conpounds NO (nitrogen

oxi des), NWOC (nethane-free volatile organi c conpounds)
and CO (carbon nonoxi de). These substances have thus been
i ncluded here as indirectly acting greenhouse gases. On
t he ot her hand, figures for CFCs and hal ons, pursuant to
t he provisions of the Framework Convention on Cinate
Change, are not the subject of the present report; that
substance class is governed by the Montreal Protocol.

3.1 Inventory of greenhouse-gas emissions

3.1.1 Methods/basis for the inventories

3.1.1.1 Description and determination

The em ssions tables begin with Table 3.1, which provides
a strongly conpressed summary, by type of em ssion-
causi ng process. Em ssions amounts are cal cul ated on the
basis of statistics for the wi de range of em ssions-

rel evant soci o-economc activities - for exanple, energy
consunption, size of livestock inventories - using
speci al indexes for em ssions intensity. These indexes
are normally referred to as em ssions factors, and given
in the form for exanple, of kg of methane per dairy cow
and year. The basis for the figures for energy-rel ated
em ssions are the fuel and propellant consunption figures
provi ded by the Wbrking Group on Energy Bal ance
Statenents (for former West CGermany) and by the Institut

fthr Energetik (ITE) (for the area of the former GDR)
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The degree of detail in the cal cul ati ons depends on the
conplexity of the relevant circunstances and on data
avai lability. Rough estimates of em ssions are possible
even for inconplete sets of rel evant dat a.

3.1.1.2 ClassifTication of emission sources

For the present report, the em ssion-source
classification provided by the "I PCC Draft Guidelines for
Nati onal G eenhouse Gas Inventories" has been used. The
total -em ssions figures do not take account of em ssions
caused by international activities (for exanple, maritine
commerce (bunkering), international air transports).
These em ssions are |listed separately, however, to
illustrate the rel evant em ssions percentages.

3.1.2 Emissions of greenhouse gases

3.1.2.1 Overview

In keeping with Article 4 of the Framework Convention on
Cli mat e Change, only anthropogeni c em ssi ons have been
included. As to CO,, only those em ssions have incl uded

t hat have significance in the resulting bal ance-sheet
summary of em ssions and bi omass binding; i.e. conbustion
of wood and pl ant waste, and biol ogi cal decay of organic
waste, are not included. On the other hand, all em ssions
fromwaste incineration have been incl uded.

Table 3.1 shows em ssions of greenhouse gases for Gernmany
in 1990. The nost significant greenhouse gas, by vol une,
is CO; ca. 1 billion tonnes of it are emtted per year
(cf. Fig. 3.1).

The energy-rel ated percentages of em ssions of the
vari ous greenhouse gases differ w dely. Em ssions of CO
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NO, and CO are al nost conpletely energy-rel ated. About
hal f of NWOC em ssions are energy-related. In Germany,
em ssions of the greenhouse gases CH, (cf. Fig. 3.2) and
N,O (cf. Fig. 3.3) are predom nantly not energy-rel ated.



Tab. 3.1: Summary of emissions of greenhouse gases iIn Germany in 1990
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Sour ces and CO CH, N,O NG, CO NwWQC
si nks as NO ) not .
of greenhouse M/a kt/a kt/a kt/a kt/a i ncl udi ng
gases CFCs/ CCs
kt/ a
Total em ssions 1 012 6 218 223 2 944 10 768 2 978
709 303 | 5 015 20% 183 40 2 377 566 7 131 |3 637 | 2 234 | 744
1. 983 1 767 33 2 923 10 104 1 679
Ener gy-
rel at ed
687 | 296 | 1 574| 193] 24| 9 2 361 | 561 6 526 | 3 578 | 1 093 | 586
2. ) 29 11 100 21 664 129
| ndustri al
processes
22| 7 9 | 2| 95| 5 16 | 5 605| 59| 111| 18
3. Use 6 1170
of sol vents and
products
| | 5 | 1 | | 1 030 | 140
4, 2 043 80 n. a. n. a. n. a.
Agricul tur
e
1 497 546 55 25 n. a. . a. n. a. n. a. n.a. | n.a
5. Land (- 20)
use changes and
forestry
1515 %j
6. Wast e n. a. 2 397 4 n. a. n. a. n. a
managemnment
a n.a 1 935 462 4 n. a. n. a. . a. n. a. n. a. n.a. | n.a
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Hi gh- seas, 8 0 n. a. 155 37 16
bunkeri ng®
7 1 0 0| n.a. n. a. 128 27 31 13
| nt er nati onal 1 11 0 n. a. 50 58
alr transport?®
11 1 0 0| n.a. n. a. 49 2 54 9
n. a. Not avai I abl e
Y Not included in total Ger many
em SSi ons
Sour ce: Feder al Environnent For mer West Area of the
Agency Ger many former GDR




- 172 -

3.1.2.2 Emissions-data structure

Em ssions data is presented in both conbined formfor
Germany and in separate formfor fornmer West Cernmany and
the area of the former GDR The I PCC s structural schene
has been used as a basis for this presentation.

Tables 3.2 through 3.4 provide overviews of total
em ssi ons by em Ssion-source groups.

Annex 1 contains a detailed |isting of em ssions

(1 ncludi ng subgroups and individual activities), as well
as reference data for sel ected em ssions-causing
activities (production and distribution of fossil fuels,
agriculture, waste managenent and use of solvents). This
sel ection has been made with the ai mof shedding Iight on
em ssions processes that play a significant role in

em ssions of the directly acting greenhouse-gas
conponents CH; and N,O

Whereas the "Agricul ture” section includes biol ogical
processes (anmong others), if they are regularly
repetitive (while remaining |argely unchanged with regard
to type and extent), the em ssions-source group "Land Use
Change" is reserved for transition processes occurring on
a tinme-scale that can extend far beyond the individual
reference year in question.

Forest use is the central focus of "Land Use Change". The
reason for this is that nore carbon per unit area is
stored in forest land than in |and used for other

pur poses. Changes in forests, especially in their area,

i nfluence the size of above-ground and bel ow ground
carbon reservoirs. Cearing of forests releases CO,. New
afforestation, as well as mai ntenance of wood-renoval
rates that are smaller than growh rates, results in CO-
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bi ndi ng i n bi onass.

Land use changes al so affect em ssions of other
greenhouse gases. For exanple, drainage of wetl ands
changes CH, em ssions. Conversion of grassland to
cultivated farm and mainly affects N,O emi ssions, in
addition to CO, em ssions.

In Germany, | and use changes are expected primarily as a
result of set-asides of agricultural |and. Such set-

asi des provide opportunities for new afforestation.
Because of the long-termnature of transition processes,
st andardi sed cal cul ati on nethods for em ssions data are
required, in the interest of international conparability.
Such nmethods remain to be prepared and agreed upon.
Chapter 3.2 of the present report (lnventory of CO-
binding in reservoirs/by sinks - forests) describes the
carbon vol unmes bound through afforestation.
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Tab. 3.2: Emissions of greenhouse gases, by sectors, in Germany in 1990

Sources and _si nks of CO, CH, N.O CO NIW
g eerifouse” gdses M/a kt/a kt/a aﬁ% kt/a CF{ %:c:s
Total em ssions 1 012 6 218 223 2 944 10 768 2 978
1. Energy-related em ssions 983 1 767 33 2 923 10 104 1 679
A Conbustion-rel ated 983 228 33 2 921 10 078 1 474
transf nenag[y anener ation and 436 12 15 672 921 11
2 I ndustry 169 16 4 217 899 15
3 Traffic and transport 159 69 9 1 732 5 990 1 252
4 Smal | consuners 65 5 2 35 183 10
5 Househol ds 129 91 3 73 1 483 96
6 Agrj cul ture and 5 1 0 2 35 2
f or est %/
7 O her? 21 3 0 183 224 60
8 Bur ni ng of bi omass? - 31 0 7 234 28
B Non conbustion-rel ated 1 1 539 0 2 26 205
di strl uttrlacg:r%'o ﬂd and gas 1 317 0 2 26 205
2 Coal m ning - 1 222 - - - -
2. Industrial processes 29 11 100 21 664 129
A Iron and steel industry - 6 - 3 549 9
B Non- ferrous net al 1 - - - 113 -
pr oducti o
Chemc | industry 3 - 14 13 2 -
(| norgani c ?
(%)rgamenscal i ndustry - - 86 - - 59
E Nonnetallic mnerals 25 2 - 5 - -
F Oher - 3 - - - 61
3. Use of sol vents and - - 6 - - 1 170
product
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Sour ces and si nks of CO CH, O IW%: CO NIW!
greenﬁouse gases M/a kt/a k??a aﬁt a kt/a CﬁE%?CIS
/a
A Painting -
reasi ng and dr -
c ean|% 9 y )
T Ol MMa use Ol -
chen1 ub}od c?
) kl”ﬁ!’ -
4 Agrrcul ture . 72 U4 1T, T,
A FET TTETIL atT OT1 I £
B AN mar, waste 623
D—Agricuttural soits. =
st eUI Mg Oor agrrcul tarT dl IT. d. IT. IT. IT.
5. Md- use changes and —20) -
foregtry. Canges and Y
A T"ver blb?ll O 1T 017 estl
|§H8 o arable or pasture
Conyersion of grasstand T
tQ aLabY T nd i o
C .Dell dasSTi i,l Ol IT. d.
agrlcy tural, | and o )
— D) VHImaged f oTests (= 20) -
0. Vas{ e mandagemnernt m._d. 2 397 T 1T.
A IMMPST U ES - Z S1
B '\apPerL er_treatment ?8 - -
C U 1mer TT. IT. d. IT. d. IT. d. IT. d.
i giT-seas bupkering> o 9] . .
] nternmatronar _arr_ tr dlTSpor — U IT. d.
1 ' i i on No i ons
2) n%lhafkﬁd{Fng{gfghg ?Pgn%b pgh%sg ons n.a. No figures avallagﬁ
3) r9n1agr cu u[e an .fo[ea
a s inco gte | nCl ldes y o] ran bg s?holds and smal |l consuners,
2) arﬁoal rnclud|n nu aﬁ PH cy ural S F
5) ayg |np aa,.so VENIS I h ho ol'ds nting In glues
.In& H e 'E of a enlsi
Sour ce: ederal Environnen g
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Emissions of greenhouse gases,
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by sectors,

in former West Germany in 1990

Sources and_si nks of CO, CH, N.O CO NIW
g eerifouse” gdses M/a kt/a kt/a aﬁ% kt/a CF{ %:c:s
Total em ssions 709 5 015 182 2 379 7 131 2 234
Energy-rel ated em ssions 687 1 574 23 2 363 6 526 1 093
A Conbustion-rel ated 687 111 23 2 361 6 526 921
transfornaﬁg% generation and 275 9 10 364 96 9
2 Industry 121 10 3 177 624 9
3 Traffic and transport 139 47 7 1 570 4 984 827
4 Small consuners 45 2 1 31 24 1
5 Househol ds 94 16 2 67 350 11
¢ 6, Agriculture and 1 0 0 1 1 0
orestry
7 Oher? 13 2 - 145 155 41
8 Burning of bionmass? - 25 0 6 192 23
B Non-conbustion-rel ated 1 1 463 0 2 0 172
dlstrle¥EB%C%#on nand gas 1 261 0 2 0 172
2 Coal mning - 1 202 - - - -
| ndustrial processes 22 9 95 16 605 111
A Iron and steel industry - 6 - 3 495 8
B Non-ferrous netal 1 - - - 108 -
p roducti on
Chem cal industry 2 - 10 9 2 -
(|norgan| ?
D Chem cal industry - - 85 - - 52
(organic
E Nonnetallic mnerals 19 - - 4 - -
F Oher - 3 - - - 51
. Use of solvents and - - 5 - - 1 030
products
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gPULRRS,2Rd 3L ass of €O CH N0 as co CI_'E\"VP:’
M/a kt/a kt/a t/a kt/a Lf?/cc:s
/a
A Painting - - - - - 380
Degr easi ng and dr - - - - - 110
c ean|%g _ g y
Productignm _and—use of - - - - 160
cEeana pLoduc?s N
— D _oner - o 5? - - 1e1Y)
4 Agrrcurtare . = I 497 .. .. ..
A Fernmentatton - 045 = - - -
B AN mar, waste . - 52 9_ - -
D AgrTculturat soris, . - - 4 - - -
teL” Mg Oor agrrcul vurdal - IT. d. IT. d. IT. d. IT. d. IT. d.
5., Land- use changes and 14> - - - - -
forestry . . . ,
A MVer s I O 1TOrest -
|angb?o arabl e or pasture
Conyersion of grasstand T, .
tQ aLabYe Tand i o
C .Dell-dbl e, Ol IT. d.
agrlcy tural, | and PN
D, vamaged 1 orests =4~ — -
0. Vas{ e mandagemnernt - 1935 4 m._d. m._d. m._d.
A DUNpSTtes ) ) = I 917 = = = =
B \B.p[)erL er_(redat ment = él as = = =
C U 1mer IT. d. IT. d. IT. d. IT. d. IT. d. IT. d.
[ gi- seds DUpKer | ngc> o) —( 9] . d. 178 g_l‘. I3
TTILEeTTIAalT Ofldl dIi'T 11 drnsporit™ 11 U IT. d. a9 4 J
D t. includin raffi nd transport em ssions - No. em ssi ons
2) pchyglppct[gLFgcaﬁ88f2r8n§Por§pen1SS|ons n.a. No figures availabﬁe
> DRCFCS) | FERIPL Gt &b LAR| pey.pnl v weod putned, by, hgygehol ds and small cansurers,
Q aygﬁlnp aa;.solv?nrg I n ﬁouse OFHS, grlnylng I nks, gFues
I'ng Y ed ip tota enlsilons
Sour ce: ederal Environnen gency
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Tab. 3.4: Emissions of greenhouse gases, by sectors, in the area of the former GDR in 1990
Sources and _si nks of CO, CH, N.O CO NWV!
g eenfiouse” gases M/ a kt/a kt/a aﬁ% kt/a cu%.? OCs
Total em ssions 303 1 203 40 566 3 637 744
1. Energy-related em ssions 296 193 9 561 3 578 586
A Conbustion-rel ated 296 117 9 561 3 552 553
transfornaﬁg% generation and 161 3 5 308 825 2
2 Industry 48 6 1 40 275 6
3 Traffic and transport 20 22 1 163 1 006 425
4 Small consuners 20 3 1 4 159 9
5 Househol ds 35 75 1 6 1 133 85
¢ 6, Agriculture and 4 1 0 1 34 2
orestry
7 Oher ? 8 1 0 38 69 19
8 Burning of biomass? - 6 0 1 51 5
B Non-conbustion-rel ated 0 76 0 0 26 33
dlstrle¥EB%C%#on ? and gas 0 56 0 0 26 33
2 Coal mning - 20 - - - -
2. Industrial processes 7 2 5 59 18
A Iron and steel industry - 0 - 0 54 1
B Non- ferrous nmet al 0 - - - 5 -
producti o
C Chenic | industry 1 - 4 4 0 -
(rnorgani c
D Chem cal industry - - 1 - - 7
(organic
E Nonnetallic mnerals 6 2 - 1 - -
F O her - - - - - 10
3. Use of solvents and - - 1 - - 140
products
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gPULERSLE0d 3L aks of o CHy N0 N%oz <O Y
M/ a kt/a kt/a %Rt/ a kt/a cféﬁ.;gc:s
A Painting - - - - - 100
reasi ng and dr - - - - - n. a.
c ean|% 9 y
chen1 ub}b%[C?” use of - - - - 40
— D k1|1p[ 7 - — 1 - - M. a.
4 Agrrcul ture . - 54 25 M. d. M. d. M. d.
%\ Fermeqitat T on - QL% = - - -
AT TTar | Wast - 171 - - -
D HgllLUI[U[dF SO TS, - - 23 - -
UT TIT T1 O _agrrcul tor dl - IT. d. IT. d. IT. d. IT. d. IT. d.
ste 9 9
5. Land-use changes and 6> - - - - -
forestry . e . .
A T"ver blb?ll O 1T 017 estl -
|aH8 o arable or pasture
Conyersion of grasstand T
tQ aLabY T nd i o
abrigﬁﬁtﬁ?h? | and e
ﬁ:——ﬁ, VEITaged 1 Or ests —6)> —
0. VUSLE 1TalrdygeIreril IT. d. 407 IT. d. IT. d. IT. d. IT. d.
A IMMPST U ES - 4 - - - -
B '\apPerL er_treatment - %% - - -
C U 1mer IT. d. IT. d. IT. d. IT. d. IT. d. IT. d.
(i gi- seas UunKellng o I 9] . d. 21 [ T
TTILETTIAalT Ofldal dI' T 11 drspor — 1 U IT. d. P4 4 1
1 t . includin raffi nd transport em ssions - . No. eni ssSi ons
2) nclualnp {[ng'C aag ?ran§Por§pen1SS|ons n.a. No figures availabﬁe
3) r9n1agr cu u[e an .fo[ea y
a 1s i1nco gte inc H e§ only od buran bg hous?holds and smal | consuners,
2) arﬁoal rncludfn nu aﬁ ure PH a rlcy ural , was F
5) ayg |nP aa;.solv nts I n_households, printing Inks, glues
|n& H e 'E of a enlsilons
Sour ce: ederal Environnen gency
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3.1.2.3 Accuracy of emissions data

Table 3.5 contains a qualitative evaluation of em ssions-
data reliability for directly acting greenhouse gases.
In part, the em ssions data is subject to considerable
uncertainty. This is due, first of all, to a sinple |ack
of data for certain em ssions-produci ng processes. But a
much nore inportant reason is that the ways in which
vari ous em ssions-rel evant activities contribute to the
data are poorly understood. Both the soci o-economc
reference data and the listed em ssions factors are
subject to this type of uncertainty. Wiere detail ed,

wel | -founded statistics are available - for exanple, for
energy consunption, industrial production or |ivestock
inventories - the quality of the overall em ssions

pi cture hinges on the degree to which em ssions factors
are understood. But where statistics are |less well-
detailed - for exanple, for waste nanagenent - they

t hensel ves can be the cause of uncertainty.

Wth the exception of CO, em ssions factors have been
identified primarily on the basis of neasurenents carried
out under controlled conditions. In nmany cases, the
nunber of such measurenents nust be consi dered
insufficient, however - especially in the area of non-
energy-rel ated em ssions. Further research is being
carried out in this area.

In the present report, systematic determ nation of

em ssions includes, for the first tine, the conponents CH,
and N,O. In contrast to assessments of CO,, a conponent

for which well-founded em ssions data is avail abl e, study
of the greenhouse gases CH, and N,O (especially the
latter) is still subject, in general, to considerable
uncertainty.
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It should al so be noted, with regard to em ssions-data
reliability, that figures for the area of the fornmer GDR
are usually subject to greater uncertainty than are the
corresponding figures for former West Germany. This is
due partly to the fact that fewer em ssions studies have
been carried out there, and partly to the ngjor
transitions that took place in this area in 1990.

In general, reliability of conbustion-related em ssions
data continues to be considerably greater than data for
em ssions fromother types of processes, in which

pol lutant formation can be extrenely conpl ex. Such
conplexity is found in the em ssions-source groups

sel ected as subgroups. But it should al so be renenbered
that rel evant circunstances within these groups are by no
means honogeneous. For exanple, CH, emi ssions resulting
fromenteric fermentation in rumnants are relatively
wel | understood, while there is considerable uncertainty
regardi ng residual substances of animal origin -
concerning the anounts produced, the ways in which they
are stored and the rel evant em ssions factors invol ved.
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Tab. 3.5: Estimates of the accuracy of the 1990 emissions data for
Germany
Sour ces and si Nks Of gr eenhouse gases CC;, |CH; [N;O
T. Energy-related em SsSi ons E F F
A~ Combustion-related E F F
T Energy generation and transfornmati on E E F
Z I'ndustry E F F
3 TIraffic and transport E F F
4 Smal T consSumers E F F
5 Househol ds E F F
6 Agriculture and forestry E F F
7 Oher E F P
8 Burning of biomass - P P
B~ Non- conbusti on-rel at ed E P F
T Extraction and distribution of oil and gas |E F F
Z Coal mning - P -
Z. I'ndustrial processes F F F
A Tron and steel industry - F -
B~ Non-ferrous nmetal production F - -
C Chem cal industry (inorganic) F F F
D Chem cal iTndusiry (organicC) - - E
E Nonmetallic mnerals F - -
F O her - F -
3. Use of solvents and products - - F
A Painting - - -
B~ Degreasing and dry cleaning - - -
C Production and use of chem cal products - - -
D Oher - - F
4 Agriculture - F P
A Fermentation - F -
B~ Animal waste - P P
D Agricultural soils - - P
E Burning of agricultural waste - - -
5. Land-use changes and foresiry F - -
K;néxwwer5|on of forest Tand to arable or pasture |- - -
B~ Conversion of grassiand to arable Iand - - -
C Set-aside of agricultural Tland - - -
D WManaged forests F - -
6. VAste nmanagement - P P
A Dunpsites - P -
B~ Vastewater t(reatment - P P

C O her
") E&alitative eval uati on of data accuracy
E cel | ent
F Fair
P Poor

Source: Federal Environnment Agency
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3.1.3 Development of carbon dioxide emissions

Tabl e 3.6 shows the devel opnment of CO, emissions. As the table
i ndi cates, CO, em ssions increased from 1970 to 1980. Since
t hen, they have been decreasing.

Due to a lack of conplete energy data for 1992 and 1993, only
tentative figures can be provided here. Any di screpancies

bet ween these figures and published figures are due to this
report's strict adherence to the territorial principle. In
keeping wwth the IPCC s instructions, high-seas shipping
(bunkering) em ssions and international air-transport

em ssi ons have not been included in overall considerations.
These em ssions are listed separately, but have not been added
to total national em ssions.

CO, em ssions in Germany (not including high-seas bunkering and
international air transport) decreased from 1,068 mllion
tonnes in 1987 to 911 mllion tonnes in 1993. This decrease
corresponds to a reduction of 14.7% In the area of the fornmer
GDR, CO, em ssions decreased by nearly 50% during this period.
The main causes of this decrease were the econom c-
restructuring process; an approx. 6% decrease in popul ation
size; a partial shift of production into former West Gernmany;

i nprovenents in energy efficiency; and decreases in
consunption of lignite, a CO-intensive fuel. On the other
hand, CO, em ssions in fornmer Wst Germany were about 2% hi gher
in 1993 than they were in 1987 (cf. Fig. 3.4). This increase
nmust be seen in light of the fact that the popul ati on of

former West Germany grew in size by some 7% from 1987 to 1993.
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Tab. 3.6: Emissions™ of carbon dioxide in Germany between 1970 and 1993 [in millions of t/a]
*) Only balance-relevant emissions from fossil fuels and production processes

Ener?y- Non- Tot al Hi gh-seas |Internati
rel ated ener?y- em ssi on bunkerlng onal
em ssions |related S air
em ssi ons f,ransport
1970 995 3 1 032 13 4
711 | 284 30 7 741 | 291 12 1 4 0
1975 996 33 1 029 11 5
702 | 294 26 7 728 | 301 9 2 5 0
1980 1 074 34 1 108 11 7
766 | 308 26 8 792 | 316 9 1 6 0
1985 1 040 28 1 068 11 8
703 | 337 20 8 723 | 345 9 2 7 1
1987 1 041 27 1 068 11 9
699 | 342 19 8 718 | 350 9 2 8 1
1990 983 29 1 012 8 11
687 | 296 22 7 709 | 303 7 1 11 1
1991 940 25 965 8 10
723 | 217 22 3 745 | 220 6 1 10 0
%992 901 25 926 7 10
712 | 189 22 3 734 | 192 6 1 10 0
%993 886 25 911 7 10
710 | 176 22 3 732 | 179 6 1 10 0
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For mer West
Ger many

Area of the
former GDR
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3.1.4 Development of methane emissions

Unl i ke carbon di oxi de em ssions, nethane em ssions are caused
only to an insignificant extent by energy-rel ated processes.
The main sources of nethane are keeping of |ivestock in
agriculture, the waste-nmanagenent industry (gas rel ease from
dunpsites and wastewater treatnent) and fuel production,
storage and distribution.

Tabl e 3.7 summari ses the devel opnent of nethane em ssions in
Cermany (cf. Fig. 3.5). It shows that total em ssions in
Cermany decreased by about 12% from 1970 to 1992. In contrast
with the decrease in fornmer West Gernmany, annual em ssions in
the area of the fornmer GDR increased slightly, but
continuously, until 1989. In 1990, this trend reversed,
however, as a result of a drastic reduction of |ivestock

i nventories.

The nearly continuous reduction in total emssions is due to
decreases in livestock inventories (especially since 1990) and
to decreases in annual hard-coal production. This trend has
been partly countered by increasing dunpsite em ssions, caused
by increases in waste. The greatest uncertainties in this
context are encountered in assessing these dunpsite em ssions.
In the first place, the anmount of waste produced in Germany is
preci sely anal ysed only every three years (the last tinme was
in 1990; the area of the fornmer GDR was al so anal ysed, with
the results subject to najor uncertainties). The causes of

em ssions produced after 1990 can only be conjectured. In the
second pl ace, these em ssions are influenced by a w de
spectrum of factors, such as the precise conposition of waste,
dunpsite type, degree to which dunpsite material is conpacted
for deposition, etc. In conjecturing the causes of these

em ssions, it was only possible to consider such influences in
sum
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Tab. 3.7: Methane emissions In Germany, by sectors, between 1970 and 1992* [in kt/a; figures
rounded off]

Ani mal Ani mal | Fuel Wast ewat er Dunpsite O her Tot a
husband | husban | extracti on, t r eat ment S sources® | emis-
ry - dry - production, |sewage sludge ) si ons
fermen- | animal |[distributio recycling
tation waste |n
197 1450 620 2150 85 2450 320 7050
0
10 |39 |44 |18 2100 50 12 70 230 | 90 |60
50 |0 0 0 225 | 200 50 | 990
0
197 1500 640 1850 100 2500 250 6850
5
10 |42 |44 |20 1800 50 14 85 230 | 240 | 150 57
50 |0 0 0 0 95 | 50 | 110
0
198 1550 680 1700 110 2500 250 6750
0
11 |44 |47 |21 1650 50 15 90 220 | 280 | 140 | 120 |55 | 120
00 |0 0 0 0 50 |0
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198 1600 700 1700 110 2300 240 6650
5
11 |45 |49 | 22 1600 70 15 95 195 | 350 | 120 | 120 | 53 | 130
50 | O 0 0 0 50 |0
198 1500 680 1600 110 2300 240 6450
7
11 |44 |47 |21 1550 80 17 90 195 | 340 | 120 | 130 | 51 | 130
00 (O 0 0 0 50 |0
199 1400 620 1550 80 2300 230 6200
0
10 |38 |45 |17 1450 75 20 60 190 | 400 | 110 | 120 | 50 | 120
50 | O 0 0 0 00 |0
199 1250 540 1500 75 2500 220 6100
1
10 |25 |43 |11 1400 110 20 55 200 | 470 | 110 | 110 | 50 | 110
00 (O 0 0 0 00 |0
199 1200 520 1550 75 2650 220 6200
2
98 (22 |42 | 95 | 1400 130 20 55 210 | 550 | 110 | 110 | 50 | 115
0 0 0 0 50 |0
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*

Not i ncl udi ng hi gh-seas bunkering; figures
for 1991 and 1992 are based partly on
conprehensi ve estimates (statistics for these

years avail able only for animal husbandry).
Y Enmissions from production processes,
stationary and nobil e conbustion processes

Source: Federal Environnment Agency

Ger many
For mer West Area of the
Ger many former GDR
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3.1.5 Development of nitrous oxide emissions

In 1990, the main sources of N,O em ssions were industria
production processes (especially adipic acid production) and
agriculture (cf. Fig. 3.3). Data on the chronol ogi cal devel opnent
of NbOis available only for certain sectors; for this reason, such
data has not been included here.

In this context, it is noteworthy that, according to the best
possi bl e estimates, 1-3% of nitrogen fertilizers spread on fields
are emtted as N;O although this range is quite uncertain. There
is a dependency on soil type and soil use (anong other
dependencies). The literature gives figures between 0.3 and 9% for
this.

According to the nost recent findings, use of animl waste
produces hi gher N,O em ssions |evels than had previously been
t hought. These studi es have not yet been conpl eted, however.

A very large range of em ssions densities has been neasured in
agriculture. It does not suffice to determ ne anounts of N,O
directly emtted fromagricultural |land. There are at |east two
means by which nitrogen fromagriculture can be emtted indirectly
as NO

a) Nitrate nitrogen transported by | eachage water, and ammoni um
nitrogen transported through the atnosphere, can be
denitrified or nitrified at |ocations other than their
original locations. Wien this happens, NO is forned.

b) N.O di ssol ved in | eachage water is transported and rel eased at
a new | ocati on.



- 191 -

3.1.6 Development of nitrogen oxide emissions

Ni t rogen oxi des are produced al nost exclusively by conbustion
processes in plants and engi nes, through oxidation of the nitrogen
contained in fuels and conbusted air. Arelatively small process-
rel ated percentage of em ssions occurs predomnantly in the

chem cals sector (nitric acid production). The anmount figures are
cal cul ated as NOG,.

Tabl e 3.8 summari ses the devel opnent of nitrogen oxi de em ssions
in Germany. The table shows that total em ssions in Germany
decreased by about 4% from 1975 to 1991. Em ssions increased until
1986; since then, they have been decreasing. The causes for this
reduction in emssions, in forner West Germany, are conversion to
| ow-em ssions firing systens, as well as flue-gas denoxification
in large conbustion plants. As a result of the introduction of

em ssi ons-reduction technol ogi es, em ssions have al so decreased in
the transport sector, in spite of increasing traffic vol unes.

In the area of the fornmer GDR total em ssions have decreased
since 1989; this is due to the econom c restructuring processes
there. This trend is countered only by increasing em ssions in the
road-transport sector (increasing nunbers of autonobil es,

i ncreasing overall mleage).
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Tab. 3.8: Nitrogen oxide emissions (given as NO;) in Germany,
kt/a; figures rounded off]

by sectors, between 1975 and 1991" [in

Power | ndust ry® Smal | Househol d Road traffic O her Tot al
stations consuner s S traffic em ssi ons
dis?P?ct-
heat 1 ng
faciliti'es

1975 890 500 60 85 1 150 320 3 000
660 | 230 | 430 | 70 | 55 | 7 80 | 3 | 1050 | 100 330 | 95 500 | 510
1980 1 050 470 65 90 1 450 310 3 450
800 | 240 | 400 | 75 | 55 | 7 85 | 3 | 1350 | 100 220 | 90 950 | 520
1985 1 050 390 55 90 1 550 310 3 500
760 | 290 | 300 | 90 | 50 | 8 90 | 4 | 1500 90 230 | 80 900 | 560
1986 1 050 380 60 95 1 650 320 3 500
730 | 300 | 290 | 90 | 50 | 8 90 | 4 | 1 550 90 240 | 80 950 | 570
1987 950 370 50 95 1 650 310 3 450
660 | 300 | 280 | 95 | 45 | 6 90 | 5 | 1550 | 110 230 | 80 850 | 590
1988 890 370 50 85 1 650 310 3 350
590 | 300 | 270 | 100 | 40 | 7 80 | 4 | 1550 | 110 230 | 80 750 | 600
1989 780 350 45 75 1 650 320 3 200
480 | 300 | 260 | 95 | 35 | 6 70 | 4 | 1550 | 120 240 | 80 600 | 610
1990 610 320 40 75 1 650 320 3 000
340 | 270 | 250 | 70 | 35 | 6 75 | 4 | 1500 | 140 250 | 70 450 | 560
1991 570 280 45 90 1 650 300 2 900
350 | 220 | 240 | 35 | 40 4 85 | 3 | 1500 | 150 240 | 60 450 | 470
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i ndustrial conbust

Sour ce: Federal Environment Agency

Not i ncl udi n C%-seas bunkering; figures do not
correspond to th e | PCC structure; di screpanm es W th Tab.
3.1 throug 4 are pOSSIb|e as a result of different
glfferentlatlons of air traffic

I ncl udes em ssi ons f om producti on processes and

e}

Ger many
For mer West Area of the
Ger many former GDR
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3.1.7 Development of carbon monoxide emissions

Car bon nonoxide is fornmed primarily through inconplete conbustion
in engines and smal |l er conbustion plants. Process-rel ated

em ssions occur primarily in the areas of iron and steel, non-
metallic mnerals and alum nium Table 3.9 summari ses the

devel opment of carbon nonoxi de em ssions in Germany. As the table
shows, total em ssions in Germany decreased by about 45% from 1975
to 1991. The disproportionately |arge em ssions decrease in forner
West Germany is due mainly to | egally mandated exhaust regul ations
for road traffic and to conversion to |iquid and gaseous fuels,

wi th considerably nore favourable em ssions trends, along with

| egal regulations, in the areas of househol ds, small consuners and
i ndustrial conmbustion plants. In the area of the fornmer CGDR, the
em ssions decrease has been due to the structural changes there,
whi ch began at the end of the 1980s, and also to conversions to

ot her fuels in households and snal |l er conbustion plants.



Tab. 3.9: Carbon monoxide emissions in Germany, by sectors, between 1975 and 1991" [in

rounded off]
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kt/a; figures

Power | ndust ry? Smal | Househol ds Road traffic O her traffic Tot al
plants and consuner s em ssi ons
district-

heat i ng

faciliti'es

1975 660 2 800 440 2 150 10 400 600 17 000

35 | 620 [2350| 440 | 210 | 230 [1 250 | 900 700 | 630 440 | 170 14 000 | 3 000
1980 770 2 550 430 2 000 9 250 480 15 500

45 | 730 [2 050 | 520 | 160 | 270 | 960 | 1 050 | 8 500 | 740 320 160 12 000 | 3 450
1985 840 2 100 420 2 050 6 800 430 12 600

45 | 800 [1550| 570 | 140 | 280 | 880 | 1 150 050 | 780 280 150 8 900 | 3 750
1986 820 2000 400 2 050 6 850 410 12 500

45 | 780 [1 450 | 570 | 140 [ 260 | 810 | 1 250 050 | 820 270 | 140 8 750 | 3 800
1987 850 1 850 500 2 050 6 750 400 12 400

45 | 810 [1300| 570 | 130 [ 370 | 770 | 1 300 900 | 870 260 | 140 8 400 | 4 050
1988 850 1 950 430 1 800 6 600 380 12 000

45 | 810 [1 400| 580 | 120 [ 310 | 650 | 1 150 650 | 920 250 | 130 8 100 | 3 900
1989 840 2 000 370 1 650 6 250 380 11 500

45 | 800 [1 400| 570 | 110 [ 260 | 590 | 1 050 250 | 970 250 | 140 7 650 | 3 800
1990 780 1 750 340 1 750 6 000 300 10 800

45 | 730 [1300| 430 | 110 [ 230 | 580 | 1 150 850 | 1 000 240 | 55 7 200 | 3 650
1991 650 1 500 250 1 300 5 450 260 9 400

50 | 600 [1300| 210 | 120 | 130 | 640 | 650 450 | 1 000 220 45 6 750 2 650
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Not |nclud|ng hk%P seas bunkering; figures do not Ger many
espond t he™ | PCC structure; dlscrepanC|es w th Tab.

t hr ough 3 4 are possible as a result of different
erentiations of air traffi

I ncl udes em ssi ons fron1product|on processes and

i ndustrial conbustion

orr
.1
1 ff

WO

. Former West Area of the
Sour ce: Federal Environnment Agency Ger many former
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3.1.8 Development of emissions of methane-free volatile organic
compounds

About half of the em ssions of nethane-free volatile organic
conmpounds (NWQOCs) are produced by inconplete conbustion
processes, especially in notor vehicles. Larger plants, such as
power plants and industrial conbustion plants, are thus of |ess
inmportance in this context. The traffic sector, in addition to

em ssions in exhaust, produces additional NWOC em ssions through
evaporation fromvehicles - through tank ventilation and | eaks
(especially in carburettors) - and in distribution of |ight petrol
(storage, transfer and filling).

O her processes of considerable em ssions rel evance include
sol vent use and production processes, especially in the areas of
mneral oils, chemcals and the food and | uxury food industries.

Tabl e 3. 10 summari ses the devel opment of NWOC em ssions in
Germany. As the table shows, total em ssions in Germany decreased
by about 11% from 1975 to 1991. The em ssions decrease in forner
West CGermany is due to exhaust regul ations for notor vehicles, as
well as to corresponding |l egal regulations for industrial
processes. In addition, reduced solvent use hel ped decrease

em ssions. In the area of the former GDR, em ssions increased
until the late 1980s; since 1990, they have been decreasing
gradual |l y.
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Tab. 3.10: Emissions of methane-free volatile organic compounds, by sectors, in Germany
between 1975 and 1991 [in kt/a; data rounded off]
Stationary Fuel Road O her Sol vent use Total em s-
sour ces extraction traffic traffic si ons
o and
di stribution
1975 440 160 1 200 140 1 250 3 200
350 95 150 14 950 260 75 65 |1 150 120 2 650 560
1980 330 180 1 350 130 1 250 3 250
220 110 160 17 1 310 65 65 |1 150 140 2 600 650
050
1985 290 190 1 300 130 1 250 3 200
170 130 170 19 990 330 65 60 |1 100 150 2 500 690
1986 290 200 1 350 120 1 250 3 200
160 120 180 20 1 340 65 55 1 150 2 500 700
000 100
1987 290 210 1 350 120 1 250 3 200
160 130 190 20 970 360 60 55 |1 100 160 2 450 720
1988 260 210 1 350 110 1 200 3 150
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160 120 190 20 940 390 60 50 |1 050 160 2 400 740
1989 260 200 1 300 120 1 200 3 050
150 110 180 25 870 410 60 55 |1 050 160 2 300 750
1990 270 210 1 250 100 1 150 3 000
160 110 170 35 840 420 60 40 |1 050|140 000 | 2 250 740
1991 240 190 1 200 80 1 150 2 850
160 80 160 35 740 440 55 25 |1 000 | 140 000 | 2 150 720
’ Not includi ng deep-sea bunkerings; figures do not
correspond to the I PCC structure; discrepancies with Tab. 3.1
through 3.4 are possible as a result of different
differentiations of air traffic Ger many
b | ncl udes em ssions from production processes and
i ndustrial conbustion
For mer Area of the
Sour ce: Federal Environment Agency West former GDR

Ger many
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3.1.9 Perfluorated compounds

Em ssions in 1990 of the perfluorated conpounds CF, and GFs are
estimated at about 1,000 tonnes and about 150 tonnes,
respectively. These emi ssions occur primarily in connection with
al um ni um production. The maxi num for em ssions of sul phur
hexaf | uoride (SFs) in 1990 was about 500 tonnes.

3.2 Inventory of CO.,-binding in reservoirs/by sinks - forests

Where not indicated otherw se, figures are based on condition of
forests in Germany in 1992.

3.2.1 Forest area
Tabl e 3.11 shows the area of forest land in Germany; Table 2.12

shows the distribution of species.

Tab 3.11: Forest land in Germany

Area of forest land in 1990: 10.8 mllion ha
Percent age of |and covered by 30 %
forest:

| ncrease of 5,000 ha/a
Devel opnent over the | ast
decade: | ncrease of 10, 000 ha/a

Prediction for the next
decade:

Sour ce: Federal Mnistry of Food, Agriculture and Forestr
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3.2.2 Carbon reserves in forest ecosystems

3.2.2.1 Conversion of theoretical cubic metres of supply into
tonnes of carbon

To estimate carbon reserves, the wood supply is converted in the
fol |l owi ng manner:

Wth the existing distribution of species, one theoretical cubic
nmetre (TCM corresponds to about 0.5 tonnes of wood in absolutely
dry condition (adry). One tonne of wood adry corresponds to 0.5
tonnes of carbon (C). Consequently, one TCM corresponds to about
0. 25 tonnes of carbon.

3.2.2.2 Carbon storage in forests

It is estimated that about 1.5 to 2.0 billion tonnes of carbon (C)
are stored in Germany's forests. These figures are based on the
foll ow ng assunpti ons:

- Rough tinber: According to the results of the Federal Forest

| nventory, the average rough tinber reserves (logs over 7 cmin
diameter) in production forests of former West Gernmany anounts to
approx. 300 cubic nmetres of supply per hectare; for the area of
the former GDR, this figure is estimted at about 190 cubic netres
per hectare. This results in a weighted area-based average of 270
cubic nmetres of supply per hectare. This in turn corresponds to
approx. 67.5 tonnes of carbon per hectare.

- The remaining tinber mass above ground (mainly tinber below 7 cm
in dianmeter) is estinmated as about 30% of the rough tinber nass;
this corresponds to about 20 tonnes C ha.
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- Hardly any information is currently avail able about the carbon
reserves in the renmaining above-ground biomass (for exanpl e,
ground vegetation, dead wood); it is assuned that these reserves
can be neglected in this context.

- The anmpbunt of carbon contained in biomass bel ow ground (roots
and hurmus) is currently estimated at 50 to 100 tonnes C ha.

3.2.2.3 Annual carbon binding in forests

At present, the annual growth of tinber stocks in Germany anounts
to about 6 n¥/ha. These figures are based on experience. An average
of approx. 4 m/ha are renoved each year by felling and other uses,
so that annual net growth anounts to about 2 ni/ha. This neans that
existing forests currently store an additional 0.5 tonnes C/ ha, or
a total of 5.4 mllion tonnes C, per year; this is equivalent to
about 20 mllion tonnes of CO, (cf. Tables 3.1 through 3.4 and A
42). But the storage capacity of this reservoir stops increasing
when forests reach a maturity stage (climax stage), and thus their
maxi mum bi omass levels. It is not possible to predict when this
occurs; when it does occur, forests cannot bind any additional CG
The vol unes of bound carbon and rel eased carbon then bal ance each
other. Later, the bound carbon can be released in a deconposition
phase, to be re-bound in turn during the subsequent buil d-up

phase. These phases follow a variable course within a npsaic of
smal | -scal e space franes and tinme franes.

The tinber harvested is converted into products of varying "life
spans". Carbon stored in this tinber remains bound for a
consi der abl e peri od.
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4. Effects of climate change and adaptation
measures

Cli mate changes can affect "natural systens"” (geo- and

bi osystens), the "material basis" of human civilisation
(econony, agriculture and forestry, infrastructure) and
soci al aspects of quality of life that are primarily non-
material, such as individual and social |ifestyles,
culture and policy (cf. Chapter 1.4)

These areas are interrelated in conplex ways. By
nodel | i ng interconnections and interactions between
climate and the areas it influences, it is possible to
obtain insights into the sensitivity or stability of
these areas in the face of climte changes.

4.1 Climate scenario

The statenments nmade in this report concerning the future
devel opnment of European clinate are based mainly on
findings of climte forecasts prepared at the MPI Hanburg
and the Hadley Centre in Bracknell, England. These
forecasts enpl oy coupl ed ocean-at nosphere circul ation
nodel s (cf. Chapter 1.3). The Hadley Centre's scenario
cal cul ations are based on the assunption that CO,
equi val ency concentrations increase by 1% annual ly; the
MPI Hanmburg uses an annual -i ncrease figure of 1.3% (1PCC
em ssi ons scenario A).

Temperature

A nean tenperature increase of approx. 0.25"C per decade
is forecast for Western Europe. The natural variability
in the nean surface tenperature, about 1"C, coul d nmask
the forecast warmng in Western Europe for about 30-50
years, however
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Precipitation

Cli mat e- nodel cal cul ations indicate an increase of w nter
precipitation in northern and central Europe. It has not
yet been possible to derive a clear trend for the sumer
nmonths. An increase in the frequency of regional strong
rains seens possible. Due to the very large variability
of precipitation, by quantity, area and tinme, clinmate-
rel ated changes are not likely to becone apparent for at
| east 100 years.

Soil moisture

No substantial change in soil noisture during the cold
hal f of the year is expected for Western Europe. During
sumer nont hs, increased tenperatures woul d be expected
to decrease soil noisture, if precipitation patterns
remai ned unchanged.

Storms

No reliable predictions concerning changes in the
frequency and intensity of storns can be nmade, since the
nodel s yield partly contradictory results concerning this
poi nt .

Sea level rise

Over the next hundred years, the seas are expected to
rise between 15 and 20 cmas a result of therma
expansi on of sea water. The expected nelting of nountain
glaciers and smaller inland ice sheets could entail a
further increase of the sane order. Al in all, the nean
rate of sea level increase is expected to be between 3-4
mm per year. These figures are considerably |ower than
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t hose obtained with sinpler | PCC nodels in 1990. Regi onal
variations in projected nean global rise are possible.

4.2 Aguatic ecosystems

4.2.1 Marine and coastal ecosystems

The potential effects of changed climatic conditions on
coastal ecosystens (dunes, tidal flats, bodden areas,
salt marshes, estuaries) have been little studied, in
conparison with potential effects on biosphere and
geosphere systens. It nmust be assuned, however, that the
tidal-flat and bodden ecosystens so typical of Gernman
coastal areas could be seriously affected by climate
change. Shifts in the physical, chem cal, biological and
hydr odynam c paranmeters of these ecosystens woul d have to
be expected, along with effects on their biocenotic
structures. Species and habitats threatened or
overstrained by human interference could suffer serious
additional effects. Measures of coastal protection could
partly Iimt the abilities of tidal-flat and bodden
ecosystens to respond dynam cally to changes.

Arise in sea levels would increase the frequency of
critical water |levels and exacerbate the risk of

fl oodi ng. Increased action of erosive forces could cause
coastlines to recede. O her possible consequences could
include a rise of the near-shore groundwater |evel and a
progressive salinisation of coastal-region aquifers.

As regards tidal flats, |andward displacenent of the surf
zone would result in a local |loss of elevation and in
deepening of tidal channels. Apart from a progressive

i nundation of tidal flats, this could involve hei ghtened
erosi on, which could denude these areas and destroy

exi sting tidal areas and their ecosystens.
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Typi cal of the bodden areas are frequent changes in the
flow direction of water currents and in salinity. This
does not necessarily nean that they are less resistant to
climate change, however. In particular, changes in
precipitation patterns could become a stress factor for
bodden areas.

I n addi tion, brackish water could penetrate nore deeply
into estuaries, especially into the devel oped estuaries
of the Weser and Elbe rivers; this would have serious
ecol ogi cal consequences.

Changed wi nd conditions, resulting in new predom nant

wi nd directions, could affect rates of | ongitudinal

sedi ment transport and influence the material bal ance of
adj acent coastal zones. This could involve the

di spl acenent of zones prone to erosion and accunul ati on,
as well as shifting of dune-formng zones. An increase in
mean wi nd velocities would result in rougher seas and

i ncreased hydrodynam ¢ energy acting on individual

coastal sections.

A shift in seasonal distribution of precipitation could
result in changes in substance and sedi nent input from
| and.

4.2.2 Limnic and fluvial ecosystems

In all likelihood, climte changes will affect
hydr ol ogi cal cycles in central European regions,
influencing limic and fluvial ecosystens in the process.
Warm ng of near-ground air would al so rai se water and
ground tenperatures, which would probably influence water
quality and the conposition of aquatic comrunities.
Changes in flow reginmes could al so affect many areas of
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t he German water resources managenent industry.

Warm ng coul d be expected to bring higher streamflow in
the winter season and lower flow in sumer. The present
flow regime of rivers such as the Rhine and the Danube is

characterised by the balancing function of snowfall in
the Al ps. Increased air tenperatures would shift snow and
glacial lines of alpine and central nobuntain regions in

such a manner that |ess water would be stored as snow
during the winter nonths. This trend, in conjunction with
the forecast slight increases in anbunts of w nter
precipitation, would increase run-off during w nter

nont hs, thus exacerbating the risk of flooding,
especially during strong rains. As a consequence, the
danger posed by identified river flooding areas to
settlenments could increase, and |imtations m ght be

pl aced on use of unsettled river flooding areas.

Possi bly, flood spillways of existing reservoirs and
retention basins would no | onger be able to safely carry
of f increased flood run-off.

I n summer nonths, the amount of water contained in

i ncreased winter run-off would be |l acking (due to | ack of
storage); this would decrease run-off volunme, leading in
turn to higher nutrient and pollutant concentrations in

t he wat er bodi es concer ned.

Sedinmentation in free-flowing waters will increase as a
result of higher solids and bed-load transportation. This
could inpair both the function and the service |ife of
reservoirs. Mreover, siltation of |akes would be
accelerated in regions prone to hei ghtened erosion.

| ncreased frequency of strong rains would intensify soi
erosion, especially inregions with l[ittle plant growth
(in certain periods) and on cultivated |and in areas
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particularly subject to erosion during periods of little
or no vegetation. In addition, existing urban drainage
systens and stormmater outlets of wastewater treatnent

pl ants m ght be overburdened. And during extended periods
of low water flow in receiving bodies, during sumrer
nmonths, the ratio of discharged drai nage water to
receiving water could change for the worse.

A change in anounts of precipitation, and in seasonal

di stribution of precipitation, would also affect new
col l ection of groundwater. Intensified groundwater
col l ection woul d have to be expected during w nter nonths
in regions with highly perneable soils. In sumer nonths,
war m ng woul d reduce new groundwater collection,
especially in | ess perneable soils, as a result of
greater evaporation in conjunction with norm
precipitation. Initial nodel calculations using these
assunptions have indicated that a reduction of the
useabl e groundwater supply in northern and western Gernman
regions would occur. If agricultural water requirenents

i ncreased, supply of water from groundwater could be
affected in regions with reduced groundwater collection.

Run-of -river hydroel ectric power stations would generate
| ess power in the sunmer due to reduced streamflow. The
efficiency of thermal power stations using either flow
cooling or closed cooling systens woul d decrease with

hi gher water tenperatures, due to a decrease of the
useful warm ng-up margin.

In sections of navigable waterways w thout barrage weirs
with lock, reduced streamflow in sumer nonths would
result in dimnished | oadi ng depths and, consequently, a
[imtation or even suspension of navigation. Shipping
traffic would al so be hanpered in winter nonths, due to
i ncreased flood frequency. A further obstruction of
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navi gation is expected to arise from accel erated
sedi nmentation in waterways, especially within reaches and
har bour inlets.

4.3 Terrestrial ecosystems

4.3.1 Agriculture

In addition to the effects of changed physical clinmate
paranmeters (tenperature, precipitation, radiation), the
direct effects of a changed conposition of substances in
t he atnosphere will decisively influence the consequences
of climte change for vegetation

Climate changes could | ead to selection pressure. The
results of such pressure, functioning within the
framewor k of adaptation processes, cannot be predicted,
due to the manifold interactions involved. One thing is
certain, however: during these adaptation processes, the
stability of the ecosystem s structure can be adversely
affected (for exanple, by the appearance of new conpeting
speci es, new pests or increased pest abundance; by new
pat hogens; and by increased fire risk and soil erosion).
As tenperatures rise, the natural range of tropical-

di sease pat hogens coul d spread nort hwar ds.

O outstanding i nportance anong the direct effects of a
change in atnospheric substance conposition are the
effects caused by the change in CO, content. CO, has
particular significance in this context due to its key
role in plant photosynthesis.

It is assuned that an increase of CO, concentrations would
reduce in intensified plant growh - at least in G

pl ants. But scientists di sagree over whether increased CO
concentrations woul d i ndeed have this "fertilization
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effect".

There are first indications, however, that high CO |evels
coul d cause consi derabl e changes in the chem ca
conposition of plants (for exanple, changed C/ N rati os).
Little is still known today about what effects this would
have, for exanple, on crop harvest quality, on
infestations with destructive insects and on soi

nutrient reactions in general. A nobst nothing is known
about how perennial crops would react to high CO
concentrations in the atnosphere.

Current know edge does not permt quantitative assessnent
of the inpact of global clinmate change on dry matter
production in agricultural crops and in wld plant stock,
and hence on the dynam cs of natural vegetation.

The magni tude and speed of clinmate change could inpair
the adaptability of agricultural ecosystens.

4.3.2 Forests and unmanaged terrestrial ecosystems

Forests are extrenely conpl ex ecosystens. They woul d be
particularly affected by climte change because trees
have long |life-spans and - conpared to climte change -
| ong generation tines. Endangering forests woul d nean
endangering their nultiple functions. As the climte
nodel s and climate forecasts still [ack regional
resolution, it is hardly possible to forecast the inpact
of climte change on Germany's forest ecosystens (cf.
Chapter 4.5). The extent to which climte change coul d
overwhel mthe forestry sector's neans of adapting forests
is also still unclear.

Simlar statenents can be made about unmanaged
terrestrial ecosystens, of which only a small nunber are
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left in Germany. These ecosystens are indi spensabl e as
part of an integrated gl obal concept for stabilising and
conserving nature's bal ance and bi odiversity, and they
provi de greater |atitude wi thin which evolutionary
processes can adapt to climate change. That is why they
have been pl aced under protection and turned into

nati onal parks, nature reserves and forest reserves.

A progressive increase of atnospheric CO, concentrations,
and a shift in climatic zones, would disturb the

i nteractions between natural conmunities and site
conditions. This would create additional risks for

t hreat ened speci es and habitats.

4.4 Socio-economic effects

Consi derabl e uncertainty prevails with regard to the
econom ¢ and social effects of climte change. Changes in
quality of life and in living conditions could result
both directly fromclimate itself (changes in tenperature
and weat her) and fromthe consequences of clinmate change
for econom c activities. Such consequences, for exanple,
could take the formof material |osses for the

i nhabitants of affected regions. Even though there is
still considerable uncertainty concerning regional
climate changes, it seens necessary (and a dictate of
precaution) to anal yse soci o-econom c systens'
sensitivity and stability in the face of clinmate change
and to devel op possi bl e adaptation strategi es.

4.4.1 Economic sectors and infrastructures
Not only can global climte changes affect different

regions in different ways; their effects on the various
areas of human activity can also vary. It is likely that
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econom c sectors that are particularly dependent on
certain environnmental conditions, or on environnental
resources that depend on certain conditions (for exanple,
veget ation, |andscapes), or on climate-sensitive
infrastructure systens (for exanple, navigable rivers),
woul d be particularly affected by changes.

Climte changes would primarily affect forestry, but they
woul d al so influence agriculture, fisheries and tourism
Attention should also be given to the sensitivity and
stability of infrastructures in the face of clinmate
change; for exanple, consideration should be given in
this context to the water supply, to wastewater
treatment, to the energy supply and to coastal and fl ood
protection.

4.4.2 Migratory movements

The existing disparities in prosperity anong the
different parts of the world, and variation in |evels of
nati onal devel opnent, are a major driving force behind
m gratory novenents. Increasingly, environnenta
degradation (for exanple, the loss of agricultural |and
t hrough erosion and drought) is also the cause of

m gratory novenents.

There is a likelihood that global climte changes woul d
cause additional mgratory novenents. Increases in

m gratory novenents woul d exacerbate the potential for
conflict in regions affected by mgration. Conflicts

woul d al so affect the econom c and social situations of
the countries fromwhich, and into which, mgrations were
t aki ng pl ace.
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4.4.3 Health

Human heal th and wel | - being can be influenced by climate
changes. As epi dem ol ogi cal studies of the effects of
unusual weat her conditions on health reveal, such

i nfluence woul d especially be possible if climte change
occurred too rapidly to permt adaptation.

Human health can also be indirectly affected by climte
change, when pat hogens spread to new regions as a result
of changed environnental conditions. It is assuned that,
depending on the regional effects of global warm ng,

pat hogens of tropical diseases could spread to Europe's
t enperate zones.

Cultivation of crop species adapted to new climtes, and
installation of irrigation systens in arid regions, could
cause pat hogens, pests and, possibly, epidemcs, to
spread, and to nultiply/intensify or occur in previously
unaffected regions. It nust be remenbered that such newy
affected regi ons woul d have had no chance to devel op

resi stance agai nst new pat hogens.

4.5 Adaptation measures

The Federal CGovernnment considers nmeasures for conbatting
t he ant hropogeni ¢ greenhouse effect to have priority. For
this reason, and because the magnitude of climate change
cannot yet be sufficiently well forecast, no neasures for
adapting to climte change are yet planned.

Because the regional effects of climte change cannot be
forecast, forests with a high degree of ecol ogi cal
resilience have particul ar significance. The formation of
such forest types can be pronoted by applying the
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fol |l ow ng managenent principl es:

- | ncrease use of forestry nmethods that pronote near-
natural forest ecol ogies;

- Protect and build-up ecologically stable, high-yield
mul ti - speci es stands,

- Avoi d | arge-scal e clear-cutting,

- Pl ant appropriate (e.g. for the site) tree species,

- G ve preference to natural forest rejuvenation

- Use integrated plant protection,

- Use non-damagi ng stand care and soil husbandry

practi ces,
- Keep wildlife density at an ecol ogically conpatible
| evel .

Such neasures nust not be viewed as substitutes for
climate protection; they are supporting neasures.

In order to identify and prepare neasures to adapt to
climate change, the Federal Governnent is enphasising
research into the consequences of climte change (cf.
Chapter 7.1.3.2).
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5. Programme of measures to reduce emissions of climate-
relevant gases and to bind them in reservoirs
and by sinks

5.1 General description of the Federal Government"s programme
of measures

By resolution of 13 June, 1990 the Federal Governnent
established the "CO, -reduction” Intermnisterial Wrking G oup
(IW9, placing it under the managenent of the Federal Mnistry
for the Environnent, Nature Conservation and Nucl ear Safety.
The IWG s task was to prepare proposals for protecting the
earth's atnosphere, on the basis of a 25% reduction of CO,

em ssions in former West Germany by the year 2005 - in rela-
tion to 1987 em ssions levels. This reduction is to be an im
portant el enment of a gl obal concept. The | W was al so tasked
W th studying possibilities for reduction of other energy-re-

| at ed greenhouse gases.

On 7 Novenber, 1990 the Federal Cabinet passed a second
resolution for reduction of energy-related CO, em ssions. Ac-
cording to this resolution, "The | W5 should orient further
proposals to a 25% reduction of energy-related CO, em ssions in
former West Germany, and, in view of the greater potential for
CO, reduction in the new Federal L@nder, as expected through
current findings, should orient proposals for that area to a
consi derably hi gher percentage reduction by 2005 - in relation
to 1987 em ssions |evels.™

On 11 Decenber 1991, the Federal Cabinet took note of the "CO
-reduction” IW5G s second internediate report. The Cabi net
upheld its previous resolutions in this context - those of 13
June and 7 Novenber 1990 - and resolved to strive for a 25-30%
reduction of CO, em ssions in Germany by the year 2005, in
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relation to 1987 levels. The Federal Governnent is aware of
the difficulties of achieving this; this awareness al so arises
from consi deration of the changed worl d-w de franework.

The Federal Governnment bases its policy for reducing em ssions
of CO, and other greenhouse gases on the need for precaution-
ary nmeasures to protect the climate, on requirenents for
further reduction of "traditional" environnmental pollution and
the necessity of conserving limted resources over the nmedium
to-long term Energy-related nmeasures not only contribute to
climate protection, they al so ease the burden on the environ-
ment, across a wi de spectrum (reduction of air, water and
ground pol lution). Reducing non-energy-related climte gases
has a simlar effect. Consequently, a nunber of different ains
are being sinultaneously acconplished within the Federal
Governnent's gl obal concept, along the lines of a "take
precautions and avoid regret policy".

Since downstream facilities for reducing CO, enm ssions are

still neither technically nor economcally feasible, the only
approach to solving this problemis efficient and thrifty
energy use, on all levels of energy supply and use, along with

fuel substitution, in order to reduce em ssions of CO, and of

ot her greenhouse gases. In the view of the Federal Governnent,
progress in efficient and thrifty energy use is a requirenent

for lasting reductions in greenhouse gases.

Overall, the Federal Governnent maintains that its clinmate-
protection policy is beginning to have an effect. It calls
attention in this context to the neasures it has been im

pl enenting, step by step, since 1990. This package, consisting
of sonme 100 neasures that have al ready been inpl enmented or
that are in the inplenentation phase, clearly highlights the
Federal Governnment's intent to integrate econonm c instrunents
regul at ory approaches and supporting neasures, within the
framewor k of a gl obal concept. The Federal Governnent is
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determned to continue with this step-by-step inplenentation
of its climte-protection strategy, including the CO, -reduc-
tion progranme.

5.2 Contents of the Federal Government®s programme of
measures
5.2.1 Measures for reducing emissions of climate-

relevant gases

Table 5.1 (Part A) lists those of the Federal Governnent's
nmeasures for reducing em ssions of CO, and ot her greenhouse
gases that have al ready been approved and are bei ng/ have been
i npl enented. The neasures are grouped into the sectors energy
supply, traffic and transport, buildings and structures, new
technol ogi es, agriculture and forestry, waste managenent and
over ar chi ng nmeasur es.

Table 5.1 (Part B) lists those of the Federal Governnent's
nmeasures for reducing em ssions of CO, and ot her greenhouse
gases that are currently being approved by the rel evant

deci si on- maki ng bodi es, or whose approval is being prepared or
pl anned. The measures are grouped into the areas of energy
supply, traffic and transport, buildings and structures and
over ar chi ng nmeasur es.

Sonme of these neasures are new instrunents that have been
added since 1990. The great mmjority, however, are existing
instrunments that, since 1990, have been anended with a view to
reduci ng em ssions of CO, and ot her greenhouse gases: whose
requi renents have been tightened, whose terns (i.e. deadlines)
have been extended with regard to the CO,-reduction programe,
or whose areas of application have been broadened with regard
to this programe.
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The neasures are ained at reducing em ssions of CO, and, in
paral lel, those of other greenhouse gases as well, although
these ains are not explicitly stated in every case.

Measures for research are described in Chapter 7; measures
for providing environnental information, education and train-
ing are described in Chapter 8.

Chapter 5.3 lists neasures of other involved parties (inclu-
ding the Lander); neasures being carried out in the European
Union framework are listed in Chapter 9.3.3.
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Federal measures to help reduce emissions of CO, and

other greenhouse gases)

Part A.

Energy supply:

Measures that have been approved and are
bei ng/ have been i npl enent ed

Measur e Remar ks
1) Federal table of The new federal table of charges for electricity
har ges for provi des greater fairness in electricity rates for

)l ectricity
Bundest ari f or dnung
Hlektrizit@)

private househol ds, commerce and agricul ture, and
strengthens incentives for saving electricity. To
achi eve these goals, the dependency of electricity
rates on consunption was increased (took effect in
1990) .

2) Support for
ocal and regional
'ner gy-supply and
:l'i mat e- protection
zoncept s

Bui I di ng on experience in former West Germany, the
Federal Governnent is supporting various nodel projects
for energy-supply concepts focused on reduci ng CO

em ssions in the area of the forner GDR The energy
agencies that, increasingly, are being funded by the
L@der can help to support devel opnent of energy-supply
concepts. Detail ed evaluation of the relevant programe
of joint work by the Federal Mnistry for Research and
Technol ogy and the Federal Mnistry for Regional

Pl anni ng, Building and Urban Devel opment was conpl et ed
in 1991.

3) Act on the Sale
f Electricity to the
xid

The Act on the Sale of Electricity to the Gid took
effect on 1 January, 1991. In it, the Federal

Governnent sets forth m ni nrum paynent |evels for
electricity generated fromrenewabl e energies, thus
consi derably enhancing the framework for renewabl e
energi es. An amendnent of this act, which was passed in
m d- 1994, explicitly extends the act to cover
electricity generated from organic residue and waste
produced in comrercial use and processing of wood
(limted to plants of up to 5 MN. At the sane tine,
paynent levels for electricity generated by

hydroel ectric plants and conbustion of organic residues
and waste, and fed into the grid, were inproved. Even
hi gher payment |evels continue to be in force for
electricity fromw nd and sol ar power.

The Federal Mnistry of Econom cs intends to discuss
the act's area of application, especially the issue of

i ncl udi ng heat/power cogeneration, as part of its
progress report to the German Parlianent, which it (the
m ni stry) has announced for the end of 1994/ begi nni ng
of 1995, when the law is to be passed. The prelimnary
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Measur e

Remar ks

work for this report has begun.

4) Elimnation of
he excise duty on
anps

The excise duty on |anps was elimnated as of 1 Jan
1993. As a result, new energy-saving lanps will no
| onger be taxed differently than conventional | anps.

5) Federal Govern-
rent/ L@der district-
1eat i ng noderni sation
yrograme for the
irea of the fornmer
DR

In 1992, a joint Federal Governnent/L@der support
programme was begun to increase use of heat/power
cogeneration and to nodernise the district-heating
network in the area of the former GDR The progranme
has annual funding of 300 mlIlion DM of which the
Federal Governnent and the L@hder each provide half. To
date, a total of 433 nmeasures, representing an

i nvestnment volume of ca. 1.15 billion DM have been
funded. The mgjority of the funding has been
concentrated on energy-generating plants, with the aim
of increasing use of heat/power cogeneration. The
programme is scheduled to continue until 1995.

Operators of district-heating facilities (generation,
distribution, transfer facilities) are eligible to
apply for the programme. In each case, up to 35% of
costs eligible for subsidy can be subsidised. In
exceptions, a Land may grant a hi gher subsi dy.
Applications can be submtted to the rel evant economc
mnistries in the area of the former GDR This jointly
funded district-heating nodernisation programe is
expected to enable district heating, provided primarily
by through heat/power cogeneration, to maintain its
conparatively |arge share (23% of the indoor-heat

mar ket . Use of small heat/power cogenerators can help
nmeet this aim

6) Funding for
enewabl e energies

The 1994 federal budget includes a total of 10 mllion
DM for funding individual neasures involving use of
renewabl e energies. This is not a general market-

i ntroduction progranmme. The Federal Governnent plans to
continue this support, at a level of 30 mlIlion DM year
in 1995 and 1996, and at a level of 20 mllion DM year
in 1997 and 1998.

7) Energy-saving
pr ogr amm
e of the
Eur opean
Recovery
Pr ogr anm
e (ERP)

Thi s programe supports the installation, expansion and
noder ni sation of plants and machi nes that

a) Save energy and use it efficiently;

b) Use renewabl e energi es.

Smal | and nedi um si zed i ndustrial conpanies are
eligible to apply. Lowinterest |loans of up to 1
mllion DM are provided, covering up to 50% of eligible
costs. Loans may be | arger in exceptional cases of
particul ar environnental policy significance. Ap-
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Measur e Remar ks

plications may be submtted to any bank. ERP loans are
di sbursed through the Deutsche Ausgl ei chsbank, Bonn.

8) Support for The primary focus of this support is advising

wdvi sing of small and | concerni ng econom ¢, organi sational and technica
redi um si zed com questions related to thrifty, efficient energy use
)ani es  concer ni ng (advi sing on energy-saving).

'ner gy-savi ng
Those eligible to apply include | egally independent

i ndustrial conpanies, if their turnover in the fiscal
year prior to their application did not exceed 30
mllion DM as well as agricultural-sector conpanies
whose turnover in the fiscal year prior to their
application did not exceed 2 mllion DM

Subsidies are granted up to 40% of the rel evant

i nvoi ced advising costs, up to a nmaxi mum of 3,000 DM
In each case, total subsidies of up to 6,000 DM nay be
applied for. Industrial conpanies submt applications,
after conpletion of advising, to the Association of
German Chanbres of Industry and Conmerce, to the
Federation of German Industries or to the business-
pronoti on associ ation of the Federation of the Self-
enpl oyed (CGewer bef rderungsgesel | schaft des Bundes-
ver bandes der Sel bst @di gen).

Crafts conpanies apply to the German Crafts Federation
(Zentral verband des Deut schen Handwerks); agricul tural
conpani es apply to the Federal Ofice of Food and
Forestry (Bundesant fhr Ern@rung und Forstw rtschaft).
Subsidies are paid only when applicants have thensel ves
paid the invoiced advising fees in full. Recipients of
advi sing subsidies fromother public funds are
ineligible for the programre.

9) Support of the The Federal Mnistry of Econom cs has funded the Forum
orum f hr Zukunfts- fhr Zukunftsenergi en (Future Energy Forum since it was
nergien founded in 1989. The mai n enphases of the Forum s work

are efficient energy use and renewabl e energies.
Support will continue, and be gradually reduced, until
1996. As of 1997, no further public funding will be

provi ded.
10) Information on In 1993, the Federal Mnistry of Econom cs published a
Ise of renewabl e brochure entitled "lIncreasing Use of Renewabl e
'ner gi es Energi es” (Erneuerbare Energien - verst @kt nutzen).

The brochure contains information about use of
renewabl e energies in Germany, as well as information
about avail abl e support and institutions that can
provi de further information and consultation.
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Measur e

Remar ks

The Federal Mnistry for Research and Technol ogy al so
publ i shed a brochure; it is entitled "Renewabl e
Ener gi es” (Erneuerbare Energien). It describes current
applications and the nost recent research and

devel opnent progress regardi ng renewabl e energies.

11) Information on
savi ng energy and on
0f ficient energy use

The Federal Mnistry of Econom cs has published a
series of brochures on the topic of "thrifty and
efficient energy use" (sparsame und rationelle

Ener gi everwendung). These publications describe, in
cl ear |l anguage, the range of possibilities available
to concerned citizens for saving energy.

The Federal Mnistry for Regional Planning, Building
and Urban Devel opment has a brochure with a simlar
aim "Quide to Saving Energy in Your Hone" (Energiespa-
rbuch fhr das Eigenheim. Still another brochure is
avai | abl e that describes the Federal Mnistry of
Econom cs' support programe entitled "On-site advice
on saving energy" (Energiesparberatung vor Ot).

12) 4th O di nance on
he Execution of the

ederal | nm ssion
ontrol Act (4.
3l nSchV)

As part of its effort on behalf of inmm ssions
protection, the Federal Governnent has renoved w nd-
power systens fromthe area of application of the 4th
O di nance on Execution of the Federal | mm ssion Control
Act (4. BlntchV). This has considerably sinplified

adm ni strative procedures for such systens, since w nd-
power systens no |onger require authorisation under

| egal inm ssions-protection criteria.

13) Tax breaks for
1eat / power
>ogeneration

As part of the anmendnents to the Mneral-QO 1l Tax Act
made by the 1992 Tax-anmendnment Act, dated 28 February,
1992, the spectrum of tax breaks provided for use of
heating oils and gases in engi nes was expanded. The tax
breaks are provided for qualified heat/power
cogeneration, regardl ess of the purpose for which the
nmechani cal energy yielded and the decoupl ed heat are
used - under the condition that on an annual average
60% of the generated heat and power are used, in
relation to the amount of oil consuned.
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Traffic and transport:

Measur e

Remar ks

14) I ncrease of the
nneral-oil tax

a) In 1991, the mneral-oil tax was increased.

b) On 22 Cctober 1993, the German Parliament, acting
within the framework of the 1st Savings, Consolidation
and G owt h Programme, approved a further increase of
the mneral-oil tax on carburettor and di esel fuels,
schedul ed to take effect on 1 January 1994:

from
by to
Petrol | eaded 0.92 DM | 0.16 DM |
1.08 DM |
Petrol unl eaded 0.82 DM | 0.16 DM | 0.98
DM |
D esel fuel 0.55 DM | 0.07 DM |
0,62 DM |

To conpensate for the snmaller tax increase on diesel
fuel, the notor-vehicle tax on autonobiles with diese
engi nes was increased by 7.50 DM 100 cc.

The added tax revenue resulting fromthe increase of
the mneral-oil tax, approx. 8.5 billion DM per year,
is to be used to reduce the debt of the German Rail way
and to finance urgent tasks in the transport sector.
The governnent's assunption of the Railway's debt is a
prerequisite for the planned reformof the German

Rai lway. This action makes a vital contribution to
strengthening the railway, an environnentally friendly
node of transport.

15) Em ssions-
iented notor-vehicle
ax (1st phase)

The governing political parties have approved
conversion of the existing notor-vehicle tax, which is
oriented to engine displacenent, into an em ssions-
oriented tax. The Act on Conbatting Abuse and on Tax
Adj ust nent (M 8brauchsbek@mf ungs- and St euerbereini -
gungsgesetz - StMBG, of 21 Decenber, 1993,

introduces, as a first step toward the creation of an
em ssions-oriented notor-vehicle tax, certain elenments
into taxation of utility vehicles with an approved
total weight over 3.5 t. The new regul ation canme into
force on 1 April, 1994.

16) 1992 Federal
raffic Infrastructure
) an

The 1992 Federal Traffic Infrastructure Plan calls for
greater investnments for the railway infrastructure
than for national |ong-distance notorways. This is the
first such plan to do this. The planned total volune
of investnments for the railway infrastructure is
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213.6 billion DM as conpared to 209.6 billion DM for
nati onal | ong-di stance notorways.

A total investnent volunme of approx. 243 billion DMis
pl anned for new construction and expansi on of the
nati onal transport infrastructure between 1991 and
2012. O this amount, approx. 118 billion DMis to go

toward the railway network, while sonme 109 billion DM
is planned for national |ong-distance notorways and
about 16 billion DMis planned for national waterways.

17) Increasing the
ittracti veness of
ocal public
ransportation

Pursuant to Germany's Basic Law, responsibility for

| ocal public transportation |ies predomnantly with
the L@der. The Federal Government's influence
(Federal Mnistry of Transport) is found primarily in
its jurisdiction over the Passenger-Transportati on Act
(Personenbef " rderungsgeset z), the Regionalisation Act
(Regi onal i si erungsgeset z) and over the funding
regul ati ons contained in the Act on Financing of
Communi ty Transport (Genei ndeverkehrsfi nanzie-
rungsgesetz - GVFG. Determ nation of funding for the
| ast of these acts, as well as determ nation of
federal programmes for |ocal transportation, are

subj ect to approval by the L@nder

Part of the investnents provided for by the Act on
Expansi on of the German Rail way Network (Bundesschi e-
nenwegeausbaugesetz) are to be used for |ocal public
rail transportation. One aimis providing this
financi al assistance has al ways been to enhance the
attractiveness, and thus increase use, of |ocal public
transportation, thus shifting the "nodal split” in
favour of |ocal public transportation. The em ssions
reduction resulting froma |arge shift of passengers
away fromprivate notor vehicles and to |ocal public
transportation, especially in netropolitan areas with
heavy traffic, is obvious. CO, em ssions can be posi-
tively influenced through increased use of | ocal
public transportation.

Since 1967, the Federal Governnent has provided sone
35 billion DMworth of financial assistance for
nmeasures on behalf of |ocal public transportation.
Since 1971, this assistance has been provi ded pursuant
to the GVFG The assi stance has nade possible tota
investnments in this sector of (considerably) over 50
billion DM

The neasures that have received assi stance have

i ncl uded construction and expansi on of subways and
city tranms, of central bus stations and mai ntenance
facilities, of traffic-control systens for conmunity
roads, "park + ride" facilities and procurenent of
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new, | ow em ssions busses. Since 1992, procurenent of
ot her vehicles for local public transportation, as

wel | as the construction of attractive bus and tram
stops, and construction of facilities to speed up

| ocal transportation, have also been eligible for
support.

18) Cas- bal ance
system Or di nance

Since 1993, when the Gas-bal ance System O di nance cane
into force, NWOC enissions fromrefuelling have been
significantly reduced.

19) Programme of

esearch into urban

raffic (For schungs-

)rogramm St adt - ver kehr
FOPS)

The research carried out within the framework of the
FOPS urban-traffic research programme has been of
particul ar significance in enhancing |ocal public
transportation. The programre’'s research is
concentrated on increased use of clean nodes of
transportation. FOPS has been established on an annual
basi s.

20) Inproving
sontinuity of traffic
| ow

Traffic-control measures help increase traffic safety
and continuity of traffic flow - for exanple, through
nore efficient use of the road network. These neasures
al so hel p reduce environnmental pollution fromroad
traffic, especially by combining traffic-flow contro
systens with speed limts.

Currently, some 70 traffic-control systenms are in
operation on national notorways (autobahns). In 1993,
the Federal Mnistry of Transport spent over 90
mllion DMon traffic-control neasures for autobahns.

The traffic-control programre for autobahns is
scheduled to last from 1993 to 1997, during which it
wi |l provide over 60 new systens. Fundi ng

requi renents, including those for systens under
construction during the 1993-1997 programme phase,
amount to 650 mllion DM

21) Information on
:ner gy-savi ng and
:nvironmental |y
yiented driving

1abi ts

In 1993, as part of a conprehensive information and
awar eness canpai gn, the Federal Mnistry of Transport
publ i shed a brochure entitled "Less CO, in traffic - d¢
your part" (Weniger CO, im Verkehr - machen Sie mt),
and the Federal Mnistry of Econom cs published "Mre
kilonmetres with |l ess petrol” (Mehr Kilonmeter mt weni -
ger Benzin). The aimof these brochures is to nmake
drivers, in particular, nore aware of fuel-saving
driving habits, to encourage themto use public
transportation and, in general, to foster greater

envi ronnment al awareness on the part of autonobile
users.

In 1994, the Federal Mnistry for the Environnment,
Nat ure Conservation and Nucl ear Safety |aunched
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another "AIl about your car” (Rund unms Auto) poster-
and-flyer information canmpaign to pronote
environmental | y aware behaviour. In addition, the
Federal Mnister for the Environnment assuned the
honorary chai rmanship of a relevant international
yout h conpetition.

The aim of the conpetition is to teach environmental ly
aware driving in the schools, using behaviourally
oriented teaching nethods. In addition, a publication
of the Federal Environnmental Agency that appeared in
spring 1994 contained a conprehensive chapter on
environmental |y oriented driving habits.

Finally, an informative Federal Mnistry of Transport
publ i cation on bicycles should hel p make | ocal

deci si on-makers nore aware of this node of
transportation.

22) Research projects
ind i nformation con-
cerning urban traffic
)l anni ng and decr eas-
ng traffic pollution
ncities

In March 1992, the research project "wide-area traffic
abatenment" (fl @henhafte Verkehrsberuhi gung), a joint
effort of the Federal Mnistry for Regional Planning,
Bui | ding and Urban Devel opnent, the Federal Mnistry
for the Environnent, Nature Conservation and Nucl ear
Safety and the Federal Mnistry of Transport, was
conpleted. During its 10 years of existence, this
nodel project provided inportant inpetuses to
communities and the L@der for reorientation in urban-
traffic planning. The pedestrian-zone and traffic-
abat enent - area systens conprise a wi de range of in-
struments with which conmunities can reduce

envi ronnmental pollution of urban traffic.

In July 1993, the Federal Mnistry for the

Envi ronnment, Nature Conservation and Nucl ear Safety
presented its conprehensive brochure "Environnental |y
cl eaner urban traffic" (Ummeltschonender

Stadtverkehr). Its purpose is to give |local-Ileve

pol i cymakers and adm nistrators practical information
and ideas for inplenmenting findings fromresearch to
make traffic in cities and communities environnmental ly
cl eaner.

23) Rail way
structural reform

On 1 January 1994, laws reform ng federal railway
structures came into force

The central elenent of these laws is to privatise

Deut sche Bundesbahn (Gernman Federal Railway) and

Deut sche Rei chsbahn (the railway systemin the area of
the former GDR), which are structured as state
agencies, and transformtheminto a stock corporation.
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One of the main ains of the structural reformis to
create a framework that will inprove the railways

performance and conpetitiveness and enable themto
increase their shares of the transport market. On 1
January 1996, l|ocal rail passenger transport will be
regionalised; this will significantly inprove the
possibilities for integrating railway traffic into

| ocal and regional traffic concepts.

The purpose of these efforts is to make rail transport
a nore flexible node of transportation, especially in
order to cause shifts of transports to the railway
system and away from ot her nodes of transport.

24) Freight centres

The Federal authorities are providing financial assis-
tance, pursuant to the Act on Financing of Conmunity
Transport (GVFG, for the construction and expansion
of public traffic areas of freight centres.

Freight centres (Ghterverkehrzentren - GVZ) are an

i nportant el enment in pronoting cooperation in the
goods-transport sector. GVZs, by bringing together
conpani es that provide transport services and rel ated
suppl ementary services, bundle and distribute flows of
goods. Their function will be optim sed when several
freight centres, distributed throughout Europe if
possi bl e, are networked.

Wthin local-transport systens, GVZs provide the basis
for cooperative, efficient organisation of
distribution traffic (urban |ogistics).

25) Conbi ned
ransport using
vat er ways

On the basis of a study comm ssioned in Septenber 1991
by the Federal Mnistry of Transport, entitled

"Conbi ned transport using waterways" (Kombi-Verkehre
hber Wasserstra8en), a waterway conbi ned-transport

proj ect conpany (Wasserstra8enkonbi - Proj ekt gesel | -
schaft) was founded by the Federal Association of

Shi ppi ng and St orage conpani es (Bundesverband fhr Spe-
dition und Lagerei). This project, in conjunction with
regul atory support neasures, will provide a good basis
for increased shifting of transports to inland
wat er ways.

26) Research
)rograme on
Pollution in Avia-
i on"

In order to support efforts to reduce em ssions, the
Ger man Aerospace Research Establishment (DLR), in
cooperation with industry, has designed a research
programe entitled "Pollution in Aviation" (Schad-
stoffe in der Luftfahrt). The progranme, a proposed

i ntegrated national programme, has sections on

at nosphere research and engi ne technol ogy, on anal ysis
of effects of pollution and on neasures to reduce
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em SSI ons.

27) Traffic research

The Federal Mnistry for Research and Technol ogy;
Federal Mnistry of Transport; Federal Mnistry of
Econom cs; Federal Mnistry for the Environment,

Nat ure Conservation and Nucl ear Safety; and Federal

M nistry of Defence are supporting nunerous R&D
nmeasures in the areas of air traffic and ground-based
transport and traffic systens.

28) Tariffs-

)l i m nation Act
Tari f auf -
1ebungsgeset z)

The 1993 Tariffs-elimnation Act continued ongoi ng
deregul ati on of goods transports on roads. This
deregul ati on harnoni ses the financial, technical and
social framework for trucking conpanies, thus enabling
themto operate nore flexibly. The ongoi ng gradual

har noni sati on of national market regulations has
intensified conpetition, forcing trucking conpanies to
exploit all available neans for increasing efficiency.
The conpanies are now able to do so. As a result, they
can reduce no-load trips and inprove capacity use of

t heir vehicles.
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29) Amendnent of t hq

On 5 July 1994, Federal
version of the Therm
1995, it wll

Cabi net approved the anended
| nsul ati on O dinance; on 1 January,
come into force.

The anmended ordi nance is expected to reduce heating

requi renents for new buil dings, as of 1995, by an average
of approx. 30 % thus reducing CO, em ssions by a simlar
anount. The anmended ordi nance al so tightens therma

i nsul ation requirenents for existing buildings, when
extent of renovation and noderni sati on neasures exceeds
certain |evels.

Furt her review of the ordi nance,
tightening of therm
for the late 1990s.

( ( and possible further
i nsul ation requirenents, are plannec

30) Anmendnent of
he Heati ng-
systenms Ordi nance
Hei zAnl V)

The amended version of the Heating-systens O di nance cane
into force on 1 June, 1994. The new ordi nance inplenents &
significant part of the EC heating boiler directive and
tightens requirenments for heating systens and hot-water
syst ens.

31) Advi sing con-
erning energy-
saving, and effi-
i ent energy use
n housi ng struc-
ures - on-site
wdvi si ng

Thi s programe subsidi ses on-site advising by engineers
concerning structural thermal insulation, heating system
technol ogy and use of renewabl e energies. Subsidies are
provided only for advising in buildings used predom nantly
as residences and whose construction was approved before 1
Jan., 1984.

Those eligible for the programme include engineers from
the areas of architecture, civil engineering, structural
physi cs, electro-technol ogy, nechani cal engi neering and
bui I di ng equi pnrent. Advisors who work for power conpanies
are ineligible. The programre provides subsidies of up to
1,600 DM depending on the size of the building in

guestion. Applications should be directed to the Rationa-
I'i si erungskuratorium der Deutschen Wrtschaft e.V. (RKW,
Eschbor n.

32) Tax breaks
hrough t he
support-area Act

F rder-

jebi et sgeset z) ,
)ursuant to the
991 Tax- Anendnent
\ct of 24 June,

The Support-area Act (F rdergebietsgesetz), introduced by
t he Tax- Amendnment Act of 24 June, 1991, and anended by the
Act on Securing the Futures of Sites (Standort

si cherungsgeset z) of 13 Septenber, 1993, provides tax
breaks for nodernisation and repair neasures, and for the
use of renewabl e energies (cf. notice of the revised
version of 23 Septenber, 1993, Federal Law Gazette | S
1654). Up to 50 percent of expenses for nodernisation of
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991 and the Act
)n Securing the
-;utures of Sites
St and-

)rtsi cherungs-
jesetz) of 13
>ept enber, 1993

bui I dings that generate revenue - such as commercially
used buil dings and buildings rented as residences - may be
witten-off. Up to 10 percent of nobdernisation expenses,
to a maxi mum of 40,000 DM are tax-deductible as

extraordi nary expenses for buildings used for (own)
residential purposes. Wth both neasures, the deductions
may be taken for a ten-year period.

33) Housi ng
roder ni sati on
)rogramre of the
reditanstalt fhr
N eder auf bau (KfW
econstruction
yank

The housi ng noderni sation progranme of the Kreditanstalt
fhr Wederaufbau (KIFW reconstruction bank provides | ow
interest |oans for nodernisation and repair of housing in
the area of the former GDR

Thi s programme, which was established in October 1990, anc
for which 10 billion DMin | oan funding was provi ded - has
been increased to a | oan-funding | evel of 60 billion DV

of which 10 billion DMis reserved for industrially
prefabricated housing (slab housing). The | ow interest
rates, which are provided for a ten-year period, are 2-3
percent |ower than market rates. They are funded
exclusively fromthe federal budget. Overall, the
programe w Il cost the Federal authorities approx. 14
billion DM

By the end of June 1994, applications for |oans totalling
over 40.5 billion DM had been submtted, and over 27.5
billion DM of subsidised | oans had been conmtted. The
commtted loans will support nodernisation/repair neasures
in 1.6 mllion residences, or over 23 percent of al

exi sting residences in the area of the former GDR Nearly
11.3 billion DM are being invested in neasures to save
ener gy.

To date, the great majority (17.6 billion DM of the

assi stance provided through the KfW housi ng-nodernisation
programme has been cl aimed by private buil ding owners,
meaning it has gone primarily toward renovati on of one anc
two-fam |y houses.

34) The joint

)r ogr anmre

Econom c Recovery
n eastern
2rmany" (Auf -
schwung Ost)

The speci al programme "Econom ¢ Recovery in eastern
Germany", which termnated at the end of 1992, provided
subsidies of up to 20% of expenditures in the area of the
former GDR for nodernisation of heating systens, therma

i nsul ati on and ot her housi ng-rel ated, energy-saving
measures. In 1991 and 1992, the Federal authorities
provided a total of 1.5 billion DM for the progranme. WtFl
t he fundi ng, nodernisation/repair neasures for approx.

882, 000 resi dences were subsi di sed.

35) Subsidies for
;onstructi on of

In the area of the former GDR, nodernisation/repair
nmeasures can be subsidised through the financial
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wubl1c (Towrent) assi stance provided to the L@der by the Federal
10usi ng authorities in public-housing construction programes (as
of 1991, 1 billion DM annually). Once again in 1994, a
comm tnment framework of 1 billion DM has been provided in

the area of the forner GDR

Pursuant to the Housing-construction Pronotion Act (Whn-
ungsbauf " rderungsgeset z), which conmes into force on 1

Oct ober 1994, support of nodernisation/energy-savi ng
nmeasures with federal funding for public-housing
construction will also be possible in fornmer Wst Gernmany.

36) Programme of In 1993, the Federal Mnistry for Regional PIanning,
esearch into Bui I di ng and Urban Devel opnent, acting within the
:xperinmental city framework of its intradepartnent research programe

ind housi ng Experimental Housing Construction and Cty Pl anning

)l anni ng: " Redu- (Experinentell er Wohnungs- und St @It ebau), established a
sing pollution in research programme entitled "Reducing pollution in city
sity planni ng” pl anni ng". The programme's purpose is to identify the
Schadst of f - possibilities, which are considerable, for saving energy
n nderung im and reducing CO, em ssions through appropriate housing

3t @It ebau) construction and city planning. The programme is to cover

both new structures and existing ones. The funded nodel
projects will seek to identify appropriate planning
measures and concepts for reducing CO, em ssions as part
of new construction and of renovation of housing

devel opnent s.

37) Accel eration In order to accel erate authorisation and approval

f aut hori sation procedures, the anended version of Art. 8 a of the
)rocedur es by Federal Nature Conservation Act, approved in conjunction
reans of the with the Investnent-facilitation and Housi ng-construction-
nvest ment - site Act of 1 May, 1993, nmde the issue of conpensations
acilitation and under nature conservation | aw subject to prelimnary

dousi ng- con- consi derations of zoning. This nmeans that the question of
struction-site Act | whether a construction project can be approved under

| nve- pl anning | aw nust al so be resolved with regard to nature-
stitionserleichter |conservation |law - as part of the main zoning. After such
Ings- und resol ution, intervention regulations under nature-
Mohnbaul and- conservation |law remain applicable to outdoor neasures,
jeset z) however .

The L@der are now called on to act appropriately - they
can set forth, in their directives concerning application
of nature-conservation |aw, that use of renewabl e energy
sources normally, in and of itself, is a contribution to
environmental protection that nmust be taken into account
in review of the necessity and the extent of conpensatory
nmeasures. This does not nean that individual-case reviews,
using the relevant legal criteria, can be done away wth,
however .
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38) Reduction of
arriers to in-
restnent in
10uUsi ng con-
struction in the
iwrea of the forner
DR, for cases in
vhi ch owner shi p
Jjuesti ons have not
)een settl ed

In recent years, housing conpanies (cooperatives and com
muni ty conpani es) have often been hesitant to claim
support funding. This hesitation has been primarily due tc
unsettl ed questions of ownership, along with the resulting
difficulties in securing |loans, and to other difficulties,
such as the refusal of conmunity supervisory authorities
to approve borrowing, the limtations placed on | oan
anounts as a result of the danger of long-term conmunity
overi ndebt edness and questions of cost-effectiveness.

The 1st and 2nd O di nance on Basic Rents

(G undm et enverordnung), and the Act on Assistance for Ac
Debts (Al tschul denhil fegesetz), which provides for
interest assistance and limtation of old debts to 150

DM nf |iving space, have decisively strengthened the
liquidity of housing conpanies, however. |nproved profits,
in conjunction wth the renoval of burdens on | oans
resulting fromold debts, are clearing the way for financ-
ing of nodernisation and repairs. In addition, barriers tc
i nvest ment have been renoved by the Act on Assets (Verm -
gensgesetz), as well as the 1st and 2nd Act for the
Anendnent of Assets | aw (Verm gensrecht s@derungsgeset z)
and the Act on Assets of Housing Associations (Whnungsge-
nossenschafts- Ver m gensgeset z) .

39) Information
hr bui | di ng
wners, archi -
ects, planners,
:ngi neers,

raft smen

The Federal Mnistry for Regional Planning, Building and
Ur ban Devel opnent has published a brochure, "CGuide to
Saving Energy in Your Honme" (Energiesparbuch fhr das

Ei genheim, that provides guidance to building owners and
interested parties for selecting and executing
noder ni sation and energy-savi ng neasures. In 1993, this
brochure was conpletely revised, and a large printing run
was nmade avail able to the public. Another new edition is
pl anned for 1994. In the area of the former GDR the
brochure's tips and recommendations are a particularly
useful neans of finding solutions that are both cost-
effective and reasonable in ternms of energy policy.

The Federal Mnistry for Regional Planning, Building and
Urban Devel opnent arranged for experts to prepare a series
of noderni sation guideline brochures for the industrially
prefabricated housing ("slab housing”) in the area of the
former GCDR. These handbooks are available to the
interested public, and should hel p decrease uncertainty ir
pl anni ng noderni sati on neasures for these structures.

The foll ow ng brochures have appeared to date:

1. "0.8 t block construction"” (Blockbau 0,8 t)
2 "P 25.0 t slab construction"” (Plattenbauweise P 25,C

t)
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"Apartnment series 78" (Whnungsbauserie 78)
"1.1t strip construction” (Streifenbau 1,1 t)
"2.0 t high-rise apartnents” (Whnhochh@ser 2,0t)

O1hw

In addition, as part of housi ng-danmage research, the
foll owi ng brochures have been nmade available to interestec
experts:

E "Prefabricated residential buildings in the new
Federal L@hder - types and design features" (Whnbauten ir
Fertigteil bauwei se i n den neuen Bundesl @dern - Baufornen
und Konstruktionsmer kmal e)

E "Prefabricated residential buildings in the new
Federal L@nder - extent and main types of damage"
(Wbhnbauten in Fertigteil bauwei se in den neuen Bundesl| @-
dern - Ausma8 und Schwer punkte der Bausch@len).

Currently, the Institute for Preservation and
Moder ni sation of Structures (Institut fhr Erhaltung and
Moder ni si erung von Bauwerken) is preparing conponent -

ori ented noderni sation catal ogues. And in addition to the
gui del i ne brochures and catal ogues, the Federal Mnistry
for Regional Planning, Building and U ban Devel opnent is
preparing standard work descriptions that are simlar to
those in its book of standard nodernisation and repair
work for prefabricated parts. These texts are intended to

support public construction adm nistrations and hous

New t echnol ogi es:

Measur e

Remar ks

40) Speci al i sed pro

Thi s programe supports investnents in devel opnent of

envi ronnment al technol ogi es:

- for identifying |inks between causes and effects,

- for devel opnent of technol ogies for avoiding, reducing
and recycling pollutants and

- for the devel opnent of cleaner nodernisation technol o-

gi es.

As a rule, up to 50% of investnents are subsidised. Those
eligible to apply include businesses, mnunicipal authorities
and private persons.

41) Research
nto, and

echni ca

efi nenent of,
ower - pl ant and

i ring-plant

Main results:

- At nospherically circul ating fl uidi sed-bed conmbustion
technol ogy for small and nmedi um sized heating and power

pl ants has been successfully introduced on the market, bott
wi thin Germany and abr oad.
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echnol ogy,
:speci al ly cl eaner
coal -firing
echnol ogy

- As part of inplenentation of the O-dinance on Large
Conbustion Plants, flue-gas desul phurisation and
denitrification techniques are being applied on a |arge
scale in power plants.

- A nunber of coal -gasification processes have reached ¢
sufficient level of maturity that they can now be enpl oyed
in gas and steamturbine power plants. Planning for such
power plants is at an advanced st age.

- Wthin the "high-tenperature gas turbine" and
"Tecflant integrated research projects, painstaking
background research has nmade it possible to increase the
out put and efficiency of turbines and to reduce generation
of pollutants in conbustion.

As a next step, findings fromconcept projects for new
power plants with inproved efficiencies and | ower em ssions
nmust be inplemented in planning for actual denonstration

pl ants. The added efficiency of these plants will help
reduce production of the greenhouse gas CO

42) Research and
level opnent
roncerni ng gas and
st eam t ur bi ne
ower plants

Al t hough power - pl ant technol ogy has nmade substanti al
progress in recent decades, environnental protection
requi renments necessitate further research.

One prom se of gas and steamturbi ne power plants, due to
their higher efficiency, is that they will have | ower

em ssions and fuel consunption for the sane electricity anc
heat output. But before such results can be realised, new
hi gh-tenperature gas turbines nust be devel oped (in
addition to other equipnent) that can withstand the
required high input tenperatures and that will have

optim sed internal flows and cool ant-gas conditions. As
part of an integrated project involving industry, the

Ger man Aer ospace Research Establishnment (DLR) and
institutes of higher education, work is proceeding on the
devel opnent of the necessary technol ogical basis for such
t ur bi nes.

In addition, a range of concepts for conbi ned steani gas
turbi ne power plants are being studied, focusing on nodern
t echnol ogi es such as charged fl ui di sed-bed conbusti on,
integrated coal gasification and pressurised coal - dust
conbustion. Planning is also being carried out for a

conbi ned-technol ogy lignite-fired power plant, enploying a
pressurised fluidised bed, that is to be built in the area
of the former GDR

43) Research and
level opnent
soncer ni ng use of

Long-term support is being provided for research and
devel opnment, including required pure research, in this
area. The followi ng topics are primary focuses of support:
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enewabl e energi es

- Bringing electrical and conbustion-engi ne heat punps
to market maturity,

- Sol ar wat er- heati ng systens,

- | ncreased use of passive sol ar systens,

- Bri ngi ng nono- and pol ycrystalline silicon cells to
productlon maturity,

(ot ai ni ng wi de-ranging rel evant experience through
denDnstratlon and operation of on-the-line and off-the-1ine
phot ovol tai ¢ power supply systens - including systens in
agricul tural operations,

- Bringing small and nedi um si zed w nd- power systens to
mar ket maturity, and obtaining initial operational ex-

peri ence with such systens, now that experience has been
gained in the construction and operation of |arge systens,
- Devel opnent of system conponents for generating and
storing hydrogen, and for applying hydrogen technol ogy -

i ncl udi ng hi gh-performance el ectrolysis ("Hot Elly"),

- Use of bi omass energy.

44) Programe for
yronoti on of

yhot ovol tai c

syst ens

Denonstration of the feasibility of using photovoltaic
systens in Germany. This has included the "Federal

Gover nnent / L@der 1000-r oof phot ovol tai c progranmme"
(Bund- L@nder - 1000- D@ her - Phot ovol t ai k- Progranm, i nvol vi ng
2,250 systens and an acconpanying neasurenent and

eval uati on programre. The application period | asted until
Decenber 1993.

45) Support for
esting w nd- power
systens: "250 MWV
N nd"

Support is being provided for the installation and
operation of w nd-power systens at suitable sites in
Ger many.

Those eligible to apply for the programme include private
persons, private-law partnerships and |egal entities,
authorities and public-law institutions.

Support is provided in the form of subsidies for operating
expenses, in the anount of 6 to 8 pfennig per kW of
generated power, up to a fixed maxi mum In exceptional
cases, investnent subsidies of up to 60 % (to a max. of

90, 000 DM are provided.

Applications nmust be submtted by the end of 1994 to
For schungszent rum Jhl i ch GrbH
Projekttr @er Biologie, Energie, _kologie

46) "Sol artherm e
’000" sol ar - ener gy
)ronoti on
)r ogr anme

The "Sol artherm e 2000" progranme has been set up as a
field test for denonstration and testing of solar heat
systens in public buildings in the area of the former GDR
Findings fromthe field test, and results of analysis of

t he | ong-term behavi our of existing systens, are to enter
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into design of solar (local) district heating test systens.

47) Research and
level opnent
soncer ni ng use of
sol ar ener gy

The follow ng additional research and devel opnent
concerning use of solar energy is being carried out:
" Refi nement of technol ogies for solar thermal and sol ar
photovol tai c systens, wth the aimof making such systens
econom cal ly conpetitive; continuation of conponent
devel opnent,
" Expansi on of applied research in solar technology in
maj or research establishnents (wWthin the framework of a
10|nt sol ar energy research effort),

Refi nement of technol ogies for manufacturing cost-
effective, high-efficiency crystalline silicon cells,
" Study of materials and manufacturing processes for
thin-filmsolar cells constructed of anorphous silicon and
connecting sem -conduct ors.

48) Research and
level opnent
soncer ni ng
secondary energy
systens i ntegrated
M th renewabl e-
'nergy systens

The follow ng R&D work is being carried out on secondary
energy systens integrated with renewabl e-energy systens:

- | nt ensi ve research into, and devel opnment of, high-
energy batteries (energy storage units), which are expect ec
to play an inportant role in further devel opnent of

el ectric cars (anong other applications). One enphasis of
this work is to inprove ceram c-oxide materials in order tc
enhance their durability and availability.

- Devel opnent and testing of high-tenperature fuel cell:¢
(energy converters) for use in power plants. This work is
focused on the nelted carbonate fuel cell (MCFC), which
wi Il soon be ready for denonstration, and on the ceram c-
oxi de fuel cell (COFC), for which materials are still being
devel oped.

The perneabl e nenbrane fuel cell (PEMFC) appears
suitable for nobile applications. A decision concerning
support for this programe is expected soon.|ln general,

t hese fuel cells, because of their potentially high
efficiency, are considered to have consi derable prom se as
el ectro-chem cal energy converters.

- Devel opnent of hydrol ogi cal, geol ogi cal and physi cal -
chem cal thermal storage systens that will use renewabl e
energies within integrated systens.

49) Research and
level opnent con-
cerning efficient
nergy use

Under the heading "efficient energy use", funding is
concentrated solely on energy research focusing on
technol ogi es oriented to final-energy consunption in the
sectors of "households and small consuners” and "industry
and traffic/transport”. The aimof these efforts is to
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reduce energy losses and to exploit potential for saving
energy. Typical for this area of support is the |arge
nunber of devel opnent projects, many of themquite small
and the need to subsidise some individual conpanies, taking
into account the subsidiarity principle.

The main results of these efforts include:

- Pure research and experinents in the area of

transl ucent thermal insulation have shown that new
materials applied to solid outer walls of buildings or

wi thin skylights can inprove the energy yield in both
passi ve and active solar systens (such as flat collectors).
As part of a broad integrated project, the basis is being
created for a range of applied system devel opnents and

t esting.

- | ncreased conbi nati on of ventilation and heating
systens, in conjunction with heat reclamation, has becone
highly significant as a result of intensified energy-
savi ng nmeasures. Questions of roomair quality and roomair
fl ows have al so acquired greater significance in this con-
text. Sophisticated and cal cul ati on-intensive conputer
programes now permt simulation of roomair flows and
their evaluation in ternms of confort levels in interiors.

50) Nucl ear
'nergy research/
eactor-safety
esearch

In future, the main R&D support in this area will be ained
at reactor safety and issues of disposal of radioactive
waste, along with various aspects of refinenment of

i nnovative reactor concepts with inherent passive safety
conponents. The primary aimof reactor-safety research is
to create, within the framework of the state's obligation
to take precautions, the scientific and technol ogi cal basi:
for evaluating the safety of nuclear facilities and to
provi de i npetuses for inprovenent and further devel opnent
of safety technology. In addition, R&D neasures are sup-
porting the Federal authorities' |egal obligation to plan,
construct and operate final storage sites.

State support for devel opnent of advanced generations of
reactors, i.e. the high-tenperature reactor and the fast
breeder reactor, has been stopped.

The nost significant results:
- Test-oriented confirmati on and expansi on of the

mat eri al - mechani cs dat abase for conponents subject to
dynam c stresses and agi ng.
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- From eval uati on of conpleted studies on the earlier
hot - steam reactor project: verification of the safety
reserves for pipeline stresses in a nucl ear power plant
resulting fromthermal shocks, aircraft crashes or

ear t hquakes.

- The effectiveness of the Gernman energency cooling con-
cept, enploying conbi ned feed-in, has been confirmed by 1::
scale tests at the Upper Plenum Test Facility (UPTF) in
Mannheim The suitability and effectiveness of system
procedures was studied in the primary cycle (Prim@kreis
lauf - PKL) integrated test stand.

- On the basis of probabilistic safety anal yses, the
ri sk-reduction possibilities provided by activation of
internal (i.e. within the facility) emergency protection
nmeasures for light-water reactors were identified.

- Results to date of studies concerning the direct final
storage of spent fuel elenents have shown that this
technology is feasible, even with strict safety require-
ments. All planned denonstration tests are in their final
phases. These tests have been able to show, anong ot her
results, that long-term sealing-off of pollutants fromthe
bi osphere is technically feasible and proven; that final
storage of radioactive waste in granite is fundanentally
possi bl e; and, finally, that enough basic know edge con-
cerning safe storage of chem cal and toxic waste in deep
geological formations is available to permt establishnent,
anmong other information, of precise specifications for

t he necessary conveying and filling techniques and for the
cavern technology required for salt, the final storage
medi um

Addi ti onal measures, sone of which are currently being
pr epar ed:

- Furt her devel opnent of nethods/procedures for
evaluating remaining lifetines of reactor conponents,

- Experimental and anal ytical studies for eval uation of
internal (i.e. within facilities) energency-protection
nmeasures; in particular, since md-1991, |arge-scale
studies at the UPTF systemin Mannhei m have been carried
out within the new project, "Transients and Acci dent
Managenment” (TRAM, concerning issues of internal emnergency
protection.

- | mproved description of processes that occur during
hazar dous reactor incidents.
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- Anal ysi s of conpl ex system sequences on the test stanc
for sinmulation of incident sequences and the effectiveness
of count er measures,

- Studi es of safety-related characteristics of new
reactor systens,

- Probabi listic safety-analysis studies of boiling water
reactors,

- Conti nuati on of basic research on the creation of
final storage sites in salt dones and ot her geol ogi cal
f ormati ons,

- Furt her devel opment of nethods and procedures for
testing and proving the long-termsafety of final storage
sites (geonechanics, scenarios and nodel s of | eakage

spr eadi ng),

- Compl etion of the technical tests for direct final
storage, with regard to proof of the maturity of this
t echnol ogy,

- Optim sation of measures for nonitoring fissile
material, in cooperation with EURATOM and | AEQ

Institutionally supported research on nucl ear energy

In the major research establishnents in Jhlich (KFA) and
Karl sruhe (KfK), nuclear energy research has | ost nost of
its former inportance. The work that is continuing there i:c
nostly long-termresearch on increasing the safety of

nucl ear fission facilities and on nucl ear-waste di sposal.

51) Nucl ear -
usi on research

Nucl ear fusion, in addition to solar energy and breeder
reactors, is one of the options for a long-term safe
energy source that conserves the environnent and avail abl e
resources. Tapping this energy source is a major challenge
that can be net only through long-termefforts.

The German fusion programre is part of the European
programme. It is receiving institutional support. In three
maj or research establishments, the Max Pl anck Institute for
Pl asma Physics (I PP), Garching; the Jhlich Research Centre
(KFA); and the Karl sruhe Research Centre (KfK), studies in
pl asma physics and techni cal devel opnent of nucl ear fusion
are being carried out, on a work-sharing basis, in major
experinments and large test facilities.
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According to current estimates and planning, comerci al
fusion reactors could becone avail able at about the m ddle
of the next century.

52) Research into
her mal treatnent
f wast e

The Federal Mnistry for Research and Technol ogy has con-
centrated nost of its funding for the devel opnment and
optim sation of incineration technology in the follow ng
t hree areas:

" Wast e preparation and processing prior to
incineration, in order to achi eve evener waste input,
greater energy yield fromthe honopgeni sed incinerated
matter and inproved flue-gas cooling and cl eani ng.

" I nci neration-chanbre and boil er-area designs that are
optim sed to reduce fire corrosion and to nmaxi m se therma
yield to district-heating systens.

" Fl ue-gas cleaning and treatnment of solid incineration
resi dues.

The devel opnment of nethods for reduci ng em ssions has
enabl ed inclusion, in the Ordinance on Incineration Systent
for Waste and Sim | ar Conbustible Substances (17. Bl nfSchV),
of scientifically founded nmaxi mum em ssion standards that
are many tinmes |lower than those of the Techni cal
Instructions on Air Quality Control (TA Luft).

Addi tional thermal processes that are worthy of nmention
i ncl ude pyrolysis, of which experts have been aware for
sonme time, and conversion, hydration and distillation.

The |l ast three processes are new devel opnents that have
only recently been studied as processes for thermal waste
treatnment. Follow ng prom sing tests on a proof-of-concept
scale, this work is now entering into the pilot phase,
which will provide the opportunity for |long-term

optim sation on an operational scale.

53) Test project
ititl ed "Gener-
iti on of heat and
ower from
enewabl e raw
materi al s"

In 1992, in order to inprove the opportunities for using
renewabl e raw materials for heat and power generation,
especially for clarifying sonme rel evant open questions in
the areas of logistics and conbustion technol ogy, the
Federal Governnent |aunched a multi-phase nodel test
project entitled "Generation of heat and power from
renewabl e raw materials". The aimof this project is to
test, for the first tinme, |arger biomass-conbustion plants
wi th outputs between 1 and 40 negawatts. The Federal

M nistry of Food, Agriculture and Forestry is providing
some 30 mllion DMin funding for this project.
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Phase 1 of the project - preparation and eval uati on of
feasibility studies - was conpleted in Septenber 1993.
Phases 2 and 3 will conprise planning, construction and
operation of the conbustion plants. One aimof these phases
is to mnimse the plant's em ssions.

54) Ceothermc
ner gy

Research into geotherm c energy is funded through the
Federal M nistry for Research and Technol ogy and the
Federal Mnistry for the Environnent, Nature Conservation
and Nucl ear Safety. In 1993, the Federal Mnistry for
Research and Technol ogy provided approx. 6 mllion DM for
specific projects; in 1994, it is providing 8.4 mllion DM
For 1995 to 1997, this mnistry has comritted 8.9 mllion
DMto this area. In 1994, the Federal Mnistry of Econom cs
is al so supporting geothermc projects - with an estinmated
10 mllion DMin funding.
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55) Joi nt task

| nprovenent of
\gricultural Structure
ind Coast al

’r ot ecti on”

Thi s Federal /L@der programre i s supporting

- ext ensi ve nmet hods of cultivation,

- ext ensi ve managenent of grassl and,

- ecologically oriented cultivation nethods,

- use of renewabl e energies in agriculture and
- investnments in energy saving in agriculture.

56) Bonuses for |and
set - asi des

Pursuant to an EC Agricultural Council proposal for a
fertilizer ordinance, dated May 1993, | and-set-aside
bonuses will also be paid if renewable raw material s
for energy uses are grown on the "set-aside" |and.

57) I nprovenent of
ini mal di gestive
xfficiency as part of
ini mal husbandry, in
yrder to reduce

ret hane em ssi ons

The primary effect of the Federal Governnent's
measures for inproving animal digestive efficiency as
part of animal husbandry is a reduction of nethane
em ssions per aninmal .

Rum nant net hane em ssions are reduced if the animls
make better use of nutrients; the result is a decrease
of CH, em ssions per mlk/meat unit. As a result of thi
Ani mal Husbandry Act (Tierzuchtgesetz) of 22 Decenber,
1989, ani mal husbandry progress can be expected
primarily in inprovenents in animal digestive
efficiency.

Through the use of certain feed additives permtted by
t he Feedstuffs Ordinance, contributions to em ssions
reduction can be achieved both directly - for exanple,
by influencing stomach netabolism- and indirectly -

t hrough i nprovenents in yields.

In addition, scientific studies have been comm ssi oned
for devel opnment of new procedures for keeping
livestock - that are acceptabl e under | abour-econom c
criteria - in which straw is added to nmanure to help
reduce |iquid-manure production, thus helping to
reduce an additional nethane source.
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58) Support for
ixt ensi ve net hods of
\griculture

Agricul tural CO, em ssions are produced through direct
energy use (of fuels, heating oil, electricity, etc.)
and indirect use (mneral fertilizers, pesticides,

her bi ci des and fungici des, feedstuffs, seed and young
pl ants, machi nes, lubricants, farm buildings, etc.).
By reducing indirect energy use, extensive nethods of
production, including ecologically oriented

cul tivation nethods, can nake an inportant
contribution to reduction of CO, em ssions in
agriculture.

Substantial prom se for reducing CO, em ssions in
agriculture and forestry is found in the use of raw
materials wwth a favourable CO, bal ance in chem cal -
techni cal applications, and in the energy sector. On
the other hand, the conpetitiveness of such materials
in the energy sector, which is far nore significant

t han other sectors in ternms of the volunmes invol ved,
is still lacking, in part.

Measures pursuant to the Council O dinance of 30 June
1992 on environnental |y conpati bl e net hods of
agriculture that protect natural habitats are being

i npl enented in Germany through increased support for
environnmental |y conpati bl e producti on nethods. The
enphasi s of these supporting nmeasures i s on support
for the follow ng areas:

" extensi ve cul tivation nethods,

" ext ensi ve managenent of grassland and
conversion of cultivated |and into extensively

managed grassland and

" ecologically oriented cultivation nethods.

In 1992, sonme 1% of all farnms in Germany were
practising ecologically oriented farm ng. Ecol ogically
oriented farmng is expected to retain its market
share in the foreseeable future.

More extensive production nethods and | and set-asi des
will reduce em ssions of clinmate-rel evant gases in the
agricultural sector and help save energy. But it nust
be renenbered that the agricultural sector accounts
for only about 3% of consunption of fossil fuels in
Germany, neaning that any CGO, reduction brought about
by these neasures will be, at nost, of a simlar
magni t ude.

59) Conservation of
:Xi sting forests

Since 1982, with its action progranme, "Save the
Forests" (Rettet den Wald), the Federal Governnent has
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been 1 ntroduci ng w de-rangi ng neasures for conbatting
new types of forest damage caused primarily by air
pol | uti on.

60) Support for new
if forestation

In Germany, new afforestati on has been supported for
many years within the "joint-task"” franmework. This
support consists of two conponents:

- Subsidies to help defray initial investnent
costs. Particular enphasis is placed on planting of
near - nat ural deci duous and m xed-species forests. Up
to 85 %of eligible costs are reinbursed for planting
of deci duous stands; up to 75 % of eligible costs are
rei nbursed for planting of m xed-species stands.

- Since 1991, a new afforestation bonus has al so
been paid: farmers and forest owners receive, for up
to 20 years, a bonus as conpensation for |osses of

i ncome due to set-asides of agricultural land. In
1993, this support was inproved still further: the
amount of the bonus - depending on the soil quality of
the newy afforested farm and or grassland, and on the
trees species selected - now ranges up 1,400 DM per
year and hectare.

61) Forest-managenent
reasur es

Stable, high-yield forests with | arge bi omass and
carbon reserves, and that produce |arge yearly biomass
and carbon increnents, are considered val uable -

val uabl e also with regard to the carbon cycle. In this
light, forest-mnagenent techniques in which clear-
cutting is largely avoi ded gain considerabl e
significance, since they also avoid the rel eases of CC
and nutrient |osses that occur when hunus is
tenporarily lost through clear-cutting. Forest
managenent is thus be a substantial factor in
preserving, or devel oping, optinum forest-ecosystem
structures.

For this reason, the Federal Governnent, in
conjunction with the L@der - and within the joint
task "I nprovenent of Agricultural Structure and
Coastal Protection” - is supporting nunerous forest-
managenent neasures with this aim

62) Tax exenptions
or pure rape nethyl
sster (RMVE)

Pure RME has been conpl etely exenpted from m neral - oi
tax. This also applies when RVE is added to ot her
fuels in notor-vehicle fuel tanks. In pure form RVE
can be used as a fuel in approved conventional diesel
engi nes. One manufacturer has already approved one
nodel for use with this "biodiesel fuel". 4 der
vehi cl es may require conversion before manufacturers
will approve themfor use with this fuel. RME reduces
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CO, em ssions when used as a substitute for diesel
fuel .

63) Agency For Renew |[In Cctober 1993, the Federal Governnent established

ibl e Raw Material s t he "Agency For Renewabl e Raw Materials" within the
Fachagent ur Nach- area of responsibility of the Federal Mnistry of
vachsende Rohst of fe) Food, Agriculture and Forestry. The tasks of this

agency, which is located in Gistrow (Meckl enburg -
West Ponerani a) include research and devel opnent
regardi ng the conplete process of production of
renewabl e raw materials - fromcultivation to use,

i ncludi ng di sposal, and taking into account factors
such as cost-effectiveness, environnmental factors,
col l ection and preparation of technical information,
advising and public relations. In the 1994 fi scal
year, the agency has a budget of 56 mllion DM for
support of research and devel opnent concerni ng
renewabl e raw materials

64) Proposal for a The fertilizer ordinance currently under preparation,
ertilizer ordinance which will establish proper practice in fertilizer
use, will also inplenent the requirenents of the EC
nitrate directive

Its regulations will also reduce N,O em ssions from
agricultural fertilization.

Waste management:

Measur e Remar ks

65) Ordi nance q The ordi nance on packagi ng regul ates, within the
framewor k of the Waste Avoi dance and Waste Managenent
Act, the obligations of manufacturers/sellers to take
back and to recycl e packagi ng and to enphasi se recycling
of materials (came into force in 1991).

66) Techni cal This adm ni strative provision was issued within the
nstructions on framewor k of the Waste Avoi dance and Waste Managenent
Juni ci pal Waste Act, with the purpose of reducing the anount of solid
vanagenent ( TA- muni ci pal waste that nust be stored in dunpsites, and of
5i edl ungsabfall) pronoti ng waste separation and recycling. It also

requires old dunpsites to collect and thermally exploit
dunpsite gas. This provision provides a reduction of CO
and CH;.

The TA Si edl ungsabfall came into force on 1 June 1993.

67) Techni cal In 1990, the TA Abfall, Part 1, was issued to define the
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nstructions on state of the art for recycling and other disposal of
Nst e Managenent waste requiring particular supervision. It sets high

TA- Abfall), Part 1 |standards for the establishnment, operation and post-care
of facilities for storage (including |ong-term storage),
chem cal / physi cal and bi ol ogi cal treatnent and
incineration of waste. Its strict requirenents for pre-
treatment of waste bring about a reduction of CO, and CH,

em ssions during storage. TA Abfall, Part 1, canme wholly
into force on 1 April 1991.
68) Waste Manage- Devel opnent of the existing Waste Avoi dance and Waste
rent and Product Managenment Act into a new Waste Managenent and Product
ecycling Act Recycling Act, with the intent of conserving resources
Kr ei sl auf - and avoi ding waste through the material -fl ow principle.
Mrtschafts- und
\bf al | geset z) The Act provides for the follow ng order of priority:

- Avoi dance of waste,
- Recycling or thermal treatnent and exploitation,
- Di sposal .

Execution of this Act will reduce both CO em ssions and
CH, em ssi ons.
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69) | npr ovenent of
raining and conti nu-
ng training for ar-
hitects, engineers,
echni ci ans and
raf t smen

The programme that has been carried out in this area
for many years, in which funding is provided for
informational and training events focusing on thrifty
and efficient energy use, is being continued.

In the area of vocational training, simlar |earning
goal s are already being regularly included wthin

revi si on/ new preparation of training ordinances for the
rel evant occupations. In this context, the Federal
Gover nnent has conmm ssi oned the Federal Chanbre of
Architects (Bundesarchitektenkamrer) to prepare
curricular units for continuing training/education of
architects, engineers and craftsnen in the areas of

efficient, thrifty energy use and use of renewable
ener gi es.
70) Support The Deut sche Bundesstiftung Umelt (DBU) is an

)rogramre of the

Jeut sche

3undessti ftung Umnel t
DBU)

envi ronnmental foundation |ocated in Osnabrhck that was
established at the initiative of the Federal
Governnment, by a resolution of the German Parl i anment.
It began its work in 1991, and it is now one of the

| ar gest European foundations. The main areas in which
it provides support include:

1. Future-oriented, environnentally focused manage-
ment net hods, products and technol ogi es,

2. | nnovati ve processes for recycling, disposal and
em ssions reduction,

3. Efficient energy use and renewabl e energi es,

4. Envi ronnent al precautions, applied environnental
resear ch,

5. The environnment and agricul ture,

6. The environnment and traffic/transport,

7. Provi di ng environmental information and

envi ronment al advi si ng,

8. Envi ronnment al educati on,

9. Protecting and preserving cultural treasures and

nonunents that have been damaged by environnental
pol | uti on.

Thi s environnental foundation has al so established a
stipend progranme to pronote young scientists working
in environmental protection in the area of the fornmer
GDR. To support environnental research and teaching in
the area of the fornmer GDR, the foundation is al so
funding the establishnent of (foundation) academ c
chairs. Sone of the projects supported by the Deutsche
Bundesstiftung Umelt will help to reduce em ssions of
CO, and ot her greenhouse gases.
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71) I nvest nment
)rogramre for

educi ng

:nvi ronnent al pol | u-
ion

This programe of the Federal Mnistry for the

Envi ronnment, Nature Conservation and Nucl ear Safety
accepts applications from busi nesses and mnuni ci pal
authorities (contact the Federal Environnment Agency -
Umnel t bundesant - in Berlin). It provides investnent
subsidies, as well as interest subsidies for |oans fron
the Kreditanstalt fhr Wederaufbau reconstruction bank
or the Deutsche Ausgl ei chsbank, within the framework of
the KfWenvironnental programme or the suppl enent al
programe |I11. Support is provided for |arge-scale
projects denonstrating, in nodel form how

- Facilities can be adapted to the state of the art,
in order to reduce pollution,

- Advanced processes can be used to avoid

envi ronnment al pol |l ution and

- Environnmental |l y nore conpati bl e products and sub-
stitute materials can be manufactured and used.

72) Environnent al
)rogramre of the
reditanstalt fhr

N eder auf bau (KfW
econstruction bank

The KfWenvironnental programre supports investnents
that help to inprove the environnental situation in
Germany substantially. Supported investnents include
those nade to elimnate or avoid air pollution; to
reduce snell em ssions, noise and vibrations; and to
i nprove wastewater treatnment and waste di sposal and
treat nent.

Those eligible to apply for the programre include

busi nesses from Germany and from abroad, for neasures
i n Germany (manufacturing, crafts, retail, other
types of services and entrepreneurs in agriculture and
forestry), as well as free-lance professionals from
Ger many.

The programme provides |owinterest |oans; as a rule,
of up to 10 mllion DM of financing requirenents, and
up to two-thirds of the total investnent sum For
projects of conpanies with |ess than 100 mllion DM
annual turnover (including turnover of associ ated
conpani es), |loans are provided for up to three-fourths
of the required investnment sum Those interested in
appl yi ng shoul d apply through their home banks, to the
Kreditanstalt fhr W ederaufbau, Frankfurt/ Min.

Loans provided through this programme can al so be
granted as supplenentary |oans to ERP | oans, and in
addition to other public funding.

73) Environnent al
)rogr amme of Deut sche
\usgl ei chsbank

The environmental programe of Deutsche Ausgl ei chsbank
supports investnents in all areas of environnental
protection, especially projects for the avoi dance or
reduction of environnmental pollution (preventive,
integrated environnental protection). The programme
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provides Towinterest loans of up to 75% of total
i nvestnments (normal case). Applications nay be
subm tted by

- Busi nesses,
pani es, and

- Freel ance prof essional s,

especially small and nedi um sized com

t hrough their own hone banks, to Deutsche

Ausgl ei chsbank, Bonn.

74)

Envi r onnment al
)rotecti on guarant ee
yrogramme: liability
:xenption in con-
lection with the
suppl enentary | oans
yrogramme |11 (Er-
j@zungsdar |l ehen T11)
or subsidi sing
ranuf act urers of
)reventative
:nvi ronment al
)rotection technol ogy

Thi s programmre provides assistance for investnents for
t he manufacture of innovative, environnmentally
conpati bl e products and production systens. Products
and production systens nust be able to prevent

environmental pollution, or to reduce it over the |long
term
Smal | and nedi um si zed businesses are eligible to apply

for the programe.

The size of the liability exenptions provided is up to
80 % of the relevant | oan amount, to a maxi num of 1
mllion DM Total liability is limted to 50 % of the
rel evant investnent sum

I nterested parties should apply through their hone
banks, using application forns provided by Deutsche
Ausgl ei chsbank, Bonn.

75) Federal / L@der
oint task "I nprov-
:ment of the regional
:conom ¢ structure”

The purpose of this programre is to inprove regional
econom ¢ structures. Businesses and public-|aw
authorities are eligible to apply.

In former West Germany, the programme subsidi ses com
nmercial investnents at a level of up to 18% in the
area of the former GDR, it subsidises at a |evel of up
to 23% Subsidies are granted only in the support areas
defined in the relevant franmework plan. The area of the
former GDR has been given special status, lasting until
the end of 1996, for regional econom c support. Before
subsi di es can be granted, reviews are necessary to

det erm ne whether the clainmed prevention or maxi mum

em ssions limtation, and proper waste treatnent, are

i ndeed occurri ng.

For investnment projects neeting the prerequisites for
support, the L@der can provide guarantees that the
Federal authorities then assunme. Projects eligible for
support within this joint task include energy-supply
facilities, wastewater-treatnent and waste-di sposal
facilities and projects to restore the health of
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I ndustrial operations.

76) Fi nanci al

support of the
cononi ¢ i n-
rastructure in the
irea of the forner
DR - inprovenent of
he regi onal econom c
structure in
sonnection with
support for nunici pal
nfrastructures

The group of those eligible to apply includes
communities and districts, as well as private persons
and legal entities (chanbres, associations) not
operating for profit. Applications can be subnmtted to
the district adm nistration responsible for the

i nvestnment area in question (authorisation authority)
or to the relevant agricultural mnistry.

The projects eligible for support include construction
or expansion of energy and water supply lines and
di stribution systens, as well as of facilities for

di sposal or purification of wastewater and or for waste
di sposal
77) Advi sing The AgV, in conjunction with the consuner advising

soncerning thrifty,

f ficient energy use,
yrovi ded by the

\r bei t s- genei nschaft
ler Ver braucher -
rerb@de (AgV)
>onsuner associ a-

i ons' worKking group,
)n conmi ssion to the
-ederal Mnistry of
zcononi cs

centres of the L@der, provides energy advising in 330
maj or cities - financed by the Federal Mnistry of
Econom cs. Advising is provided to interested persons
on all questions related to thrifty and efficient
energy use, including use of renewabl e energies.
Advising in the centres is suppl enented by year-round
nobi | e advi sing services - five busses that systemati -
cally visit smaller and nmedi um sized conmunities to
ensure that energy advising is avail able throughout the
country.

78) Support for
wdvi si ng of smal |
redi um si zed com
yani es concer ni ng
:nvi ronment al
)rotecti on and energy
Ise

and

Thi s programe provi des support, anong ot her enphases,
for advising to help conpanies deal with problens
arising fromenvironnmental protection requirenents
(environnmental protection advising), as well as
advi si ng concerni ng econom c, technical and

organi sational problens related to thrifty, efficient
and environnental ly conpati bl e energy use, including
use of renewabl e energi es (advising on saving energy).
The group of those eligible to apply includes small and
medi um si zed busi nesses in trade and industry, free-

| ance professionals and agricul tural comnpanies.
Subsi di es are provided to cover up to 50% of the

advi sing costs, up to a maxi mum of 4,000 DM
Applications should be submtted, after conpletion of
the rel evant advising, to an admnistrative office
approved by the Federal Mnistry of Econom cs. The

aut horisation authority is the Federal Economcs Ofice
(Bundesant fhr Wrtschaft).

79) Orientation
wdvi si ng on
:nvi ronment al

Thi s programme provides subsidies for orientation
advising in environmental protection designed to help
conpani es take econom c, technical, organisational and
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yrotection for snal
ind medi um si zed
sonpani es (area of
he former CGDR)

'egal nmeasures to deal wth environnental
meet stricter environnental standards.

pol T'ution and

Legal | y i ndependent businesses in the areas of trade
and industry, and with annual turnover of up to 50
mllion DM as well as private persons seeking to go
into business for thenselves, are eligible to apply.
Subsidies of up to 85% of invoiced advising costs, up
to a maxi numof 3,400 DM are paid. The progranme ends
on 31 Cctober 1994.

Applications should be submtted to the responsible
chanbre of commerce, after the rel evant advising has
been conpl eted, by conpani es providing the advising.

80) Orientation
wdvi si ng on

anvi ronnment al
yyotection for com
runities in the area
f the forner GDR

Thi s programme provides support for orientation

advi sing that provides the applicant with the necessary
know edge of the particularly inmportant national |aws
applying in his case. In addition, the advising should
identify possible solutions and prom sing action
strategi es for organi sational and technical,

envi ronnmental protection concepts, plans and neasures -
and rel ated questions of financing.

Cities, comunities, community associations, community
i nterest groups, devel opnent conpani es and rural
districts in the area of the fornmer GOR are eligible to
apply. Subsidies of up to 85% of invoiced advising
costs, up to a maxi mumof 3,400 DM are paid. The
programe ends on 31 Cctober 1994. Applications should
be submitted to the Deutsche Institut fhr Urbanistik.

81) Community | oan
)rograme - area of
he fornmer GDR

Thi s programe supports comunity real investnents,
especially those made to inprove the economnc
infrastructure, and including enphases in conmunity
environmental protection and energy saving.

The group of those eligible to apply conprises
communities, districts, comunity associations,

i nterest groups, other authorities and public-I|aw
institutions and conpani es of comrunity authorities -
wi th predom nantly comunity sponsorship - in the area
of the former GDR

| nvest nents are supported through | owinterest
This programe term nated in 1992.

| oans.

82) Air quality
sontrol programe of
he Eur opean Recovery
’r ogr amme ( ERP)

Thi s programmre provides support for construction and
expansion of air quality control facilities, as well as
facilities that elimnate or reduce noise, snell or

vi brations, and environnmentally conpati bl e production
facilities.

Busi nesses in the areas of trade and industry are
eligible to apply; small and nedi um si zed conpani es
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recei ve preferential consideration.

The programme provides |owinterest |oans of up to 50%
of investnments, to a total of 1 mllion DM In
exceptional cases of particular environnmental policy
significance, this |oan-anobunt maxi rum can be exceeded,
however. Applications may be submtted through any
bank. ERP | oans are disbursed through the Kreditanstalt
fhr Wederaufbau (KIfW reconstruction bank, Frankfurt.

83) Techni cal

nf ormati on
soncerning efficient
'nergy use and use of
enewabl e energies

The Federal Mnistry for Research and Technol ogy is
supporting specialised information resources relative
to efficient energy use and use of renewabl e energies.
The support is concentrated especially on the
"Citizens' Information on New Energy Technol ogi es”
(Bhrgerinformati onen Neue Energi etechni ken - Bl NE)
provi ded by the Karl sruhe Technical Information Centre
(Fachi nformati onszentrum Karl sruhe - Fl Z-Karl sruhe);
the "Informati on on Conmmunity Energy Supply”

(I'nformati onen zur konmunal en Energi eversorgung -
KEV); the "Information Centre for Heat Punps and
Refrigeration Technol ogy" (Informationszentrum fhr

W@ nepunpen and K@tetechnik - 1ZW |ocated within the
Fl Z- Kar | sruhe; the "Central O fice for Solar

Technol ogy" (Zentralstelle fhr Solartechnik - ZfS) in
H |l den; the "Institute for Industrialisation of
Construction” (Institut fhr Industrialisierung des
Baues), Hannover; and the "lIndoor-Cinmate Technical In-
stitute" (Fachinstitut Geb@de-Klim), Bietigheim

Bi ssi ngen, which provides information on indoor climte
control

84) Studies on
)ptim sing the CO-
educti on programre

The various mnistries participating in the "CO-
reducti on"” | W5 have conm ssi oned nunerous st udi es,
within their owmn mnistry research programmes, that are
focusing on optimsing and inplenenting the CO-
reduction progranmre.

85) Anendnent of the
-ee Table for Ar-
hitects and

:ngi neers (HOAI)

On 15 March 1994, the Federal Governnent approved the
5th Ordi nance for Amendnent of the Fee Table for Ar-
chitects and Engi neers (HOAI). The anendnent provides
for "special services" in the interest of efficient
energy use and use of renewabl e energies, applying to
cases in which services provided exceed the services
generally required to properly fulfill contractual

obl i gati ons.

The purpose of the anmendnent is to give architects and
engi neers financial incentives to increase services on
behal f of CO, reduction, use of renewabl e energies and
efficient energy use.
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The anmendnment 1s currently being deliberated in the
Bundesrat (upper house of parlianent). Bundesrat
approval is required before the amendnent can cone into
force. It is hoped that if Bundesrat approves the
amendnment, it can cone into force this year

86) Research into
speci fic approaches
o regul atory instru-
rent s

The Federal Mnistry for the Environnent, Nature
Conservation and Nucl ear Safety has conm ssioned a
range of projects in which specific regulatory
instrunments are to be anal ysed regarding their
effectiveness, their paraneters and their chances for
success. This analysis is focusing particularly on the
foll ow ng issues:

- Third-party financing,

- Conti nui ng education for architects,

- Active managenent in district-heating conpanies,
- The Ordi nance on Heat Use and the CO)/ energy tax,
in concrete applications,

- The Merseburg energy-supply concept,

- The econom ¢ basis for using geothermal energy.

87) System anal ysi s
Mthin the Instru-
rents for Cinmate-
jas-reduction
strategies (I KARUS)
)r oj ect

I n Decenber 1990, the Federal Mnistry for Research and
Technol ogy comm ssi oned the Jhlich Research Centre
(prime contractor) to prepare a range of tools with
which interested users (scientists, industry,

associ ations, unions and federal mnistries) can
devel op and anal yse cli mate-gas reduction strategi es.

As part of the | KARUS project, conputer nodels of the
German energy system are being devel oped (for Gernmany
as a whole and for the separate areas of traffic and
transport, indoor heating, district heating/electricity
and industry) and dat abases are being established. The
dat abases contain data on em ssions factors and costs
of all technol ogies of relevance for the German energy
system for the years 1989, 2005 and 2020. In addition,
status quo data, where available, is also being stored:
for housing structures, industrial processes and for
transport systens. The tools can be used, for exanple,
to identify the technologies that will be required in
t he year 2005 to achieve the aimof reducing CO

em ssions by 25%- 30% while mnimsing the costs to
t he econony as a whole. They are al so expected to
provi de answers to nmany detail ed questions, in such
sectors as households, traffic and transport, industry
and district heating/electricity.

| KARUS i s expected to hel p increase understandi ng of
the overall functions and reactions of our strongly
net wor ked energy system and to provide a better
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foundation for further strategic considerations.

The gases for which data is to be stored include carbon

di oxi de (CQO,), nethane (CH,), nethane-free hydrocarbons,
nitrogen oxides (NQ), as NGO, nitrous oxide (NO),

carbon nonoxi de (CO, and stratospheric water vapour.

To ensure that databases are available for a w de range
of uses, the tools are being devel oped for personal
conputers (1 BM and | BM conpati bl es). Devel opnent wor k
is placing particular enphasis on user-friendliness, as
wel |l as on data conparability (transparency) and
plausibility of the strategies developed with the
system

The | KARUS project advisory board serves as a liaison
to the "CO,-reduction” IW5 and thus to the affected
Federal Governnent ministries and their subordi nate
agencies. This board, which supports the project, is
headed by the Federal Mnistry for Research and

Technol ogy, and is identical with working group 4 of
the "CQO,-reduction” W5 "New technol ogi es".

88) Environnent al
certification mark
Umnel t zei chen)

Since 1977 the environnmental certification mark has
been used to call consuners' attention to products that
support efficient, thrifty energy use, as well as use
of renewabl e energies. Such products include
- CFC-free and energy-saving refrigerators and
freezers,
- Low em ssions oil-atom zing burners,
- Speci al gas-fired boilers,
- Combi nati on water heaters and circul ati on heaters
for gaseous fuels,
- Burner/boiler units with gas burners and fans,
- Q| -burner/boiler units,
- Sol ar - power ed products,
- Natural gas condensing boilers

- Gas room heaters and gas heating el enents,

- Lubricants and form ng oils that biodegrade
rapidly.
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Part B. Measures that are currently being approved by the
rel evant deci si on- maki ng bodi es, or whose approval
is currently being prepared or is currently planned:

Energy supply:

Measur e Remar ks
89) Anendnent to the The amendnent to the Energy Managenment Act will ac-
zner gy Managenent Act conpany the energy-Iaw reform announced by the

Federal Governnent in its report on securing the
future of Germany as an econom c regi on
(Zukunftssicherung des Standorts Deutschland), whose
aimis the introduction of effective conpetition
within the electricity and gas industries. These
efforts also are ained at elimnating exclusive
rights of passage and demarcation contracts, as well
as inproving network access for third parties, taking
i nto account considerations of European and regional
policy, and not limting communities' rights to | evy
t axes on concessions. This reformis in line with EU
wi de efforts to achieve greater conpetition between
provi ders of |ine-bound energy.

90) Proposal for an A Cabi net resolution of 7 Novenber 1990 provides for
X di nance on Heat Use t he issuing of an Ordi nance on Heat Use (W@ nenu-

t zungsverordnung) pursuant to the Federal | nm ssions
Control Act (BInchG .

A draft of such an ordinance is currently being

pr epar ed.
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Traffic and transport:

Measur e

Remar ks

91) Rai sing of the
nninumEU | evel s for
nneral-oil tax

As of 1 January, 1994, fuel tax and price levels in
many nei ghbouring countries are |ower than those in
Germany. Consequently, there is a risk that nore and
nore notorists will go abroad to refuel. This
occurred after the last mneral-o0il tax increase.
Therefore, the Federal Governnent is striving to
achi eve greater harnonisation of mneral-oil taxes,
i.e. further increases in mninmmlevels, in
Brussel s.

92) Em ssions-oriented
ot or-vehicle tax (2nd
yhase)

On 1 April, 1994, the new version of em ssions-
oriented taxation of comercial vehicles with a total
perm ssi bl e weight over 3.5t was introduced, in a
first phase.

Plans call for introducing em ssions-oriented
taxation for autonobiles, in a second phase.
Conversion of autonobile taxation (and including
I ight commercial vehicles and notorcycles) to an
em ssions-oriented systemis currently being
prepared; its details remain to be determ ned.

The introduction of em ssions-oriented notor-vehicle
taxati on should provide incentives for the

devel opnment and i npl enentati on of new notor-vehicle
technology that will result in vehicles with

consi derably | ower em ssions.

93) Road-use tolls

The introduction of road-use tolls can nmake an

i mportant contribution to the harnoni sati on of tax
systens, and for juster allocation of road costs
anmong traffic participants. In addition, such tolls
have positive effects on traffic control, they can
hel p i ncrease driver awareness concerni ng notor-
vehi cl e use and they can support desired shifts of
traffic to other, environnmentally conpati bl e nodes of
transport.

In June 1993, the Council of EU Mnisters of
Transport reached agreenment concerning a systemfor
al l ocation of road costs for the Cormunity's goods
transports on roads. As a result, Germany, in
conjunction with the Benel ux countries and DenmarKk,
can introduce, beginning on 1 January 1995, a time-
oriented notorway-use toll for trucks of at |east 12
t total perm ssible weight. Wth this arrangenent,
both German and foreign trucks - for the first tine -
wi Il share in paying German road costs.
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Measur e

Remar ks

Germany does not yet have a basis for decisions
concerning the "whether" and "when" regarding

i ntroduction of electronic route-oriented road-use
tolls (road-pricing) on German notorways, which for
reasons of EC law, will not be possible before 1998.

94) CO, em ssions of
1ew not or vehicles

Prelim nary work has been acconplished for an EU
directive defining guide values for CO, em ssions of
not or vehi cl es.

By the year 2005, newy registered autonobiles are to
have a nean fuel consunption of 5 litres per 100 km
if at all possible. This is to be achi eved by neans
of

- gradual reduction of guide values (in stages, over
time) for CO, em ssions,

- the new European driving cycle as the neasurenent
procedure and

- current fuel specifications.

The Council| has been unable to approve a resol ution,
which was originally scheduled for 1992, for a
proposed directive, since the EU Conm ssion has not
yet submitted the rel evant proposal.

The EU Comm ssion had conm ssioned the Motor Vehicle
Em ssion G oup (MVEG to prepare a CO,-reduction con-
cept. This group has now presented various proposals.
The European Conmi ssion's decision is still pending.

95) Cerman rail ways'
site concept

The German railways' site concept for conbined
rail/road transports calls for new construction and
expansion of railway freight stations at 44 sites in
t he Federal Republic of Germany. A total of 4 billion
DMin investnents are being planned for this purpose.

By the year 2010, approx. 90 - 100 million t of total
freight transports are to be transported by rail, as
conbined rail/road transports, for the majority of
the transport distance.

96) Use of nodern

nf ormati on t echnol ogy
or preventing and
egulating traffic

tel ematics)

The Federal Governnment is supporting the use of
noder n dat a- gat heri ng, communi cations, control and

i nformation-technol ogy systens that will help prevent
and regulate traffic. Support is currently being
provi ded for the devel opnment of an integrated
telematics concept, i.e. a concept that takes account
of all traffic sectors.

Tel ematics can nake a substantial contribution to
achi eving the aimof reducing CO, em ssions.

Tel emati cs hel ps prevent superfluous traffic by
enabling better use of the infrastructure, by
networking and linking the infrastructure, by
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Measur e

Remar ks

shifting traffic as necessary and by contributing to
a road-pricing system

97) Taxati on of
vircraft fuels

Wthin the EU, aircraft fuels for commercial air
transport are exenpted from mneral-oil tax, pursuant
to Art. 8 para 1 letter b) of directive 92/ 81/ EEC
Since this directive is binding for EU Menber

States, aircraft fuels can be made subject to
mneral-oil tax only with the agreenent of the other
EU Menber States. As part of the review of the tax
exenptions set forth in Art. 8 of the above-nentioned
EU directive, which is scheduled to occur by 31
Decenber 1997, the Federal Governnent plans to
reiterate its support for the elimnation of this tax
exenpti on.

98) Anmendnent of the
ommon Rul es of

v ocedure (CGenei nsane
®sch@t sordnung) of
he federal mnistries

The first report of the "CO-reduction” |IW5 contained
t he proposal that, in order to reduce CO, em ssions
fromtraffic, future drafts of proposed |aws and

ordi nances shoul d describe the legislation' s expected
effect on traffic and the environnment.

Thi s proposal has now been taken account of in the
addition to Art. 40 para. 2 no. 3 of the common rules
of procedure (Geneinsane Gesch@tsordnung) of the
federal mnistries, Special Part (G300 I11), which is
currently being inpl enented.

The new Art. 40 para. 2 no. 3a, which is to be added,
reads as foll ows:

"If necessary, it should also be stated which effects
on traffic are to be expected."”

The L@der and conmmunities should issue simlar rules
for their national regulations.

99) Introduction of
raffic-effects studies

As a followup to the relevant Cabinet resolution, a
suitabl e procedure is to be devel oped for preventing
traffic by means of instrunents and procedures. The
"traffic effects review' (Verkehrsausw rkungsprhfung)
IS being envisioned as a review procedure with a
strong interdepartnental orientation (sonmewhat
simlar to the environnmental inpact assessnment (ElIA),
al though the EIA is used for individual projects) for
pl anners and adm ni strators.

The procedure should nake it possible to recognise
traffic-nultiplying decisions in early phases,

W thout creating barriers to investnent, and, if
necessary, to take such findings into account in
further planning.
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Measur e Remar ks
100) Shifting of The Federal Governnent plans to prepare neasures that
nternational transit will shift international transit transports from

raffic fromroads to
ai lways and to ships

roads to railways and shi ps.

Buildings and structures:

Measur e

101) 2nd Ordi nance for
\mrendnent of the O di nance
)n Smal | Conbustion Pl ants
1. Bl nBchV)

Remar ks
The Federal Cabinet's second CO, resolution, dated
7 Novenber, 1990, contains a nmandate for adapting

t he maxi mum perm ssi bl e wast e-gas | oss standards
pursuant to the Ordinance on Small Conbustion
Plants (1. BInSchV) to the current state of the
art.

The draft of the 2nd Ordi nance for Anmendnent of t he
1. BInSchV is soon to be submtted to the Federal
Cabi net for approval.

102) | nstruments for
ncreasi ng ener gy

xf ficiency of existing
wui | di ngs

The potential inherent in existing buildings and
structures for reducing CO, emssions is a key to
t he i npl ementati on of the CG,-reduction progranmre.

The new thermal insulation ordi nance takes exi sting
buil dings into account in that its requirenments fol
subsequent thermal -insul ati on measures in existing
bui | di ngs - where technically possible and
econonmi cal ly acceptabl e - have been expanded,
cases in which extent of renovation and
noder ni sati on neasures exceeds certain limts.
Nonet hel ess, it is not possible to require
conpr ehensi ve subsequent neasures, since the
investnments required to exploit potential for
savi ng energy are not cost-effective, given curreni
energy prices, and woul d place unreasonabl e burden:
on citizens.

for

For this reason, the Federal Governnent plans to
exam ne whet her, and by what neans, it would be
possi bl e to accel erate energy-saving i nvestnents i
exi sting buildings.

103) Speci al rel evant
rivileges accorded within
he buil di ng code

On 23 June, 1994, the German Parliament, as part of
t he amendnment of the law for the pronotion of
traditional farmstructures in agriculture (Cesetz
zur F rderung der b@erlichen Landwi rtschaft),
approved the addition to Art. 35 para 1 of the
Construction Code (Baugesetzbuch) of a new no. 7

t hat provi des special arrangenents for w nd-power
systens. The addition reads as follows: "Qutdoor
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Measur e

Remar ks

projects are permssible only when the public

i nterest does not preclude them when the site is
properly devel oped and their purpose ..... 7. is
research, devel opment or use of w nd energy or

ot her renewabl e energi es". The Bundesrat has
requested the parlianmentary nediation commttee to
del i berate on this matter.

104) St andar di sati on
f aut horisation practices
or renewabl e energy

syst ens

A lack of standardi sed L@der and comunities'

aut horisation requirenents and criteria is
hanperi ng expansi on of use of renewabl e energies.
| npet us nust be given to standardi sing

aut horisation practices of the L@der and to
elimnating | egal uncertainties in this area. The
Federal Governnment expects the various bodi es of
t he working group of L@der mnisters responsible
for matters of construction, housing and

devel opnment (ARCEBau) to review this question
agai n.
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Overarching measures:

Measur e Remar ks
105) I nprovenent of the | The Federal Government is working to ensure that the
ramewor k f or Federal Chanbre of Architects, the Federal Chanbre of

rocational training and
or contli nui ng o
:ducation and training

Engi neers and the Standi ng Conference of Mnisters of
Education and Cultural Affairs of the L@der (KW)
increasingly give regard to renewabl e energi es and
efficient energy use in connection with anendnents
and additions to the framework ordinances for
vocational training/education and for continuing

trai ni ng/ educati on.

106) Support for

)rovi si on of

nf or mati on concerni ng
hird-party financing

rodel s

The EU- SAVE directive calls on Menber States to
pronote use of third-party financing in the public
sector. Any budgetary and public-procurenent problens
that remain, however, nust be solved within the
framewor k of the national inplenentation of the SAVE
directive, in order to permt broad use of third-
party financing in the public sector.

107) | nt roducti on
f an (at-1east) EU

v de CO/ energy tax that
1as a neutral effect
Mth regard to
>onpetition and total
ax-revenue vol une

An inportant el enment of the CO-reduction programe i:
the introduction of a COJ/energy tax that has a
neutral effect with regard to conpetition and total
tax-revenue volunme, and is in effect at |east

t hroughout the EU. It should al so be ensured that the
CO)/ energy tax has a gui dance effect.

The second report of the "CO-reduction” |WG reported
in detail concerning the need for an EU-w de
approach, at least, for taxation of CO, em ssions. Fo
this reason, the Federal Governnent has wel coned the
Eur opean Conmi ssion's rel evant proposed directive of
May 1992 and has continued to support it. But even

i nt ensi ve negoti ati ons have been unable to bring
about the necessary unani nous approval. Currently,
sonme Menber States have diverging positions on this
matter; therefore, it is unclear when the EU-|eve
deliberations will produce a final result. Therefore,
t he Federal Governnment plans to continue striving to
convince all EU partners of the need for such a
taxation instrunent. It also plans to support an
internationally coordinated approach within the OECD
framewor k. During the German Presidency, the Federal
Government is continuing to enphasi se the question of
an EU-wi de COJ/energy tax that is neutral with respecs
to conpetition and total tax-revenue vol une.

108) Law on man-
Jatory labelling with

The future inprovenent of information available to
consuners concerning energy consunption of household
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Measur e

Remar ks

egard to energy
sonsunpti on

el ectric appliances is one of the 1 nformational
nmeasures that are being carried out follow ng EU

| evel approval. In Septenber 1992, the EC Counci
approved a franmework directive by which certain
househol d appliances nust be sold with a | abel and
data sheet providing information about their specific
energy consunption. Currently, the European

Comm ssion, in cooperation with the Menber States, is
preparing execution directives for specific types of
appl i ances. An execution directive for refrigerators
and freezers has been approved. As part of the

i npl enentation of this directive, the Federal
Government plans to present a draft for a | aw
requiring products to carry energy-consunption-data

| abels. This law is expected to have a marked

i nfl uence on consuner energy awareness.

109) Pl anni ng of
he parlianent and
jovernment district in
3erlin with regard to
:nvi ronment al

yrotection

equi renment s,

sspecially climte-
yrotection requirenents

The future structures and energy supply in the par-
liamentary and governnment district in the Berliner
Spr eebogen area nust both neet strict environnental
policy requirenents and guarantee reliability.
Pursuant to the Cabi net resolution of 11 Decenber,
1991 for the reduction of CO, em ssions in the Federa
Republic of Germany, the Federal Governnment plans to
"...make intensive efforts to set a good exanple, on
its properties, for |ow energy consunption, and to
use renewabl e energi es".

A final energy concept is currently being prepared.
The appropriate specifications are being given to
architects and planners to ensure that buil di ngs neet
hi gh energy standards. In the areas of both passive
(structurally integrated) thermal insulation, and
nodern heating technol ogy, solutions nust be chosen

t hat far exceed m ni num st andar ds.
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5.2.2 Possibilities for binding carbon dioxide in
reservoirs/by sinks (forestry and the lumber in-
dustry)

5.2.2.1 Conservation of existing forests

Conserving existing forests is the nost inportant forestry-

rel ated nmeasure for protecting the climate and binding CO, (cf.
measure 61 in Tab. 5.1). Only if forests are protected over
the long term

- WIIl forests, which are inportant carbon reservoirs, be
preserved,

- W1l carbon continue to be bound,

- Can all other forestry-related nmeasures for reducing
climate change be successful.

In Germany, the Federal Forest Act provides the | egal basis
for preserving and adding to existing forest areas. Currently,
t he ambunt of area covered by forests is increasing.

Germany's forests are subject to a wde variety of stresses.
The reasons for the so-called "new' forest damage in Gernmany
are conplex. Air pollution plays a central role. Air pollution
inmpairs forests' bal ance of substances and growth. The Federal
authorities and the L@der closely nonitor the condition of
forests and report annually on it (for exanple, in the Federal
Governnment's forest-condition report - WAl dzust andsbericht).
At an early date, the Federal Governnent initiated com
prehensi ve neasures to reduce em ssions of pollutants. Nearly
all nmeasures for reducing air pollution contribute directly or
indirectly to reducing em ssions of climte-rel evant trace
gases.

The Federal Government will continue its resolute air-quality
policies on the national and international levels, and it
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plans to refine them In addition, it is assisting forestry
conpanies in their conplenentary forest-nmanagenent efforts to
protect forest ecosystens agai nst new danmage.

5.2.2.2 Possibilities for new afforestation

Planting new forests on | and not previously used for silvicul-
tural purposes (new afforestation) is a particularly useful
way of increasing carbon binding. As a rule, such additional
forests provide a nultitude of other benefits as well (produc-
tive, protective and recreational functions of forests).

For years, new afforestation has been pronoted in Gernmany by
means of investnment subsidies within the framework of the
Joint Schene to Inprove the Agricultural Structure and Coastal
Protection"” (cf. measure no. 60 in Tab 5.1). In 1991, incen-
tives for new afforestation of agricultural |land were con-

si derably enhanced through the introduction of an additional
20-year new afforestation bonus for farners and forest owners.

The effects of this bonus on the rate of new afforestation
remain to be seen. It is expected, however, that through this
arrangenment up to 12,000 hectares will be newy afforested
annual | y.

As a result, the total anobunt of forest |land could increase by
150, 000 hectares by the year 2005. The new forests in place by
that date would store an additional 0.5 mllion tonnes of car-
bon, or 2 mllion tonnes of CQO, annually. This would represent
a 0.2%contribution to overall reduction, with respect to na-
tional CO, em ssions in 1990.

Consequently, the potential for CO, binding through new af -
forestation is limted.
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The follow ng points nust be taken into account in connection
with new afforestation:

- The decision in favour of new afforestation of agricul-
tural land lies primarily with the (private) owner of the
| and, and thus depends on a range of different subjective
consi derati ons.

- In a country as densely popul ated and intensively used as
Germany, new afforestation is not always reasonable or
possi ble - for ecological (for exanple, nature conserva-
tion), social and cultural (for exanple, changed
| andscape i nage) reasons.

- The tinme during which carbon binding - its net effect -
occurs is limted to the growmh phase of the new forests.

5.2.2.3 Increasing biomass levels of existing forests

O her neasures under discussion to increase carbon storage of
forests include | onger rotation periods and opti mum use of
increnents. The Federal Governnent holds the view that in
Germany such neasures can nmake only a relatively nodest con-
tribution to inproving the CO, bal ance.

5.2.2.4 Increased use of wood

Wth regard to the problemof climte, use of wood has a
nunber of advantages. For this reason, it is inportant to in-
crease wood use.

Whod has a neutral inpact on the carbon cycle when used for
energy; i.e. the anount of carbon released - including carbon
released in CO, - is the same as the quantity drawn fromthe
at nosphere as the wood grew. For this reason, increased use
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shoul d be nade of wood and wood products as energy sources
(burning/gasification).

| ncreased use of wood products hel ps reduce greenhouse gases

- when such products are used as a substitute for raw
materials with a | ess favourabl e greenhouse-gas bal ance
i n production, processing and di sposal,
- in that carbon remains bound in wood (if not burned) for
| ong periods of tine.

The above-nenti oned use of wood in long-lasting products ex-
pands the potential of wood as a CO, reservoir. According to
estimates of the Federal Research Agency for the forestry and
| unber industry (Bundesforschungsanstalt fhr Forst- und

Hol zwi rt schaft), over 325 mllion tonnes of carbon (equival ent
to 1 billion tonnes of CO,) are currently stored in wood
products. Wod products thus have an inportant function as
intermedi ate CO, reservoirs.

5.2.2.5 Summary of all possible silvicultural measures

Estimating the inpact silvicultural and forest-nmanagenent
measures will have with respect to CO, reduction is extrenely
difficult and subject to considerable uncertainty. One reason
for this difficulty is that it is currently not possible to
determ ne when forests have reached a maturity stage at which
t hey can no | onger bind additional anobunts of CO,. According to
findings so far, it seens possible, using the above-nentioned
options, to inprove the national CO, bal ance by approx. 5-10
mllion tonnes of carbon per year (20-40 mllion tonnes of
CO). This would correspond to a ratio of 2-4% of total nation-
al annual CO, em ssions. This would not suffice to make urgent-
Iy required nmeasures to limt greenhouse-gas em ssions un-
necessary, however.
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5.3 Other involved parties

The success of the Federal Governnent's climate-protection
policy al so depends on the cooperation of all those involved.
By itself, the Federal Government will not be able to inple-
ment, on the local level, a programre that so intensively af-
fects econom c and social structures. In the Federal Govern-
ment's opinion, diffusion of climte-protection strategy since
1990 to the different | evels and concerned parties involved
has been extrenely successful.

5.3.1 Lander

G adual Iy, the Lander are also preparing their own Land-
specific climte-protection programes. The Federal Governnent
wel cones the devel opment and inpl ementati on of such programmes
- especially for the reason that in nany areas the Lander have
executive conpetency. The Federal Governnent and the Lander
are coordinating their efforts within the "Environnent and
Energy" working group of the Conference of Mnisters of the
Envi r onnent .

5.3.2 Cities and communities

Since 1990, numerous conmunities have begun devel opi ng and

i mpl ementing comunity CO,-reduction concepts, often on the
basi s of existing energy-supply concepts. Far nore than 100
such concepts have now been prepared. The Federal Mnistry for
t he Environment, Nature Conservation and Nucl ear Safety, in
conjunction with the Federal Environnent Foundation
(Bundesstiftung Umelt) is attenpting to support this trend by
devel opi ng gui delines for comunity CO,-reduction concepts.
Head community associations are giving this topic increasing
attention.



- 266 -

In addition, conmmunities are organising thenselves into a

Eur opean-|l evel climate-protection alliance. This alliance has
set itself the very anbitious goal of reducing CO, em ssions in
its menber communities by 50% by the year 2010, in relation to
1987 | evel s.

In February 1992, the Federal CGovernnent, in cooperation with
the German Society for Techni cal Cooperation (Deutsche
Gesel I schaft fhr techni sche Zusanmenarbeit), Eschborn, and the
Berlin Senate, sponsored an international experts' conference
on the topic of "Pronoting comunity environnmental protection
- strategi es and approaches”. The conference approved recom
nmendations of the Rio Conference in the formof a "Berlin

Decl aration". This declaration lists strategi es and approaches
for strengthening community environnmental protection in both

i ndustrial and devel oping countries. The list has been in-
cluded in the correspondi ng chapter of the Agenda 21.

5.3.3 Industrial and economic associations

I n Novenmber 1991, six central German industrial associations
presented an initiative paper on world-w de climte protec-
tion. In the paper, German industry enphasises that it is
willing to do its part to stemthe greenhouse effect. The
paper al so makes clear that the industry considers self-com
m tnment decl arati ons and conpensation solutions to be effec-
tive climate-protection instrunents. Since 1992, the Federal
Mnistry for the Environment, Nature Conservation and Nucl ear
Safety, the Federal Mnistry of Econom cs and the Federal M n-
istry of Finance have been conducting intensive discussions
with industrial representatives to find ways of inplenenting
this initiative paper. To date, these discussions, in spite of
the efforts of the Federal Governnment and industry, have been
unsuccessful. The Federal Governnment plans to continue its

di scussions with German industry.
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5.3.4 Other involved parties

In addition to the above-nentioned invol ved parties, the topic
of climate protection is being currently discussed very in-
tensively by unions, environnmental associations, consuner or-
gani sations, the churches and ot her social groups. The ai m of
these initiatives is to make clear to each individual that he
or she can nmake a decisive contribution to conbatting the

gl obal greenhouse effect. In the opinion of the Federal
Governnment, these initiatives are extrenely inportant. The
Federal Governnent assists these efforts wherever it is able
to do so.

Measures for reducing greenhouse gases covered by the Montreal Protocol are not included here. In addition, other specific measures that have
taken by the Federal Lander and by communities to reduce emissions of CG and other greenhouse gases are not listed here
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6. Emissions scenarios
6.1 The reliability of predictions and scenarios

In all political areas, and on all political |evels,

predi ctions and scenarios are indispensable tools for
obtaining a concept of that which could occur in the future
and for estimating the effects of possible neasures. In the
area of energy policy, predictions and scenarios have al ways
pl ayed an inportant role, on the national |evel (Federal
authorities, Lander), on the European |level (EU, ECE) and on
the international |evel (IEA Wrld Energy Council, UN).

Predi ctions and scenari os have had particul ar inportance since
consul tations began to forrmulate a gl obally coordinated
climate-protection strategy. In both the IPCC and the I NC
framewor ks, countl ess predictions and scenarios, with a w de
range of territorial and chronol ogical frames of reference,
have been presented and di scussed. In many cases, the

i npression was confirmed that predictions have been
appropriated for certain ains and interests. This was al so the
result of a study entitled "Analysis of the npbst recent
energy-requirenents predictions for inportant nations with
regard to the avoi dance of energy-rel ated greenhouse gases”
(Analyse jhngster Energiebedarfsprognosen fthr wichtige
Nationen im Hinblick auf die Vermeidung energiebedingter
Treibhausgase) that was carried out by the Fraunhofer
Institute for System Technol ogy and | nnovati on Research, on
comm ssion to the Federal Mnistry for the Environnment, Nature
Conservation and Nucl ear Safety. Again and again, participants
in political discussion overlook that there is no certain
know edge of the future, and that predictions cannot be nore
than "if-then statenents.”

Predi ctions thus al ways depend cl osely on the conditions on
whi ch they are based, and the results of scenarios always
depend on the prem ses fromwhich they begin. This neans that
a nunber of different descriptions of the future, all of which
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are consistent and free of contradictions, can always be made
si mul t aneously, with each dependi ng on the assunptions made
concerning the further devel opnent of econom cal, denographic
and political paranmeters, and on the way interconnections
relative to energy consunption are assessed. In addition, it
has proven to be the case over the | ast three decades that
there is a tendency to overesti mate actual energy consunpti on;
clearly, this tendency is systematically caused. According to

the Jhlich Research Centre's studies of the period between
1970 and 2000, 21 of 24 consunption curves obtained through
energy predictions |lay markedly over the actual devel opnent.
Only three predicted curves were bel ow actual devel opnent. The
di screpancy between predicted and actual devel opnent was
particularly pronounced for the two oil-price crises of

1972/ 73 and 1979/ 80.

It would be wong, however, to develop a reproach on the basis
of such m staken predictions. Neither predictions nor
scenari os can take account of unforeseen external shocks or

ot her externally caused paraneter changes. This fact should

al ways be renmenbered in connection with the interpretation of
predi ctions and scenari 0s.

An additional reason for the relative nature of predictions
and scenari os concerni ng energy consunption and the

devel opnment of greenhouse-gas em ssions is, purely and sinply,
that the future effects of certain neasures cannot be

predi cted, even with the best possible nethods. The foll ow ng
are typical exanples, taken fromthe Federal CGovernment's
climate-protection strategy (including the CO-reduction
programme), of neasures whose effects cannot be predicted:

- The amendnent to the Energy Managenent Act,

- The anendment to the Fee Table for Architects and
Engi neers (HOAI),
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- Measures for inproving consultation and availability of
i nformation,

- Measures for inproving training/education and conti nuing
trai ni ng/ educati on.

Furthernore, it nust be renenbered that, due to

i nt erdependenci es between individual neasures, the sumas a
rule is greater than sinple addition of effects of individual
el ement s.

Such qualifications concerning the reliability of predictions
and scenarios notw thstanding, scientific predictions and
scenarios remain inportant instruments for preparing decisions
- when they clearly identify the unavoi dabl e subjectivity and
relativity of their assunptions and underlying
interrel ati onshi ps, and when they systematically inpart to the
political decision-maker information about econom c, soci al
and technol ogi cal structure-changi ng influences that woul d

ot herwi se not be avail abl e.

It isinthis light that the results sumarised in table 6.1
of selected predictions and scenarios nust be eval uated. The
Federal Governnment has not adopted any of the statenents nade
by these predictions, but it does take account of their
results in shaping its policies. And the follow ng holds for
all results of the predictions/scenarios presented in the
followi ng section, in all studied variations: it was only
possible to give thempartial consideration in the Federal
Governnment's clinmate-protection strategy, and in its CO -
reducti on programme. The Rhi ne-Westphalian Institute for
Econom ¢ Research (Rheinisch-Westf@lisches Institut fhr
Wirtschaftsforschung - RWI), Essen, and the ifo Institute for
Econom ¢ Research (ifo-Institut fthr Wirtschaftssforschung),
Muni ch, were comm ssioned by the Federal Mnistry of Econom cs
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to carry out a study entitled "Overall economc effects of
CO,-reduction strategi es" (Gesamtwirtschaftliche Auswirkungen
von CO, -Minderungsstrategien); this study attenpts to cl ose
this gap, by neans of the appropriate nethods, to the best
possi bl e extent (cf. the above remarks on this subject).

Tab. 6.1: Results of selected predictions and scenarios for
energy consumption and CO, emissions In Germany

Prediction Prediction period Development
of energy of CO, emissions
consumption

SHELL 1993 1991 - 2020

New horizons + 184% + 22%
falling barriers - 43% -15.7%
ESSO 1992 1991 - 2010 - 10% -11.0%

(- 17.0 % (1987 - 2005)

PROGNOS 1991 | 1989 - 2010
Reference case - 1.0% -77%
(- 11 % (1987 - 2010))

Sensitivity case - 79% -16%
(- 18.4 % (1987 - 2010))
RWI1/Ifo 1987 - 2005
(tentative Reference case - 98%
intermediaterepo | Measures scenario -181%
rt)

Source: Federal Ministry for the Environment, Nature Conservation
and Reactor Safety

6.2 Reducing emissions of the greenhouse gases CH; and N0,
and the ozone-precursor substances NOy, NMVOC and CO, by
the year 2005

On 11 Decenber, 1991, the Federal Cabinet directed the "CO-
reduction” IWGto "continue its work on a gl obal concept for
CO, reduction, taking into account other climate-rel evant

gr eenhouse gases".

The purpose of this chapter is to identify possibilities, as
wel | as correspondi ng neasures, for reduction in Gernmany of
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t he greenhouse gases nethane (CH;), nitrous oxide (NO),
ni trogen oxi des (NQ), nethane-free volatile organic conpounds
(NWQC) and carbon di oxi de (CO).

Only sel dom do em ssions occur in "isolated" form i.e. in
many transformati on and production processes, a numnber of

di fferent greenhouse gases are rel eased simnmultaneously. This
al so neans that in many cases, neasures for reduction of CO,
em ssions also result in reduction of other greenhouse-gas
em ssions. But possibilities and neasures for effectively
reduci ng ot her greenhouse gases - independently of any CO
reduction - must also be identified.

The follow ng section presents the results of estinmates nade
by the Federal Environnental Agency (Umweltbundesamt - UBA) of
future trends for other greenhouse gases, separated into
trends for energy-related and trends for non-energy-rel ated

em ssions. The emi ssions figures do not correspond to the |IPCC
structure. In light of the limtations of predictions and
scenarios (cf. chapter 6.1), the figures should be viewed as
data for orientation.

6.2.1 Perspectives for the development of other energy-
related greenhouse-gas emissions by the year 2005

The Federal Environnental Agency's estinmates of energy-rel ated
greenhouse- gas em ssions were based on the foll ow ng studies:
a study carried out by the "Prognos" institute, Basel,
entitled "Energy-industry devel opnent in the Federal Republic
of Germany until the year 2010, including devel opnment in the
five new Federal Lander"” (Die energiewirtschaftliche
Entwicklung in der Bundesrepublik Deutschland bis zum Jahre

2010 unter Einbeziehung der fthnft neuen Bundesl@nder), and
conmmi ssi oned by the Federal Mnistry of Econom cs; for the
traffic and transport sector, a study carried out by the

Institute for Energy and Environnmental Research (Institut fhr
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Energie- and Umweltforschung - Ifeu), Heidel berg, entitled
"Traffic-rel ated em ssions of greenhouse gases, on the basis
of current traffic developnment in unified Germany"
(Verkehrsbedingte Emissionen von Treibhausgasen auf der Basis
der aktuellen Verkehrsentwicklung Im wiedervereinigten
Deutschland), and conm ssioned by the Federal Mnistry for the
Environnment, Nature Conservation and Nucl ear Safety. By and

| arge, these studies take into account CO, -reduction neasures
that are already effective or that have at |east been
initiated, but they do not take full account of the catal ogue
of CO, -reduction neasures approved by the Federal Governnent
inits resolutions to date. The Federal Governnent is aware of
t he met hodol ogi cal difficulties involved in the preparation of
such predictions, as well as of those arising in the Federal
Envi ronnent al Agency's esti nmates.

Methane (CH,)

The sector of extraction and distribution of fossil fuels is
the | argest source of energy-related CH, em ssions; it
accounts for nearly 90 percent of them

The remaining 10 percent of energy-related CH, em ssions
occur in (inconplete) conmbustion of fossil fuels.

O the energy-rel ated net hane em ssions fromthe source group
extraction and distribution, some 75 percent originate in
hard-coal mning, and 20 percent are caused by |ocal natural -
gas distribution. The remaining emssions in this category are
caused by production of lignite, oil and natural gas.

According to these estimates, energy-related CH, em ssions
coul d be reduced by 40 percent, in relation to the 1987 | evel,

by the year 2005.

Nearly 30 percent of the pit gas that occurs in active mnes
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is drawmn off. O this anmount, some 76%is currently exploited
for energy purposes. According to figures of the Gernman hard-
coal mning industry, a maximum of 78% of the captured gas
can be so used. This use |level is expected to be reached by

t he year 2005.

As | ocal gas networks are nodernised, CH, em ssions from |l ocal
gas distribution will decrease considerably, both specifically
and absolutely. In relation to 1987 |levels, CH, em ssions
fromthese sources could decrease by 60% by the year 2005.

EC directives have been introduced for Iimting hydrocarbon
em ssions fromnotor vehicles. As of result, em ssions of CH,
a hydrocarbon, will also be reduced.

Directive 91/441/ EEC has been introduced to reduce autonobile
em ssions. In a first phase that began in 1992, it sets |limts
for hydrocarbon em ssions by including themin a maxi mnum

perm ssible sumthat also includes nitrogen oxi de em ssions.
Stricter imts will be introduced in a second phase begi nni ng
in 1996.

EC Directive 91/542/ EEC, for comrercial vehicles, has been in
force since 1992/93. It also provides for stricter limts in a
second phase, which, in this case, will begin in 1995/ 96.

Wth these directives, notor-vehicle CH, em ssions can be
reduced by 40% by the year 2005 (i.e. a reduction of 30,000
tonnes), in relation to 1990, or by one-third (20,000 tonnes),
inrelation to 1987 | evels.

For both of the above EC directives for limting traffic

em ssions, Germany has put forward proposals for a third
phase, beginning in 1999, in which still stricter limts would
apply. Wth these additional nmeasures, notor-vehicle-related
CH, em ssions could be reduced by an additional 20%
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6.2.1.2 Nitrous oxide (N0)

About half of energy-related N;O em ssions are caused by power
pl ants and district-heating plants. Anong stationary em ssions
sources, only hard-coal firing plants enpl oying fl uidised-bed
t echnol ogy produce significant N,O em ssions.

Exhaust - gas scrubbi ng technol ogy (for exanpl e,

desul phurisation/denitrification facilities) has been found to
have very little or no influence on magni tude of NO

em ssions. Increased N;O em ssions were detected with use of
SNCR procedures (selective catalytic reduction), especially
when urea was added. But increased use of SNCR technology is
not expected to bring noticeable increases of the NO factor
(retrofitting of old plants as part of execution of the
Technical Instructions on Air Quality Control (TA Luft) and

t he Ordi nance on Large Conmbustion Plants (13th Federal

| Mm ssions Control Ordinance - 13. BImSchV) has been conpl et ed
in former West Germany; limted use in new plants and in the
area of the fornmer GDR).

Potential for reducing N;O em ssions in the energy sector is
seen primarily in fluidised-bed conbustion systens. Measures
for reducing N;O em ssions in fluidised-bed conbustion are
currently being studied (for exanple, increasing the

conbusti on-chanbre tenperature; catalytic N,O reduction). The
nmeasures are still untested and require further devel opnent.

It is assuned that use of suitable neasures for reduci ng N;O
em ssions in fluidised-bed conbustion systens will not have a
noti ceabl e effect on em ssions by the year 2005.

In road traffic, an increase of N;O em ssions is expected, as
a result of an increase in the nunber of vehicles equi pped
with catalytic converters (required by environnental policy);
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N,O and ot her substances tend to formw thin catalytic
converters. N,O occurs as a by-product of NO, transformation
within the catalytic converter; this is explained as a
reacti on between nitrogen nonoxi de (NO and CO and hydrogen
(H), the last two of which are present in exhaust in snal
percentages. Since NO concentrations beconme smaller in front
of the catalytic converter as the fuel m xture becones richer
whil e CO and H, concentrations increase, the formati on of an
N,O maximumin the |lanbda |l ess than 1 region (rich m xture)
can be explained. Catal ytic-converter technology will have to
be i nmproved before such N;O formati on can be reduced or
elimnated. In current converters, mxture richness is
optimsed in the cold-start phase and under full-I oad
conditions, in order to reduce formation of undesirable
subst ances.

It should be noted here that the | argest possible contribution
to reducing NbO em ssions does not lie in the energy sector
(cf. chapter 6.2.2). Energy-related N,O em ssions in Germany
could increase to 60 kilotonnes by the year 2005 (1990: 30

kil otonnes). This doubling would be due increases in traffic
N,O em ssions which, froma current perspective, are expected
to continue increasing.

6.2.1.3 Nitrogen oxides (NOy,)

In 1987, road traffic was the | argest single source of these
em ssi ons, accounting for 45 percent, followed by power plants
and district-heating plants with 27 percent.

Energy-rel ated NO, em ssions could be reduced by about one-
third by the year 2005, in relation to the 1987 level - or
one-fourth, in relation to the 1990 |level. Road traffic could
t hen account for 70 percent of total em ssions, while the
percentage for power plants and district-heating plants could
decrease to 15 percent.
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Excel l ent progress in NO reduction in |arge conbustion plants
has been nmade t hrough execution of the O dinance on Large
Conmbustion Plants (13. BImSchV) of 22 June 1983 (in connection
with the definition approved by the Conference of

Environnmental Mnisters, on 5 April 1984, of the techni cal
state of the art for reducing nitrogen oxide em ssions from

| ar ge conbustion plants).

For medi um si ze conbustion plants, process conbustion, gas
turbines and stationary gas and diesel engines, NO  limts
pursuant to the TA Luft of 27 February, 1986 are appli ed.
Execution of the regulation for old plants will be conpleted
in former West CGermany in 1994; in the area of the former GDR
it will continue until 1999.

The Ordi nance on incineration systens for waste and sim | ar
conbusti bl e substances (Verordnung hber Verbrennungsanlagen fthr

Abfalle und ahnliche brennbare Stoffe - 17. BImSchV), of 23
Novenber 1990, considerably tightened the TA Luft's
requi renents for such plants.

For small conbustion plants, the Ordinance on Small Conbustion
Plants applies (1. BImSchV).

Moder ni sation of small conbustion plants, and designation of
particularly efficient and lowemtting plants with the Blauer
Engel ("Blue Angel") environnental certificate, are also

hel ping to reduce em ssions in this em ssions group.

The EC directives 91/441/ EEC and 91/ 542/ EEC provide for NGO
standards for notor vehicles (anong other standards) to be
tightened in phases. These directives mandate further

ti ghteni ng of standards now.
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6.2.1.4 Methane-free volatile organic compounds (NMVOC)

For this em ssions group as well, the | argest energy-rel ated
source is road traffic, which accounts for sonme 80 percent of
NWQCs. About 10 percent of the em ssions occur in the sector
"extraction and distribution of fossil fuels”, inrefilling
and storage of petrol, and in notor-vehicle refuelling.

As a result of already-introduced neasures, energy-related
NWQOC em ssions will decrease by 70 percent by the year 2005
(inrelation to 1987) or by 66 percent (in relation to 1990).

NWQOC em ssions of notor vehicles, together with notor-vehicle
CH, em ssions (discussed above), will be reduced as a result
of the hydrocarbon-em ssions |limts mandated by EC directives
91/ 441/ EEC and 91/ 542/ EEC.

The 20t h Ordi nance on the Federal |mm ssions Control Act (20.
BImSchV) was issued to limt NWOC em ssions from petrol
within the chain defined as "transport fromrefinery-storage
tanks (if not subject to special authorisation) to petrol
station tank".

The 21th Ordi nance on the Federal |mm ssions Control Act (21.
BImSchV) places limts on em ssions occurring in refuelling
notor vehicles with petrol.

Limts for NWOC em ssions fromplants subject to speci al
aut horisation (refineries, |large tank-storage facilities) have
been set by the TA Luft.

The aim of the German proposal for introducing a third phase
into both of these EU directives, beginning in 1999, is a
further decrease of NWOC em ssions. This nmeasure could
decrease notor-vehicle-related NWOC en ssi ons by an

addi tional 20 percent.
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The Federal CGovernment is also seeking further fuel-quality
i nprovenents. Benzine em ssions are to be reduced by
decreasi ng the benzine and aromati c-substance content of
petrol. O her fuel paraneters (vapour pressure, distillation
range, sul phur content) are to be nodified as well;
consequently, overall hydrocarbon em ssions from petrol -
fuell ed notor vehicles will be reduced.

In October 1992, the Federal CGovernnent requested the EU, in a
menor andum to present proposals for increasing the
environmental quality of all fuels, because, according to
recent findings, other fuel conponents, in addition to

benzi ne, also contribute to environnental pollution. The EU
Envi ronnental Council's resolution of 2/3 Decenber 1993, which
extends the directive on autonobil e em ssions standards,
obl i gates the European Conmi ssion to present proposals for new
fuel quality standards by the end of 1994, as a neans of
reduci ng environnental pollution. As part of its effort in
this area, the European Commi ssion has initiated the so-called
"Auto/ G| programe”.

6.2.1.5 Carbon monoxide (CO)

The main source of CO em ssions is road traffic, which
accounts for about 56 percent, followed by househol ds and
smal | consuners, which account for 20 percent.

Car bon nonoxi de em ssions could be reduced by about 60% (in
relation to 1987 levels), or by about 52 percent (in relation
to 1990 | evels), by the year 2005. Driving these reductions
woul d be the sane regulations listed in connection with
reduction of NO, em ssions.

Em ssions fromtraffic could decrease by 55 percent; those
from househol ds coul d be reduced by 70 percent.
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These estinmates are based on the sanme regul ati ons nenti oned
above in connection with NO-em ssions [imtations.

I n general, |arge conmbustion plants now reliably neet CO

em ssions standards established by the 13th O di nance on the
Federal 1 mm ssions Control Act (13. BImSchV), and nost plants’
em ssions are consi derably bel ow these standards. In nmedi um
si ze conbustion plants (TA Luft), em ssions reductions are
achi eved by neans of

- Conversion to | ow em ssions fuels,

- | nprovenent of burn-out behaviour of wood and coal - dust
conmbustion systens and (in the area of the fornmer CGDR)
heati ng-oil and gas conbustion systens.

In smal |l combustion system em ssions reductions are being
achi eved t hrough conversion to fuels with | ower em ssions,
i nproved equi pnent technol ogy and the product requirenents
mandat ed by the environnental certificate (Umweltzeichen).

The EC directives on notor-vehicle emssions limts also
mandat e reductions of CO em ssions, in two phases.

Introduction of a third phase, as provided for by the EU
directives 91/441/ EEC and 91/ 542/ EEC, coul d reduce energy-
rel ated CO em ssions by an additional 5 percent.

6.2.1.6 Other energy-related greenhouse-gas emissions until
the year 2005

Tab. 6.2 summari ses the Federal Environnmental Agency's
estimates for energy-rel ated greenhouse-gas em ssions, which
enpl oy trend assunpti ons.
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Tab. 6.2: Energy-related greenhouse-gas emissions in Germany for 1987 and 1990, and estimates
made by the Federal Environmental Agency for the year 2005, using trend assumptions
(cf. chap. 6.2.1 )

Emissions iIn kt/a

CH, N.O NGO, (NOy) NWOC CO

1987 | 1990 | 2005 | 1987 | 1990 | 2005 | 1987 | 1990 | 2005 | 1987 | 199 | 2005 | 1987 | 1990 | 2005
Total (rounded 1850 | 1750 | 1100 20 30 60 | 3700 | 3150 | 2350 | 1900 | 170 570 | 1200 | 1030 | 4900
off); 0] 0 0
of this:
Power pl ants, 10 10 11 9 14 14 990 590 370 9 10 11 980 810 100
district heating
pl ant s
Q her energy 24 19 10 4 4 5 340 290 250 21 18 13 | 1250 | 1150 700
transformati on;
processi ng;
of this:
- O her energy 4 3 2 1 1 1 -- -- -- 4 3 2
transformati on
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di stribution of
fossil fuels

- O her mning 20 16 8 4 - - - - - - 17 15 11
and

processi ng
Househol ds and 130 110 55 5 150 120 100 130 | 110 55| 2550 | 2050 800
smal | consuners
Traffic; 65 75 45 35| 2200 | 2150 | 1650 | 1550 | 140 490 | 7200 | 6300 | 3250
of this figure: 0

- Road 60 70 40 30 [ 1650 | 1650 | 1050 | 1400 | 125 410 | 6750 | 5950 | 3050
traffic 0

- O her 4 4 2 3 320 320 360 150 | 130 75 460 350 210
traffic

- Hi gh- - - - - - - -- 220 160 220 -- -- -- -- -- --
seas bunkering
Extraction and 1600 | 1550 990 - - 2 2 2 200 | 210 19 - - - - - -

Al'l figures rounded off

1)

Source: Federal Environmenta

Only former West GCermany

Agency
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6.2.2 Perspectives for the development of other non-
energy-related greenhouse-gas emissions until the
year 2005

The descriptions of em ssions devel opnents in the follow ng
section focus on portions of the em ssions of specific

i ndustrial branches that are not related to fuel extraction,
di stribution and conbustion. For this reason, no predictions
are nmade concerni ng overall devel opnent of em ssions of the
i ndustrial branches concerned.

Basis for the data:

The avail abl e basic data and eval uati ons used to predict

devel opment of em ssions, until the year 2005, of the

gr eenhouse gases CH;, N,O, NQ,, NWOC and CO from producti on
processes, from product use, fromagriculture and from waste
managenent come froma range of sources. They vary in quality.
For cases in which data for 2005 is |acking, and for which no
em ssions increase seens likely until then, the nost recent
avai l able figures were extrapol ated to 2005, using the
"conservative nethod".

For certain aspects of the area of the forner GDR, data was
| acki ng; in such cases, data fromfornmer West Gernmany was
adopted or adapted for Germany (where this has been done, a
note to that effect has been included).

6.2.2.1 Methane (CH,)

Tables 6.3 and 6.4 show CH, em ssions for 1987 and 1990, al ong
with two predictions for the period until the year 2005. The
two predictions show the effects of already initiated neasures
and of additional neasures, respectively.

In 1990, nethane em ssions from production processes and from
agriculture and the waste-nmnagenent industry anmounted to
approx. 4,500 kil otonnes. Dunpsites account for sonme 50
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percent of total non-energy-related CH, em ssions. In 1990,
agricul ture accounted for about 46 percent of non-energy-
related CH, em ssions. The majority of these em ssions is
caused by enteric fernentation in rum nants, while the
remai ni ng CH, em ssions are produced by raw materi al s of

animal origin. Methane em ssions from producti on processes, in
relation to total em ssions, are insignificant (less than 1
percent).

The measures that have been initiated are expected to bring
about a 50% reduction by the year 2005.

By neans of additional neasures, CH, em ssions could be
reduced by an additional 12 percent; consequently, a total
reduction of some 60% in relation to the 1990 |evel, could be
achi eved.
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Tab. 6.3: Non-energy-related CH, emissions from production processes, agriculture and the waste-
management industry in Germany for 1987 and 1990, and an estimate for the year 2005
(in keeping with current parameters)

CH, emissions iIn kt/a

1987 1990 2005 Parameters
Total (rounded 4600 4450 2200
of f);
of this:
Pr oducti on 14 11 11| -
processes;
of these:
- 3 3 3
Refi neri es
- Coki ng 2 1 1
pl ants
- | ron and 9 6 6
steel industry
Agri cul ture; 2200 2050 1850 | EC
of this: agricul tural
reform
(reduction
of beef -
cattle
i nventories)
1500 1450 1300

Fer nent ati on
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- Ani mal 680 620 560
wast es
Wast e managenent, 2400 2400 300
of this:
- 80 55 55
Wast ewat er
treat nent plants?
- Sewage- 25 25 20
sl udge recycling
- Dunpsites 2300 2300 20 | TA
Si edl ungsabf
all, TA
Abf al

ﬁll figures rounded off;

= Area of the fornmer GDR, (psychrophilic sludge stabilisation)

Source: Feder al

Envi r onnent al

Agency
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Tab. 6.4: Non-energy-related CH, emissions from production processes, agriculture and the waste-
management industry in Germany for 1987 and 1990, and an estimate for the year 2005
(with additional measures)

CH, emissions in kt/a
1987 1990 2005 addi ti onal neasures

Total (rounded off); 4600 4450 1700
of this?
Producti on processes 14 11 11

- Refineries 3 3 3

- Coki ng 2 1 1
pl ants

- lron and 9 6 6
steel industry
Agriculture 2200 2050 1450 | Furt her reduction of |ivestock

inventories
- Fer ment ati on 1500 1450 1000 | Better quallty and nore efficient
use of feedstuffs

- Ani mal 680 620 430 | Col | ection of generated biogas and
wast es use for energy purposes
Wast e managenent 2400 2400 260

Wast ewa }er 80 55 5 |use for energy purposes
treat ment pl ant s
Sewage- 25 25 20

sludge recycling

- Dunpsi tes 2300 2300 230
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Al
1)

figures rounded off;
= Area of the former GDR

Source: Federal Environmental

A

sychrophilic sludge stabilisation)
ency
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Parameters:

The Technical Instructions on Minicipal Waste Managenent (TA-
Siedlungsabfall), which cane into force on 1 June, 1993,
mandates that by 1 June, 2005, at the latest, only mneralised
and inert waste nmay be stored. Dunp-site gas fromold dunp
sites, fromboth operational and cl osed dunp-site sections, is
to be collected and exploited, followng a transition period.
Conmbustion without use of the resulting energy is permtted
only in authorised exceptions.

Over the long term these regulations will alnost conpletely
elimnate em ssions of climte-rel evant gases from dunp sites.

In the mediumterm increased conbustion of dunp-site gas in
conmbustion plants and internal conmbustion engines after the TA
Si edl ungsabfall cones into force will produce a marked
reducti on of methane em ssions.

The EC agricultural-sector reformw || reduce both
agricultural production and producers' prices. A slow decrease
in beef-cattle inventories is expected to take place by the
year 2005.

Additional measures:

- Addi ti onal em ssions reductions could be achieved in the
agricultural sector by neans of further reduction of
I ivestock inventories, increases in aninmal productivity
and nore efficient use of feedstuffs.

As to animal waste, optim sation of storage conditions
for manure (covered |iquid-mnure storage containers,
exploitation of "biogas") could achieve further em ssions
reductions in this area.
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It is assuned that, over the nediumand |ong terns,
effective application of various em ssions-reduction
nmeasures in aninmal husbandry and in storage of aninal
wast e coul d achieve total CH;-em ssions reductions of 25
to 30 percent by the year 2005, in relation to the 1990
| evel .

- Exploitation of the energy in sewage gas, and encl osure
of wastewater-treatnment tanks, in conbination with
exhaust-gas scrubbing (for exanple, using SNCR
technol ogy), could al so achieve reductions in this area
(favourabl e by-product: reduction of snells).

6.2.2.2 Nitrous oxide (N0)

In 1990, non-energy-related N,O em ssions amounted to 190
kil ot onnes. They consisted of em ssions fromnitric-acid and
adi pi c-aci d production, and from product use (Il aughing gas),
and of em ssions fromagriculture and the wast e- managenent

i ndustry.

The 1987 figures are inconplete, for both former West Germany
and for the area of the former GDR, so no eval uation of the
devel opment from 1987 to 1990 is possible.

The main sources of non-energy-related em ssions are
production processes, which account for sone 50 percent

(rmai nly adi pic-acid production), and agriculture, as a result
of fertilizer use and production of animl residues, which
accounts for 42 percent. Em ssions fromuse of |aughing gas
and fromwastewater treatnent plants are relatively | ow

(3 percent and 2 percent, respectively).

The only (indirect) effect of ammonia that has rel evance for
climate is that in the atnosphere, amonia is rapidly
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transforned into ammoniumions. Fromthe air, they enter
natural and agricultural ecosystens. In the soil, they are
mcrobially transformed into N,O em ssions; the magnitude of
such transformation is on the order of a few percent of the
deposited nitrogen. In light of the uncertainties and the
relative insignificance of this portion of em ssions, it was
not considered in the N,O em ssions cal cul ati ons.

If it is assuned that N,O em ssions from adi pic-acid
production can be virtually conpletely elimnated, an approx.
40% reduction of total non-energy-related N;O em ssions can be
expected by the year 2005 (in relation to the 1990 |evel). By
nmeans of additional neasures, a 60% reduction of non-energy-
related N;O em ssions, in relation to the 1990 |evel, could be
achieved (cf. Tables 6.5 and 6.6).

Parameters:

Reducti ons of production-process em ssions can be expected in
adi pi c-acid production. One of the two adipic-acid producers
in Germany has devel oped and patented a procedure in which NO
is broken down thermally into its two conponents, oxygen and
ni trogen. The corresponding facility has been installed, with
total investnents of ca. 7 mllion DM Once this facility has
gone into operation, this production plant will emt no nore
than traces of N;O It is assuned that the second adipic-acid
producer will reduce his N;O em ssions to a simlar degree. As
a result, a total reduction of about 90 percent could be
achieved in this area.

Em ssions reductions in agriculture can be expected to result
fromthe foll ow ng neasures:

- Various Land-| evel programmes for support of
environnmental |y nore conpatible agricul ture,
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- The EU Ordi nance on ecologically oriented farm ng,
- The EU agricultural reform (set-asides and reduction of
ivestock inventories).

Additional measures:
- Possibilities for reducing N;O em ssions are also found
in nitric-acid production.

- I n agricul ture:

| ntegrated, appropriate (for the site) nethods of
cultivation;

Nitrogen fertilization in keeping with plant requirenents
- as well as with the anobunts of nitrogen renoved by
plants fromthe soil, the typical amunts of additional

nitrogen supplied by the site and the potential harvest;

Reduction of nutrient |osses, by neans of optimal soil
preparation, crop rotation and irrigation;

Efficiency increases by inproving fertilizer dosage;

| mprovenent of expert advising regarding fertilizer use;

Sel ection of the suitable type of fertilizer;

Preparati on of nitrogen bal ance sheets as a basis for
fertilization;

Ordi nance on fertilization also as a neans for
i mpl ementation of the EU nitrate directive;

Specification of properly required fertilization in
keeping with proper practice; the ways this can be
acconpl i shed include prescribed soil testing, proper
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determnation of fertilizer requirenments, limtations on
spreading of liquid manure and requirenments for
docunenting fertilizer use;

N,O em ssions fromwastewater treatnment plants could be
reduced by enclosure of treatnent tanks, in conbination
wi th wast e-gas scrubbing (for exanple, using SNCR

t echnol ogy) .
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Tab. 6.5: Non-energy-related N,O emissions from production processes, product use, agriculture
and the waste management industry, in Germany, for 1987 and 1990, and estimates for
the year 2005 (in keeping with current parameters)

N,O emissions In kt/a

1987 1990 2005 Parameters

Total (rounded off); 100 190 110

of this: (1 nconpl et e)

Production processes”; n. a. 100 20

of this:

- Nitric acid 15 11 10

pr oducti on n. a. 85 9 Em ssi ons

- Adipic acid reduction by

producti on manuf act urers

Product use®; n. a. 5 5

of this:

- Laughi ng gas n. a. 5 5

Agricul ture; 85 80 80

of this:

- Animal wastes 11 10 9 EU
agricul tural

- Fertilizer use 75 70 70 reform

(i ncl uding

reducti on of
beef-cattle
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I nventories)

Wast e nmanagenent V; 0 4 4
of this:

- st ewat er treatnent 0 4 42
pl ants

Al'l figures rounded off
D Data for the area of the forner GDR not avail abl e

2 An additional increase, which to date is still not quantifiable,

is expected from
denitrification

n.a. = Data not avail able
Source: Federal Environnmental Agency
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Tab. 6.6: Non-energy-related N,O emissions from production processes, product use, agriculture
and the waste management industry, iIn Germany, for 1987 and 1990, and estimates for
the year 2005 (with additional measures)

N.O emissions in kt/a
1987 1990 2005 addi ti onal
nmeasur es
Total (rounded off); ) 100 190 70
of this (1 nconpl et e)
Producti on processes"; n. a. 100 10
of this:
- Ntric acid 15 11 1 Reducti on
producti on in )
o ) n. a. 85 9 producti on
- Adipic acid
production
Product use¥; n. a. 5 5
of this:
- Laughi ng gas n. a. 5 5
Agricul ture; 85 80 55
of this:
- Ani mal wast es 11 10 7 Among ot her
o measur es,

- Fertilizer use 75 70 50 further
reducti on
of
| i vest ock
i nventories
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Fertilizer

or di nance
Wast e managenent V; 0 4 1
of this:
- Wast ewat er 0 4 1
treatment plants

Al Tigures rounded off

) Data not available for the area of the former GDR

n.a. = Data not avail able
Source: Federal Environnmental Agency
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6.2.2.3 Nitrogen oxides (NOy)

Table 6.7 shows the non-energy-related NO, em ssions from
production processes for 1987, 1990 and 2005.

In 1987, they anobunted to 25 kil otonnes.

Because of a lack of data for the area of the fornmer GDR, the
overal | assessnent is based on data for fornmer West GCernmany.

The mai n source of non-energy-rel ated producti on-process

em ssions is the chem cal industry, which produced nearly 70%
of total em ssions in 1987. Reductions by 1990, in this

i ndustrial branch alone, to about half the 1987 em ssions
level, resulted in a total em ssions reduction of 36% over
this period.

Em ssions fromthe iron and steel industry, and fromthe gl ass
i ndustry remai ned constant between 1987 and 1990. In 1990,
these two areas, respectively, accounted for about 19% and 25%
of total em ssions.
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Tab. 6.7: Non-energy-related NOx (NO;) emissions from production processes,
and 1990, and estimates for the year 2005 (in keeping with current parameters)

in Germany, for 1987

NOx (NO,) emissions in kt/a

1987 1990 2005 Parameters

Total ¥ (rounded 25 16 16 TA Luft
of f);
of this:

- | ron and 3 3 3
steel industry 4 4 4

- 3 ass 17 9 9
i ndustry

- Chem cal
i ndustry

Al figures rounded off

1)

Source: Feder al

Envi r onne

Data not available for the area of the fornmer GDR

ntal Agency
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6.2.2.4 Methane-free volatile organic compounds (NMVOC)

The NWOC em ssions from production processes and sol vent use
have been estimated in great detail for 1986, on the basis of
various studies of several different institutions. Because of
this great detail, and in order to highlight further

devel opnent by source groups, this year has been included in
tables 6.8 and 6.9. The em ssions-reduction estimtes, based
on introduced neasures, have been nmade for 1995. In keeping
wth a "conservative estimte", these em ssions figures were
al so used for the predictions for the year 2005 that take

i ntroduced nmeasures into account.

In 1987, non-energy-related NWOC em ssions in Gernmany
anounted to 1,400 kil otonnes.

Em ssions from sol vent use account for 90 percent of total
NMWOC em ssions. The correspondi ng percentage for the area of
the former GCDR is approx. 11 percent.

The data for 1986 has been divi ded according to:

- Pl ants subject to authorisation (4th O dinance on the
Federal |1 nmm ssions Control Act - 4. BImSchV),

- Pl ants not subject to authorisation (2nd O di nance on the
Federal |1 nmm ssions Control Act - 2. BImSchV),

- O her plants not subject to authorisation,

- Pr oduct s.

Wthin the sol vent-use category, the | argest em ssions
percentage, 32 percent, occurs in product use, followed by

em ssions from plants subject to authorisation (4. BImSchV)
and those fromother types of plants (not subject to

aut hori sation), each of which accounts for 28 percent.

Em ssions fromindustrial cleaning plants (2. BImSchV) account
for sone 11 percent of total em ssions.
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Measures for reduci ng NWOCC em ssi ons have al ready been

i ntroduced. On the basis of the introduced neasures, an
approx. 20 percent reduction of em ssions fromsolvent use in
Germany can be expected by 1995 (and 2005), in relation to the
1987 |l evel (cf. Tab. 6.8).
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Tab. 6.8: Non-energy-related NMVOC emissions from production processes and solvent use, In
Germany, between 1986 and 2005 (in keeping with current parameters)

Production processes (Area
of the fornmer GDR)

Producti on processes
(former West Gernany)

- Refi neri es

- Chem cal
i ndustry

- lron and st eel
i ndustry

- Particl e-board
producti on

- M xed asphal t
producti on

- Food and | uxury
food sector

Sol vent use (Area of the
former CGDR)

Sol vent use (former West
Ger many)

- Plants subject to
aut horisation (4. BIntchV)

NMVOC emissions

1986 1990

25

110

160

1100
310
120

70

1987

25

100
24
45
10

17

160

1100

17

100
25
45

18

160

1050

in kt/a
1995

17

100

160

900
240

60

2005 Parameters

17

100

140

900
240

80 TA Luft 86; in part, specific

60 inplenentation of the "dynam sation



- Paint processing
- Chem cal industry
- O her uses
- Plants not subject to
aut hori sation
(2. Bl nfchV)
- Industrial cleaning
- O her plants not subject
to aut hori sation

- Paint processing

- Reproduction processes
- O her uses

- Products

Total (rounded off)

Al'l figures rounded off

120
120
120
310
130

130
350

1400

309 -

100
20
320

120

160
330

1400 1350 1200

Source: Federal Environnmental Agency

100
20
320

120

160
330

1150

cl auses"

Amendnent of the 2. Bl nSchV of 10

Decenmber 1990

none (in part, use of |owsolvents
production, to avoid need for

aut hori sati on)

Sel f-comm tnment by the paint industry,

TRGS fl oor-covering gl ues,
12a

Amendnent UZ
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Germany, between 1986 and 2005 (with additional measures)

in

NMVOC emissions in kt/a
1986 | 1987 | 1990 | 1995 | 2005 | additi onal neasures

Total; 1400 | 1400 | 1350 | 1200 500
of this:
Producti on processes; 140 130 120 120 120
of this

- Refineri es 25 24 25

- Chem cal industry 45 45 45

- I ron and st eel 12 10 7
i ndustry 4 4 4

- Particl e-board 3 3 3
producti on 17 17 18

- M xed- asphal t
production

- Food and | uxury
f ood sector
Sol vent use (area of the 160 160 160 160 75
former CGDR)
Sol vent use (fornmer West 1100 | 1100 | 1050 900 300
Ger many) ;
of this 240 100
- Plants subject to 310 25
aut hori sati on 80 30

(4. Bl ntchV) 120 50
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- Pal nt processing 60
- Chem cal industry 70 0
- O her uses 100 0
120 120
- Plants not subject to 20
aut hori sation 20 40
(2. Bl nf5schV) 120 320 15
- Industrial cleaning 60
- O her plants not subject 120 120 80
to aut horisation 45
310 160
- Paint processing 330
- Reproduction processes
- O her use 130
- Products
50
130
350

Al'l figures rounded off

Source: Federal Environnmental Agency
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Parameters:

The reduction achieved is due mainly to inplenmentation of the
approved neasures - the TA Luft from 1986 and the 2. Bl nSchV
from 1990. Further inprovenents in plant technol ogy can be
expected. In the area of autonobile painting (series
production), specific inplenentation of the TA Luft's

"dynam sation clause” wll in itself bring a reduction of
sol vent use. On the other hand, the CFC- hal on-prohibition
Ordinance will have sonme unfavourable effects on the em ssions

situation. In the areas of aerosols, industrial cleaning and
foam propel l ants, sonme of the CFCs were replaced by NWCQCC,
resulting in a partial em ssions increase.

In addition to the | egal regulations, sonme voluntary neasures
have al so been inplenmented, with varying success. In the do-
it-yourself area of the house-paint sector, |owsolvents
product carrying the environnental certification
(Umweltzeichen) UZ 12a have obtained a considerabl e market
share (over 50 percent).

Wth the help of the Technical Rule no. 610 for Dangerous

Subst ances ( Technische Regel fhr Gefahrstoffe - TRGS 610),
"Substitutes and use restrictions for prinmers and fl oor-
covering glues with high solvent content"” (Ersatzstoffe and

Verwendungsbeschr@nkungen fhr stark I'semittelhaltige
Vorstriche and Bodenbelagsklebstoffe), it proved possible, for
wor k-safety reasons, to considerably increase the market share
of |l ow solvent and solvent-free glues already avail able on the
mar ket .

I n anot her neasure carried out between 1986 and 1991, the
paint industry made a voluntary commtnment to reduce sol vent
use by 20 to 25 percent. The industry proved unable to fulfill
this self-commtnent, and a slight increase in solvent use
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occurred - in conjunction with an increase in production. This
mar ket area has shown how necessary it is to inprove product
information for the consunmer - and how successful such

i mprovenent can be.

Additional measures:

The European Conmi ssion is currently preparing an EU sol vents
directive.

6.2.2.5 Carbon monoxide (CO)

Tabl e 6.10 shows the non-energy-related CO em ssions from
production processes in 1987 and 1990, as well as an estinmate
for the year 2005.

In 1987, CO em ssions from production processes anounted to
600 kil otonnes. Due to a |lack of data for the area of the
former CDR, figures for former West Germany were used for
Germany as a whol e.

Em ssions levels in 1990 were slightly higher - 2 percent -
than they had been in 1987. This was due to a slight increase
of process em ssions in the iron and steel industry. That
industry is the main source of CO em ssions from production
processes; in 1990, it accounted for sonme 82 percent of total
em ssions in this category.

Al um ni um production accounts for approx. 18 percent of CO
em ssions. Em ssions from carbon-bl ack production are
insignificant (less than 1 percent).

As a result of initiated neasures, a 16 percent reduction of
CO emi ssions is expected by the year 2005, in relation to the
1990 | evel .
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Tab. 6.10: Non-energy-related CO emissions from production processes, In Germany, for 1987
and 1990, and estimates for the year 2005 (in keeping with current parameters)

CO emissions in kt/a

1987 1990 2005 Parameters

Total (rounded off)?Y; 600 610 510 TA Luft
of this:

- I ron and st eel 490 500 400
i ndustry 2 2 2

- Bl ack carbon 110 110 110
pr oducti on

- Al um ni um production

Al figures rounded off
Y Data not available for the area of the former GDR
Source: Federal Environnental Agency
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6.2.3 Global prediction of other greenhouse-gas emissions
until the year 2005

Tabl e 6. 11 summari ses the data, in absolute figures, for
energy-related (chapter 6.2.1) and non-energy-related (chapter
6.2.2) em ssions of nmethane (CH;), nitrous oxide (NO,

ni trogen oxides (NQ), nethane-free volatile organic conpounds
(NMWQOC) and carbon nonoxide (CO. For non-energy-rel ated

gr eenhouse-gas en ssions, the figures are in keeping with
current paraneters; additional nmeasures woul d bring about
further reductions, as described in chapter 6.2.2.
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Greenhouse-gas emissions in Germany iIn 1987 and 1990, and trend-based estimates
of the Federal Environmental Agency for the year 2005 (energy-related emissions
as described in chapter 6.2.1 and non-energy-related emissions as described iIn
chapter 6.2.2)

Emissions in kt/a

CH, N.O NGO, (NOGy) NWCC CO
198 | 199 | 200 [198 |[199 |200 |198 |199 |200 | 1987 |19 | 2005 | 1987 | 1990 | 2005
7 0 5 7 0 5 7 0 5 90
Total (rounded 645 | 620 [325 |120° | 220| 170|370 |315 |235 |3300|30 | 1750|1260 | 1090 | 5350
off%'_ 0 0 0 ) 0 0 0 50 0 0
of this:
Power plants, 10 10 11 9 14 14| 990 | 590 | 370 9| 10 11 980 | 810 100
di strict heating
pl ant s
Q her energy 340 | 290 | 250 1250 | 1150 700
transf ormati on;
rocessi ng;

of this:
- Q her 4 3 2| 1% 1 1 4 3 2
ener gy
transformation
- Oher 20 16 8| 3? 4 4 17 | 15 11
m ni ng und
manuf act uri ng
Househol ds and 130 | 110 55 4 5 5| 150 | 120| 100 | 14012 55| 2550 | 2050 | 800
smal | consuners 0
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¥ Not i ncluding

Source: Feder al

adi pic acid
Envi r onnent al

production

Agency

ic; 65 75 45| 32 7 35220 |215 |165 | 1550 | 14 490 | 7200 | 6300 | 3250
IS: 0 0 0 00
Road 60 70 40 | 22 6 30 | 165 | 165 | 105 | 1400 |12 410 | 6750 | 5950 | 3050
c 0 0 0 50
O her 4 4 2 22 2 3| 320 | 330| 360 | 13011 75| 400| 310 210
traffic 0
Hi gh- seas 0 0 - - - - - - -- | 220 | 160 | 220 20| 16 - - 55 35 --
i ng
Extraction and 160 | 155 990 -- -- -- 2 2 2| 20021 19 0 0 --
di stribution of 0 0 0
fuels
Product i on 14| 11| 11 |15%%|1002 | 207 , | 162 16% | 130 |12 | 100 |600% | 610% | 5107
processes ) ) 252 0 ) ) )
Product use -- -- -- - - 62 52 - - - - -- | 1250 180 1050 - - -- --
Agricul ture 220 | 205 | 185 85 80 80 - - - - - - -- | -- - - - - - - - -
0 0 0
Wast e nanagenent 240O 240O 300 0| 42| 427 - - - - - - - -- - - - - - - - -
AT Tigures rounded off
2 Data not available for the area of the former GDR
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Tabl e 6.12 summari ses the em ssions reduction for other

gr eenhouse gases (both energy-rel ated and non-energy-rel at ed)
by the year 2005, in relation to em ssions in 1987 (where the
rel evant data is available) and 1990, in percent. Further
reductions of greenhouse-gas em ssions could be achieved

t hrough additional neasures (cf. chapters 6.2.1 and 6.2.2).
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Tab. 6.12: Change i1n emissions of the greenhouse gases
CH4, N0, NOx, CO and NMVOC, by the year 2005,
in relation to levels in 1987 and 1990, in
percent, and based on trend estimates (for
energy-related and non-energy-related

emissions)?®
Emissions change in %

1987 - 2005 1990 - 2005
Methane (CH,) -50 -48
Nitrous oxide n. a. -25
(N20)
Nitrogen oxide - 36 -25
(NO,)
Carbon monoxide -58 -51
(CO)
Methane-free - 47 -43
volatile organic
compounds
(NMVOC)

1)

On the basis of other prem ses,
Agency has carried out nodel
2005, for the Federal
report. According to these estimates,
reducti on,
sionsschutzbericht der Bundesregierung,

t he Feder al
em ssions esti nates,
Governnment's 5th inmm ssions-contro

consi derably greater
inrelation to 1989, are achieved (cf.:
BT- Drucksache 12/ 4006,

Envi r onnent al
for the year
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p. 41)
n.a. = No figures provided, due to a |ack of data
Source: Federal Environnmental Agency
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6.2.4 Determination of CO, equivalents

Tabl es 6.13 through 6.15 summari se greenhouse-gas em ssions in
Ger many, using nmass-based CO, equivalents expressed in
mllions of tonnes. The tables al so give the correspondi ng
percentages for CO,, CH, and N;O for the time horizons of O,

20, 100 and 500 years, in relation to em ssions in 1987, 1990
and 2005 (with current know edge | evels, these figures still
contain considerable uncertainties). The CO, equival ents for
CFCs have not been i ncl uded.
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Tab. 6.13: CO, equivalents (mass-based), in relation to greenhouse-gas emissions In 1987, 1In
Germany
substan | Emission GWP direct effects CO, equivalents
e s
1987
rime 20 100 500 0 20 100 500
1orizon 500
lyears)
% % % %
Mt Mt Mt Mt Mt
0 1087 1 1 1 1087 74 | 1087 89 1087 94 1087 98
“Hy 6.5 58 35 11 377 26 228 11 72 6 26 2
\LO n. a. 206 260 270 170 -- -- -- - - - - - - - - --
rotal 1466 100 | 1215 100 1159 100 1113 100
Y Not including CFCs and N,O

i
GW = d obal

Source: Feder al

Warm ng Potenti al

Envi r onnent al

Agency
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Tab. 6.14: 802 equivalents (mass-based), in relation to greenhouse-gas emissions in 1990 in
ermany
substan | Emission GWP direct effects CO, equivalents
se s
1990
fime 0 20 100 500 0 20 500
1orizon 100 500
lyears)
% % % %
Mt Mt Mt Mt Mt
0, 1031 1 1 1 1 1031 72 1031
79 1031 89 1031 94
“H, 6, 2 58 35 11 4 25
360 217 17 68 6 25 2
O 206 | 260 270 | 170 3
0, 22 45 57 4 59 5 37 3
rotal 100
1436 1305 | 100 1158 100 1093 100
Y Not includin&aCFCS _
(GAWP = d obal rmng Potential)

Source: Feder al

Envi r onnent al

Agency




- 324 -

Tab. 6.15: CO, equivalents (mass-based) iIn the year 2005, in Germany, in relation to
greenhouse-gas emissions in 1987, and in keegln ,with the measures that have been
introduced (cf. chapters 6.2.1, 6.2.2 and 6. -3?)

substan | Emission GWP direct effects CO, equivalents
se s
2005
rime 0 20 100 500 0 20 100 500
10rizon 0 20 100 500
lyears)
Mt Mt % Mt % Mt % %
Mt
0 980 1 1 1 1 980 82 86 96
980 980 92 980
“Hy 58 35 11 4 183 15 10 1
3,25 114 36 3 13
O 206 | 260 270 170 35 3 4 3
0,17 44 46 4 29
rotal ¥ 1198 100 100 100
1138 1062 1002 1022
(GWP = d obal Warm ng Potential) Y This enissions estimte does not take account of

conpl ete inplenentation of the Federal Governnent's
CO,-reducti on programre

Al figures rounded off 2 Sum P 100 due to error in rounding off

3)

Source: Federal Environnental Agency not i ncl udi ng CFCs
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The mass-based GAP-figures (d obal Warmi ng Potential) conprise
only the direct radiation effects.

The influences on climate of indirect chem cal effects, such
as ozone formation through nethane oxidation, can still only
be qualitatively estimated (cf. |PCC- Suppl enment Report 1992).
For this reason, no quantitative predictions are mde
concerning the influences on climte of CO NO and NWQOC.

The "0 years" tinme horizon gives the CO, equivalents for the
direct radiation effect of climte gases at the tinme of
em ssi on.

For time horizons greater than O years, the radiation effects
figures given for climte gases take into account the gases
persistence in the atnosphere. The contribution of gases with
short persistence, such as nethane (about 10 years), decreases
as the time horizon increases.

For the "0 years" tine horizon, the CO, equival ent determ ned
for 1987 anpbunts to a sumof 1,466 mllion tonnes for the two
nmost significant (apart from CFCs) ant hropogeni ¢ greenhouse
gases, CO, and CH;. The percentages per gas for this case are
approx. 74 percent for carbon di oxide and approx. 26 percent
for nmethane (this does not include the CFC and N,O
conponents) .

For the "0 years" tine horizon, the CO, equival ent determ ned
for 1990 anounts to a sumof 1,436 mllion tonnes for the
three nost significant (apart from CFCs) ant hropogenic

gr eenhouse gases, CO,, CH, and N,O Percentages per gas for
this case are approx. 72 percent for carbon dioxide, approx.
25 percent for nmethane and about 3 percent for nitrous oxide
(this does not include the CFC conponents).
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Current eval uations of mass-based GAP figures indicate that
the nonentary influence on clinmate of the greenhouse gas

nmet hane is 58 tines greater than that of carbon di oxide; the
nonentary influence of nitrous oxide is over 200 tines
greater. The significant factors within the context of proven
i nfluence on climte, however, are the harnful gas' percentage
of the overall CO, equival ent, and the assunmed gas persistence
wi thin the atnosphere that has been used to obtain this val ue.

Consequently, after 20 years, the nmethane conponent decreases
by 40 percent; after 100 years, it decreases by about 80
percent. On the other hand, during the sanme period the
climate-influencing power of nitrous oxide increases by

27 percent over the sane period. Only after a tine horizon of
500 years has it decreased sonewhat - by 17 percent.

Bot h greenhouse gases (CH, and N;O help to reinforce the

ant hr opogeni ¢ greenhouse effect - even if their contributions
differ. After 20 years, this delayed shift increases carbon
di oxi de' s percentage of the additional greenhouse effect,
anong these three gases, to sone 80 percent; after 100 years,
to sone 90 percent.

As a result of initiated nmeasures, a 17 percent decrease of
CO, equivalents for nmonentary influence on climate, for the
above-nentioned three gases, and in relation to 1990 | evel s,
can be expected by the year 2005 (not taking CFCs into
account). An additional reduction can be achieved by the year
2005 by neans of additional neasures.

| f CFCs and their CO, equivalents are included in these
considerations, the follow ng picture results:

Assumi ng that CO,-reduction goals are achieved - i.e. a
reduction of 25 - 30 percent is achieved by the year 2005,
al ong with concomtant reductions of other energy-rel ated
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climate-rel evant gases; and assum ng that the CFC hal on-
prohi bition O dinance takes effect, and that reduction

requi renents for NOQ. and VOC are inpl enented, pursuant to the
rel evant ECE protocols and the additional declaration on NG
reduction, a reduction of CO, equivalents on the order of 50
percent could be achieved in Germany by the year 2005 (in
relation to em ssions levels in 1987).
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Research and systematic observation

National activities and contributions to
international research and development
programmes

Objective and task of research

i ncreasi ng degree, human intervention is
encing climate and the entire environment and
gering living conditions for people alive today and
uture generations. Environmental research and
ol ogy devel opnent nust neet the chall enge of hel ping
e a solid and inpl enmentabl e concept for viable,
gi cal |y sustai nabl e devel opnent of human society.
this need are derived three central and cl osely
rel ated areas of research

System research seeks to understand environnental
systens, together with their interrelationships with
civilisations systens, and to predict their

devel opnment. Wth regard to the climate system it
is seeking to obtain reliable information concerning
t he devel opment of gl obal and, especially, regional
climte.

Effects research seeks to assess the effects of
human i ntervention on the environnment, as well as
the effects of anthropogenically nodified
environmental systens on the environnment itself, on
humans, on human health and on the soci o-economnic
basis for human |ife. Research into the results of
climate change is concerned with the possible
effects of clinmate change on natural systens and on
civilisation's systens.



- 325 -

3. Research into solution technologies uses findings
fromsystem and effects research to prepare options
for action to solve environnmental problens. It seeks
to provide know edge for action to reduce eni ssions
of greenhouse gases, as well|l as the necessary
t echnol ogi es for inplenenting such know edge. It
al so ains to prepare options for action to deal with
the effects of climate change on natural systens and
on civilisation's systens.

Scientific and techni cal understandi ng of environnental
probl ens is not enough to solve these probl ens
permanently. Increasingly, approaches devel oped through
soci al and econom c science nmust also be included in
these efforts, in order to obtain holistic proposals for
sol uti ons.

7.1.2 Coordination and support of research

In view of the conplex and gl obal nature of environnental
probl ems, intensified interdisciplinary and international
cooperation is urgently required. The framework for such
cooperation is currently formed by major international
research programmes, such as the International Geosphere
and Bi osphere Programme (1 GBP) and the Wrld Cimte
Research Programme (WCRP). An internationally coordinated
approach to scientific inventory-taking and eval uation
with regard to the problemof climte change and its
effects, and to the preparation of options for action, is
bei ng pursued by the Intergovernnmental Panel on Cinate
Change (1 PCC), which was jointly established by the Wrld
Met eor ol ogy Organi sation (WO and the United Nations
Envi ronnment Programme (UNEP). On the national |evel, the
Federal Governnent established a "Scientific Advisory
Board on d obal Environnmental Change"” in April 1992. This
board prepares an annual report on the status of gl obal
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envi ronnmental change and its consequences, and provides
recomendati ons on how to elimnate and prevent
undesi rabl e devel opnents.

In addition to the Federal Mnistry for Research and
Technol ogy, the Federal Mnistry for the Environnent,
Nat ure Conservation and Nucl ear Safety, the Federal

M nistry of Food, Agriculture and Forestry, the Federal
M nistry for Econom c Cooperation and Devel opnent, the
Deut sche Forschungsgenei nschaft (DFG and the Gernman
Federal Environment Foundation (DBU) al so provide
significant funding for environmental research. The
Federal Mnistry of Transport funds environmentally

rel evant applied research in its subordi nate agenci es.

The Federal Government al one (not including the L@nder)

spends over 1 billion DM annually on environnental
research and technol ogy devel opnent .

The Federal Mnistry for Research and Technol ogy enpl oys
two funding instruments: institutional funding and

proj ect funding. The advantages of institutional funding
include the availability of large scientific equipnent;
avai | abl e managenent structures for a sophisticated
technical infrastructure; interdisciplinarity in
personnel ; and continuity of research, which permts
long-termparticipation in international programmes. Sone
50% of all of the funds expended by the Federal Mnistry
for Research and Technol ogy throughout the environnental
sector are spent on institutional funding. Project
funding is an instrument with which it can focus on

i nportant topic areas and respond flexibly to new

guesti ons.

7.1.3 Relevant priority research areas

The foll ow ng section describes relevant priority
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research areas. Measures in other research areas are
|i sted under nos. 22, 27, 36 and 86 in Table 5.1

7.1.3.1 Climate-system research

The aimof climate-systemresearch is to obtain reliable
information on global -climte devel opnents and on their
concom tant regional manifestations, including weather
extrenes.

The climate system which is highly conpl ex, can be
understood only through process sinulation. For the area
of global climate nodelling, the Federal Mnistry for
Research and Technol ogy, together with other sponsors,
has established the German Cimate Conputing Centre
(Deutsches Klimarechenzentrum) in Hanburg. The centre
and the hierarchy of climate nodels devel oped there, are
avai lable to scientific groups; the centre al so assists
in coordinating research work.

The German contributions to climte research are
concentrated primarily on the follow ng three enphases:

Water cycle

Description, within the clinmate nodels, of the
hydr ol ogi cal cycle is being inproved. These efforts

i nvol ve including findings about relevant |and-surface
processes, obtained within the | GBP sub-programe

"Bi osphere Aspects of the Hydrol ogical Cycle" (BAHC), as
wel | as findings concerning the energy and water bal ance
in large areas such as the Baltic (Baltic Sea Experinent
- BALTEX, undertaken within the WCRP subprograme,
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"d obal Energy and Water Cycle Programe - GEVEX).

Trace-substance cycles

It is hoped that understandi ng of biogeochenm cal cycles
of inportant climate-relevant trace substances wll be
furthered through the | GBP sub-programres |nternational
A obal At nosphere Programme (1 GAC) and d obal Anal ysi s,
Interpretations and Modelling (GAIM. The tasks of these
projects include quantifying sources and sinks, by neans
of field measurenents; neasuring and studying the

behavi our of trace substances, in space and over tine, as
wel |l as their chem cal processes in the atnosphere; and
devel opi ng and i nprovi ng nunerical nodels for sinulation
of atnospheric and bi ol ogi cal processes.

Natural variability and signal recognition

This work is to provide, in future, inportant
contributions to WCRP sub-progranmes, especially within
the framework of the Cimate Variability and
Predictability (CLIVAR) programme, as well as to the | GBP
sub- programre GAI M Understanding of natural climate
variability is to be inproved, by nmeans of systematic
anal ysis and nodel ling of observation data. In addition,
characteristic area-time structures of climate changes -
both naturally and ant hropogenically caused - are to be
determ ned, by neans of scenario conputations and
sensitivity studies. Finally, optim sed procedures for
guantitative evaluation of climte-change signhals are to
be devel oped.

Wthin the framework of conparative pal eoclimte
research, CGerman research groups, including those in the
| GBP sub-programme "Past d obal Changes" (PAGES) and in
the international Ccean Drilling Programme (ODP), are
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participating in relevant tasks for reconstruction of
climate devel opnent in relevant historical periods.

7.1.3.2 Research into the results of climate change

Research into the results of climte change nust include
estimati on of the possible effects of climte change (for
exanple, a rise in ocean |levels, shifts of climte zones)
on sensitive habitats and econom c sectors (production
shortfalls in agriculture, disappearance of freshwater
resources, etc.). In addition, it nmust include
description of the socio-econom c consequences and
formul ati on of possible options for political action.

The task of research into the consequences of climate
change includes, on the one hand, illumnation of the
interrel ati onshi ps between climte and sensitive natural
and civilisation-produced systens, as well as description
of possible results of climate change on a regional

| evel. On the other hand, it includes support for
conversion of climte-research findings into concrete
political decisions and nmeasures, to permt protection of
the earth's atnosphere through targeted avoi dance and
assi stance strategies - and devel opnent of strategies for
adaptation to the results of irreversible atnospheric
damage that has al ready occurr ed.

Since the effects of global climate change are of a
predom nantly regional nature, regions nust be studied on
t he basis of high-resolution climte predictions that

t ake account of each region's specific geographic,

ecol ogi cal and soci o-economc conditions. In addition to
t hese regi onal nodels, global climte nodels nust al so be
i nproved - for exanple, their atnosphere-ocean-bi osphere
I i nkage nust be inproved - since these nodels provide the
i nput data for systemnodelling within research into the
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consequences of climate change.

Research into the results of climate change is currently
still at an early stage. The Potsdam Institute for

Climate | npact Research (Potsdam Institut fhr
Klimafolgenforschung - PIK), which was founded in 1991,
has the follow ng dual function

- To devel op, evaluate and apply interdisciplinary
t heori es and nodels of the interaction between
nature and civilisation, with respect to gl obal
climate change,

- To serve as a centre for national research on this
subj ect ar ea.

Initially, German research into the results of climte
change is concentrating on the area "climte change and
coastlines". Research on this subject has begun within

the framework of the Federal/L@nder programre of the sane
name. I n addition, research on the consequences of

climate change in agriculture and forestry, and on
climate change and water availability, has begun; in sone
areas, it is being prepared.

7.1.3.3 Atmosphere research

The results of atnospheric pollution - such as forest
damage, danmage to materials, inpairnment of human health
and depletion of the stratospheric ozone |ayer -
necessitate illum nation of the physical and chem cal
processes of atnospheric trace substances. O particul ar
inmportance in this context is to produce reliable data
for effects research, by obtaining a conplete picture of
pol lutant cycles (cf. Chapter 7.1.3.4). In addition,
transport and transformati on of anthropogenic trace
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substances, as well as to deposition of such substances.
The enphases of research in this area are:

- The EUROTRAC project, a joint European environnental
project within the EUREKA initiative; init, the
transport and transformation of environmentally
rel evant trace substances within the troposphere
over Europe are being studied,

- The ozone research progranme, which ains to
determ ne the nature and extent of changed
stratospheri c ozone concentrations, to discover
their chem cal and dynam c causes and to predict
future change. The programme is focusing on the
Nort hern Hem sphere, and has been integrated into
i nternational progranmes, primarily European ones
(for exanple, EASCE and SESAME). In future, this
work is to be expanded to include neasurenents of
UV-B radiation, in order to provide current UV-B
radi ati on data and, possibly, trend reports for
research into the effects of UV-B radiation (anong
ot her purposes), a closely related area.

- The "Pol | utants caused by Avi ation" (Schadstoffe in
der Luftfahrt) research programre, which was
desi gned by the German Aerospace Research
Establi shnment (DLR), in cooperation with industry -
a subprogramme of this programme, "Atnosphere
Research”, is studying em ssions of pollutants,
their distributions and their effects on the earth's
radi ati on bal ance (cf. neasure no. 26 in Table 5.1).

- Since the end of 1990, the w de-ranging integrated
project "Scientific Acconpanying Programe for
Cl ean-up of the Atnosphere over the New Feder al
Lander" (Wissenschaftliches Begleitprogramm zur
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Sanierung der Atmosphare hber den neuen Bundeslandern
- SANA), has been studying the effects of
restructuring in the area of the fornmer GOR as wel |
as of the environnmental policy nmeasures now taking
effect there.

7.1.3.4 Research on terrestrial ecosystems

Both nationally and throughout the world, the
significance of environnentally nore conpati bl e,

sustai nable land use in preserving natural resources is
grow ng. The aimof the terrestrial-ecosystemresearch
bei ng funded by the Federal Governnent is a better

under standi ng of the functions of rural ecosystens, of
their influences on each other and of their devel opnent
in area and over time as a function of different kinds of
use, and of different anthropogenic inpact.

By integrating the findings fromindividual disciplines
into a new understandi ng of ecosystens, this wrk should
permt early identification of the potential for danger
caused by ant hropogeni ¢ environnmental pollution. An
under st andi ng of such interconnections is required, if
effective cultivation and care practices, tending toward
permanently environmental |y conpati ble use, are to be
devel oped. As part of these efforts, climate change is
bei ng considered and eval uated in connection with other
ant hropogeni c inpacts; in addition, effects of ecosystens
on climte processes are being investigated.

Primarily, this research is ainmed at finding integrated
sol ution approaches for restoring and revitalising
pol |l uted ecosystens, and at preparing concepts for near-
natural rural developnent. In the process, usage and
protection are to be harnoni sed to the greatest possible
extent, and to receive varying degrees of enphasis.
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Terrestrial -ecosystemresearch is concerned with

- For est s,

- Agrarian | andscapes,

- Urban and i ndustrial areas,
- Ri ver and | ake environnents,

as well as the substance cycles by which they are
i nt er connect ed.

I nternationally, German ecosystemresearch has been
integrated into the follow ng progranmes:

- The UNESCO programme "Man and t he Bi osphere” (MAB)

- The 1 GBP. Inportant contributions are being nmade,
with regard to rural ecosystens, within the | GBP
subprogramme "d obal Change and Terrestria
Ecosystens” (GCTE).

7.1.3.5 Polar and marine research

As one part of marine research, the oceans' role in the
climate systemis being studied. The enphasis of this
work is on studying the oceans' |arge-scale currents and
at nospheric influence. Wthin the World Ocean G rcul ation
Experinment (WOCE), satellite measurenments, process
studi es and nodel cal culations are being carried out. In
addi tion, the | GBP sub-programme Joint d obal Ccean Fl ux
Study (JGOFS) is sponsoring research on gl obal processes
responsi bl e for the oceans' carbon bal ance, for exchange
bet ween the oceans and the atnosphere and between the
ocean fl oor and the coastlines. The interaction between
ocean and atnosphere in low latitudes is particularly
significant for atnospheric circulation and, thus, for
climate, because of the large energy transfers invol ved.



- 334 -

This interaction is the focus of the WCRP sub-progranme
Tropi cal Ocean and d obal At nosphere Programme (TOGA), in
whi ch German research groups are participating. An
addi ti onal enphasis is on pal eoclinmte research, which
ains to decipher the climate information frozen within
mari ne sedi nents.

The pol ar regi ons have a decisive influence on climate.
They provide early indication of global climte change,
for exanple, in the mass bal ance of their ice. In
addition, cold, deep currents formin the polar regions.
Even smal |l changes in polar sinking zones can influence
deep-water formation, thereby influencing climte through
oceanic currents. Polar research, which in Germany is
receiving significant support fromthe Alfred-Wgener
Institute, seeks to understand these processes, to
install conprehensive observation systens and to devel op
nodel s that permt reliable predictions.

7.1.3.6 Environmental protection technology

On the one hand, support for innovative environnental
protection technol ogy (cf. neasure no. 40 in Table 5.1)
is ained at devel opi ng nmet hods and procedures for
preventing future environnental inpact and for cleaning
up existing environnmental damage; on the other hand, it
al so seeks to achieve a reliable technol ogical |evel that
can provide legislators wth a basis for passing
effective laws for environnmental protection.

Devel opnent of prototype environnmental protection
technol ogi es draws on findings fromresearch into causes
and effects, in order to prevent, mnimse, limt and
repair environnmental damage. In addition to sectora
approaches to relatively narrow problem areas, primarily
enpl oyi ng downstream cl ean-up neasures, enphasis in
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future wll increasingly be on gl obal approaches ainmed at
preventing, reducing and steering material flows and
ensuring closed material cycles. This is why the Federal
M nistry for Research and Technol ogy has devel oped a
support concept entitled "production-integrated

envi ronnment al protection” (Produktionsintegrierter
Umweltschutz). This concept was presented for the first
time in January 1994.

The ecol ogi cal aimof providing funding in the area of

| ow- em ssions technol ogi es and products is primarily the
prevention, or reduction, of particularly |arge poll utant
| oads, and of non-degradabl e, or poorly degradabl e,

pol | ut ant s.

Since the | ate 1980s, an enphasis has been placed on
finding and using substitutes for volatile organic
conmpounds (VOCs). Initially, these efforts focused on
hal ogenat ed carbons (CCs, CFCs); since 1991, they have
al so concentrated on substitutions for non-hal ogenated
organi ¢ conmpounds, which are used in | arge amounts as
solvents in painting, printing and gl ui ng processes.

As a result of the devel opnent of suitable substitutes
and alternative technologies in the three main areas of
application - surface treatnent, foaned plastics and
refrigeration/air conditioning - a contribution to

di sconti nuati on of nost CFC use was already bei ng made by
the end of 1993 - earlier than originally planned.

Strong requirements exi st for technol ogies to separate
out air pollutants containing organic substances and
heavy netals. These requirenents are strongest in areas
where such substances occur in | ow concentrations in

| arge exhaust-air flows, or where small-volune flows are
emtted by a | arge nunber of small sources (VOCs, highly
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toxic trace pollutants, fine dusts). Relevant projects
are being funded in the area of catalytic, thernal
sorptive and biol ogical scrubbing procedures. An explicit
ai mof these funded projects is to return pollutants
directly to the relevant production processes, or to
destroy them and transformtheminto harm ess substances
or enbed them (for exanple, in glass) - rather than
transferring themfromthe air to wastewater or solid
wast e.

The avail abl e nmeasurenent and anal ysi s procedures exhibit
| arge shortcom ngs in comparison to current requirenents
for effective exhaust cleansing, especially with regard
to organic pollutants and fine dusts. For this reason,
new, inproved, predom nantly continuous mneasurenent
procedures are being devel oped to anal yse and nonitor air
pol | ut ant s.

7.1.3.7 Energy research and energy technology

The nost inportant starting points for energy-research
policy and energy-technol ogy policy are greater efforts
toward nore efficient energy use, further diversification
of the energy supply - taking into account especially the
effects of greenhouse gases on climate, as well as
intensified devel opnent of cleaner final-energy-use
technol ogies. Wthin the framework of the 3rd "Energy
Research and Energy Technol ogi es” programre of February
1990, state energy research is pursuing solutions
concer ni ng:

- Envi ronnental |y conpati bl e energy supply, including
fossil fuels, and especially with regard to the
climate problemand in order to conserve finite
resour ces;

- Devel opnent of technol ogies to save energy through
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efficient energy conversion and efficient energy
use;

- Renewabl e energies, wth an enphasis on wi nd ener gy,
phot o-vol taic systens and integration with existing
energy supply technol ogi es.

- Nucl ear energy research and technol ogy. I ndividual
neasures in the area of energy research and
technol ogy are listed under nos. 41 through 54 in
Tabl e 5. 1.

Table 7.1 provides an overview of the funding to support
research into renewabl e energy sources, into efficient
energy conversion and into nuclear power, for the period
from 1983 to 1994.
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and nuclear energy from 1983 to 1993 [in millions of DM]

Funding support for research into renewable energy sources, efficient energy use

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
1. Renewabl e energy sources 271. 238.5 | 221. 189.4 | 196.4 210. 239.6 277. 322. 357.5 | 360.9 | 333.3
and efficient energy use
i ncl udi ng:
1.1 Phot ovol tai ¢ systens 54. 59.1 53. 57.8 60. 1 70. 82.5 91. 104. 111.0 | 112.7 88.0
- Proj ect support
1.2 Wnd energy 16. 8.9 10. 12.1 17.8 16. 12. 4 18. 9. 9.3 7.4 9.0
- di rect project
support
1.3 Wnd energy - - - 0.2 3. 8. 16. 4 24.8 32.0
- i ndirect-
specific
support
1.4 Ceothermal energy and 14. 14.9 13. 2.8 4.9 3. 10.9 14. 16. 16.7 20.5 21.9
other activities relevant to
renewabl e energies
(Contribution of najor 20. 21.3 23. 25.8 22. 4 24. 30.2 32. 46. 71.2 57.9 69.0
research establishnments to
1.)
2. Nucl ear energy 1 1| 757.4 716. 635. 4 661. 630. 529.7 | 500.6 | 497.8
research and technol ogy, 678. 582.9 | 558. 082. 8
funding for the | AEO
(i ncluding najor research
est abl i shnent s)
i ncl udi ng:
2.1 Nucl ear ener gy 1 699.8 | 404.5 360. 304.5 288. 275. 170.5 | 154.0 | 131.9
research and technol ogy 178. 131.4 | 142.
(excluding 2.2 and
2.3)?
2.2 Di sposal of nucl ear 2. 4.3 0. 1.5 11.6 61. 164.7 85. 129. 212.7 | 162.9 | 205.0
facilities?
2.3 Fundi ng for the 22. 25.7 30. 29.5 26.4 29. 32.1 33. 37. 37.0 39.3 40.9

I nternational Atom c Energy
Organi sation (I AEO
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1) To 1993 actual ; 1994 planned; as of 1 March, 1993

2) The contributions of nmajor research establishnents that go to 2.2 are contained in 2.1; for this reason, some
shifting between 2.1 and 2.2 is possible.
Source: Federal Mnistry for Research and Technol ogy (BMT)
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To support the preparation of |ogical overall strategies for
reduci ng em ssions, the Federal Governnent has established the
| KARUS project (Instrumente fthr Klimagas-Reduktionsstrategien
- Instrunents for Cimate-gas-reduction Strategies) in 1990,
placing it under the managenent of the Federal Mnistry for
Research and Technol ogy (cf. nmeasure no. 87 in Table 5.1).
Wth the help of a range of instrunments, consisting of
conput er nodel s and dat abases, the technical options of
various strategies for reducing energy-rel ated em ssions of
climate-rel evant gases are to be conpared and contrasted in
light of existing paraneters and optim sed - for exanple, in
keeping with a cost-m nimsation approach. The nost inportant
paraneters to be considered include emssions |imts, trends
in prices of raw materials and products, trends in
availability of capital and in capital costs, the dynam cs of
i nnovation and general economc trends for 1989, the starting
year, and for the m|estone years 2005 and 2020. The project
conprises the areas of nodel devel opnent, the database,
primary energy, energy conversion, final energy, cross-sector
technol ogi es and verification neasures (nonitoring of
conpliance with commtnents nmade within the Franmework
Convention on Cimate Change).

7.2 National activities and contributions to
international measuring and monitoring programmes

7.2.1 Monitoring and research programmes

As part of the WMO s d obal At nosphere Watch (GAW progranme
for nonitoring |ong-term at nospheric changes, the Federal
Governnment i s establishing a global station and several

regi onal stations.

The Federal Governnent is currently preparing a Gernman
contribution to the establishnent and expansi on of the d obal
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Climte Cbserving System (GCOS). The purpose of the GCCOS is to
support international observation programmes for climte
nonitoring, climate prediction and early identification of
climate changes. The neteorol ogi cal observations and
nmeasurenents that are exchanged internationally within the
Worl d Weat her Watch (WMWY have an inportant function in this
context. The Gernman Meteorol ogi cal Service (Deutscher
Wetterdienst - DWD) maintains various neasurenent networks, of
varyi ng purposes, and is participating in international
exchanges of neteorol ogi cal observations and nmeasurenents, as
wel |l as in aerological probes of the troposphere (ranging up
into the stratosphere), through the d obal Tel econmuni cati ons
System (GIS). Many nerchant ships, on all the world's oceans,
voluntarily make weat her observations; the Gernman

Met eor ol ogi cal Service collects and archives this data. The
German Met eorol ogi cal Service supports over 550 nmerchant ships
in such efforts. It also ensures that standard instrunents are
used within the "Voluntary Cbservations Ships" (VOS) nobile
network. In 1994, the German Mt eorol ogi cal Service, together
with the British Wather Service, has begun operating the

G obal Collecting Centre (GCC), which is ensuring that ship
observations neet uniformaquality standards. The German

Met eor ol ogi cal Service's neteorol ogi cal observations integrate
continuous, |ong-term nmeasurenents and observations rel evant
to radiation (including UV-B radiation), ozone profiles,

at nospheric structure and precipitation and clouds with
application-oriented research in these areas. These
observatories will continue to carry out nunerous nonitoring
tasks relevant to | ong-term at nospheric changes.

Changes in the chemstry of the earth's atnosphere (especially
stratospheri c-ozone depletion) also influence the passage of
the sun's ultraviolet radiation through the atnosphere. The
Federal Institute for Radiation Protection (Bundesamt fhr
Strahlenschutz) and the Federal Environnental Agency are
jointly operating a UV-B neasurenent network with the aim of
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assessing continuously neasured radiation intensity. The
German Met eorol ogical Service plans to establish a UV-B
nmeasur enent network that will be focused on climatol ogy and
trend analysis; it will require even nore sophisticated
measuring equi prment .

The Fraunhofer Institute for Atnospheric and Environnental

Resear ch (Fraunhofer-Institut fthr Atmospharen- und
Umweltforschung) and the German Meteorol ogi cal Service's
Hohenpei 8enber g net eor ol ogi cal observatory are participating
in the European Stratospheric Mnitoring Stations (ESMXS)
network. Stations of the Al fred-Wagener Institute and of the
German Meteorological Service will participate in the Network
for the Detection of Stratospheric Change (NDSC), which has
been initiated by the US.

Wthin the framework of the Integrated G obal Cceanographic
Services System (1 G0SS) and the International Cceanographic
Data and I nformati on Exchange (1 ODE), oceanographic
observation data collected within national programres is being
made available to efforts to describe the oceans' contribution
to climate. The Federal Institute for Navigation and
Hydr ogr aphy mai ntai ns a neasurenent network of oceanographic
stations in the German Bight and in the Western Baltic. Wthin
the 1G0SS framework, it operates its own neasurenent
programes. The data fromthese programes is distributed
through the GIS. This institute is also participating in the
establishment of the GCOS oceani c conponent, the d obal Ccean
Qobserving System ( GOOS) .

7.2.2 Space-based earth monitoring
Germany is the primary participant in the mssions of the ERS-

1 European Renpte Sensing satellite, which is being used for
environmental | y rel evant space-based earth nonitoring. Gernmany
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is also taking a central role in evaluating the data gathered
by this satellite.

Germany al so has an inportant role in the POEM 1 progranme
approved by the European Space Agency's Council Conference,

whi ch was held in Muinich in 1991. This programe conprises the
ENVI SAT-1 environnmental satellite and METOP-1 neteorol ogi ca
operational satellite m ssions. The enphasis of ENVI SAT w ||
be on climte and atnosphere research and on continuing the
ERS m ssi ons' oceanographi c nmeasurenents. In a national
initiative, Germany is developing a portion of the ENVI SAT
payl oad: the SCl AMACHY sensor, which is expected to make an

i mportant contribution to atnospheric sensing. As part of the
sane initiative, CGermany is expanding the Gernman Renote
Sensing Data Centre (Deutsche Fernerkundungs-Datenzentrum)
into a user-oriented centre that will archive and distribute
environmental |y relevant satellite data. METOP-1 is a
cooperative progranme, involving ESA and the European

organi sation for the operation of neteorological satellites
(EUVETSAT), and with a focus on operational global weather and
climate nonitoring.

Wth its participation in the METECSAT progranmme, Germany is
al so making a significant contribution to a satellite system
that will provide conplete global data collection, and that
wi Il guarantee long-termavailability of earth-observation
data, until the year 2012 - which is an inportant prerequisite
for detection of climte changes.

In addition, the STRATO 2C high-altitude nanned research

aircraft is currently being developed in Germany. Use of this
aircraft is expected to make inportant contributions to ozone
and climate researchers' understandi ng of rel evant processes.
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7.3 Databases, data centres and information management

In view of the continually increasing anounts of data that
nmust be dealt with, the significance of databases and data
centres is growing. In addition, efficient information
managenent is growi ng nore and nore inportant due to the

i ncreasing conplexity and interdisciplinarity of the questions
i nvol ved. Cl ose cooperation between the various disciplines

i nvol ved, and inclusion of existing databases and data
centres, and of tested networks and dat a- exchange syst ens,

pl ays an inportant role in these research efforts. In Germany,
such research is able to draw on a wi de range of existing

rel evant institutions.

7.3.1 Data centres and databases

At the Karlsruhe nuclear research centre, a list has been
conpi |l ed of the databases gai ned through neasurenent and
observation progranmes that are available in Germany. In order
to inprove provision of climate-rel evant data, a national

dat abank is being established, under the nmanagenent of the
German Climate Conputing Centre. Al authorities, scientific
institutions and maj or research establishnments that have
climate-rel evant data will participate. The Gernman Wat her
Service plans to establish a German climte-nonitoring centre.

As part of the WAWof the WMO and the GOCS, neasurenent data
fromthe German Weat her Service's neasurenent networks is
bei ng col | ected, processed, checked for quality and archived
in a central climtol ogical databank that also contains the
international data provided through the GIS. The Federal
Institute for Navigation and Hydrography is collecting the
oceanogr aphi c data collected by German institutions, and is
maki ng them avail able as a contribution to the |1 CDE of the

| nt ernati onal COceanographi ¢ Conm ssion (1QOC).
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The Federal Environnmental Agency's environnmental planning and
i nformati on system contains inportant environnmental protection
data, including em ssions data for clinmate-rel evant

subst ances. The UFOKAT environnental research catal ogue

provi des an overvi ew of research projects in Germany that have
an environnmental orientation. UV-B data is al so being
collected, together with that of the Federal O fice for

Radi ati on Protection (Bundesamt fhr Strahlenschutz), and that
of the Lander, in a central database at the Federal
Envi ronnment al Agency.

The German Renpte Sensing Data Centre established at the
German Aer ospace Research Establishment in Cberpfaffenhofen
col l ects, manages and evaluates satellite renpote sensing data.

As part of the Wrld Cimte Research Programe, international
data centres have been established in Germany for data

rel evant to the global water cycle. The d obal Precipitation
Climatol ogy Centre (GPCC) operated by the Gernman

Met eor ol ogi cal Service provides eval uated precipitation area
averages that it produces on the basis of precipitation data
gathered around the world. In a simlar fashion, the Federal

Institute for Water Science (Bundesanstalt fhr Gewasserkunde),
within the dobal Runoff Data Centre (CGRDC), provides surface-
runoff data collected around the world. Both centres are

i nportant conponents of the G obal Cinmate Cbservation System

Central archives for data coll ected worl dw de have been
established at the secretariat of the Joint d obal Ocean Fl ux
Study (JGOFS), at the University of Kiel, and for

pal eocli matol ogy at the University of Hohenhei m
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7.3.2 Information management

Efficient information nmanagenent conprises a w de range of

el ements such as requirenents analysis, efficient data

col l ection, assurance and nonitoring of data quality,
appropriate data processing, data availability and user
support. Currently, an inportant task for science and
operational services is to devel op such conprehensive

i nformati on managenent for the totality of environmental data,
based on the netadat abase principle and integrating the

exi sting infrastructure. The Federal Mnistry for Research and
Technol ogy supports these efforts.

UNEP' s Har noni zati on of Environnmental Measurenent (HEM,

| ocated in Munich, in involved in the international

har nmoni zati on of environmental data, environnental nonitoring
programes and taxonom es.

At the Fraunhofer Institute for Atnospheric Environnental
Research (Fraunhofer-Institut for Atmospharische
Umweltforschung), one of the four data-quality
assurance/ nonitoring centres planned worl dw de is being
est abli shed within the GAW franmework.

As part of the WCRP sub-progranme World Ccean Circul ation
Experiment (WOCE), data is being assimlated at a Specia

Anal ysis Centre of the German Cimate Conputing Centre
(Deutsches Klimarechenzentrum, |ocated in Hanburg), in
cooperation with the Federal Institute for Navigation and
Hydrography - i.e. data is being dynamcally interpolated with
t he hel p of gl obal nodels.

At the German Renpte Sensing Data Centre in Cberpfaffenhofen,
the Intelligent Satellite Data Information System (I1SIS) is
bei ng devel oped for network |inking and data-user support.
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The German Met eorol ogical Service is establishing a climte
information systemthat will describe means of accessing and
using the climate-rel evant data stored in the Service's
climate database.

An inportant part of the information managenent network is

| ocated at the GSF Research Centre for Environnment and Heal th,
| ocated i n Neuherberg near Minich. An environnental

i nformati on system (Umweltforschungsinformationssystem - UFIS)
is being established to collect the existing nodels and data
from environnental research projects funded by the Federal

M nistry for Research and Technol ogy - and to anal yse them
with a view to defining general principles of nodelling and
data col | ecti on.
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8. Training, education, public awareness

A obal climte change poses a special challenge, which wll
continue to present itself in the comng century and beyond:
t aki ng responsi bl e, precautionary action. Education and
training, and pronotion of public awareness, are of decisive
i mportance in neeting this challenge, because (anong ot her
reasons) response to climate change nust not be put off until
t he consequences of clinmate change have al ready occurred.

Public awareness and environmental information

Protecting the environnent, together wth safeguardi ng peace
and protecting jobs, are anong the issues that during the | ast
10 years have been the nost inportant focuses of public

di scussion in Germany. In keeping with this inportance,
perspectives of environnental protection have been integrated
into a great variety of social and personal areas, including
such areas as individual consunption, recreational habits,
education in schools and vocational training and areas in

whi ch social and world views are forned and cul tivat ed.

The younger generation has particularly strong environnental
awar eness. Wil e environnental problenms were one of the issues
treated in education of mddle and ol der generations, they did
not becone a strong part of those generations' awareness. The
younger generation, on the other hand, has found itself
confronted with this problemfromthe very beginning and tends
to viewit as a future threat

I f environnental policy is to be effective and successful over
the long term it nust be shaped and inparted in such a manner
that the entire population, if possible, will enbrace it and
be willing to help carry it out. In keeping with the
principles of cooperation and precaution, all citizens are
called on to translate their high degree of environnental
awareness into a willingness to act and to take neasures today
to prevent future environmental damage. This is why the
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Federal Governnent considers the conprehensive range of
environnmental information that it provides to be an inportant
instrument of its environnental policy. The Federal
Governnent, along with the Liander mnistries and authorities,
conduct intensive informational activities concerning the
topic of climate protection - especially concerning the
possibilities of preventing clinmate change. For exanple, the
Federal Mnistry for the Environnment, Nature Conservation and
Nucl ear Safety supported a canpai gn conducted by the Gernman
Associ ation for the Environment and Nature Conservation (Bund
fir Umwelt und Naturschutz Deutschland - BUND) in 1993 and
1994 on the topic of "climate and traffic". The mai n purpose
of this effort is to increase the environnental awareness of

| arge portions of the population - to foster awareness of nore
than sinply technical solutions. This canpaign is being
carried out in cooperation with radio stations and with other
envi ronmental groups. Table 5.1 lists additional neasures in
this context, under the nos. 10, 11, 21 and 77.

In addition, a great deal of information material ained at
specific target groups is published, including brochures,
panphl ets and posters. Increasingly, such efforts are al so
enpl oyi ng el ectronic tools such as video, conputer ganes and
t he Bildschirmtext online conputer information service - in
addition to trade fairs and exhibitions.

Training and education

The Liander are responsible for providing and adm ni stering
school education. Environnental protection has been firmy
integrated into curricula, and teachers often have relatively
wide |latitude in selecting and treating environnental topics.

The follow ng section lists typical exanples of activities in
the area of training and education (cf. also neasures nos. 69
and 106 in Tab. 5.1):
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The Federal Mnistry for the Environnent, Nature
Conservation and Nucl ear Safety published the results of
its project, "Continuing education relative to clinmate
protection, for architects"” (Fortbildung zum Klimaschutz

fir Architekten),

The Federal Mnistry of Education and Sci ence published
the findings of the comm ssion for inplenmenting the
recommendati ons of the Enquete Conmm ssion on "Preventive
Measures to Protect the Earth's Atnosphere” (Vorsorge zum
Schutz der Erdatmosphire); the publication was entitl ed,
"Protecting the Earth's atnosphere - a chall enge for
education". It summarises the findings of various working
groups concerni ng the consequences of the Enquete

Comm ssion's recommendations, with regard to the areas of
general school education, vocational training, institutes
of hi gher education and conti nui ng educati on;

The Federal Mnistry of Education and Sci ence, the Linder
and i ndependent sponsors have initiated concrete projects
for devel opnent and testing of pedagogi cal concepts for
teaching, in the area of "climate and energy"”, of various
target groups of teachers and | earners. The follow ng two
projects are particularly noteworthy: a school and
teacher-training project being carried out by several

Liander that is being funded as a nodel test by the
Federal Mnistry of Education and Science; a project,
initiated by the Federal Mnistry of Education and

Sci ence, of the Pedagogical Ofice of the German Adult

Educati on Associ ati on (Pidagogische Arbeitsstelle des
Deutschen Volkshochschulverbandes) and of the "Nature and
Envi ronnment al Educati on” working group
(Arbeitsgemeinschaft Natur- und Umwelterziehung), for
target groups in the area of general adult education,

A project of the Climate Alliance of European Cities,
entitled "Action-oriented docunentation and eval uati on of
envi ronnment - and devel opnent - pol i cy educati onal
activities in German climate-alliance conmunities", was
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funded by the Federal Mnistry for the Environnment,
Nat ure Conservation and Nucl ear Safety,

- In 1992, the German Sparkassen- and G roverband bank
associ ation |launched a conpetition for young peopl e
entitled "The climte chal |l enge"” (Herausforderung Klima).
5 national winners were selected from 122 prize-w nning
efforts of pupils. In addition, the prize-wnning entries
were included in exhibits at the | GA-EXPO ' 93 exhibition
in Stuttgart and in the Federal Environnental Agency.

Communities, institutes, universities, environnental
associ ations and churches continue to sponsor sem nars,
| ectures, courses, etc. on the topic of climate protection.

Involvement of non-government organisations in reporting

The report "Climate Protection in Germany - National Report of
t he Federal CGovernment for the Federal Republic of Germany in
anticipation of Article 12 of the United Nations Franmework
Convention on Cimte Change" was conpleted in August 1993;
then it was sent to nunerous institutions and associ ati ons
with a request for a response. The comments that these

organi sati ons provi ded have been taken into account in the
revi sion of the present report.
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9. International cooperation in the areas of technology
and finance

9.1 Principles and priorities for cooperation with other
countries

The Federal CGovernnment is voicing strong support for
conformance with the guidelines set forth in R o Declaration,
and it is orienting its bilateral and nultilateral

devel opment assi stance to the aimof inplenenting Agenda 21.

Internationally, the Federal Governnment is strongly supporting
a coordi nated approach. Coordination is taking place within

t he European Union (EU) and through multil ateral governnent
organi sations, such as the OECD, |EA, ECE, UNEP and WMO. Wth
regard to issues of climte change, the Framework Convention
on Cimte Change and the I PCC, which is jointly sponsored by
t he UNEP and WMO, have particul ar significance.

9.2 Bilateral cooperation

9.2.1 Developing countries

Tab. 9.1 shows distribution of worldw de primary energy use in
1991.
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Tab. 9.1: Distribution of world-wide primary energy use

1991 | ndustri al Devel opi ng
countries countries
MI11lions % MI11lions %
of of
t onnes t onnes
of of
oi | oi
units units
Fossil fuels
Coal 1 502 25 884 28
al 2 211 37 730 23
Gas 1 333 22 222 7
Subt ot al 5 046 85 1 836 58
Renewabl e ener gy
sour ces 335 6 169 5
Hydr oel ectric power 169 3 1 147 36
Bi omass
Subt ot al 524 9 1 316 41
Nucl ear energy 377 6 27 1
Tot al 5 947 100 3 179 100

Sour ce: UN Energy Statistics

I n devel opi ng countries, population trends and econonm c growth
wWill, in future, result in considerable increases in energy
demand.

A total of 90 percent of global population gromh is taking
pl ace in devel opi ng countries; each year, the population in

t hese countries grows by sonme 90 mllion people. This factor
al one - assum ng that per-capita energy consunption renmains as
it is today in these countries - will increase energy demand
by sone 65% by the year 2020. In addition, a |large portion of
the world' s popul ation remains isolated fromany central
energy supply and nust rely on biomass - primarily wood and
charcoal - for energy. The urbanisation and industrialisation
of devel oping countries, in conjunction wth a sharp increase
intraffic, have resulted in a rapid increase in consunption



- 352 -

Fossil fuels wll continue to be required, primarily for
nmeeting basic requirenments. An inportant factor in

est abl i shing a sel f-sustaining devel opnment process in

devel opi ng countries, including nodernisation of agriculture
and conmerce, construction of infrastructures and

i ndustrialisation, is provision of sufficient energy to both
ur ban popul ation centres and to rural areas (especially to
neet basic requirenents such as cooking and heating).

In its devel opnent assistance, the Federal Governnent is
aimng to bring about a process of econom c, social and
institutional change - a process that will achieve high
energy-supply efficiency while nmeeting needs for |ong-term
ecol ogi cal sustainability.

The follow ng factors are of particular inportance in this
context:

- Use of the cl eanest possible fuels,

- Use of technologies with | ow environnmental inpact,

- Energy extraction, distribution and use that conserves
resour ces and

- | ncreased use of renewabl e energi es.

The Federal Governnent is using the neans available to it
within multilateral financing institutions (especially, the
Worl d Bank, and regional devel opnment banks) in order to carry
out these strategies internationally, and thus to prepare the
way for nore environnmentally conpatible, efficient energy
policies. For exanple, in Decenber 1991, it successfully

i ntroduced, into deliberations of OECD mnisters for the

envi ronment and for cooperation, a notion that electric-power
rates cover m ni num costs.

The Federal Government has al so made the area of energy supply
a sectoral enphasis of its bilateral cooperation with

devel opi ng countri es.

In this context, the Federal CGovernnent's support strategy is
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concentrated on the foll ow ng areas:

- Political dialogue, consultation, participation in
ener gy- sector adaptation programmes (especially those of
the Wrld Bank),

- Support for conventional energies and for nore efficient
energy use,

- Support for renewabl e energi es.

From 1961 to 1993, the Federal Governnent provided a total of
sone 13 billion DMw thin the framework of financia
cooperation, and sone 1.1 billion DMw thin the framework of
techni cal cooperation, for support of the energy sector in
devel opi ng countri es.

O this funding, the follow ng anbunts were invested in
support of renewabl e energies: approx. 2.5 billion DM for
hydr oel ectric power, and approx. 500 mllion DMfor solar and
wi nd power and for use of biomass and biogas in energy
generation and in small and very small hydroel ectric power

pl ants. The fundi ng percentages for hydroel ectric power plants
are expected to decrease, due to the increasing difficulties
of finding suitable sites for such plants.

The Federal Government provides considerable funding to help
ot her countries conserve their tropical rain forests. Since
1988, some 300 mllion DM have been spent annually, within the
framewor k of devel opnent assi stance, for projects for forest
conservation and devel opnent. The enphasis of this funding
assistance is on support for protection and sustai nabl e
managenent of tropical forest ecosystens. In addition, support
of agro-forest systens, rehabilitation of damaged forests and
reafforestation are a najor part of these efforts.
Participation of local citizenry in nmeasures and in the fruits
of proper forest managenent is of decisive inportance.

At the International R ce Research Institute (IRRl), of which
Germany is a supporter, studies are being carried out in Asia
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(including China) to determ ne anobunts of CH, and N;O emi ssions
as a function of soil characteristics, water nmanagenent,
organic inputs into soils and cultivation nmeasures. In
addi ti on, neans of reducing em ssions wthout reducing rice

yi el ds are bei ng sought.

Reduction of nethane em ssions has been nmade an inportant
enphasi s of planning and support of projects for pronoting

ani mal husbandry in devel oping countries. Anbng neasures being
carried out in this area are efforts to increase yields per
animal, to reduce risks to health, to inprove use of
feedstuffs and to advi se responsible |ocal authorities.

In fulfillment of commtnents nmade in Ri o, the Federal
Governnent pronptly provided 5 mllion DM of special funds, to
prepare nmeasures in connection with the greenhouse effect -
i.e. to support devel oping countries prepare national reports.
Sonme 10 countries are being assisted with this funding.

In 1992, a traffic-sector research project focusing on
possibilities for reducing CO, em ssions in selected cities was
carried out. Pilot projects are now planned to test the
feasability of the proposals developed in this project, as

well as their potential applicability to devel oping countries.

9.2.2 Countries iIn transition to market economies

The countries that are now undergoing transition to market-
oriented econom c systens are finding that replacing a
centrally planned systemwith a market econony is a difficult
task. But such difficulty nust not nmean that the question of
| ong-term sust ai nabl e devel opnent receives short shrift.

Envi ronnmental policy instrunments and institutions nust be
created to deal with this question. There is a | ack of
adequate | egal and econom c instrunents and techni cal
standards, as well as of capacities for devel oping, enforcing
and nonitoring such instrunments. Such capacities are required
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in the formof governnent-agency structures on the
subnational |evel (including community |evel authorities).

Fresh starts in econom c policy provide a unique chance to
plan and carry out industrial and econom c reconstruction in a
manner that al so gives consideration to environnental policy
requi renments. Business-adm nistration and nmanagenent criteria,
applied to the construction of new production facilities, wll
hel p provide an environnental |y conpati bl e energy supply.

In 1992, the Federal Governnent established a consultation
assi stance programe for central and eastern European
countries (cf. chapter 9.3.4). The task of this progranme is
to help countries help thenselves in building denocratic
structures and in creating nmarket econom c systens. Assistance
is to be provided in the formof consultancy, training and
continuing training and provision of the necessary equi pnent
and facilities for such training. Bilateral treaties, which
Germany has signed with alnost all of these countries, provide
a significant basis for this cooperation. By 1993, over 150
consul tancy projects in the area of environnental protection
had been carried out within the Federal Government's

consul tancy programme.

In addition, the Federal Governnment has given direct support,
in the formof investnent subsidies, to selected environnental
protection projects in central and eastern Europe that w |l
result in a reduction of cross-border pollution. In 1992 and
1993, a total of 40.75 mllion DM was provided for
ecologically oriented conversion of two major power plants in
Ukr ai ne and the Czech Republi c.

9.3 Multilateral cooperation

9.3.1 Framework Convention on Climate Change

The UN Franewor k Convention on Cinmate Change, which canme into
force on 21 March 1994, has established an internationally
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bi ndi ng basis for global climate protection. The International
Negotiation Commttee (INC), which negotiated the Conventi on,
still exists. It is currently preparing the 1st Conference of
the Parties to the Framework Convention on Cinmate Change,
which will take place in Berlin from28 March to 7 April

1995. Germany is taking an active role in this conference.

9.3.2 Global Environmental Facility

During a pilot phase lasting from 1991 to 1993, the Federal
Republic of Germany paid 147 mllion US$ into the central fund
of the G obal Environmental Facility (CGEF). During the pil ot
phase, the GEF was given approx. 1 billion US$ worth of

special drawing rights (central fund plus cofinancing).

For the period lasting frommd-1994 to m d-1997, the Federal
Republic of Germany has declared its willingness to pay the
amount of 240 million US$ - or about 12 percent of the overal

vol une of approx. 2 billion US$ - to the @ obal Environmenta
Facility.
9.3.3 Cooperation in the European Union

9.3.3.1 Environment and energy policy

On 29 Cctober 1990 and 13 Decenber 1991, the Joint Environnent
and Energy Council approved resolutions by which the EC nmade a
political commtnent to stabilise CO, em ssions at the 1990

| evel, by the year 2000. In this context, the EUs 5th

envi ronnmental action progranme should al so be nentioned; it
sets forth a strategy for inproving energy efficiency and for
devel opi ng technol ogy programes for CO, reduction by the year
2000.

On 25 Septenber 1991, the European Comm ssion presented a
Eur opean strategy for limting CO, em ssions and for inproving
energy efficiency. In 1992, the European Comm ssion presented
to the Council four specific instrunments that would be the
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el ements of this strategy. O these, three were approved:

- Wth the "Council decision concerning a systemfor
nmoni toring em ssions of CO, and ot her greenhouse gases in
the Community", a standardi sed data-collection and
eval uation instrunment is now avail able for national
climate protection progranmmes and for the Community's
concept for reducing carbon dioxide em ssions and
i mproving energy efficiency. The nmonitoring system
represents an internmediate step in the EU s reporting
relative to the Framework Convention on Cimte Change.

- The Counci| approved a conprehensive progranme for
pronoting energy efficiency within the Community ( SAVE
programe). Anmpong this programme's elenments is the
"Council directive for Iimting CO, em ssions by neans of
efficient energy use" (SAVE directive), which was
approved in 1993. This directive requires Menber States
to carry out programmes and neasures, by the end of 1994,
in the follow ng areas:

* Energy certification for buildings,

* Billing heating, air-conditioning and water-heating
costs on the basis of actual consunption,

* Pronotion of third-party financing of energy-saving

investnments in the public sector (cf. neasure no.
106 in Tab. 5.1),

* Thermal insulation for new buil di ngs,
* Regul ar i nspection of boilers,
* Accounting of energy use in conpanies with high

| evel s of energy consunption.

The SAVE progranmme al so provides an additional 35 million
ECU of funding, with a five-year term for support of
sectoral pilot projects, for establishing norns and

regul ations and for creating an information network.

- The "Council decision for pronotion of renewabl e energy
sources in the EC (ALTENER programme)” is intended to
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i nprove the economc framework for use of renewabl e
energi es. The programme was |aunched in 1993, with a term
of 5 years and funding of 40 mllion ECU

The European Conmmi ssion's proposal for a Council directive on
the introduction of a tax on carbon di oxi de em ssions and
energy, of 4 June 1992, is still being intensively discussed
by the Council (cf. neasure no. 107 in Tab. 5.1). In this
context, the Federal Governnent considers it an urgent

requi renent that use of market-economc instrunents in
environmental protection be internationally coordinated, so
that rel evant national and EU-wi de ains can be reached at the
m ni mum cost. For this reason, the Federal Governnent supports
introduction of a COJ/energy tax, effective at |east throughout
the EU, and neutral with respect to conpetition and total
revenue volunme. In principle, it supports the European

Comm ssion's proposal for a relevant directive.

Al so worthy of nention is the THERM E ener gy-t echnol ogy
pronotion programre, for which funding in the amount of
approx. 700 mllion ECU has been nmade avail abl e bet ween 1990
and 1994. This programe supports innovative technol ogies for
efficient energy use, use of renewabl e energies, efficient
transformation of solid fuels and exploration, extraction,
transport and storage of hydrocarbons.

In the interest of conserving forests, which are a natural CO
sink, publication of national programes for inplenenting
forest - managenent principles was resol ved. Germany presented
its national forest report in April 1994, in fulfillnment of
this comm tnent.

In the PHARE progranme, Community funding is being provided
for restructuring and privatisation of conpanies in central
and eastern Europe. The funding may be used either for broader
sectoral or regional devel opment progranmes or for inproving
energy industries. The TACI S assi stance programme for the
countries formed fromthe former Soviet Union has a simlar
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appr oach.

In the COST programe, "Science and research in the service of
better air quality in |arge European cities" (CITAIR), a

gl obal research concept was prepared that integrates interests
of northern, southern and sout heastern European countries.
Research cooperation within this progranme focuses on the
aspects of nonitoring technol ogi es, networks and nodel s,

est abl i shment of institutions and information policies and on
determ ning effects of neasures with regard to nobile and
stationary em ssions sources. An inportant aimof this
cooperation is to devel op economcally and politically

f easi bl e noderni sati on programmes for urban industrial areas.

9.3.3.2 Agricultural policy

Envi ronnmental considerations play a role in the approved
agricultural policy reform In addition to neasures in the
area of market regulations, which will tend to reduce
cultivation intensity (for exanple, marked grain-price
reductions, provision of price-conpensation paynents for beef
cattle, with paynents tied to reduction of aninmal density per
hectare of grazing area), a range of supporting agricultural
policy neasures was al so approved whose ains, in part, involve
envi ronnment al protection.

For exanple, the "Council O dinance of 30 June 1992 concerning
environnmental |y conpati bl e agricultural production procedures
that protect the natural environnment”, and the "Counci

O di nance of 30 June 1992 for the introduction of Comrunity
assi stance regul ations for afforestation neasures in
agriculture”, provide for area-oriented assistance for the
foll ow ng neasures:

- Considerable limtation of the use of fertilizers and
pesti ci des/ herbicides, and retention of existing
[imtations,

- Reduction of beef-cattle and sheep inventories,
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- Extensive (i.e. non-intensive) |and use,

- Care for areas on which agricultural use has been
di sconti nued,

- Long-term set-asides of cultivated |land (up to 20 years),
for effective environnental protection and nature-
conservation neasures (cf. neasure no. 56 in Tab. 5.1),

- Afforestation of |and previously used for agriculture.

When given the proper specific form these neasures will help
reduce climate-rel evant em ssions. For exanple, reduction in
use of mneral and organic nitrogen fertilizers will reduce N,O
em ssions. In addition, nethane and amonia em ssions will be
reduced through support for reductions of beef-cattle and

sheep inventori es.

The follow ng neasures in particular are reducing climate-
rel evant em ssions from ani mal husbandry:

- Reduction of beef-cattle inventories, especially as a
result of restructuring in the area of the former GDR, by
19 percent, to 11.2 mllion large animal units, from 1989
to 1992,

- Furt her reduction of beef production, by neans of EC
measures such as gradual reduction of the intervention
price and of the intervention amount (from 750 to 350
kil otonnes), from 1993 to 1997,

- Reduction of beef-cattle and sheep inventories through
support of extensive grassland use in connection with
herd reductions to a maximumof 1.4 large animal units
(eating raw fodder) per hectare of main grazing area,

- Reduction of the em ssions rate per large animal unit, by
means of proper adaption of feeding to nutrient
requirenents, as well as of inprovenent of aninma
di gestion efficiency by nmeans of breedi ng and nmanagenent,
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- Reduction of em ssions of N;O from ani mal excrenent in
stalls, through reduction of the em ssions area (for
exanple, partly slatted floors, instead of conpletely
slatted ones), and through reduction of the water content
in liquid manure. This can be achieved for exanple, by
ventilation of droppings in poultry-cage facilities;
outside of stalls, it can be achieved through proper
covering of liquid-manure containers and by | ow
i mm ssions procedures for spreading |iquid manure.

Ext ensi ve neans of production, and |ong-term area set-asi des,
reduce em ssions of climte-rel evant gases and hel p save
energy. In addition, afforestation of |and previously used for
agriculture hel ps increase CO, sinks.

9.3.4 Multilateral cooperation with central and eastern
European countries

An environnental action programme for central and eastern

Eur opa was devel oped at the "Environnment for Europe" European
Conference of Environmental Mnisters, which took place from
28 to 30 April 1993 in Lucerne. This programme, in continuing
wor k acconplished at the 1992 R o Conference, devel ops the

i dea of overall social responsibility for preserving the
natural basis for life with respect to the special tasks in
central and eastern Europe. Three nultilateral bodies, which
began working by the end of 1993, have been established to
shape the post-Lucerne process:

- The Task Force for the inplenentation of the
envi ronmental action progranme, in which western and
eastern European partners cooperate as equals in carrying
out the programe.

- The Project Preparation Commttee, of the countries
provi ding funding and international financial
institutions; its aimis to arrange for financing of
envi ronnment al projects.
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- The ECE wor ki ng group "Environment for Europe", which is
responsi bl e for organising and preparing the contents of
t he next European Conference of Environmental M nisters,
which will take place in 1995 in Sofi a.

9.3.5 Cooperation within the framework of international
organisations

In 1989, the seven |eading industrial nations (G7) declared
their intention to contribute to solving the climte problem
Germany has a central role in the G7's climate-policy
initiatives.

| mpl enent ati on of the Agenda 21 chapter, "Protection of the
earth's atnosphere” is being nonitored by the UN Conm ssion
for sustainabl e devel opnent of the UN Econom c¢ and Soci al
Counci | .

Wthin an ECE franmework, a nunber of neasures have been taken
for reduction and stabilisation of climate-rel evant em ssions.
Anong the results of the Geneva Treaty on extensive Cross-
border air pollution of 13 Novenber 1979 are the "Sofi a-
Protocol of 31 October 1988, regarding the conbatting of

ni trogen oxide em ssions (NQ), and their cross-border
novenent"”, and the "Geneva Protocol of 19 Novenber 1991
regardi ng the conbatting of volatile organic conpound (VOC)
em ssions, and their cross-border novenent".

The Sofia Protocol contains an internationally binding
obligation to reduce annual nitrogen oxide em ssions, and
their cross-border novenent, to 1987 l|levels, by 1994. Germany,
along with 11 other countries, has conmtted itself
additionally, in a political declaration relative to the Sofia
Protocol, to reduce annual NO em ssions by 30 percent by 1998,
inrelation to a one of the years between 1980 and 1985.
According to current findings, the neasures enacted wl|
suffice to attain this aim
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Basically, the Geneva Protocol contains an internationally

bi ndi ng obligation to reduce annual em ssions of volatile
organi ¢ conpounds by at |east 30 percent, by 1999, in relation
to the 1988 |l evel. According to cal cul ati ons of the Federal
Envi ronnent al Agency, VOC em ssions in Germany will decrease
by 40 - 50 percent, by 1999, as a result of the neasures in
force.

I n Cctober 1990, the ECE established the "Energy Efficiency
2000" initiative, which had been approved by a mnisterial
decl aration, made in Bergen in May 1990, on |long-term
sust ai nabl e devel opnent. The aimof this ECE project is to

i nprove trade and cooperation, with regard to environnmental ly
conpati bl e and energy-efficient technol ogies and industri al
nmet hods, and especially between fornerly centrally controlled
econom es and mar ket econom es. The instruments w th which
this goal is to be achieved include trade fairs, semnars,

ref erence works, information networks, handbooks and

consul tancy in ECE countries undergoing transition to market
econom es. At the 1993 Hanover Trade Fair, and within the
framework of this ECE programme, the Federal Government
carried out the workshop "Entrepreneurial opportunities in
connection with the reduction of energy-rel ated greenhouse
gases".

The wor k programmes of the ECE Commitee on Human Settl enents
and the Inland Transport Conmtee al so have energy-saving
aspects.

In May 1994, a workshop took place focusing on potential uses
of renewabl e energy sources in central and eastern Europe.

The Federal Governnent considers its work within the OECD and
the EA to be of great significance.

The OECD wor ki ng group "Energy and Environment" has
established a programme entitled "d obal clinmate change”, the
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pur pose of which is to study the econom c aspects of climte
change. These include cost-benefit-relationships, application
of econom c instrunments and distribution of economc

assi stance anong devel oping countries, to help themconply
with the requirenents of the Framework Convention on Cinmate
Change. It will also analyse neans and ways of overcon ng
institutional and econom c barriers to inproving energy
efficiency, to other environnentally conpati bl e technol ogi es
and to econom c instrunments - in connection with support of
energy technol ogies with reduced greenhouse-gas eni ssions.

Both the OECD and the I EA are carrying out extrenely
significant work relative to the specification, inplenmentation
and refinenent of the Franmework Convention on Cinate Change.
In 1993, at mnisterial neetings of both organisations, the
threat inherent in current global pollution was enphasi sed,
and the necessity of undertaking increased, joint efforts to
devel op and inplenment an effective strategy for reducing
greenhouse-gas eni ssions was stressed.

The OECD and | EA have carried out a nunmber of projects that
relate to reduction of greenhouse-gas em ssions. They include:

- Preparati on of reconmmendations for a common format for
national reporting within the framework of the Framework
Convention on Cimte Change. In January 1994, as part of
these efforts, IEA/OECD, in conjunction with the Federal
Mnistry for the Environment, Nature Conservation and
Nucl ear Safety, sponsored an experts' conference in
Berlin,

- Devel opnent of net hodol ogi cal approaches for estimating
t he econom ¢ consequences of clinmate change (cost/benefit
analysis) in the areas of agriculture and rises in sea
| evel s,

- Conpl etion of studies on the topic of "econom c costs of
CO, reduction”

- Devel opnent of nodels for assessing the econom c
consequences of effective CO-reduction policies,
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- Studi es concerning the introduction of CO, taxes and
negoti abl e em ssions rights,

- Study of the use of possibilities for conpensati on,
entitled "Joint inplenentation”, on the basis of the
Framewor k Convention on Cimte Change,

- Studi es on use of revenue froma worl d-w de CG tax,

- The OECD/ | EA conference on economi c issues related to
climate change,

- Devel opnent and establishnment, by the I EA of the
GREENTI E system of information exchange concerni ng
greenhouse- gas-rel evant technol ogi es.

The OECD has established various project groups concerned with
envi ronment al and devel opnental issues - and, especially, with
climate-protection strategies of cities. The aimof the
project group "lnproving the environnent through urban energy
managenent” is to bring together "pilot cities", from

t hroughout the OECD region, in the various areas of action on
community energy policy, in order to pronote exchange of
experience. Such exchange is being acconplished in a range of
wor kshops being held by participating cities. In Gernmany, the
cities of Saarbrhcken and Hei del berg are participating in this
project. In June 1993, Saarbrhcken held a workshop on the
topic of "Municipal services conpanies and energy

consul tation”; in Septenber 1994, Heidelberg will hold the
final event for the entire project. Findings fromthis project
will be conpiled and published within a "Handbook of the best
muni ci pal practice" (Handbuch der besten kommunalen Praxis).

The UN Commi ssion for Human Settl enment (UNCHS) has nade

i npl ementati on of Agenda 21, with regard to ains in the area
of devel opnent of cities and settlenents, one of its central
tasks. The Federal CGovernment, in agreement with the other EU
Menber States, has successfully proposed that the HABI TAT 11
wor |l d conference on questions of human settlenent, which wll
nmeet in 1996 in Istanbul, make environnmentally conpatible
devel opment of settlements one of its central topics.
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10. Outlook

If climate-protection neasures are fully inplenented, it is to
be expected that a |large portion of the CO, reduction achieved
in the area of the former GDR wil|l be pernmanent.

| f the Federal Governnent's goal of reducing CO, em ssions by
25 to 30 percent by the year 2005, in relation to the 1987
level, is to be attained, all involved, i.e. the Federal

authorities, the Linder, cities, industry, the scientific

sector, the educational sector and the population, will have
to make active contributions.

Thi s process has al ready begun on the Linder and comrunity

| evel s: Linder-specific greenhouse-gas-reducti on programes
and 60 urban reduction concepts have been produced.

German industry, with its "Initiative for world-wide climte
protection” (Initiative fir eine weltweite Klimavorsorge), has

commtted itself to making a contribution to climate
protection.

The "CQO,-reduction” Intermnisterial Wrking Goup (I1W5,
conmi ssi oned by the Federal Cabinet, is presenting its third
report in sumrer 1994. This report gives special consideration
to other climate-rel evant greenhouse gases, in addition to

CO,. The work of the "CO,-reduction” IWs5is being continued.
And t he Federal CGovernnent will continue hel ping to conbat the
gl obal , ant hropogeni ¢ greenhouse effect by neans of efficient

i npl enentati on and continuation of the national clinmate-
protection programe.

The Federal Government plans to integrate its national
strategy, on the basis of resolutions of the EC s joint
environmental and energy council of 29 Cctober 1990 and 13
Decenber 1991, in the "Community strategy for |ower CO

em ssions and nore energy efficiency”. The Federal Governnent
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considers the introduction of an at-|east EU w de CO,/ energy
tax to be particularly inportant.

The Federal CGovernment will continue to play a highly active
role in efforts to achieve worl d-w de agreenent on a strategy
for conbatting the ant hropogenic greenhouse effect. This
especially applies to pushing forward the process of achieving
further progress on the Framework Convention on Cinate
Change.

The 1st Conference of the Parties, which will take place in
Berlin from28 March to 7 April, 1995, wll reviewthe
specific conmtnments of industrial countries and approve
changes, if necessary. The Federal Republic of Germany, as
sponsor of the 1st Conference of the Parties, has a speci al
responsibility in preparing this event.

Judged on the basis of scientific criteria and perspectives of
precaution, it is clear that the Convention - in spite of its
anbitious goals - nust be tightened and made nore specific, if
it is to bring about effective climate protection. This can
take place by nmeans of protocols that set specific schedul es
for stabilising and/or reducing em ssions of various trace
gases and, especially of carbon dioxide, or in which specific
nmeasures are established. The Federal Governnent plans to urge
that preparation of protocols for the reduction of clinate-
rel evant em ssions and for binding of greenhouse gases in
reservoirs and by sinks begin inmediately.

The Federal Governnent also plans to give inpetus to

i nternational cooperation for slow ng the greenhouse effect.
In particular, such inpetus is to be provided in the form of
support for devel oping countries and for central and eastern
Eur opean countri es.

The central task of future world-wi de policies for slow ng the
greenhouse effect will be, necessarily, to achieve harnony
bet ween satisfying the requirenents of a growing world
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popul ation and fulfilling the requirements of climte
protection. Environmental and industrial policies - including
energy policy - as well as population policy and other policy
areas, will play an inportant role in this effort.

The Federal Governnent considers effective, precautionary
climate protection to be an indispensable contribution to

saf eguarding our basis for life and to sustainabl e devel opnent
of society, economes and the environnment. It considers the
Framewor k Convention on Cimte Change, along with step-by-
step inplenmentation and refinenent of this agreenent, to be a
significant contribution to protecting the future of the human
race and naintaining an intact natural bal ance.
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Reference data and relevant emissions factors for determining
emissions of greenhouse gases In Germany in 1990
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A43, Ad4, A45, A46 are not available electronically.



Table A7

Refernce Data and Emissions Factors for Energy-related Emissions in 1990

Source group 1 A 3 - Transport ( national air transports ) - from Table 3.3

Former West Germany

Referent figure Emission Emissions factor
Apparent
consumpuon
co2 CHa N20 NOx co NMVOC co2 CHa N20 NOx co NMVOC
kt Mill. t kt kt kt kt kt kgt kgt kgt kgt kgt kgt
1 A 3 Transport - national air transports 3 n.a. 13 14 2
Aviation fuels 1) 913 29 n.a. 13 14 2 3150 0.04 n.a. 13.9 15.5 25

Source : Federal Environment Agency

n.a. :not available

1) Because of the small amounts of consumption involved and because the relevant emissions behavior is
insufficiently well understood, aviation gasoline is grouped here togerther with aviation turbine fuel.




Table A 22

Reference Data and Emissions Factors for Energy-related Emissions in 1990
Source group 1 A 8 - Traditional Biomass Burned For Energy - from Table 3.4

Area of ther former GDR

Refernce figure Emissions Emissions factor
Apparent
consumption
CH4 N20 NOXx co NMVOC CH4 N20 NOXx co NMVOC
kt kt t kt kt kt kg/t glt kg/t kg/t kg/t
1 A 8 Traditinal Biomass burned for Energy 6 30 1 51 5
Fuelwood 483 4.3 20.0 0.8 36.2 29 9 41 1.7 75 6
Charcoal production 64 1.0 0.1 0.0 1.3 1.3 15 2 0.5 20 20
Charcoal consumption 16 0.0 0.0 0.0 1.7 0.0 1 0 0.0 105 1
Agriculture residues 200 0.5 10.0 0.5 12.0 1.0 3 50 2.3 60 5

Source: Federal Environment Agency
OECD "Greenhouse Gas Inventory", Workbook, 1994




Table A 26

Reference Data and Emissions Factors for Energy-related Emissions (not combustion related) in 1990

Source group 1 B 2 - Fugitive Fuel Emissions (Coal Mining) - from Tables 3.3 and 3.4 CH4

Reference figure

CH4 - Emissions

Methane-formation factor

Production
Former Area of the Former Area of the Former Area of the
West Germany former GDR West Germany former GDR West Germany former GDR
Amount of Amount of
gas used gas used
Mill. t Mill. t kt kt m3/t in percent m3/t in percent
1 B 2 Fugitive Fuel Emissions (Coal Mining) 1202 20
Hard coal
Active mines 70.2 N 1069 N 25.7 18 N N
Storage / processing 70.2 - 40 - 0.8 - - -
Closed-down mines - - 85 *) 2% - - - -
Lignite
Strip mines 107.6 248.9 8 18 0.1 N 0.1 N
*) Only estimates of these emissions are available
Source : Federal Environmental Agency

BATELLE- Institut "Ermittlung der Methan-Freisetzung durch Stoffverluste bei der Erdgasversorgung der Bundesrepublik Deutschland”, August 1989




Table A 27

Reference Data and Emissions Factors for Industrial Processes in 1990

Source group 2 from Table 3.3 and 3.4 CO2
Refernce figure Emissions Emissions factor
Production quantity
Former Area of the Former Area of the Former Area of the
West Germany former GDR West Germany former GDR West Germany former GDR
kt kt kt kt kg / t prod. kg / t prod.
2 Industrial processes 21857 7153
B Non-ferrous metals
Primary aluminium pig 720 30 880 37 1222 1222
C Inorganic chemicals
Ammonia saynthesis 1671 1462 1153 1009 690 690
Soda production 1436 1121 546 482 380 430
E Non-metallic mineral products
Cement 22871 7316 12922 4134 565 565
Lime 6893 1710 5239 1300 760 760
Glass 5536 956 1117 191 200 200

Source : Federal Environment Agency




Table A 34

Reference Data and Emissions Factors for Solvent Use in 1990

Source group 3 from Table 3.4

Area of the former GDR

Reference figure Emissions Emissions factor
Quantity
consumed N20 NMVOC N20 NMVOC
kt kt kt kg / t prod. kg /t prod.
3 Solvent use 140
A Paint application 111 100 - 901
B Degreasing and dry cleaning n.a. n.a. - n.a.
C Chemical products manufacture / processing 40 40 - 1000
D Others Solvents in households, printing ink, glues n.a. n.a. - n.a.
Laughing gas 1 - 1000

Source: Federal Environmental Agency




Table A 39

Reference Data and Emissions Factors for Agriculture (Animal Wastes) in
Source group 4 B from Table 3.3 N20

Former West Germany

1990

Reference figure Emissions *) Emissions factor
Number of
animals NH3 N20O N20O
1000 kt kt kg / Tier x a
4 B Agriculture (animal wastes) 480 7.9
A1l Cattle (including calves <6 month) 14541 335 55 0.38
A 2/3 Sheep (including goats) 1784 3 0.1 0.03
A 4 Pigs 22035 118 2.0 0.09
A 5 Horses/mules/asses 406 5 0.1 0.19
A 8 Poultry 81054 18 0.3 0.004
*) The N20 emissions have been determined on the basis of ammonia emissions from the keeping

of livestock. Approximately 1.6 % of the ammonia nitogen is released as N20O.

Source:

Federal Office of Statistics
Umweltbundesamt nach Fraunhofer-Institut fiir Systemtechnik und Innovationsforschung

"Entwicklung der Emissionen nichtenergetisch bedingter klimarelevanter Spurenstoffe in der Bundesrepublik Deutschland", 1993




Table A 42

Reference Data and Emissions Factors for Land Use Change in 1990

Source group 5 D from Tables 3.3 and 3.4 - CO2

Reference group Annual
CO2 binding
Forest area Annual growth CO2
increment 1)
Mill.. ha mé/ ha Mill. t
5 D Managed forests 20
Former West Germany 7.7 2 14
Area of the former GDR 3.1 2 6

1) preliminary figure; 1 m3 Wood = 0,092 t CO2-binding

Source: Federal Environment Agency
Federal Ministry of Food, Agriculture and Forestry




Table A 47

Reference Data and Emissions Factors for the Waste Management Industry in 1990

(Wastewater Treatment)

Source group 6 B from Tables 3.3 and 3.4 - N2O

Reference figures Emissions Emissions factor
Wastewater volume N20 N20
millions of m3/a kt g N20 / m3
6 B Wastewaeter treatment 4
Former West Germany 6590 4 0.65
Area of the former GDR 0 0 0.65

N20 emissions occur in wastewater treatment plants that eliminate nitrogen in wastewater

Source Federal Office of Statistics

Federal Environmental Agency, using figures from the Fraunhofer Institute for Systems Technology and Innovation Research
"N20- und Methanemissionen bei der Abwasserreinigung", 1992




ANNEX 2

- 373 -

List of abbreviations

BAHC
Bf LR

BALTEX

BMVBau

BMBW

BMFT

BML

BMUJ

BW

BWg

BMW

BWZ

BVWP

CLI VAR

COST

DFD

DWW

Bi ospheric Aspects of the Hydrol ogical Cycle

Bundesanstalt fhr Landeskunde und Raunordnung

(Federal Agency for Land and Regi onal Devel opnent)

Bal ti c Sea Experi nent

Bundesm ni sterium f hr Raunordnung, Bauwesen und

St @It ebau (Federal Mnistry for Regi onal Pl anning,

Bui | di ng and Urban Devel opnent)

Bundesm ni sterium fhr Bildung und W ssenschaft

(Federal Mnistry of Education and Sci ence)

Bundesm ni sterium fhr Forschung und Technol ogi e

(German Federal Mnistry for Research and Technol -

ogy)

Bundesm ni sterium fhr Ern@rung, Landw rtschaft und

Forsten (Federal Mnistry of Food, Agriculture and

Forestry)

Bundesm ni sterium fhr Umelt, Naturschutz und Reak-

torsicherheit (Federal Mnistry for the Environ-

ment, Nature Conservation and Nucl ear Safety)

Bundesm ni sterium fhr Verkehr (Federal Mnistry of

Transport)

Bundesm ni sterium fhr Verteidigung (Federal M ni -

stry of Defence)

Bundesm ni steriumfhr Wrtschaft (Federal Mnistry

of Econom cs)

Bundesm ni steriumfhr wirtschaftliche Zusamenar -

beit und Entw cklung (Federal Mnistry for Economc

Cooperati on and Devel opnent)

Bundesver kehr swegepl an (Federal Traffic Infrastruc-

ture Pl an)

Climatic Variability and Predictability

Eur opean Cooperation on Scientific and Techni cal
Resear ch

Deut sches Fer ner kundungsdat enzentrum ( Ger man
Renot e- Sensi ng Data Centre)

Deut sches Institut fhr Wrtschaftsforschung (Gernman
Institute for Econom ¢ Research)

Deut sche Mark



EC

ECE

ECU

EEC

ERP

ERS- 1
ESA
ESMOS

EU
EUROTRAC

GAl M

HDP
HEM
| EA
| FEU

| GAC
| GBP
| GBP- sub-
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Deut scher Wetterdienst (German Meteorol ogi cal

Service)
Eur opean
Econom ¢
Eur opean
Eur opean
Eur opean
Eur opean
Eur opean
Eur opean
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Units of measurement, prefixes, prefix symbols and conversion

factors

units:

% Per cent ppm parts per million (109,

a year ppb  parts per billion (1079),

EC degr ees ppt parts per tr|II|on (10719,
Cel si us t t onne

g gr ammes W Wat t

ha hect are

J j oul eV

I liter

m met er

Prefixes and prefix symbols

Kilo k 10°% thousand Tera T 102 trillion
Mega M 10° million Pet a P 10 quadrillion
G ga G 10° billion Exa E 10'® quintillion
Conversion factors:

Uni ¢ kJ KW kg HCU

1 kJ --- 0. 000 278 0. 000 034

1 kwh 3 600 --- 0.123

1 kg HCU 29 308 8.14 ---
1) As of 1 January 1978, in Germany, the legal unit for energy

is the joule.

units (COU) (1 HCU = 0.7 COU) may still
transition period, as an additional

oi

Units such as hard coa

ai

units (HCU) and crude
be used for a
d.
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Chemical formulae and abbreviations

C car bon

CcC chl orocar bons
CF,tetrafl uor met hane

CFs hexaf | uor et hane

CFC chl or of | uor ocar bons
CH, et hane

CO car bon nonoxi de

CO, car bon di oxi de

HFC hydr ogenous fl uorocar bons

H CFC partially hal ogenated chl orof | uorocarbons

N ni trogen

NO, ni t r ogen oxi de

N,Oni trous oxi de (Il aughi ng gas)

NWOC nethane-free vol atil e organi ¢ conpounds

NQ ni t rogen oxi des

G ozone

PFC perfluorated fluorocarbons (including CF, and GCFg)
SFe sul phur hexaf | uori de

VOC vol ati |l e organi ¢ conpounds
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