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1. Local Energy Planning (LEP) 

During the last 15 years, "Local Energy Planning" (LEP) has been developed in several countries 
as instrument to design "energy-efficient communities•. Discussions at the workshops of the 
working group of Annex 22 so far have shown that there are quite different opinions on the 
definition of LEP, dependent on national or local supply struC:tures or legal responsibilities of local 
administrations. Since a common opinion on this issue has not been achieved yet within the 
working group, the contents which today generally ascribed to "LEP" in Germany is given in the 
following as a tentative "working definition•. It is based on the traditionally decentralized 
organisation of the public administration in Germany, required by the German constitution: 

"The municipalities are entitled to govern all affairs of the local community wffhin the general legal 
framework in their own responsibility.• 

According to the general interpretation of this requirement in Germany, this concerns also all 
aspects of energy supply, which, due to the decision of the individual municipalities, is realized 
either by themselves or, e.g. using concession contracts, by local or regional utilities. 

1.1 Objective 

The objective of an LEP-project is to develop a conception to find environmentally acceptible cost­
efficient solutions for the supply of a defined area with (low temperature heating) energy. The 
conception is oriented to a general system of goals and subgoals derived therefrom, which are to 
be defined at the start of the project under interaction of the relevant groups and decision makers 
affected by the LEP-conception. This system of goals shall be optimally achievable through the 
implementation of the LEP-conception. Table 1 shows an example for ~ general system of goals to 
be agreed with between decision makers and planners. 
The LEP-planner has to find a well-balanced consensus among the relevant groups. His proposals 
shall serve as a basement of decisions within the urban management and for possible investors 
into local energy supply structures or energy saving measures as well and provides them with 
infonnations on immediate or future consequences of their decisions. 

1.2 General content 

Using data on the present situation of energy demand and supply within the LEP-area and its 
environmental conditions, logically consistent measures are to be developed - according, for 
example, to the scheme shown in table 2 - to achieve the given system of goals by a strategy of 
decisions and measures considering the actual legal requirements and the latest technology. 
During the planning process, the actual situation of the investigated area is analyzed with respect 
to possible weaknesses, problems and improvement potentials. Short-term and medium-term 
activities are to be defined which are suited to achieve the given goals in the best possible way. 
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System of Goals Methods ind tools to . ! Measures, Indicators 
measure the conlrlbutlorrto -
goals 

: f' .. ~ . ~ 

Co11t-etf9ctivenesa of energy Economic anaiyses and Costs, prices I 

supply optimization. sensitivity analyses 

Energy saving Urban energy balances, meltiods R~ative and absolute energy consumption, .. 
of analysing energy use time-dependent energy demand deveRlpment 
performance compflrison to similar energy users 

Use of regenerative Consideration of potentials and Relative use of regene~aiive energy as 

energies optimization options compared to conll9ntional energy sources 
. 

Security of supply Import balances Shares of imported energies frcm different 

countries, share of pri~ energies with 

short-ranged availabiity 
-· .. 

Environmental IDlerance Emission balance;, immission co'mparison to actual standards or 

'1 caletJlations, environmental impact requirements of environmental legislation, -
assessment (EIA)~"- extern~ COst:s of. pollutants 

Social acceptancy Economic analyses and impact to Prices, social costs, flexibility, pfety, 

socialindicators; social surveys comprehensibility 

' " 
Compatibility with -ltle goals Qualitative description and Specific demand indicators: growlh effects, 

of regional and urban comparison of options according ID effects"to balance of payment 

planning and generic goals their contribution to urban and 

of national economy national planning goals 

Table 1: A possible system of goals of LEP and their verification 

The conception consists of a genera! "frame-conception• and a . consistent set of short-term 
measures to remove acute weaknesses or reaJize given potentials. The conception adresses all 
groups affected by these proposals. It provides - where possible quantified - informations 
concerning the extent to which the given goals can be achieved or will be failed. 

1.3 Subject 

The subject of LEP is a defined "administration area" (town, agglomeration area, courtty) and the 
low-temperature_ heat supply of the public, private and commercial sectors her1in. The industrial 
sector is only considered as far as solutions are discussed which adress more Jhan one company 
or enterprise, as, for example, waste heat utilization projects. High temperatUre heat supply is 
generally not subject to LEP, as well as electricity supply, if not connected with direct heating of 
cogeneration. Moreover, LEP is not a marketing concept of supply companies or an internal utility 
optimization program such as demand side management nor does it consider the traffic sector. 
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lnvesttga.tion of actual ene.rgy,situatlon 

Energy demand 
! 1 

'Energy supply 

. demand of usable energy . organisation/responsibility .. -· 

. consumption of end energy r:· supply structure 

. consumption of primary enetgy endogenous potentials 

. .cost/price-levels 

Analyses of actual energy situation 
(weaknesses, impacts, potentials) 

local energy baJ11nc:es Local map of heating demand 

Indicators of energy performances and - i- Heat supply structure map .. 

Environmental impacts lmprowment potentials 

Social indicators 
. -.. -

Developme11~ .of short-term and medium-term activities 
according to an Integrated •trame conception" 

Evaluation of options and ~ir effects Comparison to the general system of 

goals 

Development of concrete recommendatlona and 
organlsatlonal proposals for the community 

Explanation of the conception and, Priorities due to weigh119d goals: 

catalogue of measures: 

. option of aetivities time-dependency 
-· .. 

. decision demands . flanking measures to increase 

. organisallonal requirements performance and acceptance 

. controlling measures 

Table 2: Schematic flow of LEP-development 

... 
' 

' lo 

1.4 Respons.lblllty 

~ 

. 

As explained above, the. development of "local energy conceptions• belongs to the competence of 
the local administration which is responsible for urban development and/or environment in 
cooperation .with i11dependend experts. A close integration with energy supply companies or utilities 
shall be establish~d. Once developed, the conception shall be revised and actualized regularly, 
due to changing conditions and goals. One instrument of regular actualization is the "communal 
e,pergy reporr which shall be edited annually by the commun~. 

· :...: 

·c 
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2. Working approach of Annex 22 

The LEP-process consists of two ma.in components. which interact with each other in manifold 
~ ... .... " 

ways: . 
i) the actual process of planning and design--. 

and 
iQ the transfer of the results to the various groups involved to implement the conception. 

According to this and the project objectives stated above, the work was subdivided into four 
Subtasks, with Subtasks A and B closely related to Q And Subtasks C anqp to ii): 

Subtask A Software Tools in Energy Planning 

Subt11k B . .::.7. Models for the Cal!;:_uj~tion of Environmental Aspects 

Subt11k C Means to Represent, Demonstrate and Advertise Planning Solutions 

SubtHk 0 Implementation and Integrated Planning Procedures. 

The main work within Annex 22 is to be done by the Lead Countries for each subtask: they are 
responsible for the detailed working plan and the guidelines, how to do the work for each subtask. 
In the present work phase the Lead Countries are preparing review reports, in which the Lead 
Countries experiences are evaluated. Together with the Participating Countries the state-of-the-art 
in each country is later going to be reviewed, based upon national case study a.nalyses. The results 
are then evaluated by the Lead Countries, and a final synthesis report will be made in co-operation 
with the Operating Agent. 

. - f: .. 

The final report will contain an assessment of the experiences and progress made in the partici-
pating countries with the instrument of LEP and its implementation. :ilt shall ·give information and 
guidelines on procedures, tools and methods, which have been established in the field, for the 
planner as well as for . communal administrators or man.agers. Furttlermore, conclusions and 
recommendations for further work shall be drawn from it. 

, ... ,. 

According to a decision of the Ex Co in 1991, the participation of I EA-member countries in 
Annex 22 should be held open until the second quarter of 1992. We were happy to welcome two 
additional participating countries since then, France and Sweden. Sweden was able to take the 
lead in Subtask A. Therefore, the complete Annex 22 can be carried tt:irough as planned acc~~ipg 
to the original proposal accepted by the ExCo. !1'11e final list of participc;rting countries is shown in 
table 3. 

From the four Subtasks, Subtask C is finished by and large, with the exception of evaluating of the 
contributions of the participating countries. Subtask B and D have been completed to S1:>me 60 %, 
whereas Subtask A is at the very beginning due to the delayed start. 
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Country Status 
.. A' -.,, l 

Belgium * p ;, ' 

France * -
"' Germany1l * p 

Italy * p 

Sweden * L 

Turkey * p 
•, 

EEC a 0 

OECD · a O ; 
1) Operating Agent 

* 

• 
L 

Participation and funding confirmed 

Participation assumed 

Lead Country 
p Par1ici pant 

0 Observer 

Subtasks 

B c 
p P. 

p 

L L 

p p . . 
-p p 

p 0 

0 0 

J 0 0 

l:: 

Table 3: Annex 22 Participation Status, May 1992 

3. :; . Some highlights of Subtask B 

Subtask B consists of the following 3 parts: 

P•rt I: •syst•m•:energy effldency• 

D 

L 

p 

p 

p 

p 

p 

0 

0 

" 

In this basic eva1Uation characteristic data on energy systems with respect to their energy 
efficiency are d~veloped; ;~ccording to optimized systems which are characteristic for the 
indMdual participating country. This is of particular relevance for bivalent-systems such as 
cogeneration or heat pump systems. When comparing different supply systems, 
comparistin data which result from the national energy supply structure, such as the fuel 
mix for electricity production, are needed. Such data are considered in this part I. 

'$ 

Pe'rHI: •saslc data and1nformatlon•ron 'lh•:envlronm•ntal Impact of energy system•::.. 
r; · In the LEP-process an agreement ha:S]o~be found as to the •env:ironmental properties" of 

the different energy systems to be considered. These properties can vary largely between 
different countries, due to different environmental requirements, different technologies 
used, different properties of fuels etc., which are of essential influence to emission factors. 
Part II gives an overview on actual data on these issues, which are the basement of any 
environmental comparison. · ' 

P•rt Ill: •Method• to compare environmental Impact. of energy systems• 
This is the most ambitious part of the work on subtask 8, since it aims to integrate the 
more "one-dimensional" approach of simple quantitative comparisons or optimizations, for 
instance with respect to economics, with complex environmental assessment procedures 
developed recently in different countries in accordance with EEC-requirements. Those 
procedures intend to achieve an increasingly broader approach to the problem of the 
assessment of environmental impacts and will presumably be applied also in LEP-projects 
in the future. 
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3.1 Rela~lve energy saving potentlal of cogeneratlon processes . 
t,'. J • • ~ 2 ., 6 . 

1. . . 
A central issue in LEP-projects is··:ihe question of cogeneration potentials· within the ar~ pf 
investigation, due to the ver'f high potefittal bt~rimary energy saving which in general is as_Qribed 
to this technology. This theoretical p'otential h'as to cope with a number.· of restrictions and 
impediments. It is one of the genuine tasks in:i.EP tQ. figure out the optimal design of cogeneration 
applications and its real energy saving potential. · · 

' ~ ... _ .. . 
Generally, cogeneration is applicable when a major - and continous - demand of low 9r m¥dium 
temperature heat energy is accommodated by a similar demand structure of electricity and thus 
can be supplied more economically by a cogeneration process than by sEij)arated generation of 
heat by a boiler and pu~~hasing e1ectri£ity f~om the utility. This condition will .in general be fulfilled, 
when the electric energy output of the cogeneratio.n process is roughly equal to _the user's 
electricity demand and most of the annual cogeneration heat energy output can be utilized. 

If it is assumed that the cogeneration electric output replaces electricity from a large hard coal 
power plant with steam_condensation as the typic~L.medium load power plant._typ_e in West­
Germany, the primary energy saved by this replacement is credited to - that means subtracted 
from - the primary energy consumption of the cogeneration process. The remaining amou11t. of 
primary energy is related to the thermal cogeneration output, thereby resulting into the "specific 

fuel consumption" for one unit of heating energy, ~acog [MWhpefMWhtt,). For a cogeneration 

process with an electricity/heat-ratio a one gets the resulting ~a cog by 

~acog = ((1+o)/,Ucog - afri.lJ. 

with yt1/ as the electric efficiency of the compared power plant process and µcog as the energy 

utilization factor of the cogeneration plant (given by the quotient of the usable energy output and 
the primary energy input). 

For real world results, however, one has to consider, that 

* cogeneration plants are generally used as base load plants: the total heating demand is 
supplied by the cogeneration plant (typically 65 - 90 %), supplemented by a conventional 
peak load boiler (PLB). 

*For cogeneration plants supplying district heating networks, additional losses have to -be 
considered due to heat losses La in the district heating pipelines and due to the electric 

energy e0 necessary for circulating the heating water to the consumers. 

Using these additional terms, the overall specific primary energy demand necessary to provide 
one unit of usable heat is given by the following expression: 

~a= [(1+a)/ µorJ • (1+Laf100) - (a- ecJ100)frt.l + PLB: 
·t.' 

Fig. 1 shows the corresponding specifip consumption of primary energy · ~a according to the 

general formula given above for heat supply in real district heating networks with different 
cogeneration processes. 

The results of these considerations show, that due to real conditions the very high theoretical 
energy saving potential of district heating by cogeneration has to be reduced . substantially. 
Whereas district heating using steam from back pressure turbines hardly ~llows fQr any energy 
saving - and in fact increases the qo2-emission, ,when hard coal is used - g~s turbin~s have a real 

' ':-:;. . 
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saving potential of some 50 ·% compared ·to conventional heating plants. In general, the saving 
potential will be the higher, the larger the electricity/heat-ratio cr of the cogeneration process is. 

'Thetefore, combi~plants or combined heat ·. and. power ("OH?") plants with high, thermodypamic 
tstarn:lard will meet the requirement to save . ~nergy in:a;ver:y good manner. In acjdition, there is a 
. roughly corresponding reduction potential for p~ll~in,_g emittants and CO~. wh!ph makes 

centralized (CHP) and decentralized cogeneration systems as well to key technologies for 
community systems to realize their environmental 'goals:. wherever they are applicable. It is one of 
the most important tasks of the LEP-process, to discover the optimal use of these techniques in 
the ltfcan:ase. · 1. ,~ .; ·, 

.. I ·~ 

· .~ ; summa~'. of figur~s on the primary energy performan~ ~a .:tor ·different heating prgcesses is 

~'"shown in table 4 (fo~ German conditions). Such figures cari · be'used;;.-as basis to compare different 
' ~ ... . 'J . " . 

· options otenergy supply within an LEP-project. _,._ · 
' .. -. ., ' ~ .,,,) . 

BQ (MWh:PE!MWhth) . is ·'· 

sf''.----,--.-~---------------------...... · -~' ' ------------~------.. --~ ---------. 
. 0 2,D '· 

1,8 '~· 

1,6 

, .4 

1,2 

1,0 

01a 
n ~ .. 

"',;. 

0,6 

;,O.~ .... ' ... ~ ... 
:r':J 

0,2 

Flg.1: 

' (, 

Modernes Heiz - Werk 

2' ~ 4~3 2 
5 

:::- .... 6 

~ ' -~ 
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.. "' 
.. ~; .. 0,2 0,4 0,6 0,8 1,0 1,2 (MWhel/MWhth) 

j 

Primary energy performance ~a (MWhpeJMWhttJ of different cogeneration 

technologies according to the formula given above (bottom line: Tle1K = 0,36; top line 

T'leiK = 0,46) 

Small hard coal CHP-plant (10 MW J, hot water supply 
'] 

Small hard coal CHP-plant (10 MWJ, steam water supply · 

1: 

1 ': 
'·· 2: Medium sized hard-coal CHP-plant (30 MWJ, hot water supP.ly 

2': Medium sized hard-coal CHP-plant (30 MWJ, steam water supply 

Gas-turbine with reject-heat utilization (5 MWJ 3: 
·4: 
5: 

".' f 
6: 
7: 

Small gas-engine cogeneration plant (200 kWhei) 
Ga~steam-turbine (20 MWei) :. · ,., . 

Large Diesel-engine cogeneralion plant (5 MWeJ 

5 with maximal after-burner 
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Heating system 

Electricity (direct heating) 

-,, 
t.r: -
Boilers: ' .i; ""1:.J ~ .. 

~ h· ·.: c ,·: ' . J:O:_ . 

gas 
heating oil .. 
coal-briquettes 

" 
~ . 

Cogener•tlon: 

j "l gasturbine .., . 
CHP-hot water4) ._)h 

CHP-steam4> -
large CHP:'with turbine heat 

; "";" extraction 5) ' ' 
.. 

Heat pumps: 
~ 

electric 
. r gas-engine 
>l 

1) average of German power plants (1989) 
2) modern hard coal power plant 

8 

·.~ ...... ... 
3,25 

• ? I 

" 
1,11-1,18 
1.14 - 1,23 

+,60 

0,50 - 0,65 
1,05 - 1, 15 
1,20 - 1,30 
0,70- 0,80 

0,80 - 1,28 
0,61 - 0,64 

cs ~ /; 
[DM/MWhttJ 

,, 

115 

80 
80 
70 

50- 60 
60- 70 
75- 85 
35- 45 

::. '3 

' . 

110- 130 
95- 115 

l',!1 

f <.: . · C02 
[kg COtMWhtt,) 

'. ~ 7001) 
9712) 
4883> 

r 
316- 338 
367- 400 

628 

143- 185 
411 - 450 
470- 5o9· 
275- 320 

l' 

"'.tt ... ::;-; . . ':'> ..... 

130- 2003> 
172- 204 

·' 

'· - 3) average of base load electricity supply (nuclear and lignite) 

,-

4) CHP ... combined heat and power plant (hard coal, 2P MW.J 

5) lar~e condensation power plant wi1h heat extraction as source for the base load of a large district heating network (> 
1 00 MWttJ _ ... 

T•ble 4: Primary energy utilization performance ~a. specific costs c5 of heat supply (at the 
"fence" of the generating plant or at the "city gate• of a large district heating network for 
case 5>) and C02-emission factors for different heating systems according to West­
German conditions 

. c 

J. 

' ~I ( 



9 

3.2 -~·· · Calculatlol") of environ mental Impacts 
~.. . • I '; \ . f .. , "' 

. -·-~ - ·----.··· ··-~· -·- l 
Methods and tools to calculate environmental impacts in energy plannin-g procedures have been 
developed intensively in recent years to cope with the requirements of the environmental policy, in 
particular with those of the clean air policy. In the first half of the eighties, one of the main 
objectives of environmental policy was to reduce and prevent air pollution, for which at this time 
energy conversion processes were the dominant source in Germany. The methods and~ tools 
mentioned above, available for urban managers in communal authorities as well as in consulting 
companies, were focused generally on the origin and distribution of atmospheric pollutants: ; 

- rtiethods and tools to &!cu/ate pollutant emissions caused by energy conversion processes 
(domestic heating, eleCiricity generation, traffic, etc ... .) 

- methods and tools to calculate immission concentrations of atmospheric pollutants caused 
by these sources. · ·:; ~ 

-
Basic data for these calculations such as emission factors, meteorological data and ambi~nt air 
qualitY, data are available as an input into the concrete LEP-project. As a good example, 
comp/ehensive air quality data bases, provided by air quality monitoring programmes partly due to 
the German Federal lmmission Control act (Bundesimmissionsschutzgesetz BlmSchG) and pased 
on a growing number of monitoring networks should be noted here. Evaluation and comparison of 
different planning solutions with respect to economical and ecological objectives are supplied by 
"classic" evaluation methods such as the cost-benefit analysis. 
We can conclude, that considerable efforts in the clean air policy in the eighties led to reliable 
basic·'cf.ata and; a whole range of computer based tools are available for planning authorities in 
Germany when considering environmental impacts of pollutant emissions in energy -planning 
procedures. Computer based models to calculate atmospheric pollutant diffusion, reviewed later in 
this paper, are representative for such instruments. 

Whereas air control policy in the energy supply sector was quite successful in Germany, e.g. in 
decreasing of 502 and dust immission concentrations caused by energy supply, other 

environmental loads continue to increase (sdil and water p-ollution, land use, degradation of 
biotops etc), and the climate effects of antropogenic greenhouse gases become ey.en more 
subject of discussion. These facts led to a redirection in environmental policy in recent, with the 
following objectives relevant to energy planning: 

- comprehensive and integrated investigation and evaluation of envifonmental impacts and 
- precaution against environmental impacts and damages (both reqired by the enactment of 

the law on environmental impact assessment "UVP-Gesetz") 
- greenhouse gas reduction. 

Environmental impact assessment in general environmental planning procedures and local energy 
planning as well needs new, extended calculation and evaluation methods and tools in the 
decision making process. Currently, there are many efforts made in Germany to develop such 
instruments and to create the necessary data bases: 

- aggregation and evaluation methods of different environmental impacts within the 
environmental impact assessment (EIA) process, 

- computer based tools to perform and document EIA procedures, 
- integration into computer based environmental information systems, 
- environmental quality objectives and standards, 
- costs and benefits of environmental improvement measures, monetarisation of 

environmental impacts, external costs of energy supply systems. 

Some basic data on these issues and computer based instruments are already available at 
present. In the following, examples for these tools and some recent investigations on 
monetarisation of environmental loads and damages are reviewed. 
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Total Emission Model of Integrated Systems • TEMIS 

., 
: TEMIS is a ·computer ·ba·s~d model f,Of the calculation of pollutant emissions of energy supply 

systems, d~veloped within the fra.111ewqrk"1 at the. study "Total Jmission model fo r1 integrated 
systems" by OKO-lnst~tut (= i nstit'µt·~ for, eii~1ronr-Qe11!~l~ studies, Freiburg). The features· of this 

- instrument cope with sohie requirem'ents of the preseri~ environmental policy: 
- Consideration of .the whole chain at energy -~.Ol"!Version processes from prima,Y energy 

,F. 

production to the e·rid use - including .:embedded eriergy" by material 'input. Local and global 
emissions are calculated as well. . -· : 

- Calculation of the""emissidn of rele~aht greenhouse ~gases (C02, methane, N20 and··niin-

methane volatile organic compounds) 
- Calculation of other quantitative environmental aspects such as land use and solid waste. 

Consideration 6f quef-itative a§pects suchl as intensity of land use;\ rises, impacts .:on 
microecology. 

- Aggregation ~nd evall,u1tion.. of enviroo.mea~al ' · impacts caused by pollutants by 
monetarizati~ based on aV.pid~nce costs. .. . 

~ ...; . 

1 .. ~ - c . . .. .. "\ 
TEMIS!. first released in 1990 and still under development .~the next version" 2.0 will be adapted 
primarily for · communal planners), is already frequently useq iri local energy projects' .in Germany 
and in other countries such as ~ · · x... 

- Newc;astle upon TY,ne study withi!'.: thE1,. framework of the OECD-pf-ojekt Ene_rgy and the 
Urban environment, '" · 

:r Urban C02-project1• of ICLEI (International Council for Local Environmental Lnitiatives, 

supported by - at the present - 14 cities in 3 continents) 

.. ; 

Investigations on costs of environmental Impacts 

Recently, also several important projects on methods to monetarize environmantal irgpacts have 
been carried out. The results of these efforts are of great interest for LEP b,ecause the 
monetarization of environmental effects can support the planning staff in the decision making 
process in two respects: 

- Different impacts on the environment, expressed in monetary units, can be compared with 
each other and aggregated. 

- Evaluation in monetary terms can build a b~dge between ecplp~ical and, ~con9.':"ic 
discussions. . .. , 

The following important investigations should be mentioned here: 
• l 

' . 
- Research programme •costs of Environmental Pollution/Benefits _of EnVir~r:imental Protection", 

initiated by the Federal Ministry of Environment. · · · · 

The research programme "Costs of Environmental Pollutic;>n/Benefrts of Environmental Pr6tection" 
has been initiated by the Federal Minister of Environment in order to estimate the costs of 
environmental damages and to investigate the applicability 'of different methods tor' eyaluation of 
these costs. This programr;ne, made up of ten individual ,projeRts, was finished _i!f 1991 and 
evaluate environmental damage costs under 

- media-specific aspects {air, water, soil, noise) .., .. 
- structural aspects (private households, companies, the state) 
- sec~~r-specific aspects (agricultre and forestry, fishing, tourism, housing and construction 

inqustry as well as the water supp~ industry) .., 
- damage-specific aspects (damage.to health and-material, fauna and flora a~ well as non­

material damage). 

Results ~91re now available for .. further investigations on monetarization of environmental impacts 
· ~auseci by energy conversion processes . . ~ 
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"Social Costs of Energy Consumption• by 0. Hohmayer 

, , In this fir.st comprehensive study on external costs of energy su_pply. published in 1988, an attempt 
, ,has been made to systemati~ally quan.tify and monet~riz'e _relevant ext~mal effects'_with respect to 

the cpmpetition between c9,nvemio9~l)fo~il ~fi!;l ' n~~l~-~tt and alter.native electric generation 
based on renewable energy sources (w,lnd, ~olar). In this 'study,. partly ba~ed on earlier pilot studies 

: Qn monetarization of envirgnmental)jci.mages (F,ederal Ehvironme.nt Agency, 1978 • 1986) 
,'.considerab)e external costs for , coJ1veritional ~ ~l~ctricity . generatjPJl (and . benefits for the 
renewables) have been investigated. .. "' . · 

r:.f1esults of these st~dies may be u~ed in a very tle.IRt~I way i~ \;;~P-proje~t~. 

" . ·- . 
..::··r?.·" . . ? ' . "31 ':' ' !' -;~...- >,; : 

"'.:Ex})ert System for Computer-aided Environmental P!~n.nlng 1'11.~ks ·EXCEPT .. 

EXCEPT. is an expert system under devel6~"1ent in cooperatici1{between the Technical University 
of Hamburg-Harburg and I BM in order to support en<ilrohmental impabt assessment on the 

. • c.ommunal level. Since 1991, a prototype operates in the urban planning authority of Dusseldorf to 
:·collect pr~,9ical _experiences. D.~e t~ the high computing performance heeded by ~~~ expert 
system, EXCEPTis implemented on a UNIX-workstation. h :e.: · 

EXCEPJJs designed to . :. ·'· U .:. ~ 
- support the individual planner with a knoWfedge base, in particular on' evaldation methods, 

and the necessary data base, 
allow extension of the knowledge base by scientific experts as well as bf individual 
planners, · 1: " 
document the evaluation procedur~ and its assumptions and their results. 

One of the main issues in EIA is evaluation and aggregation of environmental impacts for justfying 
a certain project relevant to the environment. The aim in the EXCEPT-project is to perform these 
evaluation procedures automatically and well documented. Evaluation modules for atmospheric 
pollutants and for soil are under development. It is expected that EXCEPT will become a 

__ practicable instrument within two years. · · 

-:·13.3 Atmospheric pollutlon dl~trlbutlon 

One ol the most important issues in LEP-projects is the comparison of different energy supply 
options with regard to their immission effects (local and global). During the last decade, 
instruments to calculate these effects have been developed continously and are now available 
also to the individual planners as a planning tool. Since it surmounts traditional planning tasks, a 
widespread application of these tools is at the very beginning. In the following, a review on the 
state-of:the-art of this important field shall be given from the practical point of view . 

.. ~ i:: 

Air trai;isport of pollutants can be described by three processes: 
• emission (exhaust characteristica, quantity, temperature, kind of pollutants, .... ), 

transmission (transport with the air flow, chemical reactions, ... ), 
immission (ground level concentration, deposition, fallout, rainout, .... ). 

A modeling of immission sitUations has to be based on.precise data of every process. • J ;f• 

Meterologlcal base d1ta 
. t ., ' 

- qi a 

The modeling of the pollutant transport tequires detailed knowledge of the atmospheric conditions. 
The specific form of the meteorological .data resembles the modeling process. A common supplier 
for meteorological data is the DWD ("Deutscher Wetterdiensr = german weather service). DWD 
supplies meteorological data for two legal authorization procedures: 

:--;:·• ~ "Tec;:hnical Instruction Air 1986 ("Tl-Airj of the BlmSchG, 
§45-' "Strahlenschutzverordnurig" (radiation protection 'decree); evaluation bf radiation 
exposition resulting from emission of radioactive sub-stances out of nuclear plants 
(StrSchVo). 
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The data is compiled for the Gauss model as requested in these decrees and outlined as 
"dispersion class statistics". The disp~rsion cl.ass statistics is a thre~,-parameter distribution 
combining wind ~irection, wind spee,d and dispersi~ class. About 70 of these statistics for 
designated areas in Germany are available .at the DWD.~ These statistics.are derived from synoptic 
data or from data of the wind-measuring· . Q.ri~ ·,<:Orn.bine.d with synomic d~ta. If data for a specific 
area is not available, two procedures are possible: 

a "qualified examination'~ .corwiders the.transferability of data frGJm a similar area, 
a "synthetic dis?ersion class stat~ics" may be evaluated. , . ., . 

While good results are obtaine4 by using. ~ispersion class statistics conibi~d with Gaussean 
models to calculate long term mean immissiol') rates, a more detaile.d atmogpheric flow data base 
has to be used for the simulation of immission rates in special weather situations or in areas with 
complex orographic, structure ~h,~$: 
-A 7 hllls, valleys (causing j~l~ffeQts) , 

;.:·· : : secluded valleys in mour:i~~jp .. areas (area§<.shielded from wind) 
,~:1 . . ; ::; mountain slopes (causing. t~rmal or cold air.flow) .. 

: t . 

... f§r s~ch applications, QWD has developed tQ.e following models: 
• ......... •• ! 

FITNAH 

KL.AM 

The FITNAH model (Flow over lrr~1ular Terrain with Natural ~nd Anthropogenic Heat 
sources) calculates meteorological parameters - eg. wind, temperature, humidity, etc. 

:·' and their modification by ,.natural and anthropogenic ~ influences inherent in the 
-~ynoptic;'.conditions (covering a larger area). ·.· · · · -·. ·. ' (' ,.. · 

. · , , 1 

KLAM ("KaltluftabfluBmodell" = cold air flow-wind modeO makes pro~oses on.; the 
influence of planned construction works at hlllsldes on the cold air flow, which is vital 
to the ventilation of secluded valleys. 

MKW M~ ("Massenkonsistentes Windfeldmodelr = mass co~~istent wind field mode~ can 
calculate the wind field at near ground levels in areas with complex orographics. The 
use of MKW can taken as a supplement for time consuming and expensive 
measuring campaigns obsolete (tetroon experiments, tracer experiments, SODAR 
measurements, ... ) . . 

-
MUKUMO MUKUMO ("mikrosk~iig~~ urbanes Klimamodell" = microscale· urban climate modeQ 

calculates the influep~ oi planned new (large) buildings on Wind, temp~rature, and 
humidity. ~ 

·l: .t'!,. . 
. , 

Dl•peralon models ~·· 

The modeling of pollutant dispe~1on has led to different models of which the Gaussean model is 
just one. All models are based on the Fokker-Planck-equation, but they ~me!oy different soiutions. 
Models utilizing ~icroscopic description methods r~uire deta!led des~riP,~on~ o~ the envirbnm~nt. 
Therefore, a precise, and thus very large data base iS mandatory for such mod~ls. 

For practical purposes t~~- ~'t~il®j'ity of algc;irithms which c:an be evaluat~ on mi.~ro-co_mp~ers 
(PC's) is decisive for a wi~~e~.prn~d use in concrete LEP-proj~cts. Fort~pately, ·~uch' mod~!~ -~ave 
been developed for typiCC\1 .. q~ions such as annual average of immission concentration c·auSed 
by a qj~en emission. The. G'auss-model, described below, ·and similar models are tt\e nfost 
commo.nly and frequently used and available to every planner. ...; 
The foli~wtng models - and .many more - are currently in use: ~ 

.. ~ .... ...,. # ~~ ... , 
Tl-Ai~n?f!,~el "li,1s moct~rJ.s establi~fled ir:i ,the .. fi-Air'' (= .TA\~i~(S!nce H!74 and its use in 

authoriz~ioo procedu~re5 is oh,ligatory. It is ti~~. on a ·Gauss dispersio,n model 
and has only limited adaptabltity to special orography,; source conditions and 
weather situations. The Feder~ Env.irpnme~t.!_l :~gency ~~~developed AU$TA'L.:, a 
FORTRAN based reference pr~raffl fqr l[se pf,~he TI-air rf'lodel on PC's. 

"' J 

1' vo1-mdde1 

-· . :.1 • 1.1 .. . • • 

This model was developed by the\fof ~e()mmission for Preservation of Clean·Air 
('Verein _Deutscher lngenieure - KQ\'fl.mf§.sibri zur Reinhalt·ung der Luftj. It ca~.-'be 
regarded , as an inpro)led Tl -air m9~E!l wrich is capable to modeling thE:tf nfluence 

. ~ h ··,· '.) .;, " 



. ,, 

uvf-model 

13 

· - ~· of chemical reactions and washout and to consider inversion-effects. Area,• and 
·~ ;~ volume-sourc~s can be described explicitly and · multiple sources can be 

· integr~ed. Tli'is model is: used· frequently··.for diagnosis purposes in critical areas 
with high immission loads ari'cfcan~b"a ruli by PC's . 

·:: The uvf ("Umlandverband FrarikfUrr., a ":ftrankfuft Greater Oity municipality") has 
developed a dispersion model · basEit:P~on ~ Lagrangeait particle dispersion 
~igorithms. This model runs on mini-computer.s::and issused to evaluate special 
irilmission s1tuations'' fn'city areas:'. c -" ' r. ' r 

-:i · )'- .o.• ~ $; !~ - - l ·~· l f:. '. (, ~,,;.: ~· . 
llASA-AAINS This computer-based system was developecf~for: the' simutatioa; .. optimizing: and 

mapping of bordercrossing/long-range ~ait' ':potlution in Eur.ape~ · (llASA = 
International Institute for Applied'System · An21!y~ls). The RAINS-m'odebeombines, 
among others, informations oh: the ei'nergene~ ~-d impact of acid rain ·in Europe. 
The emission rates of S02, NOx and NH3 are calculated according to the national 

energy statistics for: all 27 Europ~an countne's. The h82ardous irr\pacFan ·taRes, 

~:: 1 t."~i~~sk~~:.' an~ tree~~is simulated. ~e most recent ver:~ion of RAINS ~a~~-~ run 

.,,...In .gen'eral it can be said that quite' reliable ~oftware and databases are' today available to LEP­
planners. Due to limited knowledge these tools at present are less · int~i1sively used then the 
,st.jbject W04,.ld require. " 

• _ I ~i.. .., ._, i: ;:',. ~l" '·,, 
I'. 

4. Summary of Subtask C 

(Means tc(Represent, Demonstrate and Advertise P~anning 

Solutions) 

One of the main issues in LEP is the transfer of planning results from the planning and 
engeneering level into the level of public acceptance of a conception. The actors participating in 
the approval proces5es ar~ manifold and so are their aims'•and '._targets. Examples of the several 

_, actors include political' decision makers, administration$~ oiil'ltie.S:· energy consumers and various 
interest groups. One of the most important output from the planning process is therefore to find 
ways of harmonization of the different actor's interests, including learning and conflict resolution. 
It is consequently very important to illustrate and edit communal energy concepts in the appropiate 
forms, i.e. to •sell" the.results of energy planning to the concerned parties or actors in the decision 
pro9;~ss. Various n:)u'.f!lcipalities in Germany are in fact puttihg consi~erable efforts· into the 

..... ~_,marl§eting• of er:ier9Yr,...P.rojects. ~ev_~ral instruments or means hav~ consequently been developed 
specifically to r~.~(e~r1n't.~ demonstra~e and ~dvertise plann!~~ solut~~ns ~ccordingly. 

~. Jf)·~; ;~i?1s ~of ~~bt~~~--: P are to,) ystematically ilJustrat~ ~fui~~i :~~~.~~te the inf~rmatio~ and t~e 
~.':!·~l~mmation ~~ans_ m the context of LEP. The evaluation t~~

1

~e-f~t~~ concerns information media 
.... ,,as well as the · 1ostitutional arrangements. It would however not be possible nor wo·rthwhile to 
I< produce an extended list of all German institutions dealing with· LEP and their respecti.ve way of 

representing, demonstrating and advertising planning solutions. The national study re'port rather 
focuses on a representative number of examples and assesses ttie experiences made With these. 
It is quite rati~nal, i{lste~~. t12 pr_es~nt the existing informati~n ~ f11edia ~pd th~ institutional 

•• arranaements iri a syStema~C:, form and tQ cp~ractenze and f'QEfctsure their effe'ctrveness. A 
" ,guan~~tive asse5smerit ,of the1gMer~rit mearis:8tJnformatlon collectioh. transfer and dissemination 
.. ~c;:co!ding to energy refSJ,te~ cmerif!, .~uch as the,~chie~ level of energy conservation, however is 

not feasible due. to r~cking inf~riii~t!on .fr9.rn sifecial project-related evaluation studies. Only for 
parts, as e.g. the Working Programme of ~he Federal Ministries with its 25 field studies or the LEP 

1· support programme qf the Saa~and . .and. Nord-Rhine Westfalia, rele~ant cross section analyses 

0 -:;wltt!_ different to.picaJ or~entations are .. ~Y~il~I~. . " : ' · · ' 

3. The 1cor:ipideratipns on)nfon:nation mea~a f!nd means exi5t}.f19 in Germany in· ! he LEP context have 
been composed into a qualitative table of ~t~tements (tae>le 5). The main criteria relevant in this 
context are 
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"l ·t - . ; ... 
f_he 1mpa~~ on energy con~ervaMn, _ ' · ,, 1 · 1: 
the vo1u·me of the target group (°"addressed - wlth th• aspect o1 information 
diSsemin'ation, _ i · · - 1 ~- :;

1 
·• " ".;; · - ~ .. ,~ .-r 

the anticipated· ritciltipller effeet '. . . : . , ' ''1 ". 

and the-~relevaniccists·re'qtiife(ffoflhe'realization af"the mEiasures • . .. 
~. ~ ,·~1,( .. ~·:: ~:·:~. ·!1-':~ ·:\ t 

·r .i ~::: ;i: r"":; • ,' ; ~. . . 2-

- ' '" 1-. •.. " ·;., ·~~: r.C ~ r: .. 
Measures/ i.-•o: _; ,,: •'9 ;~"-8r.9Y Ad~sed : '. -~ f MLltU·~"~r 11 Cost 
Institutions . ·: J G.onH,l'V._tlon Targ~ Qroup ~ - ,., . --,;~ ., .. ' ~ . ·-.. .... ... _ .. , ,( I :- ' .:' : ~. 

I nfotmation and, · : small high 
' ~jgh .' ~ . sgiall 

Conswlting Campaigns . ? ., . 
. .. .. .. .... _, .. . .. .!!:,. 

Specific Consulting and 
Qualification Measures 

- Energy high small small 
Conservation 
Programmes 

. Demonstration small high medium 
Projects 

- Information System . - . 
KEV 1) 

- Energy Agencies medium small medium 

Experience small small medium 
Exchange 

Specific Institutions at 
the Local Level 

- Energy Officer, high small small 
energy Coordination 
Conference 

- Energy Councils small small high 

Instruments for a small small small 
rational Energy 
Planning 

1l no assessment possible due to recent start of the programme test phase 

Table 5: Summary assessment of the Measures 

3F, T ' . . . . 
:;.- ~ .. · ·~a:n l ~ 

t ~ '! ri" -

medium 

high 

-

medium 

small 

small 

small 

high 

.. 
)8 
, 

.,.,. 
... 

While discussing all those different efforts with respect to the results achieved, it has turned out so 
far that an evaluation of support and dissemination programs for energy conservation and their 
respective cost/benefit - yields has rarely ever been made. First conclusions from German 
experiences indicate, that a combination of measures, tailored to specific target groups, can be 
generally expected to be most effective. 
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A broad information campaign alone, for examp~; will ~ave littl~ impact It shoulc;f be accompa­
nied by specific "or:i-the-$pot• capsulting, combine~1withjinancial programines for measures which 
have proven to be economic, for instance:· in order to surmount the implementation barrier of 
energy saving measures which generally have to con:_ip~l~ ~im· iQµ,~ possibilities of investment. 
The consulting proQess should preferably be organiz~d..b.~¢i: public institut!P,h or an association. By 
this, in general, optimal public relation channels are accessible as well as support in organisation 
and management problems. Qualified service which is normally accepted by the target group is 
provided by this approach. 

1A very good example forsuCfi an integrated approach is-gl\len by the Swiss .. 1mpulse program•, by 
,which incidentally, oilistarldjng and verj useful material fOP~rgy conservation in the building 
jsector has been ,prepar&rin co-operation' l:iatween univer!Sities~ :1n·dustries, consultants and the 
. Swiss aS.sociafiofi 'of craftsmen. It ls this integrated approach -of· combined and~specifically· tailored 
measure~;- which ,can be expected to be adapted most efficiently by the target groups, while at the 
same time the percentage of free-riders is kept low. In contrary, isolated measures, s~b~s some 
energy conservation progr~mes,"may tum aut'to·be of quite -doubtful suceess in terms of their 
cost/benefit ratio. · -· ~ ;· ~. 
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