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Of late, the discussial al:out alternative ways of securing our future energy supply 
has received a new 1mp.1lse by the intrcduct10n of the cat:chtilrase "soft energy". 
1h1s catchj:i1rase is ex"",lary for w:idely-applied socio-p:>litical criticisn of the 
general developtelt of technology ta.ards industrialized technology ani for the 
lUl"suit of alternative life styles signified by decentralized, canprehensihle tech­
rology. With reference to the f 1eld of energy, this is tD re interpreted as the 
CXlOOept of an energy supply in Iohlch power is produced by a nunber of snaller 
plants at the p:lint of a:msunpt..ion, ard which for the mlln part makes use of rege­
nerative energy so.m:::es, such as sun and win:! am. b:1.ara.ss. 

'!he technical difference be~ a "decentralized energy suRlly" an::1 a "central1ze::1 
energy supply· is shown in Fig. 1. 

~;;; ~ .. ?' -­,._ .. _.-

Fig. ,. Centralized ani decentralized energy 
supplysystans 

'nle final energy dmard in the FRi arrounted in , 977 to approxilrately 730S I\J (249· 
,06 t SKE). This inclt.ded al:alt 4S% for the private households ani ccmnercial 
sector , ~S% for industry, al:alt 20% far transportation. The following sbJdy 
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concentrates o n the private tn..lsetolds ard cannercial sector , because this sector 
offers favourable oorditions for the applicatio ns and operation of decentralize:1 
energy supply systems by reason of the relatively lc:1N tanperature level « 1(X)Ct) 
of the basic energy dsnan::t. Because of the structure of consunption on this sector 
- a..bout 90% is required for dcrrestic heating" and tot v.ater supplies (see Fig. 2) -
the p:>tential analyse:! thereby arTOUnts to al::o.lt 40% o f the final energy deman:l of 
the mo. 

~""~-.r<l <l "" II'''''''_ _ _ .-...01"'''' 
Ill" 0)% . U1.6 ('f.s.;( 

Fig . 2 . Structure of the final energy 
dEJllOI>l in the private houserolds 
am canrercial sector 

The technological , ecoranic arrl ecologi­
cal =np>rison o f the heating systens to 
be assessed ensued on the basis of ther­
nsl density distri.bJtioo in camunity 
neb.orks, si..nce the density of calorific 
denarrl, 1.e . thermal outp.lt which rust 
be providEd per unit of I::uilt-up area, 
is of particular .imp:lrtarce for the im­
plerentation of energy supply systems. 

TIiEfMl\L DENSITY PRJFTIE OF THE FU::ERAL REPUBLIC OF ffiR-WN 

'!he level of calorific consunpt.ion for the private tnJseholds am ccmrercial sector 
correlates closely with the bJilding structure in the camunity neb.orks . calorific 
danarrl for darestic heating is influenc:ed by building construction , climate , type 
of use , as v.ell as stan::1ard of canfort provided. varying bJilding structures result 
.in zones with different theDra.l densities .in canrunity neo.orks . 

In the core area there is concentrated carmercial deroa.J"¥;\ with high ~ density. 
In the ring zone a.roun:1 the core area , a mixture between private l'cJuseh:)l.ds arrl 
ccmnercial dEm3l'ld with na:Uma pc:w=r densities is to be fOUJ'd , whilst on the peri­
P'lerY, mainly occupioo. by private tnIsetolds . the level is detennined by a high 
prop:lrtlon of 10tl-rise developnent with a low pc:w=r density. 

If ~ consunption an:] its distribJtion is analyso:i by thermal density classes , 
the result is the t:hennal density profile for the FR; sh:Jwn in Fig . 3 . 
'!he UFPeI" part of the diagram slxJws the oonne:::ted heat load in r elation to typical 
theDnal density classes . Within in thema.l density class the [X)tentials are broken 
cJor..m into city size groops . These city !;ize groops are defined as follows : 
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City size groups (CSG) p:)p.liation Frequency 

CSG I 
CSG II 
CSG III 
CSG IV 

> 500 OCO 
1 CXl OCO-5OO cm 

20 OCO-1CXl cm 
0 - 20cm 

13 
56 

394 
10 460 
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AO:X:::I.IUi..rg to the structure of the ooilding developnent in CCITITD..U1ity net\.ory.s, the 
loacling in the irdividual thermal density classes is at varying levels. 
'l11e lower part of the diagram in Fig . 3 sh:::Jws the cumulative frequency curves for 
each CSG and the FR:; as a total (private h:luseholds and ccrrtrercial sector only) . 
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A concentration in the distribJtion of 
the thermal density profile of the 
Fe1eral Rep.lblic lies clearly in the 
range of 10 - 40 Mv/km2, in other v.ords 
in the ring am. peripheral zones of 
cities . The share of this range arrounts 
to approximately 65% of the ther:mal 
loacling of the Federal Rep.J.blic . 

Fbr the assessrent of thennal supply 
systems , it can thus be maintained that 
the systems which are opt.im3.1 in this 
thermal density r ange h3.ve the greatest 
narket p:>tentlal. 

Fig . 3 . Distributicn of the coonected 
heat load in the FRG 11974) by 
density classes 

'lIDiNICAL DESCllIPrICN OF THE SYSTEMS ANALYSED 

FOr satisfying the calorific requirements detailed al:ove for the private h:::luseholds 
arrl ccrmercial sector , the systans sh:Jwn in Fig. 4 will be r eferre:l to . 

kxording to the definitions made in the intrcxiuction , the foUCMing systems can be 
regarde:l as centralized : 
- Di strict heating , 
- Oil ard gas central heating , 
- Off-(:Ea.k electric heating (night stor age heating) . 

All these centralized systel\.S, with the exception of night stor age heating , are 
Cl:::IOCeived as p..rnped hot \>ater heating , i. e . the effective heat is oonveyaj by means 
of the me:iiun -....ater via pipes f ran the p::>int of heat generati on (e .g . toiler) to 
the roan hea.ting surfaces . A design teTlperab.1re of 9CPc for flow arrl 7cPc for re­
turn , with a minln'un external temperature of -1 SOc 1£S c hosen . 
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Fig. 4. Analysc:rl heat..l.nCJ systens 

!he decentralized systems o::rrprise 3 heat p.mp units with varioos configurations , 
3. solar systen ard a total energy systan. 

rhe bivalent electrical heat pump with additional oil boiler utilizes as a source 
:If energy besides electricity an::1 oil the surrourxUng at:n"osFbere with the heat 
p,np. It is bivalently an:l alternatively operated . 1.e . as long as the heatirg 
out:pJt of the heat PJ1TP is $.lfficient , e.g . up to +3oC . the heat p.rnp operates 
alc:ne . Below this tanpcrature . the heat p..np is switchEd. off an::l the toiler takes 
over the further supply of heat . By this rretln:l of operation, the heat p.rnp attains 
a share of 60 - 70% of the annual therm:ll voll.m'e . In order to achieve this . its 
capacity rrust anount to al:nJt 50% of the maxinun heating capacity. The maxinun 
operating terrperatures are : heat p.lITIp operation 6O/r::I:Pc . toiler operation 9O/7cPc. 
A further heat pump system as a basis for ~1son is a monovalent heat pump 
with diesel motor dr ive. The systen is designed so that alone the cordenser capaci­
ty and utilization of the ....aste heat fran the rrotor are al....ays sufficient far the 
supply of heat . 1.e . an addit.1cna.l boiler is ~t necessary. 

Since the invest:rrent costs for a m:.n:JValent designed heat fUTIP are very high . the 
bivalent diesel motor-driven heat pump was ~ as a further alternative . In this 
case the heat p..Irp is operate:l parallel to the b::>iler if the heat outp..lt of the 
heat PJIltl alone ~ lOrlg'er suffices for the requuEJrE'J"Its of the 1nJsetcJld . With a 
share of the outp..lt ano.mting to al;:cJut 50% of the design capacity. the heat PJT1> 
attains approximately'" 90% share of the annual thermal voll.l1le . 

The solar system with oil boiler analysed canprises solar collector s . a OOt....ater 
storage tank arrl an oil- fired auxiliary heating system . The oil heating takes over 
v.hen the energy yielded l::1t the collectors and stor age tank is exhausted . In thiS 
systen the prop::>rtion of energy originating £ran solar 5O.lI'ces st'oJld arramt to 
50%. In order to provide favourable operating con:Utions for the oolar system. a 
max.imJm tEftlle.rature far the hot ....ater systeTI YraS chosen at 4S/3SoC. 

The tota l energy system with peak demand boi ler utilizes the power-heat coupling 
for heat and electricity generation . It wxks on the Sc."UTe principle as d istrict 
heating •• l tlxlugh the heating capacity is considerably less . I t is designerl for 
heat ing irdividual hc.uses . The theDnal capiCity of the rrotor-driven generator is 
about 50% of the total. heating caF<JCity . In paral l el operatlen with boiler heating 
it attains a share of al;:cJut 90i of the annual themal volure . By r eaSCX'l of the 
high t.elr'p&ature level of the engine exx>l irg \<,B ter and waste gas , the unit can be 
operated with the usual average oot "-Bter tarperatures of 9O/7cPc . 
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Within the energy consunption of the systens analysed an assesSTe'l.t is to be m:lde 
on the one: han:l on the basis of final energy I and on the other hard oorresp:>roing 
values on the basis of primary energy . Uith regard to the effects on the environ­
rrent, en1ssion of the hannful substances S02 ' !Il) , CD, Sn"n ar:rl dust particles is 
to be analysed. x 

A ccrrpari.scn of the systens is carrie:i out on 
surpt.ion necessary for generati..n:J one unit of 
systans analysai are sl'rIwn. in Fig . 5 . 
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Fig. 5 . Specif ic f 1nal energy denan:l . 
based on net energy demarrl of 
various heating systans 

Fig . 6 . Specific primlly energy denan:l 
on the ba.sis of net energy dE!l\al'd 
far various heating systans 

Fran these it is a~ent that all 4 central heating systans have sr:ec1f1c final 
ene.rqy OOIlSU11ption levels which are greater than 1. 01 the other han:i, in energy 
terms all 3 heat p.Jll) systans" as v..ell as the solar systan sto.¥ed cx:>nsiderable 
advantages. 

In assessing the total energy system it rrust be ment.iala:1 that here the overall 
final energy coo.surpt.ioo far heat as v..ell as electricity generatioo were taken in­
to acco.mt. The broken line sho.o.'S the final energy COI1SlITption of this system after 
subtract..i..ng the electricity generated. Judged. on the basis of final energy this 
systan ass.rres the l:ottan p:lsitioo. 

'!he order of prece:::lence changes if not the final energy OOIlSU11ption is carpared. 
<·1.t.l1 the primlly energy CCI1SUlq>tioo . 
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Pr irrary Energy Co!lSlllJ?tioo 

Pr ilMry energy consunption can be deteJ:m1ned fran final energy consunption takirxJ 
into account the levels of efficiency in the c::onversl00 range . 'Il'Ie following levels 
of effici ency were taken as a basis for calculatlcns : 

District heating systans Natura:! F.lectricity Fuel 

Q:JrI:>ined heat Heating 
gas oil 

arrl ~ plant plant 

Generation 3 . 45 0 .8 0 . 365 
DistribJtion 0 .9 0 . 9 0 . 96 0 .9 0 . 94 
Final energy / 
pr ilMry energy 3.105 0.72 0.96 0 . 33 0 . 94 

Within the analysis the asseSSTeflt of district heating in ~-heat c::o.Ipl1ng, as 
well as heat generatioo. fran rrotor-driven generators (total energy systems), re­
quires particular attentioo. with regard to the CCJnSl..IIl'tlon of prirMIy energy . 
cnJ.y the additiooal energy o:::nsunption as ~c:rl with p..1re electricity generation 
is substractErl in the case of district heat fran c::crnbined heat an::1 ~ plants . 
In the analysis of the R'Oror-driven generator , the electricity generatEd ...as in 
energy tenns assessa1 with a level of efficiercy in conversion of 33%. and as a 
l:x::Jnus point this \<as substracted fron the overall energy oonsunption of this systEm. 

A CXl'I'{larlson of the systems analysa::1 as si'own in Fig . 6 daronstrates that the cen­
tralized systans have the highest specific prilMry cnergy oonsunption. whereby 
district heating cx:x:upies a special position . Here , the prilMry «3'leI"gy c:onsunption 
is part.1.cularly 1"", when the heat is generatErl in canbined heat and po.o.er plants 
(broken line in the bar chart of systan 1 in Fig . 6) . '1lle highest level of con­
Sl.I'l'pt1on of primary enerqy is reached by night storage heat.1n3 . It is al::o..lt twice 
as high as the primary energy consunpti.on of oil am gas toiler heating . 

Of the heat p.rnps. systems with diesel rcotor drive anerge with the best results . 
'Ihe primary energy COrlSl..ITIpt.in cmomts to atout 60% of that of ooiler heating 
syst.ens . The bivalent electric heat pnp lies between the toiler heating syst.ens 
am the diesel heat p..unps . The pr.im3.ry energy CX>IlSl..Il1Ption of the solar systan lies 
in the same ranJe as that of the diesel heat p.unp. In considerat..i.on of the prilrary 
energy allo..a.nce for the electricity generated. the rootor-driven generator (total 
energy system) has reduc<rl primary energy dararrl (broken line in Fig. 6) which is 
CCIl'pU"able with that of the diesel heat (Ul1pS . 

Emissions 

A greater p:1rt of the emissions in the FErleral RepJbl1c are caused by energy con­
version on the private hoJseholds a.rd cc:mrercial sector . The share of inmissions 
is even greater , for the emissicns ccrre fl"CJll a large runber of energy conversion 
units with low flues. 

Basa:l on the specific anissions occuring by energy conversion the specific emis­
sions arising at the p:>int of effe::tive heat utilization an:) in the central conver­
sial .ranges were calculated for the systans . For 502 , 00 and dust . Fig. 7 gives 
a sunrary of the emissions based on one unit of effOCtiv~ heat . Gas !:oiler heat.i.N1 
has the lo..est overall anissions . The highest level of enissions is reached by 
night stor age heating' . Whilst in the case of !:oiler heating systans the emissions 
occur for the main part locally. the emissions of the electrical systEms are pro­
dlXeCl centrally a.rd are rrore r eadily el1m.1.nated by means of filtering devices and 
higher chirmeys . Syst.EJnS with an internal canbJstion en:}ine are typified by their 
h.ilJh level of nitric oxide emissions , which occur mainly decentrally . A reduction 
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in these values a~s to be necessary for the utilization of such systens . 
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Fig . 7 . Speci fic ~~~ion~ of 
healing SYSt.ElhS basErl on 
bas. c energy (9/ - >, sub­
divided into localized ard 
centralized emissions as 
well as total emissions . 

= ANlILYSIS wrrn EXXNl>1IC crMPARISCN 

In order to provide a basis for an objective econ:mic o::mparison all costs ITUst be 
CQ'lSidere::l which are incurred for installation ard running o f the heating systan. 
'Ihl.s means that the whole process of generation ard d istr ibJtion , incl uding lnstal­
latlon of the heating system by the final oonsuner nus t be taken into consideration. 
For the decentralized heating systans a calculaticn i s made for the heat generation, 
distribJtion and storage costs, inclooin:3 costs arisin; fran partial utilization 
of the centralized. systeus. When an addition i s m3de o f all oosts o f the individual 
heating systens, the result is a figure for the total roStS, v.hich can be i..no::u:p:>­
rated into the ecoran1c ccmparison. 

Transport ard DistriJ:ution Costs 

'Ihe transiXltt am distribJtion costs are for the rrain put de tennined by the load­
i.rq density. ~s nade on nains energy sources are in the case of varying load­
in;1 densities of considerable ecornnic imp::lrtance . In zones with a lower loading 
density the lesser degree o f lc::la.d.ing nust be seen in relation to the necessity for 
a branched mains systan. As is deronstrate::l in Fig . 8 this leads to high specific 
costs . 
In the case o f ma ins energy carriers gro...ri..n:;J loading density is acccmpanie::l by con­
Siderable cost degressioo . For oon~ energy sources such as o il and coal there 
can re no such developrent, Le. there is only a lirnite:l potential for a degression 
of costs. 
As is to be expecta:3. the distribJt.iOn costs for district heat.in:3 are the highest. 
For a 1CX)% supply <XJVerage the costs for electricity and gas lie in the same range . 
'!he distribJtion costs for fuel oil are l~t in the W'hole loading density ran:;le . 

Ha...ever , it is cnly possible to draw conclusions after canbining the distrihltion 
oosts with the rena1ni.rg cost factors . 

Costs of the Ck:Jnestic Systan 

For the p,lrfOses of the analYS1S a Sl..1lT1Tary was made of costs for systans in single­
family, br.o-family and nultiple dwelling ioJses as well as in larger ap3.rtrne.nt 
to.>ses . 



144 CHANGING ENERGY USE FUTURES 

• QJ "'" ..... 1..., · I~ 
""' f'K10'd ~_! l OO/) 

Fig . 8 . Transp:lrt. an:] distri.b.ltion costs 
for energy supply to private 
h:luseh::>lds an1 ccmrerc:ial sector 
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Fig. 9 . Costs of installation for a 
single-fll1lily house (20 kW peak 
loadl 

Figure 9 sh::Jws the breakdown of oosts in the hcuse in the ~le of a single­
family hcuse. 

Here the centralized heat.i.ng systems exhibit the lowest level of costs . Fran the 
centralized systems , oil toiler heating incurs the greatest costs . 

'ltle decentralizEd hea.ti.rq systans , on the other hand , give rise to considerable 
costs . 'lhls , the solar systan of the clx>se:n design rea.ches a cost level INhich is 
4- 5 times as high as that of oil-fired roiler heat..iIJ:] . Even the costs for heat 
p..mp systens are double thJse of oil-firo::!. ooiler heating . On the other hand , the 
total energy systen emerges '4th a relatively fOSltive result as regards costs . 

Irnfort Prices an:1 Energy Prcx:tuction COsts 

Figure 10 sl'Dws that the impJrt price for light fuel oil is al.m:>st twice as high 
as that of natural gas . For electricity the prices for off-peak {XMeI" (operatin:J 
costs only) ard the total costs are given . 
gas exhibits the la~st costs . 

Light oil Import price , 277 . 25 OMIt 
Gas Import price, 11 . 27 Dpf/m3 
Electricity (operating costs) 
Electricity (total oostsl 
Dlstrict heat; 5 . 00 OMIGJ 

Of the mains energy carriers natural 

2 . 40 DPfjJdo.'h Price basis : 1977 
1. 16 DPf/kl-h 
4 . 00 Dpf/kl-h 1 ~ " 2 .00 tl1 
8 . 40 Dpf/kl-h 
1 . 8 DPf/kl-h 100 DPf = 1 tl1 

Fig . 10 . lnp:lrt prices ard average production oosts of final energy carriers 
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r..coranic O::mpari5Ql 

In the discussion a.l:oJ.t regional energy distrib.ltion it became clear that in the 
f1(; there are large variations in the energy densities arrl rraxinun loads . 

After outlining the roost significant factors of influence ard final consuner costs , 
Figs. '1 and 12 sl'¥:lw the specific final COn5l..l'rer oosts in relation to the loading 
density . 

Fig . l' shc:1,.,Is the final o:::m.surer costs at: 1976/77 price levels. HoI.ever, for 
assessin3 the future ecxmcmics fields of irnplmentation , the future arrl rot the 
current cost level is of significance . For this reason Fig . 12 sl"aNS a ccrnparison 
of costs urder the aspect of p::>ssihle energy price iIrreases. 

'nle main conclusi.cns to be drawn fran the ecoranic CCITIpt3.rison shJwn in Fig . 12 are 
as follChlS : 
'Mle centralize:i energy suW1y systans are the cheape:st at all loading densities . 
Oil-fired central heat.i.n:J is cheapest at allrost all loading densities. 
with increasin3 load1n:J deru:ity in I::uilt-up and urban core areas , oil-firErl. central 
heating loses its cost advantage to gas- fired central heating and district heating . 
It can be established that in areas with lower load.ing density night stor age 
heating becares eooncmically viable . 1-tJwever , this only awlies for the case where 
it is utilized exclusively for exploitin3 the off- peak tariff , sirce only cx::rnbJsti­
ble material oosts (variable oosts) arise am there are ro fixed costs for the 
por.o.er plant am. ele::tric1ty distribJtion . 
District heating" am. total energy systems are in the case o f low loading densities 
cutside the range of ecooonic viability . With increasing" loading" density , district 
heatin3 exhibits greater cost advantages than total energy systens . 
lfI ccmparison with diesel-p::MeI"ed heat p..mlpS , the electri cally {X1oYered heat PJfIlP 
(including" fue l oil toiler) exhibits cost advantages . '!he r eason lies in particular 
in the 1""" ho.lse investment costs of the electric heat [:UIY1p am the fact that only 
the variable electricity generating costs v.e.re taken into considera tion . 
For the solar sySteTl wi th fuel oil toiler , which is only capabl e o f generating an 
adequate suWl y of energy in areas with low danarrl , the costs are 3 times as high 
as those for centralize1 heating systems . 
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()..rerall costs o f heati.rl3 systans 
taking into account pos sible 
price increases 

'Ihe price increase for foss ile energy carri ers assuned in Fig . 12 (fue l oil an:1 
natura l gas +1 (x)% , district heating am electI1c ity generating costs +50% , siN::e in 
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the case of these socorrlary energy carriers an increase in the price of fosslle 
energy carriers of +1cx>% only influerces the generating costs by a1::out 50%) leads 
to the corclusion that district heating and gas- fire:! central heating are cheaper 
t:han oU-fired central heating . Ho,..ever , the electrically ~Erl heat p.m'q:> also 
cares within the range of ccoronic viability. The oo!ar systan renains unecoron1cal . 

Despite the WlCert.ainties ¥.hich influence the ecoran1.c calculations, these results 
show that the centraliza:i heating systems offer cost advantages when C'CIl'1pItred with 
decentralizoo heat1ng systans , even aSSl.nLi..ng high increases in the price of energy. 
d1anges may only re anticipate::i when the peice of energy scurces increases by over 
lc:xJ% arC/or as a result of intensifie::i research and developnent the technical/ 
eccn:::rn.i.c nw:ginal cond.itions can be shifte:l in favour of the decentralized energy 
suW1y sysums . 

Heating systans which utilize regenerative energy sources , such as heat p..If1?S and 
solar systEms , as well as systans ...tlich function decentrally accxm:iing to the 
principle of C'Cl'l'bined heat ard ~ pro:luctiDn will in future offer the conven­
tional syst:em:; an ever-increasing level of CCf'!l=euUon. If one assesses the future 
energy supply systens against the criteria ecx:n:my of operation . energy ~ 
as well as Emission of hannful substances . it can re anUcipate:1 that of the de­
centralized systems heat p..ITtlS will make the greatest 1npact on the ma.rket. The 
solution to the enerqy supply problan .sn::w.d thereby not be regardEd as centralizoo 
versus da:cntralizoo. , rut it shc:luld rather take the form of an optimal strategy 
for b:>th. 
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