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PREFACE AND ACKNOWLEDGEMENTS

The Imtemational Energy Agency (IEA) was established in
1974 within the framework of the OBCD w0 implement an
International Encrgy Progrum. A basic aim of ihe 1EA is
to strengthen the co-operation between the member
countries in the energy feld. One element of these co-
operative activities i 1o undertake energy research,
idevelopment and demonstration (RINED),

Disanct Heatng s, by the TEA, seen o o means by which
countrics may reduce their dependence on ol and mprove
their energy efficiency. It imvolves incrcased use of
indigenous or abundani fucls, the ulilisstion of wasic
energy and combined heat und power produstion

The [EA “Program of Rescarch, Development mnd
Demonstration on District Heating™ was exiablished a1 the
end of 1983, Under Annex 1, ben countries patbcipated in
the progorany: Belgium, Canadi, Denmark, Federal Republic
of Germany, Finland, Jtaly, The Netheriunds, Norway,
Sweden nnd USA

The National Energy Adminmsiraiion, Sweden wos
Chperating Agent (or the progrum under Annex |, in which
ihe following technical ancas werne asseased;

# Development of hent meters

. Cost elficient distritution ind connection
syslems for arcas of low heating density
Small size coal-fired hot water boiler
Moedinn size combined hest and power planis
Larw tlemperstire applicaions in distact heating
EYNIOmE

The resulis of these topees have been presented im pringcad
reports published by the National Energy Admindstration,
Sweden.

In 1987 u was decubed by mine of the onginal sen
participating  countries (ex. Eelgum) o continge the
imglemeniation of co-operative projects under sn Annex 11

The Netherlands Agency for Energy and the Environment
(NOVEM), wos Operating Agent for Annex 11, in which
the following technical areas were assessed;

Heal meiers

Conswmer installntions

Piping

Aadvanced Mubds

Advanced heal production techmology
Infarmation exchange

I 19¥H0 the co-opernting countries decided (o continae s
implemenation of how co-operative projects under a new
Annex I During this anncx United Kingdom joined the

project. NOVEM was Operting Agent also for Annex T
in which the following areas have been pssessad:

Distnct Heating and the Environment
Supervision of District Heating Networks
Advanced Flinds

Piping

District Energy Promotion Manual
Consurmer Heating System Simulation

In 1993 the co-operating countries (ex. [taly) decided to
conlinze the implementation of new co-operative projects
under a new Amnex IV, The name of the main co-operating
project was now changed 1o “IEA - District Heating and
Cooling Project™, which emphasise ihe increasing
awareness of District Cooling as an energy efficient
technology.

[During this annex The Republic of Korea joined the
profect. NOVEM has been Operating Agent also (or Annex
IV, in which the following techmical arcas have been
assessedl:

Combined Heat ond PowerCooling Guidelines
Advanced Transmission Fluids

Piping Technolagy

Metwark Supervision

Efficient Substations and Insiallmions (EST)
Manual on DH-piping, Detign and Constriction
Development of long term Co-operation with
Fasi-Ewropean Countries

The results from Anpex, [1, I and IV have been presented
im primted reports published by NOVEM.

I 19656 the co-operating countnes decided 1o continue the
implementation of pew co-operative projects under a mew
Annex V in which the following technicad arcas have been
msscEned;

Cost effective DH&C networks

Fatigue annlysis of DDH networks
Optimization of low lemperature DH-systems
District Heating and Cooling in Fulure
BuiMdings

Rulancing the prodiction and desmand in CHE
Plastic pipe PH-systems - Handbook

B 8 B B

The report al hamd describes the project called “District
Heating and Cooling in Future Buildings™ (DH&C-FB).

Thie work on ihe progect PH&C-FB- has been moniloraed by
ihe *TEA-Experts Group on DH&C-FR™ (EG-DH&C-FB),
with Associnte Profesuns Boll Ulseth from The Morwegian
University of Science and Technalogy (NTNU) as project
lender.



The members of "EG- DH&C-FI® have been:

Mirjn Thitinen (Finland)

Zoluin Korényl (Cermany)

Joo Toe Ahn (Korea)

Gient Bomem (The Netherlands )

Monica HavskjoldHeidi Jubler (Norwoy)
Ciuennar Milsson {Sweden)

Rohin Wiltshine { United Kingdom)

The project leader wants 1o thank cverybody who has
econtributed and made it possible o carry through ihis work
- gapecinlly every imdivichial of the B for making o good
effort and showing a positive will to co-operate. A special
thank to, Jacoh Stang. Tor | Hoel, Peler Moeres, P Klosze,
. Hodder, W. Althaos, Markku Ahonen and Ki-Dong Koo
for their supportive contribution to the poun work amd in
the effort 10 make the report,

Thanks shold sk be given o the "Eyecutive Commities”
who gave prionity to do work on the DH&C-FR-project.

O beduall of SINTEF Energy Rescarch, | will also take this
opportunity (0 thank "The Research Council of Morway”™
for the fnancial support thai made possible our
participation in “The TEA-Disinct Heating and Cooling
Project”.

The iechnical development in ull countries, on this aml
sdjacen fekds, depend on resenrch co-operation on such
international projects. Amd besides — the benelit froin the
network of professionnl colleagues you beamn io know by
the co-operation is invaluahle.

SINTEF Energy Rescarch, April 1999

Aol

Raolf Lllsetk
Project leider
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District Heating and Cooling
in Future Buildings

Summary

For the future development of District Heating (DH) and
Distnict Cooling (DC) the development of the heating
and cooling consumplion is assumed 1o be an important
Tacior for the economis fepsibility of these iechnologies,

On this background the [EA-District Heating snd
Cooling Project has given priority to a research project
called District Heating and Coaling in Future Buildings.
The main goal of the project has heen i get a piciure of
the expected develoganeni of the heating and the cooling
consumgion in the future bullding siock compared b the
building stock of today.

A simulation ool has been wsed 10 calculpie the heating
and cooling losds and the energy consumption in o
“typical” office building and o “typical” residenial
banlding froam 19920, and comparisons are maie with the
e expected “ivpical™ buildings in 2005+,

The sinmulations are performed for a typical climatic
sifuation in the respective four countrics; NMorway (M),
Finland (F), Germany () and Korea (K).

The input dota for the building struciere ane based on the
national building codes in the respective conniries. The
input data for the local climaie are based on o
standandised  “referemce yvewr™. A slide im ihe room
emperafure from 21°C w0 25°C s accepted  before
conling is introaiuced,

The results of the simulstions are presented by so-called
duration curves and figures with comparative resulis for
the heating and cooling loads and the heating and
cooling consumption. Equivalend time of maximom lsad
i% also calculated, and the effect of an altowed shding n
the room iemperatuns befone conling 5 mgrodocad is shown,

Based op the results from the simulations, the project hus
also focused on some subsidiary goals:

Bodoction of chectric energy consumplion anid peak
power by DO compared o conventional local
cooling plams

Primary energy savings by DH compared o focal
heating systems

Environmeninl benefits from DHEDC cosmpaned o
Pl heating and cooling plants

Somie exarnples of the resubts are shown in figae -8,
The simaslated lood figures sre mean oy values.

The projeci has been performsed sl SINTEF Energy
Research (M) with project support from YTT Bulding
Technology (F). Frunholr UMSICHT (G) and Korea
District Heating Corpormtion (K.
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Figure | Duration cirves far heating and
cooling for & = 1990 oifice building™ in Helsinki
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Flpure 2 Duration curves for heating and

cooling for o =2005+ affice building™ in Helsinki.

From figure 1 and 2. we can sec that the heating and the
cooling loads are expected 1o decremse by 2005+
comparcd (o 1990, The main reasons for this is in this
case # better insulated boilding envelope and 4 reduced
afl of ventilstion i,

Figure 3 und 4 show the specific values for the intal,
yearly heating and cooling energy consumption for the
edlice buildings in the respective (our countres
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Figure 3 Specific values for the total, vearly
heating energy consumption. Simolated values.
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Figure 4 Specific values for the total, yearly
conllng energy consumption. Simulated values.

The reasons for the vanntions in the simulabon resualis
from case 1o cise are of couse o combinatien of a lot of
different fnetors,

The shight increase m ihe iotal heating consumption for
the 2005+ building in Odlo s cowsed by a new building
code, which demands a cenain amount of ventilmion
even al night due 1o the contaminanis from the building
materials, The redvced cooling load for the Oslo
building is mainly cased by reduced ventilation rates

The reduction of ihe ol hentiing consumpion for the
2005+ building in Helsinki is mainly coused by an
cxpected better insulation of ihe building envelope,
especially Tor the windows. The ventilition rates ane also
redieed.

The low walues of the iotal heating consumgtion for the
office building in Oberhausen is caused by the fact thal
no mechanical ventilation wre snticipated. For the 20054
building the building envelope is better insolated, The
high values for the cooling consumption in Oberbausen
are manby due o the comparatively warm summer climate

The values of the iodal heating comsumption for the
affice building in Seoul nre parily coused Yy the climatic
comdittions, The fact that o mght sethack of the room
wmperpiure 15 anucipaiod for the Seoul case will also
reduce the heating consumplion. The more or less steady
valoe for the heal comsumphon from 1S90 o W05+ =
caimed by the et that the effec of an anticipated betier
imsilathini i couneracied by in increased seatilation mige.

Figure 5 apd 6 show the durstion curves [or the
resideniil buibding i Oberhousen, In both cases jusd
naiural vendiladion is antickpated. The main ressons for
the decreass of the henl consymplion for the luise
building mre better insulated building envelope and an
anticipated lower infiliration e

Figure 7 amd & show the specific values for the tistal,
:,.'cu.rl,' henting aimd 1.'n|||:||'|'; CACTEY Comsurmplin Tor the
residential butldings in the respective countries,
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Figure 5 Duration curves for heating and

eooling for a “ 1990 residential building™ in Oberhausen
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Figure & Duration curves for heating =nd

cooling for a “2005+ rexidential buikling™ in Oberhausen

Spmc e Hasting Ereigy Carsumpism
Assidariial Bulisling

— | 000
| o

Figiging]  Dhafwasen e

Figure 7
heating energy consumpiion, Simulated values.
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It is commonly known thai the peck power on the
electricity grid in modern cities in warmer climate
nommally sccurs in the summer time whea small, electric
driven, cooling equipment and smaller local cooling
plants are running for air conditioning of residential and
comimercial buildings,

One of the reasons for this is thal smalker cooling equipment
has a bow ratio betveeen ihe cooling output and the electricity

input 1o the cooling compressor as shown in figure 9,
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Figure 9 Efficiency curve for an average
cooling plant as fanction of the size of the motor of
the electric compressor compared to g Carnol process
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From the results from the sumulation o calculation of the
reduction of elecine energy consumgdion and peak
power by DO compared 10 conventional local cooling
plants could be dane.

The ealeculations, which were done for the ollice
buildings, did show that the vearly elecinic energy
consumpion and the peek power could be reduced in the

range of Ml % or higher by DO compared o
conventional local cooling plants

The calculnnions for the residental busldings dad show
that the yenrly electric energy consumption and peck
power could be reduced in the range of 43 % or higher
by DC compared (o local, conventional wall or window
mounled cooling equipment in the Mol

Oine ool the subskliary goals of the work was also 6 ook
upon the possibility for primary epergy savings by DH
compared to local heating systems in order 1o give the
difTerent sysbom a "'|.l|.|.|ﬂjl:rI rmrhmﬁ"'

This s a rather complicated sk, since DH moy he
produced i many different ways. Reduced use of Fossil
fuets was focused in the ranking judgements,

The situntion on the heating market is also very different
from ome country 1o another. Figure 10 shows the
heating systems  for space hest in some selected
couptries. The missing amasinl 0 each coundry (s
prowided by nther sources.
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Figure 10 Type of residential heating in some
selecied couniries Unichal 1995/

As & conclasion a prncipal ranking of the differem
processeds for the heal supply is given s follows (in
order of an increasing e of fossil primary energy )

1. Use of industrial woste heat and waste incineration,
CHP and DH driven with hbiomass. heal pump driven
by baoannss.

Electrical heat pumps, clectrical heating sysiems,
clectricity  from  regemerative cnorgy | sources,
provided that electriciy cannol be el -mlq'hilr at
other bocations fo substitule fossil energy sources
CHP 4 DH by fossil fuels

Heat pump processes (local or in combination with DH)
Condensing boiber

Cis boiler, ol bailer

Electrical hesting (electricity from fossil energy sources)

By the runking of no 4, il s presupposed that the
Coelficient OF Performance (COP) of the heat pumg i
sufficiently high to degrade the noxt on the list,

i O WA s il

Depending on the composition of the generated
electricity (ratio between renewable and fossil electricity
generation) a detadled aseessment with exact prevailing
circumstances s necessary. An energelic assessment of
hest supply systems is only possible and correct if the
clectrcity supply is taken inbo scoound v,

Since the ranking the processes is based on reduced use
of fossil fuels, this ranking will also gives b sirniegy for
pchseving environmenial benefits from DH&C, Caleulated
examples with Finland as reference country shows thal
further development of CHF has the greatest potential
fior reduction of the emission of OO0y, S0y and NO,.

"The emphasis lays on the phrase “electricity from
regenerafive energy sources”. Chly in this case the use
of electricity is destrable. In reality we should expect
beiier possabibitics 1o use clectricity for heating
upplications (for example by electricaty export (o other
COUNRFER ),



District Heating and Cooling
in Future Buildings

INTRODUCTION TO THE JOINT REPORT

The main objective of the present work has been to S0 oul
the new conditions for the futare expansion of DH and DC
that will he caised by the changes thai can be forescen in
the fulure bullding stock, The anticipaled development of
heatimg amnd cooling will be in focus.

It wos decided from the start that the DH&C-FB-project
shoald be performed as a joint project between SINTHF
Encrgy Rescarch, Fraunhofer UMSICHT, YTT Buildmg
Technology and Korca District Heating Corpomtion.

On this background, and for technical reasons, it was
found appropriste 10 make the joint report in the following
fowir paiis:

Pari I:

District Heating and Cooling in Future Buildings

Part Iz

Reduetion of Electric Energy Consumption and Peek
Power hy DU Campared to Conventional Local
Cooling Plants

Part 11:

Primary Energy Savings by District Heating Compared
to Local Heating Systems

Part 1V

Environmental Benefits by DH&EDC Compared to
Laocal Heating amd Cooling Flanis



Part I:

District Heating and Cooling
in Future Buildings

By

Rolf Ulseth Jacob Stang Tor L. Hoel



1. District Heating and
Cooling in Future Buildings
(Part I)

L1 Backgrommd

Eificient wee of energy amd encrgy saving in buildings
wre expected 1o be very focusead areas in the futwre due o
resource policy, environmental reasons, and the fact that
the cost of energy is expected 1o increase relatively mone
than most other products. One of the consequences of
this evolution 1% o constant development of better
bnaulption of buildings

This evolistion hat alresdy - to some extent - changed the
problem of controlling indoor temperateres in buildings
froan being mainly & heating problom io be an inte grated
heating and cooling problem. This evolwion may have
some elfects on the competitivencss of District Heating
and Dristrict Cooling in the fubure,

1.2 Objective of the IEA-project

The main objective of the project b5 to son o te new
conditions for the fuure expansion of District Heating
{DH) and District Cooling (DC) ihat will be cauwsed by
the changes we can foresee in the Future building stiock.
Expected development of the beating and the cooling
loads and coerpy consumplion patlerns are in focus.,

13 The project

The propect is orgamised a8 8 co-operalion  projeci
between SINTEF Encrgy Research (N), VTT Building
Technology (F), Fraunhofer UMSICHT (G) und Kores
Dhstrict Heating Comporation (K), with the project
keadership ot SINTEF, ond with project  suppont
concerning input values for simulations (See page B)
from the other pariners. The projest s monidored by an
“Experts Group™ consisting of appointed members (rom
seven of the member countries of Annex V' of the TEA-
Diaricy Heating mnad Cooling Project,

A basic goal of the project is 1w map the heating and
cooling londs and the energy consumption in & “typical™
office building amd a “typical™ residential building from
[, and make comparisonps with the same expecied
“typical” buildings in 20054, A simulation el i dsed
tor the siudy, The simulations lor the actual countries are
done  (or  the same defined  “siamland”  building
conlguration,

The defined “standard™ office building and the defined
“standard™ residential building has been discussed and
agroed on in the “Expens Group™,

The office buikding has four toreys, with the floor anea
oof 18m » 30m of ench storey, and the residential building
is a row house buikiing with four Mats in each row house
with two storeyx, wilh the floor area of Tm « Bm of eoch
storey for one Mar. The simulmions are performed for a
typical climatic situstion in the respective four countries:
Morway, Finlund, Germany amd Korea,

The input data for the butlding structure are based on the
naticnal building codes in the respective couniries. The
impit dola Tor the local climale are bosed on &
standardised “reference yemr™. The comstruction of the
“reference year” for the different countries is based on
slightly different methods, but this fact has been
considered 1o have no significant effect on the practical
result from the simulations.

In this paper we are presenting results from the
following places in the four countries; Oxlo, Helsink,
Oherhausen and Seoul,

It has 1o be mentioned that the climate may vary quite o
lod within the different countries, Nevertheless, the
resulis should give o good indication on the average
situations in the respective countries,

The simulations are performed with the dynamic
simlation programme FRES, (Flexible Room chimate
and Energy Simuloior) which s developed
SINTEFNTHNLL

Bazedd on ihe resuls from the simuliiions, the project ks
akso some suhsidinry goaks:

Determination of primary energy savings by DH
compared 1o local leating systems

Determination of the reduction of electne cnergy
comumplion and peak power by DC compared 1o
conventional local cooling plants

Determinations of environmental bemefils  from
DHEDC compared 1o local heating and cooling
plants

1.4 Simulatien resulis

It is generally known that the density of the heating and
ihe cooaling comaumplion s one of the most critical
faciors Tor the feasibility of DH and DC systems. The
density in relation o the maximum load demands is also
a very critical factor. The reason why can be scon by the
following equation, which basically describes the otal
ciost per wmil Tor the delvered energy:



= I:'ﬂ

C .I 4

= total specific energy cost ey W)
1, = wpecific invesiment cost (manewk W)
e, = specilb cost of encrgy { miryi Wh
a =anmuily (acior i 1 #vear)

T =eguivalend tinse of mao, hoad (hiourfyear)

This expuation shows that the findings from the simulmed
cases could be very fruitfully compared on basis of the
values of the figure t for the respective cases,

In the simulations i this propect, the room iemperaluncs
are agl in 21°C when caloulating ihe heat loads. The
cooling loads will be very much ing on ihe
maximum allowed room tempermure during the high
load periods. Here we have mainly simulates the cooling
Toad presupposing that it will be acceptable o led te
room lempersiure slide From 21°C o 25°C before
cooling of the room is imrodoced. I cooling is not
imroduced, 4 cooling Joad indicates that the room
temperatune will slide above 25°C.

Faigure 1.1 = 1.8 show resulis from the simulations for
the “standand™ office bailding for the stage of 1990 and
20058+, The figures show w0 the left the so-called
duration curve of the howrly meon valney of the
heating load as long as we have no cooling losd. To the
right in the figures the duration curve af the conling
lonady tn shown. Above the xero line 1o the righl we see
the cormesponding vilues of the heating loads when we
have heating amd cooling loads a1 the sumne time.
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Figure 1.7 (Might sethack of the room iempersture)

T —

ey - RAE
far =
T

. z . “ﬂnth’

Figure |8 (Might sethick of the room lemgseraban:)
Figure 1.9 shows the total, yearly beating enerpgy
consumption {or the office bulding m the respective

counries, and fgure 1LID shows the toial, vearly
cooling energy consumpiion.
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Figure 1.11 and 1,12 show the specific values for the
tninl vearly heating and cooling energy consumption
for the office binbdings th the respective coumnas.
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Figure 1,12

Figure 1.13 and 114 show the specific maximuam
heating anid cooling lads for the office buildings
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The reswsons behind the simulaion results from case o
case are of cause a combimation of a lot of differen
faciops. The slight incresse in the iotal  heating
consumplion for the 2005+ boilding i Oslo is coused by
a new bublding oode, which demands a certain amount of
ventilation even afl might due o the contaminanis from
ihe building materials, The reduced cooling losd for the
Chbo buridding is maindy cosed by reduced ventilatbon mies.

The reduction of the ot hesting consumption for the
2005+ building in Helsinki is madnly caused by an expected
better insulation of the biilding envelope, especially for the
windorws. The vendilation mics are also reduced.

The low walucs of the wstal heming comumption for the
ofTioe buikding 1 Oberhavsen 15 caused by the foct that
nit mechanical ventilation are anticipaied. For the 2005+
building the building envelope is better bnwulated, The
high values for the cooling consgmption in Oberhausen
are mainky dug i the summer climate.

The valucs of the total heating consumption for the
office buikding in Seoul are parily caused by the climatic
conditions, The fact that a night sethack of the mom
temperature is anticipaicd (or the Scosl case will also
reduce the heating consumption. The more or less ameady
Eitusion from 195940 o 2005+ s coused by the fact that
the elfect of on anticipatod  betier  inmulaiion s
counterncted by in incréased ventilation mie,

The fgares 115 — 1L.22 show the mesulis fmom ihe
simalaions for the “stamdand” residential buildmg for the
stage of 1990 pncd 2005+ The figures show so called
duration carves of the howrdy meean vlnes of the
heating load s long o we have no cooling load o the
ke

To the right in the fgures the duration earve of (he
enoling loads is shown, Above the gero ling 1o the ngh
we see the corresponding values of the heating loads
when we have henting and conling foads al the same
time, The values For the ressdentinl butldings are average

values per flat for the four Mas in the simolsied oo
howse.
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The high valies of the heating loads in the Seoul cases in
figure 1218 pod 1.22 are cawsed by the fact thar night
sethack of ihe room iemperaiures are applicd. In these
simulations i is assumed that one hus beating capaciny
available 10 reheat the rooms o the desired value of 21°C
dhurimg ome howr,

The dissdvantnge of this simiegy of mnming the heat
plant is the need ol a very high capacity on the heating
system 0 increase the room  lemperalure in the
IMOFInGS,

To reduce the henting capacity and choose o longer
pericd o rebeal the room might be a better solution for
the overall economy, even if this strategy will increase

ihe vearly heating consumption

Figure 1.21b shows the piciure with ao mght setback of
ihe room lempersiund. The simulations show that the
vearly encrgy consumption will be lowered abiut 20 %
by night sethack compared 1o the consumption with no
aight sethack.

Figure 1.23 shows the total, vearly heating energy
consumption for the residential building in  the
respective countries and the figure 1,24 shows the total

yearly cooling energy consimpithin.
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Fipure 1.25 wml .26 show the specific values for the
[T | 3-r.u.rl:r Energy mnnmpl,ln-u lor heating  and
cooling for the ressdentinl buibdings in the respective
cowdries, aml the lgures |27 and 1.2H show the
apecific maximum heating and cooling loads.
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L5  Eguivalent iime of masdmum load

Tabde 1.1 shows ihe calculated walises of the equivalent

time of maximum load (5) for the sl beating Tor the
olfsce baldimg
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Figure 1.26

Table 1.1 Equivalent time of maximum kol for the
toinl heating (hours'vear)

Tahle 1.2 shows the calculpied values of e equivalent
Uime af maximum load (1) for the woral conling for ihe
office bublding

CHlfoe 3 W) m Ll Helsanki | Obeihmsen | Seoa)
TR Ll 0 I 1330 Tidl
0%.3 l'fé'!" 0 | L 4tHR 714

Table 1.2 Equivalent tine of mavimam load fsr fhe
ttal conling {haurm'year)

Tahle 1.3 shows the calculated values of the equivalent

thmee of maximam loed () for the sl heatmg o ihe
ressdentin] building
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Table 1.3 Equivalent time of maximum load for the
total heating (hoursivear)

Tablde 1.4 shows the calcalaied values of (he equivalent
time of maximum lead (7) for ihe tolal conling for the
residential building.

Revidens 112m’ | Oulo | Helsinki | Oberbauses | Seoul
-1 w | o (1] i
[T Vil 3 ) 50

Table 1.4 Equivalent time of maximum load for the
toial coaling (hoursfyear)

i The elfect of sliding room temperature on heating
and cooling load and yearly energy consum ption

It ois quite casy to imagine thal the cooling energy
comumption will be reduced when we allow 1the room
temperature to slide from 21° C 1o 25° C belore cooling
of the room is infroduced. For the office building in Osko
we see (0 the fgures 129, 130 and 131 how tee picture
is changed when decreasing the allowed slide in the
rocm. empersure from 21°C o 25°C amd down (0 no
slide m all, 21°21°C.
Oiffice 1990, Oalo, 2160 m", 20°125°C
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The cooling load and the cooling energy consumplion
increases considerably when we decrease the allowed
lide in the room temperature. When no slide in the room
iemperdore 15 allowed the hesling cnorgy consumpiong
will also icrease skgnificantly.

Figure 1.32 shows the changes in the total yearly
heating and cooling energy consumption with different
lide of the room temperatare and figure 1.33 chows the
specific values for the total yearly henting and energy
consumption for the different conditions.
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1.7. Conclusions

* Weo have w be oware of the facy that the simulstions
give only theoretical walues. Due 0 non-optimal
construction and operation of the Hesting, Ventilating
and Air Conditioning systems (HVAC-sysiems), we will
normally ohserve other values in practice.

Normally the heating amd cooling consumption might be
considerably higher than the theoretical values,
Nevertheless, the theorctical results should give a good
pictre on the relative vabues. Figure 29-33 should give
n jden of what may happen when the lompernure
control system s wropgly adjusted or do pol work
properly sccording to the planed intentions. In praciice
this situntisn quite often seeins o be the case.

® The simulation resulis w4ll, 10 some extent, be
influcnced by chosces mudle by opinion by & small group
of individuals based on their best julgement. Thess
chokces may of cawse in some cases be debated,

» The results show very clearly the typical effects of the
different climatic conditions in the differemt countries.
We also see the effects of different strategies of unning
the heating systems.

* The consequence of changes in the building codes is
very clearly demmonstraied im the office case from Oslo
The new, Norwegiom building code from 1997 demunds
ihal the ventilation plant ain an office building has o be
run throughout day and night due 1o the contaminams
froan the building materials,

It is hard to believe that the bailding codes for exnmple
in Finlond and Norway will ¢sy as dilfercntly in the
fuiure 28 we sog in the office case.

® The resulis from all coantries very clearly show the
effect of the improved insulation of the walls and the
windows from 1990 1o 2005+

s The equuivalent ime of maximum load seems o stay
more or less of the sume level in the fubure except for the
office hailding in Oulo doe w the new demands in the
new Morwegian bidlding code from 1997,

LA, laput values for the simlatbons

A survey of the mput valoes used in the simulations is
jprescnicd in table 5 and & on the following pages whene
the following terms e wsed;

i = dat firoem Norway - Oslo

£ = dats from Genmony — Oberhausen
{ = data from Finland = Helsinki

k = duin from Komca = Seoul

0 2= daia for oifice buildings
r = diaty for residential buildings

W) = typical data for the year |90
05 = gxpected datn from the yesr 2005+

1.y Relerences

SINTEF Flexible Room climaie and Energy

Simulator (FRES), 1993



Table 1.5 Input values for the simulations - Office building

U-values Ventilation plant Ventilation air flow rate Shading
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Table 1.6  Input values for the simulations — Residential building
U-values Yentilation plant Alr Mow rafe Infltration Win
Simu- | Chuter Ground . H | € [Hrec | Inair | Op . Trans-
ation | wall | B | poor | W J it | coi | ot | temp | iime | LU | Bedr | Livinw | Oher | i,
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Remarks to Table 1.5

The inlet alr temperaiure b5 given &5 b Mt 1 = L Mk 3, Where the
different temperntures are illustrated in

Inlet mir
l:miumum [*C]

— r >
- [ L Cutdoor
L e temperature [“C]

The cquipment gain s based on wsed offices, Le. if |8 persons in the
offices and the equipment gain is 150 Wiaffice, the todal equipment gain
per floor is

| &= [ S0W=2T700 W

The lighting gnin is based on used offices, i.e. if |18 persons in the offices
and the lighting gain is 150 W/aifice, the total lighting gain per floor 15

IR SW=2T00 W

Varying persons in the offices duning the working howrs are moved 1o the
meeting room. If the number of persons in the office is 18/16 pers., there
are |6 persons in the offices during the meeting, while there are 18
persons in the offices if there i3 no meeting. The same vields for persons
im the commion ares

In the column for duration of the ventilaion plant, wd stands for week
days, we stands for week ends, while sat stands for Saturday.

In the column for shading, Cw stands for curtains, VB stands for venctinn
blinds

Kores hus re-circulstion of sir (Rec.air) with a minimum fresh air pan of
20% in the heating modus and minimum 20% fresh air in the cooling
i ies (020.2)

VAN systems in these simulations are ventifation systems. where the akr
Mow varies with the number of persons in the room. In buildings with
VAV - systems, the air Mow is given for occupied rooms and emply rooms,

1}

Remarks io Table 1.6:

R ]

Ini the columns for Duration, "wd™ stands for week days, “we"stands for

;nukmd.i. while "sa” stands for Sswerday, All duration’s are per 24
ORI,

The air Mow rate mighi be separited in two, which means that the air flow

rate is separated in two different flows during the day, see ',

I an air flow rate is indicated withowt a ventilagion umt, the room is

ventilated directly with outside air, for instance through a Nlapper valve

All binldings have curaing as shading in the windows,

The equipment gain is separated in two, the left part yields for the hours

shown in the column Dwration, the other pant for the remaining howrs.

The duration for the occupation, lighting gain and equipment gain is

separated in two, one in the morpinsg and one in the evening. The total

duration during the day is the sum of the two numbers.

The kitchen ventilator mr flow. It only wsed one hoor while making
dinner. The ventilation air Mow o the kiichen ventilator is sdded on the
ventilation air flow that is supplicd 1o the livingroomikitchen.

The ventilation air flow ventilate the bathroom while it is occupied.
The bathroom has an infiltration rate of 0.6 b,

The heating scf point tempernture is st low during the summer Hime to
avodd heating in the sumdnes e,

The cooling w2t point temmperature is sl high during the wimertime to
avoid coaling in the wintertime.




Part I1:

Reduction of Electric Energy Consumption
and Peek Power by DC compared to
Conventional Local Cooling Plants

By

Rolf Ulseth



2. Electric Energy Consumption and
Peek Power by District Cooling
compared to conventional local
Cooling Plants (Part IT)

Ituwmuhwmtnhwpﬂ
m modern cities in wanmer climole normally coours i the
summer Ume when small, clecne driven, cooling equipment
and smaller bocad cooling plangs are running for air conditsoming
ol resadential and commencial bidkdings

Oine: oof the: ressons Tor this §s that smaller cooling epupment s
i lerw i Between the cooling outpul and the clactnicity input 1o
the coling coampressor,

We may uwse some of the simulation resulis fom Pan | o
exerrplify im oo terms o distnict conling plants will reduce
electric cnorgy comesumption and peck power by Districi
Cooling (D) compared 10 conventional becal cooling
plants.

21 Efficiency of cooling plants

Frnee 2.1 shows, compared o a Carnol process, how the
efficiency  increases. with  increased  sie of (e
conmpressod (ke incrcased cooling plants) for an average
cisnlimg sysierm.

Efficiency of compnessor drivan cooding plants
coumpared o the Camod procoss

i i | ] i i

& oy a4 a8 Y X & W@ :l:l:lll:l:lm:r:nml
F.l.....lm aieten VEI |

Figure L1

Some systems mdgha be mvore efficien and some might
b prrwwer than elwovwn in g 2.1,

1.2 The efect of D in allice buildings

We choose here 10 use the resubis from Oserhausen
shivwn in the figures 1.5 and 110 for office buildings,

For o cooling plant in an office building with a totl
manimum coolimg load of 50 KW, a chilled waier

sysiem with two coinpressors, cach with a cooling
capacity of 25 KW, would be a fairy common cholee,

M:mqﬂmﬂﬂ“m.mnﬁhﬁhﬁ
cooling sounce for the condenser, it is assumed that the cooling
process shouhd be working in the range of 5 °C in e evaponsior
andd in the range of 35 °C in the condenser ns the ypacal
sifrewion

These conditions will, scconfing to figure 1.1, give an efficiency
Tctor, T, i the rnge of (42

Then we will have the following Cocfficeent O Performance
(00 for the: conling process:

CGP_TL'-ZE =042-93=39

Witk this conditions the peek power of the twe electric motoes
for the P compiresaons will b

Pua=2. 3% ~ 13kW

=y

This will be the peek elecire power for the cooling production
oot thez sirsggles “saandand”™ office butlding.

Asceming that the office building woukd be conneciod o a DC
wysiem, and pssuming that the working condigions for the
compresson: woukd be similar, the elficency i, 1, will be
in the mmpe of 06 or higher alrendy with ten “sinrukand™
Puaildings connecied to the district conling syslem,

The COF, wall then al least be i the range of 5.6 or higher and
the peek power for one building wall be:

S0
5,!5

The sceonal decine erergy efficency will be somewlil
differcet. from the figures of 1, wsed bere, bul fior rebtive

ol the yearly energy efficiency of deflerent plant
sires this will be of mmor mnportance. Wie should abso bear in
prarnd D that the sesmonal eloctric enengy efficiency iends o be
relatively hgher when the e of the plant moneees.

~ 9kW

e

.Pﬂ',pﬂ'l



L3 The elfect of DC in residential baildings

We choose also here 1o use the resulia from Oberhinsen
shown in the figures 119 and 124 for residential
bhuikdings.

For the residential buikling 2-4 wall o window moumied spls
units, with air cooling of the and the conderser,
winikd be 3 common chokee of equipsment for the indoor air
wsing

We moy asunme bere thol the oypical lempenions 0 the
evapornion and the conderser woukd be in the anpe of 15 °C and
4 "C respectively. With these conditions, and assuming tree
units in ench flaf, we will have an efficiency Bacior, 11, in the
cange of (L33,

Then we will have the followsng Coclficient OF Performance
OO o ihe conding: process;

273410

COP;=1),-~—0

~033.95=32

With thes corditions the peek power of the electric motor fior
the tree compressors will be:

1,7
P I-=3.
f 32

~ 1,6kW

I ihe fla was connecte] ko the sane DC-syaem @i the
exarmpie under poant 2.2, the COP, wall be in the e of of ke
5, el the poek poser lor one building will be:

%2
Pﬂ'..rlﬂ'l = 5 'ﬁ

~ 0.9kW

The sl elecmc enerpy elficeeney will abse in tis oee e
witicwhal differcnd than the Rgures of 1, but for neisive
comparison of e yeady energy efficiency of differend plan
s thin wall be of mEmor importance,

Wi sl here love o bear inomind thal the seasomal elevine
cnerey efficency tonds i be relatively higher when the ke of
ihe plant increases.

L3 Bome concloshons to Part 01

* When drawing conclusions from these examples, we
have 10 notice thal a lot of different factom will have
sime ifluence on the resulis from case 1o case.

In spiie of that, the effect of the plam size on the
cificiency 15 o significant, that we are here talking
about on effect of different magnitde compared 1o other
effects that might have some infloence in this conlex)
when the other conditions are kept equal.

#® The caleulations done here for the office buildings
shiovw that; The yearly electnic energy consumption sond ihe
peck power could be reduced in the range of 30 % or
higher by DC compared o conventional local cooling
planis.

* The calculptions done for the residential buildings
show that, The yearly clectne energy consumpiion mnd
peck power could be reduced in the range of 45 % o
higher by DC compared to local, conventional wall o
window mounied cooling equipment in ihe Mat

* When presenting these comparisons, we have i mention (e
a DC-system will noed s electric power fior the pumping of
ihe waler in the DC pipelmes. This neod of clecinicity will
hevwever be compamtively small and i ancther magninae than
ihe figires we are comparing here.

* The fun powes for the cooling equipment in the rooms shoukd
also be mentioned, This power need should pormally be the
same o e by DC-gywiems ihon for the sysierms we e
cormjpared in thes conis

Ithmmnuﬂuﬂhmhﬂwﬁgmﬁm
e pripedines dhroughoul the year is neglecied in this conyuansom
This polentinl loes will be very much depencing of the lying of
the piping sysicm

When the pipelmes s ladd dimctly in the sl the waer
fempeerniure in the pipelmes pormally will be in the sume onge
i e il tewrgperature o even below the sl termpemiane on the
average.
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Abbreviations:

EFLH
elHF

—_—

GTOC

HPP
HRESG
MCFC
PAFC
PE

SNG
S0FC

w.0

Absorption Heat Pump
Block Heat and Power Plant
Combined Heat and Power
Coelficicnt of Performance
District Cooling

[¥strict Heating

Denscte Incitiat e Normiag (DN
Siandonds)

Equivalent Full Load Hours
Eleetrical Hem Pump
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Fucl Cells
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1. Introduction (Part I1I)

This reporl 8 one parn of the TEA rescarch project
“DHstrict Heating and Cooling in Future Buildings”,
The main objective of this project ks to perform joimed
rescarch (o som oul the new conditions for the futore
expansion of DH aml [ regarding forthcoming
developments in building stock. District heating with
CHP-plants and district cooling ore considered as those
energy supply systems with the largest primary energy
saving potential for industrial notions and the biggest
reduction of environmenial damage. The following
points, which have an essential influence on the design
of future energy supply systems, ard discussed in the
Frume of the mais propect:

& Develogment of heating and cooling load and
Encrgy comsumplion pailesms

o  Potential for increased energy efficiency and encrgy
savings by fining new and older local heating and
cooling plants inte parts of DH and DE systems

= Enpviomnmental benelits of the increased emergy
efficiency by DH and D compared 6 el heating
and cooling plants

The following part cxamines the posabilivies for
primary ¢nergy savings by the use of district beating
sysiems in contrast 1o Jocal hepding svstems,

The report is divided into five chapters. In chapter two
ihe system components for district heating generation
andd distribution sre described, The combined heat and
power generation (CHP) and o bref description of Tuel
cells are preseniesl. Furihermore, the possabilities for
heat pump plants are conssdened.

In chapler three ihe differemt ivpes of bocal heating
systems are described, Apant from the typical systems
fired by fossil fuels. absorption and clecirical bea
purtsps mre also considered,

In chapier four the different systems are comypared
primanly from an epergetic poant of view, The
encrgelic evaluation of sl gemeralion with CHP s
problematic  and  different  valuation  methiods  are
therofore described briefly

In chaprer five a shon summary and cvaluation of the
rosulis of ihe report will be given. However, a

favournble evaluation of primary energy savings can
only be made under o specific enorgy requirement
sibuation mnd avatlable Prmary cnergy sources

For a primary energy evaluation of the different
processes the Tollowing details are needed:

For the CHF process:
ehectrical and thermal efficiency, power and hoat rafio
and the influcnce of the wemperature

Fior L¥H:
thermal efficiency of the DH distribwion and mtio
between hase amd peak load

For local heating:
boiler and todal boiler elficiency / COP and COP,,

All daia in this repor are given for the net calorific
vilue,

1.1. Situation of Heat Sapply Werld-wide

'Mhe heat supply of buildings worldwide & still matnly
guaranieed by fossil fuels. In Burope however district
heating supply has increased in the lasi decades 10
reduce the primary energy necd by using combined heat
and power plants (CHP).

Fig. | shows the heating systems for space el in

selected Ewropean countrier. The missing amount in
each country i3 provided by other sources,

- F

o DR o
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Figure | Type of residential heating i selected
countries /) f

Diarier heating is used primanly i Eastern Europe,
Clermany ml several Scandinnvian countries. Elecircal
heating wysiems are spread  particularly i those
countries in which the electricity is mostly peoduced by
hyilropovwer ar meslear energy
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Figure 2 Primary cpergy to prodece district heating /17

Fig. 2 shows the {npul primary encrgy sources for
distnict heating generation, In lcelund distnct heating
prodisted by geothermal encrgy is predominantly wsed
In Finland the share of the other primary encrgy
congists mosily of heal generation from pead. In
Morway district heating is produced partly electrically,
Sweden hai 4 particwlardy interesting composiion of
DH. Besides the classic primary energy sources (coal,
wil, jas, refuse), there s DH from repeneralive power
generalion, too (biomass, peat). In addiion, hes pumgs
and industraal wase leat are used in large-scale units
{see Fig. 3)
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Figare 3 Primary energy used for district heating in
Sweden £/

Fig., 4 shows the dwinict heating prouced 1995 in
different countries. The hbeat produced with CHP s
marked black; Large networks in Enrops were sel up in
many Easi Eusmpean coupirics and i Germaiy,
Sweden, Finland and Denmark.
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Flgure 4 Heat prodisction (e district heating £

Fig. 5 shows the primary enerpy sowrce (or the
electreeily production. In Sweden and Framce ebectnicily
is predominsnily produced by the nuclear energy, while
Marway and Braml use their peographical sdvaniage 1o
prodoce. eleciricity  moktly by hydropower.  How
clecinenty is generaded i o main crenon to calcalate
ihe primary energy savings of CHP-processes.
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Figure 5 Primury Encrgy for electnicity production £/
1.2. Situation of Heal Supply in Germany

The final encrgy consumgition of private houschobils in
Germany @5 0 more as 7% by space heating
iFig. & M0 I is =il about 3066 of the ot cnergy
coneEnpikst /5 and ks produced by the coorgy soirces
shown in Fig, T A

Since reunification, the share of district heating has
incremsed clearly because the districy beating bus o
much larper markei shore in Hast Germany, Disinc
heating now provides about (2% of the iotal heat
|h|l'.|1!1|.'|[i1|r|:

Apart fromy ihe disirici hewting the share of ool has
alen increaced after reunification. The reason is that
oy local k=ating systems in East Giermany are still
fived by brown coal, This share 15 declining as expecicd
apd wall dinuimieh further
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Figare 7 Dilferenl emergy sources fof heating of
residential buildings (Germany)

Unhke distnor beating with CHF  plans,  which
stagnates in Germany ab e moment, the share of the
CHI wath block heal and power planis (BHPF) log
single units increases, Especially those units with large
heat  base  loods [E.E- Tn'tnqlll.ﬂh, FWInmmIng |I|‘!|1.1|.£
shoppang malls and also smaller neighbeurbonds amd
inclusiry ) are inferesting for the e of ["Hl'-p‘mmnm

Al thee end of 1996 about 3000 BHPPs were netalled
with a performance of approximotely 160 MW, amd
about 300 gas  jurhines with & performance  of
4000 MW, This coresponds 10 a share  of
approximaiely 5% of the German electricity generation
Wih the actual growth an merease wp 1o 0% s
expoecied in fulure
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Figure 8 Arca of the use of BHPPs 71



2. District Heating Systems

The term "Distnet Heating” s wsed for the central
generation and distibution of hest by ot water oo
steam 1o provide henl and warm waler for residential
The advantage of distnet heal for ihe cusiomer 1 the
simple availability ond the good supply puaraniee; the
cusiomer needs no own beating syeleme In addinon
district heating supply results in 8 redoced encrgy
demand by cfficient use of energy, and therefore in a
reduced consumption of primary energy by wosie hent
witlisation of mdustnal processes or CHP -Systems.

2.1, Combined Heat and Fower Planis

The simultancoss  generalion  of  mechamcnl  or
clecirical encrgy and uselul heat in one plant is called
Combined Heat and Power process (CHP)L Al heat and
power engines and combustion engines are suitable for
the CHP-system. By using the CHP-syziem the demand

of primary enery can be redoced elearly companed 1o
the separate generation of electricity and heat.

The disndvaniage of CHP-systems is that ihe demanad of
freit anel electmcity of the customncr can devinte strongly
from each other, whereas beat and eléciricity is always
jencrated ol the same time. To use CHP in the most
elfficient way, the hial demand is divided into base amd
peak Iosd. Only the bnse load s genermied by CHP
plants, while the peak load demand is provided by peak
bnilers. Additional heat storage sysioms are sonsetimes
iniegrajed o the DH neiworks o puorantee longer
utiliaiion penods and higher efficiencies

Typical CHP systems ore sicam turbine and gas torbine
heat nmad power plamis, However in the (viore an
increased use of el cells can be expectad,

Heal pump plants sre also used W provide heat. They
e especially interesting, if clectricity and waste hem
wre gvailable under good primary eserpetic conditions
png sdditional heal sources with a high lemperature
level can be scquired with moderate cosis (eg. from
rivers o wastewater fromm industnpl processes),

LLL Steam Turbine CHE (STC)

Independent steam turbine power plams (1o, steam
turbimes which are not just & component of a larger
planty ore available in sices mnging from 5 MW, o
over 1000 MW, amd are the most common iype of
power plant in use workd-wide. As 0 component in a
lorger pland, stenm wurbines are available in gizes of less
ihun 1 MW, One ol the sbvantnges of this lechaology
it the ability w0 wse o wide variety of fuels, including

wilid fucls and waste materals. The basic elements of
steam torhine CHP are illustrated in Fig. 9, and can be
briefly desoribed as follows.

Fuel and pir ore combusied in a boiler generating
steam. To increase the efficiency of the stemn turbipe
cycle, the steam is pormally superhented, The sicam
exits the boiler and s direcied (o the steam Durhime,
where the steam expands through the turbine, turming
the urbine blades, which are connected 1o the electric
generstor shafi. In & backpressure turbine, the sieam
fed into a heat exchanger where thermal energy is
irnnaferred sl o relstively Jow pressure 1o the disirict
heating boop. If higher pressore steam is required, some
steam 1 extracted through ports in the turbine prior (o
full expansion of the turbine exhaust, In o condensing
turbine, the steam s condensed vsing a cooling Tower,
ground water or surface waler, exiting al less than
atmospheric  pressure, Since  furbine efficlency s
directly relwed o e difference between inlel and
exhaust steam pressures, condensing (non-CHP) turbise
planis provide the highest elecine efficiency.
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Figure % Schemaiic for CHI" with steam turbine,
including o condensing tail narbine

As illumrated in Fig. 9, some CHP steam trbine plams
include a condensing (il twbine (the low presose
lurbing v ihe figured o incrense the elecine putput
regandiess of divirict heating demand. In some sicam
turbine plants & reheat cvebe 18 wsed, i which steam s
extracted from the (wrbine wmd rehenied  during the
caipansion process. Reheal cycles, with one or twe
rehent painds, improve the overall thenmal elficiency
because the average (emperature of the heal supply is
inereased. Steam furhine planis wsually also inclode a
regenerative cycle in which steam is extracied from the
urbine and used 1o preheat boiler feed water 87



Tabie | Technical datn for steam turhine heal amd
power plants

types back pressure HPP
extraction condenxing HPP
unconrolled extraction combensing

| performance 5 - 1000 MW,y

Tscls all fuel types (coal, oil,
hiomass, ... )

elec. efficiency upt tix 45 % (total condenrsion)

el 15 - 35 % (wath heat extraction
e 825 - BR &
ture level | 60 - 200 °C
of heat exiraction

infleence of heal | n,, = consi,
CRAEAEL AT ng =0350 T, = 60 °C
ngm 0,2 0 T, = 200 "C

operating method | total condensing operation

tstal CHP operation (haek pressare
HFF)

vanahle operation

power i heai 03.-07
mali o

1.2, Gas Turbine Combined Cyele / Gas
Turbine Cyvcle

The gas turbine combined cycle (GTCC) as well 2 the
simple gos turhine cycle (GTC) are increasingly
conmen configurations, Fig. 10 illustraes an example
of a combined cycle, showing components for both
condensing  and CHP  oplions.  Tempermures  amd
pressures vary depending on the paniculss combined
eycle configuration. This figure shows one example for
illusirative purpases,

Naturnl gos is combusied in the gas urbine, prodocing
elecineily and hot Mue gases. The hol flee gases enter
the Hemt Recovery Siemm Genermtor (HRSG), where
beat is recovered 1o produce steam (amd, in some CHP
operations, ot water), Outpat can be inorcased through
supplemental  firing, in which  addiions]  fuel s
combusicd using the high oxygen content in the exhast
gos. Supplementary firing can moprove the overall

Table I Technical data for GTCC and GTC

officiency and clectnic  cfficiency ot part-load
conditions.

Steam is usesl to produce mkbitional clectnicity in a
sieam lurbine; in the exmmple shown, 32 MW, in
condensing mode. The steam cycle wsually has 2-3
pressure levels; the higher steam pressure to cnhance
the electric efficiency and the lower pressure (o
enhance the heal recovery efficiency. To increase the
averall efficiency & district heating economiser can be
tnstalled in the HRSG.

Figure 10 Schematic of n gasfired combined cycle
CHP plani

The GTOC in condensing mode cun reach an eleciric
elficiency around 50%, with an efficiency above 55%
possibile in larger facilities with maltiple sleam pressune
kevels. The design of particular facility is based on an
optimieation relative o a higher overall elficiency and
the midditional eosl and complexity of more sleom
pressare levels,

Iypes GTC .
rHance I - 150 MW = 2 1
fucls gus, oil, gasifred fossil fuels L oul, gasaficd fossil fuels |
clec, elliciency (net) 25 - 3545 43 - 56 %
Lol efficiency £S . 00 B K2 . I}I'l!'.l
\emperature level of heal extraction | 50 - 400 "C 400«
influence of heat extraction = 0,9, T, = RO *C n...=ﬂ Ty =80 °C
R = L8, To= 250 °C I!..=l1 -_.'l = |B0 T
My = Constant Ny = .5 =40 °C
g =038, T, = 130 °C
operation mwethod aperated n.'-u,-n'd'i-ng to the heat | power nn-mrding b thee
f power demand
power and heal ratin o 0.4 - 11,65 0E- 1,




.15 Block Heat and Power Flant

Block heat pnd power plants are CHF planis with
combustion engines. In generd they are fired by diesel
or natural gas but also wllow the possibility to wse waste
nnd biogos and gasified wood. Their main advantage is
that they can be installed very close 10 the customer and
the produced hedl can easily be distnbuted 16 local
heating sations.

TR
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Figare 11 Schematic of BHPP with Gas engine

Table 3 Technical daa 1o BHFPs with combustion engines

BHFPPs can be diviided into the follvwing groups:

«  MNormal and hot cooled BHPP - engine

= Oto engine / dicsel engine

*  Differentintion by fuel (substivate natural gos
(SMG), diesel, oil or natural gas)

At a BHPP the iemperniure level for heal gencration

from waste gas is about 60 "C and from cooling water

around 90 "C {cylinder or oil cooling) With the

separation of the beal sources (waste heat and cooling

water ) il i possible o generate steam with BHPP.

The eleciric efficlency of BHPPs can reach more than
40% especially for larger dicsel BHPPs. With a
combined  generation of  thermal  energy  todal
eificiencics up to W% are possible. Since BHPFPY only
offer poor part load efficiencies, eéspecially gas Ot
engines, the total performonee i often split into several
modules, Depepding on the required heat, the number
of working maodules can eagily be adjusied.

Hot cooled engines have lower thermal efficiencies
(sbout 50 - 35%) than normal cooled engines, because
the temperniure level of ihe cooling oil is higher and
the oil is conled external.

The muximaim cooling waier outlel lemperature of hot
cooled enganes 18 abowtl 120 *C. Purther heating can b
realised with wasic gas heat cxchanger. The cooling
water of normal cooled gas engine is heated wp 0
BS-90°C

Ty hot cooled engines (up o 120 °C waste hest)
normitl cooled engines (dp to BS °C waste heat )
obo engines, dicsel engines

performance 0,05 - 50
{Ditics eng . io 2 MW,

faci natuea gas, SN, govified fucts o

elec. ellichency (nel A - 44 %

1ol effickency H5 - BE &

temperature of heal extraction o - 200 °C

influence of heat extraction My = CORSL,

fny =035 0 T,=60°C
=02 ot T,=200°C

pperation method

opermed sccordimg 1o power demand (with emergency
csnlin ::lﬂla:fml i hent demand

hend 1 power i a

043 - 26




2.1.4. Fuel Cells

Fuel Cells (FC) converi chemical energy directly into
power and heat. This kind of CHP iechnology
represents & new development. Only soime syslems of
FCs mre svailable ot the moment. Because of their
advantages compared 1o standand CHPlechnologies
and their potentinls 10 extend the field of application of
CHPF, they are discussed here.

Because of the direct conversion there i3 no limitution
by the Camo efficiency and therefore electric
elficiencies above 6FE can be reached. Today, most
available cells have an elecinc elficiency of about 405,
which can decroase o 0% die 10 ageing.

The 1ol efficiencies of FC are comparable 1o BHPPs
with low performances. only the electnc efficiency s
higher. Apan from the low cmissions of harmiul
substunces and noise, fuel cells have the advantage of
poodd part Toad conditions. Therefore FC-CHP plams
catt be designed for much higher base losds than
conventional BHPPs and modular-type design is ned

The developmsent of the Phosphoric Acid Fuel Cell
(PAFC) has progressed lately and the company ONSI
Cop. can offer modules with performances of 200 kW,
sipce |95, 69 umits of ithis type were in wse i (4497
anil the iolal working time of all umis exceeds
SO0 b A, Phosphoric sced @5 tmken s oon
electrolyte, The working temperature: of those anils is
about 170 - 200 *C. PAFC are running with notural gas,
which needs 10 be reformed with steam at 2 iemperature

Table 4 Technical data for feel cells

of 700 - 900 “C. After the following shift reaction al
400 *C the gas of COy and H; can operate the fuel cell.

Flow iemperatures up 1o 75 °C ore possible with
PAFCs (high temperature extraction is also offered
with 120 “Cf70 “C). The return line iempernture shoukd
be between 30 and 50 *C. In the neor future PEMFC
(polymeric electrolyle  membrane fuel cells) are
expected o supply decentralised district  heating
networks. The Canadinn Company Ballard {2 testing a
profoivpe with a performance of 250 KW at ithe
moment. By the end of 1999 4 unit with 250 kKW will he
insalled in Switzerland. 18 is considered that in the
fuisre PEMFCs can be wvery inferesting for
decentralised CHFP plants withowt complex  district
hewting inetworks (concept from Sulzer-Hexis),

MCPC (Molten Carbonade Fuel Cell) have bheen lested
by the companies MC Power and ERC with 2 MW and

250 kW protolypes,
A pilot praject from MTU Fredrichshafen with a

300 kW protolype has just started in Germany with
MCFC. They are normally chosen for base load
operation because of the high enerpy demand 1o heal up
ihese FC in the starting period. They need o conlimous
COy supply. Therefore gases. wath a high coment of
COy (SNOG, biogas, gasified focls) are particularly
suitable.

SOFC (Solid oxide fuel cells) are still m s initial fest
stage. They are expected to realise hagh electnc
elficiencies with a  simulinneous  process  sleam
generation (he elécine efficiency |s higher dus 1o s
internal gas reforming).

1ype PAFC PEMIEC MCFC SO
p—— SOKW,- I0MW, |5 000 KW, 10~ 100 MW, SKW, - 100 MW,
ircad)

lwcls naturil gos natural gas, SN0, hyifrogen, meihanol, | natural methannl,

{hydrogen) {hydrogen) 5, matural gas g:.l'r-!'md'::n!,
hydrogen

elec. efficiency

{logal, incl. A% up b 455 0 - 55% 20 - 60

reformin

 thers jency | 43% to 4T > 40 & up 1o 40 &

teimp, bevel of head | BO °C /1200 *C 1°C el i il

eatraction

wirking ; 200 5C e 65s0 C RO - (el =

influence of heot M = CONALIng

extraction ng=0.42 (T=50 "C}

! ng=0h 13 {T={ “C})

operinon metwkls | sccording 1o power according 1o power pocordingt 10 power pocTrling [0 pOWer
demand demand demand desmuand
pccording to heat aecording bo heal pecordifg to lweal mecording (o heat
demand ilemanc| demansd demand

power o heat rabo | about | about 1 up 1o 1.5 0o

stage of available on market demonstration, begm | begin of gin ol

development ol comi T demonstration demonstrition

applications BHPP BHPP, local unit barger plant ] . local i,

larger EEN




1.2, Heat Pamp Plants

Heat Pump Planis (HPP) wre used instead of or
combined with conventional heat and power plants. In
combinaion with BHPPs they are often called iotal
ensrgy plant or tandem plant. Comgpared o standard
BHPP: with constant heal to power ratlo o , heat plmp
panis offer a variahle matio between heat and power.

The following heat sowrces can be used for heat pump
plants:

Industrial waste heat

Sen or nver waler

Girotnd vater

District hesting supply or return line

I distriey heating i5 wsed o8 o heat sodrce, the leat
pump only tronsforms the district heating 1o the desired
temperature kevel. 1 is interesting for customers wath a
need of high tempersiure hest or bo extract heat at a low
district lealing temperaiure. Bapecially thermal-driven

Table 5 Technical datn for heat pump plants

1]

plsorption heal pumps offer & gosd opporiunity from a
primary energetic point of view. Electrical heat purmps
o well as absorplion heat pumps are suitable for heai
pump plants (see fI0), The datn for beat pumps is
given in chapier 3. Because of the larger design and the
mawe favourable working conditions, (especially higher
temperature bevel of the heat sowrces) heat pump plants
may affer higher COPs. The following tahle 5 shows
the Tigires of heal pumg plamts.

Electrical-driven HPPs are an interesting optien for
comntrics with electricity produced by hydro or nuclear
power. Thermal HPPs e best used, when wisic heat
on @ temperature bevel of 120 - 200 °C s available,
Another inercsting aliermnative is the installstion of cold
disirict heating neiworks. The supply line temperatures
are dropped 1o 30 = 40 °C and electrical beal pusmps @
the customers’ sile fise e lemperatire individually o
the destred level

[Type clecincal fmechanical HIT ihermal HPF
% 08 - 10 MWy
iy energy eleetricity thiermal energy

botween |20 - 200 °C}
refrgerant ammonia (K 717 B 1244, water - mmmonia, water - LiBr

R 134a (R 114} I l
eoefficient of performance |33 = LT (exel. elficiency ol
(OO bisrmer), 1,2 = 1.4 (incl.
. elfichency of burner

temperature level of heot | 3 - 40 °C 4-407C
el 1PN

40 - 100 °C

hll::"maun level of uscful | 50 - 83 °C (120 °C with B 114)




L3 Heat Plant / Heat Distribathon

In district heating sysiems peak Joad hewt planis are
used bessdes CHP-planis for economic and operational
reasons and io guarantes unintermupied service.,

Because of scasonal and daily variation, the e
demand is divided into base and peak load. While the
base |oad i often proveded by CHP, the peak load is
mogily generated by peak boilers.  Aliernatively,
conventional heating systems (electricity, natural gos)
al the cuslomers” sile can cover peak load. This sysiem
is pogrular in the Meitherbinds. Another possibility is the
use of long- or shori-term besl siomge sysiems.
Depending on the type and sire of the storage
mdditional hest fosses hos 1o be sccepted.

A classification of the beat demund into base and peak
losd is necessary for cconomic reasons, because only
charing base lond the equivalent full load hours {EFLH)
are large enough lor copital inlensive CHP-plants. A
CHP-plani designed for 50% of the maximum heai
demonid can supply more than W& of heat, depemding
on the demand chamcteristics.

To cover the peak load, oil-fired peak boilers are ofien
used. Although higher wariable costs have to be
considered, they cause lower fined costs, Chher Decls
can alwo be mkem into account: those boilers are
deseribed in chapler 3.1,

Heal planis fired by natural gas redch total efficiencies
pbout B3 - 90%% including heai bosses of the botler by

operilion sofp

Table 6 Technical data for peak Josd boilers and heat

distribustion

| boiler:

range of performance | (L5 - 30 M'W‘

dnving energy electmcity, otl. nilural  gos,
coal , momass

design 30 - 'ﬁﬁ ol maximum DFH
performance
5- of heat supply .

total efficiency Kl - 0%

district beating

distribution: s .

dustribution ellicee RS - (L,95

tenaperaiures lmm]- L IE R

v I8 = (L




3. Local Heating Systems

Local heating sysiems ang sysems with decentrilised
heating. The Tuel or eleciricity is fransponied o ihe
customeer wngd transformed 0o heat w the customer’s
ploce. Local heating systems are:

= Hewting systems with fosal fueels (heating with gas,
ofl, wood)

# Electrical dnven  heating  systemw  {elecimcal
storage heating, dicecy heating)

# Hewt pumps (gas fired absorplion heal puamps,
electrical heal prumps)

3.0. Weating Systems with Fassil Foel

For the energebic asscsament of heal generading unils
elficiency is defined ax ollows;

o

eql B =—=l-(g,, —qs—4q,—4s)

!

The efficiency of the bailer My is the ik of the boiler
performiance and the primary epergy input (enthalpy
Mow of the fuel). It includes the osses from wasie gas
(Qug) mcomplete burning  (ge),  comvection  and
raddiation (g} end unburmed maienial o the finng
residue (i

For conventionil gas and oil hemiing systems wasie gio
losscs and convection and radistion fosses are the
fundamental losses. Incomplete burning and wnburned
mmlerial have (o be constdered when firing with wood.

Waste gas losses are determined by the waste gas
bernperabure, heul losses from copvection and radiation
by the quality of insylation, boiler iemperaiure and
downiimes.

Muodern botlers have reduced wasie jgas losses 1o aboul
B (wmste pod tempersires of 160 °C) condensing
botler to 3%, Convection wnd radiation Insses have
dimimished to 1-2%,

The total elicieney of bilers T, & the ratio between
ive penernted useful hest G and the foel inpait hesn Oy
i o defined period. Modem boilers have o be
compared with the standardised efficiency. T, o0
described in DIN 4702 °, 1 is weful for the energetic
museasmnent, becmsse  pat losd  conditions  anel
doemtimes of the birmer are already considered

! The standardised bailer efficiency is calculated for
five different daily average boiler efficiencies for five
ifferend part loud situntise.

For the evaluation of bocal heating sysfems it s better
o use slandandised efficicncied as (o use loial boiler
elficiencies, We have io iake into account that the value
iof total hialer efficiencies are

s only exacily, il we messure this value,

®  (his valise of course depends an the weather (cold
yearfwarm year)

& we ecan ofly gel an approximation of ny by
caleulation

The standardised boiler efficheicy T, s basis of the
planning of heating systems in Germany ot frst, 1§ does
i fake into scoound the dimensioning of the boiler,
habits of heating and the kind of the building. As
experience shows, M, is | o 2 % lower than the
stanwdardised 1oml boiler efficiency (1, ..

Table T shows the efficiency and the total efficiency of
local heating stations:

Tabkle 7 EMiciency and wotal efficiency of local heating

stations ©
type of bailer Efficicncy idal efficiency
T Mo
{excl warm water
iwnl
ol (.88 - 0,592 (B3 - ()26
[ s botier 0,91 004 [0kt 088 |
condensing s -1 0e 088 - 1.0
bspilier ol
wood iﬁ smingle | 04 - 0,6 04086
Hirves
boilers (fired by | 0,65 - D& n7-08
wii] pieces]
botlers (fired by (L75 - (L85 07-09
winosd chips)
 large ben 0,7 - 060 nda

In the following chaprers the different heating
technologies and their sdvoniages and dissdvaniapes
are described.

20,1, Gas Hesting

Advantages:

*  Wasic gas with o high percentnge of water and
iherelore low COx-cmizsions, clesn buming

#  Little cleaning nnd service necessary

= Mo fuel storage necessary

Disadvamapes:

! Wabues refer to the lower heating value of the fuel.



T

o [Fuel distribution by installed wbe systems (much
lower costs compared (o district beating)

= Price changes take effect immedintely because of
missing stornge capasity

Cias heating sysiema can be divided into burners with
amd withoul ventilation, Burmers withiut ventilathon
need specific design and are mostly used for smalber
unils (up to 1000 EW.l with the advaniage of very
quiel working process, while burners with ventilation
are similar in design compared 1o oil heating sysiema.
They mre built in all sizes up 10 large industrial plants.

A2, Ol Hearing
Advantages:

# Price changes eiffect dlower because of storage
capacity

®  No dwirbeton from & metwork (pasd district
heating) is required, and sherefore ideal for remile
houses

Dhsadvantages;

More cleaning compared o gas s necessary
=  Sorape tnks are peccaary amd therelore more
space 18 required
Dver the years the oil heating has been  under
permanen development, Especially it is possible inday
to work with low waler temperatures withou cormsive
condensation of the waste gas, This s achieved by a
special design of the boiler walls or ihe mcreased
temperafure of the walls above dew point. Especially
the convection and radiation losses can be decreassd
fundmmentally. Therelore ihe over all efficiency can be
incrensed.

J.1.3. Heating with Wood Boilers

Wood-fired heating systema are expecially popular in
coantries with large forests and wood indesry. Focls
are woond picces amd residues Trom the forest and waste
products from the wood industry. In 1991 4.5 mill. m'
of wood residues were collected from the forests in
Ciermany, which 15 egaad o 1,2 mall 1 of @l In

pddition, other renewable Tuels like straw and peat can
e umeil.

Wood contains hardly any sulplur. Only  aitrogen
oxnide, tar combensaies have o be controfled in the
waste gos (amd require comtrolled combustion). The
calonfic value of wood depends stromgly on the
madstune of the wood, which should be lower than 2008,
Wood with moisture of [5% has & calonfic vahe of
about 14-16 MW kp.

Wood-fired heating systems are designed a5 single
wivily (single sioves, filed stoves, open lireplaces) and as
cenral heating sysiemns, Single units are oaly ised 10
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heat single rooms and have very low cfficiencies, A
controlled combustion s pot possible. Wood fired
central heating systems use waler as heal camier and
require o mote complicated design 10 neach a better
combustion and 1 be able o compete with oll and gas

hesting systems.
The Tollowing constrsctions ane possible;

I, Burn-out-furnace, fumace for wood pallels with
burning from  upsidefdownside. They have low
efficiencies and difficult control responses and are
used [or warm waler generulion

2. Furnaces fired by wousd chips (with somatic wood
supply)

They have betier elficiencies but more complicaed
design,

3. Underfeed or stoker furmace
Alo better efficiencies. Higher imvestment cosis

4. Wood injection combustion (for chips or wood
ilast)

5. Change-over fumace
Bivaleni firing with wood {mazn heaning perniod ) amnd

otlfgas (for interseasonal period)

A.1.4. Condensing Boiler (Gas / Ofl)

The application of the condensing botler technology
presupposes that the el contains hydrogen. The higher
the hydrogen ramio, the larger is the cnergy profil
achieved by steam condensition, which is theoretically
around 1% for natural gas snd &% for oil 7117 Today,
even g hesting systems with small performances. and
a low temperature level already reach total efficiencies
on the calosific value (net) of around 91-93%. Heat
penerators of larger perfomunce with double effect or
pwsihiilar burpers obtun approximately 94 (o 95%,

A comiderable increase of the total efficiency can be
reached if the enthalpy of vaporisation of the steam in
the waoste gos is wsed. In conventional heating systems
this enthalpy beaves the systern unused through e
chimney, By lowerng the wasie gns temperitore ihe
steam in the waste gas condenses and even the sensible
heal = poined more  effectively, Depending  on
conatruction, performance and operating mode total
elficiencies of 100 to 109% for availoble comlensing
bodlers can be reached today,



Figure 11 Typical construction of & condensing bodler
with aimiospheric gas bumer

vomrbd i B0,

Figure 13 Erergy balance of cosventiona and of
condensing  boiler  systems with warm waler
iemgeratures of A0 °C

Fig. 14 shows the dependence of the oiliciency on the
retum lemperatiore. 1 demonsirates that low return Tine
for back flow) lemperaiures are  an  importam
prerequisite for an effective wse of the condensing
bmiler.

— Mo 1o
g 06
=l it}
'E' [14] il [Takd
7 @ s . 1o
a0 | i
E n e L
i i
M W @ W W Mm

ieturn line iemiperaiuee | 50]

——pomnilensaled watey & elllciency

Figure 14 Efficicncy ond amount of comdensed waler
of condensing banlers depending on the hack flow
lemperniures
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Too use the condensing effect, the wisie gas lemperatune
las 1o be lower than the dewpoimt temperature of the
naturnd gas, which 13 56 *C. A total condensation of the
sleam 8 obtained ol a rowen lioe femperature lower
ham 40 °C. In this case the waste gas (crperaises s
only &6 “C.

It s obvious that o complete wse of the condensing
advantage s only possible with low lemperature
heating sysicms {underfloor ceniral heating), Bui also
with design  temperatires of 5070 "C & jotal
condensation can be reached for madl of the year.

Per one m' of matural pas, sbout 171 condensate
{-= 107 EWh) have o be disposedd, Apant from sleam
Ihe wasle gas also comaink carbon dioxade, nitrogen
onides, und with the use of fuel oil, also sulphur oxides.
These are gascous i ibe wasie gas bui ae nbsorbod
hivwever by the comlensing water at the heot exchanger
surface and in the waste gas unit. These generated acids
can lead 1o damages, if they are disposed into the waste
witer sysiem m andilated form.

Therelore in Germany & newtiralisation of the waste gas
masi be provided for condensates with o pH walue
undier 6.5,

3.1, Electric Resistance Heating and Elecirical
Storage Healing

The elecirie resstance heaung provides space heating
the sinplest manper. The efficiency is almost 1005
gince po transformation losses occur during generation
heat. Eleciric resistance heating is used in the form of

direct of storage heating systems:

®  The dwect heating omedistely comverts  the
electric energy inbo useful heat. In Germany it is
pormally only wsed 25 an  addional  or
iversensonal heming  system becouse of  high
electrivity tariffx

= The storige healing o storage mass i heated by
cheap off-peak  clectricity. The sored hewt s
relemed slowly agnin depending on  demand.
Cheap  off-peak  electricity @5 offered by  the
clectricity suppliers, since i increases the losd o
might without sdbditional charges. This heating
system i3 suifpble for flats and houses but is Hmiled
in its distribution. The suppleers will only allow
ihese heating systems uniil base load conditions are
reached ot nighitlimi.

Advoniages of elecinic heating sre

#  Clean working conditions, no air poltution of the
CIRIOmErs site
Basy hondling
N foel siommge

Eaxy supply of hight, power wnd heating (no gas or
D supply line)



metal sheet

heat insulation
air canal

tube radiator
storage core

ventilation bimetallic coil

bypass flap

Figure 15 Elcctrical storage heating
33, Heat Pumps

With the heal pump it is possible o extract heat from
the surroundings with input work in a circle process
and release it on o higher lemperature level for heating,
The outpui heat quantity 5 8 multiple of the heat
ﬁ|u|'r:||r.'|1l of the used work.,

Ciropndwnier, sodl, outside sirfreleased air and wasie
heal sources are suitable for heal pump operation. To
ensure  an  efficient hest  pump  operation, e
femperature level of the hem source should be as high
s podsible. For conveniiond heal sources hest pumps
wre only favoumble with low supply line temperaiunes
{max. 55 ")

]
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Figare 16 Heat sources for heat pumps

Electrically driven compression heat pumps and heat
driven absorpiion heal pumps are wsed 0 heat
dwellings. A heat source with temperatures of at least
0 °C in required for thermal heat pumps. Ofien
abeorption heal pumps are heated with natural gas or
othier fnssi] combustibies.

The useful best is relessed on o lemperature level of
maximum 55 “C. Higher tepiperatures are possible. In
this case, however, the use of hest pumps is
encrgetically and economdeally ndd inferesting. The best
copditions are  given  for  low  femperatune
heatingfunderfloor  central  hesting  with  flow
iempermures of 35 - 40 °C,

For the description of the performance of heat pumps
the coelficient of performapce (O0F) and the nverage
wronual COP, (also called tostal COP) is used, The COP
i# the ratio between the uselul heat and the input
energy, The COPy Is decisive for am energelic
coumparisen will other heating systems where the input
energy and useful heat are balpnced over s whole year.
COP, depends very sirongly on the chosen operaiion
miduls.

Since i maximum load (coldest days) the perfformance
of heat pumps is poor, an additional, conventional
heating i5 Favourable for these conditions. This heating
type is called bivalent. An extended heat pump, which
can also cover these penks, is called monpvalent
However it is inferior though 1o the bivalent heating
because of the bigger components, The following cases

cifi be distinguished

Hivalent operatinn (heating system with a1 beast 1w
heating systema)

1. Bivalent abermative: By temperature below a
rbniemal outside lemperaiure the HIP is switched off
and orly the additional heating is operaled

(]

Bivalent parallel: By temperature below a minimal
vutside temperature the heat demand is covered by
HI* sl sdifitional heating topether.

(only passible for low femperature heating svalems)

1. Bivalent part paraflel: By temperature below a
muniaeal  lower oulside  emperatare the HP s
suppenrted by the additional heating system. The
HE* is used withan its operation rmnge,

Monovalent operation:  the heat  demand s only
supplicd by the HP

LA Eleetrical driven Heat Pumps

I'._'wmpmnmn hend pumpE consisl af A ComEeisor, a
throgtle walve, o vaporiser and a condemsser, A
refrgerant is vaporsed in the saponser o low pressure
mngl the culd vapour is compressed to the condenser
pressige. The combensing Ieal s passed on fo the
heating systemn im the comndenser. The condensale s
capanded with & controlled throtthe valve to the lower
presasne level (see Fig. 17)



R22, R134a, ammonia and for small heat pump units

abo propang/butane gas are ised as refmgerants. Today
omew” refrigeranis wre examined, too, eg. COy or

Figure 17 Scheme of an clectrical driven heat pump

The COP depends on the evaporwion temperature T,
as well as the condensation temperatune Ty, (see e 2,

T
ﬂ]: FﬂPm‘—' 1_HF-ET.W=!?LJE-E__TT"'

Wiih the Corpot cocfficient of performance £, g and
the Camot efficiency 1), e of aboul LS 10 06,

Fig. 18 shows Mow emperature and the COP
depending on the outside lemperniure,
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Figure 18 COP of an electrical driven heat pusnp
332 Absorption Heat Pumps

Almoerption leat pamps (AHP) can also be used for the
heating of detached and maluple dwellings. For the
driving heat natural gas, all {fossil focls) or waste heat
Is chosen, The AHP ks comparable (0 & compression
chiller. The compressor is replaced by o | thermal

6

conpressor . i comsisis of four  componenis. e
shaorber, solution pump, desorber and expansion valve
is=e Fig. 19).

The refrigerant { mnmoniaiwater) is released by beat on
high pressure level from a hygroscopic solution and
falls out in the condenser. The compressor is replaced
by a solution pump, which has an clectric performunce

of beas than 2% of heatl performuance.
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Figare 19 Scheme of a thermal driven abworpitkon beai
pumg (waler-ammonin)

The useful hemy Qy from AHP is the sum of the
condensing head (- and the absorbipg heus ;.

Fig. 20 shows the COP depending on the operating
conditions. The internal process  emperatures hove
been ueed in tiis illustration. Toe calculate the external
iemperaiures, the driving tempersiore difference of the
heal exchangers have (o he takem info account, To
caleulate the hest ratio &, the efficiency of the burner
has to be multiplied with the COP.
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Figure 20 COP of an absorption heat pump £

The essentin] charncieristics of heal pump processes ang
listed in the following iable:




Table B Technical data for heat pumps

type abssrption CONMpEESSIon
heat pu heat
g afl I'n - 50 - 1k - kw..
mefngernnd wider- BRI R lﬂ:‘
TR, uthne
- wader-LiBr .e.li:-: i7
ving energy . energy
e 43
fbies,
wriide bl
COF 1.45 3 (low putside
{Ty=1 *C} 1,65 temperatures )
45
{interseasonal
period)
COP, (T,~40 C)
s0il heat smerce .55 3
adr L.AS 2.5
groand vwaler, sea | 1,65 4
wler
heai ratio 5, 132- 151 [ng=038
0nas- 1.5
Na =53
1.3-21
wseful heat I5-55°C 35-557C
(B0 "Cy




4. Comparison of District Heating
and Local Heating Systems

4.1. Hemarks on the Energetic Comparison of
Different Headlng Systems

A comparisen between district heating  generated by
CHP and local heating s very difficult, since the
different qualities of clectncity and heal can pot be
ignored.

Por an assessment of the electricity and heal generation
ihree methods are idrsduced; the method using credins
four the swhstituted elecinicity (chap. 4.2}, the total heat
method. where the generaied clectricity is transformed
into heeit (chap, 433 and the ot encrgy method
(chap. 4.4} The second methisd is used by Spunr of al,
M for the mssessmend of chilled waler from CHP

peocesses (chap, 420

With the st method the problem of the sllocation of
the primary energy demand for the coupled products
electricity and hest 15 sobved with a credit for
electricity,

This sirmegy denved from economics, electneily
produced by the CHP substitutes the electricity
produced aliernptively in o condensing power plant
This i the common melhod o assess (he hes
generplion from CHF plants.

The first method is problematic however, because of
the quantitative specification of the credil  for
eleciricity. This credit depemnds on a melerence object,
whose electricity 15 substiuted, There are differen
possibilities for the specification of the electricity
credit:

I, Determination of the electneny credn with the
electric efficiency for the complete electricity
prodscteon of & country (mean value for PE
suvingsh

2. Delermination of the clectrickly credit with a
concrete reference object, which s wabstituged
{difTicull 1o deserming)

3 Delermunntion of the electricny credui with the
maedl  inferier reference object. since these me
substingted  maost  Dikely  (largest possible PE
savings)

4 Determinatbion of the electricily credst with the
newest plants, since these reflect the  aciual
compelition wilh other techniques (minimal PE
LAVInES)

These poinis represent different borderline cases. The
actual primary energetic savings, however, should
always be in this range.

The second method does not need any reference power
station either. Exact resulis for comparison  are
obtwined, which are depending on ithe sssessment of
electricity,. Depending on  the guality of the
iransformation  of  electncity  inio  heal.  various
conchions anise (heal pump, clectrical henting, etc. ).

With the tdal energetic method no neference object. is
needed. It is unfortunate that electricity and heal must
always be observed stmultancously. 1t is not possible to
asxign a specific valve to one coupled product, This
mzihod will only be introduced brigfly as an aliernative
procedure in this conleal.

A further problem with the sssessment of CHP plams
oceurs, W eclecincity and  heat  ore  produced
predominantly  from  regenerative  primary  energy
sources. In this case il should be distinguished between
regenerative and nol regencralive energy sources.

4.2, Method with credit Tor the substituted
electricity produced by CHIP

With this method, a heat ratio § i indroduced. It is
defined by the penented hemt Wy, and the needed
input fuel W (see for example 7130,

fq_:l E‘=M

Wi

This definition s adapted for the CHF processes with
the credit for electricity, The fuel balance 15 caloulated
therefore with the difference befween input  fucl
poiwer plont W .

4 £=EI_|}E

o AW,

o5 AW = Wioup Wi,

Winenr _ Wi
Niverur MivoHr “Mdth

g6 Wycnr =

The distnbution elficiency Nys and 7.4 lake the
iransporiation [oees into sccount. Typical values are
M = 090 for heat losses and My = 0965 for
electricity.



e 7
» W, oW,
e = -
R Mia M Maa
a-W,.

E Rator Mt " Mt

The power ratio is defined by the quotient of eleciricity
penermbtion and heat generation. The heal ol is
therefore defined s follows:

0. 8 { = '?d.!

M
Marrr  Wape " Wau ;

It has to be iaken inio sccound, (soogh, that the
calculsted heat satios of the CHP  processes
considerably depend on the efficiencies of the replaced
electricity gencrution,

iu| Ou0N el el msilLf
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Figure 21 Heat ratio with a reference power plant witl
an elfliciency =038

Fig. 21 shows the beat ratios depending on the todal
cificiency and the power ratio of o coal fired power
plamt (Ne=0.38) a5 a reference object. I indcates: that
with higher power rafios the e miios  increase
significantly. bt happens, when the electrical cificiency
of the CHP process gets close o the one of the
reference power plant, [n the case, that Myoer > Merpr
ihe heal rtio becomes pegative. Just by looking at the
electricn] efficiency. the CHI plani i then cconombe.
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Figure 12 Heat matio with a reference power plant with
an elTiciency T=0.53

In Fig. 22 and in Tab. 9 a modern GTCC power station
wns the reference object with an electne efficiency of
053, Fig. 22 shows the heat mtio depending on the
total efficiency and the power ratio, Selected plants are
furthermore indicated as datapoints, It can be scen, that
large gas diesel BHPPs (1-7 MW, can reach
much higher beat rotios  than gas oto  BHPPs
(001-2.2 MW,,),

The calorific values calculated for the CHP processes
can be compared with the calovific values of single
Iseating plants. For these the calorific value comesponds
exnctly (o the thermal efficiency of the plant.

To determine the heat ratio (B of electrical heat
pumps, the COF of the heat purnp has to be considered
as well as the efficiency of the eleciricity generation
(Mg + Naa). For the ahsorption beat pump (B} the
cificiency of the combustion (1) has to be taken inio
sceounl sddidonally (see chap. 3.3}

[ =W e Far OO,

£t = T “COPy

The following heat ratios (unit KWh useful heat/kWh
primary eneryy) are calculated with the data shown in
chap, 2 amd 3 for the different energy supply sysicms.
For the CHP processes a range is indicated, which
resulls from ihe choice of reforence power statsops
mentioned i the presious chapler (1 = 018 - 0.55),

q.9



Table 9 Overview an heat rotbo of differend heal pencration

fuel E:ur 'ﬂ.d mm:m thertmal COP. mnnut
rat Ciemy efficiency h:q.:'
a - LWh PE
[GTCC-CHP T natural | 1.00 045 0.45 1287235
gas 3
ST - s coal  |0.46 o GET) 1aTnaT
heat plant ™™ ol (1] .72
il
BHPP - ofio engine natiral | 0,70 035 0.50 W2
Ll e - e
THHPP - dicsel engine natiral | 0,98 (] TFE] REETE]
pas . e
Fuel Cell (PAFC) natural | 1 04 04 EXTHIT ]
- - RS . ==
clectrical heat pump :E:lrl 251 0.95/1. 5
b
absorption heat pump natural 14l 132- 151
Jaa _ =
natural gos boibes natural 0010594 001 - 094
jras
Tuel oil boler ol TEETEH 08 - (92
gas condensing boiles bl 1040109 104 - 109
s i
clectrical heating ™ electn ] [TET]
city
heatime by ioanacs o, 0709 0.7/0.9

1 The distribution eificiency Tor distnict heaing and electrieiy hns ti be taken o accoim

(M = (K90, My = 0.963)

i The heat mtia for the CHP-plants is caloulated with a substituted clectricity with

Moy = CLAE (First columa} and .53 (secomd columnn)

i) electricity supply generaied with n,y = (L38

IV) 209 of the heat supply by peak load bodlers (1otal efficiency S0%:)

With he given details (he highest hesl ratios e
reached with GTOC-CHP. The beat ratio of the chisen
SETC-CHI s only insignificantly more fovourably tean
n comdensing boiker. Howsover  has to be taken inio
sceount that foel wsed is coal, which could otherwise
fired only moech pooter for heat production.

Eloctric heat punips have heal ratbie up bo 1.5, which ia
about the same range as for heat driven obsorpion hem
pumps. In sy case beal pumps used a5 single heating
wysiems are 4 good solution f CHP: incl. disine
heating destribition systems cannot be used, The heat
ratios are clearly larger than the one of copidensing
boilers and other heating bodlers provided that HPs are
designed for favournble operating conditions.

Electric heating and the heating with biomass have the
poarest heat ratbos, For Momass il is scceplablie though
beciise of s regeniermlive characier,

The caleulation with the credil for electricity is only
vilid, if the electricity From CHP substitutes the
electricity generation with lossil fuels. IF the CHP share
reaches & certnin limil, it 15 possible that it replnces the
cloctricity  from CHP jiscll or from  regeneridive
sources, In this case heal and power can be considered
ciqual and the primery energy elficiency commesponds (o
ihe patal efficiendy.

For the assessemenl of elecircily  penernded  with
regencrative cnrriers, the factor [ s introduced. Tt
characterises the share of non-regencralive energy
spiirces 10 the ol primary energy corsumpiion (unit:
kWh PE.L/ EWh PEL). Fig | shows the dependence of
ithe heat o of the composiion of electmoity
peneration. Only the factor [ is used for the calculation
of the elecincity credin,
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The Tactor [ for selected countries (s
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Pranie il Brasil .07
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Figure 13 Heatl ratio corresponding to different mix of
electricity

I T reaches 2ero, the heat valoe £ (kWh heat / k'Wh
PE,,) for CHP plants approsches the thermal
elficiency Tw, with the use of electneny the 1owl
efficiency 7. The beat ratios for the CHP plants
shown in Fig. 23 are cakulled with the eMiciencies
freem Tah. 9,

These considerstions are probably too pessimiatic,
because countrics  with »  high percenmnge  of
regenertive ciergy sournces will probably replace the
few conventional power plants Girst. In this case the
factor T can be sci to 1. Furthermore, we pso have o

2}

izke into account that the transport of electricity from
ong country with surplus of electricity from regener-
alive sowrces 1o another country with electricity
gencration by non-regenerative cnergy sources could be
possible (e.g. from Norway to Germany). In this case,
the factor [ can be sel to |, too. For countries like
Morway, Sweden or Brazil, a CHP-system with fossil
fucls will only save primary encrgy from non-
regenerslive sources i electricily exports 1o other
countries are possible or in individual cases, In this
case, district heating is only favourable with the use of
wasie heasi or large heai pumps (dnven by electricity
produced from renewable sourced), In Germany, Japan
and the Metherlands however, CHP plants result in
major primary enengy savings compared 1o local supply
with boslers.

4.3, Total Heat Method

This method uses almost the same ideas as the method
described in the chapter before. The only difference is
the pvoidance of & defined reference object. The iden s
to transform the electricity produced by the CHF plant
into heat. To take account of the different quality of
clectricity and head, this transforming  process  is
reslised with & hest pump, The beat ratio i, is then
cabeulnted o follows:

e 10 S =T M+l Ty - COF,

The resabts of the total heat method wre slighily
different 1o the method with the credil for eleciricity
The ranking of the processes remuins the same. Cnly
the difference 1o the local heating systems is reduced.
Tab. 10 shows the calculmed heat ratios for diffenent

CHIP swsteins.

Table 10 Overview on heat rtio of CHP plants caleulaed with the total heat method

Tuel et gl clecirical Thermal beal ratio {total heat
E‘ui Fatio efficiency efficiency methasd
o Tl KWh heat / kWh PE ™
GICC-CHP "™ |natweal | 100 0.45 0.45 ENIET
A I —
- CHEP ciaal L] .27 (58 LOHS 1.4
BHPPF- oo engine | natural | 0,70 0,35 050 IR/ .58
gits
HHPP- dicwel engine | notaral | D98 Nal TEE) 1.267 1.75
B
Fuel Cell (PAFC) | natural 1 il4 (4 127167
L
i The distribution cfficicncy Tor district heanng and clectnicity bos 16 be mken mie scoount
My = 90, iy = 0965)
ir 204 of the heat supply by peak kiad boilers (1ot efficiency B0%)

nn asscasment of the electricity with HF process, COP,, =2.5 (first colemn], 4 (second column}



4.4. Total Energy Convideration of CHP

This methad for the mssessment of CHP described by
Adefeld M4 s 3 cousal orienipied method. Based on
thermodynamic liws, system efficiencies are caleulated
for the combined generation of heal aml power. A
comparizon between local heating statrons and differem
CHP systems §s possible. With the cousal orjentaled
mcihasd no reference planis need (o be deflined.

An  energy balance s devised with the [irg
thermodynamie lvw and the quantities primary encrgy
e electrical performance Py, best performance O,
ahd waste Peat Oy

eq. 11 E,.:‘Ea+rd+gm
The second thermodynamic law determines that
oq. 12 P, = Pd(ﬂnﬁgltgn}

and therelone 4 connection exiss between the peneraled
electrical performance Py oand the genermied  hest
periormance Oy, With the elfimination of the variahlz
() there s the following lineanesd relation:

cq 13 @, =aP, +h0,

The coefficients a ond b are described by the
effpciencies and disinbuion losses. With ihas relation a
divicion of the enérgy inpul is made and o subjective
contradiction to the second thermodynamic low
wviiched,

With ¢q. 13, differential system officiencies for heat
and electricity generation can be derived.

4 " o
| i =
Bpel,
and
st a0,
T
#ﬂl Jl't

i

With these efficiencies different local heating systenss,
CHP systems and combinmtions of CHP plams arc
comparahle, The denvatives of differeni  wysiesn
elffscicricres caiv be lound i /15/.

In Fig. 24 the specific primary encrgy demand s
described depending on the specific el demand For
different cnergy supply systems, The primary encrgy
and heal boih refer o ihe electrical performance.
Depending on the given matin Oy, prodefined by a

concrete object (o0 be supplicd {single object, town,
country), the maximum  possible primary  energy
savings can be determined directly, With this solution it
is alw possible, o determine the primary encrgy
gavipgs over a fooger period with varying matio QP
Thereflore the figure shows, that there are ranpges where
the meermative with GTCC and condensing boiler can
be more fovourahle than with district heating provided
by & gas turbine (for o low ratio QWP

To consider cloctricity pemeration with renewable
sorces, only the part of Py is taken isio sccound, which
is produced with fossil fuels (P, (1-0). The result of
such consideration is comparable to those v Fig. 24, IT
the factor [is rero and the encrgy is gomernted with
comnbensing boilers, there would be o straight line with o
gradicnt of one,

For an explanation a companson will be carned oul
with a single object in table 11 (office buikding), The
ratio of (P is calculated for summer time (=),
intersexsonal and winlertime. The inlerseasonal fime i
wehghted by the factor 2 in onder 10 get annual average,

For this example an electricity and district heat supply
with OTCC-CHP s the most favoursble option,
followed by & OTCC and a heat pump, The worsl
aliernative is the convenlional power plant process with
ok hodber,

TRl § W ol el T e
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Figure 24 Spec, primary enengy demand lor different spec. heat demand
The follawing options are chosen for the illustrmBon:
1. GTCC + condensing hoiker: Tt =155, My =0.963, 1=
1. GTC-CHP + elHPF: T =034, 14 =0,965, 1) =055, COP,, = 3, Ny =09
3, motor-CHP + elHP: Mo =0, 4, Ty =0965, g =047, COP,, = 3, Moy =0.9
4, 5TC + gaus boiler: T =00,38, My, =0.965, 1, =092
5 GTOC-CHP 4+ elHP: g =005, Mg =0.965, Mapy=0.9, 0 =138, ng=04
b, GTOC + elHP M =035, 1, =0,265, COP,=3
7, Blectricity mix + HP T =0,38, My =0.905, COPL=3
Table 11 Specific PE-Demaond of o single bisllding (office bullding)
Pos, | Vanam QP =) S T LI I =1
5] ' 3
a4 |
| GILL + Condensing bodker 2 3,1 4.3 ",_J%
2 GITC-CHP + elHP 3 3 3.55 3,08
3 BHPP-CHP + elHP 27 L713 16 2,88
- E.Tt.,cTuu_ mler 18 3,85 54 1,56
3 LTCC-CHP + DH (incl. peak boller) 2 2.4 LN 2,38
fy GICCs elHP pl 2.6 3d 342
i iﬂr.-cn-i:irr + HP 23 349 5 3,53
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4.5 Evalwation of relative Primary Energy
Reduction

Subsequeni the relative savings of primary encrgy are
calculated by the methods 2 (chap, 4.3) amd 3 (chap,
4.4), Method | we renounce since with it also negative
primary encrgy savings are possible, As reference
supply case the poweor and heat supply from steam
power plants and heat from gas or ol boilers, as this is
the iypical supply case in Oermany, are assumed. The
values indicate the savings of primary compared 1o this
supply case.

For the two methods a liftle divergent values are gol.
With the method 2 smaller primary cnergy savings ano
determined in any case, This can be explained by ihe
fsct that differemt operating conditions ane taken into
pceoant for method 3, No poimary encrgy can be saved
for exgmple in summer sincd there i no need (or
heating. For method two, however, we plesuppose an
slways =ufficient demand of power and heat. The
primary encrgy savings with method 1 go ap w0 33 %
compared (o the reference case, The mosl favoorabbe
resull is obinined with 8 GTOC snd disirict hesting,
GTOC and electrical HP achieve an almost equal result.
Full-covernge use of clectnic hem pumps (mchsding the
heal source  installations) and corregponding  low
temperature heating systems is wurely sensible only for
new buildings and al detached houses or iwo family
houses. At o larger density of heat demand the concepd
of district heating supply should be the more suitable
slrndiegy, however.

GTOC ad condensimg boiler only obiain a redisction of
the primary epergy consumplion of 23 % AL this
strategy the most modern and 3l the moment available
technaliogy for a separale supply with power and heat is
used. But also with this procedure, the reduction of the
primary  cnergy comsumplion o the COy  owkpil
demanded by the miemational community should be
realised

In the coniext of ihe calculation of the pnmary energy
reduction by methad 2 we gel a bandwidth, which
ariees on the assexssment of the requinred heat pumgp
process. The larger values are caleulsied for o COP of
4, the smaller vahie for a OOF of 2, The highesi
savings will be obtuined by use of GTCC and district
heating systems, followed by BHPP and Jocal heating
syslems. The electric power for electric hemt pumps
supply  bs  presupposed  pecording  to the mix of
electricity i Germany, Because of that sssumpbion (he
vilues for electric beqt pumps are lower thos the resulis
shown in tahle 12
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Table 12 PE-Reduction calculnted by Total Energy
Consideration of CHP {method 3, chop. 4.4)

W srtant DT VE-
{annusl versge) | Hadaction
OTCC-CHP + D 10 i
fincl. peak boilery
{OTCC+ elHF 142 A%
OTee + im FEL ]
Cimdensing bolker
|n1n4::ur+ el LAY Wl
|r:rrr:4:|||- & el 08 iiw
1£qu:1|nq' + HF p "%
[STE + gan bailer 35 -w.

Table 13 Ph-Redwction calculaied by Total Heai
Method (method 2, chap. 4.3)

Rduisom
B sfri i |Mtasisrami
GO - CHiP 134 i
HHFP — deesel eagane et i AR
Tued el (IPAFC) pEL L4
BHEFF - i crgws 1% ils
sunrpnon it pamp L1S =%
fetecmcal best pump ™ 4 ™
[5TC - CHP Ty T
fa condenuing bodles 1% 4%
maiural gas boiler % %
{fud el boiber KT %
{heating by hicea 3% e
[ hesat pilaest A% T
call bt 119 AT




5. Summary / Evaluation

In this report differeni local and disirict heating
concepls are presented and the primary energy demand
for the hesi supply i caleulsied. The comparison of
these sysiems takes into account ihe cxsential primary
energy sources (fossil Tuels like coal, gus, oil, or
regencrative Tuels like hiomass, waler, nuckear power),
The share of those carriers vories strongly between
each country and influences the assessment of the
different svutems,

The following generation systems for disirict heating
supply are described i this nepon:

I, Dristriet heating from CHE - plants (GTC-CHP,
OTCC-CHP, STC-CHFP, BHPF)

2 IMstrict heating (rom heat pump planis

3. [hstrct heoting from heat planis, wasie incineraions
or endusirial waste heat

The desenibed local heating sysiems are

I, Gas and oil bailer, condensing boiler

2 Woad evamibiistion

1. Electnical resistance heating and wilh and withoi
sinrage

4. Heat pumgs (electrical and thermal )

The problem of all encrgetic companson of the
different hest supply systems s the cogenerntion of
heat and eleciricity of CHP plants. The ofal primary
input energy for those systems cannol easily be divided
it the encigy needed for heat and into enehgy peesled
for eleciricity. To lake inlo accounl e electricity
produced by CHP plunts, three methnds are introduced
in this meport with ithe following advantages (4§ and
dissilvantages (=)

#  Credits for the substituted elecinicity:

+  [efined walue (heat ratio) for the encrgy
peeded for disirict heating

+«  Dwreci comparison besween bocal leatimg and
CHF‘j‘!ldhb. IS III:\IIHE'
The heat mitio depends on the clectrical
eificiency of the substiuted power plani
Megative heat mtios are possible foredit for
clectricity lorger than primary energy demand
for the CHF process )

15

s Tronsformation of electricity into beat with a heas

pump:

+ Delined value (heat ratio) for the encrgy
necded for district heating

+  Divect comparison between local heating and
CHF plants is possible

+  Only positive heat ratios
- Theoretical concept, since heut pumps are nol
aften used for heal generation

¢ Total énergetic asscssment;

+  Bxamimation of the total encrgetic assessmenl
4 Taking im0 account of different annoal supply
siluations
Mo primary encrgctic value (heal ratio) for the
heal penerstion alone

The following asseasments refer o the second method
although the resulis of the first and third methods are

ol fundamentally different:

District heating from GTCC-CHP plants offers beat
i between 1.2 and 1.8, Therefore CHF plants
should be preforred over fossil-fired local heating
systems, Omly thermal and electrical heal panps with
reasonable  operation conditions  {low  (cmporature
heating, good heal source) can also be 4 possible
alermative,

Thee leeni mutios of central heat pamp plants we betweeh
I3 and 1.5 and are therefore maone efficient than local
heating systems. Compared fo local beat pumps the
pentral peneration of hesl is only fovourable, il & heat
source with a high lempersure bevel can be used.
Diherwise local HPs should be preferred because of
senller distribution losses,

An imeresting solution 15 the combinatton of CHP
plonts and hemt pumps with a possible  Mexible
operadion {no lxed ratio between heat and electricity).

Lince heat plonts only generate beat, an increase of the
heat nmitio above | is nod possible. Becavse of
disiribution losmcs the efficiency is lower thun focsl
heating sysiems. From a primary enorgetic point of
view, best plants should be wvoided. The only
fuvourable wse 15 10 cover the peall load demamad, An
exclusively thermic use of the encrgy froi biomass or
refuse cain be preferable but it should be questioned
why an additional generation of high quatity electricity
15 il piossshle.



In conclusion s shert ranking of the dilferem processes
for the heat supply ks given as follows (in order of an
increasing use of fossil primory energy).

I. Use of idustrial waste heal and wasie mcineration,
CHP and DH driven with biomass, beal puimp
driven by hiomss

2. Electrical heat pumps. electrical heating systems,
eleciricity from  regemerative cnefgy sources,
provided that electricity connot be used sensibly
ather locations to substitute fossil energy sources '

J. CHIP+DH

4. Hest panmp processes (lecal or in combination with

DH])

Condensing boiler

Gias boiler, oil boiler

Electnical hoating systems (clectncity from fiossl

ENCTEY sources)

-3 A

Depending on the composition of the generated
clecirscily  (rahin between  tenewable  and  [ossil
glectricity generation) o detailed assessment with cxact
prevailing circumstances s necessary, An emergelic
nasessment of heat supply systems is only possible and
comrect if the elecinicity supply is faken into account,
i

" The emphasis ays an the phrase “electricity from
regenerative energy sources”, Only in Ous case the
use of clecincity is desirable. In reality we showilid
cxpect better poasibilities to use electicity for heating
application (For examiple by electncity export to other
Cenries ).
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Part IV:

Environmental Benefits
by DH&DC compared to
Local Heating and Cooling Plants

By

Markku Ahonen



4.  Environmental benefits by
DH&DC compared to local heating
and cooling plants (Part I'V)

A companson between the environmenial eflects of
different energy production systems is problematic,
Estensive studies are nesded 1o clanfy environmental
eifects profoundly, e.g detailed life cycle atsessment
(LCA} of every studicd system.  Principles and
framework of the LCA ix standardised 71/, but the
whole method s aill under devebopment  work
Because of ihe complexity of LCA stodies, in this
chapter only general aspocts of environmental cifecis
ol digirict heating and cooling sysienis are presented.
The companson between local and disirict heating and
conling systems ane based on information collecied
from references wnd on 3 few culoulsied cxumples of
MNue pas enussion,

4.1 Environmental effects

Enery production for heating and cooling sysiems has
several environmenial effects. Figure 4,1 shows an
exumple of a formation chain of environmental elfects
in the energy production. If environmentsl effects
beiween  different encrgy  production  sysems o
compared, some kind of determined [dex  for
valuation of effects s needed. In the LCA studies, the
index can he based on cvaluated costs of differen
effecis; for example,

The most influential air pollutanis are heating or
clectricity  production  systems, which require the
combustion of fossil fuels. Nuclear power and also
hvdrocleciric power produciion systems don't have
Nue gas emissons at all, b they do  have
environmentil effects weh o fadiosctive wastes from
the puclesr power production. Hydmelsetne povwer
production sysems have mose clfects on nofure’s
pesthetics than producing actual pollutams /27

Mot only the encrpy productson, but alio ihe energly
conversion  and  distribution sysiems have
environmental  effects, o,  Espocially in  the
conveniionnl I.:ﬁ'l.'ltil'lﬂ |'|||:|.r||u copverson ol the JrRmary
coergy o lhe cooling  energy  have  wirong
envirofimental effects.

] Environmental loads caused by energy production

* Uise of resources

matiriis

ORETY fESouUrDes

wabor rEkouDes

land arsas
= Pollidion of air and wiler systoms
* Wi

Environmanisl effects of lbads

T s Inmefioenl msomoes
! avnablity of fuols, mnspeiats, wator, lard. s
+ Groophouss offpc
= Acidification
» Eutroptueation
= Oizove depladion
+ Toascafon
+ Newsa
- mie

Hazards caused by environmanial affects
i Docrmase of nafune’s diversily

= Loss of naliral esdwtes
* Nafural disasior
| = M health harards
& » Loss of sesiwic nalum
+ @i

Vabuation and clazaification of hazards
* indinx for onvronmenial effects

Figure 4.1. An example of a formation chain of
environmental effecis £,

For examiple elecirically driven compressors of ihe
cooling sysiems require  refrigemants,  Before  the
Montreal protocol was signed 0 1988, adapacd
refrigemants were usunlly chlorofluorocarbons (CFCs).
These chemicals are thought o0 be the primary
contributor to the orone layer depletion in the upper
wtmewsphere £, In the Mootreal protocod, tmetables
for ending the production and wse of CPCs were
established. Later the profocol was revised a fow times
fnd ihe timetables were strenglhensd, as were done @
the mectings in London and Copenhagen.

During the past 10 years, massive work has been
underinken to develop aliernalive refrigerants  for
CI10s, becauie of the Montreal protocol. Every
compound of CPC (or HOPC) refrigernnt has oan
inchvihual emifing timetahle, which vory from "6 o
I3

Moybe the confosed sihustion of conventional
refnigerants is ope reason for the recent developinent of
ilistriet eoaling systenis. Recently developed distnc
cooling sysiems don’s inchmbe refmgerants like CFCs,
This kind of systems are e g. absorprion chillers, which



are operated by divrict heating, and sea wster cooling
LYsbETe.

4.1 Flae gas emissions of encrgy prodociion

The main polhranis released from the combustion of
Fissil Tscls are;

*  carbon dioxide €0,

carbon monoxkde OO0

sulphur dioxide S0y

mitrogen onides NOy

unburned hiydrocartssns

Carbon dioxkde forms the Logest comgonent of ithe
products of combustion. and rising concentrations in
the carth®s atmosphere are a major case of the
greenhouse effect and risk of climate change. I’
production 15 direcily proportional o the guantity and
composition of fuel burnt 157,

Carbon  mopoxide B o posonous gas, which s
prluced through incomplete eomnbustion. [l can be
reduced to negligible levels simply ihrough satisfsciory
pirffuel control f5/,

Sulphur dioxwde is an acidic gos, which is released
when burning sulphur-contgining fuels such as obl, coal
of b gras, bad not e.g. from asdural gas. S0 emission
is & couse of acid rain and, i allowed 1o condense, i
causes conrosion damage o steel for example in heat
recovery systems 3,

Nitrogen oxides nre produced by burning any fuel in
air, WOy  formation s strongly  influenced by
ermbuaibon conditions, such as emperatioe, resdence
time mnd winToel rotio. In the stmosphere, mirogen
ogides undergo various chemical reactions, which
result i opone formodion and sog, MOy also
comritnites to acid rain and = one of the major arkan
ol hutants 157,

Unburned hydrocarbons are lwrgely produced by the
reciprocaling engines of motor vehickes where poorly
commlled combustion lesds to small quantines of
partially buemt fuel poassing through the engine.
1 I nhanrmed h[plh'ncn‘hnm e @ major cagse of smog and
contribude o the preenbouse effect 151

4.3 Development al emissions

Emissions vary sccording to nathonal circumsiances,
bt the average specific OO0y emissions per unil of
primary  encrpy  consurmption  have been  alowly
decreasing duning the past 20 years m almost all
wesern countries (figure 4,2).
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Figure 4.2. CO; emissions per unit of primary
energy in selecied countries 6/

The wend of average OOy emissions have been
decreasing for example in OECD couniries, in Europe,
in USA and in Cunsda. The avernge emissions of the
Mordic countries are lower than the sverape in Central
or Southern Evrope, in USA pnd Cansda or in OECD
countries M. Table 4.1 shows emissions  from
clectricily production in some Buropean countries
necarding o the reference /77,

iy By iy,
ﬂﬁ ! t'lhh M k'Wh.
| Nurmay L. -] g
Swintgland 1% 7 i)
Sweden 0 51 44
Ausina 218 2 IRE
Metherlanads | 489 37 113
Finland I 413 493
France I 455 IH
&q: 41 H Thl|
| Taly A =111 1382
Deninak 741 2047 21730
Drral Béikasn IE A¥9H 1441

Table 4.1. Emissions from eleciricity production in
different Evropean couniries 7/,

Mamy coundrics have a national cpergy strategy, which
comtams ohjectives for the mauctiom of Mue gas
emissions, especially COy emissions. The international
agreements, like the Kyolo agrecment, commit o do
measires, & thol promised redoctions of emissinns
will he achievedl.

I the national energy stralegies of many countries
combined heat aml power production (CHP) is taken
up as  one  solpiion o achieve  indermaiionad
commatments and CHP capacity bs growing theoughout

many Buwropean countries  all ihe  time.  High
clficionciea of CHI" lend o o peduciion in OO0y
emissions  compared e convestional | separage

pencrntion becoune of mobe elficient use of fuel 75/




Below pre shown o few examples concermimg mntiomal
encegy  policies or  strabegies  and  environmental
protection acconding o the reference (R These
cxmnples show that districd heating  systema  amd
especially CHP production play an importani role in
national  energy  and  environmental  proleciion
Strategies.

Finland &/
The Finnish encrgy policy has three major jpoals;

®  RECurity
& cconomy and elfectiveness
= anfely and environmenial aceepiability

The proiection of the eavironmenl, a8 well as
encouraging competition in the encrgy feld, hoave
become more imponant,

Dhsirict  heating  hos been  an  important ool in
advancing the realisation of the Finnish energy policy.
CHFP production has made o significant conlribution 1o
the encigy saving effors. The govermment and ocal
authoritics have tken a posative attitode toward district
heating.

The regulations for magimum emissions of partickes,
sulphur dioxide and nitrogen oxides have affected
larpe investments for power plants amd bigger boilers.
These invesiments and other mewsures have weakened
the competitiveness of  district  heating  towards
individual gas heating or light fuel oil heating. The
OO0y nax has als affected some exira costs for disirict
heating,

Nopway 8/

The Norwegion Purlismeni endorsed the objectives
concening emission mestnclions on sulphur dioxde
and nbirogen oxkles, Regarding the carbon dioxide
emissions, o majority of the goverimenl advocaled o
redusction of the emissions 1o resch & stable level by the
year 20000 ai the lsest. As a resull of the envitonmental
reguiremets, o reduction in the rate of growih i el
ERCTEY consumpdion may be necessary, mming at o
lewelling out towands the e of the century. To oldakn
ihese goals, an encrgy price and tx policy allowing for
a mellection of the cavironmenial costs i being
prepared, This mainly applics to the prices of Fossil
Tuels

The use of renewable energy sources is encouraged by
the government, and may increase the fuluwre use of
districi heating a3 biomass may be most efficiently
used in such centralised plants.

Crermany B/

To have a sufficsent and reliable supply of cost

eificient energy, a political conception with the

following fecal points has been fized:

» pricrity for energy saving and efficient vse of
CRCTEY

* improvement in the structure of energy demand by
reducing the share of fuel oil and increasing the
share of coal, natural gas, nuclear energy aid - il
available on economicsl conditions - of mew anid
renewable cnefgy sources

¢ aptimal use of domestic energy resources

= froad spread of sources of primary energy imporis

* pational pnd imernational supply on the
international energy market in case of distarbance
of the energy supply

The disirict heating - in particulis the CHP production
- has an important meaning on thit occasion. By its
intensified wse an imponant part of the total energy
consumption will be saved. Becmue of the high no-
polluting energy source and its large effect on energy
saving. district healing has a very positive image in the
Federal Republic of Germany.

In the frame of environmental protection. large
amounts of money have been spenl in power stalions,
in particular in CHP plants.

Denmark 8/

The Danish energy policy has three major goals:
*  encrgy savings

= gtilization of domestic energy souccs

=  aafety of the enengy supply

Im addition, the progection of the environment, as well
as encouraging competition in the energy field, has
hecome mone IMponant

hsinct heoting has  been an  imponant ool n
mdvancing the realization of the Danish encrgy policy.
CHP production has made a significant contnbution to
encrgy saving efforts.

DMstrict Teating has o doubl coniribuied 19 an
improvement i the environmen! situstion in Danish
towns and citbes. Through changed methods o
producing disiiict beal and installmion of exhaust jFas
cleaning, the outdoos air in Denmark is much better
tesday than it was one or two decades ago,



The Nethedands /8, 8/

The main goals for the Duich governmend are:;

o reduction of cmission of carbon diczide, scconding
to the Kyoto conference

= introduction of susainable encrgy up 1o 10 % of
ihe tolal use in the year 2000,

* ipcrease of the energy efficiency

* [liberalization of the energy-markei

The long-term policy i3 o incresse ihe use of
siisiainable energy (wind, bomiss, en photo-volinic-
celis). Hspeciplly the electneity-secior has (o
participate in the sustainable epergy developmenl.

Development of CHP and DH still play an important
role in the increase of encrpy-clliciency,

To reach the Eyoo goals the Duich gpovermment
staried & subvention program 1997 1o realise their
pgoali. A lor of new DVH-schemes are as pan of this
progrm  developed. An  imgortamt pant of  these
projecis contain DMH-connection of greenhouses,

The mapopal government published a new low on 15

December 1995, which pressribes a required "Energy

Performance  Standard™ when a new hanlding is

designed und buil. The “Energy Performance

Standard™ ts ihe encrgy-paragraph in the building code.

AL review in [99E has  increased the emergy

pedomnance of CHF and other beat-sources ;o this

stanclurd. A hoese with a DH-conpection reaches a 100

o 0% better valoe than a house with an individual

hanilles,

Bulgarin &/

The nattonal epergy policy follows three fundomentals;

= maximum use of indigenous energy sources
[mainly lignite) in conjunction with measures
necessary fog epvironmental protection

& thrifty use of energy, especially i relation w hew
and ebectricity

*  the lurtherance of district heating sysiems,
particularly the mstallation of CHIP planis

# the extension of auclear power planis due to the
lack of indigencias energy camiens

Tia mchieve moke cnergy snvings, meanres have been
se1 im motion o introdece  individual hest cost
accounding.

CHP peoduction plays & significant role In Bulgaria,
espectally over the past 20 10 25 years. However, the
restruciuring of the country from o planned 10 0 markel
ooy haa strongly inhibiied the growth of disiricy
hentimg  systems, although o s knows thae CHIY

systerns. contribute 10 reducing fuel consumption and
thereby culting pollutaniz

Bulgarin ~ has  had  compamtively  stringent
envirpnmental legislation for some thne. In prepamtion
are also measures for controlling Nue gas losses in
relation o fuels weed ssd installed boiler oulpod, as
well ax the introduction of ecological waste disposal
SYElCEA  usIng modern,  envircnmen- friendly
techaologies,

44 Calcnlated exnmples of emissions

A preat number of (mciors have o be chosen when
emizaiom of different kind of energy  production
aystems are compared by the belp of calculntions.
These (actors are the properties of available (uels,
charncienistics of burners and boller plans, encrgy
distribation losses, share of combined Beatl and power
prochuction, cie, And every chosen factor has an eiffect
om a calculaied result

Flue gns emissions [rom local heating planis can be
defined when chamcteristics of the fuel and boiler
plant pre known, In the cose of district heating or
eleciricity production, the defindiion of emisslons |s not
50 clear. Distribution losses and slares of fuels in
production have o been taken account, oo, In the case
of CHP production, the definition of emissions will
hecomes more complicated.

Adlocation of emissions o the electncity and district
heating production is problematic. Several methasds 1o
allocate cimissions have been introduced, bt nome of
these methods ae stapdordised,

One method s o allocae emissions 1w e cisericr
henting wnd 10 the elocinicity in the share of their
prodisction or sabe. Another method s 0 decrease
erdssions of the divrct beating production with a
reduction of emissions, which i achieved when
comdensing power production is replaced by the CHP
producthon,. This methiod w used 0 the calculaied
examples shown below, The calculations were done by
the Emission caleulstion applicmion of the Escel
worksheet, which was developed at the VTT Building
Technalogy n 1993,

Struciures of elociricity s district heating produection
systems, and shores of fucks in Finland have boen
chosen for o hasic case of calowlathons (fig. 4.3 and
4.43,




These fnctors have been varicd in six fictional cases.
wnd their éffecis on 00y, 50, and NOy endssions s
defined. Seven calculaled example cases are:

* case |, mrelerence case

*  cpae L, all district heating from CHP produciion

e cage 3, all district heating from separated
production

*  chse 4, all heating encrgy from local light oil
heating boilers

*  case 5, all heating encrgy from local natural gas
heating boilers

»  case b, all heating with direct electric heating
produced by condensing power

»  case 7, all heating with direct ebectric heating
produced by nuclear or hvdropower

Im all cases, specific emission factors of fuels consist of
production, transportation, storage and combustion of
the fuel The caleulsied OOy -equivalent ermission
Tactor 15 based on the i0dal emissions of carbon dioxide
COy, methane CH, snd nitrous oxide M0, Table 42
shovw the emission fsciors.

Helease of emissons  mamly  depends on  ihe
caomporsition of fuels, boi it also depends on the quality
ond propenty of the Miel, The quality and properiy of
the fuel likely varies significantly, which of course
affects the calculaled emissions.

Cleaning of flee gas emussions 15 not included 1n the
cileulations, which have io be iaken into account when
cileulated results are stodied Because of this the
coleulsied 50y and NOy emissions are higher than in
reality, bul it doesn’t affect the OO0y emissions
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Figure 4.3, The structure of electricity production
in Finland /110,

Figure 4.4. The struciure ol district heating
production in Finland /117,

i
|
= b
}
. ﬂ'l'l-l-
| [T
i | 3 O Pl
aul h!—ﬂ-ﬂ
( T=]
LR
fut
y
R -
L L%

i2 i; }yf

Figure 4.5, Shares of waste and fossil fuels in the
electricity and in ihe district beating production in
Fimlamd /10, 114

[

Bl 8 tan!
C

Fazel e S0y MO

gl myhil g
Lﬂl 121 41 i
Fean 13 (L] s
Naryrad g BB 1 245
Heavw onl LK L M
| Light oil ] 171 146
] [F7 ] 1 132
Wianir soda lye ¥ 122 15
[Bark & waste wood |9 3 Al

Tabdle 4.1. Emdssion factors of Toels /120,

Casé |

structisres of the cleomicity and the disnct heatig
piluctisn are from the year 19497 in Finland (lig. 4.3
ancl 4.4). The prodection of elecinicity is 66,1 TWh
pnd district beating s 28,2 TWh, The shares of fusls
pre also from the year 1997 in Finland (fig. 4.5)

CHP plants produce the entire district heating. The
sthares of fuels i the district heating production are the




averapge of ot districl leating production in case |,
The shares of fuels in the electnicity produchion are
identical with cae 1, Compared o case 1, the
copbensing power prodoection i3 reduced because of
the addithonal CHP eleciricity production.

Casc 3

No CHP production, which is replaced by condensing
power production. The shares of focls i the disirct
heating production are the avernge of total district
hesting production in case 1, The shares of fuels i the
electncity production are identical with case 1, All the
CHP electricity production is replaced by comlensing
power prosfuciion,

Cogse 4

Mo ifistrict beating proshuetion, which is replced by
the prodiuction of local light odl heating boilers. The
shores of fuels in the clectncity production  are
identicnl with case |, The CHP electncity prodoection
15 feplaced by conadensing pover production

Cane 3

Mo district healing production, which i reploced by
the production of local natural gas heating boilers. The
shores of fuels i the clectncity production ame

sdentical wath case |, The CHP electnciy production
i replaced by condensing power proshuction

Casc b
Mo district heating production, which is eplaced by
eloctnic heating, The shares of fuels in the elecincity

production are identicsl with case |, Condensing
power produces the pdditionn] electricity prodisction.

Case T

Mo shistrict beating  proshuction, which s replaced by
clectric heating, The shares of fucls in the eleciricny
production are identical with case [, except thist coal in
the copdensing power preduction s replaced by
nuclear oF h].'i.'l'r"ll“r [ii:. 4.5 Al the sedditional
clectnoity  prodoction 5 produced by muiclear ar
hwdropower

Results

The calculated cxamples grve rendseinng resulis about
relensed emissions in different kind of Getional heating
and electricity production systems. As was meaticned
phove, cleaning of flue gas emissions are nod ineluded
in the caleulations, which have o he taken mio
nccounl

Figure 4.6 shows relatve OO0, comssmonm, fgae 4.7

shows relative 30, emissions and figure 4.8 shows
relative MOy emissions. The rati of the emissions in
ihe reference case is one. The enussions in other cases
are compared o the reference case |

The calculated emissinns of the reference case in
electricity and beating production are, respectively:

o 204 pAWh, and 168 AWy for CO0y

= 49 mgfkWh, and 193 mgEWh, for 50y

& 906 mgfkWh, and 456 mpkWhy for NOy
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Figure 4.6, The ratio of OOy emisstons in different
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Figure 4.8, The ratio of MOy emivions in diiTerent
CASEL

In ihe reference case, the shane ol CHI prodiaction in




disict heating  producton s already hogh, but o
reduction of emissions is still possible by increasing
the share of the CHP production {case 2). IF the CHP
production would be replaced by condensing power,
emissions will be increased sagnificamly, especially
50, cmissions {case 3).

Emissions in ihe local oil heating cae 4 e higher
than i the reference case [, but smaller than in the
case 3, which does pot include any CHP producticn. In
the local natural gas heating case 5, 50 emissions ure
almast gero, but OO0y and NOy emissions sre higher
than in the reference case |,

In the electric heating cases & and 7, emissions of the
heating energy production are zero, and all emizsions
are relessed from the electricity production. 1T the
addiional electricity production for hesting purposes is
peoduced by condepsing power, emissions are higher
than emissions of heating and clectncity production
together in the reference case 1. IF the condensing
power is replaced by nuclear or hydropower, emissions
of electric heating are decreascd significantly.

1l the cdculated emissions in the case | wm compared
b the emissions o Finland in iable 4.1, it can be seen
theat thie caleulnied OO0 emmaons ore m ihe came level,
hut the caleulated SO, and MOy emissions are sboul
P dires greater, thon the emissions i mble 4.1, This
s parily due to the faer that cleaping of Mue pas
emissions is pot included in the calcwlntions. Another
possible reson s that in reference 87 the profitable
rechuction of emissions in the CHP production has been
allocated mainly o the clectricity production and mot
o the distrect heating production s was done in the
chleulations.

4.5 Environmeninl benelits of disirici heating and
cooling

In the earlier stody of the TEA’s District henting -
prgramn potentild environmentn] benefits of districl
heating and cooling systems compared (0 noo-disirict
syalems me shown FY, These bepefits are relevant also
teedny, The benelits ane:

s hipher elficiency of partial loads

atilisation of CHP production

biarmass combustion

limited mumber of emission sowes

supcrior operating and maimntenance of plants
techmical upgrodes

higher design efficencies of compressors

casier to install effective noise control

easier to supervese condition of Tuel siormge

ensder 1o use alliernative (uels

bener clance 1o use altieriative heating or conling
ENCTEY ICAMIFDes 45 Washe energy
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®  conversion mom ope relrigerant bo another is
shimpler

In general, district heating and cooling plants operale
o higher efficiencies under paria] load conditions,
compared o mop-district sysiems £, The higher
efficiency means more cifcient wee of foel and bess
emission per produced energy unit.

Especially in the CHP production the cfficiency is
significantly better than in the separited production of
clectricity and heating. Becawse of more efficient wse
of fuel in the CHP production, reductions in OO0y
cmissions are achieved compared o the conventional
separaie district or local heating sysiems,

In the case of separntes] heating plants” efficiency and
peak lomd conditions, there is nol 5o greal o difference
between disirsct heating ond locsl heating sysiems, i
the same fuel is used. The efficiency of disinet heating
sysics iy decreased  because of longer distribation
networks,

The efficiency of electrically operated compressors of
cooling plants is better in big than in small scale plants
{part 11 Gg. 2.1} which is an environmental benefit of
the electrically "district  cooling  plants
compared to the small scale cooling plants,

The disirici cooling systenws, which are nol based on
checirically operated comgwessors, have  valushle
bemefit compared w0 the  electrically  operated
compeessors of local or distcr plants, The clecinc
compessors e nol pecded for example i cooling
plants, which are hased on the ohsorption processes
and which are operated by district heating, of in the
district cooling systems based on sea water, These
kinds of cooling systems don®t need refrigerants, which
is a clear environmendal benefit compared fo the
conventional cooling plants using CFC refmperants,

Tii beomais of wood combustion, CO; emissions are
condidered 1o be rern, because the U0y balance doven'i
change. The combustion of biomass or wood releases
the same smount of 00, as is ahsorbed in the growth
of the burned material f2. In the e, hiomass and
wood can be allemative fuels in small-scale plonts, (oo
Unilisation of wossl chips in small scale heating plants
has been developed recently, and active plants already
X151

The district beating and cooling plants mean a reduced
pember of empgsion souwrces i A commisiity (20 This is
an eivironmental benefil compared 10 local individual
chcigy pioduction plants such as Jocal oil heating
Boilers. Companed to the individual smull-scale plans,
the instllation of facilities (o clemn emissions from the
centralised plants” flue gases are  lechnically snd



cconomically more effective,

The district beating snd coohng plams also car down
problems sssociuted with fuel delivery, which is alas
an  environmental bepefic The  logisties of the
ceniralized plants are mwwe elfective than in the
decentralized plonts. Some central heating and cooling
plants have even oil or gis pipelines 1o facilitaie Tuel
delivery,

Operating and maintenance practices are usually more
effective in the contralised plants than in the individual
small scale plants. The centralised plants have tmined
stafl, sophisticated monitoring and control syssems. (o
operation of the plani. New echnical improvemenis,
fior cxample in Jow MOy barpers and beat pecovery
scrubber sysiems, are simpler 1o install to the large
syilems than 1o the smmll scale systems £ All these
matters are benelicial for the environment.

4.6 Conclusions

Companson between environmemal effects of dilferem
cncrgy  production systems i5  problematic, because
virions effects ocour, 1T the comparizon were done
profoundly, extensive studies such as the life cycle
axsecument of every stisdied sysiem would be needed.
Becnuse of the complexity of environmenial effects,
the sbove shown comparieons begween locnl amd
distract heating and cooling systems are mainly bhased
i general aypects collected from different reflerences.

The released cmissions ane strongly dependem on ihe
avidbable fucls and stroctore of prsduoction, which can
b seen from the cakculotes] examples, oo, Amaong the
input values of the calculations there are alse many
other assumpiions, which cortuinly have impacts to the
resulis

The calculaled exmnples give irendsening resulis abou
released emissions in different fictional heating and
electricity production sysiems, when the cleaning of
fMlue gias emissions are nof tokem into occount. One
obvious mesult i that the CHP produection is wvery
benelicinl for envinonmenl.

Also withowt any calcalations 1 is well known, that

district heating and cooling sysems have ceriain

eavironmental benelits compared 1o local syioms

Muny of these henefits are meniioned abdve, The most

significanl  benefit s the reduction of differeat

crmissions, Compared (o local sysiems, this benalil can

be achieved, among other things, by the belp of

= [CHP produchion,

w  higher elliciency of partial Toals,

= effective cleaning echniques of Noe gos emissions
mnal

= utilising aliernative heating or cooling encrgy
TEsiHIfvES.
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