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Step 01 Step 02 Step 03 Step 04
General Comparison
Introduction & (5 Renewable Stand Alone Final Decision
Best Practice Heat Source)
P Overview P Report of B Technical report, P Overview report
report of General stakeholder Financial analysis of the main
introduction of consultation revenues and
renewable P Regulatory/risk expenses of the city,
technologies, > Analytical assessment report new technological
case studies. report with of one chosen site solutions and
analyzing economics
» Study report geographical » Energy balance
to incentivize and areas in BE analysis report P Financial analysis
accelerate RE report
technology in BE
P Long-term
Investment Plan
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<Conventional and renewable technologies for district heating)>
Impact on
Categol Technolo Fuel Source Benefits .
gory oy Climate change
Increase of primary enery .
Combined Heat | Fossil Fuel (Coal, efficiency. zz:;z:gncoz
and Power Petroleum, Natural Cost effective by large ;
. reduction
(CHP) gas) and centralized heat
. Recycled Heat
Convention supply
al - Fossil Fuel (Coal, Reduce overall system
District -
(Non- Heating Boiler Petroleum, Natural cost. CO; emission
Renewable) 9 gas) Suitable for peak load
gZite_To_ Municipal solid waste z?nrit:illgnCOz
. 9 . (MSW) and other Low cost heat .
Incineration . reduction
combustible waste
plant Recycled heat
Combined Heat Production of electricity
and Power Biomass, Biogas and heat by low CO; CO; neutral
(CHP) emission
D|§tr|ct Heating Biomass, Biogas Rer'1ev.vable and low CO; CO, neutral
Boiler emission
Geothermal Heat from . ‘Cheellp running costs and O, free
Underground Reservoir | ‘fuel’ for free
Waste heat from Recycling waste ener:
Waste Heat Industrial process, data | . yeing 9y
Renewables increase the energy CO; free
Recovery centers, low-grade . .
efficiency of city
heat from sewage, etc.
Electricity from Renewable heat in case
Heat Pump renewable and of heat pump connect CO; free,
low-grade heat source | with renewable electricity
Cheap running costs and
. ‘fuel’ for free
Solar Thermal Solar radiation Renewable and CO, free CO; free
energy
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Heating capacity 13.2 MW

CcoP 3.05

Refrigerant R717

Heating Source River Water in at 8 °C, out at 4 °C
Supplied  temperature 90 °C flow, return at 60 °C(Hot water)
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2 HMojAABIocz FME £ Jond, EdME ofXHZE Propylene glycol 0| O|SE=Cl.
Ef b A|AERIS X|HLtdtol| O|&5H| feliMes Moz XA A|Mo| Hesich, of
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<Principal drawing of solar district heating>
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<The Dronninglund solar thermal plant and pit thermal energy storage>
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Heating capacity 8 MW

Plant layout 59 rows with up to 20 collectors in one row
Area 11,312 m2

CO; savings 1,100 t/y
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Heating capacity

Biomass demand 12,000 m*/day

126,000 t/y

CO; savings




Rlodutaol Blo|QUjAS 0| 83Hs HEMSl MEARIE AU ASEEA Ao
5t AIZBJOICH Fortun Varme HO|SUHA @WEhd Al ¢izk o 8,3006he| 22
AEEE x|ofLhy AlAHO| ZZHL 2US0i, 4000Whel X ofurnl 1,5006Hhe] 7| S
23stn YUk

5) HIO|27tA
HO|@7}A = ofj&l
£  Zshsicl, g7 tA=  YEEOZ 45~55%2] Het sEE 230 U0f
2

4,500~5,500kcal /Nm 2| A=

z
=2
i
|'|_|II
0=
_O'L
rir
=2
o
d
|>
i
o
N
0x
>
Jor
v
=2
x
|'|_|II
0=
oh
rir
k>
Job
d
>

rok

Intermediate/
Final Cover

HEI7IAE X[Ftdol| o[ 8sts tHEAC AtH= sh=2| Sh=X|FLtsA
Atolct. CHTRA[ 2HE oy = 1
it XIALS] 68 Geal/hol 722 (o S5=0 42k 150,000~200,000 Geal ol &S ot

St A0, o= XA D LR 20~25%S RHX|SHL UACH,



Heating capacity 150,000~200,000 Gcal/y (34 Gceal/h x 2)
Type Heat only boiler(Hot water)
LFG Consumption 110~120 Nm?/min
CO; savings ty
6) Xl
A xojtwe 52 ANS2ES 0|8 & AUs MNAoM BEET| HH ALY

|0
i
Ral
ne
g
Al
=2
o
00
o
il

g Xlogtro| &35k thEHel Afdl= ol0|SBI=2| Hengil | X[ 22 303MW

£ X2 Reykjavike| X[t AlARo| S35 U

Ch. O] A[e| A2 Xge 0|8t dHEET AL 2=A 300C O|akel 2ZoilA
Aol ditzlo] HEloll SE=EE YA0[ch 303MW XFUM AJAR2 MA FCjo| X

2 AlMo|ct.

= -

_’IO_



et rard B
ELEOTRCITY Il

=

<Installed capadty for geothamal electridty and district heating by country in 2017>

........

s, bl

Heating capacity 133 MW(Electricity : 303 MW, Total : 436 MW)

Steam supply system, fresh water supply system, electric power

Plant layout . . -
y production, thermal production, auxiliary system

CO; savings 33,000 t/y
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<Climate data for Belgrade>
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<Heat plants in Belgrade city>

x-ls?_gl |7:'||E

2) 571 MMollHx| 7| M
(» Heat Pump - Thermoelektrana Nicolar Teslar A(TENT-A)
TENT-A= HI2O2t=0M 2F 27km EAMZo X5t U= EHSE 1,650MN| M =H|
of X|ti 2 AEtatzd M A0lct, TENT-A2| condensor B2t Q2 AtHpel StH4E
0|83t U0, o HZULE SIE HEL X2 PASZ ALZESHe] X[GLHEE E2 =
2k = dct.

<TENT-A Power Plant>
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Coohng Water DHS
Comgpresnor
= —=>
3| Evaparator Condanser
<= ==
L —

Cg=== Ersmnvon ===
DHR

»  Amount of cooling water(warm water) : 190,000 m*/hr

+ Discharge temperature of cooling water{warm water) : 30 °C
+ Available calories(maximum) : 190,000 x 5 °C = 950 Geal/hr
- Heat pump operating(cooling water inlet/outlet) temperature : 30 °C / 25 °C
+ Calories produced : 950 x 1.3 = 1,235 Gealthr = 4,322 500 Geallyr (3,500 hriyr)
« Amount of district heating water heating : 247,000 m¥hr (65 °C -> 70 °C)
+ Estimated actual Calories produced : 2,593,500 Geallyr (Capacity factor : 0.6)
=3,015.7 GWh/year

<Concept of heat pump on TENT-A>

SIEHZE Sof &tEJlset A2 2F 4,000MhE of&t=lnf,) ol HLIOElE e
o o 21.5%E s F U dFolct

J2{Lf TENT-AOll SIEEHZE Soff S EHESs 2ot tiEe g8 &2g & U
X2k, X of 27kmofl o|2& Hufja MX|E

MEtste] UM A= M E=H|of M 3[ATE 2t2|5H7| mZol o] grekel A2 fsiM= Al

J

@ Biogas - Vinca OHEX| o &7t~
HO2IE Al 5% 2ZX[Hof 1977HFE &S A|ZSH] XX 2HE1D U=
Vinca M &HH 7| & o & Zto| Uct. 2014H 7K 2F 14 suot=o| MEH 7| S0| 2 A2

of A FAHAH2 70ha0l0f ojE 2= Z[CH 50mO|Ct.
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<Prediction of LFG generation in Vinca Landfill>

Vinca OHE Zoll= 3wWZ oHE7tA RIS AJAEIO| A= Zof A0 30m /mine| OHE!
TIATF JIAES A5 Ao JiAZO| &% 107t W 25.5m /minY HeZ ERCE

ZCh ol 2k 8. oMo ¥ dike = U= JtAFolct

™

| X| €t Vozdovac €& Sol =335t X]

o

ol Ao oHRITIAE 2F okm HO{TI Xof

_15_



oty JpaE R e HEZ AMBO| JHsE WO E WEHECh J2{ub A Vinca BRI
2 mrao| BABIANY SUEZAO ofsh MEH IS 24T HM % 2Ho| s PPP
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® Solar Thermal - Cerak heat plant

H2a2t= Alel AAZE2 18 7|&E 1.4~1.5kWh/m, 78 7|&F 6.2~6.3kWh/mO|0{ ¢

R U UIAIZHO| 5.8AZIC 2 BjYES BEII|0| el Tzolct

BRBRITTT

<Daily global solar radiation in Serbia on the horizontal surface>

Hl 232t= AloM= 20170 CerakZ} Batajnica €&o| 0 FXlof EfYH mjds
X|5H0 X|gutdtel deloz ZZ5k= &ote| JisMol st =ALE AASIQICEH O

M =
A1} Cerak E= 47F 22,245MWh, Batajnica E& 2 947t 3,618MWhe| LM AtO| JHssh
7
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<Solar thermal location comparision>

Parameter Unit Batajnica on-site Cerak on-site
Total area of heat plant m? 18,000 82,000
Area of Main Facilities m? 8,000 44,000
Available area for solar thermal m? 10,000 38,000
® Biomass
M Zd|ote| HIO| oA ERZHS 2F 2. 7MtoeZ MUHCZ =2 HWo|of =X Hio|20of
Ao| EXfZFO| M Hio|0iL{X| EAH | 39.8%E AX[st UCt. ETH KXo H
Mo| ol s FA&=0 2/Fh Hio| oA MM TE =2 HO|C.
Areas under forests Agricultural land
s Bl -sosora Bl - o000 s
i ?_,'i.-_ B oo - 3000 B 50.000 - 45,000 ha
" : 35000 3L s [ 40,000 - 30,000 ha
r [ 20000 - 10000k [0 20,002 30,600 ha
X [T 19.000 - B0 ha [F1 20,0008 - 15,500 ha
=] veso-1000m [ 900600 - 5,000 ha
] e=ttdba [ 1 ==nso00ha
| =
<Biomass in Serbia>
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HHAMAIM S MX|SloF Sto{, O] A Hio|2ofA MAMX[oAM BANIX| 2| 2EH|E0| T
tet 7ts4Ao| RUAct.
® Geothermal
M Z2H|ot= ZZtdtEol ZMof| x5t U0l XEF LIt 7E HAol HlsH =of
A Kto| S5t HolH, O|MEH 2FFE ool o|8sk= Atz 7t BEQUCE.
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Heal pump Tlf;)l]':{al Biomass Biogas{LFa) Geothermal

Available location TENT A Cerak, Batinica | SububofBelgrade  Vincalancilste  pletel
Am;gu fi'a;? [;l;lri,!ﬂtlal 30157 "_’I? 32475 778 20,148
Heat plant Novi Beograd N Novi Seograd Vozdovac Novl Beograd

Accessibility 28 =1 =
: Ta heat plant (lom) s =30 a 10

'I'I':ennal.energyyeartr S 034 . e pa—
produced on the heat plant 10483 334 10483 2253 1.0483
([GWhyear) -
Heat resources Lirmited Infimity Lirnited Limnited Infinity

Redoce COZ emissions o 31701 L _ P
{tCO.fyear) 23884 3564 25720 61,697 15.957.2
[Emission factar: 0.792 (€O, /MWh) aniis

- e  VEw v  View

= - MEM - SUEz - ME
Associations - Belgrade city :ﬁlwﬂf o - Belgrade city - Belgrade city - Belgrade city

-EPS - EPS -BE _EPS

-BE - BE -BE

<Comparing 5 major renewable energy source in Belgrade>
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o
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<Boiler status of Cerak heat plant>

Boiler type Unit Capacity(MW) Fuel type
Hot water 1 116 Natural gas
Hot water 2 58 Natural gas

Steam 2 6.5 Medium oil

Cerak @2 110.2kme| L2 Sall 26,6844|CHoll ¥E S=5t2 A2 oo
£ HEHA 2 1,534,382m 0l O£t 2018 Cerak ¥ 2| AI=T2 2756HhEM 2017
Hol| Hlslf 2F 29% S7tstAULCt.

<Transmission pipelines and Cerak heat plant site>
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<Monthly heat demand of Cerak heat plant>

o
=
HEE 92X

Z|of| 98 Co|H

=& 55C0|H 342

7ol 1285 287X 9
3

,000MWh Of3to| L},

A o
e

T== 45CO|C}t,

AL
=R

ol

Total heat Total heat Average heat Share from total
demand in Cerak | demand in Cerak demand in Cerak heat demand in Cerak
Date (MWh) - 2017 (MWh) - 2018 in 2017-2018 In 2017-2018 (%)
(MWh)
Jan 41,265.0 51,327.2 46,296.1 19.0
Feb 32,2810 53,845.8 43,063.4 17.6
Mar 24,380.0 45,078.9 34,7295 14.2
Apr 13,865.0 10,213.6 12,039.3 49
May 3,188.0 3,116.6 3,152.3 1.3
Jun 2,369.0 2,630.8 2,499.9 1.0
Jul 1,992.0 2,659.0 2,325.5 1.0
Aug 2,042.0 2,147.5 2,094.7 0.9
Sep 2,488.0 2,337.6 24128 1.0
Oct 13,663.0 11,470.1 12,566.5 5.1
Nov 29,620.0 36,018.6 32,819.3 13.4
Dec 45,724.0 54,437.5 50,080.8 20.5
Total 212,877.0 275,283.1 244,080.1 100.0
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@« Peak Load: 145.4MWh
140
10a
84
&0
48
20 Base Load: approx. 10MWh
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R e B ol o B o=, Bl B e Bl Lt = M= e |
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<Heat duration curve>
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3) Elote PN B MY

B f'doll ofeh thel FMAbEkel ARH 2 ASHRAE handbook2| AM|ZH|ob XS FHEZF
UAMNHEE 7[EC2E & do dXA|ZHE vhEsto] AESIQICE Bl mjde| 582 35%
g 7IE2 =z M4ESIIct
<Monthly solar heat product>

Type Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Year

Aver%ge daily

eam
irradiance 751 | 796 | 823 | 803 | 828 | 832 | 824 | 799 | 781 | 758 |727.0| 713 | 786.25
(Wh/m2)
Average

monthly beam

|rrad¥ance 62 | 112 | 155 | 180 | 248 | 270 | 279 | 279 | 210 | 155 | 90 62 | 2102

hours

Average daily

heat product |262.9|278.6|288.1|281.1|289.8|291.2|2884 |279.7 | 273.4| 2653 | 254.5 | 249.6 | 275.2

(Wh/m?)
Average

mogrtg' uchteat 163 | 31.2 | 446 | 506 | 719 | 786 | 805 | 780 | 57.4 | 411 | 229 | 155 | 58856

(KWh/m?)

MEE Y chel FYMTS J|FOE HUY mdel BN ofu| ¥E MBS M
E5t1 0|2 Cerak Z@o| &E LF5Iet thH[sI0{ Bl WS Hlw Zop Efd g
MM E 35,000m=E MA[ AP, Cerak ¥Q| sSIH7| LRSS efdHol 2fsf Muotel
22 M7} Jtset Aoz AlLt= At
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<Heat demand and solar heat production per solar thermal collection area>

Heat Monthly heat Monthly heat product (MWh/m?)
Date demand product
(MWh) (Kwh/m’) 10,000 m? 31,800 m? 35,000 m’ 39,700 m?

Jan 51,327.2 16.3 163.0 518.2 5704 647.0
Feb 53,845.8 31.2 312.0 992.3 1,092.1 1,238.8
Mar 45,0789 44.6 446.5 1,419.8 1,562.7 1,772.5
Apr 10,213.6 50.6 505.9 1,608.7 1,770.6 2,008.4
May 3,116.6 71.9 718.7 2,285.5 2,515.5 2,853.3
Jun 2,630.8 78.6 786.2 2,500.2 2,751.8 31214

Jul 2,659.0 80.5 804.6 2,558.7 2,816.2 3,194.4
Aug 2,147.5 78.0 780.2 2,481.1 2,730.8 3,097.5
Sep 2,337.6 574 574.0 1,825.4 2,009.1 2,278.9
Oct 11,470.1 41.1 411.2 1,307.7 1,439.3 1,632.5
Nov 36,018.6 22.9 229.0 728.2 801.5 909.1
Dec 54,4375 15.5 154.7 492.0 541.5 614.2
Total 275,283.1 588.6 5,886.1 18,717.9 20,601.5 23,368.0

EfQ mjd @ 10,000me] 2 201797K| & 1770 27l M= 194702 Ef

=
wek Aot M=slot HE5H7| H

Y K| HAARS| B fd HAo| HES H|uE A ghet
22 MYS Zolct wEol Bfd X[Futah A[AR MX| HEofA 35,000m Of2t2
22 MdX|& Al "op30l] 4742 #olof, 10,000m Of&tel 507H2| Al SolA T 48
7hel A7t Hlot30f| A= Zdo|ct, i M[ZH[otoll 10,000m miE Aol Ef LA
Aot AlAES dX(shs weto] 23 22 2ol Z2HMETL ofd W2z EEhaE

=
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<Case of solar district heating system in Europe (until 2017)>

Solar No.
gﬂ_‘l:(cr'rt‘oz;’ of case Country(No. of case)
>35,000m? 4 Denmark(4)
>30,000m? 3 Denmark(3)
>25,000m? 2 Denmark(2)
>20,000m? 7 Denmark(7)
>15,000m? 12 Denmark(12)
>10,000m? 22 Denmark(20), Norway(1), Sweden(1)
>5,000m? 36 Denmark(30), Germany(3), Netherlands(1), Poland(1)
>3,000m? 25 Austria(2), Denmark(19), France(1), Germany(2), Italy(1)
Austria(3), Denmark(8), France(1), Germany(3), Greece(3)
>2,000m? 23
Netherlands(2), Poland(2), Sweden(1)
Austria(12), Bosnia and Herzegovina(1), Denmark(4), Finland(1),
<2,000m? 60 France(4), Germany(10), Greece(2), Italy(1), Montenegro(1),
Netherlands(1), Poland(3), Spain(3), Sweden(11), Switzerland(4), Turkey(1)
Efebed ol BiE 10,000mo] ZP WY Aztel Mx UHS MR MYE AT 3
AX|HA0| 2F 18,000m 7t 7= Ct. 35,000m 2| Eftd TS MX|e HAR0= SLet
ZHOM 62,000m 7t RFEICE,

<Installation area calculation>

Type Basic Maximum
Single solar collector area(panel) 13.55 m? 13.55 m?
Total solar collector area(panel) 10,000 m? 35,000 m?
Solar collector length 597 m 597 m
Row distance 4 m 4 m
Ground area 23.88 m? 23.88 m?
Required land area 17,624 m? 62,000 m?
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dEeH A, Cerak ¥l & FX HAH2 2 82,000m O|o 2AHE =Z3st = My|
E

of im 3 A 2SS EZedst= o AHBHO0| 44,000m 0|t whEtM EiYE HES
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o

2tA 10,000m 2| Eftd g2 MAg 4

of# FXlofl &&5] %7} Jhsstet. T2{Lt 35,000m 2| EfLE midE MAISH| 2I5

MX|HH 18,000mE 12istH sixje

<Land area of Cerak heat plant>
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<Heat balance of 35,000m’ solar thermal system (Summer season)>
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<Heat balance of 35,000m’ solar thermal system (Winter season)>
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A|AED Mol AE ATl 10,000m EfUYE e 7|ZE2 25t EXF AMAM EAM 2
TSI CH. Ef kR X|dtdl Mu|o] FEXHH| EAM2 Hiol32| Reference cost 2HAls A

&5t0 MESHCEH EfE mid ™A 10,000mE 7|ELE FAH|= 2,300,000 w27t
E O

14
12 ¢ Datafrom Solvarmedata.dk
0.5 M€ + 180 €/m2

‘g 10 ~ : T
= ¢
=
1]
E 6
g
£ 4-

5 |

<&
4] : f L f 1 .
0 10,000 20,000 30,000 40,000

Collector area [/ [m2]

<Solar thermal plant investment cost for Danish SDH projects>

<Investment cost of 10,000m" solar district heating plant in Cerak>

Cost Element Cost
Solar Collector Panel 1,104,000
Storage Tank 253,000
. Transmission pipeline 299,000
Material cost Heat exchanger, pumps, etc. 184,000
Control, operation start 115,000
Direct cost Sub Total 1,955,000
Ground  works 161,000
. Building 46,000
Construction cost
Sub Total 207,000
Direct cost sub total 2,162,000
Indirect cost | Engineering Cost | Design, permits 138,000
Total 2,300,000
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Ct
<Criteria for financial analysis>

Classification Contents Remarks

Project Period 20 years

Interest rate 3% fixed

Depreciation

Equivalence partitioning of 20 years

Gas calorific value: 34.5MJ/m?

Income Fuel cost saving Gas unit price: 0.3753Euro/m?
Boiler efficiency: assuming 80%
O&M Cost 0.5% of Material Cost
Income Tax 0%
Discount rate 5%
AMAAHS EMANE= ChE E2F 20
<Result of financial assessment>
IRR (%) NPV (Euro) Pay-back period (yrs)
10.45 1,010,542 8.26
Helsla @3e| WED Mu| SXH| HES 7|Fo2 DU 42 FYSIICH
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<Sensitivity analysis of Cerak solar thermal district heating plant>

R I R R —
15% 8.05 545,152 9.78
-10% 8.87 700,282 9.21
5% 9.67 855,412 8.71
+5% 11.21 1,165,672 7.85
+10% 1197 1,320,802 7.49
+15% 12.71 1,475,932 7.15
15% 12.99 1,300,585 7.02
-10% 12.06 1,201,243 7.43
5% 11.20 1,101,902 7.85
Investment 0% 1045 1,010,542 8.26 Based on
cost 2,300,000 Euro
+5% 9.71 903,219 8.67
+10% 9.04 803,878 9.09
+15% 8.45 712,518 9.50
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Basic Improvement

- Modernizing of Metering : Reduction of Consumer side
- Modernizing of Substation : Reduction of Heat Loss
- Insulation Supplement of Heat Transportation Pipe : Reduction of Heat Loss 4

interconnection of Heat Plants

- Connecting pipe between 11 Heat Plants in Belgrade
+ Heat supply from High efficient heat plant to Low efficient heat plant

Developing of Low Cost Heat Source

- Large scale renewable and waste heat (TENT-A, EfW, Biomass, etc.)
- Expanded supply of low-cost, renewable heat with connected heat plant
« Reduction of fossil fuel usage and heat production cost )

<Long-term Plan for District Heating System of Belgrade City>
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