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AEA Austrian Energy Agency

CHP CombinedHeat andPower

DH DistrictHeating

DHS DistrictHeatingSystem

EMS Public company which manages an electric grid in Serbia
EUR Euro

IPCC Intergovernmental Panel on Climate Change
kw Kilowatt

KWel Kilowatt electrical capacity

kWin Kilowatt thermic capacity

kWh Kilowatt hours

kKWhe Kilowatt hours electrical capacity
kWhn Kilowatt hours thermic capacity
LBWG Local Bioenergworking Group
LCA Life-CQycle-Assessment

LCV Lower calorific value

MW Megawatt

MWei Megawatt electrical capacity
MWihn Megawatt thermic capacity

MWh Megawatt hour

NPV NetPresentValue

ORC Organic Rankin@ycle

WACC Weighted Average Cost of Capital
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Background

This reportpresents theanalyseof the opportunity to set up a biomasmsed small district heating plant in the
village ofy 2 a (i 2ireSesdia By /a fusiwitch from heavy fuel oil to biomass at the existing district heating grid.
In the second part of the repgtthe investigaion resuls of the integration of a biomass CHP plant into that district
heating grids provided Both systems are evaluated at a-{fasibility level in this report. The data collected by
the local bioenerg working group (LBWG), the assumptions made and the results calculated reflect the initial
status of the assessed projects.

The projects described heig expectedy the LBWQo become viableHowever, i might take a further year to
substantiate a numédr of parameters that are sensitive with regard to economic results. There is a stronrg trade
off between the district heatg price (the economic viability of the plant) aitslattractiveness for potential DH
consumers. To substantiate a hopefully attreeDH price, an investor has to be identified, communication with
potential consumers has to be intensified, amé@pth heat demand survey has to be conducted and, finally, an
optimized technical planning and reliable cost surveys have to be performedoa as the actual heat demand
and the cost figures are settled, thevelizedcost of the DH generation and the DH price applicable to DH
consumers can be substantiated. This is when DH consumers can take a decisiosismmloognection. As it

can be the case that fewer consumers connect than expected, the project can fait thatradvanced status.

Hence, it is hard to predict in an early project phase whether a project is economic viable. The process of
substantiating economic viability of the proposed centralized biomass projects is documented in the BioVill
Deliverable 5.4In the following, background information of the initial status of the projects assessed is given as

well as the results of the DH and CHRfpesibility study are presented.

Biomass DH plant

TheexistingR A & G NA OG KSI GAy 3 ae& Fuelivor hegt prydiciian Bo3upyihdusehaidda hd K S| &
public buildings. This pffieasibility study analyses the viability of a fuel switch to biomass, i.e. wood chips. Based

on an increased utilization of the existing DH grid byoreection of former Didonsumers and connection of

new consumers, the installation of new biomass boilestead of a refurbishment of the existing oil boilisrs

planned

The total annual space heat demand of38l consumersvas assumed to be around 8,84®Vh/a. The btal
connected consumepeak load i4.4 MW.For theexisting DH grid withtaench length o2,900m, losses of 25%

of heat produced werassumedafter reconnectionTheDHplant has to compensate the supplied heat load for

the grid losses. It is also takenadraccount that the cumulated consumer peak load is never demanded at the
same time. Considering the assumed grid losses and the simultaneity factor (60% of load is required at one time),
the district heating plant needs to supply a peak load of approxiynate20 kW at the boiler fringes.

Thel,120 kW peak load of thHeH plantis not fully covered by woechip boilers to allow longer operation of
smaller, cheaper biomass boilerkefefore, the capacityof the two new biomass boileiis planned with 500 ah
200 kWh (due to load management and cost optimization reasevispreasghe capacity obne of the tweexisting
heavy fuel oil boileraccounts for further 750 kW(for peak load and baalp purposes). The latter boiletue to
sizing of the biomass boilersgill cover less than 10% of the total annual heat supply of the DH grid.

The total investment sum for the new biomass DH plants adds up to 2&8R@xcl. VAY The refurbishment

of the existing fossflueledplant would need an investment of only 20,000 EUR (excl. ViAd)atter is called the
fossitfuelled reference system. Its economics is compared to those of the alternative biomass system. The
financingof both systemss based on 30% equity from own fundel&70% from a credit liné&o investment
subsidies weréncludedin the analysisThe average cost of capital (WACC;tprg¢ was set to be 3.51% for both
systems. The biomass costs were assumed with 15.6 EUR/MWh in 2019 (excl. VAT), while the hestey fuel ¢
were set to 40 EUR/MWh (excl. VAT). All outgoing payments and the incoming revenues (DH sale revenues) were
indexed over service life.

Fehler! Verweisquld konnte nicht gefunden werdeehows acomparism of the economic indicators between
the new biomass DH system anceéurbishment of the existingeavy oil DH system. Thevelizedbiomass DH
gengation costs in 2019 are 48EIJRMWh. The DH generation costs of the fofsdledreference system are
66.8 EURMWh. With an assumedH price of 50.3@URMWh starting in 2019fist year of operationand

increasing with 2% p.a. over the calculated service life of 25 years, the refurbisheddtessiDH system does

7
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not pay off (amortize) at all. The ndomass DH system amortizes dynamically within 10.5 years. The internal
rate of return of the biomass DH system reaches 8.66%; the net present value isSEB6000

7045 Discounted Cash-flow analysis (based on VDI 2067) - Results
7046 Biomass Heating System Fossil Fuelled Reference System
7047 Discounted Payback Time 105 a Discounted Payback Time >250 a
7048 Net Present Value (NPV, t=25 yrs.) 55,932 EUR Net Present Value (NPV, t=25 yrs.) -490,953 EUR
7049 Internal Rate of Return (IRR, t=25 yrs.) 8.66 % Internal Rate of Return (IRR, t=25 yrs.) H#ZAHL! %
7050 Calculatory Heat Generation Cost q 48.42 EUR/MWhsold Calculatory Heat Generation Cost 66.76 EUR/MWhsold
7052 Energy and greenhouse gas related impacts of the bioheat plant Reduction compared to fossil fuelled Ref-System
7053 Annual fossil fuels subsituted by bioheating system 2,649.3 MWh/a Reduction compared to fossil fuelled Ref-System 90.3 %
7054 Annual greenhouse gas savings (LCA, CO2-equivalent) 798.2 tCO,-eg/a Reduction compared to fossil fuelled Ref-System 89.2 %
7055 Annual energy savings (total fuel input, NCV) -84.4 MWh/a Reduction compared to fossil fuelled Ref-System 2.9 %
7057 Figure(s): Development of the NPV for a calculated service life of 25 years - visualization of the dynamic payback time
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Figurel: Economic EfficienayProfitability Calculatiobsingthe OscountedCashHow Method

Thus, the fuel switch to biomass is beneficial to the DH consumers if the consumers, who would need to reconnect
and connect newly to the existing DH grid, accept a DH price of 50.3 EUR/MWh for 2019.

The comparison includesreinvestment of the boilerand the related electric and hydraulic equipméartboth
systems after 20 years of operati(see the development of the cumulated net present value after 20 years of
operation in the graplabove) Even though this is a lagnvestment for the biomass systemnisiobvioughat a

new biomass DH system is econatlyjadvantageous compared to a refurbisbnt of the existindossitfueled

DH system. In additipthe new biomass DH system, compared to the refurbished-faosked DH system, avoids
the thermal utilization of 2.65 GWh/a leéavyfuel oil and the emission of 798 t/a of Z&quivalent).

Biomass CHP plant

The second part of this report refers to the assessment of the viabitiy ofstallation of a biomass CHP plant,

which injects part of its heat produced into the existing grid of the DH plant assessed before. This assessment is
based on ai®rganic Rankine Cyc@RGCHP plant with an electrical capacity of 13Q/kWH athermalcapacity

of 630kWn.! In the aforementionedscenaricincludingthe standalone biomass DH plaritvo biomass boilers,

one with 500 kW and another with 200 kW as well as 750 kW fuel oil peak/backip load boilerhave been

planned In thenewly ddined ébiomass DH + biomass Gld€enarigthe DH plantvould havea 170kWn biomass

boiler and the 75&Wn fuel oil peak/backip load boiler, as 630 kWMinjected into the grid are delivered by the
biomassCHHN orderto cover 112 MW peak load supplitin the DH grid. In this scenattiee following amounts

of heat derived from biomass would be injected into the DH grid:

482.1 MWh/a delivered from the biomass boiler, standing in the DH plant

1,786.8 MWh/a delivered from the biomass CHP (i.e. 2,8304ddllhours of CHP operatiomhichshall
be located close t@ new companywhichneeds heat during summer and transitional seasons for cold
or process heat purposes

Assuming the same DH price of 50.3 EUR/MWh sold and heat generation costs of 48WIE{dRZ2A19 for the
combined DH + CHP plant as for the stalwhe DH plant, the marum price for the headirectedfrom the

1 ORC was selected as it is an efficteRP technology, especially for smaller plant capacities beloWW&0Beyond this
threshold capacitythe more widespread water steam turbines become viable from an electrical efficiency point of view.

8
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biomass CHP plant into the DH grid would be 33.2 EURMNZA1Q This calculatioaccountgor less personnel
and biomass fuelamand and investment at the biomass DH plant compared to the-atand biomass DH plant
scenario.

AbiomasshasedCHP plant below 1 MW in Serbia currently is granted with a maximum electricity remuneration

of 13.26euroents’/kWhei for a period of 12 year§husthe biomass CHP plant would have to sell anot{#9116

MWh/a of heat on top of thasupplied tothe existing DH grid (i.e. during summer and transitional seasons) with

net revenues of 50.3 EUR/MVithorderto become econmic viable. If the biomadsasedCHP plant is abte

utilize an average of 80% of the heat produoedr the yearit would have to run 7,100 full load hours to gain

the electricity and heat revenues needed for becoming economic viable. The joint Stoclicg @ a9t S1 G NR YN
{NbA2S¢ 069a{0 Aa 20ftA3ISR G2 (G4Fr1S 208SNI YR NBFTdzyR I f ¢
renewable energy sources.

It wasestimatedthat the biomass CHP plant would cost about Gr#8on EURand 20% invesnent subsidies

were assumed. The average cost of cafjitad-tax) was set to 4.13%. In the model case a high utilization of the

plant with 7,100 full load hours of plant operation and 5,680 full load hours of heat sales and net heat revenues

of 41.7 EURMWh on average were assumed. The mixture of electricity and heat production full load hours serves

an annual fuel conversion efficiency of 60.8% (incl. plant own electricity demama3aksumedthat the CHP

plant consumesl3% of the electricity prodtion itself. For the economic assessment, a full cost annuity
calculation was performed with a calculated service life of 12 years. The biomass costs were set to be
15.6EUR/MWh (excl. VAT). All outgoing payments and the incoming revenues (neat hea&seweneindexed

over service lifeConsideringhe assumptions made, the econorhicd & S a drasdity shéwQhatevelizedcost

of electricity in the amount of 12&uroents/kWh (124 EUR/MWh) can be achieved (Egare2).
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Figure2: Levelied Cost of Eectricity

Theremainingquestion isif acommerciaheat consumecan befound, wto is able to take over an additional

1,791.6 MWh/aat a price of 50.3 EUR/MWh on top of the heat injected into the existing DH grid. The heat with a

load of 630 kWik/h would have to be purchased outside the heating season of the DH grid enabling ajg@36er 2

full load hours of the CHP during summer anddit#onal seasons. The municipality hopes that investors of the

food or wood processing branch, who would need such a quality and quantity of heat and who would pay 50.3
EURMWHhOL Y 068 62y t2GSydAlf OF yRARFIGSASI MBf (iIMIgEE R& B (G A f |
alAliNROAGE D
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BioVill is a three yesuproject supported by the European Union's Horizon 2020 research and innovation
programme with a budget of around 1.99 Mio EUR. The project started in Rk6tand is implemented by the
Deutsche Gesellschatft fiir Internationale Zusammenarbeit (G1Z) GmbH in collaboratmighwjihrtners from

the BioVill target partner countries Croatia, Macedonia, Romania, Serbia and Slovenia, as well as from Germany
and Austria.

Many South East European countries have high biomass potentials, but they are often not or only inefficiently
used for local energy supply and regional economic development. Thus, the overall objective of the BioVill project
is to support the devepment of regional bioenergy concepts and the establishment of bioenergy villages in
Croatia, Macedonia, Romania, Serbia and Slovenia. This will be achieved by identifying suitable biomass value
chains according to local and regional needs and transfaxisting experiences in Austria, Germany and other
European countries to the Sodffastern European partners. Thereby the market uptake of domestic bioenergy
supply chains will be increased and the role of locally produced biomass as a main souragyafugppdy and

added value for the local and regional economy will be strengthened.

Core activities of the BioVill project include national and local framework analyses, technological and economic
assessments of local bioenergy value chains, developmeheé drfistitutional seup and energy management
concepts for the potentiabioenergy villages as well as capacity building on financing schemes and business
models. As a key factor siccessthe BioVill project uses a multi stakeholder approach fostémmgmvolvenent

and active participation of the citizens and all relevant stakeholders in the planning and implementation process.

Major results of the BioVill project will be the initiation of at least five bioenergy villages in the target partner
countiies up to the investment stage for physical infrastructure, the raise of public acceptance and awareness of
a sustainable bioenergy production and its commercial opportunities as well as increased capacities of users and
key actors in business and legiglatto sustainably manage bioenergy villages and to enact national and EU
legislation.Altogether,the BioVill project will contribute to the expansion and sustainability of the bioenergy
markets inEurope andhe European Union.

The deliverable D4iBcludessevenreports one pertarget villagepn the opportunities to setip biomass based
CHP plants and sm&lHnetworks in theseventarget village®f the five BioVillpartner countries (HR, MD, RO,
RS, SLAsa part of D4.2, this reportpresentsin detailthe results of theanalyses lad calculations, whickvere
donein the target villagefY 2 & (i 2 2 S @ AThegendraf striciitdBntidntént ofall sevenreportsis similar,
but was adjusted to the local conditionsthg responsible partner in thgartnercountty.

Every reportpresents the specifipotential solutions for pooling the heat demand and develomng
implementingthe necessary infrastructum@easuredo establish a heabnly biomasdbasedDHsystemfor the
respectivearget villageln addition, fve of thereportsalsocontain an assessmentthie potential establishment
of abiomasshasedCHP plant, either tailanade for thespecificsituation in he targetvillage oras amodel in
case heatoad and especially thannual hoursf heat load demandare not sufficient(e.g. > 6.000 h/ajor
establishing a CHP plariurthermore, prefeasibility statementsvere made regarding the economic and
technical viability of the selected solutions, taking into consideratitural cost and savingotentiak as well as
the potential market development. Tlamalyses and calculationgre done by the target country partneend

wered dzLJLJ2 NIISR o0& GKS ! dzAaGNRI Y 9y SN@Bandtemplgfede = YI Ayt & dza)
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A bioenergy village is a village, municipality, settlement or commwhiigh produces and usesost of its energy

from local biomass and other renewable energies. Biomass from forestry, agriculture and waste is used in a
bioenergy village to generate electricity and heat. This is usually implemented by several technologies of different
sizes, such asoodchip boilers, pellet stoves, logwood boilers, biogas plants, combined heat and power plants
using woodchips etc. They usually supply a small district heating grid of the village in order to distribute the heat
to the consumers. The planning and inatégdn of renewable energy technologies is often accompanied with
energy efficiency measures. Besides supporting an increased use of renewable energies and its positive effects on
climate and environmental protection, a central objective of a bioenetggeris to strengthen the local economy,

as the expenses for energy remain in the region.

The involvement and participation of a broad range of local stakeholders and consumers is crucial for the success

of a bioenergy village. Ideally, biomass suppliacs energy consumers are shared owners of the necessary
installations. The conceptto szl 0 A2 Sy SNH& @At 3Sa grFa RSOSE2LISR (KN
aiming to contribute in making the energy sector environmental friendlier. Initiativegitikdelin Germany,

Gussing in Austria and Samsg in Denmark aré&ma@in bioenergy villages that contributed to this development.

Today, several hundred bioenergy villages exist in these countries.

What are the objectives of a bioenergy village?

Thereis®8 a2FFAOAFIT & RSFAYAGAZ2Y 2F | 0A2SySNHe @GAtflF3aAS Ay
and networks describe key parameters of a bioenergy village. The objectives include:

Thebiomass feedstodis produced locally and in a sustairavby
Thepowersupply from local renewable energies is at least as high as the energy demand of the village
Theheatis provided by locally produced biomass or other renewable energies

Thebusiness modedllows also consumers, farmers and forest owners to become shared owners of the
installations

Thecreationof the bioenergy village is based on a high level of public participation

Y2a4022SBROMYyAAKS2Xdy AOALI fAGE 2F . F2Ayl . Ol Ay 2 8S:
some urban characteristics and is surroungadvooded mountains. The local school and 40 households in the

village are heated by a district heating systeased on heavy fuel oil. In the surroundings of the vi{lage Tara

Mountainsf G KS GSNNAG2NE 2F GKS YdzyAOALI f AG& 2dhionsto2Ayl . |
replacethe crude oil with biomass as main energy source. In additiorertain number of wood processing
facilitiesexist that carbe included in the process in a proper way. By using the available local renewable energy
sources more efficiently and expanding the local district heating system, it is possible to comeeticalo

institutions (healthcentre, library, pharmacy, veterinary station) and 40 additional households to the heating

system. The local district heating system could be additionally improved through connections with the local
business sector (produceo$ beverages, small trade and car repair shdpsijther background information on
Y2aG22S@PA0A Aa | DlheBidbVilpr§ech y 5St AGSNIo6fS nom 27
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3. Fuel Switclof the existingfossilfuelledDistrict Heating Plant

District heating in the Republic of Serbia exists in 57 cities/municipalities, and their total nominal installed capacity
is 6,700 MW(Banjac etl. 2015). Produced heat is mainly used in households (56%), after that in industry (33%)
and eventually ithe public and commercial sector (11%). Natural gdeeidominant fuel in district heating plants

with a share of 76.5%. Heavy fuel oil and fuel oil accounts for 13.2% and coafdrhE0share of wood fuels

used in district heating plants is only 0.3%wéver,a strategic goal afhe Serbian energy sector is the change of

the structure of fuels used in district heating systems. The reductibtie obal and liquid fusi(heavy fuel oil and

fuel oil)sharein heatproductionshould be followed bincreasng thebiomass share to 12.1b§ 2025.

Afuel switchinthe SEA A G A Y3 RAAGNR OG , itelubing bighthss okl iisieadiof/heavyefdell 2 2 § G A ¢
oil, is in line with this strategic aim.
Thed a G NR OG KSI Ay hasBeénaperdiNgsiicy 2007aapartoBh® @blicufility c2 Y LI y &  a .

G§SNXYE¢ T NRY A.dile playit(FigureB) @nd & separatevarehouse witha 100 t tank for heavy fuel oil
storage(Figured) are locatedn thelocal schoolyard

— a—

Figure3: BoilerR | yi Ay Y2ai22S@OA06A 06 {f202RIFYy WSNRGAOGOL

Figure4: Warehouse with a 100 t tank feleavyFuelOA f 66 wl R2 Q3+ Y2@A 06X HAMT O
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Figure5: Boilers and @&NJ/ S NA A Y &NodlEoileeR S Ph 6ba6 wl R2OlF Y2OBA0Z HAMTO

The total capacity dhe boilersadds up tdl.5 MW, There ard@wo divar€ boilers withdWeishaupt burners each

with a power of 75kW Figureb). The gstem regularly operates with one boiler, while the second boiler is the
reserve in case of failure of the first one. The fuel that is now being used is heavy fuel oil (Low H¥¥hikig21
The dstrict heating network is 2.9 km long and it is made of reinsulated steel pigeschof theheating network

is presented ifrigure6 (the DH pipesare shown by red lines)

|
Jal

4

N L, =-_'~;a':.\\,ﬂh W r— oI
Figureb:1 ST GAy3 bSig2N] Ay Y2ai228SOA06A 06 .. CSNNI .l 2AYyl

The gstem was desigrd to operate asawater heating system ithe 90°/70°C temperature regimé.isadirect
system withoutany substation.Thesystem isalsonot equipped with any measurement devices, neithethat
side of heat production, nor at the side of heat consumpfidre only reliable measuremerdfers tothe fuel
consumptiorof the systemFurther information on the sgemis included in D4.1 of BioVill.

The maxinum heating area was 3,474%im the period of 20082010. Then, 38 households (2,2385 n?) as well

asthe local school (1,128 %) the ambulance (50 A and some commercial facilitie®re connected to the grid

The naximum number of evezonnected consumers was 42. However, meanwhile some customers decided to
switch toindividualheating systemsnostlyusing their own firewood. Presentbnly 25 households withnarea

of 1,262.25 m(located in one mukitorey building with 12 apaments and 13 private owned housetle local
school andhe ambulance use centralizecheatingsystem.
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Detaieddata aboutheRA & G NXA OG0 KSIF GAy3 &aeéad Sy thagfd, bollelscanudi@siaadh Ay Of
fuels ae presented ifrablel. The table stems from a heat demand survey Excel file, developed by the Austrian

Energy AgencyAs neasured data othe real energy consumptioand efficiency of the system anet available,

the presented data are based on estimatesttod local utility, which is the operator ofthe district heating.
Thereforealocalexpert teanthe adjusteddata about the total heat load of connectednsumers and grid losses

wereto more realistic values

Tablel: Key Figuresf the existing District Heating System¥ni2 8 1 2 2S JA 0 A Owl R2Q3lF Y2QBA0Z HnN

Key Figures District Heating System Unit Data
Plant name name Y2aihz2S 9
Data received by name |[+St AYAN w
Grid data

Start of operation year 2007
Number of connected consumers - 42
Heated floor surface area m2 3,461
Total heat load of connected consumers kw 500
Max. Flow Temperature °C 90
Trass length dabtal district heating grid (half of pipe length) m 2,900
Max. Return Temperature [°C] °C 70
District heating grid losses in % of produced heat (of boiler heat % 2506
output)

Type of main fuel used Heavy fuel oil
Total nominal heat capacity ofstalled boilers (main fuel) KWoutput 1,500
Nominal capacity of (main fuel) boiler 1 kWoutput 750
Nominal capacity of (main fuel) boiler 2 kWoutput 750
strrgg)e annual efficiency of main fuel boilers (output/input of % 90.0%
Installed hot watestorage for buffering district heat demand litres Does not exist
Consumer data

Bottom-up energy consumption data year 2016
Heat sales data source Invoice(s)
Total amount of heat sold to consumers in year 2016 (estimation] MWh/a 680
Average heaprice (incl. VAT) in year 2016 EUR/MWh 48.%
Share of space heat of total heat sold % 100.0%
Share of hot water heat of total heat sold % 0.0%
Produced total amount of heat in year 2016 MWh/a 800

Fuel data

Topdown fuel consumption data of year year 2016
Type of main fuel used Heavy fuel oil
Measured fuel consumption data available Y/N N

Fuel demand data source (main fuel) Estimation
Year of fuel consumption (main fuel) year 2016
Amount of main fuel consumed kg 80,000
Lower calorifizalue (LCV) of main fuel kWh/unit 11.1
Annual main fuel consumption in year of consumption MWh/a 889

2 Prices for households onhytip://www.bbterm.rs/aktal)
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Climate correction
Heating degree days in year 2016 Kelvin*d 2,892
Heating degree days at normal (average/trend) climate condition| Kelvin*d 2,761
Share of space heat of total demand dependent on weather 0
conditions & 100
Annual fuel consumption/input corrected for climate conditions MWh/a 849
Annual heat production/output corrected for climate conditions MWh/a 764
Annual full load operation afiain fuel boilers h/a 509
Annual heat sales corrected for climate conditions MWh/a 649

Fromthe abovepresented data it is evident that the length of the grid is disproportionally high in comparison to

the heat consumption anthat therelative networdosses ar¢oo high.The airrent network heat utilization rate
is unaceptably low and amount®r only 276 kWh/m/a. Moreover, the high price of heavy fuel aldds to the
factthat the operation othe district heating system is unsustainabidinanciakerms.Rightfrom the beginning
of operation it generatedpoermanent financial Iees.Anadditional problem with using heavy fuel oitsenviron
mentaly polluting impact

A projection of further developg theR A & G N& O i

KS I G A yiscludes, Be§idyTuehsylitctyahdiudigs S O A

biomass, reconnecting all previously disconnected consumers to the system, and comeldiimgalconsumers
without further expansion of the network. Thisigossible solution, since in the initial planttoe development
of the district heating systef®HSA y Y 2 a8DBo8s8hdlicdnAeEtionsn totalwere envisaget To fulfil this
plan an additional connection of 38 consumaraist be realizedTaking into account that the average size of
dwellingper household is 97.1 /SORS, 2013) and ttthe surveyconductedin the commercial sectod / 2 Yy 2 A 6 <
2017)identified approximately Z87m? of space area that could be connected to DHS, additéy#@rm? could
be connected to the grid.

The projectios of heat demand, heat load and heat atkat should be relevant fahe district heating system in

0/

2019 arepresented in Table Pata abouthe 02 YYSNODA I f yR Lzt A0 &SO&a2N Ay
survey of current consumption of heathe annual heat loadof householdsis about130 W/infa (! 3 A Y2 @A 6 X
| dz] | ¥ 2 @) keSpEctivelylabout40 kWh/n? (Government of the Republic of Serbia, 2015
Table2: Expectedevelopment otheHeat DS Y I YR A Y Y 208wl 2RI AWRAIASOIZ{ HnmMT T [ 2y 2
Year 2016 2019
Households | Heat demand (MWh/a) 413 930
Heat load (kW) 334 814
Heating area (R) 2,230 5,920
Commercial | Heat demand (MWh/a) 267 941
and public| Heat load (kW) 185 585
facilities Heating area () 1,231 4,335
Total Heat demand (MWh/a) 680 1,871
Heat load (kW) 519 1,399
Heating area (A) 3,461 10,255
3This information is obtained from! / & . . ¢ SN¥é & | Li@52 O Y 2R20CRd2YSSH/AlCH Al ARy’ y22F( | ¢
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¢CKAAa OKIFLIWGISNI Aa y23G NBt S@I yi desgiiatew BH @tivérkplarBeti T2 ¥ Y2 & (1 2
existing networkcoversalreadythe zones in the village which comprisethe more densely populated village
center with accompanying public, commercial and industrial facHitiéh high heat demand.
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For timizingY 2 & (i 2 a8iSriétheéating systeradditional connectedonsumersare requiredwithout expan
ding the existinglistrict heating network. Therefore, the survey process was dirét)etd previous consumers
of the district heating systemwvho are currently disconnected?2) to potential, new consumers dhe district
heating systenand (3) to consumers the commerdal sector close to the existing network

(1) There are 13 householasirrentlydisconnected from the district heating network wélhotal heating
area of 968  and one commercial consumierthe same status with heating area o0 n?. As the
main reasorior disconnection was the high priced#liveredheat, it is reasonable tassumehat their
willingness taeconnectis linked with anore affordable price. This assumption wasfirmedat the
G Ly T 2medihgoi February 28 and May 520174y Y2 a(i22SOA0A @

(2) Atthe same meeting the readiness & additional consumers in the zone close to the existing district

heating system was shown, again in the case thdutiee costs ofdeliveredheat could be comparable
with current costs of local héiag. Itisestimatedthat the heatingarea of all households (38) closdhe
districtheatingnetwork amountso approximately F00 nt.

(3) A survey ofthe commercial sector was conductedthg local stakeholdeEko Frutinido® / 2 Yy 2 A.0 Z

In total 11 companiewere polled.For heating of 304 nt these companies spent 435°wf firewood,
720 liters of LPG and 57,624 kWh of electrini®017(seeTable3).

HAMT

Table3: HeatDemand of theCommercialSS QG 2 NJ Ay Y2a(i22S@OA06A 51 { 0/ 2Yy2A0Z HJ
cN:rrr?ri:rLial ey | s e e ﬂf:f!ﬂ% hggegl?r%] s Ejl:\?tlljgzrt]l
Motel Restauran®& bakery 150 35 Firewood 60 m¥year
Burence s.u.r. Restaurant 150 3 Firewood 50 mélyear

§ Shop Shop and warehouse 110 2.3 LPG 432 lyear
% Building 1 Offices 200 2,6-3,6 Firewood | 20-25md/year
L | Building 2 Kitchen & dressing room 60 25 Electricity | 13.8 MWh/year
ﬁ‘cj Building 3 Warehouse 60 2.5 LPG 288 lyear
Global d.o.o. Brandy distilling 820 2.4 Firewood 100 nilyear
Gods d.o.o. Offices 110 25 Firewood 20 m¥year
'gg{g‘;‘; ggita_ Offices 54 25 Electricity /
Mif petrol Offices 40 3 Electricity | 43.8 MWh/year
S.t.r. Podmladak Offices 100 3 Firewood 50 m3/year
Brazil s.t.r. Offices 40 25 Firewood 30mdlyear
S.T.R. Balkan Offices 100 25 Firewood 40mdlyear

. Production 300 3 / /
Sawmill , N N .

Drier andchairproduction 450 Firewood 60 mé/year

Byconnecting alfesidential and commercial/public consumeéh® total heat areavould be over 1@00m?, with
a totalheat demand of 1,8YMWh per year ane total connected consuméreat load of 4 MW. This leads to
anincrea® of the network heat utilization rate to 645 kWh/(grid andyear) and representhie maximum that
canbe achieved without further extendirie grid length. It is important to emphasize ttefurther extension
of the existinggrid length (2.9 km ofrid trenchlength)is not an option, asufficientpotential new consumers
with significant or whole yedreatconsumptionwere not identifiedo justifythe necessarinvestments iragrid

expansion
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5.2 Stocktaking fothe Implementation of &8iomassCHPHant

The aalysis othe energy demand structure indicates tr@€HPplantin Kostojevicivould notbe viabledue to

the lack ofignificant heatiemand in summekowever,n the longterm perspectivethere might bepossibilities

e.g.by integrationof additionalprocessing capacitie setupa CHR KS @At t I 3S Y2aG22SPA0A
known fruit production region. This fact could be used to identify an investor willing to invest in a food processing
line, e.g. jam/marmalade pduction, with the municipality’s support. Another option would be a fruit or vegetable
drying facility or a wood processing plant. An assessment of a possible investment in a food processing plant is not
subject of this analysis. It is a recommendatioly ohwhat could be done in order to improve the conditions for

a future investment in a CHP plant.

Two potentiaheat consumer& | @S 6 SSy ARSY&GAHDKSRAAVKBE2RAABEOASENE aDf ;
al £ Roaadlf &Hi I i brdeN®ugeih® bedtadditional investments would be needéulthe cold store

the existing compressor plant nesith be removed and new absorption cooling machines need to be installed.

And for the distillerythe equipment neesdto be changed and the indlad technology and current working regime

needto be adjusted tahe use oheatfromthe CHP planTThe fulfilment of the necessary technological demands

of the commercial consumers would also require technical adjustments of the DH lygit would be supplied

via the existing grid (because refquired high load gradients etc.), which on the other hand makes the heat
distribution to households and public building more complex and difficult.

Another very important issue is the seleatiof the location of the CHP facility. In case that the CHP plant would
be located at the distillery or the cold storage, heat losses would be miseefligure7). Additionally the CHP

heat for commercial need would lb@&ectlytransportedto the heat consumers tminimizethe complexity othe
installation The viability ofa CHP plant depengsimarily on a balanced heat demand of the existing DH network
and larg processing companigle year aroundThat wouldrequirethat the CHP plant wuld work for §000 -

8,000 h/aandhalf of the capacity for producingrocess heatin order toanalyzehe potential, arinitial feasibility
assessmentuantified theeconomicviability for the processing companies and tbhomass CHP plant (see
chapter?).

N —— ..; v oM
el P 'Q"’
\\||" '\\\\ \"' i

Figure7: Assumed Locationof CHPPY i 66 .. ¢SNXZX . F2AYl . O0F 0
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In this chaptera pre-feasibility studyof the economic efficiencegf a biomass district heating plant usingod-
chip firedboilersthat should replace the existing heavy fuel oil firedersis performedA sgnificantincreasein
the number of consumers and heat consumpti@nthout changes at the existing DH grids assumedn the
assessedcenariothe district heating plant has a peadat load of 1.4MWwn and supplies 1.86Wh/a heat (sold
energy) tothen 93 heat consumers. Thexistinggrid is usedwithout further investment need This grichas a
trench length of 2.9 kneualinga pipe lengthflow and return pipesof 5.8 km).

The economic assessmehitt & R2YyS A 0K (KS dGAssessmentATaol>S RIS GtSNR2 ISRl coAst
Austrian Energy Agentifhe investment/cost/price data used for the assessment of the biomass DH system are

based on Serbian conditions or, in the case where no reliablevdag¢available, estimated valuegreaccepted

from B4B BioHeat Profitabiliyssessment Togl A 1 K | RSljdzt § S SELISNI Q& Y2RAFAOL (A:

All calculation sheets of the filledit tool, i.e. the basic technical characteristics, related investments, financing
and the annual outgoing and incoming payments of a biomass heating system and a technical egualédssil
reference system and the results of the assessment are shown as tables in Annex I.

In the proposed 1.4 MWhbiomass DH plant, due to load managemenmt epst optimization reasons, two biomass
boilers with 0.5 + 0.2 MW should be installed. The existing 0.75 MW heavy fuel oil boiter sbadl apeak load
and backup boiler which would equireapprox.9% of total fuel input per year. The basic techinibaracteristics
and related investments of the biomass heating system andfdaksitfueled reference system (i.e. a
refurbishment of the existing fuel oil boiler plant) are givehable4 and Annex I.

Duringannual biomass DH plaoperation1,870MWh/a will be delivered to the end consumers, while the total
heat produced by the plant and injected to Bklgrid is2,493MWh per year.Taking into account the 838anual
boiler efficiency for91% of thisamount of energy productigran amount of2,734 MWh/a fuel equivalent is
needed (net calorific value), which are woodchifisis equal8,200m3/a of loose 0985 t/a fresh or590 t/a
absolute dry wooethips. Forfresh wood-chips,a mixture with equal contents of coniferous wood and-non
coniferous hard and soft wood with moisture of 40% and chijppecksizeP45 was assumed¥®ofthe annual
heat demand is supplied by the bagkfuel oil boiler. This boiler burns abd84 MWh/a (approx. 28,400 I/a) of
fuel oilwith an annual boiler efficiency of 79%. The average annuldddlloperating hours of installed biomass
boilersare 3,241 h/a. The annual energy use efficiencytiod entire heating plant (heat sold/fuel inpuit)is 62%.

4 Thetool can be downloadedhttp://www.bioenergy4business.eu/bioheatofitability-assessmentool/
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Table4: Technicaltharacteristics andnvestments of éBomass trict Heating $stem andthe fossitfueled

Reference yBstem
nomic efficiency - results of the profitability calculation using the discounted cash-flow
Heating System fere System
d fuel type. Wood Chips & Fuel Qil Selected fuel type Fuel Oil
Technical Parameters
Max. peak load to be covered by the heat plant 1,120 MW Max. peak load to be covered by the heat plant 1,120 MW
Total nominal biomass boiler capacity 0,700 MW Fossil fuelled boilers’ total installed nominal heat capacity 1,500 MW
Fossil fuelled peak/back-up boiler capacity 0,750 MW
Heating Grid - Trass/trench length 2900 m Heating Grid - Trass/trench length 2800 m
Annually sold heat amount 18700 MWh/a Annually sold heat amount 1.870,0 MWh/a
Investment (excl. VAT
Total initial investment (year 0-3 280.160 EUR Total initial investment (year 0-3 20600 EUR
Thereof investment subsidy (if any 0 EUR
Figure(s): Shares of initial investment components
5% 389 W Heating grid investment (100% grid expansion) 038%
‘ m Boiler investment, incl. furnace, fuel feeding, measuring and control technology as well as flue gas
50% cleaning equipment (the latter if required).
42% Boiler house, fuel storage and boiler related electric, hydraulic and steelwork installations

M Other initial Investment
97%

heat plant on annual fuel and total outgoing payments

CV, year 1) 15,6 EUR/MWh Fuel price (NCV, year 1) 400 EUR/MWh

The total investment for thevhole biomass Bl system is 28000 EUR excl. VATor comparisoifreference
system)the investment forrefurbishment ofthe existing fossil fuel system are given in the same tdlis.
investmentincludes only some minor improvements in electritydraulic andmeasurement installation

Therefore, the prposed investment for the fosdileled reference system only amounts 89,000 EUR (excl.
VAT). Both, the normally higher-frpnt investmens and reinvestmens of biomass basetieaing systems are
offset by bwer outgoing fuel or lower outgoing tohnualpayments. Investment subsidjéswering the surplus
upfront investmentwere not taken into consideration as sushbsidieslo not exisin Serbia

For the first year of operation (201@)heavy fuel opurchase price (free heating plant excl. VATP&EUR/MWh
and a coresponding woogthip price of 1% EUR/MWh was seBince aegular biomass market in Serbia does
not existyet, the wood-chip price wasesearched localls 2 I { 2 @A ). 1Ssassunfedithatbotivfpel prices
equally increase by 2.0% p.a. for the calculated service life of 25 years (until 2041).

The outgoingannualfuel payments are calculated to 6% loweror 68500 EUR ledsr the biomass DH system
than for the fossifueled reference systenin year 4 6 operation (see table above, at the bottard)ithough
biomass DH systems involve higher personnel, semiaigtenance and other running casthe total annual
outgoing payments are also lower for the biomass DH sy$tg?35% or 32600 EUR/gsee table above)

Regarding project finanmgg (details see table belov@n equity capital share of 3@wasassumedBoth Pr the
biomass DH systeand r the fossilfuel referencesystem the equity capital share applies to tiet present
value NPV of the full investment, as no subsidy is granfte NPV includesreinvestment of the biomass and

5 Available subsidies specialized for RES heat projects generally do not exist (thereiistariffefdr electricity production

and CHP). The National Fund for energy efficiency announced a public call for projects for implementing energy efficiency
measures in municipalities in 2014 and 2016. From the 2016 call, 5 RES heat projects gotdinemfiimancing. There are

no publicly announced results of the call, and amounts for particular projects are not known. The total sum for all energy
efficiency and RES projects w&rillion EUR from the Serbian state budget additional USD 500,088 foreign donation.
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fossil fuel boilers of both systems after 20 years of operafite. nterest rate for equity, according to the
expectatiors of the paential investorjs assumed to be 5% (after tax) for both systems.

Table5: Financing &ameters of thBiomass District Heatingpht

Biomass Heating System
Parameter Unit Input Value  Reference Value

Investment Capital Structure

Total initial investment (year 0-3) EUR 280,160
Total investment eligible for subsidy EUR 257,000 91.7%
Investment subsidy share (of eligible investment) - if any % -—
subsidies are provided 30.0%
Investment Subsidy (nominal) EUR 0

Investment subsidy payment year year

Equity Capital Share (equity capital related to calculatory Y
Q

total investment minus subsidy) 30.00% 30.0% Total calculatory investment (present value)
0.0%
Total calculatory investment (present value) EUR 426,933 = Investment Subsidy
Investment Subsidy (present value) EUR 0 (present value)
Equity Capital EUR 128,000 128,080
Debt Capital (long-term) --> Pls. press the button to re- Debt Captial
e aptial

lcul a . )
calculate EUR 298,933 Equity Capital
Debt Captial Conditions
Long term Loan - effective interest rate (after tax) % p.a. 2.13%
Long term Loan - lent term a 10 15
Long term Loan - effective interest rate (pre-tax) % p.a. 2.50% 3.00%
Long term Loan - annuity (interest + redemption) EUR/a 34,156

Equity Capital Conditions

Cost of equity Capital (interest rate) - after tax % p.a. -
Tax rate % p.a. 5
Cost of Equity Capital (interest rate) - pre-tax % p.a. 5.88%

WACC pre-tax % p.a. 3.51%

The equity capital i528,000EUR for the biomass DH a2@j700 EUR for the fossil DH systefie loan interest
rate is2.5% (effective ratepre-tax) with alending periodf ten years forthe biomass andevenyears for fossil
fuel DHsystem Debt capital i299,000EUR for the bioma&H systenand55,500 EUR for the fosdiliel reference
system.

The profitability assessment is based on a discountedftaslanalysis (based aost categories according to

VDI Guideline 2067) with a calculated service life of 25 years. The main assumptions and results can be seen in the
Table6 below. The calculations take care oimeestmens of plant components according their technical service

life andin line with VDI Guideline 2068asicallythese are a replacement of the boilers and the related electric

and hydraulic installationtn year 21 of operatigme-investment is assumed to [290,000EUR for the biomass
DHsystemand80,000EUR for the fosdiliel referencesystem. Theoreticallthe technical service life of the plant

would be extended for another 20 years because of tiavestment However, he calculated service lifeasly

25 years. This period is sufficient to show whether the project is able to finam@séments by itselr not.
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Table6: CasHlow analysis and energy and greenhouse gas related impact of thediiplant

Discounted Cash-flow analysis (based on VDI Guideline 2067) - Assumptions overview

Cost of Equity Capital (interest rate) - pre-tax 588 % Cost of Equity Capital (interest rate) - pre-tax 588 %
Long term Loan - effective interest rate (pre-tax) 2,50 % Long term Loan - effective interest rate (pre-tax) 2,50 %
Tax rate 150 % Tax rate 150 %

Average heat sales price (excl. VAT), in year 1 50,30 EUR/MWhsold

Average heat sales price (excl. VAT), in year 1

50,30 EUR/MWhsold

Calculated service life (t) 25a Calculated service life (t) 25a
Discounted Cash-flow analysis (based on VDI 2067) - Results

Biomass Heating System Fossil Fuelled Reference System

Discounted Payback Time 10,52 Discounted Payback Time >2503a
Net Present Value (NPV, t=25 yrs.) 55.932 EUR Net Present Value (NPV, t=25 yrs.) -490.953 EUR
Internal Rate of Return (IRR, t=25 yrs.) 8,66 % Internal Rate of Return (IRR, t=25 yrs.) #HYM! %

0 48,42 EUR/MWhsold

Energy and greenhouse gas related impacts of the bioheat plant

Calculatory Heat Generation Cost

Calculatory Heat Generation Cost

Reduction compared to fossil fuelled Ref-System

66,76 EUR/MWhsold

2.649.3 MWh/a 903 %
Annual greenhouse gas savings (LCA, CO2-equivalent 7982 tC0;-eq/a 89.2 %
Annual energy savings (total fuel input, N¢ -844 MWh/a ared to fossil fuelled Ref-Syste -2,9
Figure(s): Development of the NPV for a calculated service life of 25 years - visualization of the dynamic payback time.
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The heat sales priagas assumed to b80.3 EUR/MWh(excl. VAT) in 2019%{¢ear of operation) andiasset to
increase by % p.a., to compensate at least for the inflation rate. That means that the development of incoming
paymentgfrom DH sales} exactly the same for both systeamsnpared

Based on the assumptions shown in detaAmmex lof this report, for the biomasDH system heat generation

cossof 48.46EUR/MWh were calculated, compared to 66@EX8R/MWh for the fossil fuel reference systsee

above) This corresponds to (dynamic) discounted payback times of 10.5 years (biomass DH system) and over 25
years fossl-fueledreference system). The net present value (NPV) of the biomass DH system i&b65R9%01d

the internal rate of return is 8.66%he grapls above showthe development of thecumulatedNPV for a
calculated service life of 25 yedtds evident that relatively high investment and debt capital conditions take the
NPV in slightly negative values for the period of debt return. Therefore, even a small percentage of investment
subsidieswould significantlyreduce the payback period. Hovesy also without subsidies, constant revenues
wouldenable necessary Hiavestments after 20 years of operation.

Further positive aspects of the biomass DH sy&t@reenhouse gas emissions

The biomass DH system saves 90.3% of the fossil energy ifg\Wfjrand therefore avoids 798.2 t £0
eg/a comparel to the fossil fuel DH systefableb).

The reduction/ avoidance of greenhouse gas emissions and other posiiets effa biomasiieledDH system

(e.g. on the local economy, energy system security and energy system resilience) are not considered in the
economic calculations to establish a level playing field (e.g. by investment subsigtese€Qvith a fossilél

DH systemTable7 presentsthe annual cash flow calculation of the biomass district heating system.

6 Average between price for households and pfarecommercial consumerktfp://www.bbterm.rs/aktal))
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Table7: Biomass SystemResultof the Dynamic Cash Flow Calculation

Appendix 1 - Biomass System - Dynamic Cash Flow Calculation Results

Year 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
0 1 2 3 4 5 6 7 8 9 10 11 12

Receipts from heat sales 2.00% 95,942 97,861 99,818 101,815 103,851 105,928 108,047 110,207 112,412 114,660 116,953 119,292
Other Receipts (if any)
M

95,942 97,861 99,818 101,815 103,851 105,928 108,047 110,207 112,412 114,660 116,953 119,292

PAYMENTS (Outgoing

Biomass fuel 2.00¢ 43,498 44,368 45,255 46,160 47,084 48,025 48,986 49,965 50,965 51,984 53,024 54,084
Fossil fuel 2.00% 11,589 11,821 12,057 12,299 12,545 12,795 13,051 13312 13,579 13,850 14,127 14,410
Electricity 2.00% 3413 3482 3,551 3,622 3,695 3,769 3,844 3,921 3,999 4,079 4,161 4,244
Rent for land use 2.00¢
Staff 2.00¢ 1,275 1,301 1,327 1,353 1,380 1,408 1,436 1,465 1,494 1,524 1,554 1,585
Repair & maintenance 2.00¢ 6,089 6,211 6,335 6,462 6,591 6,723 6,858 6,995 7,135 7,277 7423 7,571
Other running cost (insurance etc.) 2.00% 2,143 2,186 2,230 2,274 2,320 2,366 2414 2,462 2,511 2,561 2,613 2,665
Capital expenditures (interest & redemption) 34,156 34,156 34,156 34,156 34,156 34,156 34,156 34,156 34,156 34,156
SuMm 102,164 103,524 104,912 106,327 107,770 109,242 110,744 112,276 113,838 115,432 82,902 84,560
FLOW TO EQUITY
Flow to Equity (nominal values) -6,222 -5,663 -5,093 -4,512 -3,919 -3,314 -2,698 -2,068 -1427 -772 34,051 34,732
Flow to Equity - discounted with cost of equity (pre-tax) 5.88% -5,876 -5,051 -4,291 -3,590 -2,945 -2,352 -1,808 -1,309 -853 -436 18,158 17,492
Initial Investment 280,160
Future oter investment (incl. Re-Investment)
SuM 280,160
Investment - Inflation Adapted (inflation adaption rate) 2,009 280,160
Investment - discounted with WACC 3.51 280,160
Loan 298,933
Subsidy / Grant
SuMm 298,933
YOt - discounted with interest rate for debt (pre-tax) 2.5% 298,933
NET PRESENT VALUE
Cumulated Net Present Value 18,773 12,897 7,846 3,555 -35 -2,980 -5,332 -7,140 -8,449 -9,302 -9,738 8,420 25913
Year 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043
Year nb. (0=Construction 13 14 15 16 17 18 19 20 21 22 23 24 25
RECEIPTS (Incoming payments)
Receipts from heat sales 2.00% 121,678 124111 126,594 129,126 131,708 134,342 137,029 139,770 142,565 145416 148,325 151,201 154,317
Other Receipts (if any)
Sum 121,678 124111 126,594 129,126 131,708 134,342 137,029 139,770 142,565 145,416 148,325 151,291 154,317

lpAvvents ouwgoingy . |
Biomass fuel 2.00% 55,166 56,269 57,395 58,542 59,713 60,908 62,126 63,368 64,636 65,928 67,247 68,592 69,964
Fossil fuel 2.00% 14,698 14,992 15,292 15,508 15,910 16,228 16,552 16,883 17,221 17,565 17,917 18,275 18,641
Electricity 2.00% 4,329 4416 4,504 4594 4,686 4,780 4875 4973 5,072 5174 5,277 5383 5,490
Rent for land use 2.00%
Staff 2.00% 1617 1,649 1,682 1716 1,750 1785 1821 1,857 1,895 1932 1,971 2,011 2,051
Repair & maintenance 2.00% 7,723 7877 8,035 8,196 8,359 8,527 8,697 8871 9,049 9,229 9,414 9,602 9,794
Other running cost (insurance etc.) 2.00% 2,718 2,772 2,828 2,884 2,942 3,001 3,061 3122 3,185 3,248 3313 3,380 3,447
Capital expenditures (interest & redemption)
Sum 86,251 87,976 89,735 91,530 93,361 95,228 97,133 99,075 101,057 103,078 105,139 107,242 109,387
Flow to Equity (nominal values) 35427 36,136 36,858 37,595 38,347 39,114 39,897 40,694 41,508 42,339 43,185 44,049 44,930
Flow to Equity - discounted with cost of equity (pre-tax) 5.88% 16,851 16,233 15,638 15,065 14,512 13,980 13,468 12,974 12,498 12,040 11,598 11,173 10,763
Initial Investment
Future oter investment (incl. Re-Investment) 200,000
SUM 200,000
Investment - Inflation Adapted (inflation adaption rate) 2.00% 303,133
Investment - discounted with WACC 3.51% 146,773

PAYMENTS (Outgoing)

OAN AND SUBSIDY
Loan
Subsidy / Grant
SUM

YOt - discounted with interest rate for debt (pre-tax) 2.5%

NET PRESENT VALUE
Cumulated Net Present Value 42,764 58,997 74,635 89,699 104,212 118,192 131,659 144,633 10,358 22,398 33,996 45,169 55,932
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Figure8 presensthe development of the outgoing payments over the calculated sdifgtiene of 25 years.

The bottom pie charts show the outgoing payments for the column of year four of operation (in this case 2022
for both systemsin the right pie chartan be seerthat 92% of all outgoing payments of the fo$sél
reference gstem are related to fuel payments. Thiamexpected resultas this system uses old boilers and
mosty existingequipment.And t meansthat the fossil fuel system is more vulnerable for fuel price increases.
In the c&e of the biomass DH systgtine shareof fuel paymentss 55% (43% for biomass plus 12% for fuel
oil). This means that price increases for heating oil have a much gréfaerr @n the heat production costs

than would be the case with biomass in the case of fuel easikl rise by the same percentaddnat means

that the biomass system in that case is much more resilient to fuel price increases regarding heat production
codgs than the technically equivalefissitfueledsystemln thecoststructure ofthe biomass DH systerthe

share ofcapital expenditures is significant amhounts to32%. Threfore, investmensubsidesfor biomass

DH systeramight bea significant stimlating factor foaninvestment.

7070 Figure(s): Development of outgoing payments (operating and capital expenditures) for a calculated service life of 25 years
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Biomass Fuel Costs Fossil Fuel Costs
Electricity Costs Property Costs
Staff Costs (excl. R&M) Repair- and Maintenance Costs (R&M) according to VDI Guideline 2067
m Other annual costs Capital expenditures (interest & redemption payments)
7090 Figure(s): Share of outgoing payments (Opex and Capex) in year 4 (full capacity operation) for a calculated service life of 25 years
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Biomass Fuel Costs ™ Fossil Fuel Costs
Blectricity Costs = Property Costs
W Staff Costs (excl. R&M) W Repair- and Maintenance Costs (R&M) according to VDI Guideline 2067
® Other annual costs Capital expenditures (interest & redemption payments)

Figure8: Development an&hare of Outgoingayments

For the fossifueled DHsystem a purchase pricéor heavy fuel oibf 40 EUR/MWH.CV is assumefdr 2019
(excl. VAT), which ke average value girices over the last ten yearfiglre below). It is assumed that this
purchase price increases by 2% p.a. fron92012043
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Price of heavy fuel oil (2007-2016)
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The heavy fuel oprice mainly depends a the oil priceon the international market. Therefore, ¢anbe
expected thatn the futurethe price of this fuel will continue to be unpredictable and volalile marginal
price of heavy fuel ailhich isnecessary thathe existing fossiuel DH system stastto operateeconomically
(without initial investment costs and including-ingestment cost) is around 29 EWRVh (this would
correspond to alecreag of 27.5%) However, even in thcase,the calculatory heat generati costs of the
biomass DH systeifas the peak load fuel is heating @ife lower and amountonly to 46.8 EUR/MWh
compared to 4% EUR/MWh fothe fossilfuel system Furthermore the homass DH system is relatively
resilient toan ncreasen the priceof heavy fuel ojlsinceoil is only needed fahe peakenergy production
and amounts only t8% ofthe total annualfuel demandf the systemWithamaximal price of heavy fuel oil
recorded irthe last ten yeas (58 EUR/MWNh}he necessary heat pridgacreasenould be only 1.8% to provide
apositive NPV.

If the same volatility ratef heavy fuel oi(-27.5% and +45%) is appliedth® biomass pricethe resuling
calcdatory heat generation costwould reac2.19 EUR/MWh an&8.72 EUR/MWh. This is) the first case,
13% below the originally heat generation cost o#2&EUR/MWh of heat sold in 2019, while in the second
case this is 22% beyond originallyost

Thecalculationshow thatthe fossilfuel system is more vulnerable to fuel price increases than a biomass DH
systemIn addition the biomass DH system shoalso asignificant resilience to chargja the biomass prices

Forboth systemsa re-investment of plant components according to thteichnical service life is considered.
The biomass DH system achieves its first positive NPV @fierehrs of operatiorfin 2030) Thus, in 2039
when the reinvestmentbecomes necessaryhe plant has gained enough reserves to financendmessary
invegment costs Municipalities as investors might get along with both, a lower equity share (origit¢ally
and lower interest for equity (originally 5%). In casen@quity share of 2% and an interest for equity of 4%,
for both systems, the cash flow callation shows the following resifable8).

25



BioVillg D4.2:Report on the opportunities to sep biomasdased CHP plants and small district heating networks i
Y2302280A0A% {SNDAL

Table8: Economic fficiencyc Profitability Calculation using thésbountedCashHow Method

¢KS RA&AGNROG KSI G A yuSes lbesvy fuel dil forhéaBp¥oduktipn toysBippli I @&én@ids ankd
public buildings. This pifeasibility study analyses the viability of a fuel switch to biomassdasl chips.
Based on an increased utilization of the existing DH grid, -bgnreection of former DH consumers and
connection of new consumers, the installation of new biomass biittesd of a refurbishment of the existing

oil boilersis foreseen. Theapacity ofthe two new biomass boilers is planned to be @@ and 200 kW

(due to load management and cost optimization reasons) and the capaoite aff the twoexisting heavy

fuel oil boiler accounts for further 750 kMfor peak load and baakp purposes). The latter boiler due to sizing

of the biomass boilers would cover less than 10% of the total annual heat supply of the DH grid. The whole DH
plant covers 1.MW peak load and delivers 1,870 MWh/a heat sold to 93 DH consumers. The totalémgestm
sum for the new biomass DH plants adds up to EUR 28®&R€I0 VAJ The refurbishment of the existing
fossitfueledplant would need an investment of EUR 20,000 (excl. VAT)Fovagcingn both casess based

on 30% equity from own funds and 76@m a credit line. No investment subsidies are foreseen in the analysis.

Table6 shows acomparisorof economic indicators between the new biomass DH system iafiarbishment

of the existingheavy oil DH systerithe calculatory biomass DH generation costs in 2019 are 48.4 EUR/MWh.
The DH generation costs of thessitfueled reference system are 66 BURMWh. With a DH price of
50.30EUR/MWAh, starting in 20195{Year of operation), increasing with 2% p.a. over the calculated service
life of 25 years, the refurbisl fossifueledDH system does not pay off (amortize) at all. The new biomass DH
system amortizes (dynamically) within 10.5 yedespite higher invément. The internal rate of return of the
biomass DH system reaches 8.66%; the net present value is EUR Bliécd0feans that the fuel switch to
biomass is beneficial to the DH consumers, if the consumers which would need to reconnect and connect
newly b the existing DH grid, would accepteatprice of 50.3 EUR/MWh for 2019.

The comparison includes airevestment of the biomass and fossil fuel boilers of both systems after 20 years
of operation Due to these factd,¢an clearly be seen that a newimass DH system is economic advantageous
compared to a refurbishent of the existindossifueledDH systemin addition the new biomass DH system,
compared taarefurbished fossifueledDH system, avoids the thermal utilization of 2.65 GWhieeafyfuel

oil and the emission of 79& of CQ (equivalent).

All details of the economic assessment can be seen in Annex I.
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