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Abbreviations

CAPEX Capital Expenditures

CHP Combined heat and power or Cogeneration plant
dB(A) A-weighted sound pressure level in decibel
DC Direct current

degat Actual degree days

deg,, Average degree days

DeNOx Nitrogen oxide reduction plant

DeSOx Sulphur oxide reduction plant

DH District Heating

DHC District Heating Company

DN Nominal diameter

EIA Environmental Impact Assessment

ELV Emission limit value

EMS Public Enterprise for electric energy transmission and transmission system control
EPS PU Electric Power Industry of Serbia

EU European Union

ha Hectare

HoB Heating only boiler

HV High Voltage

IRR Internal rate of return

JKP Javno Komunalno Preduzeée — Public Utility Company
kv Kilovolt

kw Kilowatt

LV Low Voltage

Mth Month

MV Medium Voltage

MW Megawatt

MW, Megawatt electric

MWh Megawatt hours

MW, Megawatt thermal

NPV Net present value

PCC Point of common coupling

PEA Project Executive Agency

PED European Pressure Equipment Directive
Pe Electrical Power Output

PLC Programmable Logic Controller

PN Nominal pressure

P; Thermal power (useful heat)

RSD Republic of Serbia Dinar

SCADA Supervisory Control and Data Acquisition
SNCR Selective non-catalytic reduction

t/a Tons per annum

Toplana Name of heating plant in Serbia

UPS Uninterruptible Power Supply
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1. EXECUTIVE SUMMARY

The district heating system in Velika Plana is characterized by normal heat losses and a
normal heating density, the boilers are fired with natural gas well dimensioned. The
toplana operates 1 network.

In the region of Velika Plana is more than sufficient wood biomass available, there is a
suitable green-field location available where connection to the heating network and the
power grid is possible. Therefore a CHP plant with best IRR was dimensioned and com-
pared with a biomass HoB and new fossil boiler.

e The heating capacity of the CHP plant (2,95 MW) has been defined by implemen-
tation of the technical reasonable smallest plant (1,0 MWe) due to the space
limitations of the site.

e The nominal capacity of the HoB (1,8 MW) has been defined by optimizing the IRR
of the plant (chapter 5.5).

e The nominal capacity of the new fossil HoB plant (1,8 MW) would be the same like
the heating capacity of the biomass HoB plant (according to the TORs), but as
the existing natural gas boilers are quite new a replacement is not justified.

Biomass Biomass New fossil

CHP HoB HoB *
Nominal heating capacity 2,95 MW 1,80 MW n.a.
Nominal power output 1,00 MW n.a. n.a.
Share of network’s heat production 98% 83% n.a.
Yearly CO, savings compared to no project 9.216t 1132t n.a.
Mean yearly heat generation 5,79 GWh | 4,94 GWh n.a.
Mean yearly gross power generation 7,16 GWh n.a. n.a.
Mean yearly own power demand 0,85 GWh | 0,04 GWh n.a.
Mean yearly fuel consumption 36,39 GWh | 5,81 GWh n.a.
Mean electrical net efficiency of CHP 17,3% n.a. n.a.
Mean overall net efficiency of CHP 33,3% n.a. n.a.
Exergy efficiency 19,2% 12% 12%
CAPEX (in Mio. EUR) 7,67 1,74 n.a.
Financial IRR -7,9% -5,5% n.a.
NPV —in Mio. EUR -3,6 -0,9 n.a.
LUC —in RSD/KWh 12,7 9,0 n.a.
EIRR 1,8% 7,3% n.a.

*)...new boiler installed, replacement not justified
Tab. 1: Comparison of technical & economical key figures

The financial and economic results are based on real costs without price escalation. As
shown in the sensitivity analysis the IRR would increase significantly if in a long term
perspective as expected the biomass price will increase slower than fossil fuels.

The biomass CHP project is characterized by:

e Wood chips as main fuel
e Green field solution
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e Nearby the heating mains (easy to connect)
e Nearby a 110 kV switchyard (easy to connect)
e Extraction steam turbine

Recommendations:

e Extension of the network and connection of additional private and commercial
consumers to the network.

e No implementation of any biomass facilities, neither a CHP nor a Hob plant as
both types of wood fired plants to not show reasonable economic results.

Precondition CHP HoB

Biomass (wood) availability * ONON ANOGNON )
Site preconditions ** OQ@ OO0 e
Toplana’s institutional capability *** OO0 O

*)  regarding quality and quantity
**) see chapter 5.4 Project Site
**%*) Management, O&M staff, education, experience

Tab. 2: Checklist of preconditions for the recommendation

**) The site is limited regarding the space availability. The maximum size for a CHP on
this plot will be 1 MW. There are no limitations for the implementation of a biomass
HoB plant.

The Toplana of Velika Plana is not participating in the KfW IV programme.
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2.1

INTRODUCTION

CURRENT STATUS OF THE DH SYSTEM

The only reliable technical data provided by the toplana was:

Yearly fuel consumption (exact values)

Daily heat fed into the network (measured figures)
Network length

Supplied square meters (connected area)

Boiler efficiencies (plausible values)

The toplana could provide measured figures of the daily heat fed into the network.

The DH system of Velika Plana is characterized by

e Well dimensioned generating facilities (9,15 MW boiler capacity)

100% Natural gas as fuel
Very low network losses
good heat density of the network

e square meter based and consumed based billing (mixture)

Baseline:
Municipality:
General city data
Number of citizens
Number of households
Number of residential buildings
Total heated area of households (residential buildings)
Total heated area of public & business units
Total heated area of public institutions
Total heated area of other consumers (please specify)
Total heated area
Generating facilities:
Total installed thermal heating capacity
Boiler No. 1
Year of commissioning
Type of boiler (CHP or HoB)
Nominal thermal capacity
Nominal power output (if CHP)
Mean boiler's efficiency
Fuel consumption by types of fuel:
Coal
Mazut
NG
others
Boiler No. 2
Year of commissioning

2013

Velika Plana

MWt
MWe

t/yr
t/yr
m3/yr

40.578
13.430

9,15

2005
HoB
3,05

n.a.
92%

242.376

2005
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Type of boiler (CHP or HoB) HoB
Nominal thermal capacity MWt 3,05
Nominal power output (if CHP) MWe n.a.
Mean boiler's efficiency 92%
Fuel consumption by types of fuel:

Coal t/yr
Mazut t/yr
NG m3/yr 242.376
wood m3/yr
Boiler No. 3
Year of commissioning 2005
Type of boiler (CHP or HoB) HoB
Nominal thermal capacity MWt 3,05
Nominal power output (if CHP) MWe n.a.
Mean boiler's efficiency 92%
Fuel consumption by types of fuel:
Coal t/yr
Mazut t/yr
NG m3/yr 242.376
wood
District heating network data:
Average length of heating season days 180
Heat production (= heat fed into the DH network) MWh/yr 6.238
Total fuel consumption MWh/yr 6.977
Heat consumption of end users (= sold heat) MWh/yr 5.284
Number of separated network sections -- 1
Network heat losses MWh/yr 954
Summer operation yes/no no
Total route length of distribution network m 2.900
Total heated area of private consumers m? 22.765
Total heated area of public & commercial consumers m? 21.095
measured consumption with heat meters at IHS % 0
connected buildings with central TAP water preparation % 0
water content of the network m3 50,6
Water losses of DH network m3/yr 0
Refilling rate -- 0
DH network reconstructed in the last 5 years % 0%
number of sub-stations - 17
sub-stations reconstructed in last 5 years % 0
Preliminary results and key figures
Annual heat consumed per m? kWh/(m2yr) 120
Energy density of network MWh/m 1,8
Average heating losses in distribution network % 15%

Tab. 3: Basic characteristic data
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2.2

3.1

3.2

NEAR FUTURE ACTIVITIES

Following activities are planned:

e extension of network to connect new costumers

e Change of the billing system to heat consumed based billing

HEAT MARKET ANALYSES

TOPLANA'’S PRODUCTION STATISTICS

8.000 MWh/yr

7.000 MWh/yr

6.000 MWh/yr

5.000 MWh/yr

4.000 MWh/yr

3.000 MWh/yr

2.000 MWh/yr

1.000 MWh/yr

0 MWh/yr

Heat to consumers

2010

2011

H Network losses

2012

Fig. 1: Heat Production statistics of the last 3 years

URBAN DEVELOPMENT

Urban development is characterized by a declining industrial development. Commercial

development seems to be stable.

The development of the future connections was explained by the toplana by connecting
private and commercial buildings along the street Momira Gajica. Therefore a 600 m

long heating pipeline has to be installed.
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Fig. 2: Forecast on square meters connected to the DH system (all networks)

33 CURRENT TOTAL HEAT LOAD
Daily heat fed into the network was measured, but this data is insufficient for designing
district heating systems as the daily peaks are cut off.
4,0 MW
3,5 MW
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2,5 MW \
2,0 MW \
1,5 MW \
1,0 MW \
0,5 MW \\
0,0 MW ; ; ; ; ; ; ; ; ; .
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Fig. 3: Measured daily heat loads of 2012
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Fig. 4: Corresponding mean daily outside temperature data of 2012

As the heat load is not measured in the system it can only be derived and calculated
based on the connected square meters as indicated below.
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Fig. 5: Connected square meters of the last 3 years (all networks)
3.4 CURRENT LOAD DURATION CURVE

As no measurements regarding capacities in correlation with the time (e.g. hourly con-
nected network capacities, hourly boiler capacities), an elaboration of accurate heat
load curves was not possible. Based on the heat marked analysis (heat demand forecast)
the current and future heat load curves were elaborated by means of the Sochinsky
method.

The basic input parameters for the Sochinsky method are:

e Yearly heat demand of the end consumers MWh/yr
e Yearly network heat losses in MWh/yr
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Yearly heat demand for TAP water preparation in MWh/yr (if any)
Yearly heat demand for driving absorption chillers (if any)
Duration of the heating season in hours/year

Full load operating hours of the heating system in hours/yr
Utilisation factor

The result is 23 heat load duration curves for the whole forecasted period from year
2013 till 2036. These heat load curves are the basis for the technical design of the heat
generating facilities.
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Fig. 6: Current load duration curve (2013)

The current connected capacity is calculated by 4,6 MW. As the current utilization factor
is 100%, the actual heat load of the network is also 4,5 MW.
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3.5

THE FORECASTS ON THE HEAT LOAD AND LOAD DURATION
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Fig. 7: Future load duration curve (2017)

The billing system has been changed to a consumption based billing system. This billing
system in combination with regulating valves on the heating devices will lead to a utilisa-
tion factor of 80% and the peak load of the network has decreased to 4,1 MW in the
year 2017, even new customers have been connected.
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Fig. 8: Future load duration curve at the end of the investigation period 2036

Due to effects of energy efficiency measures, the peak load of the network will decrease
to 3,9 MW in the year 2032 in spite of new consumers being connected to the network.
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3.6 POTENTIAL FUTURE HEAT DEMAND
As the industrial development in Velika Plana is declining, no future industrial clients will
be connected to the district heating system. According to the statements of the toplana,
only private and commercial consumers will be connected.
All buildings in Velika Plana are characterized by:
e no centralized warm water preparation systems and
e no centralized chillers and cold water distribution systems for air conditioning.
Therefor no future potential for summer operation could be identified. The potential fu-
ture heat demand is characterized by:
e Expanding the network
e Connections of additional residential and commercial clients
o effects of demand side measures like individual sub-stations with heat meters,
regulating valves at consumer’s heating devices
o effects of energy efficiency measures at buildings like insulation, new windows,
etc.
7.000 MWh/yr
M Public & Comm.
6.000 MWh/yr M Private
5.000 MWh/yr
4.000 MWh/yr
3.000 MWh/yr
2.000 MWh/yr
1.000 MWh/yr
0 MWh/yr
N < N O ™N 0 OO d AN N < 1D O N0 OO &N MM < n O
™I AN AN AN AN AN AN AN AN NN D DM
O O O OO O O O 0O OO0 0O OO0 0O O0OO0OO0OOoOOoOOoO o o o
N AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN NN AN AN NN
Fig. 9: Forecast on the network’s heat demand
The effects of demand side measures like the changeover from square meter based to
heat consumed based billing and the installation of regulating valves on the heating in-
house devices can be seen in the chart above in the years 2014 till 2016). It was pre-
sumed that the demand side measures will lower the specific heat demand (in
kWh/m?/yr) of the buildings by 20% in these 3 years which is corresponding to the expe-
rience gained with similar projects.
In parallel the utilization factor will decrease from 100% to 80% in the same time which
is effected by the demand side measures especially like regulating valves on the heating
in-house devices.
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The effect of energy efficiency measures on buildings like insulation of buildings, better
windows and doors, etc. have been taken into consideration with 1% per year less spe-

cific heat demand (in kWh/m?/yr) and 1% per year less specific heat load of the buildings
(in W/m3).
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4.

PRELIMINARY BIOMASS MARKET ANALYSES

The goal of the preliminary biomass analysis for CHP/DH was the determination of wood
and agriculture biomass potentials in the area along with a market analysis. According to
methodology presented in Summary report of the Prefeasibility Study, biomass analysis
for Velika Plana region consisted of biomass resources and its utilization assessment
within 50km circle around Velika Plana. The map below shows circle of possible supply
for Jagodina area, with overlapping of areas of other possible CHP/DH such as: Jagodina,

Cacak and Trstenik.

S

uzlam

5O0VINA

Fig. 10: Velika Plana supply area

As shown in the presented map, analysis was performed for whole or partial area of the
municipalities presented in the following table:

Municipality/City Share of municipalities areas in circles of possible supply and overlapping
Velika Plana Jegodina Cacak Trstenik

Velika Plana 100% 60%

Smederevska Palanka 100% 5%

Raca 100% 100%

Lapovo 100% 100%

Pozarevac 75%

Smederevo 100%

Zabari 100% 50%

Jagodina 100% 100% 60%
Svilajnac 100% 100%

Rekovac 10% 100% 100%
Despotovac 60% 100%

Cuprija 100% 100% 20%
Kragujevac 100% 90% 60% 50%
Batocina 100% 100%

Malo Crnice 100%

Veliko Gradiste 60%

Petrovac 100% 50%

Zagubica 40% 50%

Kucevo 30%

Topola 100% 5%

Arandjelovac 60% 50%

Mladenovac, Grocka 75%

Knic 10% 60% 100% 80%

Tab. 4: Municipalities and cities of Velika Plana area
Page 12
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4.1

BIOMASS MARKET STRUCTURE IN THE AREA, CURRENT AND FUTURE USE OF BIOMASS
IN THE AREA

Firewood and celluloses wood along with forest residues and solid sawmill residues can
be considered as wood biomass suitable raw material for wood chipping and utilization
in future CHP/DH plants. Wood biomass products in Velika Plana area are: wood chips,
pellets, briquettes and firewood and celluloses wood cut to a specific dimension or not.
Most important demand drivers for wood biomass products in Velika Plana area is Kros-
nopan chipboard factory followd by firewood traders, suppliers and consumers and pel-
let factories. Due to a favourable position in the centar of the country and highway pro-
pensity firewood from the region is not only used for local supply but for supply of large
cities in central Serbia and Vojvodina. Pellet factories in the area’, such as: Sparow-
Varvarin, DND-Obrez, Eko Wood - Petrovac and others, started rapidly to establish and
develop in recent few years increasing demand for wood biomass. Future increase of
demand can be expected, especially in terms of pellet factories supply.

Most important wood biomass suppliers in Velika Plana area are state forest managers,
church forest owners and managers and small scale private forest owners. Data on for-
ests of Velika Plana area is presented in the following table:

Ownership

Area
(ha)

An.
planned
harvest

(m’)

Share of
increased
planned
in annual harvest in
incr. annual

% incr. %

Increased
planned
harvest

(m3)

Share of
planned
harvest

Average
annual
harvest

(m?)

Share Annual Share
% increment %
(m?)

Share Volume
% (m?)

State forests

73.759

29% 13.982.959 40% 321.074 34% 202.780 63% 212.663 66%

Private forests

179.976

71% 20.689.511 60% 610.412 66% 208.593 34% 366.175 60%

Total

253.735

100% | 34.672.470 100% 931.486 100% | 411.373 44% 578.838 62% 240.470

Tab. 5: Data on forests of Velika Plana area®

Velika Plana circle of possible supply consists of parts of following forest areas: Juz-
nokucajsko, Severnokucajsko, Sumadijsko and Posavsko Podunavsko. State forests share
in Velika Plana area is in terms of area is 29%, in timber volume 40% and in annual in-
crement 34%. State forests are managed by PE Srbiijasume and its forest estates: Des-
potovac, Kucevo, Kragujevac and Belgrade. State forests are harvested by contractors
hired by public enterprises for harvesting services. Private forests share in Velika Plana
area is 71% in terms of area, 60% in timber volume and they produce 66% of annual in-
crement. Private forests are managed by private forests owners, however mentioned
public enterprises perform services for private forest owners in tree marking, forest
management planning and other professional services. Private forests are harvested by
their owners or contractors, who either do the service for wood compensation or buy
wood on stump. This region is characteristic with more than 6.500ha of church forests,
with annual wood production exceeding 23.000m®m of wood. Those forests are owned
by Branicevo and Sumadija parish of Serbian Orthodox Church and managed by Fornet
llc, private company which has 10 year forest management contract with the church.

Sawmills in the area have up to 10.000m? of wood processing capacity, and in most cas-
es are engaged in hardwood primary processing and furniture production. Some
sawmills have developed briquette and wood chips and some are developing pellet pro-
duction as well. Also, due to the Krosnopan presence local sawmills supply Kronospan

! Their capacities, along with capacities for other areas are presented in Summary report
? Data presented encompasses all areas of included municipalities without reduction based on their share of supply circle
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with sawdust. Several wood chipping companies are active in the area, mainly supplying
Kronospan chipboard factory.

Data on agriculture are presented in table below. Agricultural biomass market in the re-
gion does not exist. When used, straw is consumed by farmers as livestock food or bed-

ding.
Area Agriculture land | Corn area (ha) Corn Wheat area Wheat
(ha) production (t) (ha) production (t)
Velika Plana area 673.354 188.342 807.989 68.837 262.958

Tab. 6: Data on agriculture of Velika Plana area’
4.2 TYPES OF BIOMASS IN THE AREA AND BIOMASS AVAILABILITY FOR THE PROJECT

Wood biomass in Velika Plana area have been analyzed in terms of forest residues,
sawmill residues and extras®, as described according to used methodology in Summary
report. Figure bellow shows wood biomass availability for Velika Plana area.

250,000
tons at 35% H,0
200,000
150,000
100,000
50,000 I
0 ]
Best case Worst case Sinks Available best Available worst Project
case case requirement

Fig. 11: Wood biomass availability for Velika Plana area

Total available wood biomass for the project in Velika Plana area in best case® scenario is
180.555 tons at 35% water content, while in worst case of overlapping it is 74.142 tons.
Total potentially available biomass in best case scenario is 224.444 tons, while in worst

* Data presented encompasses all areas of included municipalities without reduction based on their share of supply circle
4 . . . . .

According to methodology applied, as explained in summary report, extras represent the difference between
the planned and increased planned harvest and the realized harvest. This wood is available in full extent
since the market demand for other wood assortments is not covered yet — current demand is covered by
realized harvests.

> Al 15 potential CHP/DH facilities can utilize wood biomass to full extent without regarding mutual competition for raw
material.
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case® it is 119.135 tons. Sinks meaning current and future consumptions are 43.889
tons.
The following diagram presents structure of available wood biomass.

m Share extras
B Share forest residues

» Share sawmill residues

Fig. 12: Available wood biomass sources structure for Velika Plana area

The share of forest residues in total available wood biomass is 7%, while share of
sawmill residues is 3%. Total share of extras defined by the methodology is 90%. Share
of hardwood biomass is 98%, while share of softwood consists of conifers with 1% and
softwood broadleaves with 1%.

1%_ 1%

u Share of hardwood

B Share of conifers

» Share of softwood
broadleaves

Fig. 13: Available wood biomass type structure

As proposed by this Study, total demand for wood biomass for Velika Plana project is
around 13.500 tons. This represents around 7% of available wood biomass in best case
scenario or 17% of totally available wood biomass in worst case scenario. Such demand

® Al 15 potential CHP/DH facilities have to share the available biomass with those CHP/DH facilities, which have an overlap-
ping supply circle with them.
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in both cases scenarios can be covered with existing forest residues alone with possibil-
ity of adding sawmills residues.

400,000
tons af 15% H20

341,250

350,000

300,000

258,575

250,000
200,000
150,000
100,000

50,000

0
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Fig. 14: Agriculture biomass availability for Velika Plana area

According to methodological principle applied described in summary report, using data
from national statistics, total available agriculture biomass in terms of corn and wheat
straw is 341.250 tons at 15% water content in best case scenario or 258.575 tons in
worst case scenario. Best case scenario does not have any sinks, while in worst case sce-
nario we have calculated possible future instalment of Krusevac straw based CHP plant.
Share of wheat straw is 21%, while corn straw share is 79%.

B Share of wheat

m Share of corn

Fig. 15: Agriculture biomass structure for Velika Plana area

Apart from lowlands near Morava and Danube, where some cooperatives and agricul-
tural companies exist, most of the agricultural land is small scaled and on hilly terrains.
As mentioned in the general report, major obstacles toward sustainable utilization of
straw as fuel are difficulties in its mobilizations due to small scale agricultural properties,
hilly terrain and inadequate machinery. Also, farmers in the area do not have specialized
and professional agriculture practice, but practise to do various agricultural activities on
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4.3

4.4

small scale, including crops growing, fruit growing, vineyards growing, cattle breeding,
etc. This leaves them with habits of utilizing products and residues by themselves, and
putting only extras to the market.

BIOMASS LOGISTICS FOR THE PROJECT

Considering Velika Plana area terrain features, logistic concept 1, presented in Summary
report is most suitable. After chain saw harvesting, skidders or adapted agricultural trac-
tors are to be used for delivering wood and biomass to temporary storage7 on the forest
road. In that storage firewood should be split from forest residues and forest residues
are to be chipped by wood chippers. Wood chips should be transported to future
CHP/DH with adequate trucks. Velika Plana area have developed network of both paved
and forest roads. Forest road density in state owned forests varies from 7,5 km/1.000ha
in Juznokucajsko forest area to 16,8 km/1.000ha in Kragujevac forest area. Forest road
density in private forests ranges from 2,5-4,6 km/1.000ha in small scale forests up to
16,5km/1.000ha in church forests. Private forests are situated close to villages and in
lower altitudes then state forests which makes them accessible by village roads and
roads going to state forests.

As mentioned a number of small and medium scale contractors possessing forestry
mechanization exist in Velika Plana area. They are already performing all of the harvests
in state owned forests, and some harvests private forests as well. In addition several
specialized wood chipping companies supplying Kronospan chipboard factory exist. Thus
wood chips delivery to future CHP/DH can be ensured by contracting wood chips quanti-
ties with harvesting companies or specialized wood chipping companies as suppliers. For
sawmill residues contracts can be developed with sawmills possessing wood chippers for
their own needs or future wood chipping companies as well.

Transport can be organized by wood suppliers using specialized walking floor or self-
unloading container trucks.

CURRENT AND FUTURE COSTS OF BIOMASS

Costs of biomass delivery to future CHP/DH in Velika Plana are determined based on
proposed demand and current prices. Based on both cases scenarios, demand of
13.500 tons per year can be covered by existing forest residues, with possibility of add-
ing some portion of sawmill residues. Unit prices presented in Summary report is
45EUR/ton at 35% water content and total costs of annual wood chips procurement
should be around 0,6075 Mio. EUR:

Unit price
(EUR/ton)

Wood biomass 45,00

Tab. 7: Costs of wood biomass supply

This price can grow only if share of forest residues is reduced and firewood becomes in-
troduced for wood chips production. These prices are defined based on maximum 50km
transport distance; therefore raw material base should not be expanded, since it will re-
sult in costs increase. It is important to stress that current price of wood chips delivered
to Kronospan ranges from 40-45EUR per tons. Also, price of not chipped hardwood de-

7 As explained in Summary report, temporary storage is any ad hoc storage on the forest road, accessible for trucks, where
wood is delivered from the forest for further chipping and loading.
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livered to Kronospan is 38-40EUR per ton. However CHP/DH use lower quality material
then chipboard and pellet factories therefore cannot be regarded as competitors in
terms of raw material supply and should not affect increase of prices. On contrary with
development on CHP/DH suppliers’ competition decrease of prices is possible.
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5. TECHNICAL DESIGN CONCEPTS

5.1 CURRENT SITUATION

5.1.1 Heat generation

The toplana operates 3 boilers in 1 heating stations with 1 independent district heating

networks.
Year of com- -
Boiler type Fuel et Installed Capacity
Loos International Nat. gas 2005 3,05 MW
Hot water boiler
Loos International Nat. gas 2005 3,05 MW 9,15 MW
Hot water boiler
Loos International Nat. gas 2005 3,05 MW
Hot water boiler

Total 9,15 MW

Tab. 8: Current heat generation facilities

5.1.2 District heating network

Network Route length Year of commissioning

Nova Fabrika 2.900 m

Reconstructed in the last 5 years Om

Network Nova Fabrika ‘ Comments
Connected capacity ~ 4.4 MW

Capacity density 1,5 kW/m normal

Heat density 1,8 MWh/m normal

Heat losses ~15% normal

Water exchange rate 0 per year ;

Tab. 9: Key data of the DH network

Revision: 01 Page 19



Pre-Feasibility Studies on 15 Biomass CHP-plants for District Heating Companies in Serbia

iC consulenten
28.02.2014

Subreport: Velika Plana

6 MW
e Connected load
S e Network peak load
5 MW —
4 MW e ———— —_—
3 MW
2 MW
1MW
0 MW T T T T T T T T T T T T T T T T T T T T T T |
(22] < wn o ~ [ee] [¢)} o — o~ o < wn (o} ~ ool [«)} o — o [a2] < n (e}
- ) ) — — ol — o o o o o o o o o~ o~ o m o o m o o
o o o o o o o o o o o (=) o o o o o o o o o o o o
~N o~ o~ o~ ~N o~ ('] ~N o~ o~ o~ ~ o~ [} ~N o~ o~ o~ ~ o~ [} ~N o~ o~

Fig. 16: Forecast on connected capacity and peak capacity of the network (calculated figures)
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Fig. 17: Forecast on network’s heat and capacity density
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Fig. 18: DH network plan of Nova Fabrika

Individual Substations

The toplana operates 17 sub-stations with automatic control and heat meters. Every res-
idential and commercial building has its own sub-station.

CHOICE OF PREFERRED TYPE(S) OF BIOMASS

As outlined in chapter 4, the biomass availability even in the worst case scenario is high-
er than the demand of the preliminary designed CHP.

e Yearly wood availability: 75.250 tons or 225.750 MWh heating value
e Yearly agricultural residues availability: 258.575 tons or 775.725 MWh heating
value

The yearly fuel demand of the proposed biomass CHP is 36.386 MWh.

As straw is a more challenging fuel which needs more sophisticated technical solutions
than a conventional wood chips fired CHP, straw fired plants are usually designed for
high power output capacities of about 5 — 30 MWel. Due to economy of scale effects a
5 MWe is a comparably small plant representing the low end of the usual range. Smaller
plants will not justify the efforts for that complex technology and the few available
technology suppliers are focusing their activities on bigger plants.

Power plants fired with wood represent the state of the art since more than 20 years.
Wood chips are very homogeneous fuels, is easy to handle and causes no problems dur-
ing combustion like ash melting, slagging high temperature chlorine corrosion, etc.
Whenever the fuel availability allows building a wood fired thermal station, it is highly
recommended to do so.
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Only in cases of minor availability of wood but sufficient availability of straw or other ag-
ricultural wastes the choice is a straw fired power station to enable a minimum nominal
rating of 5 MWe.

In the case of Velika Plana, the CHP will show a nominal rating of 3.0 MWe which is too
small for a straw fired plant. Therefor biomass from wood is the preferred type of bio-
mass comprising of:

e 90% - 100% wood chips
e Maximum share of 10% saw dust in a mixture of wood chips and saw dust

5.3 BACK-UP FUELS
As Velika Plana is connected to the natural gas distribution network the back-up fuel will
be natural gas.

5.4 PROJECT SITE
Fig. 19: Aerial view of the site
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Fig. 20: Detailed aerial view of the site
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Criteria CHP HoB
Size of building plot * 7500m*> | O OO | OO ®
Ownership of land municipality O0® OO0 e
Site within existing plants or stand alone Stand alone OO0 | 00 e
Site dedicated for industrial use or energy os
production Y ONON NEONON )
Location of building plots industrial | O O @® | O O @
Access by road suitable for heavy trucks yes OO0 |00 e
Neighboring residential buildings no OO0 | OO0 e
Distance to DH mains 250 m OO0 e OO0 @
Distance to the electrical feed in point 2.000 m OO0 @

Voltage of the transformer station 35/10 kV OO0 @
Possibility of connection to the sewage sys-
o vs |OO@®@|00®

Tab. 10: Discussion of the checklist for the new site

*) The site is limited regarding the space availability. The existing old boiler house has to
be removed. The maximum size of a biomass CHP that fits into this plot will be 1 MW,
which is the minimum feasible size for a biomass CHP. The maximum size of a biomass

HoB will amount 5 MW.

5.5 DESCRIPTION OF BIOMASS CHP CONCEPT
Due to the site limitations, only a 1 MW biomass CHP was subject of further investiga-
tion as a optimization regarding IRR is not applicable. A biomass CHP with a nominal
electrical output of 1 MW shows a maximum extracted heat capacity of 2.950 kW.
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Fig. 21: Correlation between extracted heat (kW,) and nominal power output (kW,) of optimum
CHP

When extracting steam from the steam turbine for heat production the correlation be-
tween power and heat production is linear.
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Fig. 22: Correlation between power output (MW,) and heat production (MW,) of the proposed
1,0 MWe CHP

The biomass CHP concept is based on a biomass fired steam generator with a condens-
ing steam turbine.
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Nominal thermal capacity at full extraction
Nominal gross power output

Boiler’s yearly average efficiency

Fuel capacity

Type of fuel

Fuel demand

Type of boiler

Firing system

2,95 MW

1,0 MW

85%

4,55 MW

Wood chips
Max. 10% of saw dust

34,13 GWh/yr
11.375 tons/yr
45.500 piled m3/year

Steam generator

Grate (or fluid bed combustion)

Dry air cooling

Type of condenser cooling

Tab. 11: Biomass CHP key data

5.5.1 Future fuel demand:
The future fuel demand is shown in the figure below. After the implementation of the
biomass CHP the gas consumption will decrease dramatically. The gas boiler will not only
cover the peak load of the network but also be able to cover the whole heat production
in the case of an outage of the biomass CHP.
40.000 MWh/yr
M Biomass
35.000 MWh/yr -
30.000 MWh/yr -
25.000 MWh/yr -
20.000 MWh/yr -
15.000 MWh/yr -
10.000 MWh/yr -
5.000 MWh/yr -
0 MWh/yr -
o0 < n OW N 0 O O N on < n O©W I~ 0 OO O 4 &N N < n O
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Fig. 23: Forecast on fuel demand by types of fuels
5.5.2 Future heat production by boilers
In the year 2017 the CHP will be in operation and only 2% of the total heat generation
will be delivered by the existing natural gas fired boilers. As the yearly heat demand will
decrease because of energy efficiency measures of the building and the maximum heat
generation capacity of the CHP is constant, the share of the heat provided by the CHP is
increasing from 98% to 99%.
Revision: 01 Page 26



iC consulenten

Pre-Feasibility Studies on 15 Biomass CHP-plants for District Heating Companies in Serbia
28.02.2014

Subreport: Velika Plana

7.000 MWh/yr
W Biomass CHP

Natural gas boiler

6.000 MWh/yr -

5.000 MWh/yr -

4.000 MWh/yr

3.000 MWh/yr

2.000 MWh/yr

1.000 MWh/yr

0 MWh/yr

2019 -
2020 -
2021 A
2022 A
2023 A
2024 -
2025 A
2026 -
2027 A
2028 A
2029 A
2030 A
2031 A
2032
2033 -
2034 -
2035 A
2036 -

2013

2014 -
2015 A
2016 -
2017 A
2018 -

Fig. 24: Forecast on shares of heat generation by types of boilers

In the year 2017 when the CHP is going into operation nearly all heat is generated by the
biomass CHP. The heat share is in detail described in the figures below.

5.000 kW
O Biomass CHP
4.500 kW
o -
4.000 kW O-Natural-gas-boeiler——
3.500 kw
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2.500 kw
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500 kw
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Fig. 25: Heat load curve after installation of the CHP plant (2017)

The ratio of the green area compared to the total area below the heat demand curve
(green and orange) amounts approx. 98% which is the share of the total generated heat
of the year 2017 provided by the biomass CHP. The figures below also illustrate the op-

erating regimes of the CHP.
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5.5.3
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Fig. 26: Heat load curve at highest heat demand of the network (2020)

The ratio of the green area compared to the total area below the heat demand curve
(green and orange) amounts approx. 97% which is the share of the total generated heat
of the year 2020 provided by the biomass CHP.
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Fig. 27: Heat load curve at the end of the investigation period (2036)

In 2036 the effect of energy efficiency measures con been seen by the decrease of the
maximum network load from 4,5 MW to 3,9 MW. The share of heat provided by the bi-
omass CHP amounts approx. 98%.

Operating regime

Year 2017 — the CHP goes into operation:
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e Approximately 300 hours the CHP is operated at maximum extraction mode gen-
erating its maximum capacity of heat.

e In the time between 300 hours and the end of the heating season, the plant re-
duces the heat generation and increases the power generation.

e From the end of the heating season of approx. 4 500 hour until 7 500 hours, the
plant is operating in the condensing mode generation only power.

Year 2020 — highest heat demand of the network

e Approximately 1.700 hours the CHP is operated at maximum extraction mode
generating its maximum capacity of heat.

e In the time between 1.700 hours and the end of the heating season, the plant re-
duces the heat generation and increases the power generation.

e From the end of the heating season of approx. 4.500 hour until 7.500 hours, the
plant is operating in the condensing mode generation only power.

Year 2036 — at the end of the investigation period

e Approximately 100 hours the CHP is operated at maximum extraction mode gen-
erating its maximum capacity of heat.

e In the time between 100 hours and the end of the heating season, the plant re-
duces the heat generation and increases the power generation.

e From the end of the heating season of approx. 4.500 hour until 7.500 hours, the
plant is operating in the condensing mode generation only power.

The availability of the CHP is calculated conservative with 7.500 hours to use the remain-
ing time for maintenance and repair works.

5.5.4 Power production

7.740 MWh/yr

7.730 MWh/yr
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Fig. 28: Forecast on biomass CHP’s power production
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The chart shows the forecast on the biomass CHP’s power production which amounts
7,73 GWh in the year 2017 and decreasing down to 7,68 GWh because of the networks
highest heat demand. At the end of the investigation period the power production is in-
creasing again up to 7,73 GWh because of the decreasing heat demand of the network.

5.6 DESCRIPTION OF BIOMASS HOB CONCEPT
The design procedure for the HoB is the same like for CHPs as explained in the summary
report. The target of the HoB design is to achieve a maximum IRR.
IRR optimization:
The heat extraction capacity of the HoB has been varied until the highest IRR has been
achieved. The result is shown in the chart below. The capacity of the heat extraction is
expressed by the HoB’s share on the total heat demand of the network over the HoB’s
lifetime of 20 years.
0,0% . . . . . .
60% 65% 70% 75% 80% 85% 90%
-1,0%
-2,0%
-3,0%
-4,0%
-5,0% //_\\
-6,0%
Fig. 29: Correlation between share of HoB’s heat generation of the network’s heat demand and
IRR
The maximum IRR — which is negative — was identified at a heat share of 83% of which a
heating capacity of 1,8 MW is resulting.
Minimum continuous load 259%
Time for revision works Summer period (no operation)
Boiler’s average efficiency during heating period 85%
Tab. 12: Preconditions for biomass HoB
All necessary data was calculated which are needed to elaborate the incremental costs
compared to the biomass CHP.
e CAPEX of the CHP plant
e Cost for the connection to the DH network
e Power output at partial extraction every 60 hours
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e Fuel demand, power output and heat generation (in MWh) for every year and for

the whole FIT period
o All O&M costs

Nominal thermal capacity 1,80 MW
Boiler’s average efficiency during heating period 85%
Fuel capacity 2,12 MW
Wood chips
T f fuel
ype oriue Max. 10% of saw dust

up to 6,04 GWh/year or
2.000 tons/yr or

Fuel demand
8.000 piled m3/yr

Type of boiler Warm water boiler

Grate

Firing system

Tab. 13: Biomass HoB key data
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Fig. 30: Forecast on fuel demand by types of fuels
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Fig. 31: Forecast on shares of heat generation by types of boilers

The graphs of heat generation and fuel demand differ by the boilers efficiencies.
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Fig. 32: Heat load curve after installation of the HoB plant (2016)
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Fig. 33: Heat load curve at the highest heat demand of the network (2020)
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Fig. 34: Heat load curve at the end of the imnvestigation period (2032)

It can be seen that the minimum continuous heat load of the biomass HoB is higher than
the minimum load of the network at the beginning respectively end of the heating sea-
son. Therefor the natural gas boiler has to provide heat during that period.

5.7 DESCRIPTION OF NEW FOSSIL BOILER CONCEPT
According to the TORs a new fossil fired heat only boiler plant as least cost alternative
with the same heating capacity like the CHP has been investigated.
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Nominal thermal capacity

Boiler’s average efficiency during heating period

Fuel capacity

Types of fuel

Natural gas demand*

Type of boiler

Firing system

1,80 MW
95%
1,89 MW

Natural gas

Up to 575m3/year

Warm water boiler

Low Nox nat. gas burner

* in normal cubic meters

Tab. 14: Key data of new fossil boiler
The new fossil boiler would be installed on-site in as a containerized solution, fully au-

tomated with stack.
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Fig. 35: Forecast on fuel demand by types of fuels

The orange coloured area marks the natural gas demand of the new fossil boiler while
the yellow area marks the natural gas demand of the existing natural gas fired boilers.
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Fig. 36: Forecast on shares of heat generation by types of boilers
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Fig. 37: Heat load curve after installation of the new fossil boiler (2016)
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Fig. 38: Heat load curve at the highest heat demand of the network (2020)
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Fig. 39: Heat load curve at the end of the investigation period (2036)
ON SITE BIOMASS LOGISTIC

Wood chips will be delivered by semitrailers on site. The semitrailers have a transporta-
tion capacity of 90 piled cubic meters or max. 22 tons and are equipped with a moving
floor for unloading. They unload the wood chips on the fuel yard while a wheel loader
puts the fuel to the foreseen storage place or into the storage building. The fuel is piled
up to max. 3 m to prevent self-ignition and can be stored outside or in a storage build-
ing. When the fuel is stored outside, only a layer of 25 cm will become wet in the case of
rain or snow.
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5.9

5.9.1

5.9.2

5.10

The on-site biomass storage has a capacity of 2 weeks to ensure the heat production
during the Christmas and New Year holydays.

CHP HoB

F ft
req}Jency of transport 3 semitrailers per day Max. 1 semitrailers per day
traffic
Storage capacit 2.040 piled cubic meters 800 piled cubic meters
g pactty 510 tons 200 tons
Storage area 790 m? 340 m?

Tab. 15: On-site biomass logistic
OPERATIONAL REGIMES AND CHARACTERISTICS

Combined heat and power plant

Over the lifetime of 20 years the CHP is operated for 7.500 h/yr under full load opera-
tion. In the summer time the CHP is operated in condensing mode (max. power produc-
tion and no heat generation) while in transition and winter time the plant is operated in
heat extraction mode for the combined production of heat and power. The remaining
time after 7.500 operating hours until the end of the year (1.260 hours) is used for
maintenance and repair works. This represents an availability of 85% which can be con-
sidered as conservative approach.

The operating mode is power demand driven with heat extraction when needed.

Biomass HoB and new fossil boiler:

As no heat is needed in the summer time because of no centralized warm water prepa-
ration and air conditioning, the HoB plant is operated only during the heating period.
Maintenance works will be carried out in the summer time.

Whenever the heat load of the network is lower than the minimum continuous capacity
of the biomass HoB, then the boiler has to be switched off and the heat at such low
network loads has to be generated by the fossil fired HoBs.

The operating mode is heat demand driven.
HEAT FEED-IN CONCEPT

A 250 m long connecting pipeline with a nominal diameter of DN 100 is capable to
transport 1,8 MW of hot water to the district heating network

When both plants are in operation (existing heating station for peak load and biomass
plant for base load) the control system has to provide communication between the cir-
culating pumps of the existing heating station with those of the biomass plant. To main-
tain this operation regime control systems of the whole DH system including devices for
the measurement of the differential pressures are to be installed.
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5.11

5.11.1

POWER FEED-IN CONCEPT

Connection to the distribution grid

The installed power of the generator unit is 1,125 MW and 1,25 MVA, assuming rated
power factor of 0,90 (cosPhi=0,90). The generator operating voltage is 6,3kV and this
voltage will be transformed to 35 kV level by means of step-up transformer of the rated
capacity of 1,5 MVA.

The generator will be placed in power house while switching substation with step-up
transformer will be constructed alongside the power house. The CHP plant would be
connected to electric power distribution system by a 35 kV cable line. Since the connec-
tion is envisaged in urban zone of Velika Plana, it is recommended to realize the connec-
tion with underground cable line. The impact of the cable solution to the total invest-
ment costs is negligible.

SS 110/35 kV Velika Plana has two transformer units with rated capacity of 31,5MVA.
This SS is supplied by two 110 kV lines, one from Smederevska Palanka and one from TE
Morava (see below), and this part of the 110 kV network in Central Serbia can be con-
sidered as not particularly strong. The level of short circuit power of about 260 MVA at
35 kV busbars in SS 110/35 kV Velika Plana® shows the strength of the network, having
in mind that maximum allowable short circuit power for 35kV level is 750 MVA. This lev-
el of short circuit power is enough to enable connection of the CHP plant of 1,25 MVA to
35 kV busbars at SS 110/35 kV Velika Plana as it is required by EPS's Technical recom-
mendations for connection of the generating units -Recomm. No. 16°. In addition, this
level of the short circuit power also confirms the possibility of 1,25 MVA CHP plant con-
nection to one 35/10 kV substation in urban area of Velika Plana where short circuit
power of about 180 MVA can be expected. Having this in mind, proposed connection of
the CHP plant to distribution network is the connection to the 35/10 kV substation with
35 kV cable line of 2km length.

It is important to note that the exact point of common coupling (PCC) will be known up-
on obtaining an approval for connection to distribution network, issued by distribution
network operator in the next phase of the project.

SM.PALANKA o
MARKOYAC
8 8 -
—3 158/2 158/3 < 158/4 §‘

POYO

ﬂ%fz i'"_'lf;"j','li""}': %’::',’:':]{
V. PLANA 2= ﬂ@"@"% 8 |

o . __TE MORAVA

[P S —

Tl

8 Short circuit power level is estimated on the basis of available data for short circuit power at all 110 kV substations in EMS
transmission system.

® Smax = Ssc/ 50,where:

Smax — maximum allowable capacity that can be connected [MVA]

Ssc — short circuit power [MVA]

Revision: 01

Page 38



Pre-Feasibility Studies on 15 Biomass CHP-plants for District Heating Companies in Serbia iC consulenten
Subreport: Velika Plana 28.02.2014

Fig. 40: 110 kV supply lines

5.11.2 Electrical Equipment
The connection of the plant to the electrical network shall be performed on the voltage
level 35 kV. Switchgear 35 kV is envisaged with single bus bar system. The step-up trans-
former is placed outdoor. The transformer is with directly earthed neutral and with pos-
sibility for breaking of this connection. The generators and transformers shall operate in
‘block’. Block connection is provided by means of cable.
The taps are disjointing from the cable connections as basic source for Auxiliary Power
supply, as well as for supply of the Generator’s excitation system. When unit in the
powerhouse is out of operation stand by auxiliary power supply is provided, through the
connection to the network on the voltage level 35 kV.
5.11.3 Generator
The Generator is three phased, synchronous, horizontal and for direct connection to the
turbine.
The construction of stator winding is performed with: three terminals on the outlet side
and three terminals for the neutral point, each with conduct current transformers, with
necessary number of cores, for protection and measuring.
The excitation system is thyristorized, fed by an excitation transformer, connected to
the generators terminals. The excitation transformer is dry type. The excitation system is
equipped by voltage regulator (AVR) for the generators’ automatic and manual voltage
regulation.
The unit electrical braking is provided, up to the complete stop of the unit. The classical
mechanical brakes are provided too, and shall be used when electrical braking is out of
order.
The generator is equipped with other necessary devices for normal unit operation. The
generator’s rotor shall be laminated. The winding insulation shall be class F.
The generator with following main characteristics is selected:
generator rated capacity 1,250 kVA
rated voltage 6,3 kV
rated power factor 0,90
rated generator current 115A
range of voltage regulation + 5%
winding insulation class F
rated frequency 50 Hz
efficiency at rated capacity, rated power 95 %
factor and rated frequency
Tab. 16: generator characteristic
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5.11.4 Generator Voltage Equipment

Generator voltage equipment is of standard type including the following equipment:

= cable connections block generator-transformer,

= cable connections (excitation system, auxiliary power supply system),
= neutral earthing equipment,

= current transformers,

= voltage transformers.

5.11.5 Step-up (block) Transformers

Block transformers are three phase, two winding, and oil immersed units for outdoor us-
ing. The transformers rated capacity corresponds to the generator’s capacity of 1,25
MVA. Basic technical data of block transformer are as follows:

rated capacity 1,500 kVA
normal operated primary voltage 6,3 kV
normal operated secondary voltage 35 kV
rated frequency 50 Hz
short circuit voltage 7,5 %
no-load tap changer +2x2,5%
vector group reference Dyn5
cooling system ONAN

Tab. 17: Block transformers characteristic

5.11.6 35 kV Switchgear

CHP plant is connected to cable line through 35 kV switchgear.
The 35 kV switchgear is standard equipped.

This connection will also provide a backup electric energy supply of plant’s facilities in
conditions when the plant is not operational for any reason.

In addition to listed main electrical equipment, the following systems will be installed:

= Auxiliary Power Supply System with A.C. Auxiliary Power Supply, Diesel Genera-
tors, 0,4/0,231 kV Switchgear and D.C. Power Supply System

= Control system with Unit Control Board, Control System of 35 kV Switchgear and
Control from the central control room

= Telecommunication system

= Automatic Fire Alarm System, External Lighting and Earthing and lightening Sys-
tem

The costs for these systems are also included in assessed costs of the electrical equip-
ment (section 6).
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5.11.7 Cost assessment of the proposed grid connection concept

The investment costs of proposed connection concept of the CHP plant to 35 kV busbars
at 35/10 kV substation in Velika Plana are presented in the following table:

Investment cost assessment

Transformer 35/6,3 kV; 1,5 MVA € 45.000
Switchgear 35 kV € 100.000
Cable line: 35 kV; 2 km € 160.000
Equipment in 35 kV bay at SS 35/10 kV in Velika Plana € 25.000
Connection costs € 325.000
5.12 ANALYSIS OF SOCIAL CONCERNS AND OPPOSITION
5.12.1 Social concerns

The CHP requires 15 high qualified staff members

During the 2 years erection of the CHP 20 workers will be employed on site

Biomass CHPs will strengthen the forestall activities and create up to 5 jobs for
collection of wood residues and preparing wood chips

Transportation of wood chips to the CHP site (2 truck drivers)

The possibility of provision of steam by the CHP increases the chance for the set-
tlement of industry e.g. wood processing companies.

5.12.2 Opposition

No opposition against the erection of the CHP will come up because:

e The site is situated within the industrial zone outside the city center (greenfield).

e No residential buildings in the neighbourhood, so no complaints will come up
concerning noise from the plant and from fuel delivering trucks.

e No residents will be resettled

5.13 ENVIRONMENTAL IMPACTS OF THE PROJECT

The calculation of CO, savings considers the replacement of natural gas and gas for heat-
ing and the replacement of power generated by the power demand operated thermal
power plants of Serbia with green power based on CO, neutral biomass. The CO, saving
pot%wtial of green power was calculated based on the 2012 power generating report of
EPS™.

e 1 MWh of green power saves 1.100 kg CO..
e The combustion of 1 MWh of natural gas releases 207 kg CO.,.

19 Eps - Electric Power Industry of Serbia, technical report 2012
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Fig. 41: CO,- Balance
The flue gases of the biomass plant will not affect the air quality of the city as filter sys-

tems will minimize the particulate emissions.
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PRELIMINARY COST ESTIMATES

A comparison of the investment costs of the CHP with different HoB alternatives is
shown in the table below. The determination of the investment costs of the main com-
ponents as listed in the table has been performed by a “top down” method as follows:

e First of all the due to site limitations possible CHP has to be found according to
chapter 5.5 with the nominal gross power output in kW electric.

e Based on specific investment costs for biomass CHPs according to the economy of
scale (see summary report chapter 5) and the nominal power output of the CHP,
the total investment cost can be calculated. A difference has been considered
between investment costs of wood fired and straw fired CHPs

e Based on a cost split (see summary report chapter 5) the component costs as
shares of the total costs have been calculated.

The Costs for the biomass HoB have also been found by a “top down” method as fol-
lows:

e First of all the optimum HoB has to be found according to chapter 5.5 with the
nominal heating capacity in kW thermal.

e Based on specific investment costs for biomass CHPs according to the economy of
scale (see summary report chapter 5) and the nominal heating capacity of the
HoB, the total investment cost can be calculated. A difference has been consid-
ered between investment costs of wood fired and straw fired HoBs

e Based on a cost split (see summary report chapter 5) the component costs as
shares of the total costs have been calculated.

The costs for a new fossil Hob have been calculated the same way starting the calcula-
tion with the same heating capacity like the biomass HoB.

Component Biomass CHP Biomass HoB  Fossil HoB

1. Fuel storage and handling equipment
and area, transport facilities, logistics
2. Thermal plant with boiler, turbine and

€900.000 €220.000 €0

€3.430.000 € 260.000 € 140.000

generator (only CHP)

3. Ash disposal facilities € 360.000 €90.000 €0
4. !Electrlcal equipment, electrical instal- € 480.000 € 130.000 €20.000
lation works

5. Interface substation € 180.000 € 80.000 € 30.000
6. Cooling water facilities, if any €0 €0 €0
7. Civil works € 660.000 € 440.000 € 40.000
8. Co'nnectlon to electrical grid for power € 325.000 €0 €0
feed in

9. Connection to DH network €70.000 € 70.000 € 70.000

Revision: 01

Page 43




Pre-Feasibility Studies on 15 Biomass CHP-plants for District Heating Companies in Serbia iC consulenten

Subreport: Velika Plana 28.02.2014

10. Commissioning € 210.000 € 90.000 € 50.000
. . o

11. Contingencies (10% share of sum € 660.000 € 140.000 €35.000
from 1-10)
1?. Planning costs (incl. consultancy ser- € 430.000 €220.000 € 75.000
vices)
TOTAL CAPEX €7.705.000| € 1.740.000 € 460.000

Tab. 18: Capex of CHP and HoB alternatives

The costs for the connections to the electrical grid are stated in chapter 5.11.7 while the
costs for the connection to the DH network are based on specific DH pipeline costs be-
tween € 300 and € 400 € per route meter distance from the plant to the DH mains.

6.1 TAXES AND DUTIES

As the tax position for the investment is not defined in this phase, applicable taxes and
duties have not been specifically considered. Respective effects are deemed to be cov-
ered by contingency values.

6.2 INTEREST DURING CONSTRUCTION

The determination of interest during construction will be subject of stipulations in fi-
nancing agreements. At this point they have not been specifically considered but are
deemed to be covered by contingency values.

6.3 CONTINGENCIES
10% for contingencies are included in the preliminary cost estimates.

6.4 OPERATION AND MAINTENANCE

Cost Component HoB

straw  wood

Maintenance % of Capex/yr 1,50% 1,50% | 1,10% | 1,10%
Own power demand for CHPs @ o:nf::(ljde- 2,50% | 2,50% n.a. n.a.
Own power demand for HoBs kWhe/ MWht n.a. n.a. 7 7
Ash disposal (based on 1,5% ash in fuel) €/ton 40 40 40 40
Staff members - 15 15 6 6
Soft wood (cornifer) chips (W35) loco plant €/ton n.a. 40 n.a. 40
Hard wood chips (W35) loco plant €/ton n.a. 50 n.a. 50
Straw balles (W15) loco plant €/ton 40 n.a. 40 n.a.
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Consumables (chemicals, lubricants, etc.) €/MWh_fuel/yr 0,5 0,5 0,3 0,3
Insurance % of Capex/yr | 0,50% | 0,50% | 0,50% | 0,50%
Intermediate results:

Lower heating value soft wood (W35) MWh/ton n.a. 3,10 n.a. 3,10
Lower heating value hard wood (W35) MWh/ton n.a. 3,01 n.a. 3,01
Lower heating value straw balles (W15) MWh/ton 4,15 n.a. 4,15 n.a.
Soft wood (cornifer) chips (W35) loco plant €/MWh n.a. 12,89 n.a. 12,89
Hard wood chips (W35) loco plant €/MWh n.a. 16,60 n.a. 16,60
Mean price for wood chips loco plant €/MWh 14,74 14,74
Straw balles (W15) loco plant €/MWh 9,64 n.a. 9,64 n.a.

Tab. 19: Preconditions for OPEX of plants
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7. PRELIMINARY FINANCIAL ANALYSES
7.1 REVIEW AND PROJECTION OF THE COMPANY

Based on the information received from the Toplana, past financial data and develop-
ment plans have been reviewed. The following tables present standardized formats of
both the profit and loss statements and the balance sheets for the past three years.
They include all business handled by the utility in charge of heat supply.

1.000 EUR
Item 2010 2011 2012
Sales 326 409 437
Cost of Sales -275 -454 -391
Gross Margin 52 -45 46
Depreciation Depreciation on Fixed Assets -39 -32 -30
Sales, General & Administration Overheads, other & non-op -36 -42 -31
Net Operating Profit (NOP) -22 -119 -15
Interest Expense (incl. Bank fees) -20 -18 -21
Interest Income 12 15 32
Other Financial Income (incl. Subsidies) 33 9 5
Profit after Financial Items 4 -113 1
Exceptional Expense - - -
Taxable Profit 4 -113 1
Corporate Tax - - -
Net Profit after Tax (NPAT) 4 -113 1

Tab. 20: Profit and loss statements

In recent years losses have substantially reduced equity. Financing primarily occurs
through increased short term liabilities.
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1.000 EUR
Item 2010 2011 2012
Cash and Deposits 0 1 11
Trade Receivables (Debtors) 120 164 235
Inventory 50 0 0
Other Current Assets 1 3 4
Current Assets 171 168 250
Tangible assets 571 553 478
Net Property, Plant and Equipment 571 553 478
Other Investments 0 0 0
Intangibles/Goodwill 0 0 0
Non Current and Fixed Assets 571 554 478
Total Assets 743 721 728
Item 2009 2010 2011

Short Term Bank Loans 41 46 0
Trade Creditors (Payables) 155 232 294
Other Creditors 0 0 0
Current Liabilities 196 277 294
Long Term Bank Loans 0 0 28
Long Term Liabilities - - 28
Tax/Deferred Taxation 0 0 0
Long Term Liabilities and Provisions - - 28
Ordinary Shares (Common Stock) 536 548 499
Profitand Loss Reserve (Retained Earnings) 10 -103 -93
Shareholders’ Funds 546 444 406
Total Liabilities and Equity 743 721 728

Tab. 21: Balance Sheets

Projection of financial statements

For the projection of the financial development of the Toplana the present financial
conditions and operational terms have been considered as well as the investment
measures currently planned. Projected revenues are based on the demand trends and
envisaged system developments described in the chapter on the heat market. Demand
projections include both decreasing specific consumptions reflecting the reaction to the
introduction of user meters but also long term effects from insulation measures.

An average of the level of subsidies at 4,6% found in the past three years has been ap-
plied for future contributions. No specific information on regulations and basis of subsi-
dies was received.

Following the developments in operational parameters, losses and short term debt
would further accumulate over the medium term. The financing of assumed reductions
in short term payables was also assumed to be covered by short term debt.
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1.000 EUR
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Sales 435 435 410 367 367 384 402 418 414 410 406 402 399 395 391 387 384

Cost of Goods Sold -386 -386 -372 -352 -360 -370 -380 -390 -388 -385 -383 -381 -379 -377 -375 -373 -371
Gross Margin 50 50 38 15 7 14 21 29 27 25 23 21 19 18 16 14 13

Depreciation on Fixed Assets -30 -30 -30 -28 -30 -42 43 44 -45 -45 -45 -44 44 44 -44 43 43

Depreciation on Intangible Assets - - - - - -

Sales, General &Administration Overheads -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30 -30
Net Operating Profit (NOP) -11 -11 -22 -44 -53 -58 -52 -46 -49 -50 -52 -54 -55 -57 -58 -59 -61

Interest Expense (incl. Bank fees) -15 -5 -7 -3 -7 -21 -25 -30 -34 -38 -42 -46 -51 -56 -61 -67 -73

Interest Income 1 - - - - -

Other Financial Income (incl. Subsidies) 19 19 19 18 18 19 19 19 19 19 19 19 19 19 19 19 19
Profit after Financial Items 3 -11 -29 -42 -60 -58 57 -64 -69 -75 -81 -87 93 -100 -108 -115
Taxable Profit 3 -11 -29 -42 -60 -58 -57 -64 -69 -75 -81 -87 93 -100 -108 -115

Corporate taxes - 1 - - - - -

Net Profit after Tax (NPAT) -5 3 -11 -29 -42 -60 -58 -57 -64 -69 -75 -81 -87 93 -100 -108 -115

Tab. 22: Projected Profit and Loss Statements — WITHOUT project scenario
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1.000 EUR
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Cash and Deposits - - - - - - -
Trade Receivables (Debtors) 211 214 161 126 108 113 118 123 122 121 120 119 118 116 115 114 113
Inventory - - - - - - -
Other Current Assets 4 4 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Current Assets 214 218 164 128 110 115 120 125 124 123 122 121 120 118 117 116 115
Net Property, Plant and Equipment 476 476 448 47 664 683 702 720 715 71 707 702 698 694 690 686 682
Other Investments - - - - - - -
Intangibles/Goodwill 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Non Current and Fixed Assets 476 476 449 47 664 683 702 720 716 M 707 703 698 694 690 686 682
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Assets 691 694 613 600 774 798 822 846 840 834 829 823 818 813 807 802 797
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Short Term Bank Loans 64 87 48 101 336 414 491 566 625 690 761 837 920 1,010 1,106 1,209 1,321
Trade Creditors (Payables) 218 196 164 128 110 115 120 125 124 123 122 121 120 118 117 116 115
Other Creditors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Current Liabilities 282 282 212 230 446 530 612 691 750 813 883 958 1,040 1,128 1,223 1,326 1,436
Long Term Bank Loans 9 9 9 8 8 8 9 9 9 9 9 9 9 9 8 8 8
Long Term Liabilities 9 9 9 8 8 8 9 9 9 9 9 9 9 9 8 8 8
Tax/Deferred Taxation - - - - - - -
Long Term Liabilities and Provisions 9 9 9 8 8 8 9 9 9 9 9 9 9 9 8 8 8
Ordinary Shares (Common Stock) 497 497 497 497 497 497 497 497 497 497 497 497 497 497 497 497 497
Profit and Loss Reserve (Retained Eamings) -98 95 -105 -135 77 237 -295 -351 -415 -485 -560 640 -727 -821 921 1,029 1144
Shareholders' Funds 399 402 392 362 320 260 202 146 81 12 -63 -143 -230 -324 -424 -532 -647
Total Liabilities and Equity 691 694 613 600 774 798 822 846 840 834 829 823 818 813 807 802 797

Tab. 23: Projected Balance Sheets — WITHOUT project scenario
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1.000 EUR

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Free Cash Flow
Net Operating Profit (NOP) -11 -11 -22 -44 -53 -58 -52 -46 -49 -50 -52 54 -55 -57 -58 -59 61
Depreciation / Amortisation / Non-cash ltems 30 30 30 28 30 42 43 44 45 45 45 44 44 44 44 43 43
EBITDA 19 19 7 -16 -24 -16 9 2 -4 6 9 -1 -13 -15 -16 -18
Changes in Net Working Assets -52 25 22 0 - 0 0 0 -0 -0 0 0 -0
Net Operating Cash Flow (NOCF) -32 6 29 -16 -24 -16 9 -2 -4 6 9 -1 -13 -15 -16 -18
Expenditure on Property, Plant and Equipment -30 -30 -2 -51 -222 -61 61 -62 -41 -40 -40 -40 -40 -40 -39 -39 -39
Net Cash Outflow for T axation - -1 - - - - -
Operating Free Cashflow -62 -36 27 -66 -246 17 - -64 -45 -46 -48 -49 -51 -52 -54 -55 -57
Subsidies, Residual Value 19 19 19 18 18 19 19 19 19 19 19 19 19 19 19 19 621
Free Cash Flow 43 A7 45 -49 -228 -59 -52 -45 25 27 -29 -30 -32 -34 -35 -37 677

Tab. 24: Projected Free Cash Flows — WITHOUT project scenario
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Evaluation of debt capacity

Free Cash flows as shown in above table are weighed at an assumed DSCR requirement
of 1,2 resulting in a present value debt capacity for the existing toplana of -0,8 Mio. EUR.

Municipal Debt Information

In order to provide some information on the debt position of the municipality, being the
owner of the toplana, data for the calculation of relevant indicators has been investigat-
ed. Legal debt limits stipulate for Local Self-Governing Units (LSU) a 50% (of total current
revenues of the previous year) ceiling on long term debt and a 15% maximum for annual
debt service.

In the case of Velika Plana the following debt indicators have been calculated:

Share of long term debt 0.06% of previous year’s revenues
Share of repayment 0,01% of previous year’s revenues
Potential debt 0,24 Mio. EUR

7.2 ANALYSES OF PROJECT OPTIONS
For the evaluation of various investment options technical project parameters have
been applied based on the elaborations presented in the previous, technical chapters.
The technical investment options analysed for Velika Plana include:
e the projection of the existing energy generation facilities only considering in-
vestment measures currently under implementation
e aproject variant elaborating on the implementation of a biomass based HOB
e the implementation of a biomass based CHP (testing for three different degrees
of utilization as expressed in annual operational hours reflecting plant availabil-
ity)
e an new HOB based on natural gas
The technical variants consider respective data on
e Production of
- heat
- electricity
e Fuel consumption
e Heat consumption, tariffs and revenues
e Operating costs considering fuel input, materials and staff
For the determination of cash flows for the project evaluation of a specific technical in-
vestment variant only incremental costs are applicable. In the following table the total
energy cost are presented to show relevant changes in this key cost factor. They are
subsequently balanced with the time series of energy costs determined for the case
without the project. Other cost items including materials, staff and administrative items
are only given on an incremental basis.
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2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Electricity supplied MWh - - - - 7,179 7,163 7,148 7,135 7,138 7141 7,144 7,147 7,150 7,153 7,156 7,159 7,162
Total heat supplied MWh 5,263 5,263 4,947 4403 4422 4,658 4,889 5115 5,064 5,013 4,963 4913 4,864 4,816 4,767 4,720 4,673
to private households MWh 2,732 2,732 2,568 2,285 2,337 2,501 2,660 2817 2,789 2,761 2,733 2,706 2,679 2,652 2,626 2,599 2573
to commercial customers & public high tariff MWh 2,531 2,531 2,380 2,118 2,085 2,158 2,229 2,298 2,275 2,252 2,230 2,207 2,185 2,163 2,142 2,120 2,099
Feed-in Tariff EURMWh 56 56 56 56 133 133 133 133 133 133 133 133 133 133 133 133 56
Revenues
Private households 1,000 EUR 184 184 173 154 158 169 179 190 188 186 184 182 181 179 177 175 174
Commercial customers & public users 1,000 EUR 256 256 241 214 211 218 225 232 230 228 225 223 221 219 217 214 212
Feed-In Tariff (FIT) 1,000 EUR - - - - 952 950 948 946 946 947 947 947 948 948 949 949 401
TOTAL REVENUES 1,000 EUR 440 440 414 368 1,320 1,336 1,352 1,368 1,364 1,361 1,357 1,353 1,349 1,346 1,342 1,339 787
Incremental revenues 1,000 EUR - - - - 952 950 948 946 946 947 947 947 948 948 949 949 401
OPERATING COSTS
Energy
Natural gas EURMWh 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38
1,000 EUR 260 260 247 227 4 5 6 8 8 7 7 7 6 6 5 5 5
Biomass EURMWh 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
1,000 EUR - - - - 501 501 501 501 501 501 501 501 501 501 501 501 501
Electric energy Share 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
MWh - - - - 853 853 853 853 853 853 853 853 853 853 853 853 853
EUR/KWh 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Total electric energy costs 1,000 EUR - - - - 48 48 48 48 48 48 48 48 48 48 48 48 48
Total energy 1,000 EUR 260 260 247 227 553 554 556 557 557 557 556 556 555 555 555 554 554
Materials & Services incremental
Total Supply materials 1,000 EUR - - - - 142 142 142 142 142 142 142 142 142 142 142 142 142
Personnel incremental
Skilled staff Number - - - - 15 15 15 15 15 15 15 15 15 15 15 15 15
Avg. Monthly salary EUR 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500
Total cost of personnel 1,000 EUR - - - - 90 90 90 90 90 90 90 90 90 90 90 90 90
incremental
Administrative costs (eg. insurance) 1,000 EUR - - - - 38 38 38 38 38 38 38 38 38 38 38 38 38
TOTAL OPERATING COSTS 260 260 247 227 823 824 826 828 827 827 826 826 825 825 825 824 824
Incremental to Existing
Incremental Cost of sales -4 -4 -4 -3 546 537 529 521 523 524 526 528 530 531 533 535 536
Incremental SG&A - - - - 38 38 38 38 38 38 38 38 38 38 38 38 38
Total incremental to Existing -4 -4 -4 -3 585 575 567 559 561 563 564 566 568 570 571 573 575
Net Cash Flows 1,000 EUR - - 1916 -4982 -400 374 381 387 385 384 383 381 380 379 377 376 174
Tab. 25: Projection of operations and Net Cash Flows (NCF) — Variant CHP
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7.2.1

7.2.2

Economic analysis

All technical variants have also been subjected to economic analysis considering
e the adaptation the transfer component of FITs through a reduction by dif-
ferential between the FIT applied in the financial analysis and an estimated
border price of electricity of 4,5 EUR-cents/KWh
e benefits from
o import substitution of fossil fuels valued at the cost of biomass
o avoided emissions.

Data related to emissions vis-a-vis the projection of existing facilities
(including measures under implementation) have been elaborated in
the technical sections of this report.

Costs of CO2 are determined in line with the IPCC approach, which
calculates the 'social cost of carbon' in terms of future damages. The
cost of future emissions is dependent on the inherent uncertainty in
projected volumes of emissions and therefore how much global
warming will occur. Discount rates and non-monetary values also
have to be accounted for. The mean estimate from the literature in
2005 was USD 43 +/-USD 86/ton. For the economic calculation, a val-
ue of 45 EUR/t has been applied®.

The format of economic evaluations carried out for all technical variants and degrees of
plant availability is presented in Tab. 26.

Levelized Unit Costs — LUC

In order to compare the project and utilization variants on the basis of investment and
operating costs only, the LUC for heat production have also been determined.

Operational costs of each variant consist of the operating costs of the baseline, i.e. with-
out project measures analysed in this report, and the incremental operating costs of the
respective variant. In addition revenues for feed in electricity (representing the combi-
nation output) have been deducted for the CHP variant in order to account for the addi-
tional power generating capability.

The attribution of annual totals of cost to the respective annual heat outputs have been
discounted at 3,0% corresponding to the financing costs. Tab. 27 presents the format
used for these analyses.

ipcc, Summary or Policymakers, Contribution of Working Group Il to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate change, 2007
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1.000 EUR
Item 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Cash flows -1916 4982 -400 374 381 387 385 384 383 381 380 379 377 376 174
External Costs and Benefits
Deduction of FIT transfer component
Tariff differential - - 88 88 88 88 88 88 88 88 88 88 88 88 11
Total FIT transfer deduction - 1,000 EUR -629 -627 -626 -625 -625 -625 -626 -626 -626 -626 -627 -627 -79
Correction of biomass cost - 1,000 RSD - - 501 501 501 501 501 501 501 501 501 501 501 501 501
CO2 emissions saved
Emissions avoided - t 9 8 9,175 9,209 9,238 9,265 9,259 9,253 9,247 9,241 9,235 9,229 9,223 9,217 9,211
Cost of CO2 emissions - EUR/t 450 450 450 450 450 450 450 450 450 450 450 450 450 450 450
Benefits from avoided emissions - 1,000 EUR 0 0 413 414 416 417 417 416 416 416 416 415 415 415 415
Incremental Cash Flows incl. External Benefits - in 1,000 EUR -1916  -4982 -114 663 672 680 678 676 675 673 671 669 667 665 664
Tab. 26: Economic Evaluation Format — Variant CHP
1.000 EUR
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Total cost
Investment 1,916 4,982 767 - - - -
Revenues of combination output - -952 -950 -948 -946 -946 -947 -947 -947 -948 -948 -949 -949 -401
Operations 399 379 976 976 978 980 979 979 978 978 977 977 977 976 976
Tab. 27: Levelized Unit Cost Format — Variant CHP
Revision: 01 Page 54



Pre-Feasibility Studies on 15 Biomass CHP-plants for District Heating Companies in Serbia iC consulenten
Subreport: Velika Plana 28.02.2014

7.3

SELECTION OF PROJECT OPTION

Results from all analyses including
e Profitability of investment expressed in
— the Financial IRR
- the Net Present Value
e Overall cost expressed in the long term LUC (15 years)
e National economic effect expressed in the Economic Rate of Return (EIRR)

carried out for the technical variants are compared in the following table.

For a base case all analyses have been initially carried out in real terms. In a further pro-
cess all parameters have been subjected to inflation factors, viz.

e domestic inflation projections relate heat tariffs and operating costs

e EU CPlis applied to FIT and investment valuation

NPV
IRR Lue . NPV EIRR IRR Lue in Mio. EIRR
RSD/KWh |in Mio. EUR RSD/KWh
EUR
Real including inflation
Existing 7.6 9.3
HOB -5.5% 9.0 -0.9 7.3% -6.1% 10.7 -0.9 8.2%
CHP -7.9% 12.7 -3.6 1.8% -12.5% 154 -4.6 -0.4%
new fossil - 8.6 -0.8 - - 10.5 -1.0 -

Tab. 28: Comparison of results

This comparison shows that the CHP solution achieves inferior results to the HoB variant
both in terms of profitability as well as LUC. Yet the HOB variant also fails to provide suf-
ficient investment profitability. The new fossil variant does not present satisfactory per-
formance indicators in terms of investment profitability.

7.4 SENSITIVITIES ON SELECTED VARIANT
The CHP variant has been tested for modifications in key assumptions so as to ascertain
the reliability of results. The financial IRR is considered a central indicator of project
benefits. It is consequently used to evaluate the sensitivity of project profitability by al-
ternating (possible positive and negative changes to assumptions)
Changes in real terms — percentage additions costs and prices
e Investment costs - Percentages added to investment cost budget
e Incremental operating costs - Percentages added to all non-energy operat-
ing costs
e Feed In Tariffs (FIT) - Percentages added to scheduled (at current law) FITs
e Initial price of biomass (wood)
e Level of initial prices of fossil fuels
Results of the sensitivity analyses are shown in the subsequent graph.
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Fig. 42: Sensitivity of IRR on changes in key parameters

The sensitivity analysis clearly demonstrates the critical impact of assumptions on ener-
gy price increases on the project profitability.

For negotiable parameters of investment and the biomass purchase price, results for in-
dividual values are presented.

Basecase Variations
Investment - mn. 7.7 8.4 101 13.2
Variation 0% 10% 20% 30%
FIRR -7.9% 9.1% -10.1% -11.1%
Biomass price - i 14.7 13.2 146 17.5
Variation 0% -10% 10% 20%
FIRR -7.9% -6.0% -10.1% -12.9%

Tab. 29: Sensitivities on individual values of parameters

PROJECTION OF IMPLEMENTATION OF CHP VARIANT IN TOPLANA

Operational items

For a forecast of the development of the toplana given the implementation of the pro-
ject, assumptions for the CHP variant have been entered into the projections of financial
statements of the company.

Specifically the following parameters have been considered:
e Investment cost estimates and scheduling
e Energy cost changes considering
- Avoided cost for heat production and
- Additional energy requirements for CHP capabilities
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e Incremental operating cost items pertaining specifically to the operation of
the project regarding
- Consumables
- Ash disposal
- Staff cost
— Administrative cost (eg insurance of new equipment)

7.5.2 Financial Statements

The following tables present the effect of the project in the projected financial state-
ments of the company.

Projected revenues are based on the demand trends and envisaged system develop-
ments described in the chapter on the heat market. Demand projections include both
decreasing specific consumptions reflecting the reaction to the introduction of user me-
ters (20%) but also long term effects from insulation measures.

The projections clearly demonstrate the beneficial effect of the project on the overall fi-
nancial position of the toplana.
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in 1.000 EUR
Item 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Sales 435 435 410 367 1,319 1,334 1,349 1,364 1,361 1,357 1,353 1,350 1,346 1,343 1,340 1,336 785
Cost of Senices -382 -382 -369 -349 -907 -907 -909 911 910 -910 -909 -909 -909 -908 -908 -908 -907
Gross Margin 53 53 41 18 412 427 440 453 450 447 444 441 438 435 432 429 -123
Depreciation Depreciation on Fixed Assets -30 -30 -30 -28 -458 -493 -494 -495 -496 -496 -378 -371 -371 -371 -370 -370 -370
Sales, General &Administration Overheads -30 -30 -30 -30 -69 -69 -69 -69 -69 -69 -69 -69 -69 -69 -69 -69 -69
Net Operating Profit (NOP) -7 -7 -19 -40 115 -135 122 111 115 -118 -3 1 -2 5 -8 -10 -561
Interest Expense (incl. Bank fees) 0 -38 -32 -119 -188 -184 -192 -200 -207 214 -221 -228 237 -246 -256 -266 -286
Interest Income 0 0 0 7 28 0 0 0 0 0 0 0 0 0 0 0 0
Other Financial Income (incl. Subsidies) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Profit after Financial Items -7 -45 -51 152 275 -319 -315 -311 -322 -331 -223 -228 -239 -251 -263 277 -848
Corporate taxes - - - - - -
Net Profit after Tax (NPAT) -7 -45 -51 -152 -275 -319 -315 -311 -322 -331 -223 -228 -239 -251 -263 277 -848

Tab. 30: Projected Profit and Loss Statement — Toplana WITH the project
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in 1.000 EUR

Item 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Cash in Deposits 0 0 125 463 0 0 0 0 0 0 0 0 0 0 0 0 0
Cashin hand 4 4 4 4 10 10 10 10 10 10 10 10 10 10 10 10 10
Trade Receivables (Debtors) 211 214 161 126 389 393 398 402 401 400 399 398 397 396 395 394 231
Inventory 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Other Current Assets 4 4 3 2 7 7 7 7 7 7 7 7 7 7 7 7 4
Current Assets 219 222 293 595 405 410 414 419 418 417 416 415 414 413 411 410 245
Lands and buildings 0 0 191 686 762 762 762 762 762 762 762 762 762 762 762 762 762
Technical installations and machinery 476 476 1,988 6,013 6,821 6,840 6,859 6,877 6,873 6,868 6,864 6,860 6,855 6,851 6,847 6,843 6,839
Depreciation -30 -60 -89 -118 -576 -1,069 -1,563 -2,058 -2,554 -3,050 -3,428 -3,799 -4,170 -4,541 -4911 -5,281 -5,651
Net Property, Plant and Equipment 446 416 2,089 6,581 7,007 6,534 6,058 5,581 5,081 4,580 4,198 3,823 3,448 3,073 2,698 2,324 1,950
Other Investments 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Intangibles/Goodwill 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0
Non Current and Fixed Assets 446 417 2,089 6,581 7,008 6,534 6,059 5,582 5,082 4,581 4,199 3,824 3,448 3,074 2,699 2,325 1,951
Total Assets 665 638 2,382 7,176 7,413 6,944 6,474 6,001 5,499 4,998 4,615 4,238 3,862 3,486 311 2,735 2,195

Item 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Short Term Bank Loans 50 90 0 0 53 473 888 1,296 1,692 2,098 2,515 2,942 3,380 3,831 4,294 4,772 5,245
Trade Creditors (Payables) 218 196 164 128 396 400 405 409 408 407 406 405 404 403 402 401 235
Other Creditors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Current Liabilities 268 286 164 128 449 874 1,293 1,706 2,101 2,505 2,921 3,347 3,784 4,234 4,696 5173 5,481
Long Term Bank Loans 0 0 1,725 6,209 6,324 5,749 5174 4,599 4,024 3449 2,874 2,300 1,725 1,150 575 0 0
Long Term Liabilities - - 1,725 6,209 6,324 5,749 5174 4,599 4,024 3,449 2,874 2,300 1,725 1,150 575 - -
Tax/Deferred Taxation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Long Term Liabilities and Provisions - - 1,725 6,209 6,324 5,749 5174 4,599 4,024 3,449 2,874 2,300 1,725 1,150 575 - -
Ordinary Shares (Common Stock) 497 497 688 1,187 1,263 1,263 1,263 1,263 1,263 1,263 1,263 1,263 1,263 1,263 1,263 1,263 1,263
Profitand Loss Reserve (Retained Earnings) -100 -144 -195 -347 -623 -942 -1,256 -1,567 -1,889 -2,220 -2,444 -2,671 -2,910 -3,161 -3424 -3,701 -4,548
Shareholders' Funds 397 352 493 839 641 322 7 -303 -625 -957 -1,180 -1,408 -1,647 -1,897 2,161 2,437 -3,285
Total Liabilities and Equity 665 638 2,382 7,176 7413 6,944 6,474 6,001 5,499 4,998 4,615 4,238 3,862 3,486 311 2,735 2,195

Tab. 31: Projected Balance Sheet — Toplana WITH the project
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8. INSTITUTIONAL ANALYSES
8.1 INTERNAL ORGANISATION OF THE TOPLANA

The public utility company for the production and distribution of thermal energy JKP
GRADSKA TOPLANA VELIKA PLANA was founded in 2009. The company is 100% in munic-
ipal property.

The company employs 9 workers who were assigned to the two organizational units
such as:

e Production and distribution of thermal energy
e Economic, commercial affairs.
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Fig. 43: Organizational chart
8.2 MANAGEMENT AND STAFF CAPABILITIES

The manager of production is qualified and experienced. The Toplana is capable to man-
age the realization of such a project with the assistance of a consulting engineer.

8.3 FUTURE TRAINING AND RECRUITMENT POLICY

Following trainings will be necessary:

e Purchase of biomass

Revision: 01 Page 60



Pre-Feasibility Studies on 15 Biomass CHP-plants for District Heating Companies in Serbia iC consulenten
Subreport: Velika Plana 28.02.2014

e Biomass logistic on site

e Power plant operation

e Power sales

e Operation of steam generators (qualified boiler operator)
e Operation of steam turbines

e QOperation of wheel loaders

The existing staff is able to operate a biomass CHP after the above mentioned trainings.
The plant itself will need following staff members:

4 Plant operators

4 Machine fitters

4 Electricians

1 Energy purchaser (biomass)
1 Chemist

1 Control engineer

The recruitment policy will have to consider these jobs. The existing staff will not be
available for the additional task.
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