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OBJECTIVE AND SCOPE OF THE STUDY

|dentify viable investment options

and policy measures to increase
the use of biomass for heating in

the region in a sustainable manner

Biomass

supply and Heating
demand options
potential

In-depth
analysis for Barriers and
selected solutions
case studies

Western Balkans Investment
Facility (and ESMAP); sponsored
by the Energy Community
Secretariat, World Bank as
implementing agency

CONSULTANT ORGANIZATION

Consortium leader

Tractebel Engineering - Part of ENGIE Group
Present in more than 20 countries and
project in over 80

3,300 Employees

Certified experience in biomass

Partner

Centre for Renewable Energy Sources and
Saving (CRES) - Greece

Long-term experience in biomass and
Western Balkans

Local support
South East European Consultants - Serbia
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OVERVIEW OF THE PROJECT TASKS

The project activities have been divided into six tasks Case Study | - Macedonia: Preparation of a feasible
Developing Program for the replacement of old/traditional
@ (Task 1) Analysis of the biomass supply potential wood stoves at individual household level by more efficient

. . models, with a focus on Skopje
@ (Task 2) Assessment of heating systems in the

. Case Study Il - Bosnia and Herzegovina: Analysis of the
target countries - . . . .
opportunities to introduce or increase the use of biomass in

@ (Task 3) Assessment of economica"y viable existing DH systems in Bosnia and Herzegovina, replacing oil,

biomass obtions for heatin gas or coal fired boilers with biomass boilers and evaluating
P & the possibilities for biomass-based CHP

) (Task 4) Analysis of key barriers and measures to Case Study Ill — Kosovo: Analysis of the possible supply

increase the share of sustainable biomass- options using forestry and agricultural biomass residues for

based heating District Heating of the city of Gjakova

. . . Case Study IV - Kosovo: Evaluation of the possible

(Task 5) Detailed assessment of using biomass for replacement of fossil-fired HOBs with biomass boilers in
heating in selected cities/sub-regions public buildings in Pristina

(Task 6) Stakeholder roundtables/workshops at Case Study V - Serbia, Bosnia and Herzegovina, Croatia: The

use of available agricultural wastes and energy crops for

regional and country-level
& Y sustainable, efficient, renewable heating solutions, in the

cross-border region of Serbia, Bosnia and Herzegovina, and
TRACTEBEL _ Croatia &5 g | o o e
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HEAT DEMANDIN\WESTERN BALKANS:

Fuel Heating appliances
LFO/HFO % DH CHP
8% Lo 2% Plei ()

stoves: 1,537 ktoe 1%

Natural
Biomass: 3,329 ktoe gas 14% \ stoves
y Biomass electric 19%
[ 42% appliance
23% )
Stand-alone buildings: 3,754 ktoe
Coal 12% -
small HOB: 3,755 ktoe small HOB

Electricity: 1,680 ktoe Z

Electricity ildi
’ o Building type
LFO: 556 ktoe '/
I Natural gas: 1,146 ktoe ,

46%

stand-alone

buildings

electric appliance: 1,680 ktoe Multi-store buildings: 4,189 ktoe 47% \
LPG: 173 ktoe _multi-store
buildings
Coal (lignite): 991 ktoe DH HOB: 879 ktoe 53%
— Other: 18 ktoe ww__other appliance: 18 ktoe —
= HFO: 50 ktoe CHP (TPP’s): 74 ktoe =
ot _
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BIOMASS SUPPLY
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. I/I chnica \‘ / Sustainability ) Y
* Current use based on woody biomass S B
* Agricultural residues — mainly untapped e S
* High level of unregistered woody biomass | l _ l Sustainable
. Theoret_lcal Techm_cal technical
consumption potential > potential potential | T .
« Potential to increase woody biomass production by / vomess }
H : H \ consumption /
improving forest road infrastructure S g
* Significant potential for growing energy crops — large vl T . mm “““ \
share of unused agricultural land in W-B countries Additionally available LTy
economic biomass . e

supply to increase | e
biomass-based
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AVAILEABLE BIOMASSITOISURRLY INCREASEDIBIOIMASS=-BASEDIHEATING

I BIH: 104 ktoe

Logging residue: 244 kioe

I MAC: 60 ktoe -
/ ~
ALB: 52 ktoe
o I Thinnings: 51 ktoe
CRO: 165 ktoe > *
' \ Woody biomass: 564 ktoe
b
\ Prunings: 229 ktoe
) )
MNE: 69 ktoe
\\ Additional Biomass that
Conversion of co.pplces: 14 ktoe could Supply Increased : 954 ktoe
\ Sec. forestry residue: 17 ktoe Biomass-based heating
=Wood outside of forest: 9 kice
SER: 436 ktoe
Straw: 390 ktoe Agricultural biomass: 390 ktoe
I KOS: 68 ktoe
=
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COSIISIOFBIOMASSIANDICONVENTIONAL EUELS EORTHEATINGIINFTHESWESTIERNBALKANS
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GATEFEEEOF WO O DY ANDIAGRICULTURAL BIOMASSIINITHEMWESTERN BALKANS
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TRANSPORIT OF BIOMASS

A key component to a viable biomass production / delivery system

Average costs of transport per 1 km, EUR/MWh

Miscanthus |
Corn cob I
Corn stover
Straw
Wood chips (from poplar)
Wood chips (from vineyard and fruit prunnings)
Wood chips (from wood outside of forest)
Wood chips (from coppices)
Wood pellets and briquettes (from sawmill residue)
Wood chips (from logging residue)

Firewood (from thinnings)

Firewood (from stemwood)

Wood pellets and briquettes (from sawmill residue)

o
o
S

0,10 0,20 0,30 040 050 0,60 0,70

Wood chips (from logging residue)
Firewood (from thinnings)

Firewood (from stemwood)

The cost of transport, storage
and pre-treatment of biomass
50-95% of the total delivered

cost of the fuel

Cost of transportation of

agricultural biomass 7-10 times

higher compared to woody
TRACTEBEL _ biomass

GNGie

Wood chips (from poplar)
Wood chips (from vineyard and fruit prunnings)
Wood chips (from wood outside of forest)

Wood chips (from coppices)

Recommended transport distance, in km

Miscanthus

Corn cob

Corn stover

Straw

o

50 100 150 200 250 300 350

km

Key requirement —to
maximize energy density of
biomass and gains in
transport efficiency
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COSIT-EEEECTIIVENESSIOF BIOMASS HEATING ORTIONS

Heat demand assessment
and overview of the Biomass supply
heating structure

Identifying available heating options

. Comparison with
Assessment of options conventional heating options

Ranking of options

FINANCIAL VIABILITY

¥

N

Capital
Costs

conomic Construction
Life period

Fixed Variable
oegm B oam K4 / %
Costs Costs

Heat
Capacity

Legend

Country
specific

Full Load
Hours

Region
specific (WB)

ECONOMIC VIABILITY

¥

Private costs

* consumer perspective

» based on actual market prices

* VAT included

« cash flows discounted with a country specific WACC

Social costs

* private costs + the costs of externalities (GHG, air pollution)

* measures the costs and benefits of the biomass heating to the society
* VAT not included

« cash flows discounted with a 10% discount rate in all W-B countries

Multi-store buildings in BIH, CRO, KOS, MAC, SER - internal heating network in place
ALB, MNE — added costs of internal heating network

TRACTEBEL

GNGie
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ECONOMICVIABILITY OF BIOMASS HEATINGIORTIONS IN THESWESTERNBALKANS

HEHtiﬂg DPtiﬂﬂ CQHI HFOILFO NG Electricit]r Heat Firequd LEGEND . Biomass heating more cost-effective than conventional
umps Inefticiemt | (------------"-"""-"°"-""-"-"-"--""--"-""""""
Stove . Biomass heating less cost-effective than conventional
T NewDHHOBs e () Biomass heating similar in cost-cffectiveness as conventional

Firewood . . . . .

O
O
O
O
O
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KEYS FACTORS THAT IMPACTAVIABILINY-OF BIOMASSIHEATING

Fuel Costs

Expected increase in prices of
fossil fuels and electricity
make biomass heating more
attractive

Conversion efficiencies

Efficiency of fuel utilization
significantly impact the total
costs of heating

TRACTEBEL

GNGie

Conversion
efficiency

Capital
costs

Capital costs

One of the main disadvantages of
biomass heating options is the
higher capital cost

Could be decreased with the
greater involvement of local
suppliers

Full load equivalent operating
hours (FLEOH)

If low - lead to higher capital and
O&M costs per unit of heat
produced

ﬂ|\g KAME | CENTRE FOR RENEWABLE
%HNT CRES | ENERGY SOURCES AND SAVING



EINANCIAL VIABILITY OF BIOMASSIHEATINGIOPTIONS

Stand-alone buildings

Multi-store buildings

ALB BIH CRO KOS MK MHME SER
Individual Eleelri:f?ppliance -
replacement w/ efficient T4% 54% 65% A5% 55% 62% A40%
firewood stove
Inefficient firewood stove -
replacement with efficient 51% 53% 3% 3% 3% 3% L3%
firewood stove
LFO small HOB - conversion to
wood chips 61% 56% 0% 4% 49% 57% 62%
LPG small HOB - conversionte 240, asor  crer |
wood chips 31% - 47% 8% - - -
Coal stove - replacement with
efficient firewood stove - -19% . - - . 15%
Coal small HOB - conversionto 00 e |
wood chips . -32% - . . - 2%
NG small HOB - conversionto a0 s nger |
wood chips - - 21% - 8% - 28%
NG stove - replacementwith ]
efficient firewood stove - - - - - - 34%

ALB BIH CRO KOS MK MME SER
Individual electric appliance -
replacement with wood chips 52% 63% T7% 5% E7% E4% 53%
small HOB
LPG small HOB - replacement  ,00c e ceor |
with wood chips 49% - >8% 66% B B B
LFO small HOB - replacement
with wood chips 0% 63% B6% 62% 56% - 68%
Coal small HOB - conversion to
wood chips 7% . - . -37% 5%
NG small HOB - replacement 200 a2cer . oane |
with wood chips small HOB i 63% 35% B B B 40%
DHcoal HOB - conversionte a0 . e |
el - -23% - - - - 4%
DH NG HOB - cenversion to
straw - - 23% - - - 47%
DH NG HOB - cenversion to
wood chips i B B B 15% B B
DH HFO HOB - conversion to ~ ~ 275 735, _ _ 419

straw

When economically viable biomass heating option is not financially viable, or expected gains are not
attractive to final consumers - incentives should be provided as the benefits for the society overweight

the costs of the introduction of biomass heating

e  Replacement of coal stoves with efficient firewood stoves in stand-alone buildings in BIH and SER
e  Conversion of coal small HOBs into wood chip small HOBs in stand-alone and multi-store buildings in

BIH and SER, and multi-store buildings in MNE
TRACTEBEL o

GNGie

Conversion of coal DH HOBs into straw DH HOBs in BIH and SER
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ECONOMICROTENTIALITONINCREASERTHEIUSEIOE BIOIMASSIEORTHEATINGHNETHENWESTIERNIBALKANS

Woody biomass residues
Logging residues
Prunings

Thinnings

Conversion of coppices
Sec. forestry residues
Wood outside of forests

- - o

/’ Residential

1 Commercial / Ind.
\\ Public

~S——— -

- - o

Agricultural residues
Straw from small grain
cereals and oil crops

~S——— -

The vast economic potential calls for increased,

programmatic efforts to promote and finance:

» Efficient biomass stoves

* Replacement of electric with biomass heating in
the residential buildings

* Fuel switch to biomass in District Heating plants

TRACTEBEL __

GNGie

Installed heating
capacity (MW) that
could be economically
supplied

ALB

BIH

CRO

FYROM | KOS

MNE

SER

-with woody biomass 224

380

361

240 126

266

551

2,148

-with agricultural 63
biomass

64

290

- 107

839

1,363

ﬂ\\% KAME | CENTRE FOR RENEWABLE
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ECONOMIC ROTENTIALTONINCREASETHEIUSE O BIOMASSIEOR HEATINGHINTHENWESTERNIBALKANS;

Potential for Programmatic Approach to Promote Efficient Biomass Stoves in the Western Balkans

(assuming replacement of 10% of heat demand from inefficient wood stoves with efficient ones over a 10 year period)

Annual replacement Annually required c lative fuel
of inefficient stoves efficient biomass Annual cost of Average annual fuel ?mu: W: N
(kt appliances for replacement (M EUR) savings (ktoe) savings for heating
oe) PP £s (itoe (2017-2026), ktoe
replacement (MW) !
ALB 13 99 5.1 7 67
BIH 35 218 11.3 19 187
CRO 7 42 2.1 4 38
FYROM 19 111 5.7 10 101
KOs 32 147 7.7 17 170
MNE G 36 19 3 34
SER 25 117 5] 13 133
W-B 137 770 40 73 731
TRACTEBEL &5 S8 | S G

GNGie



ECONOMIC ROTENTIALTONINCREASETHEIUSE O BIOMASSIEOR HEATINGHINTHENWESTERNIBALKANS;

Potential for Programmatic Approach to Promote Increased Use of Biomass Heating in the Western Balkans

Replacement of electric with biomass ALB BIH CRO | FYROM | KOS MNE SER W-B
heating in the residential buildings in Efficient firewood stoves 0 20 0 0 0 175 213 .
Western Balkans (stand-alone buildings] - MW
Wood chips small HOBs
(multi-store buildings) - MW 224 342 361 240 126 91 238 1,622
Share of electric heating
replaced with biomass 224 A8%% 21% 19% 20% 299% 81% 28%
heating (%)
Share of total heat demand
replaced with biomass 5% 4% 5% 8% 4% 28% 9% 6%
heating (%)
Fuel switch to biomass in District ALB BIH CRO | FYROM | KOS MNE SER W-B
Heating plants in Western Balkans Fuel switch to straw or wood
chips in DH HOB coal (MW) 0 64 0 0 0 0 579 643
Fuel switch to straw or wood
chips in DH HOB HFO (MW) 0 0 73 0 6 0 123 202
Fuel switch to straw or wood
chips in DH HOB NG (MW) 0 0 217 0 0 0 137 354
New DH HOB using straw or
wood chips (MW) 0 0 0 0 101 0 0 101
Share of fossil fuels DH
replaced with biomass DH (%) 0% 5% 17% 0% 100% 0% 50% 29%
Share of total heat demand
replaced with biomass 0% 1% 2% 0% 3% 0% 11% 4%
heating (%)
‘; A
TRACTEBEL o s | o o oo
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ECONOMIC ROTENTIALTONINCREASETHEIUSE O BIOMASSIEOR HEATINGHINTHENWESTERNIBALKANS;

Overview of the investments

(EURy 1D INVESTMENTS ALB BIH | CRO |FYROM | KOS | MNE | SER | W-B

Replacement of inefficient
firewood stoves [Program =l 113 21 57 77 19 &0 399
tor etticient biomass stoves)

Eepil:gnemeﬂnt u:’ Ellentrir.:
eating in stand-alone

buildings with efficient 0 1 0 0 0 6 11 19
firewood stoves

Replacement of electric

heating in multi-store

buildings with wood chips 22 34 36 24 15 2 24 162
small Bs

Retrofitting of DH HOB coal

to straw/wood chips 0 16 a 0 0 0 142 158
Retrefitting of DH HOB HFO

to straw/wood chips 0 0 21 0 2 0 36 EE
Retrofitting of DH HOB NG to

straw/wood chips 0 0 B4 0 ] 0 40 104
Construction of new DH HOB

straw/wood chips 0 0 a 0 43 0 0 43
TOTAL 74 164 143 21 140 34 314 950

ALB BIH CRO FYROM KOs MME SER W-B
Share of total heat demand
replaced with biomass 5% 5% 7% 8% 7% 28% 20% 10%
heating
TRACTEBEL o R e
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ECONOMIC RPOTENTIALTONINCREASENTHE\USEIOE BIOMASSIEORINTHEAWESTERNIBALKANS

Reduction of CO, eq emissions

Avoided emissions (ton) ALB BIH CRO FYROM KOS MME SER W-B
Fleplaces'lent of ilnFeHicie ntf
irewood stoves (Program for
Eﬂjfierit biomass Hgﬁes and 14,026 39,147 7,955 21,143 35,GEE 7,118 27,842 152,818
oilers

Replacement of electric heating

in stand-alone buildings with a 86,297 0 0 0 218,015 939,093 1,243,404
efticient tirewood stoves

Replacement of electric heating

in multi-store buildinEs with 283,449 762,591 345,741 640,524 554,278 113,367 713,960 3,413,909
wood chips small HOBs

R e o, (108 coal to 0 59,172 0 0 0 0 715,417 774,590
E;*;;fﬁ:}j;;a*;fh?:, HOB HFO to 0 0 57,339 0 5,847 0 119,856 183,041
fﬁ.‘;ﬂfﬁ;ﬂ,’,‘,ﬂd":h?; HOB NG to 0 0 128,312 0 0 0 100,519 228,831
ff,g::}";;i;,ﬂd";ﬁ;:w DHHOB 0 0 0 0 124,378 0 0 124,378
ERNISSIONS (eam -2 & 297,475 | 947,206 | 539,346 | 661,667 | 720,091 | 338,499 | 2,616,687 | 6,120,971
TRACTEEEL .. QB SATE | e ron newcwses
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ANNEXI="ECONOMICANDIEINANCIAL\VIABILITY-OFHEATING ORTIONS - COUNTRY REPORTS

TRACTEBEL o R e

GNGie



New efficient firewood stove

Coal small HOB - conversion to wood chips
LFO/LPG small HOB - conversion to wood chips
New innefficient firewood stove

New coal small HOB

Coal small HOB - optimization

New wood chips small HOB

New efficient wood pellet stove

New heat pump

New wood pellet small HOB

Coal small HOB - conversion to wood pellets
New coal small HOB*

New coal stove

LFO/LPG small HOB - conversion to wood pellets
New wood chips small HOB*

New heat pump*

New wood pellet small HOB*

New LPG small HOB

New LPG small HOB*

New electricity appliance

New electricity small HOB

New electricity small HOB*

New LFO small HOB

LFO small HOB - optimization

New LFO small HOB*

JEconomic viability'ofiheatingloptions—

40

60 80
€/MWH

100

120

140

ALBANIA  Current heating

Individual electric
appliance

Inefficient wood

[ Capital Costs stoves

[0 0&M Costs
[ Fuel Costs Small HOB-LFO

[ Network Losses

O Externalities

Small HOB-LPG

Leading economically
viable biomass heating
option

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New efficient wood pellet stove
New wood chips small HOB*
New wood pellets small HOB*

New wood chips small HOB
New wood pellets small HOB

LFO small HOB - conversion to wood
pellets

New wood chips small HOB
New wood pellets small HOB

LPG small HOB - conversion to wood
pellets




IAY Economic viability ofiheatingloptionsi—

ALBANIA  Current heating Leading economically Alternative economically viable
Coal small HOB - conversion to wood chips  ZII_| viable biomass heating . v ) I . yv
. biomass heating options
New wood chips small HOB 11| option
LFO/LPG small HOB - conversion to wood chips 1| Individual electric
) New wood pellets small HOB*
Coal small HOB - optimization 1" [ appliance
New wood chips small HOB* 11| LPG small HOB - conversion to wood
chips
New coal small HOB* 1T [[]
Small HOB-LPG New wood pellets small HOB
New wood pellet small HOB  EIEZl H Capital Costs LPG small HOB - conversion to wood
Coal small HOB - conversion to wood pellets —I ] pellets
[ O&M Costs
LFO/LPG small HOB - conversion to wood pellets I I LFO small HOB - conversion to wood
chips
New wood pellet small HOB* Tl ] FIFuel Costs P
i . Small HOB-LFO New wood pellets small HOB
New LPG small HOB* T [l I Network Losses mal - g
LFO small HOB - conversion to wood
New coal DHHOB 11 [
[ Externalities pellets
Individual Electricity Appliance T ] New wood chips DH HOB

NewstrawDHHOB 11T |
New wood chipsDHHOB —— T 1 |
New electricity small HOB* 1 1]
NewHFODHHOB — 11— [
LFO small HOB - optimization I =
New LFOsmallHOB* 1 [
Newwood chipsCcHP — 1 1T ]
New straw CHP [ T ]

0 20 40 60 80 100 120 140 160 180 200 220 240
€/MWH

*includes construction of new internal heating network




Stand-alone buildings

New efficient firewood stove B0
New coal stove I |
Coal small HOB - optimization =21 0
New coal small HOB == 5|

New innefficient firewood stove X |
Coal small HOB - conversion to wood chips T 0
LFO/LPG small HOB - conversion to wood... | ]
New efficient pellet stove =23 |
New coal small HOB* I n
New wood chips small HOB 1 |
New heat pump 1 0
New pellet small HOB =11 0
Coal small HOB - conversion to pellets =200 ]
LFO/LPG small HOB - conversion to pellets == |
New wood chips small HOB* 1 ]
New heat pump* T |
New pellet small HOB* L1 ]
New LPG small HOB =11 |
New LPG small HOB* I |

New electricity appliance =21

New electricity small HOB =z

New electricity small HOB* II

D Capital Costs
DO&M Costs
DFuel Costs
INetwork Losses

New LFO small HOB =11

LFO small HOB - optimization =11

New LFO small HOB* IT

€/MWH

100

120 140

Coal small HOB - optimization

Coal small HOB - conversion to wood chips
LFO/LPG small HOB - conversion to wood chips
New coal small HOB*

New wood chips small HOB*

Coal small HOB - conversion to pellets
LFO/LPG small HOB - conversion to pellets
New pellet small HOB*

New LPG small HOB*

New coal DH HOB

Individual Electricity Appliance

New electricity small HOB*

New straw DH HOB

New wood chips DH HOB

LFO small HOB - optimization

New HFQ DH HOB

New LFQ small HOB*

New wood chips CHP

New straw CHP

0 Capital Costs
00&M Costs

[ Fuel Costs

I Network Losses
aVAT
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BOSNIATANDIHERZEGOVINA: Economic viabilityofiheatingloptior

-alonelbuildings

New efficient firewood stove

Coal small HOB - conversion to wood chips
New coal small HOB

Coal small HOB - optimization

LFO/LPG/NG small HOB - conversion to wood chips
New wood chips small HOB

New coal small HOB*

New wood chips small HOB*

New heat pump

New coal stove

New efficient wood pellet stove

New wood pellet small HOB

Coal small HOB - conversion to wood pellets
New heat pump*

LFO/LPG/NG small HOB - conversion to wood pellets
New wood pellet small HOB*

New NG stove

New NG small HOB

NG small HOB - optimization

LFO small HOB - conversion to NG

New NG small HOB*

New LPG small HOB

New LPG small HOB*

New innefficient firewood stove

New electricity appliance

New electricity small HOB

New LFO small HOB

LFO small HOB - optimization

New electricity small HOB*

New LFO small HOB*
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BOSNIA  Current heating
AND
HERZEGOVINA

Inefficient wood stoves

Individual electric

appliance
[ Capital Costs
[ 0&M Costs
I Fuel Costs Small HOB-LFO
[ Network Losses
O Externalities
Coal stoves
Small HOB-coal

Leading economically
viable biomass
heating option

Alternative economically viable

biomass heating options

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB

LFO small HOB - conversion to
wood pellets

New wood pellets small HOB

New wood chips small HOB*

*includes construction of new internal heating network

120




Coal small HOB - conversion to wood chips
New wood chips small HOB

LFO/LPG/NG small HOB - conversion to wood chips
New coal small HOB

Coal small HOB - optimization

Coal DH HOB - optimization

Coal DH HOB - conversion to straw

Coal DH HOB - conversion to wood chips
HFO/NG DH HOB - conversion to straw
HFO/NG DH HOB - conversion to wood chips
New NG CHP

New wood pellet small HOB

Coal small HOB - conversion to wood pellets
LFO/LPG/NG small HOB - conversion to wood pellets
New NG small HOB

NG small HOB - optimization

LFO small HOB - conversion to NG

NG DH HOB - optimization

HFO DH HOB - optimization

HFO DH HOB - conversion to NG

New coal DH HOB

New straw DH HOB

New wood chips DH HOB

Wood chips DH HOB - conversion to CHP
New LPG small HOB

New NG DH HOB

New HFO DH HOB

Individual Electricity Appliance

New electricity small HOB

New LFO small HOB

LFO small HOB - optimization

Straw DH HOB - conversion to CHP

New wood chips CHP

New straw CHP

o | — |
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BOSNIA  Current heating
AND
HERZEGOVINA

Small HOB-coal

Individual electric

appliance
[ Capital Costs
£O&M Costs Small HOB-LFO
[0 Fuel Costs
I Network Losses
O Externalities
Small HOB-NG

Leading economically
viable biomass
heating option

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New wood chips small HOB

New wood pellets small HOB
New straw DH HOB
New wood chips DH HOB

LFO small HOB - conversion to
wood chips

New wood pellets small HOB

LFO small HOB - conversion to
wood pellets

New straw DH HOB
New wood chips DH HOB

NG small HOB - conversion to
wood chips

New wood pellets small HOB

NG small HOB - conversion to
wood pellets

Coal DH HOB - conversion to
wood chips




New coal stove

Coal small HOB - optimization

New coal small HOB

New efficient firewood stove

New coal small HOB*

Coal small HOB - conversion to wood chips

New wood chips small HOB
New heat pump
New efficient pellet stove
New wood chips small HOB*
New pellet small HOB
Coal small HOB - conversion to pellets
New heat pump*
New NG stove
LFO/LPG/NG small HOB - conversion to pellets
New NG small HOB
NG small HOB - optimization
LFO small HOB - conversion to NG
New pellet small HOB*
New NG small HOB*
New LPG small HOB
New innefficient firewood stove
New electricity appliance
New LPG small HOB*
New electricity small HOB
New electricity small HOB*
New LFO small HOB
LFO small HOB - optimization
New LFO small HOB*

LFO/LPG/NG small HOB - conversion to wood...
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O Capital Costs

@ O&M Costs

@ Fuel Costs

1 Network Losses

40

60
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80 100 120

Multi-store buildings

TRACTEBEL

GNGie

New coal small HOB =

Coal small HOB - optimization
Coal small HOB - conversion to wood chips
New wood chips small HOB

LFO/LPG/NG small HOB - conversion to wood...

Coal DH HOB - optimization
New NG CHP
Coal DH HOB - conversion to straw
New pellet small HOB
Coal DH HOB - conversion to wood chips
HFO/NG DH HOB - conversion to straw
Coal small HOB - conversion to pellets
LFO/LPG/NG small HOB - conversion to pellets
HFQO/NG DH HOB - conversion to wood chips
New NG small HOB
NG small HOB - optimization
LFO small HOB - conversion to NG
New coal DH HOB
HFO DH HOB - optimization
New LPG small HOB
NG DH HOB - optimization
HFO DH HOB - conversion to NG
wood chips DH HOB - conversion to CHP
New straw DH HOB
New wood chips DH HOB
New electricity small HOB
New HFO DH HOB
New NG DH HOB
Individual Electricity Appliance
New LFO small HOB
LFO small HOB - optimization
Straw DH HOB - conversion to CHP
New wood chips CHP
New straw CHP

=11

[ Capital Costs
CO&M Costs
[Fuel Costs
INetwork Losses
VAT

=il

I

20

40

100 120 140 160 180




Coal small HOB - conversion to wood chips
LFO/LPG/NG small HOB - conversion to wood chips
New wood chips small HOB

New efficient firewood stove

New wood chips small HOB*

New NG stove

New NG small HOB

NG small HOB - optimization

LFO small HOB - conversion to NG

New heat pump

New NG small HOB*

New coal small HOB

New efficient wood pellet stove

Coal small HOB - optimization

New heat pump*

New wood pellet small HOB

New coal small HOB*

Coal small HOB - conversion to wood pellets
LFO/LPG/NG small HOB - conversion to wood pellets
New wood pellet small HOB*

New coal stove

New LPG small HOB

New LPG small HOB*

New innefficient firewood stove

New LFO small HOB

LFO small HOB - optimization

New LFO small HOB*

New electricity appliance

New electricity small HOB

New electricity small HOB*

R | E— I

[ Capital Costs
[ O&M Costs
D Fuel Costs

' Network Losses

[ Externalities

H
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CROATIA

STAND-ALONE BUILDINGS

Current heating

Individual electric
appliance

Small HOB-NG

Inefficient wood
stoves

Small HOB-LFO

Small HOB-LPG

Leading economically

viable biomass
heating option

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB
New wood pellets small HOB

New wood chips small HOB
New wood pellets small HOB




1 0

=imulti-store'buildings

Coal small HOB - conversion to wood chips T
New wood chips small HOB =711
LFO/LPG/NG small HOB - conversion to wood chips  Z=
Coal DH HOB - conversion to straw =m0 1
Coal DH HOB - conversion to wood chips =01
New coal small HOB T3
Coal small HOB - optimization I —"Ed
HFO/NG DH HOB - conversion to straw =m0 1
Coal DH HOB - optimization D=3
HFO/NG DH HOB - conversion to wood chips =1
Wood chips DH HOB - conversion to CHP =
New NG smallHOB T @
NG small HOB - optimization I @
LFO small HOB - conversion to NG T @
New wood pellet small HOB =l 108M Costs
NG DH HOB - optimization D @ 1 Fuel Costs
Coal small HOB - conversion to wood pellets T 00
HFO DH HOB - conversionto NG T @
LFO/LPG/NG small HOB - conversion to wood pellets =00
New wood chips DH HOB 0]
New straw DHHOB =00
HFO DH HOB - optimization T "7 [
New coal DH HOB
New NGDH HOB T @
NewNGCHP T 0
New LPG small HOB o @
New HFO DH HOB = [
Straw DH HOB - conversion to CHP T ]

[ Capital Costs

[ Network Losses

O Externalities

New LFO small HOB & |
New wood chips CHP T |
LFO small HOB - optimization @ =
Individual Electricity Appliance I =
New electricity small HOB =3

Newstraw CHP T ]

0 20 40 60 80 100 120 140 160 180
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Leading economically
viable biomass
heating option

CROATIA Current heating

Small HOB-NG

Individual electric
appliance

Small HOB-LFO

Small HOB-LPG

DH HOB-NG

DH HOB-HFO

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

NG small HOB - conversion to wood
chips

New wood pellets small HOB
New wood chips DH HOB
New straw DH HOB

New wood chips CHP

LFO small HOB - conversion to wood
chips

New wood pellets small HOB
New wood chips DH HOB
New straw DH HOB

LFO small HOB - conversion to wood
chips

New wood pellets small HOB

New wood chips DH HOB

New straw DH HOB

NG DH HOB - conversion to wood chips
New wood chips DH HOB
New straw DH HOB

HFO DH HOB - conversion to wood
chips

New wood chips DH HOB
New straw DH HOB




Stand-alone buildings

CROATIA: Finangciallviability/effheatingloptio

Coal small HOB - conversion to wood chips T

LFO/NG small HOB - conversion to wood chips
New efficient firewood stove

New wood chips small HOB

New wood chips small HOB*

New NG stove

New coal small HOB
New NG small HOB

Coal small HOB - optimization

NG small HOB - optimization

LFO small HOB - conversion to NG
New coal stove

New coal small HOB*

New heat pump

New NG small HOB*

New efficient pellet stove

New heat pump*

New pellet small HOB

Coal small HOB - conversion to pellets
LFO/NG small HOB - conversion to pellets
New pellet small HOB*

New PG small HOB

New LPG small HOB*

New innefficient firewood stove

New LFO small HOB

LFO small HOB - optimization

New LFO small HOB*

New electricity appliance

New electricity small HOB

New electricity small HOB*

T
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O Capital Costs
EO&M Costs
DFuel Costs
INetwork Losses

50
£/MWH

100

Multi-store buildings

TRACTEBEL

GNGie

New wood chips small HOB

Coal small HOB - conversion to wood chips
LFO/NG small HOB - conversion to wood chips
New coal small HOB

Coal small HOB - optimization
wood chips DH HOB - conversion to CHP
Coal DH HOB - optimization

New NG small HOB

NG small HOB - optimization

Coal DH HOB - conversion to straw

LFO small HOB - conversion to NG

Coal DH HOB - conversion to wood chips
HFO/NG DH HOB - conversion to straw
HFO/NG DH HOB - conversion to wood chips
New pellet small HOB

Coal small HOB - conversion to pellets
LFO/NG small HOB - conversion to pellets
New coal DH HOB

NG DH HOB - optimization

HFO DH HOB - conversion to NG

New NG CHP

New straw DH HOB

New wood chips DH HOB

HFQ DH HOB - optimization

New LPG small HOB

New NG DH HOB

New HFO DH HOB

Straw DH HOB - conversion to CHP

New LFO small HOB

New wood chips CHP

LFO small HOB - optimization

New electricity small HOB

Individual Electricity Appliance

New straw CHP
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elbuildings

Coal small HOB - conversion to wood chips
New efficient firewood stove

LFO/LPG small HOB - conversion to wood chips
New wood chips small HOB

New wood chips small HOB*

New heat pump

New heat pump*

New coal small HOB

Coal small HOB - optimization

New coal small HOB*

New efficient wood pellet stove

New wood pellet small HOB

Coal small HOB - conversion to wood pellets
New coal stove

LFO/LPG small HOB - conversion to wood pellets
New wood pellet small HOB*

New LPG small HOB

New LFO small HOB

New innefficient firewood stove

LFO small HOB - optimization

New LPG small HOB*

New LFO small HOB*

New electricity appliance

New electricity small HOB

New electricity small HOB*

I | E—

[ Capital Costs
108&M Costs

[0 Fuel Costs

| INetwork Losses

O Externalities

CERENEADEERRER
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60 80 100 120
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FYR OF
MACEDONIA

Current heating

Inefficient wood
stoves

Individual electric
appliance

Small HOB-LFO

Small HOB-NG

Leading economically
viable biomass
heating option

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB
New wood pellets small HOB

LFO small HOB - conversion to wood
pellets

New wood chips small HOB




EYRIOF MACEDO

At: Economic viability/ofiheating optionsi—multi-storelbuildings

Coal small HOB - conversion to wood chips [0 11
New efficient firewood stove NN FYROF Current heating Leading economically Alternative economically viable
LFO/LPG small HOB - conversion to wood chips [0 11 MACEDONIA viable biomass biomass heating options
New wood chips small HOB [0 111 heating option
New wood chips small HOB* [ T New wood pellets small HOB
Individual electric .
New heatpump 00— [ ] New wood ch|ps DH HOB
New heat pump* T appliance ,
€w heat pump New wood chips CHP
7 — -
New coal s_m?" I'_IOB [ Capital Costs LFO small HOB - conversion to wood
Coal small HOB - optimization [0 [ chips
New coal small HOB*  Ei o ol F108M Costs New wood pellets small HOB
New efficient wood pellet stove I O [ Fuel Costs Small HOB-LFO )
W e P . New wood chips DH HOB
New wood pellet small HOB [I | .
.  Network Losses LFO small HOB - conversion to wood
Coal small HOB - conversion to wood pellets ©I A -
O Externalities pellets
New coal stove [T T
LFO/LPG small HOB - conversion to wood pellets [l A
New wood pellet small HOB* [ g
New LPG small HOB [ '3 DH HOB-NG New wood chips DH HOB
New LFO small HOB [ i |
New innefficient firewood stove [ 0 . . . .
*includes construction of new internal heating network
LFO small HOB - optimization [ |
New LPG small HOB* [l =
New LFO small HOB* [1 |
New electricity appliance [1 —]
New electricity small HOB [II |
New electricity small HOB* [l A —
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EYRIOE MACEDONIA%Einancial viabilitylofthea

Stand-alone buildings

Multi-store buildings

New efficient firewood stove

Coal small HOB - conversion to wood chips
LFO/LPG small HOB - conversion to wood chips
New wood chips small HOB
New heat pump
New coal small HOB

Coal small HOB - optimization

New wood chips small HOB*
New coal stove

New heat pump*
New coal small HOB*
New efficient pellet stove
New pellet small HOB

Coal small HOB - conversion to pellets
LFO/LPG small HOB - conversion to pellets
New pellet small HOB*
New LFO small HOB

LFO small HOB - optimization
New LPG small HOB
New LFO small HOB*
New innefficient firewood stove
New LPG small HOB*
New electricity appliance
New electricity small HOB
New electricity small HOB*
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@ Capital Costs
CO&M Costs
CFuel Costs
INetwork Losses

TRACTEBEL

GNGie

New coal small HOB

Coal small HOB - optimization

New wood chips small HOB

Coal small HOB - conversion to wood chips

LFO/LPG/NG small HOB - conversion to wood..

Coal DH HOB - optimization
New NG small HOB
NG small HOB - optimization
Coal DH HOB - conversion to wood chips
LFO small HOB - conversion to NG
wood chips DH HOB - conversion to CHP
HFO/NG DH HOB - conversion to wood chips
New coal DH HOB
HFO DH HOB - optimization
New pellet small HOB
Coal small HOB - conversion to pellets
LFO/LPG/NG small HOB - conversion to pellets
NG DH HOB - optimization
HFO DH HOB - conversion to NG
New wood chips DH HOB
New HFO DH HOB
New LFO small HOB
New LPG small HOB
New NG DH HOB
New electricity small HOB
LFO small HOB - optimization
New wood chips CHP
Individual Electricity Appliance
New NG CHP
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KOOSOV O3 Economi

New efficient firewood stove
New coal small HOB

Coal small HOB - optimization

Coal small HOB - conversion to wood chips
LFO/LPG small HOB - conversion to wood chips
New coal small HOB*

New wood chips small HOB

New heat pump

New coal stove

New efficient wood pellet stove

New wood chips small HOB*

New heat pump*

New wood pellet small HOB

Coal small HOB - conversion to wood pellets
LFO/LPG small HOB - conversion to wood pellets
New wood pellet small HOB*

New innefficient firewood stove

New electricity appliance

New electricity small HOB

New LFO small HOB

New electricity small HOB*

LFO small HOB - optimization

New LFO small HOB*

New LPG small HOB

New LPG small HOB*

40 60 80 100
€/MWH

[ Capital Costs

£ 08&M Costs

[ Fuel Costs

I Network Losses

O Externalities

KOSOVO Current heating

Inefficient wood
stoves

Individual electric
appliance

Small HOB-LPG

Small HOB-coal

Small HOB-LFO

Leading economically
viable biomass heating
option

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB
New wood pellets small HOB

LPG small HOB - conversion to wood
pellets

New wood chips small HOB
New wood pellets small HOB

LFO small HOB - conversion to wood
pellets




New coal small HOB I [

Coal small HOB - optimization

Coal small HOB - conversion to wood chips

New wood chips small HOB =1

LFO/LPG small HOB - conversion to wood chips
Coal DH HOB - optimization

Coal DH HOB - conversion to straw

HFO DH HOB - conversion to straw

Coal DH HOB - conversion to wood chips
HFO DH HOB - conversion to wood chips
New wood pellet small HOB

Coal small HOB - conversion to wood pellets
LFO/LPG small HOB - conversion to wood pellets
New coal DH HOB

HFO DH HOB - optimization

New straw DH HOB

New wood chips DH HOB

New HFO DH HOB

Individual Electricity Appliance

Wood chips DH HOB - conversion to CHP
New electricity small HOB

New LFO small HOB

LFO small HOB - optimization

New LPG small HOB

Straw DH HOB - conversion to CHP

New wood chips CHP

New straw CHP
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KOSOVO Current heating Leading economically
viable biomass heating

option

Individual electric
appliance

Small HOB-LFO

Small HOB-coal

Small HOB-LPG

DH HOB-HFO

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New wood pellets small HOB
New straw DH HOB
New wood chips DH HOB

LFO small HOB - conversion to wood
chips

New wood pellets small HOB

LFO small HOB - conversion to wood
pellets

New straw DH HOB
New wood chips DH HOB

LPG small HOB - conversion to wood
chips
New wood pellets small HOB

LPG small HOB - conversion to wood
pellets

New straw DH HOB
New wood chips DH HOB

HFO DH HOB - conversion to wood
chips

New straw DH HOB

New wood chips DH HOB




Multi-store buildings

Coal small HOB - conversion to wood chips
LFO/LPG small HOB - conversion to wood chips

New coal stove ==

Coal small HOB - optimization

New coal small HOB =

New efficient firewood stove &

New coal small HOB* I

New heat pump

New wood chips small HOB

New efficient pellet stove =21

New heat pump*

New pellet small HOB =11

New wood chips small HOB*

Coal small HOB - conversion to pellets ==

LFO/LPG small HOB - conversion to pellets =11

New pellet small HOB*

New electricity appliance ===

New electricity small HOB =10

New innefficient firewood stove I

New electricity small HOB* IT

New LFO small HOB =10

LFO small HOB - optimization =

New LFQO small HOB* II

New LPG small HOB ==

New LPG small HOB* II

-10 10

- O Capital Costs
| DO&M Costs
. - mFuel Costs
'H |
- o I Network Losses
/I |
'H}
11 /M |
1}
11
.|
| I |
1
1| 1
1|
30 50 70 a0 110
£/MWH

TRACTEBEL

GNGie

New coal small HOB

Coal small HOB - optimization

Coal DH HOB - optimization

Coal small HOB - conversion to wood chips
New wood chips small HOB

LFO/LPG small HOB - conversion to wood chips
Coal DH HOB - conversion to straw

New pellet small HOB

Coal small HOB - conversion to pellets
HFO DH HOB - conversion to straw
LFO/LPG small HOB - conversion to pellets
Coal DH HOB - conversion to wood chips
HFO DH HOB - conversion to wood chips
New coal DH HOB

HFO DH HOB - optimization

New electricity small HOB

New straw DH HOB

Individual Electricity Appliance

New wood chips DH HOB

New HFO DH HOB

New LFO small HOB

LFO small HOB - optimization

wood chips DH HOB - conversion to CHP
New LPG small HOB

Straw DH HOB - conversion to CHP

New wood chips CHP

New straw CHP
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01 O&M Costs

O Fuel Costs

[ Network Losses
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New efficient firewood stove

Coal small HOB - conversion to wood chips
LFO/LPG small HOB - conversion to wood chips
New wood chips small HOB

New coal small HOB

Coal small HOB - optimization

New wood chips small HOB*

New coal small HOB*

New efficient wood pellet stove

New heat pump

New wood pellet small HOB

Coal small HOB - conversion to wood pellets
New coal stove

LFO/LPG small HOB - conversion to wood pellets
New heat pump*

New wood pellet small HOB*

New innefficient firewood stove

New LPG small HOB

New LFO small HOB

LFO small HOB - optimization

New LPG small HOB*

New electricity appliance

New LFO small HOB*

New electricity small HOB

New electricity small HOB*
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MONTENEGRO

STAND-ALONE BUILDINGS

-alone buildings

Current heating

Inefficient wood
stoves

Individual electric
appliance

Small HOB-LFO

Leading
economically viable
biomass heating
option

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB
New wood pellets small HOB

LFO small HOB - conversion to wood
pellets




Coal small HOB - conversion to wood chips
New wood chips small HOB

Coal small HOB - optimization

LFO/LPG small HOB - conversion to wood chips
New coal small HOB*

New wood chips small HOB*

New wood pellet small HOB

Coal small HOB - conversion to wood pellets
LFO/LPG small HOB - conversion to wood pellets
New wood pellet small HOB*

New coal DH HOB

New wood chips DH HOB

New HFO DH HOB

LFO small HOB - optimization

Individual Electricity Appliance

New LPG small HOB*

New LFO small HOB*

New electricity small HOB*

New wood chips CHP

L
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=multi-storelbuildings

MONTENEGRO  Current heating

Individual electric

Leading
economically viable
biomass heating
option

w
% 1) appliance
= O
QR =z
)
[ Capital Costs = | Small HOB-coal
2 D
= m
£0&M Costs . . . .
*includes construction of new internal heating network
[0 Fuel Costs

Network Losses

[ Externalities

140

Alternative economically viable
biomass heating options

New wood pellets small HOB*
New wood chips DH HOB

New wood chips small HOB




MONTENEGRO: Ein

Stand-alone buildings

ialiviability/of'heating options

Multi-store buildings

New coal small HOB

Coal small HOB - optimization
New coal stove
New efficient firewood stove

Coal small HOB - conversion to wood chips
New coal small HOB*

LFO/LPG small HOB - conversion to wood chips
New wood chips small HOB
New efficient pellet stove

New wood chips small HOB*
New heat pump

New pellet small HOB

Coal small HOB - conversion to pellets
LFO/LPG small HOB - conversion to pellets
New heat pump*

New pellet small HOB*

New innefficient firewood stove

New LFQ small HOB

New electricity appliance

New LPG small HOB

LFO small HOB - optimization

New electricity small HOB

New LFO small HOB*

New LPG small HOB*

New electricity small HOB*

0 Capital Costs

0 O&M Costs

O Fuel Costs

I Network Losses

Coal small HOB - optimization

New coal small HOB*

Coal small HOB - conversion to wood chips
LFO/LPG small HOB - conversion to wood chips
New wood chips small HOB*

Coal small HOB - conversion to pellets
LFO/LPG small HOB - conversion to pellets
New pellet small HOB*

New coal DH HOB

New wood chips DH HOB

New HFQ DH HOB

LFO small HOB - optimization

New LFO small HOB*

New LPG small HOB*

New electricity small HOB*

Individual Electricty Appliance

New wood chips CHP

€/MWH

[ Capital Costs
[10&M Costs
CIFuel Costs
INetwork Losses
OVAT

120

TRACTEBEL

GNGie




SERBIA:Economiciviability/ofih

ingloptionsi—

New efficient firewood stove

New heat pump

Coal small HOB - conversion to wood chips
LFO/LPG/NG small HOB - conversion to wood chips
New wood chips small HOB

New heat pump*

New wood chips small HOB*

New coal small HOB

Coal small HOB - optimization

New coal small HOB*

New efficient wood pellet stove

New NG stove

New wood pellet small HOB

New NG small HOB

Coal small HOB - conversion to wood pellets
NG small HOB - optimization

LFO small HOB - conversion to NG

New coal stove

LFO/LPG/NG small HOB - conversion to wood pellets
New wood pellet small HOB*

New NG small HOB*

New electricity appliance

New innefficient firewood stove

New electricity small HOB

New electricity small HOB*

New LPG small HOB

New LPG small HOB*

New LFO small HOB

LFO small HOB - optimization

New LFO small HOB*
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€/MWH

[ Capital Costs
£O&M Costs

[ Fuel Costs

I Network Losses

O Externalities

SERBIA

Current heating

Inefficient wood
stoves

Individual electric
appliance

Small HOB-coal

Small HOB-LFO

Small HOB-NG

Coal stoves

NG stoves

Leading economically
viable biomass heating
option

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB*
New efficient wood pellet stove
New wood pellets small HOB*

New wood chips small HOB

New wood chips small HOB
New wood pellets small HOB

LFO small HOB - conversion to wood
pellets

New wood chips small HOB
New wood pellets small HOB

New wood chips small HOB*
New efficient wood pellet stove

New wood chips small HOB*
New efficient wood pellet stove




SERBIA:Economiciviability/ofihe

Coal small HOB - conversion to wood chips =TI 0
New wood chips small HOB =0
LFO/LPG/NG small HOB - conversion to wood chips =m0
Coal DH HOB - conversion to straw T 01
HFO/NG DH HOB - conversion to straw =T 0 1
New coal small HOB [
Coal DH HOB - conversion to wood chips
Coal small HOB - optimization
Coal DH HOB - optimization
HFO/NG DH HOB - conversion to wood chips
New wood pellet smallHOB =TI "[@
Coal small HOB - conversion to wood pellets
New straw DH HOB T 00
New NG smallHOB D [
LFO/LPG/NG small HOB - conversion to wood pellets =it ‘a
NG small HOB - optimization D [
LFO small HOB - conversionto NG D [
Wood chips DH HOB - conversion to CHP T 00
New wood chips DH HOB T 0
New coal DH HOB T 0 0

HFO DH HOB - optimization =11 -]
NG DH HOB - optimization =IT =
HFO DH HOB - conversion to NG =1 =
Individual Electricity Appliance =T | —
New electricity small HOB It ]
New HFO DH HOB =il S |
New NG DH HOB 0 T
New NG CHP 70 @

Straw DH HOB - conversion to CHP T
New LPG small HOB I =
New wood chips CHP T ]
New LFO small HOB 3
LFO small HOB - optimization I -]
Newstraw CHP T

0 20 40 60 80 100 120 140
€/MWH

ngioptionsi—

SERBIA  Current heating

Small HOB-coal

Small HOB-NG

Individual electric
appliance

@ Capital Costs
[ 0&M Costs
1 Fuel Costs
Small HOB-LFO
[ Network Losses

[ Externalities

DH HOB-NG

DH HOB-coal

DH HOB-HFO

ultizstore buildings

Leading economically
viable biomass heating
option

*includes construction of new internal heating network

Alternative economically viable
biomass heating options

New wood chips small HOB

NG small HOB - conversion to wood
chips

New wood pellets small HOB

New straw DH HOB

New wood pellets small HOB
New straw DH HOB
New wood chips DH HOB

LFO small HOB - conversion to wood
chips

New wood pellets small HOB
New straw DH HOB

LFO small HOB - conversion to wood
pellets

New wood chips DH HOB
New wood chips CHP

NG DH HOB - conversion to wood chips
New straw DH HOB
New wood chips DH HOB

Coal DH HOB - conversion to wood
chips

New straw DH HOB

New wood chips DH HOB

HFO DH HOB - conversion to wood
chips

New straw DH HOB

New wood chips DH HOB




New heat pump
New efficient firewood stove

Coal small HOB - conversion to wood chips
New coal small HOB

Coal small HOB - optimization

New heat pump*

LFO/LPG/NG small HOB - conversion to wood chips
New wood chips small HOB
New coal stove
New coal small HOB*

New wood chips small HOB*
New efficient pellet stove

New NG stove
New NG small HOB

NG small HOB - optimization

New pellet small HOB

LFO small HOB - conversion to NG

Coal small HOB - conversion to pellets
New electricity appliance

LFO/LPG/NG small HOB - conversion to pellets
New NG small HOB*

New electricity small HOB

New pellet small HOB*

New electricity small HOB*

New innefficient firewood stove

New LPG small HOB

New LPG small HOB*

New LFO small HOB

LFO small HOB - optimization

New LFO small HOB*
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DGapital Costs
C0&M Costs
mFuel Costs
[INetwork Losses
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€/MWH

New wood chips small HOB
Coal small HOB - conversion to wood chips
New coal small HOB

LFO/LPG/NG small HOB - conversion to wood...

Coal small HOB - optimization

Coal DH HOB - conversion to straw

Coal DH HOB - optimization

HFQO/NG DH HOB - conversion to straw
Coal DH HOB - conversion to wood chips
New pellet small HOB

HFO/NG DH HOB - conversion to wood chips
New NG small HOB

Coal small HOB - conversion to pellets
NG small HOB - optimization

LFO small HOB - conversion to NG
LFO/LPG/NG small HOB - conversion to pellets
New electricity small HOB

wood chips DH HOB - conversion to CHP
New coal DH HOB

New straw DH HOB

Individual Electricity Appliance

New wood chips DH HOB

HFO DH HOB - optimization

NG DH HOB - optimization

New NG CHP

HFQ DH HOB - conversion to NG

Straw DH HOB - conversion to CHP

New HFQO DH HOB

New LPG small HOB

New NG DH HOB

New LFO small HOB

LFO small HOB - optimization

New wood chips CHP

New straw CHP
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