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Organisation of the ESTAP proj ect

The Energy Sector Technica Assistance Project (ESTAP) has been organised in the
following modules:

Module A

Module B

Module C

Module D

Module E

Module F

Module G

Module H

Module |

Module J

Module K

Module L

Module M

Module N

Electricity Demand - andlysis of the eectricity demand and evauation of
aternative energy sources for heating and cooking

Least-Cost Power Generation Investment Program - analysis of the state of
existing production units and identification of options for future production
units

Power Transmission Master Plan — development of a least-cost expansion
plan on the basis of Module B

Reduction in Technica Power Losses in Transmisson and Distribution —
analyse losses and provide measures for reduction of these losses

Power Dispatch System Plan — evaluate the feasibility of a new SCADA
system

Power Digtribution Master Plan — determine further rehabilitation
requirements and investments in new distribution capacity

Lignite Mining Development Strategy — propose a lignite mining
development strategy

District Heating — evaluate the existing district heating system and propose a
development strategy

Natural Gas — anadyse the technica and economic feasbility of importing
naturd gas, including recommendations on the ingtitutiona structure

Petroleum — evduate the future demand for petroleum products, identify
ways to encourage a private petroleum industry and make ingtitutional
recommendations

Investment Plan and Financing Options — prepare an investment plan on the
basis of modules A-J and identify financing options

Electricity Tariff — identify a feasible electricity tariff structure on the basis
of modules A-F

Future Structure of the Energy Sector — andyse the interna organizational
set-up of the energy companies and recommend ways to improve efficiency

Training — provide on-the-job training of staff of the energy companies
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Part | Executive Summary

1 Introduction

This fina draft report of Module H and the corresponding analysis have been prepared on
basis of the data, which was available up to the end of February 2002 and comments from
The World Bank and UNMIK-PUD on the 2" draft report November 2001.

The data and the report have been adjusted to these comments as well as the results of the
other modules.

The report is divided into:

Part I, Executive Summary for the decision makers (in English and Albanian)
Part 11, The main report
Part I11, Annexes with assumptions and calculations.

Didlrict heating systems in Pristing, Gjakova and Mitrovica only supplies about 5% of the
heat demand in Kosovo, but should however have an important role in the energy strategy of
Kosovo for two main reasons.

the systems face severe difficulties with losses and lack of payment but

the systems have opportunities for substantia improvements by rehabilitation, for
reduction of the uncontrolled eectricity demand, for efficient use of CHP and for
use of local codl.

It is very costly to maintain and develop the digtrict heating systems compared to the present
payability of the consumers. Therefore is of utmost importance that the strategy is based on
following main principles:

Any duplication of investments for the same heating purpose should be avoided, and
there should be maximum connection to dl digtrict heating pipes, if district heating
is the least cost solution.

Efficient organisational models for regulating the sector and for organising the
gpartment buildings must be implemented.

Low cost solutions based on modest technical requirements should be preferred.
Solutions with a high degree of local labour and local resources should be preferred.

1.1 Specific objectives
The following specific objectives have been addressed under this module:

Evauation of the current state of the district heating system in Pristina, Gjakova and
Mitrovica

Assessment of the competitiveness of district heating in Kosovo.

Options for the improvement of the heat production (including dternative fuels) in
Pristina, Gjakova and Mitrovica

Options for the improvement of the district heating systems in Pristina, Gjakova and
Mitrovica
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2 District Heating Strategy for Kosovo

The district heating strategy for Kosovo is divided into a strategy for measures to be taken on
the nationa level, and measures to be taken in each of the three towns as well as other towns.

2.1 Didtrict Heating Strategy at national level

2.1.1 Ingtitutional measures
We propose the following institutional measures at nationd level:

Establish a department in a Regulatory Agency to be responsible for the overall least
cost development and for support to the municipdities and for optimal utilisation of
grants and credits.

Prepare a heat law with necessary provisions (heat sector regulation) for the Agency,
the municipaities and the heat price regulator, including lega provisons for
ownership and management of district heating companies.

Establish a hesat price regulator function for the heating sector.

It must be stipulated that the municipdities in question have an obligation for local
heat sector regulation and that the municipdities must alocate the necessary (but
limited) resources for this purpose.

Establish legal basis for ownership and operation of apartment buildings and
apartments.

Improve the legal basis for debt collection and make it more operationa.

Improve the socia subsidy schemes including specia attention to the real need for
heating subsidy to low-income families.

Launch a programme for promotion of organising heat supply in apartment buildings
and for subsidies for investments in heat saving measures in accordance with the
least cost solutions (simple building envelope improvements, thermogtatic valves
and heat allocators, hot tap water systems).

2.1.2 Demonstration projects

In order to test the new ideas before they are introduced in large scale, we strongly
recommend to organise technical/ingtitutional demonstration projects supported by al
possible grants on:

Organisation and management of condominiums in generd, including energy
management.

Demonstration of new cost based district heating tariff model with incentives to
reduce the return temperature (in continuation of the “on the job” training in the
ESTAP project).
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Installation of thermostatic valves and heat allocators and administration of cost
divison in condominiums.

Ingallation of centra hot tap water ingalations for testing various low cost
technica concepts and for testing administration of divison of cods in
condominiums.

Heat and hot water supply to each apartment organised by the district heating
company on behalf of the apartment owners.

Investigations on the geotherma potential and eventudly a pilot project for
geothermal energy.

Pilot project for solar energy and for loca low cost manufacturing of solar panels on
basis of the newest technology.

2.1.3 Training of staff
This ESTAP project has included a number of training sessions with focus on:

computer-based hydraulic calculations (see a short explanation of the modd in annex
2.1)

and economic modeling by means of spread-sheet caculation, (see a short explanation of
the modd in annex 2.2).

practical applications of tariff calculations by means of a spread-sheet model, (see model
and explanation in annex 2.3).

ingtitutional problems in relation to tariffs, billing and collection and management of the
gpartment buildings, see chapter 9 on ingtitutional aspects of district heating.

The training has been addressed to engineers, economists and the management of the
companies.

The training ingtitutional problems should aso in the next step be addressed to other target
groups, such as staff of the municipal administration, representatives of consumer groups etc.

We have noticed that also the remaining DH staff is, to some extent, lacking professional
expertise on a more hands-on level. We have aso, on various occasons, told our
counterparts about our findings. However, this cannot replace a more comprehensive training
course in Albanian language.

The reasons for the lack of knowledge are various:

After the conflict, many leading positions in the DH sector had to be filled with new
persons.

In the period before the conflict, the ethnic Albanian population was excluded from
higher education.

Generdly, modern equipment (e.g. preinsulated pipes and variable pumps) has only
recently been introduced.

The preinsulated pipe projects that have been carried out so far do not fulfill the standards,
which mean that a high damage rate can be expected. While a lack of expertise with respect
to preinsulated pipes actualy is not amazing, we have aso observed that mazut boilers are
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operated inappropriately, i.e. with too low water temperatures, leading to sulphuric acid
condensation and increased corrosion.

Therefore donor-financed projects should be supplemented with training courses in order to
avoid faulty implementation and subsequently inappropriate operation.

We propose the following courses:

1. General DH technology:

Attendees:

Static and dynamic pressure and differentia pressure in DH
networks, functions of modern DH substations; (steady and
variable) pumps, fuels and combustion; water chemistry.

Network and production plant staff.

2. Preinsul ated pipes:

Attendees:

Design of networks; handling and installation of pipes.

Network staff and local contractors.

3. Consumer relations:

Attendees:

Methodologies for traiffing, billing and collection of dett
Adminigtration of apartment buildings

Energy management in buildings and promotion of good
consumer relations.

The management, the financia department and operation
engineers with respongbility of the consumer installations.
Externad participants from municipd administration and
consumer groups.

2.2 Strategy in Prigtina

In continuation of the ongoing granted rehabilitation projects we propose the following
technical components for rehabilitation in the basic scenario:

Network operation:

The network shdl be in operation 24 hours a day.
Preinsulated pipes shall be operated with treated water al year round.
The network branch supplying Sunny Hill shall be separated by a heat exchanger.

From the year base load from CHP is in operation, districts with preinsulated pipes
shdl be in non-stop operation to offer consumers supply of hot tap water and for
preservation of the pipes.

The network shall after the ingtdlation of variable speed pumps and control valves a
al substations operate with variable flow.

The maintenance and draining of concrete ducts to be preserved shall be intensified.
The network shall be redesigned with the use of the hydraulic model created during
the ESTAP project for optimizing trench dimensions and emergency operation.

The leak detection shall be intensified.

The water treatment shall be improved and monitored in accordance with western
best standard.

Maximum efforts shall be made to reduce the supply and return temperature.

Network construction:
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Preinsulated pipes shdll replace 11 km trench of bad concrete ducts in 2002-3.
Further 5 km of trench shall be replaced with preinsulated pipesin 2004-8.

Two new districts, Sunny Hill 1l and a digtrict north of the museum shdl be
connected before base load isin operation, in total around 3 km trench.

The market share in the supply area and the capability to supply consumers should
be 100% in year 2004 or not later than new base load isin operation.

Urban development districts next to the district heating network, which are planned
for apartment buildings, shal be supplied with district hesting.

on:

Seen from an economical point of view, given the assumptions on discount rate and
fuel prices in this study, the least cost solution will be to continue with mazut boilers
as long as gas is not an option. That would require new capacity and upgrading of
bailers corresponding to around 3 mio. USS.

However taking into account relevant factors, like CO, emisson reductions,
reduction of imports, use of loca labour as well a the risk of continuation of the
currently high level of mazut prices, the project for transmission of CHP from the
lignite fuelled power plant B could be considered in case financing can be provided.
The 7.5 km heat transmisson line could be completed diring 2003 and extended
with 3 km trench to be connected to power plant B for extraction of CHP. Power
plant B has been chosen due to better CHP efficiency and longer remaining lifetime.
The fuel oil boilers shdl in one or two steps be converted to light fud ail.

Substations:

Rehabilitation of 70 substations in year 2002-2003.

Consumer installations:

All exiging consumers shdl during a 10-year period, sarting in 2003 ingal
thermostatic radiator valves and heat allocators.

All new consumers shal from year 2004 ingall thermostatic radiator valves and heat
allocators when connecting.

50% of the connected apartment buildings shal during a period of 14 years, starting
in 2003, install a central hot tap water system heated by district heating.

2.3 Strategy in Gjakova

The following measures are recommended for the district heating system of Gjakova

Producti

on:

Full rehabilitation of boiler no. 2 in 2002.

Installation of two new natura gas fired CHP units of the gas engine type as soon
as the Gjakova is connected to the natural gas grid*; the total thermal capacity of
these new base load units shall be approximately 11 MJ's.

! According to the findings in Module | this will happen in 2009-10.
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Network:

Connection of the additiona 9 buildings that are suited for district heating and
within the present supply area of the district heating system. This shal take place
during 2002 and 2003.

During 2002-2005 the five new buildings that are being built close to the
distribution network and are suited for district heating shall be connected.
Intensified supervison and maintenance of the existing pipes in ducts. This shall
include establishment of proper interna and external draining of the ducts.
Redesign of the entire network in order to ensure, that the right dimensions are
chosen when replacing pipes. The redesign shall take both the present and future
heat load into account.

Gradua replacement of al branch pipes in concrete ducts during 2006-2011. If
possible, the main distribution pipes in concrete ducts shal be kept in working
order.

All new extensions of the network shal be in preinsulated pipes.

Substations;

Modernization during 2002 and 2003 of dl existing subsgtations.

Installation during 2002 of heat meters at al existing substations in order to make
introduction of a consumption based tariff structure possible.

Equipment for locd production of hot tap water shall be installed at al substations
that are connected to the distribution network through preinsulated pipes. This will
take place gradualy from 2002 and onwards. It is assumed that 50% of the
substations have local production of hot tap water in 2015.

Consumer installations:

Installation of thermostatic valves and heat allocators on all radiators over a ten
year period between 2003 and 2012.

Ingalation of interna piping for digtribution of hot tap water in buildings with a
substation prepared for loca production of hot tap water; instalation of a meter
for measuring the consumption of hot tap water in every apartment. This shall take
place at the same pace as installation of the necessary equipmernt at substations.

System operation:

Non-stop operation shall be introduced in al parts of the network, where
preinsulated branches have been installed. 24-hour operation during the heating
season will aready be implemented in the 2001/2002 heating season.

Variable flow operation of the system.

The proposed CHP units shall be the base load units, while the mazut boilers shall
function as peak load and emergency units.

Gradua reduction of both the supply and return temperature from the present level
of 110/90 °C to 90/50°C, respectively, in order to reduce heat losses from the
distribution network and increase the efficiency of the CHP unit(s).

2.4 Strategy in Mitrovica

The following measures are proposed in Mitrovica
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Production:

Network:

Installation of the necessary equipment in order to commission the unfinished
boiler a the “Lisc Polje’ boiler plant. The boiler could be prepared for
conversion to natural ges a a later stage. The boiler shal be commissioned during
2002.

Installation of two natural gas fired GHP unit(s) of the gas engine type at the
boiler plant “Lisic Polje’. The units with a total installed heat capacity of 16 MW
shall be commissioned in the same year natural gas is introduced in Mitrovica’.

The approximately 82 buildings identified in section 5.2 shall be connected or re-
connected. This shall take place at a steady pace in the years 2002 to 2005,
starting with those buildings closest to the “Lisic Polje” boiler plant.

Immediate repair of the best of the existing pipes in concrete ducts. This repair
shdll include establishment of proper interna and externd draining of the ducts.
Redesign of the entire network in order to ensure, that the right dimensions are
chosen when replacing pipes. The redesign shall take both the present and future
heat 1oad into account.

Replacement of al pipesin concrete ducts that are beyond repair with preinsulated
pipes. This shall be carried out in 2002 and 2003.

Extenson of the network with preinsulated pipes to include al buildings
identified in the BEOPOTEZ study and in section 5.2 below. This shal aso be
carried out in 2002 and 2003.

Connection of the loca digtribution network in the area of the hospital to the
larger distribution network. This shal take place after the commissioning of the
CHP unit in 2003.

Substations:

Modernization during 2002 of al subgtations in the system according to the
BEOPOTEZ sudy, which states that 36 substations need to be completely
replaced, while 12 substations only need a minor overhaul. All substations shall be
of the indirect type.

Ingtallation during 2002 of heat meters in order to enable introduction of a
consumption based tariff structure.

Ingdlation during 2002 of control vaves in order to enable variable flow
operation and load dispatching.

Equipment for local production of hot tap water shal be ingtalled at al substations
that are connected to the distribution network through preinsulated pipes. This will
take place gradualy from 2002 and onwards. It is assumed that 50% of the
substations have local production of hot tap water in 2015.

Consumer installations:

Installation of thermostatic valves and hesat alocators on al radiators over a ten
year period between 2003 and 2012.

Ingtdlation of internd piping for distribution of hot tap water in buildings with a
substation prepared for loca production of hot tap water; instalation of a meter

2 According to the findingsin Module | this will happen in 2004-2005.
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for measuring the consumption of hot tap water in every apartment. This shall take
place at the same pace as installation of the necessary equipment at substations.

System operation:

Those parts of the network, where the pipes have been replaced by preinsulated
pipes, shal be in non-stop operation, 24 hours a day, 365 days a year. This will
ensure a long lifetime for the pipes and will make it possble to supply district
heating for loca preparation of hot tap water.

Ingtdlation of the available pumps for distribution of district heating. If possible at
least one of the pumps must variable speed, otherwise such a pump must be
bought and installed. Variable flow operation of the system.

As long as natura gas has not been introduced in Mitrovica, the new mazut boiler
will function as base load production.

When the proposed CHP units are commissioned, these shall be the base load
units, while the mazut boiler a the “Lisic Polje’ boiler plant shdl be primary peak
load unit. The “Bolnica’ boiler plant shal only be used in emergency Situations.
Gradua reduction of both the supply and return temperature from the present level
of 130/75 °C to 90/50°C, respectively, in order to reduce heat losses from the
distribution network and increase the efficiency of the CHP units.
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Part || Main Report

3 General aspects
This chapter covers general aspects, which are common for al three district heating systems.

3.1 Heat demand

The assumptions on heat demand for consumers in general have been co-ordinated with the
findings in Module A. Moreover, the heat demand has been evaluated in each of the
networks on besis of the observations and adjusted to form aredlistic heat balance.

The most important demand to identify is the heat energy demand (kWh/nt/a), which the
consumer is willing to pay for, provided the district heating company can supply the heet at a
reasonable quality. The demand, which variesin time, condsts thus of following e ements:

The technical demand of the existing buildings according to the design standards.
Excess heat demand due to damaged windows and bad regulation etc. minus savings
due to better regulation and insulation.

Reduction of demand due to insufficient supply

Reduction of demand due to the consumers' inability to pay for the hedt.

All systems are today operated with night stop at the boiler plant in 8 of the 24 hours of each
day during the heating season. This night stop may only save 510% of the heat demand
(corresponding to the temperature drop in the apartments) compared to 24 hour operation,
but has severa disadvantages.

The lifetime of boilers and network is reduced.

The heat production in the morning peek may cost more than the heat, which is
saved during the night, in particular if there is cheap base load e.g. CHP.

The return temperature is increased significantly and thus the capacity of the
network is reduced.

The need for boiler capacity in winter days is increased.

There will be no possibility to supply hot tap water during night stop.

Therefore we recommend that the district heating system is in operation 24 hours a day and
that each consumer (building owner) and apartment user decides on a night stop or set back
according to his own needs and preferences.

The specific capacity demand of the consumers is used for design of consumer installations
and substations, whereas the need for new boiler capacity should be based on measurements
of the actua production needed on the coldest day.

The analysis of the demand has given following standard estimate:

The technical heat demand in existing buildings is in average 210 kWh/nf/a in year
2001 faling to 180 kwWh/nf/ain 2015.

The technica heat demand in new buildings is in average 150 kWh/nf/a in year
2001 falling to 120 kWh/nf/ain 2015.

The ability of the district heating system to supply depends on the loca conditions.
The demand for hot tap water is 400 kWh/person per year.
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The consumers’ willingness to pay for heating and hot water is set to 75% in 2001,
increasing to 100% in 2010 (centre growth case).

The typical normative capacity for heat demand is around 190 W/nt, whereas the
hot water does not contribute significantly to the real capacity demand.

It should be noted that the floor area is the net indoor floor area. Therefore this key figure
cannot be compared directly with similar key figures from e.g. Denmark and Germany,
which are based on the gross area (outside building envelope).

The duration of the heat demand to be supplied from the production plants during a year,
with and without supply of hot tap water, is illustrated on the heat duration curve below.

The curve is vitd for the least cost optimisation of base and peak load boiler capacity. It is
estimated that the ratio between the annua production and the maximum production demand
is 1800 hours.

Duration curve for system with DHW
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Figure 3.1: Heat duration curve

3.2 Zoning, connection and disconnection

The zoning, the connection and the disconnection define the connected floor area and thus
the heat demand. The connected floor area can either be aresult of the free market forces or
it can be more or less regulated by urban planning legislation and other legal measures. For
using these measures it is important to distinguish between the following categories:

Exiging consumers in the exigting digtrict heating zone, being supplied from
exigting pipes.

Extension of the zoning to new districts by investing in new pipdines.

New buildings, that need heating from the start, and that could be subject to specia
legal requirements regarding heat supply as well as other infrastructure services.
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Any future change in connected heated area will be te result of a combination of the

following factors:
For existing consumers in the existing district heating zone:

existing buildings are connected to DH within the present supply area,

former DH customers, that are presently disconnected, reconnect,

existing customers extend their heated floor ares,

present DH customers disconnect and install their own heat supply source and/or
buildings are disconnected by the DH company due to non-payment.

For extension of the zoning:
Existing buildings outside of the present supply area are connected to DH.

For new buildings:

New buildings outside of the present supply area are connected to DH.
New buildings within the present supply area are connected to DH.

We will discuss the particular factors after the following genera statements:

Most of the mentioned factors depend on the competitiveness of DH compared to
other forms of heating. We refer to chapter 7 and assume, that DH is competitive in
areas with high heat density and is the least-cost heat supply for the city in these
areasin the longer term.

Moreover, some of the mentioned factors presuppose available capital for DH
network extensions. We have to assume, that the DH company in the future will have
the possibility to undertake any extension measures, which are economic.

Findly, thedevel opment of the city and the regulation of this devel opment obvioudy
play adecisive role for the development of the DH supply system. A massive growth
of the building stock can presently be doserved. In particular buildings constructed
by private developers may not be connected to the district heating system nor be
equipped with properly designed 2-string central heating systems unless this is
required by building regulations and the urban planning.

In case natura gas is introduced in the city it will be a vita precondition for a least-
cost development of the total heat supply in the city, that the competition between
district heating and natural gas is regulated and controlled by the urban planning
authorities and not left entirdly to market forces (see section on ingtitutional
measures).

3.3 Central heating installations

The centrd heating ingdlations in buildings, which are supplied with district heating, are
unlike corresponding ingtallations in other CEEC and NIS countries of a very high quality.
Almost al systems are 2-string systems with fairly good radiators with ordinary valves.

This an excdlent bass for introducing smple consumption based billing systems and
thermostatic valves.
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The costs are estimated at:
Thermostatic valve import 10.0 USHradiator
Thermostatic valve, installation 2.0 USHradiator
Heat allocator installed 2.5 US$H/radiator
Total 14.5 US$/radiator

The cost-based district heating tariff with a fixed part, a flow-dependent part and an energy-
dependent part is supposed to encourage the consumers to implement savings, which are
profitable for the whole community, see section on tariffs.

The actual savings, which will be the outcome of ingtallation of thermostatic valves and heat
allocators are hard to predict. We anticipate that the savings in the actua building stock,
which is supplied with district heating, can be 10% - 15% in average in the 15-year period
both on the peak heat load and on the annua heat consumption. Moreover it will reduce the
return temperature significantly, probably by not less than 10 °C.

The thermostatic valves will reduce the need for perfect balancing of the central heating
system.

It must be stressed that these measures will only work if they are accompanied by the
corresponding ingtitutional measures regarding organising the heat supply in the apartment
buildings, see chapter 8 on ingtitutional measures.

3.4 Building envelope

The energy performance of the building envelopes can be improved as follows:.

Repair of broken glassin staircases.

Repair of the front door or replacement with a door, that can close and remain tight
plus eventualy a double door.

Ingtalation of glazing on balconies for insulation and use of passive solar heating in
winter.

Wesether stripping of old windows.

These measures may save 5-10 % of the heat demand.

This saving is modest as there are limited possbilities to save heat in the typica apartment
buildings.

The typicad building envelope of apartment buildings does not alow for any acceptable
outsde insulation, and inside insulation is definitely not to be recommended.

It is typica that most of the important heat saving measures in apartment buildings are
related to the building envelope and not to the individua apartment. Therefore these
measures as well can only be implemented by the building owner, which should be the
condominium organised by the homeowners association, in case the apartments are
privatised.

Sngle-family houses, which are not supplied with district hesting have much larger
possihilities for improving the building envelope sgnificantly, eg. with outsde insulation of
the whole building.
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The typica small buildings with brick walls are very well suited for a later application of
outsde insulation, which will save substantia amounts of heat and improve the indoor
climate in the summer.

3.5 Centralised hot water supply

Today no apartment buildings have centralised supply of hot water. It is mostly heated in
each apartment by electric heaters.

Future ingtalation of central hot tap water systems is only a good ides, if the heat source of
the apartment building is efficient and cheap, e.g. in the following cases:

If the district heating system is in operation al year, which should be the case in
digtrict heating systems with preinsulated pipes in districts with high heat density.

In block heating plants in which the interna network between the blocks is very
short.

If the heat production is very efficient adie to CHP, solar heating or geothermal
energy etc.

It is more complicated to install central hot water systems than cold water systems, as there
is a larger risk of corrosion, which depends on a number of parameters, anong them the
quality of the fresh water.

The most safe and modern method is to use plastic pipes which are resistant against
corrosion.

There is newly gained experience in Kosovo using plastic pipes for cold water. We estimate
that this experience can be used in the development of non-corrosive hot water systems.

We strongly recommend that the systems in apartment buildings shal be installed with
individual metering of the hot water consumption. In this case the consumption should not be
higher than the normative consumption according to e.g. the Danish standard (which is
sgnificantly lower than the old normative consumption in many Eastern European
countries).

The design flow in pipes supplying apartments would according to the Danish standard
(taking the statistical simultaneity of the tapping into account) be as follows:

Table 3.1: Design flow according to the Danish standard

Number of apartments Pipe dimension
Design flow Design capacity plastic with
pressure loss

5mmWC/m
I/s kW mm X mm
1 0.3 42 28x4.0
10 0.5 70 40x5.5
50 1.0 140 50x6.9
100 1.6 223 63x8.7

200 2.5 350 63x8.7
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The costs of ingtalation of hot tap water system with one branch to each apartment and with
re-circulation only in the main pipeline in the basement (not in each riser) is estimated at the
following (per apartment in atypica apartment building of 50 gpartments):

Central hot tap water pipe system 280 US$/apartment
Hot water meter, installed 20 USH/apartment
Totd building ingtdlaions 300 US$H/apartment

If the building is supplied with district heating, a heat exchanger or a hot water tank has to be
installed.

The cost of the substation isestimated tobe: 200 US$/apartment

It should be noted that the cost per apartment for the share of the building substation is
significantly larger for smal buildings than for large buildings.

3.6 Recommendations

The implementation of the below listed technical recommendations related to the building
sector depends almost entirely on the ingtitutional measures regarding regulation of the
heating sector and the organisation of the housing sector. Please refer to chapter 8 on
ingtitutional issues.

We recommend the following genera technical least cost measures for the building sector:

The district heating systems are expected to be in hon-stop operation in the heating
season and in summer as well, in case efficient production is established. The heat
supply to each building for heating and eventua supply of hot water will be
measured. Therefore the building owner will have to decide how much heat to
consume and when to operate the heating system in the building. Thus the building
owner can decide that the heating to the whole building shall be closed during night
hours or that the heating will be on and each apartment user will have to regulate his
own radiators.

All new buildings in urban development areas, which are planned for district heating
according to aleast cost evauation, shall be connected to district heating.

All apartment buildings and indtitutions stuated in digtricts with district heating
supply shal, whenever possible, be supplied from the district heating system.

Building owners should implement the most economic heat saving measures
urgently, such as repair of lilding envelope in staircases, including closing front
door and eventually double front door.

Building owners should try to organise a common solution for glazing of balconies
and weather-stripping of windows for al apartments.

Building owners should mplement a system of sharing costs of heating based on
heat allocators and encourage apartment users to install better radiator valves, if
possible thermostatic valves.
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Building owners, who are supplied with digtrict heating with al-year operation,
should consider ingtaling central production of hot tap water and distributing the
costs of hot tap water according to flow meters.
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4 Heat supply in Pristina

The city centre and the densely populated districts in the southern part of the city are
presently supplied with digtrict heating; please see annex 4.1. A few large buildings are not
supplied with district heating.

Apartments, which do not have sufficient heat supply in general use electrica heating and
suffer from lack of thermal quality.

One-family houses in genera use eectric heating, firewood and/or oil and suffer from lack
of thermd quality.

4.1 Thehistorical development of the district heating

The district heating company TERMOKOS owns and operates the district heating network
and the main boiler dant. The office and workshops of the company are situated at the main
boiler plant.

The ownership and management structure of the company is unclear in this transition period.
Formally the municipaity owns it, but PUD has the overal responshility for the regulation
of the company and provides financing of fudl.

Due to unrdiable heat supply it has been necessary to provide security of supply for the
hospital, situated close to the main boiler plant. A new donor financed boiler plant has been
established at the hospital to solve this problem. The hospital is still connected to the main
boiler plant, but has in the 2000/01 heating season only been supplied from the new boiler
plant. The hospital boiler plant is owned and operated by TERMOKOS.

In the past 15 years severd investigations on how to supply the district heating network in
Pristina from the nearby power plants have been made. Congtruction of a 7.5 km trench
transmission line was started 4 years ago, but was left half completed.

The operation of the system in the 2000/01 heating season was not normal due to bresk
down in longer periods (weeks) and due to insufficient supply of large parts of the network.

The Sunny Hill digtrict was not supplied at al due to pressure problems.

4.2 Forecast of consumption of district heating

The digtrict heating supply area of Pristing, can be divided into the following 6 main aress.
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Table4.1: District heatingin Pristina

Connected buildings

Heat supply district in Pristina in 2001 L oad Floor Sf:)zre
MW nm’
1. Dardaniaincl. two large blocks in Lakrishte 45 238,000 25
2. Centre 41 217,000 23
3. Ulpianainc. University and large blocks in Aktashi 39 198,000 21
4. Sunny Hill 26 132,000 14
5. Hogpital area 25 132,000 14
6. Technica Faculty area 6 28,000 3
Totd in Pristina 182 945,000 100
The total number of consumers (building substations) is 234
The total number of householdsis 12,000

The average specific heat load is thus 182 MW/945,000 n? = 192 W/m?

It should be noted that the floor area is the net indoor floor area. Therefore this key figure
cannot be compared directly with similar key figures from e.g. Denmark and Germany,
which are based on the gross area (outside building envelope).

All these areas are located in the southern half of the city. The northern haf of the city is not
supplied with DH. The southern part of the city is the part with high heat dengity (high-rise
buildings, both offices and residentid buildings), while the northern part is dominated by
low buildings (private houses). Therefore it is naturd that DH presently covers the southern

part only.

Extension of DH into the northern part is not economical, because the DH cannot compete
with decentralised forms of heating in districts dominated by one-family houses.

The assumed growth of the market for sale of DH is described in the following sections.

4.2.1 Existing buildingswithin the present supply area

The possibility to connect more existing buildings is given to a minor extent. One example is
the southern section of Mother Theresa Street (south of the crossing with the street leading to
Fushe Kosova). The selected diameter of an existing pipe in that area indicates extension
plans.

Due to various reasons there have been and will be disconnections from the DH supply
system. To which extent that will happen depends most of al on the competitiveness of DH
and the regulatory measures, which might prevent installation of other heat sources. If no
regulatory measures to prevent consumers from disconnecting and from installing dternative
heat sources are established in the interim period until the system is fully competitive, the
district heating may get caught in a vicious circle and face severe economical problems.

Disconnection of the consumers (the buildings) due to non-payments should be regarded as a
temporary stuation. Although it is an efficient solution to increase the collection of payment,
it should not take place if the consumers can shift to eectric heating and not pay the
dectricity bill, and it should not take place in a wider scale in the residential sector before a
reasonable system of social security and legal measures to collect debt is established.
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The total heat sale to this category of consumers has been very low, around 107,000 MWh,
in the past years due to disconnections and inability to supply. It is expected to grow up to
180,000 MWh in 2015, however with an intensity which depends on the regulatory
measures and the competitiveness. Another 10,800 MWh is expected to be sold for loca
production of hot tap water.

4.2.2 Existing buildings connected to DH outside of the present supply area

Before any such extension is approved it should meet two criteria:

It shdl be profitable for the district heating company.
It shall be competitive againgt the existing heat supply and the best dternative, eg.
natural gas, if gasisintroduced.

The option of extending the supply areais primarily given in two digtricts:

Sunny Hill 11 (eastward extension of the existing supply area Sunny Hill) and
North of the Centre (northward extension from the museum).

The area Sunny Hill 11 consists of 20 blocks with around 1,000 flats and a primary schooal.
Two more blocks are currently being built.

The blocks were built approximately 14 years ago. All are equipped with a central heating
system (two-pipe system). However, the blocks never did receive any district heating. Some
tenants use wood ovens for heating and others use electricity.

The elevation of the area needs to be taken into account: The blocks are situated at an
elevation of around +68 m to +88 m reative to the heat plant®. It is necessary to foresee a
secondary system with a substation at a dightly lower elevation in order not to create a new
high point in the primary system, e.g. by installing a substation for separation of both Sunny
Hill 1 and I1.

Around 0.5 km trench of primary pipeline DN 125 and 1 km trench of secondary pipdine
including branches are needed for the connection.

Estimated heat sale from year one: 6,000 MWh
Estimated investment in district heating network: 0.21 MUS$

The area North of the Centreis stuated northeast of the Kosova Museum (which currently
is one of the remote consumers).

Here the following buildings could be connected:

one high schooal,

one technical schoal,

14 smdler blocks of flats with in total around 350 flats’,
and one home for the elderly.

® Currently, the highest customer is situated at an elevation of + 66 m relative to the heat
plant.

* 1t should, however, be noted that these blocks are currently not equipped with a central
heating system.
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Estimated heat sale from year one: 2,100 MWh
Estimated investment in 1.2 km trench district heating network: 0.15 MUS$
In total the connected heat demand in these two new districts are 8,100 MWh

The estimated sale of heat for hot water to 50% of the consumersis 1,215 MWh

The total benefit (as NPV until year 2015) of supplying these two districts with district
heating in the aternative with CHP from power plant B is 1.2 MUSS.

These two extensions of the system are therefore included in the basic scenario. A visud
ingpection of the map and the analysis show that the Sunny Hill |1 is more economic than the
district north of te Museum. Therefore the district north of the museum should only be
included if it is possible to connect the mgority of the consumers from the beginning. The
visua inspection indicates, that the district heating supply area should not be extended
further to exiting buildings.

The possbility of supplying the northern district with natural gas should be investigated
before any decision is taken.

4.2.3 New buildingsto be connected to DH

Due to the massive increase in inhabitants of the city, a substantial construction activity can
presently be observed. Also some new high-rise apartment buildings are being erected. For
the future it can be anticipated that also some administrative and commercia office buildings
will be constructed. However, free space is limited within the present supply area.

Also in case a new district of gpartment buildings is to be connected, the extension must be
profitable for the district heating company and it must be the least-cost solution for the city.
In genera this will mean that only development zones planned for apartment buildings and
ingtitutions with high heat density are taken into account. A significant urban development
area caled “Arberija 3’ with up to 2,500 flats in high-rise buildings is foreseen at the Eastern
outskirts of the city (see diagram 1), on higher ground than the neighbouring district
Lakrishte. Thisisto be the first development zone to be realised. However, the time frame is
uncertain. According to the present planning, the areais to be supplied with DH.

The overal heat demand of new buildings suitable for DH supply to be constructed up to
2015 is estimated at 24,000 MWh.

The hot water demand, which should be 100% supplied from district heating, is estimated at
2,500 MWh.

The tota investment in new networks, which shall be constructed as part of the urban
development infrastructure, is estimated at around 1.5 MUSS$ during a period of 10 years.

4.24 Saleof domestic hot water
The sale of hot water depends on:

The planned step-by-step conversion to all-year operation of the network.

The rate of the indallation of hot water supply in buildings (mainly apartment
buildings, as commercia buildings have little hot water demand)

The consumption per apartment, which should be measured by a flow meter in order
to avoid unnecessary consumption.
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It isanticipated:

that the conversion to dl-year operation is completed in year 2010;

that 50% of the existing apartment buildings and 100% of al new will be equipped
with hot water ingdlations in year 2015, in total around 9,000 apartments,

that the capacity for local production of hot water practicaly does not contribute to
the connection capacity (in MW) of the building, but only to the annua consumption
of heat in MWHh;

that the typical annua consumption of hot tap water is 400 KWh per person;

and that the annual hot water sale in 2015 consequently will be 16,500 MWh

For an analysis of the competitiveness, see chapter 7 on competitiveness of district heating
for supply of hot tap water.

4.25 EnNd user energy savings

The DH customers reduce their heat load by improving the therma quality of buildings and
by improving the temperature regulation.

It is expected that the average technical demand of existing consumers will decrease from
210 kwh/n? to 180 KWh/nf over a 15-year period. At the same time the consumers
willingness to pay for hesat is expected to increase from 75% of this value today up to 100%
in year 2015. Thus the real affordable heat demand is assumed to be 157 kWh/nt today and
180 KWh/nT in 2015.

We expect that the return temperature in the same period will be reduced by 10 °C. This will
reduce the hydraulic load on the district heating system, it will reduce heat losses and it will
increase the capacity of the existing system.

426 Theheat lossesin the network

It is impossible to caculate the heat losses in the existing district heating network as the
digtrict heating pipes are of various qudlity, including pipes with lack of insulation and high
humidity (evaporation of water). The heat |osses can, however, be calculated rather precisely
for the preinsulated pipe network.

We have assumed following heat |osses for the existing network for winter operation only:

Table4.2: Estimated heat loss from the DH network in 2001

Type of pipe Length 2001 Specific heat loss Heat loss 2001
winter operation

km trench W/m in average MWh

New preinsulated

pipes 6 50 1,200

Old bad concrete

ducts to be replaced 16 400 25,600

Old acceptable dry

concrete ducts 6 150 3,600

Total network 28 30,400

Additiona heat loss due to the leakages is estimated at 7,000
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Total heat loss in distribution network 37,400

This heat loss corresponds to 27% of the heat production in 2001.

It is expected that all bad concrete ducts have been replaced by 2008 and that the remaining
concrete ducts are dry. The heat loss of the preinsulated pipes is relatively small compared to
the hesat loss of the old, bad and flooded ducts. The lifetime of the preinsulated pipesis likely
to be shortened if the system is taken out of operation every summer. Moreover al year
operation is important for promoting good heating services and hot tap water. Therefore al
districts with preinsulated pipes are expected to be in operation dl year. As aresult of the
maintenance plan, the whole network is anticipated to be in operation all year from 2010.
The heat losses in the whole network, including extensions to existing and new buildings in
2015 are estimated as follows:

Table4.3: Estimated heat loss from the DH network in 2015

Type of pipe Length 2015 Specific heat loss Heat loss 2015
all year operation

km trench W/m in average MWh

New preinsul ated

pipes 34 50 14,800

Old acceptable dry

concrete ducts 6 150 7,900

Total network 40 22,700

Additional heat loss due to leakagesis estimated at 2,400

Tota heat loss in distribution network 25,100

This heat loss corresponds to 10% of the annual heat production in year 2015. In the design
Stuation it is only around 2%.

In a few years when al the building substations and the boiler plants have been equipped
with heat meters, the correct heat 1oss can be calculated.

4.2.7 Total heat capacity demand

For the design of the DH system and for the economic analysis it is necessary to use
forecasts for:

the peak hesat load in the network, which is lower than the sum of connected loads
due to Smultaneity,

the heat losses,

the annua heat consumption (or “utilisation hours’ defined by the ratio between the
annual consumption and peak heat load of the network),

and the hot water consumption.

The smultaneity factor is estimated at 0.7, however the peak heat load in the design situation
should be monitored regularly on the basis of measurements of the maximum heat load on
cold days.
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The annua heat production for the network has in the previous season been lower than
norma due to insufficient heat supply. In recent years the heat production was around
140,000 MWh for a“normal year” (average meteorologica conditions).

Module H — District Heating

It is difficult to estimate the real energy flow, as the consumption of mazut is the only
measurement. In the table below we have made a rough estimate on:

heat supply as it was in recent years (a fuel consumption of around 16,000 tonnes of
oil) with the insufficient supply of heat and with 18 hours of operation of the

network,

the heat supply as it would be in 2002 with insufficient supply, but with 24-hour

operation,

the heat supply as it would be in 2002 with the normative conditions for supply,
and the heat supply as we have assumed it to be in 2015 taking savings and market

extensions into account.

Table4.4: Esimate of demand and heat load in Pristina

Unit Normal Normal | nsuff. I nsuff.
supply supply supply supply
Parametersfor a normal all year, all year, winter winter
year 24 hours, 24 hours, only, only,
estimated normative 24 hours, 18 hours,
conditions  conditions  proposed actual
for 2015 for 2002 for 2002  for 2001
Potential market mt 1,245,000 1,000,000 1,000,000 1,000,000
Market share 100% 100% 90% 90%
Capability of supply 100% 100% 70% 70%
Actually supplied nt 1,245,000 1,000,000 630,000 630,000
Willingness to pay for 100% 100% 75% 7%
demand
Specific rea heat demand kWh/nt 180 210 157 157
Annual heat sde from MWh 224100 210,000 98,900 98,900
network
Heat sde for production of  MWh 16,500
DHW
Annual heat loss MWh 32,400 37,400 37,400 37,400
distribution and transmiss.
Annual heat production MWh 273,000 247,400 136,300 136,300
Fuel consumption, Tonnes 31,300 28,400 15,600 15,600
if 100% boilers of ail
Maximum heat load from MW 170 14 85 114
boilers

The darting conditions for the smulation of the heat supply is the insufficient supply in
2001. The smulation model shows a gradud development towards norma supply in 2015
combined with the other measures to improve the efficiency.

4.2.8 Heat duration curve

The heat duration curve below illustrates in a schematic form the heat consumption during a
norma year. The curve can be supplemented with graphs for the duration of supply and
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return temperatures. These curves are essential for the planning of the design and the

operation of the system.

Below is shown the duration curve for the years 2010-2015 in dternative with normal
operation in 24 hours a day and with the demand split between heat demand, network losses
and supply of hot tap water. The annuad production is around 270,000 MWh and the
maximum heet load in the network in the design situation (minus 18 °C outside) is up to
around 170 MW. The typica summer load to cover heat losses and supply of hot tap water
will be around 5 MW.
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Figure4.1: Load duration curvefor the Pristina district heating network

The load duration curve illustrates:

That a base load of 80-90 MW will be able to produce aimost dl the annua heat
demand except for periodsin which it is out of operation.
That the heat source in summer shall be able to operate a a relatively low load.

4.2.9 Thehigh and low growth scenarios

The estimation of the heat demand above is based on the centre growth scenario. Two other
scenarios on the economic growth rate in Kosovo is aso included in the general assumptions
for this project, namely the high and the low growth scenarios; for more details on the
scenarios, please refer to reference [14)].

It has been decided that the different scenarios should affect the district heating sector
through:

the ability of consumersto pay for district heating,



CESI EM €RE ESTAP - Kosovo

Module H — District Heating
Page 25

and demand for district heating for local production of DHW (market share)®,

and that the effect should be seen as differences in the development over time of these to key
parameters:

100%
90%

Sons //

70% —

60% //
50%

40%
30% /
20%

10% //

O % T T T T

2001 2004 2007 2010 2013
Payability High Payability Centre Payability Slow
— DHW High DHW Centre DHW Slow

Figure4.2: Development of payability and demand for DHW
With these scenarios in mind the demand for district heating in the three scenariosis:

Table4.5: Demand for district heating in thethree growth scenarios

2001 2010 2015
High growth Space heating MWh 99225 216,103 212,100

DHW MWh 0 15,516 22523
Heat losses MWh 37,416 31,126 32473
Total MWh 136,641 262,745 267,096
Centregrowth Spaceheating MWh 99225 196808 212,100
DHW MWh 0 10,335 16,515
Heat losses MWh 37,416 31,126 32473
Total MWh 136,641 238,269 261,088
L ow growth Spaceheating MWh 99225 175969 180,285
DHW MWh 0 5,846 8,931
Heat losses MWh 37,416 31,126 32473
Total MWh 136,641 212,941 221,690

®> For new buildings to be supplied with district heating from the beginning, it is il
assumed, that the market share of district heating for DHW is 90% in 2001 rising to 100% in
2015.
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4.3 TheDisribution network

The distribution network is the most vital part of the district heating system as it connects al
the consumers with the available production facilities. The main network is illustrated in
annex 4.2.

4.3.1 Hydraulic performance of the network

The district heating system in Pristina is complex, the present design is not optimal and there
is a need for replacement of most of the concrete ducts, which are flooded with sewage
water. Therefore a hydraulic analysisis very relevant.

The hydraulic analysis of the existing network is important for:

the design of the emergency improvements of the main pumps and the pressure
holding system,

the design of the operation strategy for the interconnected network,

and improving the hydraulic performance of the network by identifying weak points.

The hydraulic analysis for the network in 2015 is important for:

the design of the network extensions,

the design of pipe replacements,

the optimisation of the trench of new pipes adjusted to the present market and the
cost economical trench for preinsulated pipes,

the analysis of the security of supply and emergency operation in case of break down
in different parts of the system,

and the evaluation of the heat losses in preinsulated pipes.

4311 Theexisting network

The source [10] states that the DH net in Pristina has been designed for a distribution
capacity of approximately 300 MW.

In order to verify this statement, we investigate the pressure drop in large pipes (> DN 175).
In the following diagram only the large pipes are shown, and the sections have been assigned
names.
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Figure4.3: Schematic map of the main pipelinesin the Pristina district heating network

A hydraulic calculation has been carried out, taking the whole consumer stock into account,
including those consumers that presently are not supplied (connected load: 220 MW). The
temperature difference was set to 60 "C. 15% additional pressure drop was added to the drop
in straight pipes, as a measure for the minor pressure losses (in valves, bends, T-branches,
etc.).

The following table shows the results:
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Table4.6: Hydraulic calculation for main DH pipéelinesin Pristina

Pressureloss
between heat plant

Start- Start- Pressurelossin and end point of
Section Length Dimension velocity End-DimensionEnd-velocity section section
m m/'s m/s mwWC mwC
1A1 163 DN 650 151 DN 650 1.45 0.2 0.2
1A2 236 DN 500 194 DN 500 194 15 17
1A3 409 DN 500 171 DN 500 1.67 21 38
1A4 1199 DN 500 122 DN 350 117 26 6.4
1A5 501 DN 300 0.96 DN 200 0.82 13 7.7
1B 815 DN 250 1.86 DN 200 0.79 8.9 89
1C 76 DN 175 123 DN 175 114 05 22
1D 130 DN 250 0.14 DN 200 0.14 0.0 17
1E 768 DN 350 0.91 DN 250 0.56 13 51
1F 475 DN 250 0.67 DN 200 0.06 0.3 6.8
2A1 227 DN 500 1.73 DN 500 17 10 10
2A2 192 DN 450 1.28 DN 450 1.28 0.6 16
2A3 330 DN 400 1.07 DN 400 1.07 0.9 25
2A4 473 DN 350 1.16 DN 350 1.16 18 44
2A5 557 DN 350 0.71 DN 350 0.64 0.6 49
2A6 176 DN 350 041 DN 350 0.37 0.0 4.9
2A7 291 DN 350 0.33 DN 300 0.27 0.0 49
2B1 825 DN 300 1.68 DN 250 101 79 9.0
2B2.1 515 DN 250 0.3 DN 175 0.65 0.7 9.7
2B2.2 178 DN 175 124 DN 175 0.97 10 10.0
2C 433 DN 300 0.88 DN 200 0.92 48 6.4
2D 189 DN 250 0.44 DN 250 0.44 0.1 2.6
2E1 112 DN 200 12 DN 200 101 0.6 49
2E2 189 DN 200 0.64 DN 175 0.71 0.3 53

As can be seen from the table, the pressure drop between the heat plant and the end points of
the large pipes is generdly low: <10 mWC for one way (< 20 mWC for both ways). This
proves that the network has the capacity for a substantial increase in connected load. 300
MW is a redigic vadue. Alternatively we can conclude that the maximum supply
temperature can be reduced and/or the dimensions of new pipes can be reduced significantly.

As far as small pipes (< DN 150) are concerned, there is at least one problematic area: In
Dardanija, there is one clearly undersized pipeline DN 80 for the supply of residentia
consumers with atotal load of amost 3 MW.

The easiest way to solve the problem is to establish a ring connection (approximately 150 m
of new pipeline), which aso will increase the security of supply.

The network was originaly designed for the parameters:

Maximum design pressure 16 bar
Maximum supply temperature 140 °C
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Return temperature at maximum load 80 °C
Temperature difference 60 °C

The operation today indicates that the return temperature will be lower, such as 60 °C and
that it will be possible to reduce the maximum supply temperature next year to less than 120
°C and in the future even lower.

43.1.2 Critical consumers

Disregarding the customers connected to the undersized pipe mentioned above, situated not
far from the heat plant, the critical consumers are, according to our calculation:

1. Dardanija 5 (consumer 96) due to a long connection line with fairly high velocity
(pressure loss 20 MWC for one way)

2. Kosovo Brigades (consumer 145) and the “Avdla’ building (consumer 143)
(pressure loss 17.5 mWC for one way)

3. University Sports Hall (consumer 52) (pressure loss 15 mWC for one way)

Also in some of these cases short ring connections can increase the differential pressure and
at the same time increase the security of supply.

In contrast, the pressure drop on the way to the very remote consumer “Kosovo Museum”
(consumer 163) is only 11.5 mWC and the pressure drop to the critica consumer on Sunny
Hill is only 10 mWC. This indicates that with the present dimensions there is sufficient
capacity to extend the supply to consumers “behind” the museum and Sunny Hill.

4.3.1.3 Demand for pump head

Due to the fact that consumer 96 is Situated close to the boiler plant the available pressure
difference will not be reduced by future network extensions. With this consumer as the
critical one, the necessary pump head can be determined as follows:

Pressure drop between plant and consumer 96 (both ways) 40 mwcC

Necessary pressure difference over customer installation 15 mwcC
Pressure drop over boiler and valves at heat plant 20 mwcC
Total necessary pressure difference 75 mWC

With consumer 145 as the critical one, the necessary pump head can be calculated as
follows.

Pressure drop between plant and consumer 145 (both ways) 35 mwC

Margin for future network extensions 10 mwC
Necessary pressure difference over customer installation 15 mwC
Pressure drop over boiler and valves at heat plant 20 mwcC
Total necessary pressure difference 80 mwWC

According to our assumptions and caculations, 80 mWC pump head should be sufficient
unless major extensions of the network are expected.

Investments in new pumps and pressure maintenance system are included in the EAR-
financed emergency project.



CESI EM\F @RE ESTAP - Kosovo

Module H — District Heating
Page 30

4314 Thenetwork in future

The hydraulic model, which is established for analysing the existing network can aso be
utilised for optimising:

Design of the network extensions.

Design of replacement pipes to minimise costs of the final network.
Design of ring connections to improve the security of supply.
Design parameters for temperature and pressure.

In order to get the full outcome of this, the model must ke updated regularly with the red
consumption, which in future should be registered by the meters.

The cost estimates for new pipes are based on a preliminary calculation based on the
available figures.

The evauation of the consumer instalations in general indicates that the return temperature
will be further reduced in the future as one can expect that the consumers step by step will
install thermostatic valves and respond to the tariff incentives for reduction of flow.

The design and operation parameters of the network are proposed to be the following:

Classification of equipment:

Maximum pressure 16 bar
Maximum temperature 120°C

The design temperatures for pipes and heat exchangers:

Table4.7: Reduction of design temperatures

Temperatures 2002 2003-2005 2005-2015
°C Maximum Maximum Summer Maximum Summer
Supply temp 120 110 80 110 80
Return temp 60 60 50 50 40

4315 Variableflow and load dispatch in the integrated network

The network currently operates as a constant flow system with fixed pumps and more or less
fixed settings of the consumer substations.

Within a year, flow control shall be installed at al substations and there shal be variable
speed pumps at the main boiler plant.

The flow control will enable the consumer to regulate the heat consumption of the building
according to their demand and ability to pay and this can be done independently of the
pressure and temperature in the network.

The flow control and the variable pumps will change the system to a variable flow system.
The hydraulic pressure difference in the system can change with short notice without
disturbing the supply of the consumers. Therefore, the heat production can be provided from
severd plants to the network and the production can shift from one plant to the other (the
heat production can be dispaiched). Moreover, the supply temperature from the production
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plants could be higher than the “normative supply temperature’ which is needed by the

typical consumer, in case it is an advantage for the transfer of heat capacity from the plant.

It is important that the network is fully integrated in norma operation and only sectioned in
case of emergency operation.

The hospital shal for example be supplied from the main boiler plant in norma operation,
and the hogspital boiler shal be able to supply the hospital and a part of the network in
emergency Situations and on the coldest days.

Likewise, the solution, which will be implemented to solve the problems of supplying Sunny
Hill in an intermediate period, must be prepared for integrated operation of the network in
which Sunny Hill is supplied from the same heat source as the remaining system.

There are three possible options:

Pressure zoning, in which the pipeline to the Sunny Hill section has its own pressure
holding system supplied from one of the boilers, is a possible emergency solution.
However it is not convenient in the longer term as it will be a congtraint on the
optimal production of heat from boilers and new base load capacity (e.g. heat
exchangers from the transmission line).

After some years having replaced al the bad pipes in the lower part of the system, it
should be acceptable to stop the pressure zoning and increase the pressure level in
the whole system.

If this solution is not acceptable, the find solution will be to establish a heat
exchanger station near the Technical University to separate the pressure level of the
Sunny Hill branch from the rest of the system.

There is a fourth option, which hes been considered in the emergency project, namely to
isolate the Sunny hill network and ingtdl a new mazut fuelled 20 MW boiler plant to supply
this separated network (see section 4.4.3). This option has not been included in the present
project and we recommend not to reconsider it and instead to consider the options above.

Taking into account the inconveniences with the pressure zoning, we recommend to
implement the final solution with a heat exchanger as part of the next funded emergency
project and not to invest in a new boiler plant.

4.3.2 The pipe congructions

The exigting old concrete duct pipe system is generaly in a bad condition and there are many
leaks and even breakdowns of the whole system for periods exceeding a week.

The bad condition is mainly due to:

insufficient internal draining,

insufficient externa draining,

insufficient ventilation for remova of humidity,

leaks in the concrete casing,

penetration of sewage water from leaking sewage pipe through the leaks,

internal corrosion,

on/off operation every day, which in general reduce the lifetime and provokes leaks,
and high gtatic pressure in the low elevation zones.
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The problem with sewage water is of such a scale, that repair and draining of most of the
exigting concrete ducts seems impossible as along term solution.

Therefore al possible urgent measures must be taken to minimize the leaks, and at the same
time along-term strategy for replacement of the pipes must be established.

Urgent measures are;

to pump out all water and to keep the constructions as dry as possible in order to
prolong the lifetime;

to reduce the tatic pressure, which is dready being considered by a temporary
sectioning of Sunny Hill from the main system;

to edtablish al-day operation of the heat supply system (with a modest reduction of
the supply temperature in the night) and let the building owners decide if they want
to close down during night time or use night set-back (after instalation of heat
controls at the substations);

to instal sectioning valves at strategic places to alow repair of smaller districts
without disturbing the whole system;

and to improve the monitoring, registration and repair of the leaks.

The long-term measures are to replace the bad concrete duct system with preinsulated pipes
in the most strategic way.

4.3.3 New investments and costs of the network
Following investment in new preinsulated pipes are estimated:

Table4.8: Investmentsin preinsulated pipes

District/ Total Total
project package trench investment
km USss
Already replaced pipes 6 1,368,000
Replacement of old pipes, 2002-3 11 4,080,000
Replacement of old pipes, 2004-8 5 940,000
New districts 3 365,000
Urban devel opment 9 1,476,000
Total new investments 28 6,861,000

The investment includes pipes system with all bends and tee-joints and sectioning valves,
ingtalation works, civil works, design and supervision. The price is based on experience
from the completed project, taking into account that it should be possible to learn from the
experience and reduce the costs, in particular of the civil works undertaken by local
contractors using local labour.

It is anticipated that most of the old bad pipes (11 km trench) are replaced in 2002-3 and the
remaining 5 km trench of bad pipes are replaced gradually year by year in 2004-8.

We dgrongly recommend using the hydraulic model for optimising the trench and the
dimensions of the new pipes.

The present network is oversized and the theoretical costs of replacing all the existing pipes
are9.1 MUSS.
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The costs of a new network in the same trench with dimensions optimised by the hydraulic
software package SY STEM RZRNET (see annex 2.1 for a description) isonly 7.2 MUSS.

Further investments could be saved if the trench is optimised too, providing a more direct
supply of heat to the consumers (avoiding loops). However the actua savings (taking into
account pumping costs and heat losses) will be less and aso the dimension of the aready
ingtalled preinsulated pipes cannot be changed.

In total we estimate that the benefit for TERMOKOS of using the hydraulic model for
optimising the dimensions of the 16 km trench, yet to be replaced, amounts to approximately
0.5 MUSS, corresponding to 10% of the investment.

Besdes the investments in new pipes it is vita with a sufficient budget for improved
operation and maintenance of the network.

This includes:

Repair and replacement of sectioning valves.

Leak detection equipment, such as thermo graphic inspection.
Drain pumps.

Repair of draining system and underground inspection chambers.

100,000 US$/a are dlocated for materials for the maintenance work.

In the coming years the effort will have to be put into prolonging the lifetime of the concrete
ducts, that are to remain. In the following years, one may expect that some of the
preinsulated pipes need repair and replacement of joints etc. due to bad ingtalation works
and difficult conditions in the installation phase.

To prevent bresk down of the new preinsulated pipe system it is important to monitor the
heat losses around joints with thermo graphic inspection.

4.4 Theheat production

There are today 2 boiler plants in operation, the main boiler plant and a new boiler plant at
the hospital. Moreover a new boiler is considered on Sunny Hill as a temporary solution for
supplying Sunny Hill, which presently cannot be supplied from the existing system due to
insufficient pressure holding and due to risk of additional leaks due to high static pressure.

The hospital boiler has adready been established as a donor financed project in order to
ensure security of supply for the hospital in case of a break down of the main system.

The Sunny Hill boiler project should be cancelled, as there is boiler capacity enough in the
short term (before additiona base load capacity can be provided) and as the problem can be
solved by improving the network.

4.4.1 Themain boiler plant

The main boiler plant in the southern end of the network is the main heat source in the
network and includes al facilities for operation of the district heating system such as office
space, operation and maintenance workshop and water treatment.



CESI EM\F @RE ESTAP - Kosovo

Module H — District Heating
Page 34

4411 Set-up of the heat plant

At present TERMOKOS produces heat only through the operation of mazut-fired boilers at
their central heat plant.

The fud is delivered by road transport from a refinery in Montenegro. According to one
source, it contains 2-3% sulphur (the supplier states 1.98%).

The fuel is stored in four above ground tanks with an overall capacity of 1,800 n’.

The heat plant has two hot water boilers with a nominal capacity of 58 MW each, plus a
smaler bailer of 24 MW, which is not in operation and will obvioudy be abandoned.

The existing boilers are designed to be operated at temperatures infout of 130°C/170°C° (also
a part load), while the DH network was originadly laid out for 140°C/80°C in the design
load case. The increase in boiler inlet temperature and the reduction of the temperature after
boiler is obtained by means of a bypass arrangement and a recirculation arrangement for
each boiler.

The boilers are directly connected to the DH network, i.e. boiler pressure is roughly the same
as the supply line pressure at the heat plant, and the boiler water qudity is identica with DH
net water quality.

Two sets of circulation pumps are arranged in series before the boilers, each consisting of
four parald pumps. Thus there is one manifold before the first-stage pumps, another
manifold between pump stages and a third manifold after the second-stage pumps.

Pump parameters are:

835 nt'/h, 60 mMWC for a single pump
3,340 nt/h, 120 mWC for the whole arrangement.

The pump motors are equipped with speed stages.

The dynamic pressure holding system’ is connected to the manifold between pump stages.
Thus, a middle pressure maintenance system is realised.

44.1.2 Operation of the heat plant in recent years

In recent years, the operation of the heat plant has been far from the design conditions (i.e.
from the technical requirements).

A major problem has been that the existing pressure holding system was incapable of
providing the necessary static pressure due to the high leakage rate in the network (the
leakage has not been measured but is estimated at 25 nv'/h).

While it is necessary to maintain around 7.5 bar to provide overpressure at the highest point
in the network (+66 m relative to the heat plant), the actual pressure was only about 3-4 bar.
This means that the high areas of the network could not be supplied with heat at al.

® The reason for the high boiler inlet temperature is to prevent condensation of sulphuric acid
0N economiser pipes, which causes corrosion.
" |.e. with pumps.
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Another very serious problem caused by insufficient pressure holding were cavitating first-
stage circulation pumps. It is necessary to hold approximately 8 bar between the pump stages
in order to prevent cavitation. Because the actua pressure was much lower, the constantly
cavitating first-stage pumps caused a variety of problems such as:

insufficient differential pressure in the network,
insufficient boiler pressure (high boiler temperatures were impossible!),
and wear of pumps.

There is another detrimental effect of the high leakage rates. The water treatment facilities
could not provide make-up water of sufficient quality and quantity. Therefore, untreated city
water® was fed into the system, which lead to

scae® formation in bailers,
and corrosion in boilers and in the distribution pipes.

Partly due to insufficient pressure, the boiler water temperature was too low (see above).
This may have caused condensation of sulphuric acid on economiser pipes, which in turn
leads to corrosion.

Thus, the economiser pipes were subject to severe corrosion attacks from both insde
(oxygen in boiler water) and outsde (condensing sulphuric acid). Therefore, it is not
surprising that “the economiser was replaced in 1999, but leakages started already one year
later”.

Another problematic issue was the qudity of combustion. Generally, the fuel temperature
has been far too low (mazut preheaters were not working or insufficient), and the same is
true for combustion air (air preheaters were not in operation). This has a least two
disadvantages:

unburned fud is to be found inside the boiler (at the bottom and on the wall
near the burner opening);

and soot can be found in the flue gases, which congitutes a severe
environmenta problem in the neighbourhood.

Findly, the boilers and flue gas ducts are not gas-tight, which leads to flue gas penetrating
into the boiler room, constituting a health hazard for the operation personndl.

44.1.3 Thecurrent rehabilitation project

The rehabilitation project named “Refurbishment of the district heat plant in Pristina’, which
is financed by the EAR, isto be implemented in 2001/2002.

The scope of the project comprises (in brief):

Refurbishment of the existing two 58 MW boilers.

New burners (boiler 1); refurbishment of burners (boiler 2).
New circulation pumps.

Refurbishment of pressure maintenance system.

New water treatment facilities.

® The city water in Pristina has a hardness of around 7.8 °dH (medium-hard).
° Limestone.
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New mazut preheaters.
New air preheater.
Overhaul of valves.

A short description is given below:

Boiler rehabilitation

Internal and externa cleaning of heat surfaces, replacement of furnace tubes,
replacement of economiser tubes, repair of inspection- and manholes, new air
preheater, refurbishment of insulation and plate metd cover, refurbishment of flue
gas ducts, new burners, refurbishment of recirculation system etc.

Circulation pumps

Instead d the existing two-stage pump arrangement with a pump head of 2 x 60
MWC, one set of pardle pumps with a head of 80 mMWC has been selected. It
consists of 4 paralel pumps with a design flow of approximately 720 ni*/h each.

Pressure maintenance system
The design of the pressure maintenance system is still unclear.

Make-up water treatment facilities
2 x 30 n7/h softeners, dosing equipment (hydrazine, NaOH and Na;PO,), laboratory
equipment, new 200 nT make-up water tank.

Fuel system
New electrical and water-heated mazut preheaters.

Control system
New instrument loops, repair, overhaul and cadibration of instruments; instrument

pand.

4414 Comments

The boiler refurbishment under the current EAR-project leaves the nominal vaues for boiler
water temperatures in/out unchanged, i.e. 130°C/170°C. Two distinct control circuits (one
for the shunt, one for re-circulation) are meant to keep these parameters constant also under
part load operation. The objective is to protect the boiler (in particular the economiser)
against corrosion.

This approach isin principle correct, however we state that:
the parameters are selected unnecessarily high™,
and the specified parameters cannot be reached due to the condition of the
(directly connected) DH network™*.

Therefore, it can be assumed that the actual operation parameters for the boiler will be lower,
e.g. 110/150 °C. Higher parameters would probably make a hydraulic separation of the

1% Assuming 23% sulphur content in mazut, according to our sources a boiler feed water
temperature of 110 °C should be sufficient to avoid condensation.

1 With a maximum temperature of 170 °C, the necessary pressure in the boiler should be
minimum around 16 bar (both with active circulation and in the static state!). During recent
years of operation, the pressure was only approximately 9 bar with active circulation, and
till many leakages occurred in the network.
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boiler circuit (i.e. with heat exchangers) necessary. This measure would aso provide the

following advantages:

Bailer circuit with highly purified water.
Precondition for establishing “pressure zoning” in the network (see chapter on
digtribution network).

The problem of poor combugtion qudity will be tackled by the ongoing EAR-project
comprising refurbishment of mazut heaters and ar preheasters as well as
replacement/refurbishment of burners. Therefore, it can be assumed that the combustion will
be significantly improved in comparison to recent heating seasons.

The problem of make-up water quaity should be solved with the implementation of new
purification equipment. However, the quality of the circulating DH water will improve only
gradually, and it will always contain quite large amounts of dudge.

Another factor that has exerted a negative effect on the condition of the boilers is the high
frequency of starts and stops, causing stress and fatigue. The reasons for the interruptions
were:

regular interruptions during night-time,
and unplanned interruptions due to power blackout or leakage problems.

The supply interruption during nighttime shall be stopped in near future according to the
proposed operation strategy for the network.

While power cuts have become rare in the area of the heat plant, other unplanned shutdowns
will occur dso in the years to come. The boiler plant could aso be operating as peak and
spare load plant to supplement the heat transmission from the power plant, again leading to
an irregular operation.

As soon as the heat transmission system and the extraction of heat from power plant Kosova
B (see section 4.4.4) have proven to be reliable and there are data for the actual necessary
supplementary production from the main boiler plant and the number of starts, it should be
considered to convert one of the boilers or both of them to light oil or natura gas.

In order to minimise the impact of temperature stress on the boilers, the operating staff
should be trained in the proper procedure for boiler start-up and closedown.

4415 General evaluation

The residua useful lifetime of the existing heat production facilities depends mainly on the
following factors:

Success of the current project(s), in particular EAR refurbishment project.
Availability of funds for any future measures.

Capability of operating the system according to the specifications, eg.
concerning make-up water quality and boiler water temperature

One has to keep in mind that the EAR project consists of a package of emergency measures,
but is not a thorough modernisation of the heet plant.

Even if assuming that it will be successful in enabling a regular operation in the coming
heating season, one can anticipate that the heat plant will be an unreliable heat source,
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constantly demanding resources for modernisation, overhaul and refurbishment, if operated
as base load plant. Reference is made to the age of the boilers and the above-described

operating conditions in recent years.

Economic evaluation

The variable cost of heat production is basicaly the fuel energy price, divided by the plant
efficiency. The fuel energy price is presently 14 US$/MWh™, the plant efficiency is
estimated to 80% and the operation and maintenance costs are estimated at 2 USS/MWh.

The resulting variable costs are 20 USYMWh.

Ecological evaluation

While the heat plant’s emission of SO, easily can be cdculated, it is difficult to specify how
large its contribution to the overal SO, pollution level in the city is (such a caculation
requires a flow modelling that is beyond the scope of the present study). However, it is
possible to state, in qualitative terms, that the heat plant is a consderable polluter in terms of
0,, taken the high sulphur content of the fud into account as well as the location on the
border of the city, close to the densely populated area of Dardania.

Moreover, another unpleasant and unhealthy emission of the heat plant is soot. Improving
the burner and the combustion conditions can reduce the emission of soot, but it will never
be fully diminated by primary measures only.

Further pallutants are CO,, CO and NO,. For CO and NO, the emissions are depending on
the combustion conditions (and for NO, partly on the fudl). Actual values are not known.
44.16 Futureinvestmentsin heat only boiler alternative

If the plant will have to remain as base load it is estimated that a new boiler with a capacity
of 34 MW should be ingtalled within two years. The price is estimated a 3 mio. USS$.

4.4.2 Theboiler plant at the hospital

A 15 MW boiler fuelled with light oil isingtalled at the hospital, financed by DFID (the UK).

The plant is owned and operated by TERMOKOS.

The connected heat load of the hospital is around 25 MW, but the capacity of the boiler is
found to be sufficient to supply the actual maximum heat load.

The purpose of the plant is to ensure a high security of supply for the hospital.

The mazut-fuelled boilers a the main boiler plant will supply the hospital under normal
conditions to save fuel costs, and the hospital boiler will be in stand-by mode.

The hospita boiler will be darted in order to supply the hospitad and perhaps the
neighbouring district around the hospital in case the capacity of the main boiler plant is
insufficient, or in case of a break down in the network between the main boiler plant and the

hospitdl.

When the heat transmission system is put into operation, the boiler plant will have an
important role as stand-by peak and spare capacity, and will be in operation on the coldest
days and in periods where it is necessary to supplement the heat from the transmission line.

12 Assumed: 150 US$/ton.
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4.4.3 A newboiler plant at Sunny Hill

In addition to the measures a the main heat plant, a new boiler plant (20 MW) on Sunny
Hill*® has been considered in order to supply this district in the intermediate period before it
will be possible to supply the Sunny Hill district directly from the main boiler plant.

The connected capacity at Sunny Hill is around 25 MW and therefore the peak heat load is
expected to be somewhat lower than 20 MW. However, the load will exceed this level after
the planned extension of the network.

When the heat is produced from a base load heat source (e.g. heat transmission system from
power plant B) the systems must be interconnected (as stated in the section on the network)
and the Sunny Hill boiler plant will serve as peak and emergency unit. At this time, it will
most likely be more profitable to operate the boiler plant with light oil and to use it as a
remote peak and emergency unit without any permanent staff.

Unfortunately it is not obvious that there is a need for the production capacity after the
transmission system is put into operation (See section 4.2.7 on criteria for maximum installed
production capacity).

Therefore other solutions must be considered; see section 4.3.1.5.

4.4.4 Heat transmission pipeline Obiliq - Prigtina

In the town of Ohilig, a a distance of around 7 — 11 km from Prigtina three plants generating
power on the basis of lignite are located. The lignite is produced in mines next to the plants.

These plants are:

Power Plant Kosovo A (PPKA)
(5 units 62/125/200/200/210 MW; commissioned in 1962/70/71/75)

Power Plant Kosovo B (PPKB)
(2 units 339/339 MW; commissoned in 1980)

An industrial Heat and Power Plant Obilig next to PPKA (HPPO)
(2.3 mill. tonnes/a steam for processes, 45 MW4,)

From an overdl point of view it is very seldom to see that a city is Situated so close to power
plants without using the potential for combined heat and power. It is even more astonishing
as the fuedl of the power plants is domestic lignite, whereas the district heeting is ill fuelled
with mazut, which is imported and transported over a long distance by truck a an
exceptionaly high price.

There have been severa attempts to establish a project for heat transmission (see annex 4.3
for a short summary):

1) The most concrete is a project for transmission of heat from the industrid plant next to
power plant A. A transmission pipe system with a diameter of 450 mm, adjusted to the
capacity of the indudtria plant was haf completed some years ago, and al the unfinished
pipes are still at the site.

¥ Residential area in Pristina ("Bregu i Didlit” in Albanian); elevation +50 m ... + 66 m
relative to heat plant.
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2) One study recommends transmitting heat from power plant B in 1,000 mm pipes, which

should supply the total connected heat load in Pristina.

3) Another study made by STEAG in 2000 recommends:

to establish an emergency project for extraction of heat from power plant A using
the existing pipe system in an intermediate period,

and to double the transmission capacity with a third 600 mm pipe and extend the
pipes to power plant B for extraction of heat after power plant A is taken out of
operation.

Unfortunately neither of the recommendations in the studies can be utilised directly today
due to following reasons.

The industria plant has been taken out of operation.

The present demand for base load is considerably lower than the load estimated in
the studies, but in fact it matches the transmission capacity of the uncompleted 450
mm transmission line (see section 4.4.4.2).

The residud lifetime of power plant Kosova A is very limited (see Module B report).

Instead, there seems to be an advantage in reusing the 450 mm pipes. We have inspected the
uncompleted 450 mm transmisson line and consdered to which extent the existing
constructions and pipes can be reused.

Having in mind:

that the dimension fits very well to the demand (there is no real advantage in
replacing the pipesin order to change dimension);

that we are in an emergency Stuation in Kosovo, in which we need urgent
improvements at the lowest possible cogts;

that local designers and contractors could be trained to complete the system using
local labour;

and that the heat transmission line is not vita for the security of supply as we have
gpare capacity at the main boiler plant and the hospital boiler

we have come to the following conclusions.

The trench from the district heating boiler plant to power plant A is optima and can
be extended to power plant B.

The building for heat exchanger and pumps at the boiler plant can be completed and
used.

The steel pipes can be reused for new above ground pipe constructions.

Most of the adready constructed above ground pipe construction (supports and
bearings of the above-ground pipe system) can be reused but must be thoroughly
examined and improved, in particular the supports.

The concrete duct system is of low quality without external and internal draining but
could be completed with improved design of concrete duct and facilities for
draining, inspection and ventilation.

Concrete ducts or preinsulated pipes must be installed at a number of crossings.



CESI EM\F @RE ESTAP - Kosovo

Module H — District Heating
Page 41

4441 Optionsfor heat extraction

There are according to the previous studies two options for extraction of heat from the
existing turbines at the two power plants.

At power plant A, heat can be extracted with a power loss of 0.20 MWh of electricity per
MWh of heat, corresponding to a G, value of 0.20 at the three largest units. In order to
achieve a reasonable availability of the heat extraction system, steam extraction should be
installed at two of the three units.

However, the plant will, even after rehabilitation (as proposed in the Module B report) not be
in operation as the primary base load in the power system and it is likely to be taken out of
operation around 2015 by the end of the planning period.

At power plant B, which is the primary base load plant in the power system, heat can be
extracted with a power loss of 0.13 MWh of electricity per MWh hest, corresponding to a Cy
vaue of only 0.13.

In other words, the energy costs of extracting steam at power plant B are only around two
third of the costs of extracting steam at power plant A

Moreover power plant B is expected to be in operation severd years more than power plant
A.

Therefore we recommend to base the aternative with heat transmission on power plant B
instead of A.

Assuming that the electrical efficiency in power-only mode is 30%, the fud consumption
due to the extraction of the heat is 0.13/0.30 = 0.43 MWh fuel/MWh heat, corresponding to a
marginal heat production efficiency of 230%.

In comparison the fue consumption for eectricity generation is 1/0.30 = 3.3 MWh
fuel/MWh dlectricity.

In the economic evaluation the price of heat extraction is the price of the lost electricity. The
variable cogts of the heat extraction (pumping and water treatment included in transmission
costs) is assumed to be 0.13 * 30 US¥YMWh dectricity = 3.9 US$/MWh heat

We propose the following concept (see Figure 4.4 below):

Equipment for extraction of steam up to 90 MW from each of the units.
Steam/water heater with acapacity of around 90 MW to be connected to either one
or the other unit (see heat transmission below).

For both units together, the investment related to the turbines is estimated at 2.9 MUSS$, see
table with total investmentsin the following chapter.
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Figure4.4: Schematic diagram of heat extraction from power plant B

4442 Transmission of baseload heat

The design criteria of a heat transmission system for base load will normally be to minimise
the net present vaue of al the following costs over the economical lifetime of the pipe
system:

Investmentsin
- pipes,
- pumps and heat exchangers,
- steam extraction facilities at the power plant,
- peak and spare capacity.
Variable costs of the transmitted heat (i.e. reduced power production).
Fuel costs of the heat, which supplements the transmitted heat on cold days.
Heat |osses.
Pumping costs.

The most significant component in a case with a 10.5 km trench heat transmission pipeline is
the investment in pipes and pumps. In this particular case we have to take into account that
pipes of the diameter 450 mm for the congtruction of amost 7 km of the trench (mainly
above ground) are dready available and partly ingaled.

A smple design rule is that a reasonable base load capacity from a transmission system is
around 50% of the peak heat load of the network and that this base |oad capacity can produce
around 90% of the total heat production.

Fortunately it turns out that a reasonable maximum capacity of the 450 mm pipe g/stem
(with a reasonable set of parameters for temperature and water velocity) is around 90 MW,



CESI EM\F @RE ESTAP - Kosovo

Module H — District Heating
Page 43
which is a bit more 50% of the estimated peak heat load of the network in the high growth

dternative.

The capacity of the transmission system can be compared to the demand on the heat duration
curvein section 4.2.8.

The heat duration curve can illustrate how the annual heat production can be divided on:
Base load from either of the two units a power plant B (supplementing each
other).

Emergency production from mazut boilers in case both units are out of
operation.
Peak load production from light oil boilers.

The load dispatch between the connected production plants will roughly be as follows:

Table4.9: Load dispatch

Heat transmission Mazut Light oil
Share of production CHP fuelled  fuelled
boiler boiler

Average production for heating

in winter operation 90% 5% 5%
Margind production for a new
consumer, winter only 83% 8% %
Margind production for a new
consumer of hot water, al year 90% 5% 5%

If power plant B had a normal rdiability and the transmisson system would have high
reliability, the production of CHP would congtitute at least 95% of the tota production,
however to take into consideration the actua low réiability, it is assumed that 90% will be
produced as CHP. If the reliability of power plant B is increased, it will be economic to
convert totally from mazut to light oil at the boiler plant.

The main operation parameters of the transmission system are proposed as follows:

Maximum operationa pressure in transmission 16 bar
Heat exchanger between transmission and distribution

Maximum transmission supply temperature 120°C
Estimated return temperature at max. load, 1** year 70°C

Estimated return temperature at max. load, after 2010 60 °C

Maximum supply temperature in secondary net 110°C

Estimated return temperature in secondary net, 1* year 60 °C
Estimated return temperature in secondary net, after 2010 50 °C

Pressure gradient including all losses 10 mmwWC/m
Pump head at each end of the transmission pipeline 15 bar
Maximum transmission velocity 24 m/s
Maximum water flow 1,350 m'/h
Maximum capacity around 90 MW

The heat exchanger is designed for a temperature difference of 10 °C.

The concept of transmission isillustrated in annex 4.4.
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The main parameters for the typical load cases could be as follows:

Module H — District Heating

Table4.10: Main parametersof transmission pipeline

Load Supply Return Flow Pumping Heat Capacity Net heat
case temperature temperature energy  losses loss
°C °C m*/h MW MW MW %
100% 120 60 1350 1.6 1.6 93 0
100% 120 70 1350 16 1.6 7 0
5% 115 60 1010 0.7 15 65 1.2
50% 110 60 740 0.3 1.4 43 3
25% 0 55 530 0.1 0.8 22 3

It should be noted that the pump energy, which is transferred into heat, amost
counterbalances the heat losses on the coldest days and that the heat losses in the
tranamission pipe is smaller in absolute terms during summer due to the above-ground pipes,
which are directly exposed to the ambient temperature.

The two first rows in the table illustrate one of the advantages of lowering the return
temperature in the distribution network (on cold days) from 60 to 50 °C. The heat load and
thus the need for base load capacity from the transmission line increases year by year. We
find it redlistic to believe that the return temperature will be reduced and thus increase the
capacity of the transmission at least corresponding to the increase in heat load.

On an annua basis we have estimated the following energy characteristics of the heat
production in 2015:

4443

Table4.11: Heat production in 2015

Annual data Units 2015
Heat production for distribution network MWh 266,000
Heat losses for transmission MWh 10,000
Pump energy for transmission MWh  -3,000
Tota production needed MWh 273,000
Tota production of CHP MWh 246,000
Heat transmission to distribution network ~ MWh 246,000
Peak load production (mazut) MWh 13500
Peek load production (light oil) MWh 13500
Share of base load production % 9%
Net heat |0sses transmission % 2.5%

Investment and oper ation costs of heat transmission

The investments in the proposed solution can be summarised as follows:
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Table4.12: Summary of investmentsin transmission pipeline Obiliq - Pristina
I nvestment component MUSS$ MUSS$
Heat extraction at power plant B 8.9
Extraction at the two units, heater and internd piping 2.9
Heat exchanger, pumps, pressure maintenance, water treatment at 6.0
plant
New transmission line, PPKA to PPKB, 3 km trench 1.9

Preinsulated DN450 pipes or concrete ducts in crossings, 0.1 km 0.1
trench

Above-ground pipes, 2.9 km trench 16
Sectioning valves 0.2
Completion of transmission line, 7.5 km trench 2.2
Completion of above DN 450 ground pipes, 6.5 km trench 12

Insulation, 80 mm minera wool, lamdla bats 0.25 MUS$

Ingtdlation of protection sheet, gavanised plates 0.25 -

Ingtdlation of pipes and supports 070 -

Preinsulated DN 450 pipes, or concrete tunnels in crossings, 0.2 km 0.2
trench

Completion of concrete duct, 1 km trench 04
Sectioning valves, DN 400 04
Pump and heat exchanger station at TERM OK OS boiler plant 4.0
Design, supervision and project administration 1.0
Total investment, transmission system and power plant 18.0

These investments are based partly on offers from various suppliers and from a rough
estimate based on similar ingtdlations elsawhere, but adjusted to the local conditions.

The 2.9 MUSS investment in the heat extraction is based on an estimate from Alstom Power,
the supplier of the turbines.

Alstom Power has evaluated that the pump and heat exchanger station and piping (according
to Western European standards) at the CHP plant as an indication would cost 9.2 MUSS$. We
have assumed that a realistic price would be 6 MUSS$, with a more modest design based on
Eastern European equipment combined with Western European equipment procured in
tender.

The typica annual operation and maintenance costs of the heat transmission system,
including the pumping and the water treatment at the CHP plant are estimated at the
following:

Variable operation and maintenance costs 2 US$/MWh heat
Fixed operation and maintenance costs 100,000 US$/year
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Table4.13: Estimation of aver age heat costs from transmission of CHP
Annual costs of heat supply Annual heat transmission
in US$/year year 2004 year 2008 year 2015
177,000 MWh 202,000 MWh 235,000 MWh
Value of logt dectricity 532,000 605,000 705,000
Variable operation costs 355,000 403,000 470,000
Tota variable costs 887,000 1,008,000 1,175,000
Fixed operation and maintenance costs 100,000 100,000 100,000
Depreciation, 15 years 1,200,000 1,200,000 1,200,000
Average redl interest, 8% in 15 years 720,000 720,000 720,000
Tota fixed costs 2,020,000 2,020,000 2,020,000
Total costs 2,907,000 3,028,000 3,195,000
Heat prices [US$/MWh]
Variable unit heat cost 5.0 5.0 5.0
Total unit heat cost 16.4 15.0 13.6

As the table illustrates, the variable costs for heat are very low, but the fixed costs are a
heavy burden. Therefore the project will be most economical and to the most benefit for all
consumers, if as many consumers as possible are connected when the system is put into
operation and they al use heat, which will have amargind cost of only 5.0 USYMWh.

If we had a stuation of norma supply to al existing consumers during the first year of
operation, the aternative would be consumption of 25,000 tons mazut at the present price of
250 US$'ton. Suppose the hest transmission could replaced 90% of these, we would have
following saving:

Saved mazut 5.6 MUS$
Variable cost of CHP 0.9 MUS$
Saved costs 4.7 MUS$
Direct pay back time of investment 18/4.7 = 4 years

Thisisavery low direct pay back time for such an infrastructure investment.
However the economic advantage is not that good due to following 3 main reasons:

the heat supply market is not fully developed at the time the transmission system is
put into operation;

the price of mazut according to the fuel price forecast is anticipated to drop
sgnificantly;

the interest rate in the economic evaluation is 12%, which is very high and reflects
the fact that Kosovo is short of capital and has a demand for other infrastructure
investment projects.

445 Waselncineration Plant in Prigina

Waste incineration plants are widely used in Northern Europe and to some extent in other
countries. The main purpose of the incineration plants is to reduce the volume of the waste
(typical reduction by a factor of 5) and save landfill capacity. A by-product of the
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incineration plant is production of thermal energy, which can be utilised for district heating

and power generation.

It is one of the tasks of this study to investigate the feasibility of a waste incineration plant as
an option within the coming 15 years.

There are huge problems in the waste sector in Kosovo, however al the problems are related
to insufficient collection and recycling. None of these problems will be solved by a waste
incinerator.

A smadl incinerator is being established at the hospital for treatment of hospita waste in a
safe way. Such waste could not have been burned in a normal incinerator.

A preliminary investigation indicates that a waste incineration plant is not a good idea based
on following quditative facts:

For many years to come, one former open lignite mine could eventual be used as a
landfill ste and more important, there are sufficient possihilities to establish new
landfill capacity in Kosovo near Pristina

The landfills can be established fairly chegp without membrane due to the dry
climate

None of the didtrict heating systems is at the moment operating in the summer
period, and any waste incinerator should therefore be constructed as a power plant
with the possibility of extracting heat in winter.

Waste incinerators, even with a modest flue gas cleaning system, are extremely
expensive and a plant shall therefore have a certain capacity, e.g. not less than
80,000 tons a year.

Only Prigtina has a district heating system with a capacity matching a waste
incinerator of this Size.

However, Pristina has an aternative for extracting very cheap heat from PPKB.

The cdorific vaue of the waste is reatively low now compared to more
industrialised countries and it can be foreseen that this value will grow in the coming
15 years not least as a result of more recycling. As the incinerator shall be designed
for the cdorific value, it will be better to await this development and reconsider an
incinerator after 10-15 years.

Also the lack of capital in the forth-coming years speaks for this.

In a period of 15-20 years we may have following situation, which may be more favourable
for awaste incinerator:

The caorific value has stabilised at a higher level.

The digtrict heating in Prigtina will supply hot tap water to a large share of the
customers and will have a significant summer load.

The distance to suitable landfills around Pristinais increasing.

It is considered to reduce or eventudly stop the use of lignite and use more
expensive fuels like gas instead.

The heat transmission line to Pristina should ill be in operation after 15-20 years
and can transmit heat from an potential waste incinerator situated in the industrial

area around power plant A or B.

Therefore we can recommend allocating a site close b power plant A or B for the
congtruction of awaste incinerator for heat and power production in the longer term.
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The heat duration curve for the digtrict heating system in Pristina illustrates the production of

awaste incinerator with a maximal capacity of 25.6 MW heat.

In case a waste incinerator should be established as dternative to the heat transmission line
from the power plants, it is necessary to find a suitable site near the district heating boiler
plant. The urban planning department of Pristina has evaluated this as a theoretica
possibility. It is possible in theory to find a Site some distance south of the boiler plant, but it
would be much more suitable with a site close to the power plants.

Annex 4.5 shows a rough caculation of the costs of heat production with a waste incinerator
located near the boiler plant as base load production and mazut boilers as pesk load
production. The estimated total average costs per MWh of heat production includes costs of
mazut to supplement the heat from the incinerator in peak load situations as well as capital
costs of the incinerator.

The main parameters are the alternative costs of construction of new landfills (expressed as
USHton deposit) and the revenues from sae of eectricity as well as the investment and the
operation costs. The net result is the costs of the base load heat production, which shall be
compared to the costs of base load from the transmission line.

Table4.14: Total heat production cost of waste incinerator

Total costs Total costs of all heat production
depending on to the network, US$/MWh
landfill costsand Low Medium High

electricity price  eectricity price  eectricity price  electricity price
Landfill costs 20USYMWh 30 US$/MWh 35 US¥MWh

2 US#H/ton 31 28 25

3 USHton 30 27 24

The alternative total heat price of heat from the transmission line is as indicated above
around 15 US$¥MWh and moreover the CHP transmission supplies the entire base load.
Therefore the waste incinerator is far from being economic, even with the most optimistic
parameters.

446 New CHP Plant at Power Plant B

It is an option that the next new large scale lignite-fuelled power plant in Kosovo shall be
Situated at power plant B.

As an obvious solution, the new plant will be designed with an optimal extraction of hest for
supply of district heating and it will be possible to use the transmission line which was the
subject of the previous sections.

The optimal design of the turbines for heat extraction depends on the temperatures of the
district heating during the whole year and on the maximum base load case.

The lower the return temperature, the cheaper it will be to extract heat and it could be an
advantage to extract it in two or three steps, e.g.:

Step1 45-70°C
Step 2 70-95°C
Step 3 95-120°C
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In case the new CHP plant will be an option in 2010 - 2015, the design of the heat extraction
can be based on an updated and much more accurate estimation of the heat duration curve,
return temperature and demand for maximal temperature.

It will also be possible to evauate the dimension of the transmission line and the security of
supply of the pipes.

Some options could be:

To double the flow capacity by ingtallation of a third 600 mm pipe (as supply pipe
with the two old pipes as return).

To connect the pipes in such away that the system can operate at reduced load with
one of the three pipes out for maintenance.

To reduce the maximum supply temperature to 95 °C (taking advantage of a further
reduction of the return temperature

To ingtall a pressure-less heat accumulator at the CHP plant (maximum 95 °C) in
order to optimise the extraction of heat (interrupt the extraction of heat in eectric
peak hours).

The new CHP plant could either be fuelled by lignite or by natural gas (if gas supply will be
developed).

In both cases we may conclude that the main purpose of the plant will be power generation
with access to a cooling tower for operation in pure condensing mode.

Therefore in both cases the costs of the heat will be defined by the costs of the lost eectricity
given by the C, value.

Having:

extraction of the main supply of hesat at temperatures from 45 to 95 °C,

cooling towers as dternative to district hesting,

design of the turbine for combined heat and power generation at these temperatures,
and a heat accumulator which will alow stop of heat extraction in power peak
periods

the C, value could be as low as 0.08 - 0.10 and the costs of the heat would be less than 10%
of the eectricity costsin medium and low load hours.

44.7 Gasfudled CHPin Prisina

In case gasis introduced and has to be used in the power generation and the transmission line
has not been decided upon, it would be a very interesting alternative to establish the gas
fuelled power generation capacity close to the district heating plant in Pristina.

The plant, which is considered, is a 200 MWy / 160 MW, combined cycle plant. It would
have to be available al year round for power production and it would be necessary to
establish cooling facilities.

Also in this case it will be an obvious solution to ingall a pressure-less heat accumulator to
optimise the heat extraction. The accumulator tank will due to the high relative elevations in
some parts of the district heating network have to be separated from the network by a heat
exchanger.
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The cost of heat from the plant would be the cost of the lost eectricity in low load hours plus
the costs of the heating installations including the accumulator.

Installation of a heat accumulator will reduce the cost of the heat extraction, as the heat can
be extracted to load the accumulator during the night. Even on cold winter days when the
heat load is around 90 MW, the plant will be able to produce the entire heat load during the
low load hours. The optimal capacity of the heat accumulator could correspond to around 12
hours of maximum hesat load of 90 MW, corresponding to a volume of around 20,000 n{
with a temperature difference of 50 °C.

The following is assumed:

The plant can be in operation in year 2005 or 2006.

The investments in the heating installations amounts to approximately 10 MUSS.
The C, valueis0.1.

The cost of the lost dectricity due to heat extraction is 30 USY/MWh.

448 Small scaleCHPin Prigina

In case the heat transmission line has not been established and gas is not to be used for
power production, the best dternative for heat production will probably be mazut in
combination with gas boilers.

In that case, and if gas is introduced it could be of interest to install a small-scae gas-fuelled
CHP plant to cover the summer base load.

In combination with a heat accumulator, a plant based on combustion engines with a
capacity of around 6 MWy / 9 MW, could be of interest.

The dternative is not anaysed further as it seems more likely that one of the above-
mentioned options will be realised.

45 Subgations

45.1 Existing substations
The substations are being modernised under the SIDA-financed rehabilitation project.

All 200 substations will be provided with a flow control valve and a heat meter.

Thus the network will be able to operate with variable flow, see section 4.3.1.5, and it will be
possible to base the billing system on meters.

TERMOKOS egtimates that additiond investments in improvements in 70 substations are
necessary in the next two years.

Estimated investments:

Flow control and meters, 200 substations, financed by SIDA 400,000 US$
Additiond investmentsin 70 substations 700,000 US$
Totd investments in substations 1,100,000 US$
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45.2 New substations

As described in sections 4.2.1, 4.2.2 and 4.2.3 a number of new consumers could be
connected to the district heating network. The total number of these new consumersis 110,
spread out over the period of 2002-15. It is assumed that the new substations for these
consumers will cost 10,000 US$ in average, meaning that the total investment in new
substations will be 1,104,000 USS.

46 Consume ingallations

The consumer installations comprise heating and hot water installations.

4.6.1 Heatinginsallations

Practicaly all the consumer heating installations are constructed as a two pipe system with
fairly efficient radiators and valves.

Thermostatic valves are however rarely (or never) used and there are no installations for cost
alocation.

In such a system without thermostatic valves there is a risk that the installations are out of
balance. Some radiators may have fully open vaves and be overheated, congtituting a
hydraulic short circuit, while others experience insufficient flow (and consequently supply of
heat).

The users of apartments often complain that the heating is insufficient. In the past heating
seasons there have been many interruptions of the district heating system, which can explain
the insufficient supply. However, many complaints may be due to poor baancing of the
heating system.

After ingtdlation of heat meters and introduction of heat tariffs for building owners based
not only on floor area, but also on heat energy and flow (see section 8.4), the building owner
and/or the users of the apartments will have to share the bill based on readings of the meter.

Thus they will see the advantage of ingtdlation of thermostatic valves, which (if used
properly) will:

improve the therma comfort,

improve the balancing of the heating system,

reduce the consumption of heat (or rather avoid open window losses),
and reduce the return temperature.

The users may a so see the advantage of installing heat allocators, which will:

encourage each user to use the thermostatic valves in the optimal way,
and provide a key for dividing the variable heating costs among al the users of the
building.

The consumer ingalations are not the responsbility of the district heating companies,
however it isin the interest of the companies to promote the idea of thermostatic valves and
alocators. Therefore it should be considered how the district heating company can
disseminate the information on these devices through information and demonstration
projects and how the costs can be financed and installed.
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The tota costs of thermostatic vaves and heat allocators in al the consumer installations (in

residential buildings) in the district heating system are estimated as follows:

Number of apartments 15,850

Average number of radiators per apartment 3

Cost of thermogtatic valve (installed) 12 USSH/radiator
Codt of heat dlocator per radiator (installed) 2.5 US$H/radiator
Total investment in radiator thermostats 570,600 US$

Tota investment in heat alocators 118,900 US$

Tota investments 689,500 US$

It is anticipated that the existing consumers install thermostatic valves and heat allocators
within a period of 10 years and that new consumers do it immediately when they are
connected.

4.6.2 Hot tap water ingtallations

It is anticipated that the apartments step by step will be supplied from centra hot tap water
ingtdlations starting in 2002 coming up to 50% of the connected apartments in 2015.

The total investments will amount:

Heat exchanger at the substation: 1,835,000 US$
Building ingtallations incl. apartment flow meters 2,752,500 US$
Total 4,587,500 US$

4.7 Rehabilitation Strategy and Investment Plan
Following emergency rehabilitation is ongoing:

SIDA has financed replacement of 6 km trench of preinsulated pipes to be put into
operaion in 2001, total investments 1,368,000 USS.

EAR is going to finance rehabilitation of the boiler plant, including repair of boilers,
New pumps, pressure maintenance system etc. during 2002

SIDA will finance meters and control valves at 200 substations in 2002, estimated
investments 400,000 USS.

In continuation of this we propose following technical components for rehabilitation in the
basic scenario:

Network operation:

The network shdl be in operation 24 hours a day.

Preinsulated pipes shal be operated with treated water al year round.

A heat substation will be installed close to the Technica University to separate the
high static pressure in the Sunny Hill network from the rest of the network.

Digtricts with preinsulated pipes shal be heated all year round to offer consumers
supply of hot tap water and for preservation of the pipes from the year base load
from CHP is in operation.

The network shall after the ingtallation of variable speed pumps and control valves at
al subgtations operate with variable flow.
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The maintenance and draining of concrete ducts to be preserved shdl be intensified.
The network shall be redesigned with use of the hydraulic model for optimizing pipe
dimensions and emergency operation.

The lesk detection shdll be intensified.

The water treatment shall be improved and monitored in accordance with western
best practice.

Network construction:

11 km trench of bad concrete ducts shall be replaced by preinsulated pipes in 2002-
3.

Further 5 km of trench shall be replaced with preinsulated pipes in the 2004-8.

Two new didtricts, Sunny Hill 11 and a district north of the museum shall be
connected before base load isin operation, in total around 3 km trench.

The market share in the supply area and the capability to supply consumers should
be 100% in 2004 or not later than new base load is in operation.

Urban development districts next to the district heating network, which are planned
for apartment buildings, shdl be supplied with digtrict heating.

Maximum efforts shall be made to reduce the return temperature and the maximum
supply temperature.

Production:
The heat transmission line shall be completed during 2002/2003 and connected to
power plant B for extraction of CHP.
The mazut boilers shall in one or two steps be converted to light fue oil.

Substations:

Rehabilitation of 70 substations in 2003.
Installation of 110 new substations at new consumers.

Consumer installations:

All exiging consumers will during a 10 year period, dating in 2003 ingall
thermostatic radiator valves and hesat allocators.

All new consumers will from 2004 invest in thermostatic radiator valves and heat
allocators when connecting.

50% of the connected apartment buildings will during a period of 14 years, starting
in 2003 ingtdl a centra hot tap water system heated by district heating .

For institutional measures see chapter 8.

The new investments can be summarised as follows;
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Table4.15: Summary of proposed invessmentsin Pristina, alter native 1.
Component US$ US$
Production 18,100,000
CHP transmission 18,000,000
Boiler plant conversion 100,000
Replacement of network 5,020,000
11 km trench of replacement of old pipes 4,080,000
5 km trench of replacement of old pipes 940,000
Network to new districts 1,841,000
3 km trench for new digtricts 365,000
Network for new urban development areas 1,476,000
Substations 2,204,000
Modernisation of 70 substations 1,100,000
New substations for new consumers 1,104,000
Total investment in Thermokos 27,165,000
Consumer installations 5,277,000
Thermostatic valves and allocators -100% 690,000
Hot tap water substation, 50% 1,835,000
Hot tap water instdlation, 50% 2,752,000
Total investments 2001-2015 32,442,000

The tota investments of the district heating company in the first 5 years, including the grant
from SIDA, are asfollows:

Table4.16: Total investmentsof TERMOKOS

Year 2002 2003 2004 2005 2006
Investments/ US$ 21,458,000 2,220,000 614,000 371,000 371,000

For further details, please see the investment plan for the district heating company and the
estimated investments on the consumer side in the economic model in annex 4.6.

4.8 Economic Analysisand Financial Projections

Annex 4.6 is a spreadsheet modd, which simulates the operation of the district heating
system from 2001 to 2015.

Following main dternatives for the district heating system of Pristina are analysed:

The reference dternative is a do-nothing scenario with no investments and no
market development of the district heating system. The operation can be imagined as
an emergency operation with no further investments and no improvements.

Alternative 1 includes al the proposed investment measures, which all are expected
to improve the situation. The heat production will be based on CHP from power
plant B.

Alternative 2 anticipates that natural gas is introduced and that the power sector will
invest in a large combined cycle plant, which can be situated next to the digtrict
heating plant (see section 4.4.7). The transmission line to the power plant B is
therefore not completed and instead the network is connected to the new CHP plant
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via heat exchanger and heat storage tank. It is here assumed that a large combined
cycle plant can be commissioned in 2005. According to the findings in Module B
thisis too early. Therefore this aternative should be seen as an argument — from the
point of view of the district heating sector in Pristina— for an earlier commissioning.

Alternative 3 is based on a continuation of the use of mazut boilers. 3 MUS$ are
invested in one new mazut boiler with an ingtalled capacity of 34 MW.

Alternative 4 is based on use of natura gas in the digtrict heating boilers. 3 MUSS$
are invested in one new natura gas boiler with an installed capacity of 34 MW.

Alternative 1 will result in a heat price, which is amost independent on future fuel prices and
it can be implemented mainly with local labour and independent of future investments in the
gas and the power sector. Alternative 2 will only be dightly dependant on the natural gas
price, whereas alternative 3 and 4 will be very dependant on the future gas prices.

The energy part of the model anayses the efficiency and calculates the CO, emissions and
the emission savings compared to the reference.

The economic part of the model estimates the total costs, the total present value of the costs
using a discount rate of 12%, and the Net Present Vaue (NPV) compared to the reference.
Correspondingly the Internal Rate of Return (IRR) and the accumulated NPV both in year
2015 of the aternative compared to the reference is calculated. The residual vaue has only
been taken into account in aternative 2. The reason for this is, that all other investments in
production units happen early in the planning period (2002-3), whereas a large combined
cycle CHP plant will not take place earlier than 2005, as it has to await the introduction of
natural gasto Pristina.

The cost of extracting heat at PPKB is assumed to be equal to the value of the lost el ectricity
production. In other words, the efficiency of CHP production at PPKB is assumed to be
0.30/0.13 = 231%. This is a fair assumption, as the heat would otherwise have been lost in
the cooling towers.

It has been discussed whether or not to assign monetary values to the different harmful

emissions. It has been decided to include a value for the emission of CO, of 10 US$/ton,
while other emissions like CO, NO,, SO,, dust and particles have not been valued
monetarily. The reason for this is, that from our point of view, it is not possible to compare
these emissions across the different aternatives. For example the emisson of SO, from a
large, remote CHP plant is not comparable with the emisson of SO, from a mazut fired
boiler plant on the outskirts of Pristing, as the latter will have a much higher impact on the
loca environment. And it is even harder to compare it to the very loca emission from a
smal lignite burning stove in an apartment. Should such monetary values be assigned, they
would be more or less arbitrary and high debateable. Therefore we have in these calculations
focused on the qualitative impact of the emissions.

In the financial part of the model the necessary need for finance and the projections for
future consumer prices are calculated, based on following main assumptions:

A dandard method of depreciations: uniform depreciation in a 15 years period,
which is somewhat shorter than the expected lifetime is used.

It isin the financid anadysis (not the economic) estimated that a grant of 7 MUSS in
2002-2003 will be provided.

It is estimated that the interest rate of the man loan will be 10% nomind,
corresponding to an average interest red interest rate (nomina minus inflation) of
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7% and it is assumed that there will be linear repayment of the loan corresponding to

the assumed profile of the depreciation.
The consumer price is both expressed per floor area and per heat consumption.
It should be noted that the alternative with the largest investments for the district heating
company, namely aternative 1, due to the above mentioned assumptions show a relatively
large heat price in the first year and a much lower heat price in year 2015.

The main results of the comparison are the following:

Table4.17: Technical and economic comparison of strategiesfor the Pristina DH system

Alt. 1 Alt. 2 Alt. 3 Alt. 4

Unit Reference  CHPB Gas M azut Gas
extraction CHP boiler boiler

Co, emisson 1,000 tonga
savings 2015 - 138 174 A 118
Acc. NPV, MUSS$
2015 - 13.2 22.0 15.3 19.6
IRR,
2015 % - 22 41 41 50
Heat price
2005 US$/nt 4.4 45 31 4.2 3.7
Heat price
2010 uss$int 5.8 34 2.8 3.7 33
Heat price
2015 us$/int 6.5 2.7 2.4 3.7 3.2
Heat price
2005 USH¥MWh 26.5 27.0 18.3 25.0 22.2
Heat price
2010 US$¥MWh 333 19.2 15.8 21.1 18.4
Heat price
2015 USH¥MWh 36.0 14.9 12.9 20.0 17.2

The results show that alternative 2 is the best dternative with the largest NPV benefit, the
lowest CO, emission and the lowest heat price for Pristina. However, in this case it is not
necessary to invest in a transmission pipeline because the location of the plant is assumed to
be close to the existing heat plant. The investment in the combined-cycle plant itsdf is
completely alocated to power generation. The overal investment for base load heat
production is estimated at only a bit more than haf the amount (10 MUS$) compared to
dternative 1 (18 MUSS).

We have to base our final recommendation on the outcome of Module B. If a gas-fired CC
plant is recommended for base load power and implemented, tere is no doubt that heat
extraction from that plant is the optima solution.

The second best dternative for Kosovo is to use gas boilers (in dternative 4), taking the high
NPV and the low heat price into account. One may fear, though, that a new gas company
will try to use its monopoly status to increase the gas price for district heating. The gas price
used in the assumptions is in the longer term linked to the mazut price. Therefore (provided
the district heating company will have a free choice to shift fuel), the long term hesat pricein
both dternative 2, 3 and 4 will in redlity be dependent on the future price for oil ddlivered to
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Kosovo. The good result for the gas boiler variant is a consequence of the assumed low gas
price (144 US$1,000 nt in 2001, faling to 102 US$/1,000 n? in 2015 in fixed 2001 prices)
and the high depreciation factor (12%). Raising the gas price to 165 US$/1,000 n?’ resultsin
dternative 1 being more attractive than dternative 4 in terms of accumulated NPV until
2015.

It can seem a bit strange that aternative 3 has a higher accumulated NPV but also a higher
average heat price when compared to aternative 1. The reason for this is that the NPV in
dternative 1 is very low in the beginning. This is mainly due to the high investments in the
transmisson system. The investments in dternative 3 are smaler and therefore the
accumulated NPV is better. But the NPV of aternative 1 is climbing faster towards 2015
than the NPV of aternative 1.

At the same time the average heat price is higher in aternaive 3 than in dternative 1,
especially towards 2015. The reason for this is mainly the fud costs, which are much higher
in aternative 3 than in dternative 1. This is because CHP is much cheaper than mazuit.

Summarizing we state that alternative 3, continuation of heat only boilers based on mazut,
will be the least cost aternative seen from an economical point of view, as gas will not be an
option.

Moreover the dternative will be prepared for introduction of gas as the boilers can be
converted to gas. In that case also dternative 2, gas fuelled CHP could be an option.

Therefore aternative 3 is the selected dternative to be included in the investment plan.

However, if gas will not be available in the near future, dternative 1, CHP from Kosovo B,
can still be considered as an option for Kosovo taking into account other relevant factors,
such as:

lower consumer prices in the long run;

low running costs, independent of ail price fluctuations on the world market;

low CO, emission;

domestic resources and favourable for Kosovo's balance of payments,

increased security of supply as local fuels are used instead of imported fuels and
greater use of local labour.

In case that the power plant operator should charge an exaggerated price for extracted heet, it
would spoil the benefit of this alternative for the consumers. Taking into consideration that
the power company KEK is publicly owned, we assume that this will not be the case.

We have not presented an aternative with a possible close down of the district heating
system (a reference with no DH) as it seems obvious that it is profitable to continue in the
present Situation, provided that the predicted level of comfort will be requested by the
consumers.

If, in theory, the dstrict heating is closed down in 2002 and if the electricity network was
able to provide the increasing demand for eectrical heating combined with wood stoves and
light ail, the total costs (accumulated net present value in 15 years) of heating Pristina would
increase by 21 MUS$ and the CO, emissions would increase by 46,000 tonslyear in 2015.
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In other words, the accumulated net present value (NPV) of the aternative 1 compared to
this no DH reference would be: 34 MUSS$ and the CO, reductions would be 184,000
tonslyear in 2015.
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District Heating in Gjakova

4.9 Hisorical development

The digtrict heating network in the town of Gjakova is operated by the district heating
company “Ngrohtorja E Qytetit — Gjakova’ (hereafter called the district heating company of
Gjakova).

Like the system in Prigting, the system in Gjakova has up till the heating season of 2000/01
operated for 18 hours a day. There has been no heat supply during the night. There is no
supply of hot tap water a al, which means that the district heating system is only in
operation during the heating season.

One boiler plant with two boilers and a total installed production capacity of 38.6 MW isin
operation in the system. Only one boiler is currently operationd.

A project financed by SIDA has recently been carried through. This project has included a
new 4 km trench pipeline from the boiler plant to the hospital with branches to severa
consumers along the trench, new network pumps and new heat exchangersin 11 substations.

In contrast to the ddtrict heating networks in Pristina and Mitrovica the supply of digtrict
heating in Gjakovaisin general reported to be sufficient.

4.10 Forecast of consumption of district heating

Today a totd of 63 buildings are supplied through 42 substations. This includes the new
consumers that have been connected to the new district heating pipeline from the boiler plant
to the hospital. The present total floor area connected to the district heating network is
approximately 120,000 nf. If the normative specific heat load is assumed to be 190 W/nt
(equal to that of Pristing), the present total normative heat load is approximately 25 MW.

Even though 63 buildings are currently connected to the network, it is not al of these
buildings that are using district heating for heating. There are several reasons for this. One
example is a school, which is currently heated by oil. The reason for thisis that UNMIK are
supplying al schools in Kosovo with free oil, whereas UNMIK probably due to an
adminigtrative mistake does not reimburse the costs of district heating. This is probably a
great idea in most of the region, but in Gjakova it has had the unfortunate consequence, that
the school has turned off the district heating, which it otherwise would have to pay for.

Another example is a shopping centre, which before the war was using district heating. After
the war it is only the ground level, which isin use, but unfortunately it is not possible to turn
off the heating for the other levels. Therefore the shop owners have had to turn off the
district heating totaly, as they will otherwise have to pay for heating for the upper levels.

A total of 9 existing buildings are planned to be connected to the district heating network.
These buildings have a total floor area of approximately 27,100 nf. It is assumed that these
buildings will be connected during 2002 and 2003. On top of this, an additiona 5 buildings,
which are planned to be connected to the district heating network, are going to be built or the
building has aready begun. These buildings have a tota floor area of 15400 m. It is
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assumed that these buildings will be completed and connected to the district heating network

in the course of 2003-2005.

There are no concrete plans to connect new or existing buildings after 2002, but this is
something, which the district heating company will be looking at in the near future. For now
it is assumed that no new consumers, apart from those mentioned above, will be connected in
the near future.

This means that the total floor area of the connected buildings in 2005 will be 162,500 nt
corresponding to a normative heeat load of roughly 31 MW.

However if plans for an urban development area for 30,000 inhabitants near the boiler plant
will be redlised, groups of gpartment buildings in this area should naturally be connected to
the district heating system.

4.10.1 Thehigh and low growth scenarios

The estimation of the heat demand above is based on the centre growth scenario. In the high
and low growth scenarios the total demand for district heating is estimated at:

Table0.1: Demand for district heating in thethree growth scenarios

2001 2010 2015
High growth  Spaceheating MWh 16088 29279 28,326

DHW MWh 0 1190 1638
Heat losses MWh 3310 4965 4915
Total MWh 19,397 35,434 34,880
Centregrowth Spacehesting MWh 16088 26,665 28326
DHW MWh 0 768 1,139
Heat losses MWh 3310 4965 4915
Total MWh 19,397 32,398 34,380
L ow growth Space heating MWh 16088 23842 24,077
DHW MWh 0 404 543
Heat losses MWh 3310 4965 4915
Total MWh 19,397 29,210 29,535

The same assumptions concerning the development of payability and market share of district
heating for DHW asin section 4.2.9 have been used.

4.11 Distribution Network

The exigting distribution network in Gjakova comprises of 12 km of trench in totd (see
annex 5.1. Of this the pipelines to the northeast of the boiler plant is the origina network (8
km of trench), which was constructed around 1980. This part of the network is without
exception traditional stedl pipes in concrete ducts. All pipes are insulated with mineral wooal.
According to the technical staff this part of the network is in afairly good shape. There are
no reports of major leaks, damp ducts or missing insulation. According to the technical staff,
the old part of the network is due to be replaced in 5-10 years from now.

From inspection of the pipes and ductsin atypical chamber, it was found that the ducts seem
dry and the insulation of the pipes intact in the ducts. This was however not the case in the
chamber itsdf. The insulation in the chamber was missing completely and the floor was
covered with garbage and was dightly damp. This is due the missing hatches that should



CESI EM\F @RE ESTAP - Kosovo

Module H — District Heating

Page 61
cover the two entrance holes. Thereis free access from the outside to the chamber, and when
it rains or snows water will naturally make the chamber damp. This is critical as it causes

increased corrosion and decreases the lifetime of the pipes.

The pipeline from the boiler plart to the hospital (including the branches from this pipeline,
in total 4 km of trench) was installed recently as part of a project financed by SIDA. All
pipesin this part of the network are modern preinsulated pipes.

As there are no measurements of neither the production of heat nor the consumption in the
buildings it is not possible to calculate the annua network losses. It is assumed that the
average heat loss for the new preinsulated pipes is 40 W/m trench, while the average heat
loss of the traditional pipes in concrete ducts is assumed to be twice as high. This means that
the tota heat loss from the network (including heat loss in connection to water 10ss) is
edimated a 3,300 MWh/a, which is equal to approximately 17% of the total annua heat
production.

In this relation it must be mentioned that conditions like those experienced in the inspected
chamber increases the network losses greatly. Especially during winter when snow can get
into the chamber and create a very damp climate it is reasonable to believe, that the heat loss
of such a chamber is equd to the hesat loss of severa hundred meters of well insulated pipe.

4.11.1 Basic maintenance of existing pipes

As resources for replacing pipes in concrete ducts are limited it is very important to prolong
the lifetime of the pipes as much as possible. This is done by regular inspection of al pipes
in combination with basic maintenance. All leaks or other damages (e.g. missing insulation)
should be reported and immediate action to dleviate the problem taken. For pipes in
underground concrete ducts it is very important to ensure a proper internal and externd

draining of the ducts. If no permanent drainage pumps are present (or working) it could be a
possibility to acquire one ore more portable drainage pumps. Such pumps are quite cheap
and can be taken from one drainage well to the next in order to keep dl ducts dry at al times.

4.11.2 New preinsulated pipes

When the old pipes are worn out they should be replaced by modern, underground
preinsulated pipes. It is estimated that 6 km of the origind network (mainly the branches
supplying the individua buildings) will have to be replaced in the period of 2006 to 2011.
The remaining 2 km (mostly the main distribution pipes) of the origina network could be
kept in operation for many years to come, if they are properly maintained. It is assumed that
it will not be necessary to replace these pipes during the period, which is looked at in this

study.

Before ingtaling any new pipes it is important to find the correct size. Experience from
Pristina has shown, that redesign of the complete system (except the new pipeline between
the boiler plant and the hospital) is recommendable. In such a redesign it is important to take
both the present and future situation into account. The resources, which are used for
redesigning the system, can easily be saved by ensuring the right diameters are chosen.

4.12 Heat Production

4.12.1 Theexisting boiler plant

All didtrict heating is in the current Stuation supplied by one boiler plant. This boiler plant
has one operationa boiler with a capacity of 20.0 MW (commissioned in 1992). An
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additiond boiler with a nomind capacity of 18.6 MW is out of operation (commissioned in
1980/81, but has only run for about 13 years due to bresk-downs). Both boilers burn mazut.
In 2000 the tota consumption of mazut was approximately 2,160 tonnes. With a lower
caorific vaue of approximately 10.9 MWh/ton this represents 23.5 GWh.

The annud efficiency of the boilers is reported to be approximately 70%. With this in mind
the production of heat to the network can be calculated to be 16.5 GWh/year. The production
of energy is not measured, so it is not possible to check this figure.

As there are no heat or flow meters at the boiler plant, it has been difficult to provide a
reliable estimate of the peak heat load. It is reported by the technical staff, that the total

circulated flow on the coldest days is 240 nv'/h at atemperature level of 110 °C in the supply
and 90 °C in the return. This is equal to a maximum production of approximately 5.5 MW.
This fits very badly with the yearly production in 2000 of 16.5 GWh and with the daily heat
production on the coldest days, with is reported by the technical staff to be 10 MWh.

Instead it is assumed that the equivalent yearly full load hours is 1000 hourslyear in the
present situation. This gives a maximum heat load (consumers and losses) of 17 MW, which
seems more redistic. Of course this value should be verified as soon as possible.

The nomina supply temperature from the boiler plant is 130 °C, but the supply temperature
on the coldest days is reported to be approximately 110 °C. The return temperature on the
coldest days is reported to be 90°C. In the beginning and end of the heating season the
temperatures are reported to be 90/70 °C.

The boiler plant is equipped with a 40 m smoke stack. No emission parameters for the boiler
plant have been available, but it is assumed that the boiler plant, with its location on the edge
of the town and the high sulphur content of the mazut, is a mgjor source of air pollution in
Gjakova

As in Prigina and Mitrovica district heating is only supplied for 18 hours a day. This is
going to change from the beginning of the 2000/01 hesting season, as the district heating
company is planning to run the system non-stop. This has been made possible by the
installation of three new network pumps, which have been ingtalled at the boiler plant as part
of the project financed by SIDA. One of the new network pumps is frequency regulated,
which makes variable flow possible.

4.12.2 Planned rehabilitation project

A rehabilitation of the second boiler is planned for 2002 (possibly together with other
measures such as new circulation pumps), a project to be financed by UNMIK-PUD.

4.12.3 New CHP unit(s) based on natural gas

If natural gas is supplied to Gjakova, a new CHP unit in connection to the existing boiler
plant could be considered. This CHP unit could be a gas turbine or — more likdy — a gas
engine. It is assumed that the CHP unit is put in operaion in 2009-10, depending on when
the natural gas network would reach Gjakova™.

The CHP plant should serve as base load unit. Therefore the capacity of the CHP unit should
equal 50% of the future peak load of approximately 22 MW. This means that approximately
90% of the heat will be produced on the CHP unit. The existing boilers would be reduced to
pesk load units.

' This estimate has been provided by Module .
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We suggest ingtdling two units, as a minimum: one unit operates both in winter and in
summer (at least during day-time), and the other unit operates during the entire heating
season. The small unit could have a capacity of approximately 1.5 MWy / 2 MW,y and the
larger unit a capacity of approximately 7 MWg / 9 MW, eq.

In order to partly separate the electricity production from the heat demand, a storage tank
should be ingtalled at the boiler plant. This way surplus heat produced during periods with
high eectricity demand can be stored and distributed in periods of low eectricity demand.
The option of converting the existing mazut tank into a heat accumulator should be
considered in case mazut-firing is completely abandoned.

It is assumed that the investment in new CHP units is 500,000 USYMW. For CHP units with
atotd ingtdled eectric capacity of 11 MW thetotal investment is thus 5,500,000 USS.
As alow-budget variant, second-hand CHP units could be considered™”.

4.12.4 New natural gasboilers

Another possibility is to convert the existing boilers to natural gas. This means that the
burners would have to be replaced, and that other necessary arrangements for burning natura
gas would have to be installed. The economisers should be enlarged.

Concerning the necessary investments, it is assumed that two natura gas burners with
auxiliary equipment will cost 250,000 US$ (including ingtallation).

It is assumed that a conversion to natural gas could take place in 2009-10, depending on
when the natural gas network would reach Gjakova'®.

4.12.5 New ligniteboilers

Lastly the existing boiler plant could be converted to lignite, which could be brought from
the open mines in Obilig to the boiler plant in Gjakova by truck. Conversion to lignite is
more extensve than converting to natura gas, as completely new boilers along with
auxiliary equipment for handling the lignite will have to be installed.

It is assumed that a conversion to lignite could take place in 2002.

4.13 Subgations

4.13.1 Existing substations

Presently the digtrict heating is supplied to the building through 42 substations; in other
words, some substations supply more than one building.

All 42 substations are equipped with heat exchangers for heating (not hot tap water),
differential pressure valves and local temperature regulation. This means that temperature
and pressure from the boiler plant can be varied.

> |n some Western European countries (e.g. Germany), engine-based CHP units are taken
out of operation due to low eectricity prices.
'® This estimate has been provided by Module .
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4.13.1.1 Installation of heat meters

At present none of the substations have heat meters. Therefore installation of heat meters at
al substations is one of the first steps of introducing a tariff structure based on consumption
rather than on floor area.

4.13.1.2 Hot tap water based on district heating

At present the hot tap water is not supplied by district heating. The digtrict heating company
of Gjakova does currently not have any plans to change this, but is ready to supply district

heating for preparation of hot tap water, if the necessary equipment is installed at the
substations.

It is recommended that heat exchangers for local production of hot tap water are installed at
the substations where district heating is supplied through preinsulated pipes. The reason for
thisis, that the existing pipes in concrete ducts should be kept out of operation outside of the
heating season. Only new preinsulated pipes should be in operation all year round.

Preparation of hot tap water at substation level makes it necessary to instal an interna
piping system in the buildings for digtribution of the hot tap water. Such a piping system can
be made from relatively cheap preinsulated PEX-pipes. At the same time as this internal hot
tap water system is installed, meters for measuring the consumption of hot tap water in each
apartment should also be installed. It is important that the hot tap water enters the apartment
a one spot, where the meter can be placed. From this point the hot tap water can be
distributed to the different sinks, showers and bathtubs in the apartment.

4.13.2 New substations

As described in section 4.10, atotal of 14 new consumers are planned to be connected to the
district heating network. It is assumed that the investment in a new substation is 10,000 US$
in average, meaning that the total investment in new substations will be 140,000 USS$.

414 Consumer installations

In al buildings the hedat is distributed internally through two-string systems. All radiators are
equipped with manual valves.

4.14.1 Thermosatic valves and heat allocators

Introducing a tariff which is partly fixed and partly variable, means that it will be necessary
to measure the consumption. To begin with, this can be done at substation level by installing
heat meters at al substations. This way the heating bill can be split between all apartments
connected to the same substation according to some key figure, e.g. the floor area of each
apartment. The meters should have readings for total energy consumption and total flow. The
reason for including measurements of the flow is that it will dlow for the tariff to take the
cooling of each consumer (substation) into account. This way an economic incentive to
increase the cooling can be provided.

Next step in introducing a modern and efficient tariff structure will be to base the heating bill
of each apartment o the measured heat consumption at apartment level, instead of the
measured consumption of heat at building level. This could be achieved by ingdling smple
heat alocators on the radiators. Secondly it is important to give the consumers (the
inhabitants of the apartments) a fair chance to save energy and thereby reduce their heating
bill. One way of doing this is to ingtall thermostatic valves on al radiators. This way the
temperature of each radiator can be regulated individually. Of course al consumers should at
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the same time as the installation be given information on the proper use of these thermostatic
vaves. The thermostatic valves will also make a better balancing of the heating system in the

buildings possible and thereby improve the therma quality for al consumers.

4.14.2 Increased cooling

The thermogdtatic valves will, if used properly, increase the cooling. Also the introduction of
a tariff structure, which is flow-dependent, will help to increase the cooling, as it will give
the individua consumers an economic incentive to increase their cooling.

In order to get the maxima benefit of the above mentioned measures it is important to
combine them with information for the consumers on how to use the thermostatic valves and
other practical tips on how to increase their cooling.

4.15 Rehabilitation Strategy and Investment Plan

It is expected that the rehabilitation of boiler no. 2 in the Gjakova boiler plant is carried out
from the funds of UNMIK-PUD in 2002.

The following additional measures are recommended for the district heating system of
Gjakova

Production:

Full rehabilitation of bailer no. 2 in 2002.

Continued operation of the mazut boilers until natural gas is introduced in
Gjakova

Installation of one or two new natura gas fired CHP units to be commissioned
when natura gasis introduced in Gjakova, presumably 2009-10.

Network:

Connection of the additional 9 buildings that are suited for district heating and
within the present supply area of the district heating system. This shall take place
during 2002 and 2003.

During 2002-2005 the five new buildings that are being built close to the
distribution network and are suited for district heating shall be connected.
Intensified supervision and maintenance of the exigting pipes in ducts. This shall
include establishment of proper internal and externd draining of the ducts.
Redesign of the entire network in order to ensure, that the right dimensions are
chosen when replacing pipes. The redesign shall take both the present and future
heat load into account.

Gradua replacement of al branch pipes in concrete ducts during 2006-2011. If
possible, the main distribution pipes in concrete ducts shal be kept in working
order.

All new extensions of the network shall be in preinsulated pipes.

Substations:

Modernization during 2002 and 2003 of al existing substations.
Installation during 2002 of heat meters at al existing substations in order to make
introduction of a consumption based tariff structure possible.
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Equipment for local production of hot tap water shal be instaled at al substations
that are connected to the distribution network through preinsulated pipes. This will
take place gradualy from 2002 and onwards. It is assumed that 50% of the
substations will have local production of hot tap water in 2015.

Installation of new substations at 14 new consumers between 2002 and 2005.

Consumer ingtallations:

Installation of thermostatic valves and heat alocators on al radiators over a ten
year period between 2003 and 2012.

Ingalation of internd piping for distribution of hot tap water in buildings with a
substation prepared for local production of hot tap water; installation of a meter
for measuring the consumption of hot tap water in every apartment; this shall take
place at the same pace as instalation of the necessary equipment at substations.

System operation:

Non-stop operation shal be introduced in dl parts of the network, where
preinsulated branches have been installed. 24-hour operation during the heating
season will dready be implemented in the 2001/2002 heating season.

Variable flow operation of the system.

The proposed CHP units shall be the base load units, while the mazut boilers shall
function as peak load and emergency units.

Gradual reduction of both the supply and return temperature from the present level
of 110/90 °C to 90/50°C, respectively, in order to reduce heat losses from the
distribution network and increase the efficiency of the CHP units.

For measures for the improvement of the building envelope and ingtitutional measures please
see the genera section 3.4 and chapter 8.

The estimated investments necessary to implement the measures above are (excluding
projects that have dready been initiated):

Table0.2: Summary of proposed investmentsin Gjakova, alternative 2.

Component US$ US$
Production 6,100,000
New CHP gas engines 5,500,000

Boiler plants 600,000

Networ k 2,772,000
Replacement of existing pipes (6 km trench) 1,632,000

Extension of network (1 km trench) 1,140,000

Substations 472,000
Modernisation of al substations 252,000

New substations 220,000

Total investments, Gjakova DH company 9,344,000
Consumer installations 368,000
Thermostatic valves and hesat allocators 52,000

Loca production of hot tap water 127,000

Distribution of hot tap water 190,000

Total investments 2001-2015 9,712,000
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The tota investments of the district heating company (including expected grants) in the years

2002-2006 are:

Table0.3: Total investments of the Gjakova District Heating Company

Y ear 2002 2003 2004 2005 2006
Investments/ US$ 792,000 393,000 20,000 10,000 272,000

For further details please see the investment plan for the district heating company and the
estimated investments on the consumer side in the economic model in annex 5.2.

4.16 Economic Analysisand Financial Projections

The spreadsheet model in annex 5.2 analyses severa dfferent aternatives for the district
heating system of Gjakova

Reference: Continuation of the current situation.

Alternative 0:  Closing down the district heating system and converting the
remaining consumers to individual hesting.

Alternative 1:  Rehabilitation of boiler no. 2; both boilers burn mazut.

Alternative 2. Ingtdlation of natural gas CHP unit, supplemented by one
mazut boiler.

Alternative 3:  Rehabilitation of boiler no. 2 and conversion of both boilers
to natural gas.

Alternative 4:  Conversion of both boilers to lignite.

The main results of the modd calculations are summarised below:

Table0.4: Technical and economic comparison of strategiesfor the Gjakova DH system

Unit Ref. Alt. 0 Alt. 1 Alt. 2 Alt. 3 Alt. 4
No Mazut NG NG Lignite
DH boilers CHP boilers boilers

CO, emisson

savings 2015 tons/year - -2,241 5421 14,050 9,205 2,79
Acc. NPV,

2015 1,000 US$ - -4,087 526 427 638 -2,262
IRR,

2015 % - - 23 16 24 0
Heat price

2005 Ussm* 3.9 - 4.4 4.0 5.8 6.6
Heat price

2010 uss/nt 4.1 - 54 4.9 6.9 7.2
Heat price

2015 ussint 4.4 - 4.1 2.9 3.6 4.6
Heat price

2005 USsMWh  25.0 - 28.3 25.9 37.3 42,5
Heat price

2010 USYMWh  24.3 - 31.8 29.1 40.7 429
Heat price

2015 USYMWh 24.2 - 22.4 16.1 19.6 25.5

For further details please see annex 5.2.
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Alternative 2, which is the recommended dternative, has by far the lowest CO, emissions
and the lowest average district heating prices in the long run. On top of this there are severa
advantages of this aternative with relation to power production. First and foremost a
decentraised CHP plant like the one proposed in aternative 2 will help to reduce and
eventualy diminate the repeated shortages of eectricity. Secondly it will aso result na
higher power quality localy (e.g. the Gjakova area will be less vulnerable to falouts of
transmission lines).

Alternative 2 does not have the highest NPV, when compared to aternative 1 (mazut boilers)
and aternative 3 (natural gas boilers). But as the differences are only minor, this should not
be an argument against alternative 2. We mention aso the alternative low-cost variant with a
second-hand CHP unit.

The most attractive alternative with regards to the NPV is dternative 3 (natura gas fired
boilers). Therefore it makes sense to go for dternative 2, as there will be plenty of time to
revise the calculations, make further analyses and perhaps change the conclusions
accordingly. For example it would be a possibility to switch from dternative 2 to 3 before
2009 if the price of eectricity drops.

Furthermore, some environmental consequences of the alternatives have not been evaluated
quantitatively. It should therefore be mentioned that both aternative 1 (mazut boilers) and
dternative 4 (lignite boilers) have some local environmental consegquences in the form of
emissions of mainly SO,, dust and particles, which make these aternatives less attractive,
when compared to the two natura gas based adternatives.
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5 District Heat Supply in Mitrovica

5.1 Historical development

The entire distribution network in Mitrovica is located north of the river Ibar*’ and supplies a
number of gpartment buildings and indtitutions in a relatively densely populated district. The
main part of the network is connected to the boiler plant “Lisic Polje’, located at the border
of the city. The hospital Stuated in the district has its own boiler, which supplies the hospita
and some neighbouring buildings.

There are larger buildings south of the river, but the heat dendty is not sufficient to establish
an independent system south of the river nor to extend the supply from north to south.

The network and the boiler plant are operated by the company TERMOMIT.

Like in other digtrict heating systems in Kosovo, the heat supply is closed down at nighttime
during the heating season and is not operating outside the heating season. Hot tap water
preparation from district heating is non-existent, which means that the consumers have to use
other means of producing hot tap water (e.g. electricity).

A new boiler under construction at Lisic Polje has hever been completed.

A very thorough study on the rehabilitation of the entire district heating system (including
some new buildings) has been carried out by the company BEOPOTEZ. A large part of the
information on the district heating system of Mitrovica found in this chapter has been taken
from the BEOPOTEZ study, and many of the recommendations presented here are in
accordance with the findings of the BEOPOTEZ studly.

5.2 Forecast of consumption of district heating

Only a certain share (approximately 30%) of the buildings that are physically connected to
the district heating network are currently supplied with district heating.

There are two reasons for this:

1. Deteriorated district heating distribution pipes.
2. Insufficient production capecity.

Therefore it is judtified to describe the current operation of the system as “emergency
operation”. Most of al public buildings are supplied, while resdentia buildings are without
supply (which means that residents are forced to use other sources of heating, mainly
electrica hesating).

Currently, the following buildings are supplied with hest:

11 gpartment buildings,
3 schoals,

" Formerly plans existed for the extension of the network to the southern part of the city.
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1 court house,

1 police headquarters,

1 youth centre, currently used as refugee centre,
1 technical faculty,

and 1 students dormitory.

These 19 buildings have a total floor area of 17,570 nf. The pesk heat load (nominaly) of
the buildings is 10.2 MW of which 7.8 MW are connected to the heat plant “Lisic Polje” and
the remaining 2.4 MW to the boiler plant of the hospital (“Bolnica’).

Physicaly connected to the DH network, but currently not supplied with district heating are
the following buildings:

Approximately 37 apartment buildings,
1 schoal,

1 kindergarten,

and 1 children’s hospital.

A further 42 buildings are currently not connected to the district heating system but could be
in the future.

The total floor area of these 82 buildings is approximately 232,300 nf. The total maximal
heat load (nomindly) of the buildings is 28.8 MW

This means that around 101 buildings with a total floor area of approximately 249,900 nf
could be considered as potential consumers of district heating. The total nominal heat load of
al 101 buildingsis estimated at 39 MW.

5.2.1 Thehigh and low growth scenarios

The estimation of the heat demand above is based on the centre growth scenario. In the high
and low growth scenarios the total demand for district heating is estimated at:

Table5.1: Demand for district heating in thethree growth scenarios

2001 2010 2015
High growth  Spacehesting MWh 2636 46,767 44,982

DHW MWh 0 2436 3510
Heat losses MWh 1618 4053 4,053
Total MWh 4,253 53,255 52,545
Centregrowth Spaceheating MWh 2636 42591 44,982
DHW MWh 0 1479 2,340
Heat losses MWh 1618 4053 4,053
Total MWh 4,253 48,123 51,375
Low growth Space heating MWh 2636 38082 38235
DHW MWh 0 661 995
Heat losses MWh 1618 4053 4,053
Total MWh 4,253 42,795 43,282

The same assumptions concerning the development of payability and market share of district
heating for DHW asin section 4.2.9 have been used.
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5.3 Digribution Network

The main network consists of 5 distribution pipelines connected to the heat plant ‘Lisic
Polje’ (see section 5.4.1 below) with dimensions from DN 250 to DN 125. A map of the
distribution network is included in annex 6.1. Each of these main pipes supplies different
parts of the network (zones). A separate digtribution network with dimensions of DN 125
and DN 100 is connected to the heat plant “Bolnica’ (see section 5.4.2 below). Branches

from the main distribution pipelines to the buildings have dimensons from DN 100 to DN
50.

All pipes are traditiona steel pipes in underground concrete ducts of different designs. Apart
from the common rectangular duct, also the following designs can be found: walkable duct
(“collector”), 2.0 m high, for district heating, city water and telephone cables; as well as
circular concrete pipe (@ = 1.0 m) for district hesting pipes only.

The pipes were mainly installed between 1965 and 1987. A few pipes are relatively new
(instaled in 1994 and 1997).

Large sections of the existing pipelines are in a very bad shape. Thisis mainly due to outside
corrosion, as ducts are damp or even flooded.

5.3.1 Basic maintenance of existing pipes

As resources for replacing pipes in concrete ducts are limited it is very important to prolong
the lifetime of the pipes as much as possible. First and foremost it is very important to ensure
a proper internal and externa draining of the ducts. All ducts that are not beyond repair
should be opened, cleaned up and internal and externa draining established. With regular
intervals there should be pump sumps. These could be equipped with permanent drainage
pumps, but another (cheaper) possibility could be to acquire one or more portable drainage
pumps. Such pumps are quite cheap and can be taken from one drainage well to the next in
order to keep al ducts dry at all times.

After proper interna and externa drainage has been established, regular inspection of al
pipes in combination with basc maintenance should be implemented. All leaks or other
damages (e.g. missing insulation) should be reported and immediate action to dleviate the
problem taken.

5.3.2 New preinsulated pipes

Pipes, which are found to be beyond repair, should be replaced with modern, preinsulated
pipes. It is recommended that dl pipes supplying the same zone are replaced at the same
time, as this will adlow this zone to be in dl-year operation. This way the zone can be
supplied with hot tap water based on district heating (see section 5.5.1.1 below).

Before any pipes are replaced, it is recommended that the complete network is redesigned.
Such aredesign is included in the BEOPOTEZ study and gives a good solution for replacing
the entire network. A refinement could be to substitute the “double trenches’ close to the
boiler plant “Lisic Polje’ with just one set of supply and return pipes of a larger dimension.
In this way substantial savings on investments in pipes can be achieved.

As for the digtrict heating networks in Pristina and Gjakova it is recommended that a
hydraulic computer modd of the Mitrovica network is established. This model can be used
not only for redesigning the network but also for consecutive smulations of the network in
different load situations.
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5.4 Heat Production

5.4.1 Boiler plant “Lisic Palje”

The only operational boiler at the heat plant is a container boiler with a nomina capacity of
9.3 MW (the available capacity is only approximately 7.5 MW). The boiler is a mazut-fired
water-tube boiler, placed outside of the boiler house. It is 20 years old and therefore close to
the end of its lifetime. The boiler unit is equipped with circulation pump, pressure
maintenance system, make-up water treatment facilities and mazut prehesater, al of which is
located inside the container. All automatic control circuits (e.g. for supply temperature) are
out of function, so that the unit has to be operated manualy. Before the beginning of the
heating season 2000/2001, some emergency repairs have been carried out (approximate cost:
30,000 USY).

A freestanding stedl chimney is placed next to the container.

Fuel is stored at the heat plant in a 1,000 n? tank. The tank is not insulated, which leads to
significant heat |osses because the mazut needs to be kept warm.

Besides the described container boiler unit, the heat plant disposes of a new boiler of 18.7
MW capacity in unfinished condition. This boiler no. 1 is placed in the boiler house and is of
the smoke-tube type. Next to it, space is reserved for a second boiler of the same type.

For the commissioning of boiler no. 1, the following components need to be implemented:

2 burnersincluding fresh air fans.

Mazut preheater.

Boiler circuit and recirculation pumps.

Water pipes and valves.

Heat exchangers (hydraulically separate boiler circuit).

Flue gas ducts.

Insulation of the boiler.

Control and safety equipment.

Pressure maintenance system.

Make-up water treatment facilities (tank is aready installed).

An exigting steel chimney, currently stored at the heat plant in two sections, will also have to
beingtalled.

Furthermore, the heat plant disposes of two new circulation pumps. These pumps have to be
connected to the district heating network before the boiler no. 1 is commissioned.

The tota investments for making boiler no. 1 operational are estimated by local expertsto be
approximately 250,000 US$. This includes equipment needed for installing a second boiler
(but not the boiler itself). The extra investment in this boiler no. 2 is estimated at
approximately 350,000 USS.

5.4.2 Boiler plant “Bolnica’

The boiler plant “Bolnica’ is situated at the hospital and supplies - apart from the hospitd - a
few neighbouring buildings through a smal digtribution network. The boiler plant is
equipped with four boilers of which only three are working:
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Boiler no. 1: 33MW  Commissioned in 1999; working.
Bailer no. 2: 33MW  Commissioned in 1973; not working.
Bailer no. 3: 33MW  Commissoned in 1973; working.
Boailer no. 4: 1.0MW  Commissioned in 1999; working.

All four boilers burn mazut.

As the total normative heat load of the buildings planned to be connected to this boiler plant
is 44 MW it could be necessary to either modernize boiler no. 2 or 3, or (more likely)
replace them with a new unit.

A different option could be to connect the distribution network of boiler plant “Bolnica’ to
that of boiler plant “Lisic Polje’. If this solution is chosen, boilers no. 1 and 4 of boiler plant
“Bolnica’ could still be kept in operation as peak and/or emergency load.

5.4.3 Other baoiler units

Apart from the two main boiler plants described above there are 7 smaller boiler units placed
in different buildings in the system. They are generdly quite old and relatively smadll (for
supply of the building in which they are placed) and should therefore only be used as
emergency production (not connected to the distribution network).

5.4.4 New CHP Plant

If natural gas is supplied to Mitrovica, it will be an option to ingall a gas fudled CHP unit
instead of a new boiler no. 2. The unit could be a gas turbine with a flue gas bailer (gas
turbine CHP unit) or more likely one or two gas engines with heat utilisation from flue gas
and cooling water.

Installation of a CHP unit means that the heat load connected to the CHP unit should be as
high as possible. Therefore it would be beneficia to connect the small distribution network
at the hospital and to supply district heating for loca preparation of hot tap water to as many
buildings as possible. Of course the network should also be operated during the summer
season. At the same time it would be essential to increase the cooling as much as possible,
which means that thermostatic valves and better regulation of the central heating systems
should be implemented.

Like in Gjakova, it would be beneficid to ingall at least two units, with capacities d e.g. 2
MWy / 3 MWy for the smal unit and 10 MWy / 13 MW, fOr the large unit.

In order to partly separate the eectricity production from the heat demand, a storage tank
should be ingtaled a the boiler plant. This way surplus heat produced during periods with
high electricity demand can be stored and distributed in periods of low e ectricity demand.

A 10kV /0.4 kV transformer station is located in the vicinity of the heat plant.

It is assumed that a natural gas fired CHP unit could be commissioned in 2006, provided that
natural gas introduced in Mitrovica by 2005-06'.

'8 According to the Module | Draft Report.
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55 Subsations

55.1 Existing substations

There are 43 subgtations in Mitrovica, which are currently prepared for district heating. Only
12 of these substations are working, as district heating is only supplied to a minor part of the
network. Of the remaining substations, 8 are flooded while 23 are not working for other
reasons (e.g. no heat supply).

The substations are of both of the direct and the indirect type.

55.1.1 General modernization of substations

The BEOPOTEZ study suggests replacement of al substations out of operation. Four
different standard substations have been suggested, al of the indirect kind and with different
capacities. A very thorough design of each standard substation has been made, and each
building or group of buildings™ have been assigned one of the four different standard
substations according to the total normative heat load of the connected building(s). Local
preparation of hot tap water based on district heating has not been included in the substations
proposed by BEOPOTEZ.

For the 12 existing substations in operation a genera overhaul is recommended, in order to
ensure that al substations are in a good working order and areliable transfer of heat from the
distribution network to the consumers is ensured. A further 36 substations are in such a bad
shape, that they should be replaced completely.

We suggest revising the substation design proposed by BEOPOTEZ in order to include:

closed secondary systems,
local temperature control (dependent on ambient temperature),
and automatic balancing (Dp contral).

55.1.2 Installation of heat meters

At present none of the substations have heat meters. Therefore installation of heat meters at
al subgtations is one of the first steps of introducing a tariff structure based on consumption
rather than on floor area.

55.1.3 Hot tap water based on district heating

Presently none of the substations are equipped for loca preparation of hot tap water. In order
to save dectricity it could be a posshility to ingtal equipment for loca production of hot tap
water at the substations. This would be especially relevant in case a CHP unit isingtaled in
Mitrovica, as such a unit will also need cooling outside of the heating season.

As in Gjakova it is important to point out, that local preparation of hot tap water should not
be introduced before the distribution network supplying the substation has been replaced
with modern, preinsulated pipes. Otherwise too high water and heat losses outside the
heating season will be the result.

1% Some substations supply more than one building.
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55.2 New substations

As described in section 5.2, atota of 42 new consumers could be connected to the district
heating network. Assuming an average investment in new substations of 10,000 US$ per
consumer, the total investment in new substations will be 420,000 USS.

5.6 Consume ingallations

Like in Pristina and Gjakova the interna ingtdlations in the buildings are of the two-string
type. All radiators are equipped with manual valves.

5.6.1 Thermostatic valves and heat allocators

After heat meters have been ingtalled at al substations, the next natural step in introducing a
modern tariff structure based on consumption is to install smple evaporation heat alocators
on al radiators. Yearly readings of these meters could then form the basis of individua heat
bills based on the consumption of each apartment.

Introducing a consumption based tariff is only a good ideg, if the consumers are at the same
time given a fair chance to save energy and reduce their heating bill. Therefore thermostatic
valves should be instaled on al radiators at the same time as the heat allocators. Together
with information on the proper use of these thermostatic valves and on saving energy in
generd, the inhabitants of the apartments should be able to cut their heating bills and a the
same time ensure a satisfactory thermal quality for all apartments.

5.6.2 Increased cooling

Increased cooling and lowering of the return temperature is another important aspect of
reducing heat losses from the distribution network. Increased cooling is aso very important
for ensuring the optimal operation of alocal CHP unit.

5.6.3 Internal piping for digribution of hot tap water

In order to exploit the potential for local production of hot tap water based on district
heating, al buildings with a substation with the necessary equipment should have an interna
distribution system for hot tap water. Such a system could be installed as preinsulated PEX

pipes.

An important aspect of such an internal distribution system is that each apartment should
only have one point of hot tap water supply. At this point a meter can be placed, and the hot
tap water can be distributed from here to all sinks, showers, bathtubs, etc. in the apartment.

5.7 Rehabilitation Strategy and Investment Plan

Due to the very bad date of the district heating system in Mitrovica, an emergency
rehabilitation of the boiler was carried out before the start of the heating season 2000/2001.
The cost of this rehabilitation was approximately 30,000 US$. In the summer season 2001, 4
large DH substations have been renovated. Apart from this, nothing has so far been done in
Mitrovica

Taking the criticd situation of the digtrict heating system in Mitrovica into account, the
following measures are proposed:
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Production:

Network:

Ingtallation of the necessary equipment as pointed out above in order to
commission the unfinished boiler at the “Lisic Polje’ boiler plant. The boiler shall
to the extent possible be prepared to burn natura gas instead of mazut. The boiler
shall be commissioned during 2002 and shal work as base load until natural gasis
introduced in Mitrovica

Emergency repairs of the container boiler unit in order to make it possible to use
this unit for peak load production in 2004 and 2005.

Ingtdlation of one or two CHP units (natura gas engines) at the boiler plant “Lisic
Polje’. The units with a tota installed heat capacity of 16 MW shal be
commissioned in 2006.

The approximately 82 buildings identified in section 5.2 above shall be connected
or reconnected. This shall take place a a steady pace in the years 2002 to 2005,
starting with those buildings closest to the “Lisic Polje’ boiler plant.

Immediate repair of the best of the existing pipes in concrete ducts. This repair
shall include establishment of proper internal and external draining of the ducts.
Redesign of the entire network in order to ensure, that the right dimensions are
chosen when replacing pipes. The redesign shal take both the present and future
heat load into account.

Replacement of all pipes in concrete ducts that are beyond repair with preinsulated
pipes. This shall be carried out in 2002 and 2003.

Extension of the network with preinsulated pipes to include dl buildings
identified in the BEOPOTEZ study and in section 5.2 above. This shdl aso be
carried out in 2002 and 2003.

Connection of the loca distribution network in the area of the hospital to the
larger digtribution network. This shdl take place after the commissioning of the
CHP unit, presumably in 2006.

Substations;

Modernization during 2002 of al substations in the system according to the
BEOPOTEZ study (with revisions), which states that 36 substations need to be
completely replaced, while 12 subgtations only need a minor overhaul. All
substations shall be of the indirect type.

Installation during 2002 of heat meters in order to enable introduction of a
consumption based tariff structure.

Ingtalation during 2002 of control valves in order to make variable flow operation
and load dispatching possible.

Equipment for loca production of hot tap water shall be installed at al substations
that are connected to the distribution network through preinsulated pipes. This will
take place gradualy from 2002 and onwards. It is assumed that 50% of the
subgtations have local production of hot tap water in 2015.

Installation of new substations for 42 new consumers between 2002 and 2005.
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Consumer installations:

Ingtdlation of thermostatic valves and heat allocators on al radiators over a ten
year period between 2003 and 2012.

Ingdlation of interna piping for distribution of hot tap water in buildings with a
substation prepared for local production of hot tap water; ingalation d a meter
for measuring the consumption of hot tap water in every apartment; this shal take
place at the same pace as installation of the necessary equipment at substations.

System operation:

Those parts of the network, where the pipes have been replaced by preinsulated
pipes, shal be in non-stop operation, 24 hours a day, 365 days a year. This will
ensure a long lifetime for the pipes and will make it possible to supply district
heating for loca preparation of hot tap water.

Ingtallation of the available pumps for distribution of district hesting. If possible
two of the three pumps should be retrofitted with variable speed drives. Variable
flow operation of the system.

The proposed CHP unit shall be the base load unit, while the natura gas boiler at
the “Lisic Polje’ boiler plant shall be primary peak load unit. The “Bolnica’ boiler
plant shall only be used in emergency situations.

Gradual reduction of both the supply and return temperature from the present level
of 130/75 °C to 90/50°C, respectively, in order to reduce heat losses from the
distribution network and increase the efficiency of the CHP unit.

For measures on the improvement of the building envelope and ingtitutional measures please

see the general section 3.4 and chapter 8.

The estimated investments necessary to implement the measures above are:

Table5.2: Summary of proposad invessmentsin TERMOMIT, alternative 2.

Component US$ US$
Production 8,520,000
Ingalation of CHP unit 8,250,000

Emergency repair and commissioning of boiler 270,000

Networ k 1,739,000
8 km trench for replacement of existing pipes 1,175,000

3 km trench for new connections 564,000

Substations 830,000
Replacement of 36 subst.+ rehab. of 12 subst. 408,000

Installation of 42 new substations 422,000

Total investments, TERMOMIT 11,089,000
Consumer installations 742,000
Thermostatic valves and heat allocators 110,000

Equipment for local preparation of hot tap water 253,000

Installation of hot tap water 380,000

Total investments 2001-2015 11,831,000

The total investments of the district heating company in the years 2002-2006, including

assumed grants of 250,000 US$ in 2002 and 400,000 US$in 2003, are:
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Table5.3: Total invesmentsof TERMOMIT
Y ear 2002 2003 2004 2005 2006
Investments/ US$ 1,634,000 994,000 104,000 8,357,000 0

For further details please see the investment plan for the district heating company and the
estimated investments on the consumer side in the economic model in annex 6.2.

5.8 Economic Analysisand Financial Projections

The spreadsheet model in annex 6.2 analyses several different aternatives for the dstrict
heating system of Mitrovica

Reference:  Continuation of the current situation with only emergency repairs.

Alt. O Closng down the district heating system and converting the
remaining consumers to individua hesting.

Alt. 1. Installation of two mazut boilers in 2002 and 2003.

Alt. 2: Immediate ingtallation one mazut boiler; ingdlation of two CHP
units to be commissioned in 2006.

Alt. 3: Immediate ingtallation one mazut boiler, to be converted to natura
gas in 2006 and supplemented by a second naturd gas fired boiler.

Alt. 4 Ingtallation of two lignite or hard cod boilers in 2002 and 2003.

The main results of the modd cal culations are summarised below:

Table5.4: Technical and economic comparison of strategiesfor the Mitrovica DH system

Unit Ref. Alt. 0 Alt. 1 Alt. 2 Alt. 3 Alt. 4
No M azut NG NG Lignite
DH boilers CHP boilers boilers

CO, emisson

savings 2015 tons/year - -1343 21197 34,076 26,788 17,323
Acc. NPV,

2015 1,000 US$ - 1,145 9,200 10,132 9811 6,972
IRR,

2015 % - - - - - -
Heat price,

2005 ussint 7.4 - 4.9 5.2 4.7 6.4
Heat price,

2010 us$int 7.6 - 4.3 3.3 3.9 5.1
Heat price,

2015 Us$/int 7.3 - 3.9 1.6 3.4 41
Heat price,

2005 USYMWh  44.0 - 28.8 30.6 27.8 37.9
Heat price,

2010 USy¥MWh 405 - 22.1 17.0 10.3 26.2
Heat price,

2015 USy¥MWh  40.7 - 20.5 8.4 17.9 215

For further details please see annex 6.2.
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Alternative 2, which is the recommended aternative, is expected to result in the largest
reductions of the CO, emissions, the highest accumulated NPV and the lowest average
consumer price for digtrict heating in the long run. A further very important benefit of this
aternative is the decentralised production of eectricity, which will help Kosovo to overcome
its current general power shortages and at the same time improve the local power quaity
(e.g. reduce the vulnerability to fallout of power transmission lines).

Concerning the NPV (net present value) all four alternatives are attractive when compared to
the reference, though aternative 2 (natural gas CHP) comes out on top. Just like for
Gjakova, we mention the low-cost option of purchasing a second-hand CHP unit, which
could make alternative 2 even more attractive.

Furthermore, some loca environmenta problems, that have not been evaluated here, can be
expected from alternative 4. These are especialy increased SO, emissions and problems with
dust and particles. The location of Mitrovicain a valley between rather high mountains must
be taken into account. All in all these factors make aternative 4 |ess attractive.
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6 Potential for District Heating, Block Heating and Heat Sour ces

Currently, the only district heating systems in Kosovo are the three systems in Pristing,
Gjakova and Mitrovica, which are presented above.

We have made an overall research for further district heating potentia in the other cities and
towns of Kosovo and come to the conclusion that there is no more potentia for district
heating on a larger scale. However there are several sites with smal groups of buildings,
which could be supplied from block boilers.

6.1 Exigtingbuildings

The problem with development of district heating is that under the given circumstances it
can only be justified by using the cheap mazut instead of the more expensive light oil and to
let the savings finance the network. This solution is only feasible if there is a group of large
buildings situated closely together (to make the network affordable) and with a sufficient
total heat load (to make a mazut boiler affordable).

It is complicated by the fact that not al the large buildings have centra heating systems and
that the large buildings typicaly are situated in districts where the network will be expensive
and/or where there is no site for amazut boiler.

One example is the city centre in Mitrovica South, which according to heat density has the
potential, but there is no obvious site for a boiler, nor any solution on how to organise a new
district heating system.

Another example is the town of Prizren, which has atypical Albanian urban structure with
very few and low apartment buildings.

6.2 New urban development areas

There is a better opportunity to develop didtrict heating in urban development areas for
gpartment buildings.

It is however most likely that such dstricts mainly will be developed in continuation of the
existing districts and close to the existing three district heating systems.

6.3 Natural gassupply

If natura gas is introduced in Kosovo, the gas will be more competitive than the existing
dternatives to district heating and therefore reduce the market potential for expansion of the
digtrict heating.

It could even be economical to disconnect some of the remote district heating consumers and
supply them with natural gas, in case the district heating network needs to be replaced and in
case there is no energy efficient base load heat source.

The digtrict heating could, however, play an important role for a natural gas system for
increasing the gas sale in the first years and for increasing the load factor. District heating
may even be interrupted and use ail as back-up in case of shortage of gas.
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Therefore, the price of natural gas for district heating should be significantly lower than the
price of gas to individua consumers.

6.4 Coa and wood boilers

Lignite has been used previoudy and a lignite drying plant at Kosovo A has been in
operation and produced dried lignite for the local coal market.

Around Kosovo there are severa smal lignite boilers installed in block heeating boiler plants,
which are designed to supply smal groups of buildings, eg. 23 apartment blocks and/or
inditutions.

These boilers, designed for burning solid fuels with gas, are now to some extent being used
for burning firewood.

Burning firewood in such boilers is much better than burning firewood in small stoves seen
from an energy efficiency and environmental point of view.

However seen from a national perspective it is more vital how to use the scare resources of
firewood in the best way, reserving the sustainable resources for one-family houses with no
other options.

In the coming 10 —15 yearsit could be of interest to use local dried lignite in such boilers and
later convert them to natural gas, however the possibilities and the economic consequences
of re-developing such a market for dried lignite has been considered in Module G, and it is
concluded that adrying plant is not feasible.

6.5 Geothermal energy

There are today geothermal resources in Kosovo. In Banjica (close to Pgja) as well asin
Banjska (close to Mitrovica), hot water springs are used for baths in a sanatorium.

In both places the hot springs, providing a constant flow of hot water at a temperature of
approximately 60 °C indicate that there could be a huge potential for geotherma energy in
the underground geologica formations in the mountainous regions.

Unfortunately there is no significant heat |oad in the respective towns.

However it should be investigated if there is a potentia for use of geothermal energy at a
higher temperature in the upper level of the geological formations.

There could be basis for a demonstration project for production of low temperature heat for

direct use (without heat pump and only heat exchanger) for heating apartment buildings,
swimming pools, new green houses etc.

6.6 Solar energy
Solar heating isin some contexts regarded as a potentia low temperature heat source.
Solar collectors have up till now mostly been used for hot tap water hesting in individua

houses. Recently, though, the use of solar collectors have started to expand into the area of
large scale solar collector fields connected to district heating system. A very good example
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of thisis the solar collector field at the town of Marstal on the Danish idand of Aeroe. This
solar collector fidld with its approximately 9,000 nv of solar collectors is one of the largest
in the world and provides around 15% of the district heating used yearly in Marstal. At the
moment there are plans to enlarge the solar collector field to approximately 40,000 nf and
connect it to a seasona storage in order to store heat from the summer period to the heating
season. The seasond storage technology is still very much in the experimental phase and
cannot be recommended for Kosovo.

The idea with connecting a large scale solar collector field to adistrict heating network or a
block heating plant is that it should make it possible to shut down the therma boiler plant
outside of the heating season. In the heating season the solar collector field can provide
prehesting of the district heating return. Thereby substantial energy savings will be achieved.

The solar collector field should have a size, which matches the demand for hot tap water and
heat |osses in summer.

Based on meteorological data for Kosovo and the efficiency of modern solar collectorsit is
reasonable to assume a peak production capacity in the months of July and August of
approximately 300 W/nt and atotal yearly production of approximately 360 kWh/nt/year

The market price of modern imported solar collectors with equipment is, however, around
200 US$/nt and the corresponding costs therefore around 55 USYMWh. This is not viable
with the present prices of other sources of energy for heating and with the limited capability
of the Kosovians to pay for heating in mind.

But already today solar collectors are produced in Kosovo (in a factory in Gnjilane). Locally
produced callectors (from this and in future possibly other factories) are a competitive option
for production of hot tap water. However, for space heating purposes, more advanced
collectors are needed. Technology transfer to loca producers could be an interesting option
for donors who intend to promote the use of solar energy in Kosovo.

It should be noted, that there is no point in ingtaling solar collectors in digtricts that are
supplied by district heating generated a CHP plants. Two different kinds of base load
production, that are both environmentally preferable in comparison to heat generated from
lignite or mazut, should not compete against each other.
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7 Assessment of the competitiveness of District Heating

The competitiveness is evaluated qualitatively at the nationd level and a consumer level for
heating and for hot water separately.

The competitiveness in the zoning between the existing system and possible extensions will
depend on the result of the gas sector study and needs to be adjusted to this.

7.1 Competitiveness of District Heating in a National Per spective

The urban infrastructure in Kosovo is generdly divided into very densaly populated districts
with apartment buildings and districts with one family houses. Almogt dl the densdy
populated digtricts are situated in Prigting, Gjakova and Mitrovica North and supplied with
district heating.

The remaining districts around the district heating systems are with few exceptions not
suitable for district heating.

The evduation of the district heating in Pristina show that the present system is very
economical compared to the present aternatives of individua supply based on electricity and
ovens. The systems in Gjakova and Mitrovica can adso be justified athough they are less
economical.

From a Strategic point of view, district heating is important for

fud flexibility,

use of loca fud,

efficient production of heat from CHP,
consumption of natural gasin the introduction phase,
and consumption of natural gasin off peak periods.

7.2 Competitiveness of District Heating for Heating

The final results of the technical/economic smulation of the district heating indicate that the
consumer price can over the years be reduced significantly compared to the price level in
2001. Part of this reduction is caused by the estimated drop in oil prices, and part is caused
by the proposed rehabilitation.

The price of heating a typical apartment in Pristina in aternative 1, CHP from power plant
B, isfor example showing following trend:
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Table7.1: Example of cost of heating, Pristina

Annual heating costs of a 60 m* apartment Unit 2002 2005 2010 2015

Average heat and DHW demand MWh 9.6 10.0 10.6 11.0
Cost of PristinaDH at. 1 (CHP B) US$ 254 270 203 164
Cost of electric heating US$ 528 550 582 606
What can a household afford? US$ 162 204 300 441
Need for subsidy with DH Uss 92 66 0 0

Need for subsidy, with eectricity Uss 366 346 282 165

If we estimate that the ability to pay for a typical house hold will increase from 150 US$ in
2001 to 441 US$ in 2015, following the assumed growth rate of the salaries, the need for
subsidies to pay the digtrict heating bill will end in 2006, whereas it will continue a a high
level with electric heating.

It is in these calculations for the sake of economic comparison, anticipated that the demand
in both cases is the average demand taking the generd ability to pay, the increasing supply of
hot tap water and the average heat savings into account.

It could be more redlistic to assume that a family with district hesting already in year 2005
2007 would increase the indoor temperature to normal and use the hot tap water according to
normal, whereas a family with eectric heating would not be able to afford more than 50% of
the thermal comfort.

7.3 Competitiveness of District Heating for Hot tap Water Supply

Today it is too expensive to operate the district heating networks all year round due to the
expensive fuels and the high heat and water losses. Therefore it is not cost effective to install
central systems for hot tap water supplied from district heating in winter only.

In some years, having replaced the old pipes with preinsulated pipes and having ingtalled
more efficient heat production from CHP, the situation will be different.

The heating costs of covering the heat losses are lower and besides the lifetime of the new
pipe system will be prolonged if the system can remain heated at a stable temperature al
year.

In al the dternatives in Prigtina it is assumed that the network will be in al-year operation
from the year the base load is in operation, and that the market for hot tap water develops
gradualy from 0% in year 2003 to 50% in year 2015.

We have analysed two variants of aternative 1 (CHP from power plant B) and aternative 3
(mazut bailer):

Variant 1: network heated in summer to protect the pipes, but no sale of district
heating for local preparation of hot water.

Variant 2. network stopped in summer and no sale of district heating for loca
preparation of hot water.

The result of the direct economic analysis without influence of the lifetime and the residual
value of the hot tap water system is:
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Table7.2: Competitiveness of district heating for DHW

Alternativel Alternative3
CHPB M azut boiler

Saved main aternative, DHW 138 A
CO, emisson, variant 1, no DHW, warm 125 78
1,000 tons/year net
in year 2015 variant 2, no DHW, cdd net 127 88
main aternative, DHW 13.2 15.3
NPV, 2001-2015 variant 1, no DHW, warm 12.9 155
MUS$ net
variant 2, no DHW, cold net 13.3 16.5

If the network is kept warm, the life time of the preinsulated pipes should be not less than 30
years. If the network is cold every summer, one could expect a life time reduction to e.g. 20
years. Having a total asset of pipes around 9 MUSS, the NPV benefit of warm pipes would
be around 0.6 MUSS$.

The residud value of the consumer investments in new hot tap water systemsin the last 3-4
years of the period is around 0.2 MUSS.

Taking these aspects into account we find that the total NPV benefit due to ingtallation of hot
tap water is 13.2-13.3+0.6+0.2= 0.7 MUSS$, in the aternative with CHP production.

In case al the hesat is produced in boilers, the total NPV benefit due to ingtalation of hot tap
water is 15.3-16.5+0.6+0.2= -0.4 MUS$

The economica benefit of CO, emission reductions due to the more efficient production of
hot tap water isincluded in the NPV.

The conclusion is that it is only profitable from a nationa point of view to operate the
network all year and develop the market for HTW in case the heat is produced efficiently by
CHP.

The competitiveness from the consumers point of view is evaluated in the case below:

Centra hot water system is assumed to be installed in year 2010 in an apartment building
with 50 apartments and 5 persons per apartment in average using 400 kWh/person/year

(including internal losses in summer):

The investments are:

DHW unit 10,000 US$
Internal pipe system 14,000 -
50 flow meters 1,000 -
Total 25,000 US$

The annua heat demand for hot water of the apartment building is with these assumptions
100x5x400 = 100 MWh.
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The average heat price is 19 USYYMWh, but the variable district heating tariff use for hot

water production (with low return temperature) should not be no more than around 14
USH¥MWh.

Therefore the annual costs of HTW supply in the building will be:

Variable heating cogts: 1.400 USHa
Depreciation of investment in 15 years 1.700 -
Average interest in 15 years, 12% p.a 1500 -

Total hot water costs with district heating 4.600 US$/a

Alternative costs with eectric heating would be (assuming that heat loss of electric heaters
corresponds to heat loss of internal pipes):

Costs of electricity at 50 USY/MWh 5,000 US¥a
Average costs of reinvestments 450 -
Total hot water costs with electric heating 5,450 US$/a

The estimate show that there is a minor benefit o around 20%, which however hardly can
convince the apartment owners to organise installation of the centralised hot water system.

The district heating will make a profit of sdling hot water to consumers, as the variable
production cost of producing hot water is around 7 USYMWh, whereas the variable sales
tariff is assumed to be 14 US$/MWh.

Thus, the district heating company makes a profit of 100 MWh x (14-7) USY/MWh = 700
USS$ per year by sdling hot water to this building. This profit cold justify that the district
heating company should promote sale of hot water to the consumers.
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8 Indtitutional Aspectsof District Heating

In the Eastern European and former Soviet Union countries it is often the case that the
problems in the didtrict heating sector are more of ingtitutional than technical nature. Thisis
to some extent also the case in Kosovo. Some of the typica institutiona problems known
from other countries are already recognised and some may develop in a few years if the
necessary precautions are not taken now.

In addition to the problems known from other transition countries, particular problems of a
post-civil war situation can be found in Kosovo. One of these is that a certain share of the
tenants in flats has no lega status, as their flats kelong to tenants that have moved out or
have been expelled. This is the case both in Pristing, where Albanians live in flats formerly
occupied by Serbs, and in North Mitrovica, where Serbs live in flats formerly occupied by
Albanians.

Moreover, Kosovo has gone through a period of lawlessness and ill the authority and the
function of the legal ingtitutions is somewhat weak.

Also various public services function poorly. Thus, district heating is not the only public
service, which needs to be upgraded and strengthened.

The organisation of the housing sector is virtualy non-existing, which means that necessary
repairs in apartment blocks are seldom carried out.

We will in this study focus on the present problems and those, which can be foreseen by
experience from other countries.

Although didtrict hesting is a local business, it is of importance for the national energy
strategy and al district heating companies face the same problems, which apped for a
solution a nationd level.

Therefore we will focus on both ingtitutional and regulatory measures at national and at local
leve.

8.1 Regulation at national level

The regulation at nationa level will generdly be given through legidation and other lega
regulations and guidelines.

Mogt important will be legidation regulating:

least cost development for Kosovo,
urban infrastructure,

building design,

organisation of apartment buildings,
collection of debt,

and socia security.

It is essential to establish a department in a State Regulatory Agency or an Energy Agency,
which will have the full responshility for the national aspects of the development of the
heating sector, including providing the municipalities and the didtrict heating companies with
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al the necessary support and legal measures, necessary for the loca regulation and

management of the sector.

8.1.1 Heat law on least cost heat supply development for K osovo
Although district heating is alocd business there are implications of national importance.

If naturd gas is to be implemented, the inhabitants of Kosovo cannot afford to pay for both
district heating and natural gas pipes for heat supply in the same digtricts. Even if both
networks should be owned by private investors, there would till only be the building owners
to pay for the investments in the networks. Therefore there should be some requirements for
the regulation of the competition at local level.

Kosovo cannot afford to invest in duplication of heat production facilities for the same
district heating systems. Therefore it could be necessary to limit the options available for
each city.

In particular it is important that the limited resources of grants and granted loans with state
guarantee are utilised in the most economica way. Therefore it is necessary to have a clause
in alaw specifying e.g. the following:

Proposals for investment projects in the heating sector shall be elaborated by the
responsible heat supply/energy utility and approved by the municipality, which it
concerns (see regulation at local level).

Projects, which are of national interest and projects, and which are expected to be
financed partly by grant and loans with state guarantee, must have the approval of
the state regulatory agency before the municipality can approve it.

PI‘O] ects subject to approval of the state regulatory agency comprise:
all projects for natural gas for heating with a capacity larger than xx
all heat generating plants with a capacity above 5 MW
all projects, which are expected to receive grant or credits with state
guarantee

Thisregulation is a balance between

amaximum of decentralisation of the responsbility to the municipalities,
and a guarantee that no investments or grants will be wasted due to bad co-
ordination within the province of Kosovo.

8.1.2 Law on urban infragructure

In order to ensure a least cost development of the district heating network, in particular if
natural gas is aso implemented, it is necessary to specify the planning obligations of the
municipaities and to give the municipalities the power to regulate the development of the
heat supply network at locd level. Following clauses could eg. be included in legidation
regarding planning of urban infrastructure.
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A. Clause on planning:

The municipality shall inits spatial urban development plan specify which type of
heat supply (district heating, natural gas, individual boilers and/or stoves) is
planned in each district. The plan shall be elaborated on the basis of an evaluation
of the least cost solutions for Kosovo.

It is not necessary that the municipalities prepare comprehensive heat plans for this, as long
as the urban planning take the aspect of heating and the least cost solutions for the society of
Kosovo into account. As a result one could expect that new apartment buildings will be
Stuated in digtricts, which aready are or can be supplied with district heating and that the
development of the network and the urban development area will be co-ordinated with the
district heating and the gas companies.

B. Clause on connection to district heating network:

The nmunicipality may on basis of an agreement with a district heating company
specify inthe urban plan for adistrict that all new buildingsin the district must be
connected to the district heating network. The building owner shall enter a contract
with the district heating company on heat supply following the general conditions of
the company before the building can be approved.

This is an important tool for the municipality to ensure that the investments in the digtrict
heeting infrastructure will be utilized as planned and that decisions on heat supply of new
buildings will be in the interest of the whole local community and not only the company that
congtructs the building. Likewise it is clear that the sewage water system of the building
must be connected to the public sewer and not to an individua facility for treatment of
sewage water.

C. Clause on connection to gas network:

The municipality may on basis of an agreement with a gas company specify in the
urban plan for a district that all new buildingsin the district must be connected to
the gas network. The building owner shall enter a contract with the gas company on
heat supply following the general conditions of the company before the building can
be approved.

If natura gas will be implemented, this clause may be important for an economica
utilisation of the new gas network in the interest of the whole society of Kosovo.

8.1.3 Building regulations
Building regulations (or building codes) are not available or they are generally not in use.

Besides the clauses regarding the building design, safety, comfort etc. there should be a set
of clauses to ensure that new buildings will be constructed in accordance with the interest of
the society of Kosovo in the long term (and not the short term interest of the developer).
Following clauses could be considered:
A. Clause on integrated heating system:

Each new building in an urban area shall be provided with a centralised heating

system based on water, (in special cases air ventilation system can be approved).
The system shall be supplied from one central unit (district heating substation or
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boiler) and the system may be with vertical distribution or with horizontal
distribution with one branch line to each apartment. For systems with horizontal
distribution aflow meter to be used for dividing the consumption based costs among
the apartments shall be installed.

In case natural gas is available and there is no plan for district heating, the
centralised systemmay be designed as a water based central heating systemfor each
apartment and with one gas boiler for each apartment (horizontal distributionwithin
each apartment).

Such ingtadlations will exclude heating based on unregulated electricity and be prepared for
following hesting forms:

Didgtrict heating.
Natural gas boiler.
LPG boailer.

Oil bailer.

Solar hesating.
Wood boiler.

B. Clause on integrated system for sanitary hot water:

Each new building in urban devel opment areas shall be provided with a centralised
system for production of sanitary hot water. The system shall be provided with a
balanced re-circulation system. The hot water shall be supplied from one central
unit (district heating substation or boiler). One branch line for each apartment with
aflow meter to be used for dividing the consumption based costsof the hot tap water
among the apartments shall be installed.

If the heating systemis supplied from gas boilers decentralised in the building, the
hot tap water shall be supplied by these boilers.

Such ingallations will exclude heating based on unregulated electricity for hot tap water and
be prepared for other heating forms.

C. Clause on energy efficient design of heating ingtdlationsin buildings:

The central heating system of the building shall be designed for a set of supply and
return temperatures, not to exceed the following values:

Supply temperature to the building substation: 85°C
Supply temperatureto the central heating system of the building:80 °C
Return temperature from the building substation: 40 °C

These temperatures will ensure that the designers will select reasonable technical solutions,
which will be close to least cost solutions taking into account dl the costs in the building
installations, the district heating substation, the district heating networks, the heat losses in
the network and the production costs. The low return temperature will promote savings in the
production of heat in the future, be it from new CHP plants designed for low temperatures,
solar heating plants or natural gas boilers with condensation. The low return temperature is
most important, in particular for the reduction of the costs in the internd piping system in the
buildings and in new district heating networks. The supply temperature could be up to
around 85 °C in the design situation, & this will not be in contradiction with a possible
future system having a supply temperature in the transmission network from a CHP plant
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and a pressure less heat accumulator of 95 °C, and 85-90 °C in the distribution network. A
maximum temperature of 80 °C will aso give a reasonable comfort temperature on the
radiator surface. The designer will have the freedom to optimize the system and eventualy
reduce the temperature of the central heating to 75 °C and thereby reduce the surface of the
heat exchanger.

We have noted that the typical central heating system in Pristina today is a 2string system
with large radiators, which roughly meets the criteria listed above. Such a good practice in
ingtallation of heating systems in buildings is unique compared to dher countries in Eastern
Europe and it would be a shame not to continue and strengthen this good tradition.

D. Clause on overal energy efficient building design:

The design of the building shall by combining building materials with large heat
capacity, windows, bal conies, solar curtains etc. minimizethe demand for coolingin
the summer and at the same time use the opportunity of passive solar heating.

Buildings with low heat accumulation and windows facing south (without protection against
the sun) will create a bad in-door climate and create a cooling demand, which will have a
considerable impact on the dectricity consumption in the future. The cooling demand will be
reduced significantly by selecting internal surfaces with large heat capacities (concrete and
bricks) and by building natural protection against the most intense solar heating in the
summer, e.g. balconies and flexible solar curtains (blinds). The same construction will have
the ability to exploit passive solar heating on winter days.

E. Clause on specific requirement for maximum heat demand:

The annual heat demand (with an indoor temperature of 20 °C, without hot tap
water) of a building shall be less than:

150 kWh/n? of living space for apartment buildings
125 kWh/nt of living space for one family houses

taking the heat | osses through the building envel ope, the ventilation losses and the
passive solar heating into account.

For one family houses there may be an exemption from this requirement if the
building in its design is prepared for outside insulation in a later stage.

Guidelines on how to fulfill this design criterion for typica buildings by combining the
design of the building (e.g. the ratio between surface and volume), the insulation thickness,
the glassing, thermal heat density etc. should be elaborated. The maximum heat load shall be
determined carefully on basis of the cases in the guiddines in such a way that the
requirements result in reasonable and affordable buildings. The right level of insulation
should be found by comparing the costs of additiona insulation to reduce the consumption
with the NPV of the savings during the next 20 years.

8.1.4 Law on adminigtration of apartment buildings

Probably the most important law in relaion to the ingtitutional problems in the heating sector
is the legidation, which regulates the ownership of buildings and privatization of agpartments.
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The owner of a building will in general be owner of dl interna heating installations and will
be obliged to enter a contract with the utilities, which supply the building with services,
which cannot be delivered directly to each apartment.

In case the building is privatised to individua owners of apartments, a condominium must be
established to be the lega owner of al common facilities of the kuilding. The owners of the
agpartments shal be obliged to share ownership and responshbility of the condominium in
accordance with their share of the building, which is defined at the time of the establishment
of the condominium. A new owner of an apartment shall automaticaly take over this share
of ownership. The owners are obliged to pay their share of the common budget of the
building, including building maintenance and operation, didtrict hedting, eectricity to
common facilities, sewage, fresh water etc.

It is vital that these rights and obligations are stated in a law, but that is not enough, as a
legally established condominium may be an ineffective and hollow shdl, if the owners
cannot collaborate and operate it with a sufficient budget for all common expenses.

Therefore apartment owners should be encouraged, e.g. through subsidy schemes, to form
homeowners associations to operate these condominiums,

In case the apartments are privatized and the owners have not been able to establish a
homeowners association to operate the condominium (which is the norma case in the new
countries), we are in an impossible situation. The apartment owners will, athough it is their
own fault, blame the district heating company for all problems, which are caused by the
internal installations between substation and radiators.

Therefore it could be in the interest of the district heating company to operate the heating
ingtalations on behdf of the condominium in the intermediate period before a homeowners
association is established and can hire its own staff or a building administration company to
do these services. Even in that case the district heating company can offer the services of
adminigtrating the heating system on commercia conditions for the condominium.

In case the district heating company takes over the administration, the State Price Regulator
should approve that the district heating company can include a small administration fee,
based on costs, for doing this service.

8.1.5 Law on collection of debt

There nust in the society be an efficient system for collection of debt through the court
system, e.g. by giving the right to force debtors, which have private property above a certain
level, such as apartments and/or cars, to pay with their assets.

This is vital for the heating sector and very relevant as district heating often supplies
privatized apartments.

8.1.6 Thesocial security legidation

There must be areliable socia security system, which can provide the necessary subsidies to
low-income families.

The best principle is that the district heating company charge the real price and that low
income families can get a refund on part of the paid heating bill in accordance with their
needs, e.q. asubsidy to pay the fixed part of the bill.
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8.2 Regulation at city level

The city council, should as mentioned in the section on regulation a national level be
responsible for approving al maor investment projects concerning heat supply in the

municipdity.

The point is that al such investments in the longer term can only be paid back by the
consumers in the city, and the city council is the only authority, which serves the specific
interests of these consumers; at least the politicians are elected to do so.

All projects, which are to be approved should however be send to the State Regulatory
Agency for information and to ensure that the Agency will have knowledge on al projects,
which could be of national interest.

The city council must allocate resources on the urban planning department to deal with the
heat sector regulation too.

8.3 Ownership, Company Management and private sector participation

8.3.1 Didtrict heating company oper ating the networ k

The digtrict heating companies in other countries are mainly owned by the municipdities,
which in away administrate the companies on behalf of the consumers.

The politicians are elected to serve the interests of the inhabitants and one of the aspectsin
particular in low-income countries is to manage the heating sector at lowest possible costs.

It is however important that the business of the district heating is separated entirely from the
municipal budget and managed as if it was a private stock company. However, in this case it
is the democratically elected city council that appoints the board of directors, and not the
shareholders. The board may thus be a combination of politicaly responsible persons,
experts and consumer representatives or whatever the respective city council decides.

The board will hire the management and supervise the performance of the company.

An important tool for this supervison will be the budget, budget forecasts and key figures as
presented in the smulation model (see module H report annexes 4.6, 5.2 and 6.2).

It may be a difficult task for the three city councils to manage this in the right way, but in
particular in a trangition period the State Regulatory Agency and the Price Regulator (see
below) can assist to provide guidelines and safeguard against wrong and illega decisions.

It is well known that private sector participation may improve the cost effectiveness of some
of the activities of a public company. For a district heating company, which operates a
natural monopoly network, and is supervised by the owner and board there are severa non-
core activities, which could be outsourced. If there for example is a private market for certain
services (in which several local companies are capable of doing a service and can offer it at a
competitive price), which are necessary for the district heating company, it is worthwhile
considering outsourcing these activities through a public tender instead of employing its own
staff to provide this service. The staff of the company, which in that case would have to
leave the company, could form their own company or apply for jobs in one of the private
companies.
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Typical services could be: design, civil works for pipe constructions, ingtdlation of pipes,
instalation of substations, maintenance of substations, maintenance of boilers, maintenance
of meters etc.

It must be stressed that a precondition is that the district heating company is able to compare
the offers with the total costs of employing its own staff, and that the company strongly
supervise that the delivered services are in accordance with the requirements.

We advice not to think of privatisng te core (natural monopoly) business of the district
heating company, in the nearest future. After some years when all consumers are organised
and able to pay the bills without any mgor subsidies, the future ownership of the company
could be considered.

That could e.g. be:
- direct consumer ownership
municipa ownership with consumer influence
municipa ownership
partnership between municipaity and private investor
leasing to a private investor, with obligation to transfer ownership back after a
period
private investor.

It is clear that ownership with consumer participation may be the most efficient as the
consumers aone have the strongest interest in the objectives of the company. It should also
be noted that any profit from selling/leasing the company to a private investor has to be paid
back by the consumers (including high interest) and that this profit should belong to the
consumers.

In the last two examples with total transfer of assets to a private company, the price
regulation must be strengthened.

8.3.2 Digtrict heating boiler plants

It is important that the district heating company, which owns and operates the natura
monopoly network aso owns and operates the main boiler plant. The plant includes severa
network facilities and it gives the company access directly to the fuel markets.

Production of heat for the network is however not a natura monopoly activity as the
modernised network can be supplied with heat anywhere in the network where there is the
sufficient capacity in the pipes.

Therefore any private company, which could offer heat capacity or surplus heat energy at
competitive prices, could be of interest for the district heating company. The aim of the
company is to provide the heat at the lowest costs and not necessarily to use own boiler
plants.

Contracts for sale of heat or capacity from private heat sources shall be clearly divided into
conditions and price for capacity and heat energy.

8.3.3 Didtrict heating company operating the transmisson line

In case the heat transmission pipe from power plant B to Pristina will be implemented it is
important to find the most efficient project organisation and ownership form. The
transmission system serves only the municipality of Pristina and it may in future be possible
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to use the system to transmit heat from more than one power plant and perhaps power plants
with different owners. Therefore the most logic will be to have a 100% municipal ownership
or in fact let TERMOKOS be the owner. For financia reasons, the ownership could in the
beginning be shared with the state.

All ingdlations a the power plant, including main pump station and water treatment plant
should however be owned by KEK (or any other owner of the power plant), in order to
ensure a clear division of responsibility at the gate of the power plant B. The costs of al
ingtdlations a the plant could either be financed by KEK and included in annua fixed
payments or it could be financed by TERMOKOS in the same package as the financing of
the transmission line.

8.3.4 New CHP plant in Prigtina

A possible new power plant near Pristina operating for power reasons mainly, must not
necessarily be owned by the municipality of Pristina or by TERMOKOQOS, but could be
owned by KEK or any other utility active in the power sector.

The reason is that the power plant will be constructed mainly for power reasons and that it
will be operated all the year in accordance with the need in the power system.

There are severa forms of ownership of such a plant, which could be selected according to
both inditutional and financia criteria. It could for example be:

The municipdity of Pristina

TERMOKOS

KEK

A newly formed gas company

A private BOOT operator

A private investor

A mixed ownership including two or more of the above listed

8.3.5 Small scaleCHP

A small scale CHP plant (with heat accumulator and without condenser), eg. Situated in
Mitrovica or Gjakova, should if possible be owned by the municipdlity or the district heating

company.

The reasons are following:

- The plant is not important for the power sector, but is important for the heat supply
in the town.
The gas engine and other equipment can most likely be placed inside the building of
the boiler plant.
The increasing activities around the new plant will have a positive impact on the
strengthening of the district heating company and thus its ability to undertake the
other activities.

If for financia reasons it is impossible for the municipality or the district heating company to
be the owner, the second best solution would be a mixed ownership.

In case the only solution is a private investor, it is important that the contract between the
investor and the digtrict heating company for sale of base load to the network is transparent
and reflects the costs structure. The contract should encourage both parties to design and
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operate the heat supply system as well as the plant in an overall efficient way. Naturally the

cost of heat from the plant should be lower than heat from a large gas boiler.

8.4 Tariffsand pricelegidation

For regulating the prices of heat, to protect the consumers and to solve disputes it is
important:

that the pricing rules are stated in the law;

that the law specifies the duties and responsbilities of an independent Price
Regulator to which consumers and companies can complain;

and that the price regulator is established in accordance with the law.

Didtrict heating is a natural monopoly, and the only ones who can pay the total costs are the
consumers, who are or can be supplied from the system.

Therefore the pricing is a problem of cost control and cost sharing.

The municipal ownership with indirect or direct consumer influence should in principle be
the best way to regulate the cost control and to ensure that the company follows the
objectives of minimizing the totd costs and not only the sales price by boosting the sales .

The problem of cost sharing is difficult to solve as various consumer groups have different
interests. Therefore the main problem of the price regulator will be to solve disputes on cost
sharing.

The tariff shal (besides being the key for sharing the costs in a reasonable way) aso give the
consumers the correct price signas on the cost structure.

We have in the economic models (see module H report annexes 4.6, 5.2 and 6.2) proposed a
smple tariff, which has the most important qualities.

The tariff principle is as follows:

The company can include al necessary costs in the budget, including a minor profit
(or depreciation in advance) to pay particular future investments.
The necessary revenue is divided on following tariff components:
- Fixed annual payment per consumer, e.g. 1% of revenues.
- Fixed annua payment per floor area, e.g. 20% of revenues.
- A variable component divided on the consumption of flow, e.g. 15% of the
revenues.
- A variable component divided on the consumption of heat, e.g. 64% of the
revenues.
Each tariff component is calculated according to the budget by dividing the
necessary revenues by the number of units.

In case the consumers are a mix of large and small consumers, it may be necessary to
differentiate the fixed payment, giving a discount to the large consumers or increase the
fixed payment for the small consumers. This will in a better way reflect the difference in
costs of supplying large and smal consumers (this facility is not included in the mode for
smplicity reasons).
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In case low temperature CHP is chosen as base load production, the composition of the tariff
could be changed, assigning a larger share to the flow component and a minor share to the
energy component. This will increase the incentive for the consumers to reduce the return
temperature, e.g. by installing thermostatic valves.

8.5 Regulation of back-feeding of electricity

For both minor DH systems (Gjakova and Mitrovica) we have proposed cogeneration units
with atota eectric capacity in the order of 8.5 MWy and 12 MW, respectively. These
units should preferably be owned and operated by the respective DH companies.

The operation of these units presupposes the possibility of back-feeding eectricity with a
decent reimbursement. The viability of this solution is therefore dependent on an agreement
between the DH companies and the power supply company KEK.

This procedure is new for Kosovo (and for most transition countries); therefore, any
regulations or agreements do not yet exist.

In a situation when power generation capacity is scarce, KEK should actually be interested in
purchasing additiona power (and capacity).

In principle the price of eectricity should correspond to the long term margina cost of
establishing rew power generating capacity. The price structure, e.g. through a capacity
charge or through a time dependent tariff should take into account the fluctuating need for
capacity and encourage the investor to optimize and design the plant in accordance with that
and for example invest in a heat accumulator.

A reasonable reimbursement for a plant with heat accumulator and ability to produce in the
periods with largest demand could be of the order 40 USSMWh in average.

8.6 Consumer organisation, billing, collection and private sector participation

According to the technical set up of digtrict heating, the consumer is the building owner, who
owns the private property that can be separated from the network by stop valves and a meter
(point of sale).

If the building has several users it is the duty of the building owner to divide the costs of
heating among the users.

If the users are tenants, the heating bill will be added to the rent.
If the gpartments are privatised, the building is owned jointly by al the apartment owners (a
condominium) and the owners have to operate the condominium and decide on how to share
the codts. The heating bill will thus be added to the bill for other common costs of the
building.
In both cases the problem of sharing the hegting bill is the same.
The heating budget of the building will include:

District heating bill according to the tariff and measurements.

The maintenance costs of the internal heating installations (and if relevant hot water
ingtalations).
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The administration fee for individual readings of heat alocators and flow meters (if
such allocators/meters are used).
The administration fee for the billing and collection.

In case the building is equipped with heat alocators and flow meters to measure hot tap
water, the division of costs could be as follows:

The totd bill is divided into:

afixed part to be divided according to floor area, e.g. 40%;

a variable part to be divided according to the measurement on heat alocators, e.g.
40%;

and a variable part to be divided according to the consumption of hot tap water, e.g.
20%.

In this way the unit costs can be calculated.

The divison among these three components can be guided by overall measurements on the
variable costs and fixed costs as well as the total additional variable costs of the tap water.

The best practice for collection would be to charge monthly pre-payments on basis of a
budget and by the end of the year or the heating season calculate the real payment according
to measurements and adjust the final payment.

The building sector is the most obvious sector to start private sector participation. Partly
because the apartments are more or less privatised, partly because the services, which are
needed in the housing sector, can be offered by small new private enterprises.

The services, which can be offered to the building owners (or to the district heating
company, which may administrate a building on behalf of the apartment owners until they
are able to organise themselves) are typically:

Dividing costs among apartments.

The private company installs alocators (and hot tap water flow meters if hot tap
water is installed), reads and maintains the meters once a year and prepares the
invoices to each apartment. The apartment owners will however pay the bills directly
to the account of the condominium. In Europe there are severa of such companies
on the market and most of the companies are interested in expanding their market to
new countries like Kosovo. The typicd modd is that the European company
establish a loca company, train local staff and deliver the technical components. If
a least two such companies are instaled in Kosovo there will be sufficient
competition and the royalty to the European company will be insgnificant.

Maintenance of the internal pipe installations.

Many smdll local companies may offer these services in a competitive market. The
former municipa owned housing administration organisation may be reorganised
and the staff previoudly responsible for these services can establish their own private
companies.

Book keeping.

The board of a small condominium may include one, who can manage the book
keeping, however in large condominiums it could be an option to hire a professiona
book keeper (e.g. free lance) part time.
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Auditing of accounts.

In asmall condominium, the general assembly may elect a person among themselves
to audit the annual account, however when the annual budget exceeds a certain value
the auditing should be done by a professiona auditing company.

Building administration.

The board of a small condominium may (like in a sport club) take care of all duties
like the book keeping, agreements with billing company, maintenance company,
district heating company etc., however for large condominiums and in the longer
term it may be more efficient to hire a professona building administration company
to take care of the administration. It requires however that there is established a
market for this service and in the beginning it will require certain guarantees and
precautions to ensure that the building administrator will not have the chance to
empty the bank account and go bankrupt.
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Description of the Hydraulic DH M odel

Thisisashort description of the SYSTEM RORNET software package that has been used for
smulation of the hydraulics of the digtrict heating networks in different load Situations. The model
has aso been used for redesign of the networks.

The description focuses more on the genera possbilitiesin SY STEM RORNET, than on the
specific caculations for the different networks. Of course dl the described possibilities can be used
on each modd, athough some andyses are more relevant in one network than in another.

SYSTEM RORNET is a software package comprising of several modules. The software has been
developed by RAMBOLL and has been used extensvely for hydraulic and thermodynamica
andyses of didrict heating networks throughout the world. For more information, please vigt the
corporate homepage of RAMBOLL (www.ramboll.com).

The following modules of SYSTEM RORNET have been used in the ESTAP project:
Geometry
Hydraulics

Hest flow
Desgn

A short description of each module is given below.

Geometry

An important part of establishing a hydraulic modd is to specify the geometry. In other words,
where are the consumers located and how are they connected to the network and ultimatdly the
production unit(s). This operation is most often done with the use of adigitiser.

Next, it is hecessary to specify the heet |oads and relative heights of the consumers aswell asthe
properties of the pipelines, mainly the diameter, the transmission coefficient and the roughness.

Findly various information on the production units and circulation pumps must be specified:

location and heet production of production units (CHP units, boilers, heat exchangers, etc.),
location and pressure level of the pressure maintenance system,

location and regulation of the circulation pumps,

€tc.

Hydraulics

On the basis of the established mode any number of hydraulic anadyses can be made. Often it is of
interest to know the hydraulic consequences of different load Situations in combination with
different load dispatching schemes. Typicaly the following load Stuations are examined:

peak heat load,
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maximum base load,
and summer load.

These load Situations can be combined with different load dispatching schemes, provided that there
are more than one production unit in the system.

The output datafrom a hydraulic caculation in SY STEM RORNET are very comprehensive, but
some of the key questions that can be answered are:

the pump head and flow necessary for circulating the heat from the production unit(s) to the
consumers,

the critica consumer, i.e. the consumer with the lowest differentid pressure;

identification of areas with too low differential pressure, too high supply pressure, etc.;

and identification of overloaded pipelines, i.e. pipeines with too high velocities and relative
pressure |osses.

Oftenitisadso of interest to andyse the hydraulic consequences of variations of different
parameters, e.g. the cooling and/or the future heet load.

Fndly it is possible to andyse the hydraulic consequences of some abnormal Situations like the
breakdown of production units or pipdines.

Because the amount of input data in a hydraulic modd is quite comprehensive but a the sametime
could belessreiable, it is recommendable that the moded is cdibrated, if possible. Calibration
means that awell known hesat load Stuation is run through the modd. This way the output data can
be compared to measurements, of course provided that such measurements are available.

Heat flow

With the heat flow module it is possible to cacul ate the temperature distribution in the network.
This can be of specid interest if it is sugpected that some consumers are experiencing unacceptable
supply temperatures.

Thismoduleis aso used for calculating the hest losses in the network. It has to be mentioned that
the input data must be very relidble for this caculation to give usable results. Thisis often a
problem in networks with old and deteriorated pipes.

Aswith the hydraulic caculations it is often relevant to do a heet flow caculation for severd load
Stuations and/or load dispatching schemes.

Design

Very often the didtribution networks in countries in Eastern Europe and the former Soviet Union are
old and run down. Large parts of the pipelines are due to be replaced and often the design
conditions (e.g. heet loads) have changed from the time of ingalation of the existing pipelines.
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Therefore it ismost often highly relevant to use a professond software tool like SYSTEM
RORNET for redesigning the network. With input data on the available pump heads and the design
prices and maximum alowable velocities of the different pipe dimengions, it is possble for
SYSTEM RORNET to completely redesign the network. The output datawill be the optima
dimengion of the different pipelines.

It isvery important that great care is taken in determining the design load Situation. Mogt often this
will be the pesk heat load Situation, but in case there are severd production units - some of them
base |oad and some peak load units - in the system, it can also be the maximum base load Stuation,
that isthe critical load Situation, at least for parts of the network. Thereforeit is aways agood idea
to check that the redesigned network is also capable of supplying the required heet in other load
gtuations.

Findly, it should be noted, that it is dso possible to design just parts of the network. In other words,

the rest of the network is*“fixed”, so to say, and it isonly the “freg’ pipelines that are redesigned.
This can be of benefit, when only smaller parts of the network are replaced a atime.
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Description of the Economic DH M od€l

Thisisadescription of the main principlesin the economic model, developed in relation to the
Didtrict Heating Module H of the ESTAP project.

The modd has been used to smulate the economic consequences of various scenarios regarding the
future of the didtrict heating supply of Prigting, Gjakova and Mitrovicain Kosovo during the
planning period of 2002-2015.

The modd is a spreadsheet model, made in Microsoft Excel 2000. It has four main parts:

Consumer dataand energy flow (Consumer file, forecasts of demands and 1osses)
Cost/benefit andysis for the heat supply in the digtrict heating supply area, in fixed prices
Simple financia modd (in current prices) based on commercia costs

Taiff formulation

Bedow the sngle dements of the modd will be explained shortly.

Apart from the modd itsdf, there is awhole worksheet devoted to general assumptions that are
vdid for al scenarios. These assumptions include (among others):

efficiency factors,

discount rate and inflation rete,

fue prices,

operation and maintenance (O& M) costs for production,

specific invesments in relaion to connection of new consumers (e.g. investmentsin
subgtations),

investments in new preinsulated pipes,

specific investmentsin consumer ingdlations (e.g. thermostatic valves, heet alocators,
etc.),

and fuel data (emissons and cdorific values).

Consumer data and energy flow

Thefirg part of the modd begins with asummary of the consumers. These are Slit into three
different categories.

exiging buildingsin the didtrict heeting supply areq,
exiging buildings outside the didtrict hegting supply area,
and new buildings

For each category the number of buildings, apartments and the heated floor area are given. On the
bass of market share, capability to supply and consumer willingness to pay for comfort, the total
heat demand (including HTW) and sdle of digtrict heeting is caculated for each category and findly
summed.
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Thisisfollowed by acaculation of the heet losses in the network. The network is divided into three
categories.

preinsulated pipes,
bad concrete ducts,
and acceptable concrete ducts.

Thetota production demand is now calculated asthe sale of didtrict hesting plus the heat losses
(indluding hest |oss from weter 10ss) in the network.

Next this production demand is split up on different production units (e.g. CHP, mazut boilers,
natura gas boilers, etc.). The production capacity in MW aswell as the share of the production
according to the load duration curve isgiven.

The split up of heet production for individua heeting is also Sated.

This makes it possble to cadculate the consumption in MWh of the different types of fud (lignite,
natura gas, mazut and light oil) for both digtrict heeting and individual heating. The amount
electricity saved in comparison with the reference is cdculated. The fuel consumptionin
commercia units (ton, nT’) is aso calculated.

Findly the CO, emission of the scenario is calculated and compared to the CO, emission of the
reference.

Cogt/benefit analysis

This part of the modd isin fixed prices.

It begins with calculating the tota fuel and operation and maintenance (O& M) codts of the didtrict
heating production and network, which is made up of the following components:

fud codts,

O&M codts of the production units,

O&M codis of the digtribution (and if relevant the transmission) network
O&M of the substations

and sdlaries and adminigtration.

Next, the estimated investments in both digtrict heating and individua heeting are stated. After that
the total costs (including fud costs, O& M cost and reinvestments) of individua heeat supply is
caculated, giving the total cost of heat supply in the area (ditrict heeting and individual heeting).

After asummary of the costs within the respongbility of the ditrict heating company, the tota cost
of heat supply in the scenario is compared to the total cost of the heet supply in the reference. The
Net Present Vaue (NPV) of the total cost in both the scenario and the reference as wdl asthe
difference between the two is caculated, using afixed discount rate (129%). Generdly the resdud
value of the production units, distribution network, substations, etc. is not taken into account, as the
components are close to the end of their expected lifetimein 2015, and because of the high discount
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rate. The only exception is natural gas fired production units, asthese are ingtdled rather late in the
model period and therefore have a subgtantid part of the expected lifetime left. The accumulated
NPV isdso caculated for the scenario, the reference and the difference (savings). The accumulated
NPV for the modd period (labdled “NPV 2015” in the report) is one of the main results of the
cost/benefit anayss.

Findly the Interna Rate of Return (IRR) of the scenario as compared to the reference is caculated.
The accumulated IRR for the mode period (labelled “IRR 2015 in the report) is the second main
result of the cost/benefit analyss.

Smple financial modd

This part of the modd isin current prices, i.e. the assumed inflation is taken into account. It only
dedlswith the financid Stuation of the district heating company.

At firgt the capital budget (investments and estimated grants) is set up. This gives the investmentsto
be financed by the digtrict heating company.

Secondly, the depreciations are listed. The larger investments are assumed to have a depreciation
period of 15 years, whereas the smaller investments only have a depreciation of one year.

On the basis of the investments and the depreciations the accumulated capital assets of the district
hesting company are caculated (only the new investments are taken into account, i.e. existing
assets are not included).

Next, the long term loans are stated. Only two long term loans are included in the model. These
cover the largest invesments (usudly investmentsin new production units). The smdler
investments are assumed to be financed directly over the heating bill.

Thisleads to the profit and loss account. Asit is assumed that the district hesting company is
generdly anonprofit company, the revenue must baance the tota costs. There isthough a
possibility to include a certain amount of profit or loss from year to year. The idea behind thisis,
that the district heating company can for example set the revenues allittle higher than the total costs
in order to finance investments in the coming years.

The cash flow can now be calculated, taking among other the interest of short term creditsinto
account.

Fndly the equity, assets and liabilities of the digtrict heating company are stated. If any profit
and/or |oss has been introduced, then the net profit/loss should be found as equity in the company.
In other words, the net profit/loss that has been paid by the consumersis ill in the company and
ultimately belongs to the consumers.

Tariff formulation

This part of the modd isin fixed prices.
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Frdly, the divison of the tariff on fixed and variable componentsis stated (in %). The following
components are included in the tariff:

fixed part, per consumer (Euro)
fixed part, per floor area (Euro/nt)
variable part, flow (Euro/nT)
varidble part, energy (Euro/MWh)

The totd revenue of the digtrict heating company is the split into the different fixed and variable

components. It is possible to introduce speciad discounts for large consumers, dthough this option
has not been used in thisanayss.

From the tota revenueit is possible to calculated the vaue of the different components per unit
(e.0. per consumer or per MWh) with the use of the total number of consumers, the total floor area,
the tota flow and the tota amount of heat sold (in MWh).

For easy comparison between the different scenarios the average price for al consumer in
Euro/MWh and Euro/n isaso calculated.

With this tariff formulation it is possible to calculated the tota cost of digtrict heeting for some

typica consumers. Two cases are used: alarge consumer (block of flats) above atotd heated floor
area.of 10,000 n? and asmaller consumer with at total heated floor area below 1,000 n. For the
large consumer the average cost of a 60 T apartment is also calculated and compared to the cost of
heating the gpartment with eectricity.

On the bads of assumptions on what afamily can afford to pay for heeting, the need for subsidy for
both forms of heating (didtrict heating and electricity) is caculated.
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Previous Analysis of Heat Transmission to Pristina

The idea of extracting heat from one of the plantsin Obiliq for the supply of Prigtina (and other
municipdities) isold.

In the beginning of the eighties, under the impact of the ail price shock, the palitica focusin

Y ugodavia was on s=f-supply with energy resourses. In those days very large schemes were
discussed for the heat supply not only of Pristing, but aso of places asfar away from Obiliq as
Ferizg (50 km!)*.

In acomprehensive study of 1986 ([10]), the local engineering ingtitute INKOS examined and
designed a heet transmission scheme:

Objectives of the heat supply scheme

Asthe major objective for the implementation of the scheme is mentioned the ” Protection of the human environment”,
i.e. the improvement of the air quality in Pristina. The second objective is the avoidance of fuel importsin exchange for
hard currency. Also the reduction of electric heating is mentioned. The project is, moreover, characterised as an

" accelerator of economic development of Pristina”.

Scope of the heet supply scheme
The supply area of the proposed project comprises Pristina and the town of Ohilig itself. It is, however,
mentioned that in future the heat supply from PPKB could even comprise Mitrovica (50 km from Obiliq!)

Design capacity

The transmission pipeline to Pristina and the heaters at the heat source have a capacity of 320 MW. The
prospect of further increasing this capacity (400 MW) are discussed.

On the background of only 145 MW generating capacity at the existing heat plant, this sizing was based on
the anticipation of a dynamic growth of both the city of Pristina and its DH supply system. Nevertheless, on
appr. 4 peak-load days per year, the existing heat plant is supposed to deliver additiona hest to the network.

Heat source

As possible heat sources are assessed: PPKA and PPKB. HPPO is not discussed.

The evaluation clearly results in the recommendation to select PPKB as heat source. The reasons are’:

» At PPKA: Steam generating capacity of boilers is reduced below design values. Heat extraction will
further reduce power output. Heat extraction would have a negative impact on the (unregulated) turbine

» High expenses and long duration of the reconstruction project at PPKA. Steam extraction from turbine at
PPKB is, in contrast, “possible without big efforts’.

» Lack of space in the machinery halls of PPKA. Ample space in the machinery hall of PPKB.

» unregulated turbine at PPKA => extraction pressure not controllable

» Available capacity for water purification (demineralised water!) at PPKB

Asthe only possible advantage of the selection of PPKA instead of PPKB is given the fact that

» PPKA isappr. 3 km closer to Pristina than PPKB.

Basic concept for heat extraction
For the heating of DH water were foreseen two paralld heaters of 160 MW nominal capacity each, i. e. one-
stage heating (in normal operation). The heaters were connected to the two respective units of the power

' Ord information from KEK

? one important reason is not clearly mentioned: there is given the information; that " according to experience;
Cv-values (i.e. the ratio of power lost per unit of heat extracted) is @ 0.20 for the LMZ-turbines, as the
PPKA is equipped with. For the turbine of PPKB, the manufacturer has (later) specified a Cv-vaue of only
0.12 (at temperatures 120/80)!
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plant, i. e. both units were equipped with heat extraction equipment. The steam extraction for the heaters was
foreseen from the connection pipe from intermediate- to low-pressure cylinder, i.e. before LP inlet control
valves.

A peak heater of 120 MW capacity downstream of the two parallel first-stage heaters should provide spare
capacity for out-times of one of the units. It was to be supplied with steam extracted from the connection
pipe from high- to intermediate-pressure cylinder, reduced to the suitable pressure from alevel of ca 35 bar.
Pressure maintainance and make-up water preparation were to be effected at PPKB.

Basic concept for heat transmission

Nominal temperature set:  130°/80°C

Circulation pumps at PPK

Heat exchanger station in Pristing, close to existing heat plant

Basic pipeline data

Length: 10.5km

Diameter: 2 X DN 900 (924 mm)
Nominal pressure: PN 16

I nvestment assessment (1986 prices)
Steam extraction + pump and heat exchanger station at PPKB:  16.2 mio. DM + 300 mio. dinar

Transmission pipdine: 4,500 mio. dinar
Heat exchanger station in Pristina 1,200 mio. dinar
Tota: 16.2 mio. DM + 6,000 mio. dinar

transformed into DM with a conversion rate of 350 dinar/DM: 16.2 mio. DM + 17.2 mio DM = 33.3 mio.
DM

Note: the applied conversion rate delivers a too low expense for the domestic delivery, i.e. pipeline and h.x.
dation.

Following the elaboration of the above described study by INKOS, the manufacturer of the turbines
in PPKB, the German company MAN-GHH, was asked to submit a proposal for the reconstruction
works a PPKB ([11]). The proposal includes arevised dimengoning of the transmisson pipeline.

Design capacity
320 MW(normal), 400 MW (maximal)

Basic concept for heat extraction
Originaly like described above. In arevised version, the peak heater was dropped.
Heat exchanger and pump station in a separate building next to machinery house.

Cv-vdue
At nominal load (160 MWth per unit): 11.9%, i.e. power lossis 19.1 MW at max. heat output

Basic concept for heat transmission
Nominal temperature set:  120°/80°C. Genera concept like described above. Pump head ca. 120 m

Basic pipeline data
Diameter: 2 x DN 1000
Nominal pressure: PN 16

Pricing
Revised version (without peak heater): Equipment: 11.4 mio. DM  Engineering: 1.9 mio. DM (1987 prices)
Scope of suppy: extraction steam pipesincl. connection to turbine, control valve for steam pressure, non-return valve, 4
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pcs. circulation pumps, pump drives with hydraulic gears, heat exchangers, condensate pumps, various valves for DH
water pipes, condensate pipesincl. control valves, flow meters, compensators.

Ddlivery period

Commissioning 28 months after contract signing

The concept of heat extraction from PPKB, as described in the two above sources, was, however,
never implemented. Instead, a quite different project was put forth and partly implemented ([13]).
Thistime, the heat source was supposed to be the industridl CHP plant next to PPKA, referred to as
“HPPO".

Basic features.

Design capacity
85 MW (normal), 116 MW (max.)

Basic concept for heat extraction

Plant disposes of backpressure turbine
Steam parameters after turbine: 7 bar, 240 C

Basic concept for heat transmission

Design temperatures. 160/70 C
Heat exchanger- and pump station both at the heat source (HPPO), and at the existing heat plant in Pristina.

Pipdine data
2xDN 450, rated pressure 22 bar
Length: 7.5km

The above described project was partly implemented in the years before the conflict.

A pipdine of spird-welded pipes (produced in Ferizg, Kosovo) islaid over the entire length of the
route, equipped with horizontd “lyra’-type expansion bends. Outside of the city it is constructed as
an above-ground pipeline on low sockets, whereas the last ca. Y2 km before the heat plant it is
redised in a U-shaped concrete duct.

Partly the welds are finished, partly the pipes are only tack-welded. Road- and railway crossings
have not been carried out.

The genera quality congtruction and of workmanship is poor, in particular concerning concrete
sockets and pipe supports, to some extent aso concerning welds. In many places the pipes havein
the meantime been removed. In some placesthe origind route has been blocked by newly erected
buildings or shop yards.

The building for the Heat exchanger- and pump gation near the existing heat plant in Pristinais finished in
“raw condition” (foundations and outer walls from concrete e ements).

On the background of this Situation, in the so-cdled “KfW-study” ([2]) a sirategy for the redlisation
of heat transmission from Obiliq to Pristinawas proposed.

The genera concept is to use the exigting pipeline 2 x DN 450 for heet transmission from PPKA to
Priginaas apreliminary solution, that can be redised in a short term. In addition to steam
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extraction from PPKA, the industria power plant HPPO is supposed to provide peak load capacity.
In the longer term, athird pipe is supposed to be added, and the pipeline isto be extended to PPKB,
which then will be the hegt source.

The generd features of the intermediate solution are presented below:

Design capacity
180-200 MW

Basic concept for heat transmission
Design temperatures. 160/60 C

Flow velocity 2 m/s
Pump head 100 m
Direct coupling to the DH network at the existing heat plant in Pristina (thus enabling the low return temp.)

I nvestment assessment

Remaining works on the pipeline incl. commissioning: 2.0 mio. DM
Coupling gtation in Prigtina: 1.5 mio. DM
Heat transfer station at PPKA: 3.0 mio. DM
Transport services. 0.5 mio. DM
Engineering: 2.0 mio. DM
Risk alowance: 3.0 mio. DM
Totd incl. risk dlowance: 12.0 mio DM

Construction period
6 months(!)

“Find” solution suggested in [13]

Asthefind solution it is suggested to lay an additiona pipe DN 600 along the existing pipdine 2 x
DN 450 from the coupling station in Pristinato PPKA, so that the two pipes DN 450 are used for
the trangport in one direction and the third pipe is used for the trangport in the other direction. From
PPKA to PPKB (ca 3.5 km) anew pipdine 2 x DN 600 shdl belaid, and a hest exchanger and
pumping sation at PPKB shdl be implemented, using extraction steam from one of the turbines.

Our assessment and conclusions, including the above mentioned previous studies:

The present pipesin DN 450 have sufficient capecity

The most urgent low cost solution will be to complete the partly constructed trench to power
plant A

It will be profitable to extend the trench to power plant B, as extraction from power plant A
would be temporary and more inefficient than extraction from power plant B
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System setup

The hospital (boiler and heat exchanger)

> Pristina; with coupling station Arberija

Heat transmission system PPKB
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Enclosure 4.4.5 Analysis of waste incineration plant in Prishtina, year 2015

Incineration plant, technical data

Waste treatment capacity 10 tonn/h 8.000 h/a
Annual capacity 80.000 tonn/a

Resituals for recycling 8.000 Tonnlyear

Residuals for deposits 8.000 Tonnl/year

Calorific value, year 2015 4,0 MWh/tonn

Fuel energy capacity 40 MWy,

Total efficiency in back pressure 85%

Total thermal boiler capacity 34,0 MWy,

Electrical efficiency in condensing 29%

Power to heat ratio 0,33 MWg/MWy,

Power capacity, in back pressure 8,4 MWy

Heat capacity in back pressure 25,6 MWy,

Power capacity in condensing 11,6 MWy

CV value 0,12 MW /MW,

Annual production Average capacity Production
Period h MW MWy, MWhg, MWhy,
Summer 3200 11,0 5,0 35.140 16.000
Part load 500 9,7 15,0 4.872 7.500
Max load 4300 84 25,6 36.275 109.925
Annual 8000 76.287 133.425

Estimated construction costs of the plant

Boiler 10 Mill EURO
Fluegas precipator 5 Mill EURO
Turbine and generator and mic. 5 Mill EURO
Electrical install and control 3 Mill EURO
Building and constructions 5 Mill EURO
Connection to district heating 1 Mill EURO
Design and project admin. 3 Mill EURO
Interest and other costs 3 Mill EURO
Total 35 Mill EURO
Estimated capital costs

Depreciation of investment 15 years
Interest average in 15 years 10%

Total capital costs

Estimated annual operation costs at the plant

Operation and maintenance 25 EURO/tonn
Salary 50 persons 2.500 EURO/alpers.
Deposit of slagg 2 EURO/tonn
Total

Revenues

Waste treatment at avoided cost 2 EURO/tonn
Sale of electricity, average 30 EURO/MWh

Total revenues

Net costs for production of heat
Costs of heat production from waste incinerator

Alternative cost of landfill

Total capacity of landfill 1,6 million tonn
Operation period 20 years

Annual capacity 80.000 tonn/year
Investments

Landfill site 0,8 million EURO
Machinery 0,5 million EURO
Total investment 1,3 million EURO

Estimated capital costs

Depreciation of investment 20
Interest average in life time 10%
Total capital costs

Estimated annual operation cost of the landfill
Maintenance

Salary 6 persons 2.500 EURO/a/pers.
Total operation and maintenance

Total annual costs
Costs of deposits

H Annex 4.5 Waste incineration 020305

2.333.333 EURO/a
1.750.000 EURO/a
4.083.333 EURO/a

2.000.000 EURO/a
125.000 EURO/a
16.000 EURO/a
2.141.000 EURO/a

160.000 EURO/a
2.288.602 EURO/a
2.448.602 EURO/a

3.775.732 EURO/a

28 EURO/MWh

65.000 EURO/a
65.000 EURO/a
130.000 EURO/a

15.000 EURO/a
15.000 EURO/a
30.000 EURO/a

160.000 EURO/a
2 Euro/a

Anders Dyrelund
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Structure of the model
Note: Press F9 to do recalculations in the model

Assumptions

*  General economic data common for all alternatives
Discount rate for calculation of present value
Basis for economic energy prices
Specific operation and maintenance costs
Investments

*  Fuel data
CO2 emissions in kg per MWh fuel
Calorific values

Scenarios

* Reference
Consumer data
Energy flow and fuel consumption
Calculation of CO2 emission
Summary of all costs at national level
Financial model for the DH company
Tariff formulation
Costs of heating building and apartment

* Scenario 1, alternatives
Consumer data
Energy flow and fuel consumption
Calculation of CO2 emission and comparison with reference

Summary of all costs at national level, comparison with reference, calculation of NPV and IRR

Financial model for the DH company
Tariff formulation
Costs of heating building and apartment

RAMBOLL ESTAB AD H Annex 4.6 DH model Pristina 020228
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H Annex 4.6 DH model Pristina 020228
General assumptions

Date of print 19/09/02

[ Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Efficiency factors
Power generation
electric efficiency power-only mode
a) existing PPKB (lignite) % 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%
b) new gas-fuelled CC power plant % 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45%
Efficiency of gas fuelled condensing plant % 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
Power distribution
Marginal efficiency of power distribution % 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95%
CHP generation
Power lossfactor for CHP extraction
a) existing PPKB (lignite) % 13% 13% 13% 13% 13% 13% 13% 13% 13% 13% 13% 13% 13% 13% 13% 13%
b) new gas-fuelled CC power plant % 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%
Electricity to heat ratio
c) local CHP % 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Total efficiency
b) new gas-fuelled CC power plant % 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85%
Marginal efficiency of CHP extraction
a) existing PPKB (lignite) % 231% 231% 231% 231% 231% 231% 231% 231% 231% 231% 231% 231% 231% 231% 231% 231%
b) new gas-fuelled CC power plant % 450% 450% 450% 450% 450% 450% 450% 450% 450% 450% 450% 450% 450% 450% 450% 450%
c) local CHP % 283% 283% 283% 283% 283% 283% 283% 283% 283% 283% 283% 283% 283% 283% 283% 283%
DH boilers
Overall efficiency
DH coal boiler % 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80%
DH gas boiler % 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85%
DH mazut boiler % 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80%
DH light oil boiler % 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85%
Individual heating
Overall efficiency
electric ovens; power generation from
a) existing PPKB (lignite) % 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 29%
b) new gas-fuelled CC power plant % 43% 43% 43% 43% 43% 43% 43% 43% 43% 43% 43% 43% 43% 43% 43% 43%
Wood stoves % 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
individual light oil boilers % 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75%
Cost/Benefit analysis heat supply in the district heating supply area, in fixed prices
Discount rate % 12%
1 1 0,89 0,80 0,71 0,64 0,57 0,51 0,45 0,40 0,36 0,32 0,29 0,26 0,23 0,20
Inflation rates 8% 8% 6% 4% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
GDP growth in fixed prices, Centre % 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6%
Local labour, average annual salary Eurolyear/pers 2400 2.400 2592 2799 3023 3265 3526 3808 4113 4442 4798 5181 5596 6044 6527 7049
What can the family afford to pay for heat Euro 150 150 162 175 189 204 220 238 257 278 300 324 350 378 408 441
i Consumers willingness to pay for comfort % 75% 75% 7% 79% 80% 82% 84% 86% 88% 89% 91% 93% 95% 96% 98% 100%
HFO 3,5% mediterranean, DH company Euro/ton 149 149 127 120 114 108 107 106 106 105 104 105 105 105 106 106
HFO 3,5% mediterranean, DH company Euro/MWh 13,7 13,7 11,7 11,0 10,5 99 9,8 9,7 9,7 9,6 95 9,6 9,6 9,6 9,7 9,7
HFO 3,5% mediterranean, private consumer Euro/ton 364 364 336 328 320 312 311 310 309 308 307 308 308 309 309 310
HFO 3,5% mediterranean, private consumer  Euro/MWh 334 334 30,8 30,1 29,4 28,6 28,5 28,4 28,3 28,3 28,2 28,3 28,3 28,3 28,3 28,4
Light fuel oil (diesel), DH company Euro/ton 270 270 226 213 200 188 187 185 184 183 181 182 183 183 184 184
Light fuel oil (diesel), DH company Euro/MWh 22,7 22,7 19,0 17,9 16,8 15,8 15,7 155 15,5 154 15,2 15,3 154 154 155 155
Light fuel oil (diesel), private consumer Euro/ton 609 609 554 537 521 506 504 503 501 499 497 498 499 500 501 501
Light fuel oil (diesel), private consumer Euro/MWh 51,2 51,2 46,6 45,1 43,8 425 424 42,3 42,1 41,9 41,8 41,8 41,9 42,0 42,1 42,1
Natural gasto large consumer (load factor = 0. Euro/1000 m’ 144 144 123 116 110 104 103 102 102 101 101 101 101 101 102 102
Natural gasto small consumer (load factor = 0. Euro/1000 m’ 220 220 188 177 168 159 158 157 157 155 154 155 155 155 157 157

RAMBOLL ESTAB AD H Annex 4.6 DH model Pristina 020228
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General assumptions
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Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Unit fuel and electricity costs
Electricity at CHP plant due to CHP extraction ~ Euro/MWh 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
Electricity from local CHP with storage Euro/MWh 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
Gas at local CHP Euro/MWh 13 13 11 11 10 9 9 9 9 9 9 9 9 9 9 9
Coal in DH boilers Euro/MWh 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Gasin DH boilers Euro/MWh 13 13 11 11 10 9 9 9 9 9 9 9 9 9 9 9
Mazut in DH boilers Euro/MWh 14 14 12 11 10 10 10 10 10 10 10 10 10 10 10 10
Light oil in DH boilers Euro/MWh 23 23 19 18 17 16 16 16 15 15 15 15 15 15 15 15
Electricity in households Euro/MWh 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
Wood in households Euro/MWh 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Light oil inindividual boilers Euro/MWh 51 51 47 45 44 43 42 42 42 42 42 42 42 42 42 42
Natural gas for small consumer Euro/MWh 20 20 17 16 15 14 14 14 14 14 14 14 14 14 14 14
Discount of unit fuel and electricity costs Balance price
Electricity at CHP plant due to CHP extraction 30,0 30 30 27 24 21 19 17 15 14 12 11 10 9 8 7 6
Electricity from local CHP with storage 40,0 40 40 36 32 28 25 23 20 18 16 14 13 11 10 9 8
Gas at local CHP 10,2 13 13 10 8 7 6 5 5 4 4 3 3 3 2 2 2
Coal in DH boilers 6,0 6 6 5 5 4 4 3 3 3 2 2 2 2 2 1 1
Gasin DH boilers 10,2 13 13 10 8 7 6 5 5 4 4 3 3 3 2 2 2
Mazut in DH boilers #REF! 14 14 10 9 7 6 6 5 4 4 3 3 3 2 2 2
Light oil in DH boilers #REF! 23 23 17 14 12 10 9 8 7 6 5 5 4 4 4 3
Electricity in households 50,0 50 50 45 40 36 32 28 25 23 20 18 16 14 13 11 10
Wood in households 15,0 15 15 13 12 11 10 9 8 7 6 5 5 4 4 3 3
Light oil in individual boilers #REF! 51 51 42 36 31 27 24 21 19 17 15 13 12 11 10 9
Unit of consumption 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Unit of consumption 78 10 10 0,9 08 0,7 0,6 0,6 0,5 0,5 04 04 03 03 03 0,2 0,2
Unit operation and maintenance costs for production of heat per MWh heat (estimated 100% variable)
Base load CHP, lignite Euro/MWh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Base load CHP, gas Euro/MWh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
generation by local CHP Euro/MWh 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Base load coal boiler Euro/MWh 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Gas boilers Euro/MWh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mazut boilers Euro/MWh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Light oil boilers Euro/MWh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Unit operation, maintenance and replacement costs for individual heat and DHW supply per MWh heat
Individual electrical appliances Euro/MWh 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Individual wood boilers Euro/MWh 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Individual light oil boilers Euro/MWh 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Individual appliences and boilers include average replacement costs
Specific investment for connection of new consumer s and maintenance parameters
Substations for new consumers Euro/cons. 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000
Annual O&M of a substation Euro/cons. 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
Costs of make-up water Euro/m® 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2
Investment in substations
Meter and control valve at substations Euro/subst 2.000 0 0
Number of substations, meter and valve subst 200
Investment meters and valves Euro 0  400.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rehabilitation of substation Euro/subst 10.000 10.000
Number of substations, rehabilitation subst 35 35
Investment in rehabilitation 0 0 350.000  350.000 0 0 0 0 0 0 0 0 0 0 0 0
1 pipe pipetrench install civil works Civil works Total
factor 1 4 1 2 fixed

RAMBOLL ESTAB AD H Annex 4.6 DH model Pristina 020228
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Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Investments in new preinsulated pipes DN Euro/m pipe Euro/mtr  Euro/mtr Euro/mtr Euro/mtr Euro/mtr
40 10,0 40 10 20 20 100
50 11,0 44 11 22 20 108
65 115 46 115 23 20 112
80 14 56 0 28 20 118
100 18 72 18 36 20 164
125 21 84 21 42 20 188
150 26 104 26 52 20 228
200 37 148 37 74 20 316
250 54 216 54 108 20 452
300 72 288 72 144 20 596
350 84 336 84 168 20 692
400 96 384 96 192 20 788
450 108 432 108 216 20 884
Replacement of preinsulated pipes DN kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench kmtrench km trench
40 -
50 -
65 - 1
80 -
100 - 1
125 - - - 1 1 1 1 1 1 - - - - - - -
150 6 1 1
200 - 1 1
250 - 1
300 - 1
350 1
400 1
450
Total 6 0 6 5 1 1 1 1 1 0 0 0 0 0 0 0
Total installed preinsulated pipes DN
40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
65 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
125 0 0 0 1 2 3 4 5 6 6 6 6 6 6 6 6
150 6 6 7 8 8 8 8 8 8 8 8 8 8 8 8 8
200 0 0 1 2 2 2 2 2 2 2 2 2 2 2 2 2
250 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
300 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
350 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
400 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
450 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 6 6 12 17 18 19 20 21 22 22 22 22 22 22 22 22
Replacement with preinsulated pipes DN Euro Euro Euro Euro Euro Euro Euro Euro Euro Euro Euro Euro Euro Euro Euro Euro
40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
65 0 0 0  112.000 0 0 0 0 0 0 0 0 0 0 0 0
80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100 0 0 0  164.000 0 0 0 0 0 0 0 0 0 0 0 0
125 0 0 0 188000 188.000 188.000  188.000  188.000  188.000 0 0 0 0 0 0 0
150 1.368.000 0 228000  228.000 0 0 0 0 0 0 0 0 0 0 0 0
200 0 0 316.000  316.000 0 0 0 0 0 0 0 0 0 0 0 0
250 0 0  452.000 0 0 0 0 0 0 0 0 0 0 0 0 0
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Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
300 0 0  596.000 0 0 0 0 0 0 0 0 0 0 0 0 0
350 0 0  692.000 0 0 0 0 0 0 0 0 0 0 0 0 0
400 0 0  788.000 0 0 0 0 0 0 0 0 0 0 0 0 0
450 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total investment 6.388.000 Total 1.368.000 0 3.072000 1.008.000 188.000 188.000  188.000  188.000  188.000 0 0 0 0 0 0 0
New districts and urban development km average DN 3 0,9 0,9 0,9 0,9 0,9 0,9 0,9 0,9 0,9 0,9
kmin total 3 37 4,6 55 6,4 73 8,2 9,1 10,0 10,9 11,8 11,8 11,8
Total investment 1.841.400 Eurolyear 365.400 147.600 147.600 147.600 147.600 147.600 147.600 147.600 147.600 147.600 147.600
Specific investmentsin consumer installations
Number of radiators per apartment 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Thermostatic valve, import Euro/valve 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Thermostatic valve installation Euro/valve 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Hest alocator, import and installation Euro/alloc 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
Thermostatic valves and allocators Euro/ap 435 435 435 435 435 435 435 435 435 435 435 435 435 435 435 435
DHW pipesin an average ap. building Euro/ap 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280
Flow meter Euro/ap 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
Share of DH heat exchanger substation Euro/ap 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
DHW installations per apartment Euro/ap 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500
Fuel data Investmentsin Demand length Average  Unitprice Pricesect. Total price
Emissions Calorific value new DH pipes MWh km DN Euro/mtr  Euro Euro
Fuel type COo2
kg/MWh New districts
Lignite CHP 342 2,1 MWh/ton North of Museum 2100 1,3 80 118 153.400
Gas CHP 205 11,0 MWHh/1000 m*
Lignite DH 342 21 MWh/ton Sunny Hill 2 6000 80 118 118000 212.000
Gas DH 205 11,0 MWH/1000 m® 0,5 125 188 94000
Mazut DH 281 10,9 MWh/ton
Light oil DH 266 119 MWh/ton Total new districts 8100 2,8 365.400
Lignite electricity 342 21 MWh/ton Hest loss 15% 1226
Wood indiv 0 3,0 MWh/ton
Light ail indiv 266 11,9 MWh/ton Urban development 36000 9 100 164 1.476.000

Unit emission costs
CcO2

10 Euro/ton
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SCENARIO 1- SIMPLE COST AND TARIFF ANALYSISFOR PRISTINA DISTRICT HEATING COMPANY

Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Consumer data and energy flow (Consumer file, forecasts of demands and losses,
Existing building stock, potential for District Heatingin the DH sypply aree
Number of consumers, buildings - 234 234 234 234 234 234 234 234 234 234 234 234 234 234 234 234
Number of apartments - 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000
Inhabitants per apartment in average 55 55 54 54 53 52 51 51 50 49 49 48 47 4,6 4.6 45
Heated flor areafrom 2001, incl. public/comt  n? #itH 1.000.000  1.000.000 #itt####H HHEHIH - I A S I A SR HHEE A T i
Market share of DH for heating % 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90%
Capability of DH to supply % 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70%
DH connected buildings 211 211 211 211 211 211 211 211 211 211 211 211 211 211 211 211
DH connected apartments 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800
Heated with DH n¥ 630.000  630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000
Heated with other surces m 370.000  370.000 370.000 370.000 370.000 370.000 370.000 370.000 370.000 370.000 370.000 370.000 370.000 370.000 370.000 370.000
Heat demand for space heating kWh/m2 210 210 208 206 204 201 199 197 195 193 191 189 186 184 182 180
Consumers willingness to pay for comfort % 75% 75% 7% 79% 80% 82% 84% 86% 88% 89% 91% 93% 95% 96% 98% 100%
Space heating demand covered by District t  MWh 99.225 99.225 100.551 101.829 103.058 104.239 105.372 106.457 107.494 108.482 109.422 110.314 111.158 111.954 112.701 113.400
Space heating demand covered by others MWh 58.275 58.275 59.054 59.804 60.526 61.220 61.885 62.522 63.131 63.712 64.264 64.788 65.283 65.751 66.189 66.600
Total real space heating demand MWh 157.500  157.500 159.605 161.633 163.584 165.459 167.258 168.980 170.625 172.194 173.686 175.102 176.441 177.704 178.890  180.000
Number of apartmentswith DH for DHW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Market share of DH for DHW app 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Market share of others for DHW app 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Heat demand for DHW kWh/pers 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400
Consumers willingness to pay for comfort % 75% 75% 7% 79% 80% 82% 84% 86% 88% 89% 91% 93% 95% 96% 98% 100%
DHW demand covered by District Heating MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DHW demand covered by others MWh 19.800 19.800 20.008 20.204 20.388 20.559 20.718 20.865 21.000 21.122 21.233 21.331 21.416 21.490 21.551 21.600
Total real DHW demand MWh 19.800 19.800 20.008 20.204 20.388 20.559 20.718 20.865 21.000 21.122 21.233 21.331 21.416 21.490 21.551 21.600
Existing building stock outside the present DH supply aree
Number of consumers, buildings - 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37
Number of apartments - 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350 1.350
Inhabitants per apartment in average 55 55 54 54 53 52 51 51 50 49 49 438 4,7 4,6 4,6 45
Heated flor areafrom 2001 m 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000
Market share of DH for heating % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Capability of DH to supply % 0% 0% 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
DH connected buildings 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DH connected apartments 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Heated with DH m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Heated with other surces e 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000
Heat demand for space heating kwh/m2 210 210 208 206 204 201 199 197 195 193 191 189 186 184 182 180

RAMBOLL ESTAB AD H Annex 4.6 DH model Pristina 020228



ESTAP KOSOVO H Annex 4.6 DH model Pristina 020228 Date of print 19/09/02

RAMBOLL ref Page: 2 of 13

Dstrict Heating model
SCENARIO 1- SIMPLE COST AND TARIFF ANALYSISFOR PRISTINA DISTRICT HEATING COMPAN)

Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Consumers willingness to pay for comfort % 75% 75% 7% 79% 80% 82% 84% 86% 88% 89% 91% 93% 95% 96% 98% 100%
Space heating demand covered by DH MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating demand covered by others MWh 7.088 7.088 7.182 7.273 7.361 7.446 7.527 7.604 7.678 7.749 7.816 7.880 7.940 7.997 8.050 8.100
Total real space heating demand MWh 7.088 7.088 7.182 7.273 7.361 7.446 7.527 7.604 7.678 7.749 7.816 7.880 7.940 7.997 8.050 8.100
Number of apartmentswith DH for DHW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Market share of DH for DHW app 0% 0% 0% 0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 50%
Market share of othersfor DHW app 100% 100% 100% 100% 95% 90% 85% 80% 75% 70% 65% 60% 55% 50% 45% 50%
Heat demand for DHW kWh/pers 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400
Consumerswillingness to pay for comfort % 75% 75% 7% 79% 80% 82% 84% 86% 88% 89% 91% 93% 95% 96% 98% 100%
DHW demand covered by District Heating MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DHW demand covered by others MWh 2.228 2.228 2.251 2.273 2.294 2.313 2.331 2.347 2.363 2.376 2.389 2.400 2.409 2.418 2.424 2.430
Total real DHW demand MWh 2.228 2.228 2.251 2.273 2.294 2.313 2.331 2.347 2.363 2.376 2.389 2.400 2.409 2.418 2.424 2.430
New building stock
Number of consumers, buildings - 0 0 4 7 11 14 18 21 25 29 32 36 39 43 46 50
Number of apartments - 0 0 179 357 536 714 893 1.071 1.250 1.429 1.607 1.786 1.964 2.143 2.321 2.500
Inhabitants per apartment in average 55 55 54 54 53 52 51 51 50 49 49 48 47 4,6 4.6 45
Heated flor ares nt 0 0 14.286 28.571 42.857 57.143 71.429 85.714 100.000 114.286 128.571 142.857 157.143 171.429 185.714 200.000
Market share of DH for heating % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Capability of DH to supply % 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
DH connected buildings 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DH connected apartments 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Heated with DH n¥ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Heated with other sources nt 0 0 14.286 28.571 42.857 57.143 71.429 85.714 100.000 114.286 128.571 142.857 157.143 171.429 185.714 200.000
Heat demand for space heating kwh/m2 150 150 148 146 144 141 139 137 135 133 131 129 126 124 122 120
Consumers willingness to pay for comfort % 75% 75% 7% 79% 80% 82% 84% 86% 88% 89% 91% 93% 95% 96% 98% 100%
Space heating demand covered by DH MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating demand covered by others MWh 0 0 1.622 3.271 4.944 6.638 8.350 10.076 11.813 13.557 15.306 17.055 18.803 20.545 22.279 24.000
Total real space heating demand MWh 0 0 1.622 3.271 4.944 6.638 8.350 10.076 11.813 13.557 15.306 17.055 18.803 20.545 22.279 24.000
Market share of DH for DHW app 0% 90% 91% 91% 92% 93% 94% 94% 95% 96% 96% 97% 98% 99% 99% 100%
Market share of othersfor DHW app 100% 10% 9% 9% 8% 7% 6% 6% 5% 4% 4% 3% 2% 1% 1% 0%
Number of apartmentswith DH for DHW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Heat demand for DHW kWh/pers 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400
Consumerswillingness to pay for comfort % 75% 75% 77% 79% 80% 82% 84% 86% 88% 89% 91% 93% 95% 96% 98% 100%
DHW demand covered by District Heating MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DHW demand covered by others MWh 0 0 298 601 910 1.224 1.542 1.863 2.188 2.515 2.844 3.174 3.506 3.837 4.169 4.500
Total real DHW demand MWh 0 0 298 601 910 1.224 1.542 1.863 2.188 2.515 2.844 3.174 3.506 3.837 4.169 4.500
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Dstrict Heating model
1 SCENARIO 1-SIMPLE COST AND TARIFF ANALYSISFOR PRISTINA DISTRICT HEATING COMPANY
Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Total building stock to be supplied
Number of buildingsin total 271 271 275 278 282 285 289 292 296 300 303 307 310 314 317 321
Number of apartmentsin total 13.350 13.350 13.529 13.707 13.886 14.064 14.243 14.421 14.600 14.779 14.957 15.136 15.314 15.493 15.671 15.850
Buildings connected to DH 211 211 211 211 211 211 211 211 211 211 211 211 211 211 211 211
Appartments connected to DH 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800 10.800
Appartments with DHW from DH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Heat supply from District heating MWh 99.225 99.225 100.551 101.829 103.058 104.239 105.372 106.457 107.494 108.482 109.422 110.314 111.158 111.954 112.701 113.400
DHW for heating MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
District heatingin total MWh 99.225 99.225 100.551 101.829 103.058 104.239 105.372 106.457 107.494 108.482 109.422 110.314 111.158 111.954 112.701 113.400
Heat supply from other sources MWh 65.363 65.363 67.858 70.349 72.832 75.304 77.762 80.202 82.622 85.017 87.385 89.723 92.026 94.292 96.518 98.700
DHW supply from other sources MWh 22.028 22.028 22.557 23.078 23.592 24.096 24.591 25.076 25.550 26.013 26.465 26.905 27.331 27.745 28.145 28.530
Other sourcesin total MWh 87.390 87.390 90.415 93.427 96.423 99.400 102.353 105.278 108.172 111.031 113.850 116.627 119.357 122.037 124.663 127.230
Total demand MWh 186.615  186.615 190.966  195.256 199.481 203.639 207.725 211.735 215.666 219.513 223.273 226.942 230.516 233.991 237.364 240.630
Saleof District Heating according to affordability

Group | nt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Group 1 e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Group 111 n¥ 630.000  630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000
Space heating connected to DH nt 630.000  630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000 630.000
Average normative consumer demand W/m? 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190
Total normative consumer demanc MW 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120
Saleto group | MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Saletogroup |1 MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Saleto group 11 MWh 99.225 99.225 100.551 101.829 103.058 104.239 105.372 106.457 107.494 108.482 109.422 110.314 111.158 111.954 112.701 113.400
Annual net heat sale MWh 99.225 99.225 100.551 101.829 103.058 104.239 105.372 106.457 107.494 108.482 109.422 110.314 111.158 111.954 112.701 113.400
Specific heat and DHW demand average  kWh/m2 158 158 160 162 164 165 167 169 171 172 174 175 176 178 179 180
Average cooling DT at consumer °C 40 40 41 42 43 44 46 47 48 49 50 50 50 50 50 50
Flow demand of consumers m A 2.138.470  2.108.476
Network
New preinsulated replacing old ducts km trench 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Bad concrete ducts, to be replaced km trench 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
Better concrete ductsto remain km trench 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Extension of the network, in preinsulated  km trench 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total length of distribution network km trench 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
Total length of transmission network km trench 0 0 0 0 0 0 0 0 0 0 0 0 0
Heat loss preinsulated distributioninave. ~ W/m 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
Heat loss remaining bad concrete ducts W/m 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400
Heat | oss acceptabl e concrete ducts W/m 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150
Heat | oss transmission pipe W/m 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70
Operation of preinsulated pipe sections h 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
Operation remaining concrete ducts h 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 8.760 8.760 8.760 8.760 8.760 8.760 8.760
Operation of transmission line h 8.760 8.760 8.760 8.760 8.760 8.760 8.760 8.760 8.760 8.760 8.760 8.760 8.760
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1 SCENARIO 1-SIMPLE COST AND TARIFF ANALYSISFOR PRISTINA DISTRICT HEATING COMPAN)
Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Network losses
New preinsulated replacing old ducts MWh 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200
Bad concrete ducts, to be replaced MWh 25.600 25.600 25.600 25.600 25.600 25.600 25.600 25.600 25.600 56.064 56.064 56.064 56.064 56.064 56.064 56.064
Better concrete ductsto remain MWh 3.600 3.600 3.600 3.600 3.600 3.600 3.600 3.600 3.600 7.884 7.884 7.884 7.884 7.884 7.884 7.884
Extension of the network, in preinsul ated MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Heat losses to cover weater |osses distr. MWh 7.016 7.016 7.016 7.016 7.016 7.016 7.016 7.016 7.016 14.967 14.967 14.967 14.967 14.967 14.967 14.967
Distribution network in total MWh 37.416 37.416 37.416 37.416 37.416 37.416 37.416 37.416 37.416 80.115 80.115 80.115 80.115 80.115 80.115 80.115
Transmission network MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total production demand MWh 136.641  136.641 137.967 139.244 140.474 141.655 142.788 143.873 144.909 188.597 189.537 190.429 191.273 192.068 192.816 193.515
Operation parameters
Distribution network efficiency % 73% 73% 73% 73% 73% 74% 74% 74% 74% 58% 58% 58% 58% 58% 58% 59%
Transmission network efficiency % 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Total network efficiency % 73% 73% 73% 73% 73% 74% 74% 74% 74% 58% 58% 58% 58% 58% 58% 59%
Water |osses good pipes m3/h/kn 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10
Water losses old bad pipes m3/h/kn 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
Water |osses good pipes m3/year 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800 4.800
Water losses old bad pipes md/year 96.000 96.000 96.000 96.000 96.000 96.000 96.000 96.000 96.000 210.240 210.240 210.240 210.240 210.240 210.240 210.240
Water lossesin total m3/year 100.800  100.800 100.800 100.800 100.800 100.800 100.800 100.800 100.800 215.040 215.040 215.040 215.040 215.040 215.040 215.040
Number of staff no 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150
Max |oad hours to network h 1.000 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600
Maximal heat production demand MW 137 85 86 87 88 89 89 90 91 118 118 119 120 120 121 121
Coincidence factor 1,14 0,71 0,72 0,73 0,73 0,74 0,75 0,75 0,76 0,98 0,99 0,99 1,00 1,00 1,01 1,01
Forecast of production to District Heating
Installed capacity

Baseload CHP, lignite Mw 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Base load CHP, gas MwW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

generation by local CHF MW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Base load coal boiler Mw 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gas boilers MW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mazut boilers MW 116 116 116 116 116 116 116 116 116 116 116 116 116 116 116 116

Light oil boilers Mw 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Share of production in load dispatch according to heat duration curve

Base load % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Gasboilers % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Mazut boilers % 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90%

Light oil boilers % 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%
Shareof heat productior

Baseload CHP, lignite MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Base load CHP, gas MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H#
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1 SCENARIO 1-SIMPLE COST AND TARIFF ANALYSISFOR PRISTINA DISTRICT HEATING COMPANY
2
3 Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
4
### generation by local CHF MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Baseload coal boiler MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Gasboilers MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
###  Mazut boilers MWh 122,977  122.977 124170 125.320 126.426 127.489 128.509 129.486 130.418 169.737 170.583 171.386 172.146 172.862 173.534 174.163
### Light oil boilers MWh 13.664 13.664 13.797 13.924 14.047 14.165 14.279 14.387 14.491 18.860 18.954 19.043 19.127 19.207 19.282 19.351
H#H#
### Max load hours, (production/capacity)
### Baseload h 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Gasboilers h 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
###  Mazut boilers h 1.060 1.060 1.070 1.080 1.090 1.099 1.108 1.116 1.124 1.463 1.471 1.477 1.484 1.490 1.496 1.501
### Light oil boilers h 911 911 920 928 936 944 952 959 966 1.257 1.264 1.270 1.275 1.280 1.285 1.290
H#HitHt
### Forecast of production of other heat sourcesfor heating and hot water
###  Individual electrical appliances % 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80%
###  Individual wood boilers % 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%
### Individual light oil boilers % 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%
### Total % 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
H#HitHt
###  Individual electrical appliances MWh 69.912 69.912 72.332 74.742 77.139 79.520 81.882 84.222 86.538 88.824 91.080 93.302 95.486 97.630 99.730 101.784
### Individual wood boilers MWh 8.739 8.739 9.041 9.343 9.642 9.940 10.235 10.528 10.817 11.103 11.385 11.663 11.936 12.204 12.466 12.723
### Individual light oil boilers MWh 8.739 8.739 9.041 9.343 9.642 9.940 10.235 10.528 10.817 11.103 11.385 11.663 11.936 12.204 12.466 12.723
H#H#
### Lost electricity for heat productionat CHF  MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Production of electricity from local CHF MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Net consump of electricity, CHP and ovens MWh 69.912 69.912 72.332 74.742 77.139 79.520 81.882 84.222 86.538 88.824 91.080 93.302 95.486 97.630 99.730 101.784
H#HitHt
### Fuel consumption for district heating compared to power condensing reference
###  Lignitefor heat from CHF MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Gasfor heat from CHF MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Gasinlocal CHF MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Coal in DH boilers MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Gasin DH boilers MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Mazutin DH boilers MWh 153.721  153.721 155.212 156.650 158.033 159.362 160.637 161.857 163.023 212.172 213.229 214.233 215.182 216.077 216.918 217.704
### Lightoil in DH boilers MWh 16.075 16.075 16.231 16.382 16.526 16.665 16.799 16.926 17.048 22.188 22.298 22.403 22.503 22.596 22.684 22.766
### Total fuel consumption for DH MWh 169.796  169.796 171.444 173.031 174559 176.027 177.435 178.783 180.071 234.359 235.528 236.636 237.685 238.673 239.602 240.471
### Total efficiency of DH with condensingref % 58% 58% 59% 59% 59% 59% 59% 60% 60% 46% 46% 47% 47% A47% A47% 47%
it
### Fuel consumption for individual heating
### Gasfor electric stoves MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Lignitefor electric stoves MWh 245305  245.305 253.795 262.251 270.662 279.017 287.306 295517 303.640 311.665 319.580 327.375 335.039 342561 349.930 357.137
### Wood in stoves MWh 17.478 17.478 18.083 18.685 19.285 19.880 20.471 21.056 21.634 22.206 22.770 23.325 23.871 24.407 24.933 25.446
### Lightoil inindividual boilers MWh 11.652 11.652 12.055 12.457 12.856 13.253 13.647 14.037 14.423 14.804 15.180 15.550 15.914 16.272 16.622 16.964
### Total for individual MWh 274435  274.435 283.934 293.394 302.803 312.151 321.423 330.610 339.698 348.675 357.530 366.250 374.824 383.240 391.485 399.547
H#HitHt
### Total fuel consumption DH and individua MWh 181.448  181.448 183.499 185.488 187.416 189.280 191.082 192.820 194.494 249.163 250.708 252.186 253.599 254.945 256.224 257.435
H#H#
### Total consumption of lignite, CHPand elec. MWh 245305  245.305 253.795 262.251 270.662 279.017 287.306 295517 303.640 311.665 319.580 327.375 335.039 342561 349.930 357.137
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1 SCENARIO 1-SIMPLE COST AND TARIFF ANALYSISFOR PRISTINA DISTRICT HEATING COMPANY
Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Saved electricity compared to reference MWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fuel consumption in commercial units
Lignitefor heat from CHF ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gasfor heat from CHF ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gasinlocal CHF 1000 m3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Coal in DH boilers ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gasin DH boilers 1000 m3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mazut in DH boilers ton 14.103 14.103 14.240 14.372 14.498 14.620 14.737 14.849 14.956 19.465 19.562 19.654 19.741 19.824 19.901 19.973
Light oil in DH boilers ton 1.351 1.351 1.364 1.377 1.389 1.400 1.412 1.422 1.433 1.865 1.874 1.883 1.891 1.899 1.906 1.913
Fuel consumption for individual heating 1000 m3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gasfor electric stoves ton 116.812  116.812 120.855 124.882 128.887 132.865 136.812 140.722 144591 148.412 152.181 155.893 159.542 163.124 166.634 170.065
Lignitefor electric stoves ton 5.826 5.826 6.028 6.228 6.428 6.627 6.824 7.019 7.211 7.402 7.590 7.775 7.957 8.136 8.311 8.482
Wood in stoves ton 979 979 1.013 1.047 1.080 1.114 1.147 1.180 1.212 1.244 1.276 1.307 1.337 1.367 1.397 1.426
Environmental CO2 emissions
Lignite for heat from CHF ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gasfor heat from CHF ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gasinlocal CHF ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Coal in DH boilers ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gasin DH boilers ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mazut in DH boilers ton 43.196 43.196 43.615 44.019 44.407 44781 45.139 45.482 45.809 59.620 59.917 60.199 60.466 60.718 60.954 61.175
Light oil in DH boilers ton 4.276 4.276 4.318 4.358 4.396 4.433 4.468 4.502 4.535 5.902 5.931 5.959 5.986 6.011 6.034 6.056
Gasfor electric stoves ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gasfor electric stoves ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lignitefor electric stoves ton 83.894 83.894 86.798 89.690 92.566 95.424 98.259 101.067 103.845 106.589 109.296 111.962 114.583 117.156 119.676 122.141
Wood in stoves ton 3.099 3.099 3.207 3.314 3.420 3.525 3.630 3.734 3.836 3.938 4.038 4.136 4.233 4.328 4.421 4.512
Total emissions ton 134.465 134.465 137.937 141.380 144.790 148.163 151496 154.785 158.026 176.049 179.183 182.257 185.268 188.212 191.085 193.884
CO2 emission (reference) ton 134.465  134.465 137.937 141.380 144790 148.163 151.496 154.785 158.026 176.049 179.183 182.257 185.268 188.212 191.085 193.884
CO2 emission reductions ton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cost/Benefit analysisfor the heat supply in thedistrict heating supply arrea, in fixed prices
Unit fuel and electricity costs
Electricity at CHP plant due to CHP extract Euro/MWh 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
Electricity from local CHP with storage Euro/MWh 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
Gasat local CHF Euro/MWh 13 13 11 11 10 9 9 9 9 9 9 9 9 9 9 9
Coal in DH boilers Euro/MWh 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Gasin DH boilers Euro/MWh 13 13 11 11 10 9 9 9 9 9 9 9 9 9 9 9
Mazut in DH boilers Euro/MWh 14 14 12 11 10 10 10 10 10 10 10 10 10 10 10 10
Light oil in DH boilers Euro/MWh 23 23 19 18 17 16 16 16 15 15 15 15 15 15 15 15
Electricity in households Euro/MWh 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
Wood in households Euro/MWh 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Light oil inindividual boilers Euro/MWh 51 51 a7 45 44 43 42 42 42 42 42 42 42 42 42 42
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3 Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

4
### Unit operation and maintenance costsfor production (assumed 100% variable
### Baseload CHP, lignite Euro/MWh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
### Baseload CHP, gas Euro/MWh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
### generation by local CHF Euro/MWh 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
### Baseload coal boiler Euro/MWh 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
### Gasboilers Euro/MWh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
###  Mazut boilers Euro/MWh 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
##Ht  Light oil boilers Euro/MWh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
###  Individual electrical appliances Euro/MWh 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
###  Individual wood boilers Euro/MWh 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
####  Individual light oil boilers Euro/MWh 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
H#HitHt
#itt
### Costsof thedistrict heating supply to consumer ¢
### Fuel and energy costsof District Heating supply
### Cost of lost electricity dueto heat extractior Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Saleof electricity, local CHP with storage Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Gasinlocal CHP Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Coal in DH boilers Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Gasin DH boilers Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Mazut in DH boilers Euro it 2.101.321  1.808.438  #t#ittHie HIHIRHIH (HHIHIHE HHTHIHHE HHIHE HRHEHI S I I (I I I S
### Light oil in DH boilers Euro 364.735 364.735 308.259 293.218 277.753 263.284 263.978 263.139 263.602 341.208 339.162 342.641 346.050 347.489 350.747 352.019
### Tota Euro A 2.466.056 2.116.697
### Average fuel costs Euro/MWh 25 25 21 20 19 18 17 17 17 22 22 22 22 22 22 22
Hitt
### Operation and maintenance costs of DH production and networ k
### Baseload CHP, lignite Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Baseload CHP, gas Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### generation by local CHF Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Baseload coal boiler Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Gasboilers Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
##H#t  Mazut boilers Euro 245.953  245.953 248.340 250.640 252.853 254.979 257.018 258.971 260.837 339.474 341.167 342.772 344.291 345.723 347.068 348.327
### Lightoil boilers Euro 13.664 13.664 13.797 13.924 14.047 14.165 14.279 14.387 14.491 18.860 18.954 19.043 19.127 19.207 19.282 19.351
### Distribution Network Euro 100.000  100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000  100.000
### Transmission network - - - - - - - - - - - - -
### Make up water transmission and distributic Euro 20.160 20.160 20.160 20.160 20.160 20.160 20.160 20.160 20.160 43.008 43.008 43.008 43.008 43.008 43.008 43.008
### Substations Euro 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120 42.120
### Salaries and administration Euro 360.000  360.000 388.800 419.904 453.496 489.776 528.958 571.275 616.977 666.335 719.642 777.213 839.390 906.541 979.065 ##H#HHHHHHE
### Total Euro 781.897  781.897 813.216 846.748 882.676 921.200 962.535
#ittt
### Total fuel and O& M costs of DH Euro A 3.247.953 2.929.914
### Average production costs Euro/MWF 33 33 29 28 27 27 27 27 27 33 33 34 34 35 35 36
i
#### Investments
### CHP and transmission Euro - -
### Boiler plants Euro - -
### Replacement of network Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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4
### Network to new districts Euro - -
### Modernisation of substations Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Substations for new connections Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Total investments Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
#itt
### Total annual costsof DH Euro HEHHRHHT 3.247.953  2.9290.914  #A###H#HHT HHHHHHHT R T BT T T ST SRR ST SRR R R
Hit
### Investmentsin end-user installations, with relation to DH
### Valvesand cost allocators from 2003, old Euro 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980
### Valves and cost allocators from 2003, new Euro 0 0 0 0 0 0 0 0 0 0 0 0 0
### |nstallation of DHW systems Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Total Euro 0 0 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980 0 0 0
#itt
### Costsof individual supply
### Fuel costsof individual heat supply
### Electricity in households Euro it 3.495.600  3.616.585 #t#HHHIT HIHIRHI BT I S SR BRI IR I I B I HRHE
### Wood in households Euro 262.170  262.170 271.244 280.281 289.270 298.200 307.058 315.834 324516 333.092 341551 349.882 358.072 366.112 373.988 381.690
### Light oil inindividual boilers Euro 596.308 596.308 561.229 562.132 562.875 563.545 577.992 593.331 607.217 620.776 633.990 650.760 667.332 683.682 699.787  714.199
### Total fuel costs Euro Hit 4.354.078  A4.449.058 H#Ht#HiHIT HIHIBHI G I I SR (R SR T (I IR I HHE
### Average fuel costs Euro/MWF 50 50 49 49 49 49 49 49 49 49 49 49 49 49 49 49
#itt
### Operation and maintenanceincl reinvestments
### Electricity in households Euro 349.560  349.560 361.659 373.708 385.694 397.600 409.411 421.112 432.688 444.122 455.401 466.509 477.430 488.149 498.651 508.920
### Wood in households Euro 87.390 87.390 90.415 93.427 96.423 99.400 102.353 105.278 108.172 111.031 113.850 116.627 119.357 122.037 124.663 127.230
### Light oil inindividual boilers Euro 87.390 87.390 90.415 93.427 96.423 99.400 102.353 105.278 108.172 111.031 113.850 116.627 119.357 122.037 124.663 127.230
### Total costs Euro 524.340  524.340 542.488 560.562 578.540 596.399 614.116 631.668 649.031 666.184 683.102 699.763 716.145 732.223 747.976 763.380
i
### Total costsof DH and individual in thedistrict
### Fuel and energy % sale of electricity Euro HiHH 6.820.134  6.565.756  H#t#HHiHT HIHIRHIH (HHIHIE HITHIHHE HEHIHE SR BRI I I (I I I S
### Operation and maintenance Euro i 1.306.237  1.355.704  #i##HitHiR HIHHIBHIH (I SHIEHIHE IR SR SR SR R (I BRI I HHRHER
### Investments Euro 0 0 0 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980 46.980 0 0 0
### Residual value of production units Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Cost of CO2 emission Euro HHfpHHE 1.344.654  1.379.370 #HA####H#HH HHAHHHHT G T T e #HHH ST R ST SR R R
H##H# Total costs Euro 9.471.026 9.471.026 9.300.830 9465385 9.595.748 9.726.231  9.958.617 10.190.853 10.438.426 11.463.611 11.690.000 11.965.554 12.222.351 12.431.192 12.709.877 12.966.646
#ittt

### Summary of costswithin theresponsibility of the DH company, coststo befinanced by the DH company and included in the heat tarif
### Cost of baseload productior

### Energy Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Operation and maintenance Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
### Total costs of base load Euro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H#H#

### Cost of peak load productior

### Fuel Euro 2.466.056 2.466.056 2.116.697 2.017.803 1.930.575 1.842.282 1.840.868 1.837.160 1.848.964 2.385.063 2.373.643 2.406.350 2.418.903 2.428.964 2.460.222 2.469.142
### Operation and maintenance costs Euro 259.617  259.617 262.136 264.564 266.900 269.144 271.297 273.358 275.328 358.334 360.121 361.815 363.418 364.930 366.350 367.678
### Total peak load costs Euro 2.725.673 2.725.673 2.378.834 2.282.367 2.197.475 2.111.426 2.112.165 2.110.518 2.124.292 2.743.397 2.733.763 2.768.165 2.782.321 2.793.894 2.826.571 2.836.820
HiH

### Summary of operation costsof thedistrict heating company
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