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1 Introduction

The heating and cooling demand in Europe accounts for around half of the EU’s final energy
consumption. Renewable energy policies often mainly focus on the electricity market, whereas
policies for renewable heating and cooling are usually much weaker and less discussed in the
overall energy debate. Therefore, it is important to support and promote renewable heating
and cooling concepts, the core aim of the CoolHeating project.

The objective of the CoolHeating project, funded by the EU’s Horizon2020 programme, is to
support the implementation of "small modular renewable heating and cooling grids" for
communities in South-Eastern Europe. This is achieved through knowledge transfer and
mutual activities of partners in countries where renewable district heating and cooling
examples exist (Austria, Denmark, Germany) and in countries which have less development
(Croatia, Slovenia, Macedonia, Serbia, Bosnia-Herzegovina). Core activities, besides techno-
economical assessments, include measures to stimulate the interest of communities and
citizens to set-up renewable district heating systems as well as the capacity building on
financing and business models. The outcome is the initiation of new small renewable district
heating and cooling grids in five target communities up to the investment stage. These
lighthouse projects will have a long-term impact on the development of "small modular
renewable heating and cooling grids" at the national levels in the target countries.

For each of the CoolHeating target municipalities one or two potential projects have been
identified in which small modular renewable heating and cooling grids could be implemented.
For these potential projects, technical concepts and individual business models were
elaborated by the projects partners from the target countries in cooperation with experts from
Austria, Denmark and Germany.

The current document on “Feasibility Check of a small modular renewable heating and cooling
grid in Zajcev Rid, Karposh” presents the results of checking the feasibility of the technical
concepts and individual business models of the potential projects. The results are summarized
in the executive summaries in English and national language in order to be promoted among
decision makers of the target municipalities. Please note this is not a feasibility study (more
costly and time-consuming task?), and that main purpose of this Feasibility Check is to provide
a base for the activities of investment promotion, starting with an information day for attracting
the investors, before the investment phase. It is likely that during the direct negotiations in the
investment phase the modifications of this Feasibility Check will be needed.

All prices, costs and revenues are without VAT.

1 Behrens, W., Hawranek, P.M., and Organization, United Nations Industrial Development (1991),
Manual for the Preparation of Industrial Feasibility Studies (United Nations Industrial Development
Organization).
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2 Technology assessment

The technical assessment in Karposh included one potential project in the municipality. For
this project, a technical concept was elaborated that includes the heat and cold generation,
distribution and use.

The key results of the heat/cold assessment survey (Puksec et al. 20162) shows that 56% of
the buildings in the municipality of Karposh are households, 44% apartment buildings, about
39% have outer wall insulation and 30% have insulation on the rooftop. 13% of the buildings
have a central heating system and 40% have a district heating system. 37% have individual
stoves or electrical heaters in the rooms. About 44% are heating with electricity, 28% with
district heating and 25% logwood. 89% of the households are producing their domestic hot
water with electricity. 69% of the households have cooling needs.

In the planning and development process of the Municipality of Karposh, the local authorities
have acknowledged the high building density in the municipality and are evaluating the
possibility to meet the increased housing demand by exploiting the peripheral areas of the
municipality. The issue of local air pollution puts an additional burden on the local authorities
to provide short term and long term solutions to the problem. That is why the implementation
of a small scale renewable district heating/cooling system has been discussed as a possibility
for covering the heating and cooling demand. The idea gas gained support from the mayor of
Karposh and the representatives from the Council during the discussion phase, undoubtedly
showing the level of consent on the issue.

The neighbourhood Zajcev Rid is currently in the planning phase and there are no existing
buildings in the area. However, a Detailed Urbanistic Plan (DUP) has been developed for
Zajcev Rid. The plan includes residential (225,370 m?2), commercial (533,034 m?2) and public
buildings (63,664 m2).

The original concept® considered generating heat with 5,000 m? flat plate solar thermal
collectors, a 55,000 m3 seasonal storage, a 15 MW, ground water heat pump and a 23 MW+
peak load oil boiler. Since the system is only intended to supply space heating and not sanitary
hot water, there is no heat demand in the summer time. As a consequence, the stored heat
could only be used during the winter heating season. Moreover, the size of the seasonal
storage was very large (11m?2 storage per 1m? solar thermal collectors), so the feasibility check
showed poor economic performance of the project, generally caused by the high investment
costs of the large seasonal storage.

The calculations for the new concept within this feasibility check refer to a system without
solar thermal collectors and also without a seasonal storage. The updated concept for the
heat generation would implement a 15 MWy, ground water heat pump and a 23 MW, peak
load natural gas boiler, as well as a 100 m3 thermal buffer storage for the heat pump. The heat
pump is operated with electricity from the public grid. The long-term plan is, however, to supply
a portion of the electricity with photovoltaics (PV) which could be installed on the rooftops of
buildings, if the framework for PV support is in place. It is assumed that households will use
electric boilers to cover their sanitary hot water demand. As a result, the grid will be used in
the summertime for cooling. The annual simulation of the system was done with EnergyPRO
and the heat duration curve is shown in Figure 1.

The heat generation concept for Karposh considers a groundwater heat pump, a natural

gas peak load boiler and thermal buffer storage.

2 PukSec T. et al. (2016) Survey on the energy consumption and attitudes towards renewable heating
and cooling in the CoolHeating target communities. — University of Zagreb FSB; CoolHeating Report
available at www.coolheating.eu

3 http://www.coolheating.eu/images/downloads/concepts/Report-D4.4-technical-concept-Karposh.pdf
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Figure 1: Heat load duration curve, calculated with EnergyPRO

The calculation shows (Table 1) that the groundwater heat pump could cover about 96.5% of
the needed heat demand and only 3.5% would be generated by the natural gas boiler. The
COP of the heat pump largely affects the electricity consumption and the feasibility of the
project. That is why two separate calculations were executed with COP values of 3 and 4,
respectively. For a COP of 3 the heat pump would need about 15,391 MWh/a electricity and
could reach 3,378 full load hours per year, while for a COP of 4 the electricity consumption of
the heat pump would be 11,543 MWh/a. The boiler would need about 159,569 Nm? of natural
gas per year. The total heat supplied to the DH grid is 47,835 MWh/a.

The size of the heat pump was calculated to cover only a part of the load and heat amount to
get higher full load hours and decrease the investment costs.

Table 1: Generation and consumption data

Heat Heat Electricity Natural gas
Technology generation | generation | consumption | consumption
(MWh/a) (%) (MWh/a) (Nm?%/a)
Groundwater heat 46,174 96.5 15,391/11,543 i
pump
Natural gas boiler 1,668 3.5 - 159,569

*Note: Electricity consumption of 15,391 MWh/a refers to COP = 3; Electricity consumption of
11,543 MWh/a refers to COP = 4.

The technical challenge would be to get the right amount of groundwater to supply the heat
pump, as well as the high power (about 3.75 MW)) of the heat pump. An anticipated risk might
be the availability of groundwater.

After the heating season, the grid can be used to supply the customers with cooling.
Depending on the share of consumers who are interested in cooling with the DHC grid, the
following calculation was based on an annual cooling consumption of 9,000 MWh/a. The water
cooled by the heat pumps will be used as the energy carrier for this service. The electricity
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consumption for the heat pumps is about 2,999 MWh/a. It needs to be checked if the heat
pump could be used also for cooling in summertime to get a better economic performance.

The estimated length of the district heating grid is around 9,500 m (9.5 km pipeline) including
house connections, according to the Detailed Urbanistic Plan, shown in Figure 2. Pre-insulated
plastic or steel pipes can be used for the different feeders. The grid density is around 4,466
kWh/m per year which is higher than the proposed rule-of-thumb values in Germany, Austria
(higher than 900 kWh/m/a) and Denmark.

It is assumed that the flow temperature of the DH system is 60°C and the return temperature
is between 35 °C to 40 °C. The annual heat losses of the grid were calculated to be 11.3%, or
5,400 MWh/a.

It should be considered that the temperature difference at the heating grid could be about
20 °C while the temperature difference for cooling could be 8 °C. This would result in flows
during summer that 2.5 times higher than those in winter, causing higher pressure drops for
the pumps. Clearly, the district heating grid is the limiting factor for cooling in summer time. As
a consequence, the cooling consumption is limited and only a fixed number of consumers
could use this system. This needs to be assessed in detail in further steps.

The load duration curve for the consumers, shown in Figure 3, has been obtained from the
EnergyPRO software used to evaluate the technical concept. The result shows a peak load of
about 23 MW. There is no heat demand in summer time. The total annual heat consumption
is estimated to be 42,435 MWh/a. It is planned that the residential, commercial and public
buildings could be supplied with about 60°C with a direct connection to the grid. That is why
the buildings should be built within these temperature levels. With high grid density and low
total energy losses the system shows promising economic indicators.
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Figure 3: Generated heat load duration curve for the potential consumers

The project’'s modularity is evident both in the supply and demand side of the system. The
neighbourhood Zajcev Rid will not be built at once. As new buildings are being constructed,
the total demand for heating and cooling will rise. Each increase in demand would thus be met
by a corresponding capacity increase in the heat generation system. In total, the system will
supply 96.5% of the heating using the renewable local resources through the heat pump and
only 3.5% by the natural gas boiler.

3 Business assessment

The business assessment in Zajcev Rid, Karposh included several scenarios showing the
possible outcomes of the project development in the municipality. The business model is based
on the new technical concept elaborated in this document. On that account, when performing
the feasibility check, different variations were tested until a satisfactory balance was achieved
between the technical and economic performance of the system.

Current costs and practices

A study issued by the district heating operator BEG in Skopje focuses on the optimal way to
cover the heating need of Skopje*. Taking into account the techno-economic specification of
each solution as well as the environmental impacts, the study shows that a large majority of
the city could be covered by the district heating system. Nevertheless, it does not consider the
case of Zajcev Rid, because, as of the time being, there is no heat demand in the settlement.
The study provides certain specific heating costs of consumers that could be used as
reference. For example, one highly opted for solution when it comes to heating is the use
logwood. The specific heat price for the case of logwood with a 25% humidity, specific heat of
13,000 kJ/kg, density of 450 kg/m? and a logwood price of around 55 EUR/m? is calculated.
For different efficiencies of the implemented boilers, the unit price of heat is provided in Table
2. The prices for heating do not include additional costs for depreciation, maintenance etc.
Currently, many of the biomass boilers used in households are old and inefficient.

4 http://beg-snabduvanje.com.mk/wp-content/uploads/2017/03/BEG-studija-MFS-MACEF.pdf
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Table 2: Heat amount and share of heat generation

Efficiency (%) 50 60 70 80
Unit price of heat 64.10 53.5 46.00 40.00
(EUR/MWHh)

Another reference value of heat prices can be taken from the annual report® of the Energy
Regulatory Commission of the Republic of Macedonia. For an apartment with a floor area of
50 m?, annual heat consumption of 7,500 kWh and an installed capacity of 6.25 kW, the
average unit cost of heat supplied by the district heating system in July 2016 was around 45
EUR/MWh.

Since there are currently no buildings in Zajcev Rid that could serve as reference for the costs
of consumers and the practices employed for heating and cooling, the results from the survey
conducted in Karposh can be used in outlining the status of the heating sector. The type of
heating system used in the settlements in Karposh largely depends on the local infrastructure
and whether the neighbourhood is dominantly filled by houses or collective apartment
buildings. As an example, many dwelling in the communities Karposh 1 — 4 are connected to
the existing district heating system, while the residents of Zlokukjani use individual stoves and
other technologies. The annual costs of the surveyed dwellings are summarized in Figure 4. It
shows that approximately 50% of households have annual costs for heating larger than
500 EUR.

Annual expenses

2500.00

2000.00

Annual

1500.00 heating
expenses of
a certain

1000.00 household

Annual expenses (€)

500.00

0.00
0 10 20 30 40 50 60 70 80 90 100

Share of surveys (%)

Figure 4: Sorted annual expenses of households in the Municipality of Karposh

Initial investment and operating costs of the project

The investment for the district heating in Zajcev Rid, Karposh is equal to 5,407,000 EUR. It
includes the costs for the equipment/machinery, building and construction works and project
and investment documentation. A detailed overview of the investments is provided in the
business model report for Karposh. The equipment/machinery costs represent the highest
share, around 89% of the total investment costs. They include the pipes for the heat distribution
network, heat pumps, natural gas boiler, storage unit, heat exchangers and stations etc. The
municipality is obligated to develop the infrastructure for the settlement, so the land costs were
assumed to be zero. The costs for building and construction works cover the wells for the

Shttp://www.erc.org.mk/odluki/2017.03.30 Godisen%20izvestaj%20za%20rabota%20na%20Regulator
nata%20komisija%20za%20energetika%20na%20RM%20za%202016%20godina-final.pdf
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groundwater heat pumps, the construction work for the network, the connection to the
consumers and other unforeseen costs. This category represents about 10% of the total
investment costs. At last, the project and investment documentation are assumed to cost
around 20,000 EUR.

The heat pumps will generate 46,174 MWh of heat per year and will cover a cooling demand
of 9,000 MWh/a. Because electricity plays such a big role in the operating costs, its price
significantly affects the feasibility of the project. In the analysis the price of electricity was
considered to be 72 EUR/MWh, assuming a 40 EUR/MWh wholesale price of electricity and
an additional 32 EUR/MWh costs for transmission and distribution grid tariffs and electricity
market operation. The price of natural gas in the analysis is 0.325 EUR/Nm?, an estimated
average of the retail price of natural gas of MAKPETROL PROM-GAS for the period of January
2014 to November 2016. In order to make the analysis as realistic as possible, it was also
assumed that only 60% of all consumers will be connected to the system in the initial year and
that the demand will increase with a 4% yearly rate. Therefore, the costs for electricity and
natural gas follow the same pattern. The operation and maintenance costs for the system are
equal to 2% of the total investment, i.e. 107,740 EUR in the first year and increase at a rate of
0.5%. The salaries of five employees have also been considered since there is the need of
people that will run and operate the system, deal with technical problems on site and take care
of the administrative and financial documentation.

It should be noted that the calculations internalize a margin of pessimism as it is assumed that
all of the investments are going to occur in the first year and the revenues will linearly increase
with time. This aspect takes the modularity of the project into account.

Price for heating and cooling

In order to provide transparent results of the different outcomes of the project’'s development
through time, three different scenarios were analysed. The scenarios explore how different
COP values of the heat pump and how the rate of consumer connection affect the project.
Besides depending on the price of electricity, the feasibility on the project also largely depends
on the COP of the heap pumps. A lower COP would imply a higher electricity consumption and
higher expenses. If the heat pumps are more efficient, the electricity consumption would be
lower, and the costs for the system operation would drop as well. In the calculations, equal
values for the heating and cooling prices were considered.

In the first scenario, the COP of the heat pumps is equal to 3 and it is assumed that only 60%
of the consumers will be connected in the first year of the project. The electricity consumption
for supplying the total heat demand in this case is equal to 15,391 MWh/a while the electricity
consumption for the cooling demand is equal to 3,000 MWh/a. The breakeven price of energy
sold for heating and cooling, assuming an equal price for both, is 39 EUR/MWh. In order to
obtain an internal rate of return (IRR) of 10.69% and a payback period of 11 years the price
for heating and cooling should be equal to 50 EUR/MWh.

In the second scenario, the COP is of the heat pump is equal to 4 and the consumption follows
the same trend as in the previous scenario. Experience in Karposh has shown that a COP of
4 is highly possible. The electricity consumption for supplying the total heat demand is about
11,543 MWh/a, while electricity consumed for the cooling demand remains unchanged (the
COP for cooling is 3 in this case as well). The lower electricity consumption reduces the
operating expenses for electricity. As a result, the breakeven price is lowered to 34
EUR/MWh. In order to have a payback of around 11 years and an internal rate of return (IRR)
of 11%, the price for heating and cooling should be equal to 45 EUR/MWh.

The third scenario included the most optimistic assumptions and sets a boundary case — COP
of 4 and all of the consumers connecting to the system in the first year of the project. These
assumptions result in low operating costs of the system and high revenues. The breakeven
price is 27 EUR/MWh. For a price for the heating and cooling of 40 EUR/MWh an IRR of
14.12% is obtained and the payback period is 8.11 years. This price makes the system highly
competitive with the other available alternatives and would be a significant motivation for
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consumers to connect. It is clear that connecting as many consumers as possible early on
positively affects the profitability of the project.

Financing options

In order to finance the investments for the project in the neighborhood Zajcev Rid in Karposh,
the municipality could use the revenues from the communal taxes from investors that have
decided to initiate construction. The total floor area of all buildings is around 822,070 m?. An
estimate of these revenues, assuming a 40 EUR/m? equals to around 32.8 million euros.
Hence, the total investment of the project is less than 17% of the revenues obtained by this
mechanism. In the analysis it was assumed that the municipality would be able to cover the
whole investment in this manner. The system could then be operated by a public utility owned
by the municipality or the City of Skopje. The public utility can form a public-private
partnership with companies responsible for the implementation of the system. There are
financing models available from the Macedonian Bank for Development and Promotion, credits
for investments in SMEs and other priority projects from the European Investment Bank, as
well as programs such as WebGEFF, Green for Growth Fund etc.

Licenses and permits required

At the time of writing of this report, a draft text for the new Energy Law in the Republic of
Macedonia has been proposed and made public on 30.11.2017. The conclusions regarding
licenses and permits in this document are thus based on the content of that draft.

Since the total installed capacity of the system is lower than 80 MW, one entity will be able to
have licenses for generation, distribution and supply of heat. The regulated producer of heat
obtains a license that is issued by the Energy Regulatory Commission which announces a
public call. The regulated producers should:

e own or have the right to use heat generating facilities with a capacity higher than two
thirds of the total capacity of the connected consumers in the year preceding the public
call;

e be able to maintain the temperature levels of the heat generation facilities and the
necessary pressure according to the grid code for heat distribution;

¢ provide evidence of the financial capability for the purchase of the necessary fuel for
the generation of heat;

e have organizational structure and experts that enable a reliable, safe and
uninterrupted generation of heat with a predefined quality.

The Energy Regulatory Commission defines the compensation of the regulated producer of
heat based on the fixed and variable costs, as well as a reasonable return of capital. The
compensation consists of two parts: a fee for providing system services and system reserve
and a regulated price for he produced heat.

To be able to initiate the construction of the heat generating facilities a building permit should
be obtained. The decision for the development of new or expansion of existing heat generating
facilities is made by the council of the Municipality. The criteria for obtaining this authorization
are secure supply, safety of the system, protection of the public health and security, protection
of the environment, energy efficiency, the type of primary energy used, the contribution of the
facility to the reduction emissions etc.

The construction of new heat distribution systems on the territory of local self-governments is
carried out on the basis of an agreement for the establishment of a public-private partnership
awarded by the council of the local self-government or by the public enterprises and other
legal entities established for this purpose by the local self-government.
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Socio-environmental cost/benefits

The district heating/cooling system in Zajcev Rid will provide high comfort to the consumers
supplied with heating and cooling energy. More importantly, its development will serve as a
lighthouse example of a system based on renewable energy sources. According Annex VIl of
the Directive 2009/28/EC on the promotion of the use of energy from renewable source, the
energy generated by electrically driven heat pumps with a seasonal performance factor (SPF)
of at least 2.5 is considered renewable®.

As first of its kind, the project will overcome many of the administrative, technical and regulatory
barriers on a national and local level, thus paving the way for other project to come. The direct
involvement of the municipality in the project development will strengthen the local technical
and administrative capacities. Moreover, by disseminating the experience from Karposh the
project can stimulate the market uptake of small district heating and cooling system in other
communities.

By implementing heat pumps for the generation of heat, there are no local emissions of
particulate matter in the neighborhood. The system has other environmental benefits as well.
For instance, the implementation of the proposed DHC system instead of a system based on
oil would result in total CO2-eq emission reductions of 876 tons per year. This value has been
calculated assuming the default IPCC conversion factors provided in Table 3 and global
warming potentials of 21 and 310 for CH4 and N2O, respectively. As a result of the dominantly
lignite based electricity generation in Macedonia, the grid factor is relatively high. A value of
0.9 tCO/MWh was assumed in the calculations’. However, the integration of RES in the
electricity mix may additionally reduce this value in the future.

Table 3: Heat amount and share of heat generation

kgCO./TJ | kgCH4/TJ | kgN20/TJ

oll 78,467 3.00 0.60

Natural gas 55,066 1.00 0.19

In summary, the realization of this project will result in the following direct and indirect benefits
on a local level:

¢ reduction of CO; emissions by 876 tons annually;

¢ reduction of emissions of particulate matter in comparison with using old biomass/oll
boilers;

¢ employment of 3-5 people for the operation of the system;

e supporting the local economy by involving local companies in the development of the
project;

¢ local capacity building in the area of renewable DHC systems.

6 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013D0114&from=EN
7 http://www.ebrd.com/downloads/about/sustainability/cef.pdf
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4 Executive summary for policy makers (in English)

Recent national and local experiences have shed light on the impact of the heating sector on
the local air pollution. Skopje in particular is one of the most polluted cities in Europe, with
PM2.5 and PM10 concentrations ranking high above the allowed maximum limits. One of the
largest contributors to this cause is the heating sector with the use of inefficient technologies
and the combustion of fossil fuels, fuel wood, as well as some toxic materials. The poor air
quality is considered to cause most of the common diseases in Skopje and stresses the need
for comprehensive national and local strategies for resolving the issue. However, the poor air
quality is only aspect of the issue. As an aspiring EU country, the Republic of Macedonia must
harmonize its legislation with the European acquis. One area that requires a significant effort
for this to be achieved is related to the heating and cooling sector.

Heating and cooling represent a large share of the total energy consumption in communities.
Although the settlement Zajcev Rid in Karposh, a municipality in Macedonia’s capital Skopje,
is still in the planning phase, it will be no exception once it is built. The overarching vision for
developing the neighborhood as an exemplary energy efficient community that uses renewable
energy sources cannot be achieved without considering sustainable ways to supply the heating
and cooling demand in buildings.

With that in mind, this document elaborates a feasibility check of a renewable district heating
and cooling system for Zajcev Rid in Karposh. It explores different scenarios regarding the
development of the project. More specifically, it provides and overview on how the efficiency
of the used technologies and the rate of consumers connecting to the system affect its
feasibility. The concept for the heat generation includes a 15 MW, groundwater heat pump
and a 23 MW, peak load natural gas boiler, as well as a 100 m?3 thermal buffer storage for the
heat pump. The technical challenge would be to get the right amount of groundwater to supply
the heat pump. To make sure that the local resources are sufficient, an in-depth study has to
be conducted. This is crucial for the feasibility of the project. In addition to the heat demand,
part of the connected consumers could use the system in the summer time to meet their cooling
demand. Hence, the system will supply heating and cooling to residential, commercial and
public consumers with a total floor area of 822,070 m2. Experiences can be drawn from similar
systems, such as the district heating system in Braedstrup, Denmark, which includes a heat
pump, an electric boiler, solar thermal collectors and a thermal storage unit.

Three scenarios were explored, each of them with a payback period lower than 11 years.
Assuming that 60% of all consumers will connect to the system in the first year and that the
annual rate of increase in consumption will be 4%, consumers will be charged 50 EUR/MWh
for heating and cooling in order for it to be possible to pay off the project in 11 years. If more
efficient technologies are employed, this price could drop to around 45 EUR/MWh, making it
more competitive with other alternatives. The rate at which consumers connect to the system
highly affects the economic parameters of the project. Therefore, if all consumers are
connected in the first year of its implementation, consumers can be charged only 40 EUR/MWh
and the project would still have a payback period of around 8 years.

The total investment for the project is estimated to be around 5,407,000 EUR. To cover the
investment costs, the municipality could use a portion of the revenues from the communal
taxes payed by investors. This assumption has been considered in the feasibility check. It is
estimated that the investments of the project can be covered by less than a 17% of the total
revenues from communal taxes. There are different possibilities when it comes to the business
model for the ownership and operation of the system. For this project, a public utility formed
either by the municipality of Karposh or in collaboration with the City of Skopje can be in charge
of the system. The public utility will contract a public-private partnership with companies
(manufacturers/installers of equipment etc.), thus making use of the expertise and the private
capital of the private sector.

The development of this district heating and cooling project will serve as a lighthouse example
of a system based on renewable energy sources. Being a first project of its kind, it would
overcome many of the administrative, technical and regulatory barriers on a national and local
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level, thus paving the way for other project to come. The direct involvement of the municipality
in the development of the project will contribute in the strengthening of the local technical and
administrative capacities. Moreover, the project realization could provide a number of other
benefits such as the reduction of local air pollution, employment of staff and supporting the
local economy.
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5 Executive summary for policy makers (in Macedonian)

Op rogvHa BO rogvHa npo6nemMoT CO NOKanHOTO 3aragyBawe BO 3MMCKMOT MNepuoa BO
Penybnuka MakegoHuja ctaHyBa c€ nouspaseH. 3a oBa cBegodaT U uckyctesata Bo Ckonje
Kage KoHueHTpauumte Ha PM2.5 u PM10 4eCTMYKM HEKOMKYKpaTHO M HagMuHyBaat
MaKcuMMasnHo Jo3BONeHuTe rpaHmun. NpumeHaTta Ha HeedUKacHM TEXHOSOINMM 3a COropyBare
Ha OCUITHN ropuBa U OrPEBHO APBO, HO M COrOpPYBaHk-€TO Ha APYrM MaTepujann 3Ha4YUTENHO
npugoHecyBaaT 3a BrOWYBake Ha W OHAKa anapmaHTHaTa cocTtojboa. [onomnHUTENHO
3arpwkyBa U Toa LUTO Hajronem Aen of pecnupaTtopHuTe 3abonyBawa Kaj rparaHuTte ce
Jormkat TOKMY Ha fokanHoTo 3aragyBawe. OunrnegHo e geka ce HeOonxXOA4HW jacHu
HaUWOHaITHM 1 NTOKanHM cTpaTernm 3a crnpaByBake CO 0BOj Npobriem, HO OBaa ropnvea Tema
OTKpMBa caMO Aen oA KpynHaTa crnuvka. Kako 3emja co eBponcku acnupauuun, Penybnuka
MakegoHuja Mopa Aa ro xapMoHu3Mpa CBOETO 3aKOHOOAaBCTBO CO €BPONCKOTO acquis. Toa
nogpasbupa n ycornacyBake Ha 3akOHCKaTa pamka LUTO ro perynmpa CEeKTOpoT 3a rpeere n
nagewe co eBPONCKUTE perynaTtmem 1 QUPEKTUBM.

Hajronem gen oa eHepruja WTo ja TpowaTt AOMaKMHCTBATa Ce KOPUCTU 3a rpeere 1 nagewe.
Cnopepg T0a, MOXe Oa ce o4yekyBa geka Hacenbata 3ajueB Pug Bo Kapnow Hema ga 6uge
NCKITy4OK of OBOj TpeHd. LlenokynHaTa Bu3uja 3a pa3Boj Ha 3ajueB Pua kako eHepreTcku
edmnkacHa Hacenba Koja ro 3aoBosyBa CBOjOT KOH3yM 0, OGHOBMMBM U3BOPU HA eHepruja Ke
CTaHe pearnHoCcT camo Torawl kora ke ce 06e3beaun ogpXKvB CUCTEM 3a rpeere 1 Nagere Ha
objekTuTe.

Wmajkn ro Toa npeasua, aHanmsntTe BO OBOj OKYMEHT CriykaT 3a NpoBepka Ha M3BogMBoCTa
Ha CMCTeM 3a LieHTparHo rpeexwe 1 nagewe 6asmpaH Ha 0GHOBNMBK M3BOPU Ha eHepruja BO
3ajueB Pug, Kapnow. Bo gOKyMEHTOT ce pasrnegyBaaT nocneguumrte o4 pasnudHn pasBojHU
cueHapuja, T.e. ce aHanuaupa Kako emkacHoOCTa Ha KOPUCTEHUTE TEXHOMNOMMM U eTanHocTa
CO KOja NoTpOoLLyBaynTe Ce NPUKIyyYyBaaT Ha CUCTEMOT BrmjaaT BP3 HerosaTa M3BOAMNUBOCT.
CuctemoT 3a Npon3BOACTBO Ha ToNNnuHa ce coctom og 15 MWy, TonnmHckm nymnn, 23 MW,
KOTen Ha NPUPOAEH rac 1 TonnuHckn pesepsoap og 100 m3. 3a ga ce envMuHMpaat ogHanpen
noTeHumjanHu npobnemu, HEONXOAHO € [f[a Ce HanpaBu AeTanHa adanu3a Ha
pacnonoXnnBocTa Ha Noa3eMHU Boau NoTpebHu 3a paboTa Ha TonnuHckuTe nymnu. Mokpaj
TONSIMHCKMOT KOH3YM, Aen O noTpowyBaynte 6u Moxene ga ro KopuctaT cUCTEMOT M 3a
nagere BO TEKOT Ha NETHMOT nepuoa. Taka, cucteMoTt 61 06e30eann rpeerwse 1 nageHwe Ha
cTaHGeHu, KoMepuujanHi 1 jaBHU 06jeKTU co BKynHa noBplivHa oa 822,070 m2. lMoyku 3a
nnaHMpaweTo 1 paboTereTo Ha CUCTEMOT MOXE Aa ce BreyaT o4 ApYrn CIIYHM CUCTEMU BO
EBpona. TakoB e, Ha npumep, CUCTEMOT 3a LeHTpariHo rpeewe Bo bpeactpyn, [laHcka, BO KOj
ce KopucTat TOMSIMHCKU MYMMW, €NEKTPUYEH KOTEM, CONapHN TepMarHm KONeKTOpn U CE30HCKM
pe3epBoap Ha Tonna Boga.

Bo cekoe of TpuTe aHanuanpaHu cueHapuvja BpemMeTo 3a KOeLTo ce BpakaaT MHBECTUPAHUTE
cpeactea e nokpatko of 11 roguHn. Ako 60% of noTpollyBavmTe ce NpuKnyyaTt BO npearta
roguHa, a KoH3yMoT pacTte co 4% roguLIHO, KpajHaTa ueHa 3a rpeewe 1 nagewe (6e3 0/B)
npy Koja CUCTEMOT ce mucnnaka 3a npubnwxkHo 11 rogmum e 50 EUR/MWh. lMpumeHaTta Ha
noedukacHn texHonormn (tonnuHckn nymnn co COP = 4) ja HamanyBa oOBaa LEHa Ha
40 EUR/MWh, na cucteMoT cTaHyBa NOKOHKYPEHTEH BO OAHOC Ha NPETXO4HOTO CLeHapuo.
EtanHocta Ha npuknydyBake Ha MOTPOLWYBa4MTe MMa M3paseHo BhvjaHue Bp3
MCNNaTNMBOCTa M KOHKYPEHTHOCTAa Ha CUCTEMOT. Taka, ako cuTe NOTPOLUYBayn ce npukyyaT
BO NpBaTa rogmHa, cuctemMoT 6u ce ncnnatun 3a okony o4 8 roguHu, Oypy U ako LeHaTa 3a
rpeewe N nagewe nsHecyesa camo 40 EUR/MWh.

Ce npoueHyBa ageka BKYMHUTE MHBECTULMM 3@ NPOEKTOT ke buaat okony 5.407.000 espa. 3a
Aa M NokKpue OBME TPOLUOUM, OMWTMHaATa MOXEe Aa WCKOPUCTM AeNn o4 NpUXOoauTe oA
KOMYHanumm, Kako LUTO € NPeTnocTaBeHO BO NPECMETKUTE Ha OBOj AOKyMeHT. Ce npoueHyBa
AEeKa UHBECTULMCKUTE TPOLLOLM 3a LENNOT CUCTEM MOXE Aa ce NoKpujaT co nomarnky oa 17%
0f, BKYNHUTE NpUXOAM Ha OnwTuHaTa og koMyHanmu. ConcTBeHOCTa Ha CUCTEMOT, HErOBOTO
yrnpaByBaht-€ U 0OBPCKMTE Ha CMTE MpaBHW nuua 3aBucaTt Of YCBOEHMOT 6usHuc moaen. Bo
KOHKpeTHMOB cny4aj, OnwTtnHa Kapnow moxe ga dhopmmpa OnwTUHCKO jaBHO npeTnpujatve
UNu jaBHo nNpeTnpujatue Bo copaboTka co Npag Ckonje kon 6u 61no o4roBOPHO 3a CUCTEMOT.
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JaBHOTO npeTnpujaTme ke CKiy4n JOroBOp 3a jaBHO-NPMBATHO NApPTHEPCTBO CO KOMMaHuja og,
npmBaTHMOT CeKTop (Mpou3BogMTEn Ha onpema/usBegyBady WUTH.), CO WTO ke 00e3beamn
pa3yMHO UCKOPUCTYBake Ha aaMUHUCTPATUBHUTE, TEXHUYKUTE U (PUHAHCUCKUTE KanaunTeTu
Ha OOrOBOPHUTE CTPaHW.

Pa3BojoT Ha 0BOj CUCTEM Ke CIYXXW Kako CBETOS NPpMMeEpP 3a KOPUCTEHE Ha OOHOBMMBM U3BOPU
Ha eHepruja BO CEKTOPOT 3a rpeewe 1 nagewe. HM3 npouecoT Ha Heroea nmniemeHTaumja ke
Ce HagMMHaT MHOTY TEXHWYKM U perynatopHu 6apuepu Ha HauWoHanHO M NOKanHO HMBO.
[unpekTHaTa BKIy4YeHOCT Ha OnwTUHAaTa BO pa3BOjHMOT NPOLEC, Nak, Ke NpuaoHEeCe 3a jakHehe
Ha Hej3MHUTE TEXHUYKM U aAMUHUCTPATUBHN KanaumuteTn. Kako pesynTtaT Ha Toa, NPOEKTOT ke
B6uae Boaunka koja gedmHmpa jacHa nateka 3a Cru4HM NPOEKTN BO MAHMHA.

6 Appendix

6.1 Simulations from Economic calculation tool for small modular
district heating and cooling projects

COOHeOﬂQQ CALCULATION TOOL po—
ECONOMIC CALCULATION TOOL FOR SMALL MODULAR DISTRICT HEATING AND COOLING PROJECTS

Select language: English

Mode: ECONOMY: Financial module only

Project name:|Karposh

Project start year: 2018

Project life time: 15 years

Project description

Skupina FABRIKA d.0.0

15 year project life-time period is considered for all calculations and for the simulation period.

7% discount rate was employed in the simulations of the economic performance of the
project. This is the discount rate often used in the analysis of national strategies and action
plans.

The tables bellow providec the detailed economic calculations for the optimistic scenario (COP
of 4 and consumers connected in the first year) and the project summary tables for all of the
other scenarios as well.
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Scenario: Consumers connected in first year, heat pump COP =4

Projected investment cost in € Value Share % Sources of investment cost financing in € Value Share %
1. Buildings and construction works 541,000 10.0% A. PRIVATE EQUITY 5,407,000 100.0%
2. Plot 0 0.0% B. BANK LOANS 0o 0.0%
. N 0
3. Equipment/Machinery 4,846,000 89.6% C. CONNECTION FEES 0 0.0%
0
A. PROPERTY, PLANT AND EQUIPMENT 5,387,000| 99.6% MRS SESIDIES O s
- +B+C+| .09
B. PROJECT AND INVESTMENT DOCUMENTATION 20,0000 0.4% BT ARENE S 5 E50ER) D000 [ptoo0b
C. INTANGIBLE ASSETS (1] 0.0%
D. INVESTMENT COST (A+B+C) 5,407,000/ 100.0%
E. INITIAL WORKING CAPITAL (1] 0.0%
F. TOTAL INVESTMENT COST (D+E) 5,407,000/ 100.0%
Source of revenue in € 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
1. ELECTRICITY REVENUES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2. HEAT REVENUES 2,057,400  2,057,400| 2,057,400 2,057,400 2,057,400| 2,057,400 2,057,400| 2,057,400 2,057,400| 2,057,400 2,057,400| 2,057,400| 2,057,400 2,057,400| 2,057,400
3. OPERATING SUBSIDIES 0] 0] 0] 0] 0] 0] 0 0 0 0 0| 0| 0| 0| 0
A. GROSS OPERATING REVENUES | 2,057,400| 2,057,400 2,057,400| 2,057,400| 2,057,400| 2,057,400| 2,057,400| 2,057,400| 2,057,400| 2,057,400| 2,057,400| 2,057,400| 2,057,400  2,057,400| 2,057,400
1. INVESTMENT SUBSIDIES 0] 0] 0] 0] 0] 0] 0 0 0 0 0| 0| 0| 0| 0
2. FINANCIAL REVENUES 0] 0] 0] 0] 0] 0] 0 0 0 0 0| 0| 0| 0| 0
3. OTHER REVENUES 0] 0] 0] 0] 0] 0] 0 0 0 0 100 100 100 100 100
B. OTHER SOURCES OF REVENUES 1] 1] 1] 1] 1] 0 1] 1] 0 0 100 100 100 100 100
C. TOTAL REVENUES (A + B) 2,057,400 2,057,400| 2,057,400| 2,057,400 2,057,400| 2,057,400| 2,057,400 2,057,400| 2,057,400| 2,057,400 2,057,500| 2,057,500| 2,057,500 2,057,500 2,057,500
Cost type in € 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
1. Energy source costs 882053 891,523  900,178|  908917| 917,743 926656 935657 944747 953925 963,195 972,556 982,009 991,555 1,001,195 1,010,930
2. Operation and maintainance costs 107,740 107,740 107,740 107,740 107,740 107,740 107,740 107,740 107,740 107,740 107,740 107,740 107,740 107,740 107,740
|A. TOTAL OPERATING COSTS (1+2) 990,693| 999,263| 1,007,918| 1,016,657| 1,025,483| 1,034,396 1,043,397| 1,052,487| 1,061,665 1,070,935| 1,080,296 1,089,749 1,099,295 1,108,935 1,118,670
1. Cost of management, insurance and lease 10,774 11,043 11,319 11,602 11,892 12,190 12,495 12,807 13,127 13,455 13,792 14,136 14,490 14,852 15,223
2. Cost of promotional activities 0 0| 0| 0 0 0| 0| 0| 0 0 0| 0| 0 0 0]
3. Cost of other services 0 0] 0] 0 0 0| 0] 0| 0 0 0| 0| 0 0 0|
B. TOTAL COSTS OF SERVICES (1+2+3) 10,774 11,043 11,319 11,602 11,892 12,190 12,495 12,807 13,127 13,455 13,792 14,136 14,490 14,852 15,223
C. COSTS OF LABOUR 42,500 42,606 42,713 42,820 42,927 43,034 43,141 43,249 43,357 43,466 43,575 43,683 43,793 43,902 44,012
3;,252 RECIATION AND AMORTIZATION 270,350| 270,350| 270350 270,350| 270,350| 270,350| 270,350| 270350 270,350| 270,350| 270,350| 270,350| 270,350 270,350| 270,350
E. FINANCIAL COSTS o o o 0 0 o o ] 0 o o o 0 0 o
F. OTHER EXPENSES AND LOSSES o 0 0 0 0 o 0 0 0 o 0 0 0 0 o
G. INCOME TAXES 74,308 73,414 72,510 71,597 70,675 69,743 68,802 67,851 66,890 65,919 64,949 63,958 62,957 61,946 60,924
H. TOTAL COSTS (A+B+C+D+E+F+G) 1,388,625| 1,396,676| 1,404,810| 1,413,026 1,421,327| 1,429,713| 1,438,185 1,446,743| 1,455,390| 1,464,125 1,472,961| 1,481,877| 1,490,885 1,499,985 1,509,180
"‘""‘“"“n':ed’“e d"‘l:g" resourees 2018 ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘ 2023 ‘ 2024 ‘ 2025 ‘ 2026 ‘ 2027 ‘ 2028 ‘ 2029 2030 ‘ 2031 2032 ‘
A. Average days of inventory 60.0
B. Inventory turnover ratio 6.08
gEg‘lE\:"Eé“ETRORIES IR CN & @ 26,235 26,278 26,321 26,364 26,407 26,450 26,494| 26,538 26,582 26,626 26,671 26,716 26,761 26,806 26,852
D. RESOURCES NEEDED TO FINANCE
s 4,313 4,320 4,327 4,334 4341 4,348 4,355 4,362 4,370 4,377 4,384 4,392 4,399 4,406 4,414
AcccHnts 'e::'e‘:;':ei:'e'd resources 2018 ‘ 2019 2020 ‘ 2021 2022 ‘ 2023 2024 ‘ 2025 2026 ‘ 2027 ‘ 2028 | 2029 ‘ 2030 2031 ‘ 2032
A. Accounts receivable collection period 30.0
B. Accounts receivable turnover ratio 12.17
SE?:EEOBLEJQTS =G = S @ 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101
D. RESOURCES NEEDED TO FINANCE THE
e 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899
E. LONG-TERM ACCOUNTS RECEIVABLE ON
31T OF DECEMBER ‘ U‘ 0‘ 0‘ 0[ 0| O‘ 0‘ O‘ D‘ 0] U‘ 0‘ 0[ 0‘ 0
Annual depreciation rates in %
C ion of pl d depreciati
A. INTANGIBLE ASSETS ’ 10.0%
B. PROPERTY, PLANT AND EQUIPMENT
1. Buildings and constructions 5.0%
2. Equipment, plant, vehicles, mechanization 5.0%
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Depreciation cost in € 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
A. INTANGIBLE ASSETS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1. Buildings and constructions 27,050 27,050 27,050 27,050 27,050 27,050 27,050 27,050 27,050 27,050 27,050 27,050 27,050 27,050 27,050
2. Equipment, plant, vehicles, mechanization | 243,300  243300{ 243,300  243300] 243,300  243300] 243,300  243300] 243,300 243300 243,300 243300 243,300 243300 243,300
BALOTALEROPERTY/RLANTAND 270,350| 270,350 270,350| 270,350 270,350| 270,350 270,350| 270,350 270,350| 270,350 270,350 270,350 270,350 270,350| 270,350
EQUIPMENT (1+2)
C. TOTAL (A+B) 270,350| 270,350 270,350| 270,350 270,350| 270,350 270,350| 270,350 270,350| 270,350 270,350 270,350 270,350 270,350 270,350
Fixes assets value on 31st of December | 5915 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
A. INTANGIBLE ASSETS [} 0 [} 0 [} 0 0 0 0 ) 0 0 0 0 0
1. Buildings and constructions 513950  486,000| 459,850  432,800| 405750 378700 351,650  324600] 297,550 270,500 243,450 216400 189,350 162,300 135,250
2. Equipment, plant, vehicles, mechanization | 4,622,700 4,379,400 4,136,100 3,892,800 3,649,500 3,406,200 3,162,900 2,919,600 2,676,300| 2,433,000 2,189,700| 12946400 1,703,100| 1,459,800 1,216,500
:&‘::ﬁ;:?:fgv' ELUANTAND 5,136,650| 4,866,300| 4,595,950 4,325,600| 4,055,250 3,784,900| 3,514,550 3,244,200| 2,973,850| 2,703,500| 2,433,150 2,162,800| 1,892,450 1,622,100| 1,351,750
C. TOTAL (A+B) 5,136,650| 4,866,300| 4,595,950 4,325,600| 4,055,250 3,784,900| 3,514,550| 3,244,200| 2,973,850| 2,703,500| 2,433,150 2,162,800| 1,892,450 1,622,100| 1,351,750
Accounts "a“b:‘::,‘l‘:e‘::'l"‘":"e’ financed by | 5018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
A. Days payable 300
B. Accounts payable turover ratio 1217
C. ACCOUNTS PAYABLE ON 31ST OF DECEMBER 82312 8303 83773 84,515, 85264 86,021 86,786 87,558 88,339  89,128] 89,925 90,730, 91,544  92,366| 93,197
D. DELIVERIES FINANCED BY SUPPLIERS 6,765 6,825 6,885 6,946 7,008 7,070 7,133] 7,197| 7,261 7,326 7,391 7,457 7,524 7,592 7,660
E. LONG-TERM ACCOUNTS PAYABLE ON 31ST OF
el ‘ 0‘ o‘ o 0 o‘ u‘ o‘ 0‘ 0 o o 0 0 o
Working capital requirements in € 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
1. Resources needed to finance inventories 4313 4,320) 4,327) 4,334 4341 4,348 4,355 4,362 4,370) 4,377) 4,384 4,39 4,39) 4,406 4,414
fe' c’z‘ff;’l‘)‘lzes Wiatzitzd il diia ciessi it 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899 13,899
3. Deliveries financed by suppliers 6,765 6,825 6,885 6,946 7,008 7,070) 7,133 7,197 7,261 7,326) 7,301 7,457 7,524 7,592 7,660
A WORKING CAPITAL SURPLUS (+) OR -11,446| -11,393| -11,340| -11,286| -11,232| -11,177| -11,121| -11,065 -11,008| -10,950| -10,892| -10,833| -10,774| -10,713| -10,653
DEFICIT (-) (3-2-1)
equity in € on 31st of 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
1. Owner's equity 5407000 6075775 6736499 7,389,089 8033462 8,669,535 9,207,222 9,916,437 10,527,094| 11,129,104 11,722,378| 12,306,918| 12,882,541| 13,449,156 14,006,671
2. Retained earnings 668,775 660724  652,590|  644374| 636073  627,687| 619215 610657 602,010 593275 584539  575623| 566,615 557,515 548,320
TOTAL EQUITY (1 to 2) 6,075,775| 6,736,499| 7,389,089| 8,033,462 8,669,535| 9,297,222| 9,916,437|10,527,094|11,129,104|11,722,378| 12,306,918 | 12,882,541 13,449,156 | 14,006,671 | 14,554,991
ition and i
e 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
1. Subsidies
2. Subsidized fixed assets on 31t of December
3. Share of subsidies in subsidized fixed assets
4. Depreciation cost 270350 270350 270350 270350 270,350 270350 270,350 270350 270350  270,350| 270350  270,350| 270350  270,350| 270,350
5. Other sources of revenues 0 0 o o 0 0 o o o 0 o o o 0 o
LONG-TERM ACCRUED COSTS AND DEFERRED
REVENUES ON 31ST OF DECEMBER © g Q © © g Q 2 ® g q 0 ® g q
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Income statement in € 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
1. Total operating income 2,057,400 2,057,400 2,057,400 2,057,400] 2,057,400 2,057,400 2,057,400| 2,057,400 2,057,400 2,057,400| 2,057,400| 2,057,400 2,057,400 2,057,400 2,057,400)
2. Investment subsidies o o 0 o o o o 0 0 0 0 0 0 0 0
3. Total cost of goods and services 1,001,467| 1,010,306 1,019,237| 1,028,260 1,037,376 1,046,586 1,055892| 1,065293| 1,074,793 1,084,390 1,094,087| 1,103,885 1,113,785 1,123,787 1,133,894
2) Total operating costs 990,693 999263 1,007,918 1,016,657 1025483 1034396 1043397 1,052,487 1,061,665 1070935 1080296 1,089,749 1,099,205 1,108,935 1,118,670
1. Energy source costs 882,953|  891,523|  900,178|  908,917|  917,743| 926,656  935657|  944,747|  953.925| 963,195 972,556  982,009|  991,555| 1,001,195 1,010,930
2. Operation and maintainance costs 107,740 107,740  107,740|  107,740| 107,740  107,740|  107,740| 107,740  107,740|  107,740|  107,740| 107,740  107,740| 107,740  107,740|
b) Total cost of operating services 10774 11,043 11319 11602 11,892 12,000 12,495 12,807  13127| 13455 13792 14136 14490 14852 15223
1. Cost of management, insurance and lease 10,774 11,043 11,319 11,602 11,892 12,190 12,495 12,807 13,127 13,455 13,792 14,136 14,490 14,852 15,223
2. Cost of promotional activities 0 0 0 0 0 o o 0 0 0 0 0 0 0 0
3. Cost of other services 0| 0| 0 0 0 0| 0 0] 0] 0] 0] 0] 0] 0| 0|
4. Cost of labour 42,500 42,606 42,713 42,820 42,927 43,034 43,141 43,249 43,357, 43,466 43,575 43,683 43,793 43,902 44,012
E81TDA 49.26%| 48.82%| 48.38%| 47.94%| 47.49%| 47.04%| 4658%| 46.12%| 45.65%| 45.18%| 44.70%| 44.22%| 43.74%| 43.24%| 42.75%
5. Depreciation and amortization 270,350 270350  270350|  270,350] 270,350  270350|  270350| 270,350 270350  270350|  270,350| 270,350  270350| 270350 270,350
1. Intangible assets o o 0 0 0 o o 0 0 0 0 0 0 0 0
2. Property, plant and equipment 270,350 270350  270350|  270,350] 270,350  270350|  270350| 270,350 270350  270350|  270,350| 270,350  270350| 270,350  270,350|
2.1. Buildings and constructions 27,050, 27,050 27,050 27,050 27,050 27,050 27,050) 27,050) 27,050) 27,050) 27,050) 27,050 27,050, 27,050, 27,050,
A T T (s e 243300  243300]  243300]  243300]  243300]  243300] 243300| 243300| 243300| 243300| 243300] 243300] 243300 243300  243300)
EBIT 36.12% 35.68% 35.24% 34.80% 34.35% 33.90% 33.44% 32.98% 32.51% 32.04% 31.56% 31.08% 30.60% 30.10% 29.61%
6. Revenues from finandial actvities o o 0 0 0 o o 0 0 0 0 0 0 0 0
7. Financial costs 0| 0| 0 0 0 0| 0 0] 0] 0] 0] 0| 0| 0] 0|
8. Other revenues and gains 0| 0| 0 0 0 0| 0 0 0] 0] 100 100 100 100 100
9. Other expenses and losses 0] 0] 0 0 0 0| 0| 0| 0| 0| 0| 0| 0] 0] 0]
10. INCOME BEFORE TAXES 743,083 734,137 725,100 715,971 706,747 697,430 688,017 678,507 668,900 659,194 649,488 639,581 629,573 619,461 609,244 |
8T 36.12%| 3568%| 3524%| 34.80%| 34.35%| 33.90%| 33.44%| 3298%| 3251%| 3204%| 31.57%| 31.09%| 30.60%| 30.11%| 29.61%
11. Income taxes 74,308] 73,414 72,510 71,597 70,675 69,743 68,802 67,851 66,890) 65,919) 64,949) 63,958] 62,957, 61,946| 60,924
12. NET INCOME 668,775 660,724| 652,500 644374 636,073| 627,687| 619,215 610657 602010 593,275\ 584,539 575623 566,615 557,515 548,320
13. Number of employees 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Balance sheet on 31st of December in € 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
A. FIXED ASSETS 5,136,650| 4,866,300| 4,595,950| 4,325,600| 4,055,250| 3,784,900| 3,514,550 3,244,200 2,973,850 2,703,500 2,433,150 2,162,800 1,892,450| 1,622,100| 1,351,750
gclc:aaerég:iee :zzests ‘and long-term deferred costs and 4 d . o d 4 d 4 o . o . 4 . o
I1. Property, plant and equipment 5136,650| 4,866,300 4505950 4,325,600 4,055250| 3,784,900 3,514550| 3,244,200 2,973,850| 2,703,500| 2,433,150| 2,162,800| 1,892,450| 1,622,100 1,351,750
1. Buildings and constructions 513950  486,900|  459,850| 432,800 405750 378700 351650 324600  297,550| 270,500  243450|  216400]  189,350|  162,300] 135250
2. Equipment, plant, vehicles, mechanization 4,622,700 4,379,400 4,136,100 3,892,800 3,649,500 3,406,200 3,162,900| 2,919,600| 2,676,300] 2,433,000 2,189,700] 1,946,400| 1,703,100| 1,459,800 1,216,500
1II. Long-term accounts receivable 0] 0 0 0| 0 0] 0 0] 0| 0 0| 0 0] 0 0
B. CURRENT ASSETS 1,021,437| 1,953,238| 2,876,912| 3,792,377| 4,699,549| 5,598,343| 6,488,673 7,370,452| 8,243,593 9,108,006| 9,963,693|10,810,471|11,648,250|12,476,937| 13,296,438
1. Inventories 26,235 26,278 26,321 26,364/ 26,407 | 26,450 26,494 26,538 26,582 26,626 26,671 26,716 26,761 26,806 26,852
11. Accounts receivable 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101 169,101
1I1. Cash and cash equivalents 826,101 1,757,859 2,681,490 3,596,912 4,504,041 5,402,791 6,293,078 7,174,813 8,047,909 8,912,279 9,767,920 10,614,654| 11,452,388 12,281,030 13,100,485
TOTAL ASSETS 6,158,087| 6,819,538 7,472,862| 8,117,977 8,754,799| 9,383,243|10,003,223|10,614,652|11,217,443|11,811,506(12,396,843(12,973,271|13,540,700 14,099,037 | 14,648,188
A. OWNER'S EQUITY 6,075,775| 6,736,499| 7,389,089| 8,033,462| 8,669,535| 9,297,222| 9,916,437|10,527,094|11,129,104|11,722,378|12,306,918| 12,882,541 | 13,449,156| 14,006,671 | 14,554,991
B. PROVISIONS AND LONG-TERM ACCRUED COSTS 0 ° 0 0 0 0 0 0 0 0 0 0 0 0 0
C. LONG-TERM LIABILITIES 0 0 0 0 0 0 ] 0 0 0 0 0 0 '] 0
1. Long-term financial liabilities 0] 0 0] 0| 0 0] 0 0] 0 0 0| 0 0| 0 0
II. Long-term accounts payable 0] 0 0 0| 0 0] 0 0] 0 0 0| 0 0| 0 0
D. CURRENT LIABILITIES 82,312| 83,039 83773| s84515| 85264| 86021| 86786 87,558 88339 89,128 89925 90730 91,544| 92,366| 93,197
1. Short-term financial liabilities 0] 0 0 0| 0 0] 0 0] 0 0 0| 0 0| 0 0
1. Accounts payable 82,312 83,039 83,773 84,515 85,264 86,021 86,786 87,558 88,339 89,128 89,925 90,730 91,544 92,366 93,197
TOTAL LIABILITIES AND OWNER'S EQUITY 6,158,087| 6,819,538| 7,472,862| 8,117,977| 8,754,799| 9,383,243|10,003,223(10,614,652|11,217,443| 11,811,506 12,396,843 | 12,973,271 |13,540,700| 14,009,037 | 14,648,188
Cash-flow statement in € 2018 2019 2020 2021 2022 2023 2024 ‘ 2025 ‘ 2026 2027 2028 ‘ 2029 2030 2031 2032 ‘
|A. CASH FLOW FROM OPERATING ACTIVITIES
1. Income before taxes 743,083 734,137| 725,100 715,971 706,747 697,430| 688,017 678,507 668,900 659,194| 649,488| 639,581 629,573 619,461 609,244
2. Depreciation and amortization 270,350 270,350 270,350 270,350 270,350 270,350 270,350 270,350 270,350 270,350 270,350 270,350 270,350 270,350 270,350
3. Income taxes 74,308] 73,414 72,510 71,597] -70,675] 69,743 -68,802] 67,851 -66,890| 65,919 64,949 63,958 62,957 61,946 60,924
4. Decrease (- increase) in accounts receivable -169,101, 0| 0| 0] 0 0| 0] 0] 0| 0| 0] 0 0| 0] 0
5. Decrease (- increase) in inventories -26,235| -43 -43] -43] -43 -43 -44] -44] -44| -44 -45 -45 -45 -45 -45
6. Increase (- decrease) in accounts payable 82,312 727 734| 742 749 757| 765 773 781 789 797] 805 814| 822 831
7. Financial costs 0 0| 0| 0 0 0| 0 0 0| 0| 0 0 0| 0 0
?S,JS:‘ZEES)Q\E@G to long-term accrued costs and deferred revenues 0 0| 0 0 0 ol 0 0 0| 0 0 0 0| o 0
Net cash flow from operating activities 826,101 931,758 923,631 915,422 907,129 898,750 890,286 | 881,735 873,097 864,369 855,642 846,734 837,734 828,641 819,455
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B. CASH FLOW FROM INVESTING ACTIVITIES
1. Receipts (+) and disbursements () in intangible assets 0 0 0| 0 0 0| 0| 0 0 0| 0| 0 0 0| 0|
2. Receipts (+) and disbursements (-) in property, plant and equipment | 5,407,000 0 0| 0 0 0| 0| 0 0 0| 0| 0 0 0| 0|
Net cash flow from investing activities -5,407,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C. CASH FLOW FROM FINANCING ACTIVITIES
1. Receipts from capital pay-in (+) and dividends paid (-) 5,407,000 0 0| 0 0 0| 0| 0 0 0| 0| 0 0 0| 0
2. Receipts (+) and disbursements (<) in financial liabilities and accrued
costs and deferred revenues 9 q 9 9 9 9 9 9 9 9 9 9 q 9 9
Net cash flow from financing activities 5,407,000 (] 0 o 0 0 0 o 0 0 0 0 0 0 0
D. NET BALANCE IN CASH AND CASH EQUIVALENTS
1. Net cash flow 826,101  931,758| 923,631 915422 907,129 898,750  890,286| 881,735  873,097|  864,369| 855642 846,734  837,734| 828641 819,455
2. Cash and cash equivalents, beginning of year 0| 826101 1,757,859 2,681,490 3596912 4504041 5402,791| 6,293,078 7,174813| 8,047,909 8,912,279 9,767,920| 10,614,654 11,452,388| 12,281,030
3. Cash and cash equivalents, end of year 826,101| 1,757,859 2,681,490| 3,596,912| 4,504,041 5,402,791 6,293,078| 7,174,813| 8,047,909| 8,912,279| 9,767,920
Profitability Cash flow
Initial capital investment (discounted for received subsidies) 5,407,000.00
Private equity invested 5,407,000.00
Equity net present value (NPV) 2,607,245.56
Equity internal rate of return (IRR) 14.09%
CASH FLOW in € Discount rate: 7.00%
Year Cash flow Discounted Cash flow
co -5,407,000 -5,407,000
CF1 826,101 772,057
CF2 931,758 813,833
CF3 923,631 753,958
CF4 915,422 698,371
CF5 907,129 646,770
CF6 898,750 598,875
CF7 890,286 554,426
CF8 881,735 513,178
CF9 873,097 474,907
CF10 864,369 439,401
CF11 855,642 406,509
CF12 846,734 375,960
CF13 837,734 347,630
CF14 828,641 321,361
CF15 819,455 297,008
TOTAL 7,693,485 Payback: 8.12 years
Sensitivity analysis - Operating costs
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Sensitivity analysis - Heat price
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1. Total income

2. Total costs of goods and services

3. Cost of labour

4. Depreciation and amortization

5. Financial costs

6. Other costs

7. EBT

Balance sum

Cash Flow

Cost of MWh heat sold

Cost of MWh energy sold (heat + electricity)

Private equity invested

Net present value (NPV)

Equity internal rate of return (IRR)

Payback (discount rate: 7%)
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Scenario: 60% of consumers connected in first year, consumption increases 4%

annually, heat pump COP =3

Initial capital investment (discounted for received subsidies)

5,407,000.00

Private equity invested

5,407,000.00

Equity net present value (NPV)

1,455,107.31

Equity internal rate of return (IRR)

10.66%

Feasibility Check

Discount rate: 7.00%

Co -5,407,000 -5,407,000
CF1 547,973 512,124
CF2 648,421 566,356
CF3 670,330 547,189
CF4 692,740 528,488
CF5 715,652 510,250
CF6 739,065 492,470
CF7 762,978 475,144
CF8 787,386 458,266
CF9 812,287 441,830
CF10 837,674 425,831
CF11 863,629 410,304
CF12 889,964 395,155
CF13 916,759 380,422
CF14 944,000 366,099
CF15 971,673 352,179
TOTAL 6,393,529 Payback: 11.1 years

Sensitivity analysis - Operating costs
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Sensitivity analysis - Heat price
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A. PROPERTY, PLANT AND EQUIPMENT

B. PROJECT AND INVESTMENT DOCUMENTATION

C. INTANGIBLE ASSETS

D. INVESTMENT COST (A+B+C)

E. INITIAL WORKING CAPITAL

F. TOTAL INVESTMENT COST (D+E)
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A. PRIVATE EQUITY 5,407,000 100.0%

B. BANK LOANS 0 0.0%

C. CONNECTION FEES 0 0.0%

D. INVESTMENT SUBSIDIES 0 0.0%

E. TOTAL FINANCING (A+B+C+D) 5,407,000 100.0%

1. Total income 1,655,200 1,721,408/ 1,790,264 1,861,875 1,936,350
2. Total costs of goods and services 944,076 986,331| 1,030,676| 1,077,218 1,126,065
3. Cost of labour 42,000 42,105 42,210 42,316 42,422
4. Depreciation and amortization 270,350 270,350 270,350 270,350 270,350
5. Financial costs 0 0 0 0 0
6. Other costs 0 0 0 0 0
7. EBT 398,774 422,622 447,028 471,991 497,513
Balance sum 5,843,492 6,227,325 6,633,294 7,061,912 7,513,689
Cash Flow 547,973 648,421 670,330 692,740 715,652
Cost of MWh heat sold 39 39 39 39 38
Cost of MWh energy sold (heat + electricity) 39 39 39 39 38
Private equity invested 5,407,000 €

Net present value (NPV) 1,455,107 €

Equity internal rate of return (IRR) 10.66%

Payback (discount rate: 7%) 11.1 years
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Feasibility Check

Scenario: 60% of consumers connected in first year, consumption increases 4%
annually, heat pump COP =4

Initial capital investment (discounted for received subsidies) 5,407,000.00
Private equity invested 5,407,000.00
Equity net present value (NPV) 1,598,948.01
Equity internal rate of return (IRR) 10.96%

Discount rate: 7.00%

0 -5,407,000 5,407,000
CFL 548,059 512,205
CR2 650,525 568,194
CF3 674,627 550,697
CF4 699,384 533,557
CF5 724,806 516,776
CF6 750,902 500,358
CF7 777,683 484,302
CF8 805,157 468,609
CF9 833,333 453,278
CF10 862,219 438,309
CF1l 891,912 423,741
CF12 922,238 409,484
CF13 953,292 395,582
CF14 985,079 382,031
CF15 1,017,603 368,826
TOTAL 6,689,819 Payback: 10.9 years
Sensitivity analysis - Operating costs
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Feasibility Check

Sensitivity analysis - Heat price
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A. PROPERTY, PLANT AND EQUIPMENT 5,387,000 99.6%
B. PROJECT AND INVESTMENT DOCUMENTATION 20,000 0.4%
C. INTANGIBLE ASSETS 0 0.0%
D. INVESTMENT COST (A+B+C) 5,407,000 100.0%
E. INITIAL WORKING CAPITAL 0 0.0%
F. TOTAL INVESTMENT COST (D+E) 5,407,000 100.0%

A. PRIVATE EQUITY 5,407,000 100.0%
B. BANK LOANS 0 0.0%
C. CONNECTION FEES 0 0.0%
D. INVESTMENT SUBSIDIES 0 0.0%
E. TOTAL FINANCING (A+B+C+D) 5,407,000 100.0%

April 2018 26

ETF



CoolHeating Feasibility Check

April 2018 27 ETF



