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Abstract: A common way of calculating the life cycle cost (LCC) of building renovation measures
is to approach it from the building side, where the energy system is considered by calculating the
savings in the form of less bought energy. In this study a wider perspective is introduced. The
LCC for three different energy renovation measures, mechanical ventilation with heat recovery and
two different heat pump systems, are compared to a reference case, a building connected to the
district heating system. The energy system supplying the building is assumed to be 100% renewable,
where eight different future scenarios are considered. The LCC is calculated as the total cost for
the renovation measures and the energy systems. All renovation measures result in a lower district
heating demand, at the expense of an increased electricity demand. All renovation measures also
result in an increased LCC, compared to the reference building. When aiming for a transformation
towards a 100% renewable system in the future, this study shows the importance of having a system
perspective, and also taking possible future production scenarios into consideration when evaluating
building renovation measures that are carried out today, but will last for several years, in which the
energy production system, hopefully, will change.

Keywords: life cycle cost; energy system; district heating; energy renovation measures; heat pump;
mechanical ventilation with heat recovery; combined heat and power; wind power

1. Introduction

The European Union (EU) directive regarding the energy performance of buildings states that
each member state should ensure that all new buildings built from the end of 2020 should be nearly
zero energy buildings [1]. Each member state sets its own definition of a nearly zero energy building.
In Sweden, the requirements for a nearly zero energy building involve a so-called primary energy
number, which is expressed as the amount of primary energy used per year and the building area [2].
The calculation is based on the yearly final energy demand, where different energy carriers such as
electricity and district heating (DH) are weighted using primary energy factors.

DH is the main energy carrier to multi-family buildings in Sweden, accounting for 90% of the final
energy used for heating and hot water in 2016 [3]. Counting all dwellings and non-residential premises,
DH supplied almost 60% of the final energy used for heating and hot water in 2016. The second largest
part is supplied by electricity-based heating, e.g., heat pumps (HPs) and mechanical ventilation with
heat recovery (MVHR). As HPs utilize heat sources such as the outdoor air or geothermal energy, the
delivered useful heat will be higher than the amount of purchased energy (often electricity). This
means that it is easier to fulfill any energy demand requirements for HPs than for DH, when the focus
is on final energy.
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Gustafsson et al. [4] conclude that the current requirements for nearly zero energy buildings in
Sweden favor HPs. There are, however, several studies, including Gustafsson et al., which show that
DH has lower carbon dioxide emissions than HPs when global emissions from marginal electricity
production are included [4,5]. Compared to DH, MVHR also reduces the final energy demand, at
the expense of an increased electricity demand. Even though both HPs and MVHR reduce the final
energy demand, the changes in carbon dioxide emissions are not linear. This is demonstrated by
Lidberg et al. [6], where both HPs and MVHR are evaluated compared to DH. Even though the HP
case results in the lowest final energy use, the MVHR case had the lowest carbon dioxide emissions.
This is the result when the impact upon the local DH system is included in the analysis. Another
way to expand the system boundaries beyond final energy is to do a life cycle assessment, where
the impact from the building process and materials are included as well. This has been done by
Ramírez-Villegas et al. [7], where different building renovation measures (including MVHR) have
been studied on an existing building connected to the DH system. Studies have shown that the
environmental impact differs considerably, depending on the system boundary used, and also upon
different energy system scenarios [6,8].

Hence, the environmental impact from different building energy renovation measures is
ambiguous, and depends both on local conditions and uncertain future developments in the energy
system, as well as upon system boundaries. Another important decision parameter is whether the
measures are economical or not. One common method for evaluating the economical aspect is life
cycle cost (LCC) assessment, where the whole lifetime of the measure is taken into consideration.
LCC assessment is usually carried out from a building perspective, where the energy system cost
is included in the energy price for the different energy carriers. This is done for different energy
renovation measures by Gustafsson et al. and Paiho et al. [9,10]. They both show that from a building
perspective, the LCC is lower for the HP cases, compared to DH. This is, however, based on today’s
energy system and energy prices. The energy system cost is also simplified using the customer price
for electricity and DH. As well as expanding the system boundary to include the whole life cycle, the
system boundary should be expanded in order to include any costs for the whole energy system.

In Sweden, 75% of the dwellings in multi-family buildings were built before 1980 [11]. The largest
construction boom occurred between 1965 and 1975, due to a big housing program to cope with the
increasing population [12]. Houses built within this period are currently in need of renovation, if they
have not been renovated already. Energy renovations in order to reach energy efficiency goals are
usually included as well, and not just renovations carried out in order to maintain functionality. It is
easier, as mentioned above, to reach energy goals set in terms of final energy, using HPs or MVHR
instead of DH. Converting from DH to HP or MVHR is therefore often done in these cases.

In this study, the LCC for different energy renovation measures in a multi-family building are
calculated, including production, operation and maintenance costs for the energy system. In addition
to expanding the system boundary, future 100% renewable scenarios are analyzed instead of the current
system. The building used is a typical Swedish multi-family building from the 1965–1975 housing
program, with DH and mechanical exhaust ventilation as a reference system. Three energy renovation
measures in the form of HP and MVHR solutions are then compared to the reference case, evaluating
the economic effects on the energy system.

2. Methods

The life cycle cost (LCC) is calculated for different energy renovation measures in a multi-family
building for a variety of future energy system scenarios. The savings in the form of less bought energy
due to a lower demand after the renovation measures is calculated as the change in energy system
cost for the different energy system scenarios. Figure 1 shows an illustration of the methodology used.
A reference building is simulated in order to get hourly values of the energy demand. The hourly
energy demand is used to calculate the energy system cost for eight future energy system scenarios.
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Three energy renovation measures are also simulated, and the energy system costs are calculated for
the eight energy system scenarios for each energy renovation measure.

The cost for the energy renovation measures are calculated, and the total LCC is achieved by
adding the energy system savings. Details regarding the LCC calculation, the building simulation and
the energy system scenarios are found in Sections 2.1–2.3.
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Figure 1. Flowchart describing the methodology.

2.1. Life Cycle Cost Calculation

The LCC calculations done in this study comply with conventional LCC methodology and the
standards for the LCC of buildings [13,14], with the important difference that the calculated costs
consider the whole energy system, rather than just the building. The LCC is calculated from a
socio-economic perspective, which means that no taxes, subsidies etc., are included. An exchange rate
of 10.5 for EUR to SEK has been used for costs in Swedish kronor (SEK) found in some references. The
LCC is calculated over the lifetime of the system, but since several units are included with different
lifetimes, a project lifetime is set to 30 years. Reinvestment is needed when the technical lifetime
of specific equipment is less than the project lifetime. A linear depreciation is assumed in order to
calculate the residual value for equipment with a longer technical lifetime than the project lifetime.

The total LCC for the energy renovation measures is calculated as the cost for the measures
themselves, together with the cost for the surrounding energy system. For both the renovation
measures and the energy system, the LCC includes the capital cost, annual operation and maintenance
(O&M) costs, the reinvestment cost and the residual value, according to Equation (1).

LCC = ICC + A + R − Res, (1)

where ICC is the initial capital cost, A is the annual O&M cost, R is the reinvestment cost, and Res
is the residual value. Costs for disposal of expired assets are assumed to be negligible, and are not
included. The costs used in the calculations are listed in Appendix A, Tables A1 and A2.

The annual O&M costs, reinvestment cost and the residual value are converted to today’s value,
using the net present value method, assuming a real interest rate of 3%. An interest rate of 3% is also
used in other socio-economic analyses regarding district heating (DH) [15,16].

2.2. Building Renovation Measures

The building model used in the simulations represents a Swedish 1960s four-story multi-family
building, with a heated floor area of 4700 m2 and 60 apartments. The same model was previously
used by Gustafsson et al. [9] and Swing Gustafsson et al. [17] In the reference case, the building has an
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annual space heating demand of 114 kWh/m2
·y and a domestic hot water demand of 25 kWh/m2

·y,
covered by DH, and an electricity use for ventilation and pumps of 4.4 kWh/m2

·y.
The ventilation rate is set to 0.5 h−1, complying with Swedish building standards [2] out of which

0.4 h−1 is assumed be controlled air flows through ventilation ducts and the remaining 0.1 h−1 is
modeled as infiltration through the building envelope.

In the reference case, the building is assumed to have mechanical exhaust ventilation and DH.
This system is considered representative for the studied building type and its period of construction,
as 68% of the Swedish multi-family buildings built in the 1960s and 70s have mechanical exhaust
ventilation [18], and about 90% of all Swedish multi-family buildings have DH [3]. The studied
renovation measures consist of three other heating and ventilation systems, denoted A, B and C. In
system A, the ventilation system is changed to mechanical ventilation with heat recovery (MVHR).
In systems B and C, an exhaust air heat pump (EAHP) [19] is installed in addition to the DH. The
EAHP is used only for heating in system B, and for both heating and domestic hot water in system C.
A summary of the heating and ventilation systems is found in Table 1.

Table 1. The different heating and ventilation included in the energy renovation measures. X denotes
the heating and ventilation solutions included in each system (reference, A, B and C).

Heating and Ventilation System Ref. A B C

Mechanical ventilation X X X X
Mechanical ventilation with heat recovery X

Exhaust air heat pump used for heating X X
Exhaust air heat pump used for domestic hot water X

District heating X X X X

Simulations of the building with the different renovation measures were done in TRNSYS 17 [20]
with Meteonorm climate data [21] for Stockholm (Bromma Airport). The output from the simulations, in
form of hourly DH and electricity demand, were used as an input for the energy system cost calculation.

Regarding the heating and ventilation systems, all systems concerning the ventilation system
are included in the building cost. The cost for the DH substation is however included in the energy
system cost. The costs and lifetimes used in the calculations are listed in Appendix A, Table A1. The
investment costs described in the table include both the capital cost and labor cost, where the latter is
taken from statistics [22]. O&M costs are taken to be 1% of the initial investment costs.

2.3. Energy System Scenarios

The energy system consists of both the DH system and the electricity system delivering energy
to the building. Costs for both the production and distribution are considered. The DH distribution
includes the cost for the pipes and the substation in the building, as well as the distribution losses. The
DH production is dimensioned based on the heat demand profile of the building and the distribution
losses. The base load in the DH system is assumed to be covered by combined heat and power (CHP),
with heat only boilers (HOB) as peak boilers. Two different CHP dimensions are considered in the
different energy system scenarios. Two different fuels are also considered in the different scenarios.
The peak production unit is assumed to be a biomass-based HOB in all scenarios.

The electricity production units are dimensioned to cover the building’s electricity demand,
including distribution losses, after the electricity production from the CHP unit is credited. In the
electricity system, wind power is dimensioned to cover the annual electricity demand. Two different
kinds of electrical backup power are considered in the different scenarios. The electricity distribution
costs taken into consideration are the distribution losses, as well as the need for additional investments
due to a large share of intermittent power production.

This results in a total of eight different scenarios, which are shown in Figure 2. The energy system
calculation is based on the method by Swing Gustafsson et al. [23], but with changes in order to adapt
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to a multi-family building. The following subsections, Sections 2.3.1–2.3.4., describe all assumptions
and costs in detail. The costs and lifetimes used in the calculations are listed in Appendix A, Table A2.Energies 2019, 12, x FOR PEER REVIEW 5 of 15 
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Figure 2. The eight different energy system scenarios regarding electricity and district heating
production. In all of these, wind power is dimensioned to cover the annual electricity demand, and
biomass-based heat only boilers (HOB) are assumed to cover the district heating peaks.

2.3.1. District Heating Distribution

The DH is assumed to be a medium temperature DH, the same temperature levels as most of the
DH networks in Sweden, also called 3rd generation DH. The substation, investment cost for the pipes
and the yearly O&M costs are included in the DH distribution costs. All pipe and substation costs
are based on the urban conditions and experiences in Denmark and Sweden [24]. The dimensions of
the substation and pipes are based on the buildings’ heat demand. The total distribution losses are
assumed to be 10%, according to Danish and Swedish experience [24].

The cost for the distribution network is limited to the service pipe and first order distribution pipes
in the neighborhood of the building. Transmission pipes are excluded. The lengths of the service and
distribution pipes are based on a typical existing multi-family housing area in Falun, Sweden. Figure 3
shows the distribution network in the district. The average service pipe length is 19 m, and the average
distribution length from the service pipe connection to the transmission pipe connection is 280 m for each
building. Of these 280 m, 50 m are assumed to have the dimension to cover four buildings, 115 m are
assumed to have the dimension to cover 12 buildings, and 115 m are assumed to have the dimension to
cover 24 buildings. The average cost for the pipes per building is used in the LCC analysis.
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2.3.2. District Heating Production

The DH base load is assumed to be covered using combined heat and power (CHP). The dimension
of the CHP plant is based on the daily average peak demand. Two scenarios are considered: One
where CHP should cover 40% of the daily average peak demand, and one where it should cover 70%.
The daily average peak demand is assumed to be covered by a heat only boiler (HOB). An illustrative
picture of these different scenarios is shown in Figure 4. Two different fuels are assumed for the CHP,
biomass and municipal waste. These are calculated in different scenarios. In all scenarios, the fuel for
the HOB is assumed to be biomass. The biomass fuel cost is based on figures from the Swedish Energy
Agency [3], where the CHP fuel is assumed to be a mix of wood chips and forest residue, and the HOB
fuel is assumed to be pellets. The cost for the municipal waste is based on figures from a report by the
Swedish Energy Research Centre [25].

The average capital cost for the CHP per installed capacity is based upon costs for a 20–80 MW
feed plant for the biomass scenario, and a 35–80 MW feed plant for the municipal waste scenario.
It is assumed that the CHP plant produces at its maximum all the time. The HOB is dimensioned to
cover the additional demand in order to cover the peak demand. The capital costs, O&M costs and
the technical parameters, such as lifetime and power-to-heat ratios, are based on Swedish and Danish
figures [25,26]. The electricity production in the CHP is credited by the corresponding cost for the
electricity production described in Section 2.3.4.
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Figure 4. Heat load diagrams (where the hourly load over the period of one year is shown with the
greatest load to the left and the smallest one to the right, for each scenario) of two different dimensions
of combined heat and power (CHP). The scenarios corresponding to the respective CHP dimension are
in brackets.

2.3.3. Electricity Distribution

The electricity distribution losses are based on the average for developed countries [24]. With
a high share of distributed intermittent production such as wind power, additional investments are
needed in the distribution system according to [27]. The investments needed are, for example, a
reinforcement of the distribution grid, increased possibilities for demand response flexibility and energy
storage. The future electricity production scenarios in [27] are similar to the electricity production
scenarios in this article: A high share of wind power with either hydropower or gas turbines as backup
power. The average additional cost in the distribution system per installed wind power capacity in [27]
is added to the electricity distribution costs in this article.

2.3.4. Electricity Production

The electricity production scenarios are based on two scenarios presented in a report showing
possible ways for a 100% renewable Swedish system [27]. The electricity production units consist
of wind power and two different kinds of backup power, hydropower and gas turbines, which are
considered in different scenarios. The wind power is dimensioned to cover the annual energy demand.
The annual electricity production per installed power, together with expected lifetime is based on
Danish experience [26]. An average wind power profile for the years 2013–2016 in Sweden, using
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statistics from the Swedish transmission system operator [28], is compared to the demand profile in
order to determine the backup power demand.

In the case of crediting the electricity production from the CHP, the wind power profile is compared
to the electricity production profile from the CHP in order to determine the backup power demand. The
wind power profile is, in each case, scaled to cover the annual demand and production, respectively.

The capital cost and O&M cost for the wind power is taken from a report by the International
Renewable Energy Agency [29]. Corresponding costs for gas turbines as backup power, as well
as its technical lifetime and efficiency, are based on average costs for turbines with a capacity of
5–40 MW [25,26]. Bio oil is assumed to be the fuel for the gas turbines, with costs from the Swedish
Energy Agency [30]. Hydropower as backup power does not assume completely new hydropower
plants. Instead, a capacity increase in existing plants is assumed. The North European Power
Perspective has shown that there is a big potential to upgrade the capacity in Swedish hydropower
plants [31]. O&M costs and capital costs for the capacity increase, assuming the average costs for
turbines of between 10–225 MW, uses figures taken from Krönert et al. [32].

3. Results

The resulting annual energy and peak demand for the building simulation is seen in Table 2. The
electricity demand, annual and peak, is increased for all energy renovation measures compared to the
reference building. At the same time, the DH demand is decreased, leading to a decreased total annual
demand of bought energy.

Table 2. The annual and peak energy demand for the reference building and the three energy renovation
measures: A—Mechanical ventilation with heat recovery, B—Exhaust air heat pump for heating and
C—Exhaust air heat pump for heating and domestic hot water in relation to the reference building.

Heating System Ref. A B C

District heating
Annual demand [MWh] 655 515 480 451

Daily average peak demand [kW] 215 169 173 173
Electricity

Annual demand [MWh] 21 36 63 67
Hourly average peak demand [kW] 4 6 18 18

Total annual demand [MWh] 676 551 543 518

The total LCC for building renovation measures compared to the reference building for each
energy system scenario is shown in Figure 5. None of the renovation measures result in a lower LCC
than the reference building for any energy system scenario. The highest increase in LCC is for the four
energy system scenarios with gas turbines as backup power. Amongst those scenarios, the scenarios
with a higher share of CHP have a higher cost, where biomass as fuel in the CHP results in the highest
increase in the LCC.
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Figure 5. The life cycle cost (LCC) for the energy renovation measures A—mechanical ventilation with
heat recovery, B—exhaust air heat pump for heating and C—exhaust air heat pump for heating and
domestic hot water in relation to the reference building, for eight different energy system scenarios.
Blue color—biomass based district heating, green color—municipal waste based district heating,
square—low share of combined heat and power, circle—high share of combined heat and power,
filled—hydropower as electrical backup power, not filled—gas turbines as electrical backup power.

The LCC change in absolute values for each renovation measure, compared to the reference case,
is seen in Figures 6–8. The LCC change is divided into renovation cost and changes in the energy
system cost, for each energy system scenario. Building renovation measure A, mechanical ventilation
with heat recovery together with DH, is the only measure which results in a lower energy system cost
than the reference case with only DH. The building renovation cost is however high enough to give a
net increase in the total LCC. The renovation costs for measures B and C are considerably lower than
the cost for system A. However, due to the increased energy system costs for most energy system
scenarios, the total LCC is still higher than for the reference building. The energy system cost is only
decreased for two energy system scenarios for renovation measure B (scenario 2 and 6), and in one
energy system scenario (scenario 2) for renovation measure C.
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Figure 8. Life cycle cost for renovation measure C (exhaust air heat pump for heating and hot water)
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renovation cost and changes in energy system costs, with the net cost for each energy system scenario
shown as crosses.

4. Discussion

The installation of HPs and MVHR are considered economically beneficial from a house owner’s
perspective [9,10]. From a wider energy system perspective the situation may look totally different. In
this study, the LCC for all three energy renovation measures with either MVHR, or EAHP together
with DH, are higher than the LCC for the reference building with DH as the only heat supply. The
energy renovation measures decrease the total final energy demand of the building. However, this is at
the expense of an increased electricity demand. Electricity is an energy carrier with a higher quality, i.e.,
higher exergy, than DH, and is often more expensive to produce. Since electricity is a totally different
energy carrier than DH, it is also important to separate these in complementary environmental analyses
in order to choose both what is the best option from an environmental point of view, and from an
economic point of view.

The electricity production in the scenarios is according to possible future scenarios, with wind
power dimensioned to cover the annual demand. Due to the intermittent nature of wind power,
backup power is needed in order to cover any power demands. Two different kinds of backup power
are analyzed, hydropower and gas turbines. Using gas turbines as backup power results in a higher
LCC for the renovations measures compared to hydropower as backup power. The cost for the
hydropower is, however, calculated as an additional cost for increasing the power capacity of current
hydropower stations, for which there is a potential in Sweden according to [31]. Where there is no
existing hydropower, the costs need to be changed to the cost for newly built hydropower stations.

A high share of CHP in the DH production is also more favorable economically for DH. CHP
plants are more expensive to build than HOBs. The electricity produced in the CHP plant is however
credited by the value of the corresponding electricity production from the respective scenario. A high
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cost for the corresponding electricity production then makes a high share of CHP more economical
than a low share.

Biomass-based CHP has a higher LCC for the renovation measures compared to municipal
waste-based CHP. Biomass-based CHP has a higher electricity to heat ratio, and the difference
compared to municipal waste-based CHP is therefore increased for the scenarios with a high share of
CHP and gas turbines as backup power.

For all renovation measures, the renovation has a higher LCC than the reference building. In the
case with the MVHR, system A, there is an LCC saving on the energy system side. However, the saving
is not higher than the renovation cost, leading to an increased total LCC compared to the reference
building. For renovation measures with an EAHP, systems B and C, there is not even a LCC saving on
the energy system side when implementing these measures. The reason is as explained above, that the
cost for electricity is higher than the cost for DH based on CHP. The MVHR also increased the electricity
demand, but the decreased DH demand per increased electricity demand is higher compared to the
EAHP systems. Looking at the annual demands, 4–4.5 kWh of DH is saved for each kWh of increased
electricity demand in the EAHP systems. System A with MVHR saves around 9 kWh of DH for each
kWh of increased electricity demand.

Buildings such as the studied reference case are often in need of more or less extensive renovation,
due to age and wear. Renovation of the building envelope (walls, roof and windows) can be combined
with measures to improve the indoor climate and the thermal comfort and reduce the heating demand
and operating costs, as shown in many previous studies [9,33–36]. However, it has been argued that
for buildings with DH, it is better to focus on reducing the electricity demand than the heating demand,
since many DH systems are based on CHP, and the market for heat is more constrained than the
market for electricity [37–39]. In a wider system perspective, this means that reducing the electricity
production from CHP plants would increase the electricity production from other, possibly fossil,
energy sources.

All of the studied energy system scenarios are future scenarios. The building renovation measures
are however measures that are carried out today throughout Sweden. This is because it is easier to
fulfill current building regulation requirements with HPs or combinations of HPs and DH than with
DH alone. From a building perspective, these measures are also often economically profitable, based
on the energy cost in the current energy system. The current energy system is, however, not 100%
renewable. If the energy system should change in order to become 100% renewable, the prices for the
property owners would change as well, which is shown in this study. None of the renovation measures
have a lower LCC than the reference building with DH, even if they, from a building perspective in the
current energy system, can be economically profitable. In a system where the investments have a long
technical lifetime and payback time, such as the DH distribution network, there must be a longer time
perspective when calculating the economical profitability.

5. Conclusions

The outcome of life cycle calculations of building renovation measures may differ depending on
the energy system boundaries considered. In this study, rather than calculating only from a building
perspective, a wider perspective regarding the energy system is taken into account, with the system
boundary extended to include the complete energy system, as different future scenarios. The life cycle
costs for three different energy renovation measures, including HPs and MVHR, have been calculated
for a multi-family building and compared to a building with DH alone. All three renovation measures
reduce the total energy demand, but at the expense of an increased electricity demand.

Based on the assumptions made for the future energy scenarios, the life cycle cost for renovation
measures that increase the electricity demand is higher compared to the reference building, even
though the total energy demand is decreased. This shows the importance of including the whole
energy system in the calculations, and taking possible future scenarios into consideration.
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Appendix A

Table A1. Parameters used for the renovation measure calculations.

Parameter Unit Value Reference

Exhaust ventilation
Investment cost * EUR 24 000 [40,41]

O&M cost EUR/y 240 *
Lifetime Year 15

MVHR system
Investment cost ** EUR 180 000 [40,41]

O&M cost EUR/y 1 800 *
Lifetime Year 15
EAHP

Investment cost ** EUR 15 600 ***
O&M cost EUR/y 156 *
Lifetime Year 20

EAHP pipes, valves and controller
Investment cost ** EUR 5 400 ***

O&M cost EUR/y 54 *
Lifetime Year 30

DHW tank
Investment cost ** EUR 5 500 [42]

O&M cost EUR/y 55 *
Lifetime Year 20

* Operation and Maintenance (O&M) costs are assumed to be 1% of the investment cost; ** Investment costs include
costs for installation, based on hourly labor costs [22]; *** Erik Olsson, Thermia, personal contact, 15 May 2015.

Table A2. Input parameters used for the energy system model.

Parameter Unit Value Reference

DH distribution
Cost distribution pipe 100–250 kW EUR/m 370 [24]

Cost distribution pipe 250 kW–1 MW EUR/m 460 [24]
Cost distribution pipe 1–5 MW EUR/m 640 [24]

Cost distribution pipe 5–25 MW EUR/m 1 185 [24]
Cost service pipe 50–100 kW EUR/m 379 [24]
Cost service pipe >100 kW EUR/m 413 [24]

Substation cost <1 MW EUR/kW 265 [24]
Lifetime Year 40 [24]

O&M cost EUR/kWh 0.0015 [24]
Biomass CHP
Alpha-value Electricity/heat 0.35 [25,26]

Specific investment cost EUR/kWel,net 5 400 [25,26]
Lifetime Year 27.5 [25,26]

O&M fixed EUR/kWel,net 189.5 [25,26]
O&M variable EUR/kWhel,net 0.0061 [25,26]

Fuel cost EUR/kWh 0.016 [3]
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Table A2. Cont.

Parameter Unit Value Reference

Municipal waste CHP
Alpha-value Electricity/heat 0.255 [25,26]

Specific investment cost EUR/kWel,net 10 000 [25,26]
Lifetime Year 27.5 [25,26]

O&M fixed EUR/kWel,net 365.65 [25,26]
O&M variable EUR/kWhel,net 0.02535 [25,26]

Fuel cost EUR/kWh −0.0125 [25]
Biomass HOB

Specific investment cost EUR/kW 735 [25,26]
Lifetime Year 27.5 [26]

O&M fixed EUR/kW 22.75 [25,26]
O&M variable EUR/kWh 0.0007 [25,26]

Fuel cost EUR/kWh 0.025 [3]
Wind power

Annual electricity production per
installed power kWh/kW 2 850 [26]

Specific investment cost EUR/kW 1 260 [29]
O&M fixed EUR/kW 50 [29]

O&M variable EUR/kWh 0.026 [29]
Lifetime Year 27 [43]

Backup power gas
Investment cost EUR/kW 650 [25,26]

Lifetime Year 25 [25,26]
O&M fixed EUR/kW 19.5 [26]

O&M variable EUR/kWh 0.006 [26]
Fuel cost EUR/kWh 0.06 [30]
Efficiency % 35 [25,26]

Backup power hydro
Investment cost EUR/kW 265 [32]

Lifetime Year 50 [32]
O&M total EUR/kWh 0.02 [32]
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