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TECHNOLOGY OPTIONS REVIEW FOR ZERO CO2 EMISSION BUILDINGS
The following renewable energy technologies which could be used for the creation of zero CO 2
emission buildings will be examined. These technologies could be used for covering the needs in
heating, cooling and electricity in buildings.
1. Solar thermal technology with flat plate collectors (for space heating and domestic hot water
production)
2. Solar-PV (photovoltaic) technology (for electricity generation)
3. Solid biomass burning (for space heating and domestic hot water production)
4. High efficiency heat pumps, including geothermal, with COPs higher than 3.5 (for space heating
and cooling, and domestic hot water production)
5. Small size wind turbines (for electricity generation)
6. Co-generation of heat and power using biomass as fuel (for space heating, domestic hot water
production and electricity generation)
7. District heating using biomass or waste heat (for space heating and domestic hot water
production)
Table 1. technologies which could be used for the creation of Zero CO2 buildings
R.E. technology
Space
Space
Electricity
heating
cooling
generation
1
2
3
4
5
6
7

Solar thermal flat plate or
evacuated tube collectors
Solar-PV
Solid biomass burning
High efficiency heat pumps
Wind energy
Co-generation of heat and
power
District heating with biomass
or waste heat

+

Domestic hot
water
production
+

+
+
+

+
+

+
+

+
+

+

+
+
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1 Availability of the renewable energy in South Ostrobothnia
We start with a look at current use and the available renewable energy potential in the Region. This
information is presented in table 1.1 and diagram 1.1 on page 5.

Table 1.1 The current use and potential of renewable energy in South Ostrobothnia. Wind
power, wood biomass, hydropower and other production is for the year 2015. Geothermal
and solar energy production is for the year 2014. This is due to the information available at
the time of writing the report. The table contains data from Statistics Finland [1], Finnish
Energy [2], [3] and several other sources [4], [5], [6], [7], [8], [9], [10], [11].

Wind Power

Energy production from RES
(GWh/year)
35

Wood biomass

890

Hydro power

103

Potential in region
(GWh/year)
4174 – 6316
2080
unused potential 1190
No significant unharnessed potential

Solar energy

0,053

8121

Geothermal energy

58

600-1200

Other (Biogas, etc.)

107

3390

Total

1164

11000 - 13800

RES

Wood biomass is by far the most used RES in South Ostrobothnia with the equivalent of 890 GWh of
wood biomasses used in energy production a year [7]. Wood biomasses are used in both individual
wood burning boilers/fireplaces and in district heating plants. On the potential side wood biomass
take the second place tied with the geothermal potential. In the publication “Opportunities and
limitations of distributed energy” published by the Prime Minister’s Office in March 2017, Pekka
Peura et al. [7] estimated the national and regional potential for bioenergy as well as their current
use. Their estimations are used in table 1.1. The wood biomass potential includes harvest residues
(branches, tree stumps), logs to be used for energy, and forest industry by-products (saw dust, bark
etc.).
The produced energy from other sources presented in table 1.1 includes biogas, straw and waste
heat used for district heating in 2015 [12], [7, p. 14]. This group could have included the energy
extracted from the ambient air by heat pumps. However, data on this RES is hard to get especially on
the Regional scale. The presented potential for this group includes community, industry and
agricultural by-products [7]. Waste heat is not included in the potential calculation.
In 2015, hydropower equaled 19 % of the electricity produced in the Region and was the third most
used RES in the Region [2]. There is no significant amount of unharnessed hydropower potential in
South Ostrobothnia.
Geothermal refers to energy that has been or can be extracted using ground sourced heat pumps.
The production estimation is from the statistics on building type and heating type data from Statistics
Finland [1]. In the region of South Ostrobothnia, this is the fourth most used RES.
The geothermal potential was estimated from the amount of heating energy consumed by oil and
electric heated buildings in the region; the minimum value being the scenario where 50 % of these
1

See Virhe. Viitteen lähdettä ei löytynyt. on page 5.
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buildings switch to a ground source heat pump with COP value of 3.5 and the maximum being the
case where 100 % of these buildings switch to a ground source heat pump with COP value of 3.5 [1]
[11]. When using this method for calculating the potential, new buildings and their potential is not
included. New buildings can add to this potential as according to Jussi Hirvonen, the executive
director of the Finnish Heat Pump Association, 75 % of builders of new single family houses chose a
heat pump [13]. Another group of buildings that is not considered in this estimation are buildings
currently connected to district heating. Some of these buildings have and will change to ground
sourced heat pumps. However, as it is unlikely that all electric and oil heated buildings will switch to
a ground sourced heat pump the presented potential can be considered a conservative estimate.

Map 1. Possible locations of wind farms in the regional land use plan for South Ostrobothnia.
[14, p. 46]
The wind power production data in table 1.1 is from the statistics of Finnish Energy for the year
2015. There has been a significant increase in wind power production in last years, 2014 (12 GWh),
2015 (35 GWh) and 2016 (198 GWh). [2]
The wind power potential in the Region of South Ostrobothnia was estimated in the regional land use
process in 2013. The potential includes available locations for wind farms with a minimum of ten
turbines of 3 MW [4], [5], [6]. Small scale wind power production is not included. The potential sites
are marked in map 1.
For solar energy, there is no official statistics on a regional level.
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To estimate solar power production, we contacted local grid (0.4-70 kV) owners by email and asked
them for information on solar power capacity connected to their grid. There are six grid owners
operating in the region of South Ostrobothnia. We got the requested data from 3 grid owners. For
the year 2014 the questioner resulted in 29 kWp of solar power connected to the grid in the region.
This is not the whole picture of the solar power in the Region, as systems not connected to the grid
do exist and not all grid owners responded to our questioner. However, going with the data we
received and using a constant factor of 800 kWh/kWp yearly, the factor used by Statistics Finland for
solar power [15], the solar power produced in South Ostrobothnia in the year 2014 is estimated to be
23.2 MWh/a. [8] [9] [10]
Solar power is increase rapidly in Finland and in South Ostrobothnia. The first large scale solar power
plant is being installed in Nurmo by Atria. The sun park will have a peak capacity of 4 MWp and
should be completed in 2018. [16]
Finding statistics of solar thermal on a regional level is even more challenging, as the systems are
always independent and there is no register for them. There is one “larger” (80 m2) solar thermal
system in South Ostrobothnia that produces around 30 MWh/a.
Using the available data solar energy production in South Ostrobothnia in the year 2014 is estimated
to be around 53 MWh/a. This estimation is very conservative and since 2014 there has been a
significant increase in solar energy. For example Elenia [10] reported that in 2014 there were 206
kWp connected to their grid in total (not just in the South Ostrobothnia region). By June 2017 this
figure was 4381 kWp.
The solar energy potential presented in table 1.1 on page 2 has been calculated following the
example set by Pöyry Management Consulting Oy in the report they wrote for the Finnish National
Government on the potential, economic viability and future of Renewables in Finland [17]. The
method is to estimate the available roof area based on the building register and then using fix factors
of 0,156 kWp/m2 and 800 kWh/kWp yearly for solar power and 0,45 MWh/m^2 yearly for solar
thermal [17], [18], [15]. This estimation is presented in table 1.2 on page 5. Solar thermal is
estimated to take up around 50 % of the available roof area on detached houses. This is again a
conservative estimation as other types of buildings could also use solar thermal energy and solar
power can be produce by systems that are not placed on the roof.
The use of solar energy in Finland would be greatly benefited by energy storage.

5

Table 1.2 Calculating the solar energy potential in South Ostrobothnia (created using the
example set by Pöyry Management Consulting Oy in the report they wrote for the Finnish
National Government on the potential, economic viability and future of Renewables in
Finland [17])

Floor area
(m^2)
Detached houses
8641328
Attached houses
1459220
Blocks of flats
1172937
Commercial building 1291172
Office building
412972
Traffic buildings
460521
Institutional buildings 509271
Buildings of assembly 422520
Educational buildings 724366
Industrial buildings
2348086
Warehouses
878709
Other buildings
86178
Total
18407280

Average
number
of floors
1,0
1,5
4,7
2,4
4,3
1,9
3,2
2,1
2,6
2,1
1,7
1,9

Roof area
(m^2)
8641328
972813
249561
537988
96040
242379
159147
201200
278602
1118136
516888
45357
13059440

Roof
area
available
(%)
0,25
0,25
0,30
0,40
0,40
0,40
0,40
0,10
0,40
0,40
0,40
0,25

Solar
power
(kWp)
168506
37940
11679
33570
5993
15124
9931
3139
17385
69772
32254
1769
407062

Solar
thermal
(GWh)
486,1

486,1

Solar
power
(GWh)
134,8
30,4
9,3
26,9
4,8
12,1
7,9
2,5
13,9
55,8
25,8
1,4
325,6
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Diagram 1.1. Availability of renewable energy in South Ostrobothnia. From data in table 1.1.
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2 Possible renewable energy technologies (RES technology) that can
be used in South Ostrobothnia in order to create near zero CO2
emission buildings due to their energy use
In Finland, NZCO2EBs (Near Zero CO2 Emissions Buildings) face the challenge of a long, cold and dark
winter. Heating is of great importance and using renewable energy for heating is not something new
in Finland. Reliable heating has and still is provided with wood fuels or other solid biofuels in building
specific boilers and in district heating. Other common renewable heating options are heat pumps
especially ground sourced, air-to-water and exhaust air heat pumps. Air-to-air heat pumps are used
to provide supplement heat. The bonus with heat pumps is that they often come equipped with the
option for cooling and in new energy efficient buildings cooling is becoming a grow need.
A buildings electricity need is a bit more difficult to cover using renewable energy produced on site
Solar PV is an option and a system can be designed to be large enough to cover a building's electricity
consumption. However, the price, though lower than in previous years, is often high and the majority
of electricity is produced during the light part of the year, when the buildings consumption is low (if
there are no significant cooling loads). This excess electricity needs to be fed into the grid (usually at
a low price) or stored.
Another option for electricity production is small scale wind power. This has advantages over PV in
that electricity is produced year round whenever it is windy. However, the price of small scale wind
turbines is high, the efficiency low and storage is still needed.
Micro and small scale CHP using biofuels/waste heat could be an answer for both heating and
electricity production needs. There are some technologies available for larger buildings or building
complexes, but they have not yet become popular in Finland. This is probably due, to the low grid
electricity price (~0,13 €/kWh in the year 2017 for domestic households [19]) and the high price of
the micro and small scale CHP plants as well as the development stage of several of the CHP
technologies.
Solar thermal is considered a supplementary heating system in Finland. However, there is a company
that is piloting solar thermal coupled with swallow bore holes to create a year round storage. If they
are successful, solar thermal could be listed beside wood fuels as a reliable year around heating
solution. [20]
In this chapter, the following energy technologies that can be used to create a NZCO2EB are
presented:
 solar thermal with flat plate or evacuated tube collectors,
 solar PV,
 solid Biomass burning (wood chip, wood pellets),
 high efficiency heat pumps (ground sourced, air-to-water, air-to-air, exhaust air),
 small scale wind power,
 micro and small scale CHP and
 district heating with biomass or waste heat.
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2.1 Solar thermal with flat plate or evacuated tube collectors
Table 2.1: Solar thermal with flat plate or evacuated tube collectors
RES
Technology

Strengths

Weaknesses

Reliability

Solar thermal with flat plate or evacuated tube collectors to produce space heating and
hot domestic water. The system can optionally be installed to produce only hot water. In
Finland’s climate, the collectors and the accumulator must be well insulated and the
water accumulator must be placed indoors.
 When the collectors are well insulated and the system is designed according to
the demand. The solar thermal system works well, providing heat from March
to September.
 Very suitable for buildings were there is a large consumption of water in the
summer.
 There are numerous companies in the solar thermal market and the prices have
come down. The cost of solar thermal energy depends on the size and location
of the system and varies between 20 €/MWh-92 €/MWh [18] (30 year lifetime,
including only the investment and maintenance costs). The actual cost and cost
effectiveness of the solar thermal system varies heavily depending on the
system size, the price of replaced heat and the optimization of the system
 Does not require much maintenance and is easy to use as the systems usually
are well automated.
 Production peaks when heat need is lowest and vice versa production is almost
none existent during the winter when the heating need is greatest.
 Cannot be used as the only source of heat for a building in Finland.
 The water accumulator requires space.
 Requires pipelines from the collector to the accumulator.
Only moving part is the circulating pump, so the system is long lasting and reliable, with
a slight drop in efficiency as the solar collectors age

Maturity

Solar thermal fate plate and evacuated tube collectors are well proven.

Social
acceptance

Social acceptability is high.

Limitations –
legal
framework

Some municipalities require an action permit, which raises the costs of the installed
system.
Cannot be installed on historic buildings without special permission.

Limitations –
type/size of
the building

No limitation.
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Existing
financial
incentives

For home owners:
 A tax deduction of 50 % of the labour costs of installing the system (max 2400
€/year) [21]
For businesses and communities such as municipalities, churches and foundations:
 Energy Aid [22]
o For investments in conventional solar heat projects the maximum aid is
20 % of eligible costs.
o Aid is not granted for heat generation projects if the result of the
project is a shift from district heating to separate heat generation.
o Aid is not granted for heating plants with heat output that exceeds 10
MW.
o Aid is not granted for investments under EUR 10 000.
o In general, energy aid will not be granted to projects that fall under the
Emissions Trading Act (311/2011).
o Energy aid may be granted for new construction projects for solar
energy.
For farms:
 Agricultural Investment Aid [23]
For small businesses
 Energy aid or Rural Area Enterprise Support [24]

Table 2.2 Evaluating form for solar thermal with flat plate or evacuated tube collectors

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
2

2

Simplification of installation

3

3

Accessibility

5

4

Easy to use - for end user

5

5

Easy to maintain

5

6

Reliable

5

7

Efficient

2

8

Power capacity and energy production

2

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives
TOTAL scores
37

10

9

2.2 Solar PV
Table 2.3 Solar PV
RES Technology
Strengths

Weaknesses

Reliability

Solar photovoltaic to produce electricity.



Can be used on different types and sizes of buildings.
The cold yet sunny springs in Finland provide an ideal setting for electricity
production at a high efficiency.
 Large solar panel arrays can reduce the cooling need of a building as they
provide shading.
 Peak production is usually simultaneous with the peak cooling need of a
building and solar electricity can be used to power cooling devices.
 Does not require much maintenance and is easy to use as the systems are
usually well automated.
 The installation of a PV system is relatively easy (depending on the size
and location of the system).
 A grid connected systems require little space.
 Hardly any electricity produced in the winter from October to February.
 No production when the sun isn’t shining. Therefore it cannot be the only
source of electricity in Finland until better electricity storage has been
developed.
 Grid electricity prices are low and the payback period of a PV system is
usually long.
 Battery storage requires space.
Reliable, with a slight drop in efficiency as the solar panels age. Inverters lifetime
is usually 10-15 years. Solar panels last around 30 years.

Maturity

Well proven technology.

Social acceptance

Social acceptability is high.

Limitations – legal
framework

Some municipalities require an action permit, which raises the costs of the
installed system.
Cannot be installed on historic buildings without special permission.

Limitations –
type/size of the
building

No limitation.
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Existing financial
incentives [25]

For all
 No electricity production taxes if the size of the system is 100 kWe. [32]
 No tax for producing electricity if size is over 100 kWe a but yearly
production is under 800 MWh/a. This size of systems must register to tax
officials and report yearly production data. [32]
 For electricity consumed on production site no electricity transfer fees
apply. (Exceptions to this are multi-apartment residential buildings, where
each apartment has their own electric meter [26].)
For home owners:
 A tax deduction of 50 % of the labour costs of installing the system (max
2400 €/year) [21]
For businesses and communities such as municipalities, churches and foundations:
 Energy Aid [22]
o For investments in solar energy projects the maximum support is
25 % of eligible costs.
o Aid is not granted for heat generation projects if the result of the
project is a shift from district heating to separate heat generation.
o Aid is not granted for heating plants with heat output that
exceeds 10 MW.
o Aid is not granted for investments under EUR 10 000.
o In general, energy aid will not be granted to projects that fall
under the Emissions Trading Act (311/2011).
o Energy aid may be granted for new construction projects for solar
energy.
For farms:
 Agricultural Investment Aid [23]
For small businesses:
 Energy aid or Rural Area Enterprise Support [24]

Table 2.4. Evaluating form for solar PV

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
3

2

Simplification of installation

4

3

Accessibility

5

4

Easy to use - for end user

5

5

Easy to maintain

5

6

Reliable

5

7

Efficient

1

8

Power capacity and energy production

1

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives

10

11
TOTAL scores

37
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2.3 Solid biomass burning
Table 2.5. Solid biomass burning
RES Technology
Strengths

Burning solid biomasses such as wood chips, wood pellets or straw. The produce
heat is used for space heating and for heating domestic hot water.


Reliability

Fuel costs are lower than oil prices. If the fuel is from your own forest
(wood chips), the fuel costs are very low.
 Automation of different levels available to help with maintenance and
use.
 Production of heat can be controlled to match the heat demand.
 Can cover the total heating need of a building.
 The solid fuel systems can be bought in complete packages with all
technology available.
 Wood fuels are very traditional in Finland, where wood is abundantly
available.
 Water accumulators can be used to balance the heating load. The energy
storage serves as a buffer against heating peaks and a constant load
during low summer consumption.
 Requires frequent maintenance. Automation can help with minimizing
maintenance requirements.
 For maintenance reasons enough space must be available around the
installed equipment.
 Regular filling of fuel supply.
 Space for fuel storage and boiler.
 Optional accumulator requires space.
 Fire safety issues must be taken into consideration.
Strongly reliable

Maturity

Well proven technology

Social acceptance

Acceptable.

Limitations – legal
framework

Requires a building permit, action permit or at least a notification to building
control authorities depending on the situation.
Fire security regulations need to be taken into consideration.

Weaknesses
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Limitations –
type/size of the
building

Solid biomass boilers come in a wide range of heating capacity for all types of
buildings up to district heating plant.
Requires room for fuel storage.

Existing financial
incentives

For home owners:
 A tax deduction of 50 % of the labour costs of installing the system (max
2400 €/year) [21]
For businesses and communities such as municipalities, churches and foundations:
 Energy Aid [22]
o For investments in conventional heating plant projects (woodbased fuels) the maximum support is 10-15 % of eligible costs.
o Aid is not granted for heat generation projects if the result of the
project is a shift from district heating to separate heat generation.
o Aid is not granted for heating plants with heat output that
exceeds 10 MW.
o Aid is not granted for investments under EUR 10 000.
o In general, energy aid will not be granted to projects that fall
under the Emissions Trading Act (311/2011).
o Aid is not granted for the procurement of wood-based and
recycled fuel production equipment, including chippers, crushers,
wood chip containers and other equipment (with the exception of
new technology).
For farms:
 Agricultural Investment Aid [23]
For small businesses
 Energy aid or Rural Area Enterprise Support [24]
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Table 2.6 Evaluating form for wood chip burning

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
5

2

Simplification of installation

2

3

Accessibility

4

4

Easy to use - for end user

3

5

Easy to maintain

3

6

Reliable

5

7

Efficient

4

8

Power capacity and energy production

5

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives
TOTAL scores
39

10

Table 2.7 Evaluating form for wood pellet burning

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
5

2

Simplification of installation

2

3

Accessibility

4

4

Easy to use - for end user

4

5

Easy to maintain

4

6

Reliable

5

7

Efficient

4

8

Power capacity and energy production

5

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives
TOTAL scores
41

10
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2.4 High efficiency heat pumps
Table 2.8 High efficiency heat pumps
RES Technology

Strengths

Weaknesses

Heat pumps extract thermal energy from a low temperature environment and
upgrade it to be released into a high temperature environment. Heat pumps can
be named by the different types of mediums they work between for example airto-air heat pumps, air-to-water heat pumps. Or they can be named after their
heat source for example a ground sourced heat pump or an exhaust air heat
pump. The four heat pump types mentioned are the most typical ones used in
Finland. They are used to provide heating (space and domestic hot water) and
cooling.
Generally
 Heat pumps are easy to maintain, and when designed properly the system
works automatically.
 Easy-to-use for the end-user.
 Are excellent in locations where heat needs to be removed from one
location and used at another.
 Heat pumps can be used to provide heating and cooling.
Air-to-air heat pumps
 Are usually used to reduce the use of electricity in electric –heated
buildings.
Ground source heat pumps
 Can be used to cover a building’s heating load and provide free cooling.
 Have a relatively stable COP as the temperature in the ground is more
stable than the ambient air.
Air-to-water heat pumps
 Can be used to cover most of the heating need with peaks covered by an
electric resistor in the heat pumps water accumulator.
Exhaust-air heat pumps:
 can be used to reduce the use of alternative heating in office or
apartment buildings
 Can be used in single family homes to cover most of the heating need with
the peaks covered by an electric resistor in the heat pumps water
accumulator.
 Their extra benefit is that they replace mechanical air exchangers.
General
 If the temperature settings of the system are not set properly the
efficiency of the heat pump will be lower than in a well-adjusted system.
This difference can be significant.
 The efficiency of air sourced heat pumps drop as the temperature outside
drops. And as the temperatures can drop to -25 and lower this impacts
their operation significantly.
Air-to-air heat pumps
 Cannot be used as the only heat source in a building in Finland.
Ground sourced heat pumps
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Reliability

Horizontal ground pipe arrays require a large surface area of land.
Boreholes need to be spaced far enough from one another (>20 m). Near
neighbours might not be able to space their boreholes optionally if their
properties are small.
 The investment price is often higher than other options. For small energy
efficient buildings the system might not be the optimal choice.
Exhaust heat pumps
 Require sufficient air flows to operate properly.
Reliable

Maturity

Well proven

Social acceptance

Well accepted.

Limitations – legal
framework

Ground sourced heat pump
 Requires an action permit

Limitations –
type/size of the
building

Heat pumps can be used in a wide range of heating and cooling applications. No
building size limitations.

Existing financial
incentives

For home owners:
 A tax deduction of 50 % of the labour costs of installing the system (max
2400 €/year) [21]
For businesses and communities such as municipalities, churches and foundations:
 Energy Aid [22]
o For investments in conventional heat pump projects the
maximum support is 15 % of eligible costs.
o Aid will not be granted for energy efficiency or heat pump
projects included in new construction projects (with the exception
of new technology).
o Aid is not granted for heat generation projects if the result of the
project is a shift from district heating to separate heat generation.
o Aid is not granted for heating plants with heat output that
exceeds 10 MW.
o Aid is not granted for investments under EUR 10 000.
o In general, energy aid will not be granted to projects that fall
under the Emissions Trading Act (311/2011).
For farms:
 Agricultural Investment Aid [23]
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For small businesses
 Energy aid or Rural Area Enterprise Support [24].

Table 2.9 Evaluating form for ground sourced heat pumps

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
5

2

Simplification of installation

2

3

Accessibility

4

4

Easy to use - for end user

5

5

Easy to maintain

5

6

Reliable

5

7

Efficient

5

8

Power capacity and energy production

5

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives
TOTAL scores
44

10

Table 2.10 Evaluating form for air-to-water heat pumps

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
4

2

Simplification of installation

3

3

Accessibility

5

4

Easy to use - for end user

5

5

Easy to maintain

5

6

Reliable

5

7

Efficient

3

8

Power capacity and energy production

4

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives
TOTAL scores
42

10
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Table 2.11 Evaluating form for air-to-air heat pumps

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
5

2

Simplification of installation

2

3

Accessibility

5

4

Easy to use - for end user

5

5

Easy to maintain

5

6

Reliable

5

7

Efficient

3

8

Power capacity and energy production

3

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives
TOTAL scores
42

10

Table 2.12 Evaluating form for exhaust air heat pumps

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
5

2

Simplification of installation

2

3

Accessibility

5

4

Easy to use - for end user

5

5

Easy to maintain

5

6

Reliable

5

7

Efficient

3

8

Power capacity and energy production

4

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives
TOTAL scores
42

10
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2.5 Small scale wind power (<50 kW)
Table 2.13 Small scale wind power
RES
Technology

The use of wind power is increasing rapidly in Finland at least at the industrial size
of 3 MW turbines. This is due to the feed-in-tariff that the Finnish government set
up for industrial size wind power. Small scale (<50 kW) wind power is increasing
slower. The electricity produced by small scale wind power is used as electricity or
in some cases as heat.
Strengths
 Produces electricity more evenly throughout the year than solar PV.
 When placed in an optimal location can produce much of the electricity
required.
 Small wind turbines can be purchased with relative ease.
Weaknesses
 Requires more maintenance than solar PV.
 Requires an open windy location.
 The taller the mast for the turbine the greater the foundational work that
is required.
 Cannot be the only source of electricity.
 Requires storage or excess energy to be fed into the grid.
 Production varies with wind conditions.
Reliability
Reliable

Maturity

Well proven

Social
acceptance

Social acceptability with wind power is tricky. For large scale wind turbines there is
a very outspoken opposition. For small scale wind power the resistance might be
less. However, if you have near neighbours you will have to have their agreement
in zoned areas before you will receive a building permit for the turbine.
Limitations In a zoned area, you are required to have a building or action permit depending on
–
legal the height of the mast. Outside of the zoned areas you need an action permit.
framework
Limitations Wind turbines are available at a wide range of nominal power, the limitations
– type/size come from access to wind in the proposed location.
of
the
building
Existing
For all
financial
 No electricity production taxes if the size of the system is 100 kWe. [32]
incentives
 No tax for producing electricity if size is over 100 kWe a but yearly
production is under 800 MWh/a. This size of systems must register to tax
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officials and report yearly production data. [32]
 For electricity consumed on production site no electricity transfer fees
apply. (Exceptions to this are multi-apartment residential buildings, where
each apartment has their own electric meter [26].)
For home owners:
 A tax deduction of 50 % of the labour costs of installing the system (max
2400 €/year) [21]
For businesses and communities such as municipalities, churches and foundations:
 Energy Aid [22]
o For investments in small-scale wind power projects, the maximum
support is 20–25% of eligible costs.
o Wind power projects may be granted aid if the company or
organisation has signed an energy efficiency agreement and
invests in small-scale wind power (nominal output of 2–20 kW). If
the small-scale wind power project receives aid, it may not feed
commercial electricity into the power distribution network.
For farms:
 Agricultural Investment Aid [23]
For small businesses
Energy aid or Rural Area Enterprise Support [24]

Table 2.14 Evaluating form for small scale wind power

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
2

2

Simplification of installation

3

3

Accessibility

3

4

Easy to use - for end user

3

5

Easy to maintain

3

6

Reliable

5

7

Efficient

2

8

Power capacity and energy production

2

9

Social acceptable
2
Promotion by the government with financial or non3
financial incentives
TOTAL scores
28

10
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2.6 Micro CHP (< 50 kW) and small scale CHP (< 10 MW)
Table 2.15 Micro CHP (< 50 kW) and small scale CHP (< 10 MW)
RES
Technology

CHP (combined heat and power) is a title for a variety of technologies that are
combined to produce heat and electricity. Industrial scale CHP plants of various
technologies are already commercially available and in use.
Small scale CHP (<10 MW) and micro size CHP (< 50 kW) have yet to become
popular partially because of their price and partially because several of the
technologies are not yet commercially available in this scale. Technologies that
are used for small and micro size CHP are for example gas motors
(10 - 20 000 kWe, use gas fuels), micro turbines (1 – 1 000 kWe, use gas fuels),
Stirling motors (0,5 - 75 kWe, use heat), small steam engines and turbines
(100 kWe - 500 MWe, use steam), fuel cells (0,5 - 2 000 kWe, use gas fuels), ORC
(Organic Rankine Cycle) generators (50 - 10 000 kWe, use heat) and fuel cells
(0,5 - 2 000 kWe, use gas fuels) [27]. The needed fuel/heat can be produced from
renewable energy sources.
Strengths
 CHP produces both heat and electricity and can be designed to cover all or
most of the heating load.
 High combined efficiency 80-95 % [28].
 The heat for steam engines/turbines, Stirling motors and ORC generators
can come from any (renewable) heat source.
 The gas fuels needed in gas motors, micro turbines and fuel cells can be
produced from biomasses for example by gasification [29] or as biogas.
 Gas/diesel motors are a well proven technology and are commercially
available.
 The production can be adjusted to fit the consumption (between the
operational boundaries of the chosen technology).
 There are package solutions available that combine gas motors with wood
gasification (For example Volter produces a unit designed for indoors
[30]).
 Fuel cells are being promoted especially in Japan (using natural gas) [31].
 Upcoming energy production field in small scale and micro size.
Weaknesses
 All small scale CHP systems are rather expensive.
 Many of the technologies are not yet commercially available.
 Electricity production is rather low as it varies between 15-40 % (except
for fuel cells were the electricity production varies between 30-50 %)
 In the summer, when the heat need is low the production of electricity
drops as well.
 Require regular maintenance.
 Gas from biomass gasification and biogas need to be purified before they
can be used in gas motors, fuel cells and micro turbines.
 ORC generators are not available for micro sized CHP.
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Reliability

Some of the used technologies are well proven and some are in development
stage.

Maturity

Some of the used technologies are well proven and some are in development
stage.

Social
acceptance

Some of the used technologies are well proven and some are in development
stage. Social acceptability is yet to be determined.

Limitations Requires a building permit, action permit or at least a notification to building
–
legal control authorities depending on the situation.
framework
Fire security regulations need to be taken into consideration.
In the case of gas fuels that are stored safety regulations must be followed.
Limitations At the moment better suited for large buildings or building complexes with high
– type/size energy demand.
of
the
building
Existing
For all
financial
 No electricity production taxes if the size of the system is 100 kWe. [32]
incentives
 No tax for producing electricity if size is over 100 kWe a but yearly
production is under 800 MWh/a. This size of systems must register to tax
officials and report yearly production data. [32]
 For electricity consumed on production site no electricity transfer fees
apply. (Exceptions to this are multi-apartment residential buildings, where
each apartment has their own electric meter [26].)
For home owners:
 A tax deduction of 50 % of the labour costs of installing the system (max
2400 €/year) [21]
For businesses and communities such as municipalities, churches and foundations:
 Energy Aid [22]
o For biogas projects the maximum support is 20–30 % of eligible
costs.
o For new technology the maximum support id 49 % of eligible
costs.
 New technology refers to technology that has not been
previously used on a commercial scale in Finland
o At least 50% of the fuel of heat plants must come from renewable
energy sources
o Aid is not granted for heating plants with heat output that
exceeds 10 MW.
o Aid is not granted for investments under EUR 10 000.
o In general, energy aid will not be granted to projects that fall
under the Emissions Trading Act (311/2011).
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o

Biogas projects may be granted aid for biogas reactors, boilers,
motors or turbines that only produce heat and remain under the
feed-in tariff output limit (100 kW), or produce biogas for use in
transportation. The use of biogas for transport purposes will be
assessed, for the time being, by the Ministry of Economic Affairs
and Employment (MEAE)

For farms:
 Agricultural Investment Aid [23]
For small businesses
 Energy aid or Rural Area Enterprise Support [24]

Table 2.16 Evaluating form for micro CHP (< 50 kW) and small scale CHP (< 10 MW)

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
2

2

Simplification of installation

2

3

Accessibility

2

4

Easy to use - for end user

3

5

Easy to maintain

3

6

Reliable

3

7

Efficient

5

8

Power capacity and energy production

5

9

Social acceptable
3
Promotion by the government with financial or non3
financial incentives
TOTAL scores
31

10
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2.7 District heating using biomass or waste heat
Table 2.17 district heating using biomass or waste heat
RES
Technology

District heating using biomass or waste heat for space heating and domestic hot
water production.

Strengths

District heating is
 easy to use,
 easy to install,
 popular in Finland,
 reliable and
 efficient.
Many of the district heating companies already have or have plans to increase the
share of renewable energy in their production.
Weaknesses
 District heating in general is available in all cities and in most municipality
centres. So accessibility of district heating is high. However, if the goal is
DH using biomass or waste heat the accessibility drops. For example in
2015 in South Ostrobothnia, data from the DH plants (both CHP and
heating only) that are registered in the statistics of Energy Finland show
that 38 % of the used fuel was biomass or waste heat. The most used fuel
is peat at 59 %.
 The price of district heating has a trend of increasing.
Reliability
Reliable

Maturity

Well proven

Social
acceptance

Very acceptable

Limitations No legal requirements for buildings joining the district heating network.
–
legal
framework
Limitations No limits of building type or size. The limits come from the existing network
– type/size coverage.
of
the
building
Existing
No financial incentives for building owners.
financial
incentives
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Table 2.18 Evaluating form for district heating using biomass or waste heat

1

Cost effectiveness of the total investments

Score from 1 to 5 (1
is low, 5 is high)
2

2

Simplification of installation

4

3

Accessibility

3

4

Easy to use - for end user

5

5

Easy to maintain

5

6

Reliable

5

7

Efficient

5

8

Power capacity and energy production

5

9

Social acceptable
5
Promotion by the government with financial or non3
financial incentives
TOTAL scores
42

10
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2.8 List of all RES technologies based on scores
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Table 2.19 presents the total scores of the presented RES technologies. Ground sourced heat pumps
received the highest points. The second place was a tie between air-to-air heat pumps, air-to-water
heat pumps, exhaust air heat pumps and district heating with biomass or waste heat. All these
technologies have the common features of being well proven, reliable and user friendly.
Heat pumps are very popular amongst single family house builders in Finland, with 75 % of new
single family home builders chosen a heat pump as their main heat source. 53 % of these are ground
sourced heat pumps, 15 % are exhaust air heat- pumps and 5 % being air-to-water heat pumps. In
number of installations air-to-air heat pumps are the most popular heat pump in Finland. [13]
Amongst all categories of new buildings district heating is the most popular main heat source [32].
And according to statistics district heating is used by 45 % of the heated building floor area in Finland
[33].
In third place we find solid biomass burning wood pellets and in fourth place we find solid biomass
burning wood chips. Wood chips lost a few points with the higher need of maintenance than wood
pellets. These heating systems are more popular in the countryside where the fuel is readily
available. Wood fuels are traditional in Finland and even though biomass burning as the main heat
source is not as popular as heat pumps or district heating in individual buildings, many homes have
fireplace that are used to provided supplement heating.
Solar energy both PV and thermal gained 37 points in this evaluation. They lost points due to their
seasonal nature, efficiency and price, even though both technologies are enjoying high social
acceptability. Long term storage would have a very positive effect on these technologies and their
usability.
Micro and small scale CHP was rather hard to grade as the title covers a wide range of technologies
and properties. But as an overall comment it could be said that micro and small scale CHP has
potential to become a significant part of future building specific energy production.
Small scale wind power received the lowest points in this evaluation. The technology lost points
especially due to price, for lack of open windy locations, maintainability, power production and
especially social acceptability. The bad press large scale wind turbines have been receiving from very
outspoken opposition has cast its shadow on small scale wind power as well. Combined with solar PV
small scale wind power however, has the possibility to generate a good portion of a building’s
electricity load and is especially well suited in isolated locations. Long term storage would have a
positive effect on this technology as well.
In spite of the points granted to each technology in this evaluation, each of the presented
technologies have potential in creating a near zero CO2 emissions building. Each building and location
needs to be carefully considered so that the right choice can be made.
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Table 2.19 List of all RES technologies based in scores
Technology
High efficiency heat pumps: Ground sourced
High efficiency heat pumps: air-to-air
High efficiency heat pumps: air-to-water
District heating with biomass or waste heat
High efficiency heat pumps: Exhaust air
Solid biomass burning: Wood pellets
Solid biomass burning: Wood chips
Solar thermal flat plate or evacuated tube collectors
Solar –PV
Co-generation of heat and power (CHP-small scale)
Wind energy (small scale)

Total scores
44
42
42
42
42
41
39
37
37
31
28
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3 Combination of different technologies in order to cover all of the
building energy demand
The technologies presented in the following table can be divided into four groups, main heating
systems, supplementary heating systems, electricity production systems and combined heat and
electricity production systems. Main heating systems are solid biomass burning systems, ground
sourced heat pumps, airt-to-water heat pumps, and district heating. Supplementary heating systems
are air-to-air heat pumps and solar thermal systems. Exhaust air heat pumps can function as a
supplementary heating system or in some cases as the main heating system. Electricity production
systems are solar PV and wind power. Combined heat and power production systems are the CHP
systems. The following table presents several different possible combinations of these technologies.
Not all of the combinations are practical.

Table 3.1 Combination of different technologies (DH = district heating, HP = heat pump
WP = wind power, CHP = combined heat and power, (x) = and/or, (*) = optional).
Solar
Solar
Thermal PV

Solar
Thermal
Solar
thermal
Solar
Thermal
Solar
Thermal
Solar
Thermal
Solar PV
Solar PV
Solar PV
Solar PV
Solar PV
Solid
biomass
burning
Ground
sourced
and airto-water
HPs

(x)

Solid
Ground Air-tobiomass sourced air HP
burning and airtowater
HPs
X

(x)

Exhaust
air HP

CHP –
small
scale

DH with
biomass
or
waste
heat

(x)

X

(x)

WPsmall
scale

(x)
x

(x)

(*)

(*)

(x)

(x)

(*)
(*)
(*)
(*)
(*)
(*)

X

(x)

(*)
(*)
(*)
(*)
(*)
(x)

(*)

(x)

(x)

X
x

x
x

x
x
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Solar
Solar
Thermal PV

Air-to-air
HP
Air-to-air
HP
Exhaust
air HP
Exhaust
air HP
Exhaust
air HP
WP –
small
scale
WP
–
small
scale
WP
–
small
scale
WP
–
small
scale
WP
–
small
scale
CHP –
small
scale
DH with
biomass
or waste
heat

Solid
Ground Air-tobiomass sourced air HP
burning and airtowater
HPs
X

Exhaust
air HP

WPsmall
scale

(*)

(x)

(*)

(x)

(*)

(x)

(*)

(x)

(x)

(*)

(x)

(x)

(*)

(*)

(*)

(*)

(*)

(*)

(*)

(*)

(*)

(*)

(*)

(*)

(*)

(*)

(x)

(x)

CHP –
small
scale

DH with
biomass
or
waste
heat

(x)
(x)

X

x

(x)
x

X

X

x

x

x
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4 Cost effectiveness of the RES technology compared with existing
conventional fossil fuel based technologies
4.1 Background for the calculations
Our example building is a day-care. The building’s heated floor area is 446 m2 and the heated
volume is 1 390 m3. The building is heated using an oil boiler and wall mounted radiators. The air
exchange system is equipped with a heat recovery unit. The heating need (space heating +
domestic hot water) is 57 MWh/a and the use of electricity is 61.5 MWh/a. The heating energy
has been normed using heating degree days. The building has no cooling.
In the following sections, different variants of renewable energy technology combinations will be
presented as possible replacements for the current oil boiler and grid electricity with the aim of
creating a near zero CO2 building due to energy use. It should be noted that the electricity
consumption in this building is rather high. As renewable electricity production is more challenging
than renewable heat production it would be beneficial to consider possibilities for decrease the
electricity consumption. This step is not taken in this report.
The following technologies are used in the exemplary combinations:
 Solar PV (16 kWp and 63 kWp)
 Small scale wind power (15 kW)
 Burning wood chip
 Ground sourced heat pump
 Air-to-water heat pump
Another interesting technology would have been micro CHP. However, the commercially available
technologies are usually built for large energy needs. District heating was not considered for these
examples as the average price of district heating is very close to that of heating oil and with any size
of an investment it would be difficult to make the exchange profitable.
Here is a list of choices made that impact the calculations:
 Efficiency of oil boiler 87 %
 Efficiency of wood chip boiler 80 %
 SCOP of Ground sourced heat pump 3.5
 SCOP of Air-to-water heat pump 2.00
 Price of grid electricity 0.12 €/kWh with a yearly increase of 0.2 %. The price includes energy
costs, taxes and transfer costs.
 Price of heating oil 0.085 €/kWh with a yearly increase of 0.5 %. The price includes energy
costs and taxes.
 Price of wood chips 0.025 €/kWh with a yearly increase of 0.5 %. The price includes energy
costs and taxes.
 Wood chips are considered CO2 neutral and thus they do not impact the CO2 emission
calculations.
 The CO2 emissions co-efficient for electricity is 0.181kg CO2/kWh [34] and for light heating oil
is 0.267 kg CO2/kWh [35].
 Operating costs were calculated for a 30 year lifetime and then divided for an average yearly
cost.
 For solar PV the production of 30 years was calculated with a 1% drop yearly.
 For wind power the production was calculated for an average wind speed of 4.5 m/s (a very
good location) and 85 % efficiency.
 All presented investment prices exclude value added taxes.
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Excess electricity fed into the grid for free, not sold.

The following sections have tables that will present the results of the calculations. In these tables
there are two results columns one named “actual” and the other named “optimal”. The difference
between these columns is the calculation of required grid electricity. A portion of the produced
renewable electricity is fed into the grid and at another point grid electricity must be consumed. To
get an accurate picture of the direct payback period this “extra” grid electricity needs to be included
in the calculations. The optimal calculation of saved CO2 is done by summing the actually produced
renewable electricity over the year and then seeing how much CO2 is saved. This calculation is
showed in the optimal column.
With this background information we can move onto the different example combinations.
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4.2 Variant 1: PV (16 kWp) + Wind power (15 kW) + Wood chip boiler
(30 kW)
The fist variant combines 16 kWp of PV, with 15 kW wind power and a wood chip boiler and a 1000 l
accumulator. The wood chip boiler and accumulator will be used to produce all the needed heating.
The investment for the wood chip boiler, the required equipment and storage is estimated to be
40 000 € [36] . The PV systems costs around 22 100 € [37] installed and covers 25 % (~111 m2) of the
roof area in accordance with the energy potential calculations presented in table 1.2Virhe. Viitteen
lähdettä ei löytynyt. on page 5. The wind power system of 15 kW costs 32 300 € installed, including
an inverter and mast [38]. Before purchasing wind power it is recommended that onsite wind speed
measurements are conducted to get a better picture of the actual potential [39]. The total
investment is then 94 400 €.
The total produced renewable electricity amounts to 44 % of required electricity over the period of a
year. The produced renewable energy (electric and heat) saves almost 80 % of the originally
produced CO2 emissions. The direct payback period of this combination is around 17 years.
If the excess electricity could be sold at the price of 0.06€/kWh, the payback period for this
combination would drop to 16 years.

Table 4.1 Description of the RES technologies used in Variant 1.

Result/floor area of
building

Building- current status

Actual2
PV 16 kW
Wind power 15 kW
Wood chip boiler
40 kW

Optimal3
PV 16 kW
Wind power 15 kW
Wood chip boiler
40 kW

Oil 147

Wood chip 160

Wood chip 160

-

-

Energy need for
heating4 kWh/m2 a
Energy need for
cooling kWh/ m2 a
Use of electricity kWh/
m2 a
CO2 emissions kg/ m2 a
Operating costs per
year (EUR/ m2 a)
(heating and
electricity)
Investment €/ m2
Investment per kg of
CO2 saved annually €/
m2
Savings €/ m2 a

64

Solar PV 31
Wind power 36
Grid 87
Total 154 (excess 16)
16

Solar PV 31
Wind power 36
Grid 71
Total 138
13

31,55

19,13

17,06

211.65

211.65

4.36

4.11

12.42

14.49

Grid 138

2

Actual consumption of grid electricity as not all renewable energy can be used on site, but is feed into the
grid.
3
Assuming all produced renewable replace grid electricity.
4

The energy needed for heating =

Normed energy needed for heating
Efficiency of chosen heating method
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Payback period a

17

15

4.3 Variant 2: PV (63 kWp) + Wood chip boiler (30 kW)
The second example combines a large PV system with a wood chip boiler. The details of the wood
chip boiler are the same as in the previous example. The size of the PV systems was chosen to be
large enough to cover the buildings yearly consumption of electricity. A PV system of 63 kWp equals
428 m2 of solar panelling. This large of a system could not be installed only on the roof of our
example building; a good portion of the panels would have to be ground mounted. The estimated
costs of this size of a solar array is 75 600 € installed [37]. With this large of a system, having
electricity storage or selling the excess electricity would increase the viability greatly. The total
investment for this combination is therefore 110 600 €.
The size of the system is below the electricity production tax upper limit (< 100 kWe), so no
production taxes will be required.
The direct payback period is 24 years if most of the produced electricity is fed into the grid. If there is
sufficient storage and all the produced electricity could be used onsite to replace grid electricity the
payback period would be 12 years. This result does not take into account the price of the storage
system that would increase in the investment costs. So the actual payback period would differ from
12 years. If the excess electricity could be sold at the price of 0.06€/kWh, the payback period for this
combination would drop to 15 years.
The produced renewable energy saves up to 95 % of the originally produced CO2 emissions on a
yearly balance. Usually PV system size is optimized so that most of the produced electricity is used on
site. Systems that could cover the total yearly consumption of a building will not become popular
until proper electricity storage is available.
From the NZCO2B point of view this system comes very close to the goal.
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Table 4.2 Description of the RES technologies used in Variant 2.
Result/floor area of
building

Building- current status

Actual5
PV 63 kW
Wood chip boiler
30 kW

Optimal6
PV 63 kW
Wood chip boiler
30 kW

Oil 147

Wood chip 160

Wood chip 160

-

-

Energy need for
heating7 kWh/m2 a
Energy need for
cooling kWh/ m2 a
Use of electricity kWh/
m2 a
CO2 emissions kg/ m2 a
Operating costs per
year (EUR/ m2 a)
(heating and
electricity)
Investment €/ m2
Investment per kg of
CO2 saved annually €/
m2
Savings €/ m2 a
Payback period a

64

Solar PV 120
Grid 105
Total 225 (excess 87)
19

Solar PV 120
Grid 18
Total 138
3

31,55

21,24

10,21

259.19

259.19

5.72

4.25

10.31
25

21.34
12

Grid 138

5

Actual consumption of grid electricity as not all renewable energy can be used on site, but is feed into the
grid.
6
Assuming all produced renewable replace grid electricity.
7

The energy needed for heating =

Normed energy needed for heating
Efficiency of chosen heating method
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4.4 Variant 3: PV (16 kWp) + Wood chip boiler (30 kW)
The third example combines a PV system of 16 kWp with a wood chip boiler. The details of both
technologies have been described in section 4.2 on page 33. The total investment amounts to
62 100 €. The payback period is around 16 years. If the excess electricity could be sold at the price of
0.06€/kWh, the payback period for this combination would drop to 15 years.
The use of this combination reduces the CO2 emissions by 70 % compared to the original value.
This is the combination of electricity production and wood chip boiler that is most likely to be
realized of the combination presented so far, perhaps with an even smaller PV system.

Table 4.3 Description of the RES technologies used in Variant 3.
Result/floor area of
building

Building- current status

Actual8
PV 16 kW
Wood chip boiler
30 kW

Optimal9
PV 16 kW
Wood chip boiler
30 kW

Oil 147

Wood chip 160

Wood chip 160

-

-

Energy need for
heating10 kWh/m2 a
Energy need for
cooling kWh/ m2 a
Use of electricity kWh/
m2 a

64

Solar PV 31
Grid 118
Total 149 (excess 11)
21

Solar PV 31
Grid 107
Total 138
19

31,55

22.60

21.22

139.32

139.32

3.24

3.10

8.95
16

10.33
13

Grid 138

CO2 emissions kg/ m2 a
Operating costs per
year (EUR/ m2 a)
(heating and
electricity)
Investment €/ m2
Investment per kg of
CO2 saved annually €/
m2
Savings €/ m2 a
Payback period a

8

Actual consumption of grid electricity as not all renewable energy can be used on site, but is feed into the
grid.
9
Assuming all produced renewable replace grid electricity.
10

The energy needed for heating =

Normed energy needed for heating
Efficiency of chosen heating method
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4.5 Variant 4: PV (16 kWp) + Wind power (15 kW) + Ground sourced heat
pump (30 kW)
The fourth example combines a PV system of 16 kWp, a wind power system of 15 kW and a ground
sourced heat pump of 30 kW with a 1000 l accumulator. The details of the PV and wind power
technologies have been described in section 4.2 on page 33. The ground sourced heat pump is
designed to cover the whole heating load. The ground source heat pump increases the electricity
consumption by 16.3 kWh/a (or 36 kWh/m2a). The investment of the ground source heat pump is
45 000 €. The total investment amounts to 99 400 €.
The payback period is around 14 years. If the excess electricity could be sold at the price of
0.06€/kWh, the payback period for this combination would drop to 13,5 years.
Around 70 % of the CO2 emissions originally produced are avoided.

Table 4.4 Description of the RES technologies used in Variant 4.

Result/floor area of
building

Building- current status

Energy need for
heating13 kWh/m2 a
Energy need for
cooling kWh/ m2 a
Use of electricity kWh/
m2 a

Oil 147

Actual11
PV 16 kW
Wind power 15 kW
Ground source heat
pump
Free heat from the
ground 91

-

-

64

Solar PV 31
Wind power 36
Grid 118
Total 185 (excess 11)
21

Solar PV 31
Wind power 36
Grid 107
Total 174
19

31,55

16.01

14.65

222.86

222.86

5.20

4.97

15.54
14

16.90
13

Grid 138

CO2 emissions kg/ m2 a
Operating costs per
year (EUR/ m2 a)
(heating and
electricity)
Investment €/ m2
Investment per kg of
CO2 saved annually €/
m2
Savings €/ m2 a
Payback period a

Optimal12
PV 16 kW
Wind power 15 kW
Ground source heat
pump
Free heat from the
ground 91

11

Actual consumption of grid electricity as not all renewable energy can be used on site, but is feed into the
grid.
12
Assuming all produced renewable replace grid electricity.
13

The energy needed for heating =

Normed energy needed for heating
Efficiency of chosen heating method
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4.6 Variant 5: PV (63 kWp) + Ground sourced heat pump (30 kW)
The fifth example combines a PV system of 63 kWp and a ground sourced heat pump. The details of
the PV system has been described in section 4.3 on page 34 and the details of the ground sourced
heat pump are described in section 4.5 on page 37. The total investment amounts to 120 600 €.
The direct payback period is 19 years if most of the produced electricity is fed into the grid. If there is
sufficient storage and all the produced electricity could be used onsite to replace grid electricity the
payback period would be 11 years. This result does not take into account the price of the storage
system that would increase in the investment costs. So the actual payback period would differ from
11 years. If the excess electricity could be sold at the price of 0.06€/kWh, the payback period for this
combination would drop to 15 years.
The produced renewable energy saves up to 85 % of the originally produced CO2 emissions on a
yearly balance.

Table 4.5 Description of the RES technologies used in Variant 5.
Result/floor area of
building

Building- current status

Energy need for
heating16 kWh/m2 a
Energy need for
cooling kWh/ m2 a
Use of electricity kWh/
m2 a

Oil 147

Actual14
PV 63 kWp
Ground source heat
pump
Free heat from the
ground 91

-

-

64

Solar PV 120
Grid 131
Total 251 (excess 77)
24

Solar PV 120
Grid 54
Total 174
10

31,55

17.47

7.81

270,40

270,40

6,66

4,98

14,08
19

23,75
11

Grid 138

CO2 emissions kg/ m2 a
Operating costs per
year (EUR/ m2 a)
(heating and
electricity)
Investment €/ m2
Investment per kg of
CO2 saved annually €/
m2
Savings €/ m2 a
Payback period a

Optimal15
PV 63 kWp
Ground source heat
pump
Free heat from the
ground 91

14

Actual consumption of grid electricity as not all renewable energy can be used on site, but is feed into the
grid.
15
Assuming all produced renewable replace grid electricity.
16

The energy needed for heating =

Normed energy needed for heating
Efficiency of chosen heating method
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4.7 Variant 6: PV (16 kWp) + Ground source heat pump (30 kW)
The sixth example combines a PV system of 16 kWp with a ground source heat pump. The details of
the PV system have been described in section 4.2 on page 33 and the details of the ground sourced
heat pump are described in section 4.5 on page 37. The total investment amounts to 67 200 €.
The payback period is around 13 years. If the excess electricity could be sold at the price of
0.06€/kWh, the payback period for this combination would drop to 12.5 years.
The use of this combination reduces the CO2 emissions by 60 % compared to the original value. This
is the combination of electricity production and ground sourced heat pump that is most likely to be
realized, perhaps with a smaller PV system.
Table 4.6 Description of the RES technologies used in Variant 6.
Result/floor area of
Actual17
building
PV 16 kW
Building- current status
Ground source heat
pump
Energy need for
Free heat from the
Oil 147
19
2
heating kWh/m a
ground 91
Energy need for
cooling kWh/ m2 a
Solar PV 31
Use of electricity kWh/
Grid 138
Grid 149
m2 a
Total 180 (excess 6)
CO2 emissions kg/ m2 a
65
27
Operating costs per
year (EUR/ m2 a)
31,55
19,77
(heating and
electricity)
Investment €/ m2
150,33
Investment per kg of
CO2 saved annually €/
4,03
m2
Savings €/ m2 a
11,78
Payback period a
13

17

Optimal18
PV 16 kW
Ground source heat
pump
Free heat from the
ground 91

Solar PV 31
Grid 143
Total 174
26
19,10
150,53
3,93
12,45
12

Actual consumption of grid electricity as not all renewable energy can be used on site, but is feed into the
grid.
18
Assuming all produced renewable replace grid electricity.
19

The energy needed for heating =

Normed energy needed for heating
Efficiency of chosen heating method
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4.8 Each technology on its own
In this last section of chapter 4, each of the combined technologies is presented separately. On their
own, all of the alternative heating systems have relatively short payback periods and the electricity
production systems have long payback periods. The payback period of the electricity production
systems is in part due to the fact that all of the produced electricity cannot be used on site and the
calculations did not include any price for the “sold” excess electricity. In reality the excess electricity
can be sold for about a third of the price of grid electricity or lower. The price of grid electricity is
includes transfer, taxes and energy prices. The price of the sold electricity includes only the energy
portion of this and usually a low price. In practice, replacing your oil boiler with a renewable energy
heating source is already popular in Finland. Having your own electricity production is increasing, but
still not mainstream.
In the previous examples of combined technologies, the combined savings of heating and electricity
were compared to the combined investment this meant that for the heating systems the payback
period was a bit longer and the for electricity production the payback period was a bit shorter.
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Table 4.7 Description of the RES technologies separately. (Actual20 and Optimal21)
Result/
Building Actual
Actual Optimal
floor area
Optimal Actual Optimal
PV
Wind
Wind
of building
PV
PV 63 PV
current 16
power power
16 kWp kWp
63 kWp
status
kWp
15 kW 15 kW
Oil
heating22
kWh/m2a
Renewable
heating23
kWh/m2a
Grid
electricity
kWh/m2a
Renewable
electricity
kWh/m2a
CO2
emissions
kg/ m2a
Operating
costs per
year €/m2a
Investmen
t €/ m2
Investmen
t per kg of
CO2 saved
annually
€/m2
Savings
€/m2a
Payback
period a

147

138

147

147

147

147

147

Wood
chip
boiler
40
kW

Ground
sourced
HP

160

91

138

174

147

118

107

105

18

107

102

31

31

120

120

36

36

64

61

59

58

43

59

58

25

32

31.55

29.12

2774

27.39

16.73

28.08

27.36

25.03

22.62

169.5
1

169.51

72.33

89.69

100.90

49.63

49.63

72.33

13.48

8.80

28.14

7.82

13.09

11.13

2.28

3.09

2.43

3.81

3.79

14.82

3.47

4.16

3.47

8.93

20

12

45

18

21

18

14

11

20

Actual consumption of grid electricity as not all renewable energy can be used on site, but is feed into the
grid.
21
Assuming all produced renewable replace grid electricity.
22
23

The energy needed for heating =
The energy needed for heating =

Normed energy needed for heating
Efficiency of chosen heating method
Normed energy needed for heating
Efficiency of chosen heating method

.
.
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5 Conclusion
In the region of south Ostrobothnia, there is potential to increase the use of all types of renewable
energy with the exception of hydropower. Industrial size wind power holds the highest potential in
the region, but as we are focusing on building specific energy production or district heating using
biomass or waste heat it is interesting to note that there is significant potential in geothermal, wood
biomass and other sources such as biogas. Even in solar energy there is potential that can be
harnessed.
High efficient heat pumps, biomass burning technology, biogas, some micro or small scale CHP
technologies, solar thermal collectors and solar PV are all technologies that are commercially
available and can be used to tap into the available potential. And there are several upcoming
technologies that will provide even more technical options.
In chapter 4, an example building was presented and different technical combinations were
presented. From the amount of replaced CO2 emissions the best combination was wood chip and a
large (63 kWp) PV system. However, because of the large surface area of the PV panels, this
combination will face serious challenges to actually be a practical option.
Both the potential and the technology needed to create NZCO2EB exist (or are being developed). The
missing links are the will, idea and political goal to create NZCO2EB and the financing of such
buildings. Also, automation that controls the total system needs to be found or created.
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