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Abstract: Finland has approximately 150,000 oil-heated private homes. In 2020, the Finnish govern-

ment launched subsidies for private homeowner energy renovations. In this study, we examine the 

impact of two new energy renovation subsidies, the ELY grant and the ARA grant, from an energy 

efficiency point of view. Data from these subsidies reveal that a typical energy renovation case is a 

building from the 1970s where the oil boiler is replaced with an air-to-water heat pump. With addi-

tional data from the Finnish Energy certificate registry, a reference 1970s house is constructed and 

modelled in the building simulation programme, IDA ICE 4.8. Combinations of several renovation 

measures are simulated: air-to-water heat pump, ground-source heat pump, ventilation heat recov-

ery and improved insulation. We found that resorting mainly to air-to-water heat pumps is not the 

most energy-effective solution. Ground-source heat pumps deliver a more significant reduction in 

delivered energy, especially with additional measures on insulation and heat recovery. Ground-

source heat pumps also demand slightly less power than air-to-water heat pumps. Onsite solar PV 

generation helps supplement part of the power needed for heat pump solutions. Subsidy policies 

should emphasize deep renovation, ventilation heat recovery and onsite electricity generation. 

Keywords: single-family buildings; oil boiler replacement; renovation subsidies; ground-source 

heat pump; air-source heat pump; PV panels 

 

1. Introduction 

According to the Energy Performance of Buildings Directive (EPBD), European 

countries in the EU need to reduce energy consumption and produce energy from renew-

able sources in the building sector. EU also has a specific target of decarbonizing the build-

ing stock by 2050. EU member states have provided long-term renovation strategies to 

facilitate this [1,2]. A transition from fossil fuels to renewable energy is an important issue 

to be addressed [3]. One potential measure to contribute to EPBD targets is the replace-

ment of fossil fuel-based oil heating in buildings [4,5]. 

Within the EU climate policy framework, individual oil heating systems fall under 

the effort-sharing sector, where emissions are not tackled by the current EU Emission 

Trading System (EU-ETS) [6]. As a part of the European Green Deal and Fit for 55 package, 

European Commission has proposed a new emission trading system for fuels used in road 

transport and heating of buildings [7]. Part of the revenue from the new system would be 

directed to a new Social Climate Fund, providing heating system replacement subsidies 

for vulnerable households [8]. So far, no such EU-wide emission trading system exists for 

building heating fuels. Several EU member countries have national or regional subsidies 

for replacing fossil fuel-based heating in buildings. Conflictingly, they also have subsidies 

for investing in new fossil fuel heating, often within the same country [9]. Finland is taking 

action to phase out fossil fuel heating in buildings. Currently, fossil oil heating in 
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buildings accounts for 6% of fossil oil end consumption in Finland. In 2018 it was respon-

sible for 1.6 Mt of CO2 emissions, or 3% of Finland’s net emissions that year [10]. 

1.1. Finland’s Goal: Ending Fossil Fuel Oil Heating in Buildings 

Finland aims to reach net zero emissions in 2035 and negative net emissions soon 

afterward. As a part of this endeavour, fossil oil-based heating will be phased out by the 

beginning of 2030. The public sector is set to lead the way by ending all fossil oil heating 

in public buildings by 2024. To facilitate the phase-out of fossil oil in private buildings, 

the government committed to financially assist the private homeowners’ renovations of 

the heating system [11]. 

The Finnish national building registry records approximately 300,000 oil-heated 

buildings, out of which 250,000 are detached houses. The number of oil-heated private 

homes is smaller because alterations in the main heating system are frequently not up-

dated in the registry. According to Statistics Finland, the actual number of fossil oil-heated 

private homes is approximately 150,000 [10]. Detached buildings are still the largest build-

ing group using fossil fuel oil for heating, and the success of the phase-out depends largely 

on the private homeowners’ actions. 

Most dwellers in oil-heated homes are elderly: 65% are over 60 years old. Many are 

not wealthy: most 65+ years old dwellers in oil-heated buildings belong to the two lowest 

income quintiles. Almost 70% of the oil-heated buildings are situated in the countryside 

rather than the city. Existing oil-heated detached homes are estimated to have a selling 

price of approximately 25% lower than average [10]. All in all, dwellers in oil-heated 

buildings may face challenges related to age, financial situation and property value. The 

financial support mechanisms for heating renovations should consider these factors to 

ensure a just transition. 

Transitioning from fossil fuel boilers to heat pumps is the primary strategy to decar-

bonise heating in many countries [12]. Some studies have shown that replacing existing 

boilers with heat pumps ensures better urban air quality [13]. At the same time, the in-

creasing installation of heat pumps is associated with increased peak loads of electricity 

[12,14]. Another efficient strategy for decarbonising residential buildings is using heat 

pumps and photovoltaic (PV) panels [14,15]. The integrated work of air-source heat 

pumps and grid-connected PV panels as an optimal solution for residential buildings is 

also pointed out by Stamatellos et al. [16–18]. The potential of geothermal energy in Po-

land and the Baltic states are analysed by Chomać-Pierzecka et al. [19]. This study points 

out that using the ground-source heat pump for the heating is approximately 64% less 

expensive than using the electric boiler and 36% lower than the gas condensing boiler [19]. 

Ground-source heat pumps can achieve a higher performance coefficient than air-source 

heat pumps [20]. It is also stated in previous studies that the air source heat pump systems 

can reduce CO2 emissions by up to 96% in the case of the Swiss electricity mixture [21]. 

Heat pumps installed in cold climate conditions usually have an auxiliary heating element 

to cover the peak heating load [21,22]. Abdel-Salam et al. proved that the auxiliary heating 

element is not needed in the case of the ground-source heat pumps in Canadian cold cli-

mate conditions. 

1.2. Finnish Energy Renovation Subsidies for Detached Buildings 

To end fossil oil heating by the early 2030s, Finland must choose policies that succeed 

in replacing fossil heating in private homes during the 2020s. To outline the plan for this 

process, the Finnish Ministry of the Environment has drafted an operational programme 

sent out to a round of comments in April 2021 [10]. The programme draft proposed several 

measures: direct financial subsidies, changes in taxation, legislative norms and steering 

by information. Subsidies for private homeowners’ energy renovations were initiated in 

2020, with two new grants available for private building owners. One is managed by Fin-

land’s Centre for Economic Development, Transport and the Environment, and the other 

by The Housing Finance and Development Centre of Finland. For the sake of brevity, we 
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will refer to these by the Finnish abbreviations: ELY-Centre and ARA, respectively. The 

two subsidies are referred to as the ELY grant and the ARA grant.  

The ELY grant is a streamlined subsidy directed for oil boiler replacements only. 

ARA grant is a more comprehensive subsidy for extensive energy renovations, which may 

or may not include a heating system change. These two grants are not the only ones avail-

able for a private building owner: income tax payers undertaking renovation can also re-

ceive a tax deduction for renovation work. This tax instrument has been in place since 

2001, but in 2021, the government decided to raise the maximum deduction when the 

work is undertaken for replacing an oil boiler. In addition, an existing grant scheme is 

available for improving the homes of elderly persons, disabled persons and veterans of 

war, which can sometimes be used towards energy renovations, but its significance is 

small. These various forms of financial aid are mutually exclusive: they cannot be com-

bined in one renovation. Only the newly established policy instruments—ELY and ARA 

grants—are discussed from here onwards. 

ELY renovation grants are explicitly awarded for replacing the oil heating system 

with a more sustainable heating option. The grant sum is either EUR 2500 or EUR 4000. A 

higher sum of EUR 4000 is awarded when the new heating system is based on heat pumps 

or district heating. Switching to other heating systems (direct electrical heating, wood-

based heating, solar or hybrid heating) can be assisted with the lower sum of EUR 2500. 

No grant is awarded for switching to another fossil fuel-based system (coal, fossil gas or 

peat) [23]. The initial budget for the ELY grant was EUR 28.5 M for 2020 and EUR 9.4 M 

for 2021. An additional EUR 65 M was budgeted for the scheme from the Sustainable 

Growth Programme for Finland, funded by the EU Next Generation recovery package. A 

total of EUR 25 M out of the additional EUR 65 M was made available in 2021. The scheme 

is intended to continue as long as the additional funds allow. 

The ARA grant awards subsidies for extensive energy renovations, where the build-

ing energy efficiency must improve substantially. The grant is available for detached 

buildings, terraced houses and apartment buildings, and they need not be in private own-

ership. For detached buildings, the renovation must bring the building E-number (indi-

cating energy efficiency) to 56% or less of the original E-number. Such a renovation can 

receive a subsidy of up to EUR 4000. For comparison, the existing regulation requires the 

E-number to be lowered by 20% in the renovation, in case the regulation is followed in 

terms of the E-number criterion. In the case the energy efficiency is brought to the regula-

tion level of a new building, the subsidy is increased to a maximum of EUR 6000. Several 

possible renovation actions can be considered, also the cost of planning. ARA grant ini-

tially had a budget of EUR 100 M for 2020–2022. In April 2022, the Finnish government 

continued the scheme until 2023, with an additional EUR 100 M budgeted for the subsi-

dies. 

1.3. Problem Setting and Research Questions 

ELY and ARA grants have been very popular, creating a high workload for the fund-

ing bodies, and a backlog has been created in the process. Despite the popularity, the pol-

icies have also faced criticism. Oil boiler replacements are often economically viable, even 

without a subsidy. When this is the case, the subsidy policies can be seen as over-subsi-

dizing and disturbing the market [24]. It has also been questioned whether the renovations 

increase the peak power demand during heating periods, straining the grid capacity. 

More research is needed on these subjects to learn how the subsidies are the most effec-

tively dimensioned and directed and which are the most suitable energy efficiency crite-

ria. 

On the other hand, a policy of boosting renovations can create jobs, bring tax revenue, 

and decrease emissions. In Estonia, where an energy renovation subsidy has been availa-

ble for apartment buildings, it has been estimated to create 17 jobs per EUR 1 M invest-

ment. Approximately 32–33% of the money invested in renovations was returned to the 

state as tax revenue, making direct support of 25–40% cost-neutral for the state of Estonia 
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[25]. In Finland, the Ministry of the Environment estimates that EUR 1 M awarded 

through the ELY grant scheme will boost employment by 30 jobs and lower emissions by 

1470 t CO2 annually [10]. For the ARA grant, the policy goal is that EUR 1 M grant will 

boost employment by 15 jobs annually (in addition to normally occurring renovations) 

and lower emissions by 1430 t CO2 [11]. These estimates by the policymakers should be 

examined in light of the data gathered from the subsidy schemes. 

It is important to assess whether the subsidies boost energy-efficient, low-emission 

heating solutions and whether they contribute to a just energy transition, yielding aid for 

those households and regions that are the most vulnerable. Residents with low income, 

living in neighbourhoods with low housing prices, have less opportunity to install heat 

pumps. At the same time, they would benefit relatively more from lowered energy costs 

[24,26]. This issue has gained even more importance with rising electricity prices in Eu-

rope during 2022. 

Vimpari [24] suggests energy renovation subsidies should be directed preferentially 

to areas of low housing prices. This approach has been taken in Estonia, where the state 

has awarded renovation grants for projects fulfilling the required technical criteria [27–

30]. In Tallinn and Tartu, the grant has covered 30% of the investment cost. In regions with 

lower housing prices, the grant has been raised to 40–50% of the investment cost [26,31].  

The implementation and effects of the new energy renovation policies (ELY grant 

and ARA grant) are investigated in this study. In so far as it is possible, based on the 

gathered data, we compare the kind of renovations that are likely carried out with the 

help of the grants. The focus of the study is not on the financial profitability but rather on 

the technical solutions employed at the individual building level. The main research ques-

tions of the current study are: 

• What kind of actions has been taken in the renovated buildings? 

• What has been the effect of renovation measures on the building’s energy consump-

tion and power demand?  

• Are the most popular renovation types likely to bring optimal results, or could the 

grant criteria be improved to encourage different renovation concepts? 

The research is carried out as a part of the DECARBON-home project, funded by the 

Academy of Finland. 

2. Methods 

2.1. Reference Building and Model Construction 

In Finland, the building code requires all new buildings to have an energy perfor-

mance certificate. Energy performance certificates have been used since 2006 and pre-2006 

privately owned buildings do not necessarily have a certificate. If an existing building is 

sold or rented in an open market, or its purpose of use is altered, it must acquire such a 

certificate. It is also recommended that the energy certificate be updated after a renova-

tion, but this is not mandated by law. The certificate system is also administered by the 

Housing Finance and Development Centre of Finland ARA. 

For this study, a database covering energy certificates from detached houses was ob-

tained from ARA. Data were extracted from the energy certificate register on 2.10.2019, 

reflecting the situation before the current renovation and oil boiler replacement schemes 

started. A selection of reference houses from the larger certificate data set was made with 

the following criteria: 

• Detached house built from 1970 to 1979; 

• Oil boiler as the main heating system; 

• A fireplace present (typical for the period); 

• Actual fuel consumption has been disclosed for oil, wood and electricity separately; 

• The certificate was made according to the current (2018) version of the building code; 

• Certificates or entries with obviously erroneous data have been disregarded. 
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Buildings from the 1970s were the most typical among the grant receivers, which 

motivated the above choice of the building age (this is more closely discussed in sub-Sec-

tion 3.1). Altogether, these criteria yielded a data set of 74 detached houses, which is used 

to construct a reference for a typical house seeking a renovation grant. The approach has 

some sources of uncertainty: it is likely that in this sub-set, as in all the energy registry 

data, there is a bias towards houses that are in reasonably good condition. Pre-2000s 

dwellings in poor condition, not on the market for selling or renting, are not likely to have 

an energy certificate made voluntarily. However, a similar bias can be expected to affect 

the selection of houses seeking energy renovation grants. If a house is in a below-average 

condition, perhaps in a region with low housing prices, and not likely to be on the market 

for buying or renting, investments in major renovations are less likely, even with the aid 

of a grant. In light of this, it is appropriate to use the energy certificate data for a reference 

pre-renovation 1970s house, even with some likely bias towards houses in better condi-

tion. 

The main properties of the selected houses are shown in Table 1, with both average 

and median values. Median values were chosen as more representative. A picture of a 

typical Finnish detached house built in the 70s is shown in Figure 1. The building simula-

tion is not based on this particular house. 

Table 1. Composed energy consumption of reference houses (selection of 1970s houses (N = 74)). 

Main Properties of the Selected Houses 
Value 

Average Median 

Wood consumption, kWh/a 4729.6 3900.0 

Wood consumption, kWh/m2a  34.9 26.9 

Fuel oil consumption, kWh/a 18,750.0 20,000.0 

Fuel oil consumption, kWh/m2a  128.4 123.2 

Fuel oil consumption, l/a 1875.0 2000.0 

Fuel oil consumption, l/m2a 12.8 12.3 

Actual electricity consumption, kWh/a 6566.2 5550.0 

Actual electricity consumption, kWh/m2a  44.2 38.6 

Heated net area, m2 153.8 129.0 

 

Figure 1. Typical detached house built from 1970 to 1979. 
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2.2. Simulation Model 

With the help of the building data collected from the Energy certificate register, a 

building simulation model was composed to model the 1970s reference house behaviour. 

First, a detached 1970s building model with a heated net area of 135.5 m2 was taken from 

a previous Finnish Cost Optimal project [32]. The existing model was modified and cali-

brated to match the properties of the reference house and the median energy consumption 

values shown in Table 1. Energy simulations of this reference building were performed 

with IDA Indoor Climate and Energy (IDA ICE) version 4.8 [33]. IDA ICE is a dynamic 

time-step building simulation programme validated in several studies [34–38], and is fre-

quently used for building energy efficiency and optimization research. 

Each room of the reference building model is a separate zone. Weather data was 

taken from Helsinki's 2012 climatic reference year. The orientation of the building was 

chosen as 135 degrees to the north, providing a suitable roof area for solar panel installa-

tion in the latter part of the investigation. The main parameters of the modified simulation 

model are shown in Table 2. In addition, the heating setpoint was changed from 21 °C to 

20 °C. The indoor air temperature setpoint in the car garage was chosen as 15 °C. The 

infiltration airflow was calculated according to the principle of wind-driven flow, and the 

pressure coefficients of the building were taken as typical values of a “semi-exposed” lo-

cation from the database of IDA ICE. Mechanical exhaust ventilation without heat recov-

ery was used in the calibrated model, and the ventilation air change rate was chosen as 

0.3 l/m2s. Heat distribution losses were chosen as 1.32 W/m2, of which 85% are stored in 

the zone. Power consumption of electrical appliances in the building was chosen as 4.0 

W/m2, lightning as 8 W/m2 and 5 W/m2 in the toilet and garage. Altogether, three occu-

pants (1.2 met per person) were considered in simulations. 

Table 2. The main technical details of the modified simulation model. 

Parameter Value 

Air tightness q50, m3/(m2h) 5.11 

U-value external walls, W/(m2K) 0.3 

U-value roof, W/(m2K) 0.18 

U-value base floor, W/(m2K) 0.31 

U-value windows, W/(m2K) 1.80 

Area windows, m2 19.74 

Boiler efficiency, - 0.81 

Heat distribution efficiency, - 0.85 

Firstly, the energy consumption of the reference building was composed according 

to the measured median energy consumption according to the 74 buildings from the 1970s 

(Measured). Secondly, the simulation model was composed and calibrated according to 

the measurement data of the reference building (Calibrated). Altogether eight different 

renovation measures were then analysed by energy simulations. The following cases of 

renovation measures were analysed: 

• Improved insulation of the roof (U = 0.22 to U = 0.09) and replacing the old windows 

with new (U = 1.8 to U = 0.8) (Cal + ENV); 

• Improved insulation together with mechanical supply-exhaust with heat recovery 

(temp efficiency 0.8) (Cal + ENV + HRV); 

• Air-to-water heat pump for radiator heating and domestic hot water production 

(AWHP); 

• Improved insulation together with an air-to-water heat pump (AWHP + ENV); 

• Improved insulation together with mechanical supply-exhaust with heat recovery 

and air-to-water heat pump (AWHP + ENV + HRV); 
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• Ground-source heat pump for radiator heating and domestic hot water production 

(GSHP); 

• Improved insulation measure together with ground-source heat pump (GSHP + 

ENV); 

• Improved insulation + mechanical supply exhaust with heat recovery and air-to-wa-

ter heat pump (GSHP + ENV + HRV). 

The nominal heating output of the air-to-water heat pump and ground-source heat 

pump was 10 kW. The COP value in IDA ICE was defined in nominal conditions of inlet 

dry bulb temperature of 7 °C, wet bulb temperature of 6 °C, and flow/return temperatures 

of 35/40 °C. In these conditions, the COP value of the air source heat pump was 3.2. In the 

case of the ground-source heat pump, the source of energy was boreholes. The single-hole 

borehole model in IDA ICE was used, and the borehole length was chosen as 190 m. The 

diameter of the borehole was 0.115 m, and the inner diameter of the pipe was 32 mm. Both 

types of heat pumps did not use an additional electrical heating element (it was turned 

off in the simulations). The average domestic hot water use per occupant was chosen as 

43 l/day. Altogether, three occupants were considered as the average number of inhabit-

ants in the building. The consumption profile of domestic hot water was taken from the 

study of domestic hot water use in Finnish residential buildings [39,40]. The calculations 

did not include the electrical heater of the sauna and other electrical appliances that are 

not specified in Finnish energy efficiency calculation rules. 

In addition, the coefficients of performance (COP) of the different studied renovation 

measures were simulated. COP values of domestic hot water production and space heat-

ing are disclosed separately. As the COP of the heat pump system depends on the heating 

curve of the heating system, the flow temperature of the heating system was also investi-

gated. In order to observe the minimum possible flow temperature of the heating system, 

water-based radiators were selected in the simulation model. The radiators in the simula-

tion software were dimensioned according to the old radiator types that were actually 

installed in the reference building. 

The temperature efficiency of the rotary heat exchanger of the air handling unit was 

chosen as 80%, the exhaust air temperature limitation was −12 °C, and the SFP of the ven-

tilation unit was chosen as 1.5 kW/m3s. In the case of installing the ventilation heat recov-

ery unit as a part of the ventilation renovation measure, the air change rate increased from 

0.3 l/m2s to 0.4 l/m2s. 

The possibility of onsite renewable electricity generation using PV panels was also 

analysed, together with the analysis of peak power consumption of electrical appliances 

and heat pumps. PV panels were dimensioned according to the roof area of the reference 

building. The area of the PV installation was 90 m2 (approximately 66% of the building 

floor area), and the corresponding efficiency factor and panel slope were 10% and 45˚, 

respectively. As electricity production from PV panels is independent, a time series of 

yearly electricity production data was unique for every case. Hourly electricity demand 

was estimated in every case. Additional adjustments were made on an hourly basis be-

tween electricity demand and electricity production in Microsoft Excel. If electricity pro-

duction was higher than demand, excess electricity was exported to the grid (exported 

electricity). Vice versa, for a case of higher electricity demand than electricity production, 

electricity was delivered on site from the grid (delivered electricity).  

2.3. Renovation Grant Data 

In addition to modelling a selection of renovation measures, we utilized existing data 

on the energy renovation grants that had already been awarded at the time of writing. 

Grant data was obtained from the grant scheme operating bodies ELY and ARA during 

the summer of 2021. The ELY grant data was extracted from the registry in August 2021 

and had information on 7109 buildings. The ELY grant process is streamlined, and grant 
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data yields few details on the renovation itself. The advantage of the ELY data set is that 

the replacement heating system can be easily discerned. 

The ARA grant data was extracted from the ARA information system in July 2021. It 

had 1681 buildings in total, out of which 1051 (63%) were detached houses. The ARA grant 

data utilized in this study concerns only the portion of the detached houses. In principle, 

much more detailed data is gathered on the ARA grant recipients. In practice, there were 

limitations to using this data set because all compiled data was not easily accessible for 

systematic analysis. 

3. Results and Discussions 

3.1. Overview of Granted Subsidies 

Figure 2 shows the age distribution of the detached houses that had received the ELY 

and ARA grants. By age, the most common building type receiving the ELY grant is from 

the 1970s (31%). Together, the houses from the 1960s and 1970s account for 50% of the 

ELY grant recipients. In the case of the ARA grant, 1970s houses were again the largest 

group, but by a very small margin. Both 1960s and 1970s account for 19% of the detached 

house grants, or 38% in total. This time the distribution is more even throughout all con-

struction periods. This is explained by the nature of the ARA grant, which is not specifi-

cally directed at replacing oil boilers, common in the 1970s buildings. 

  

(a) (b) 

Figure 2. The grant distribution according to the building age for (a) ELY grant and (b) ARA grant. 

From the data set concerning the ELY grants, it is possible to discern which heating 

system replaced the old oil boiler. For the ARA grant scheme, this data was not unambig-

uously available. Figure 3 shows the new heating system replacing the oil boiler in the 

ELY grant scheme. When all building ages are considered, an air-to-water heat pump is 

clearly the most preferred replacement system (66%), with the ground-source heat pump 

as the second most popular choice (22%). Together, AWHP and GSHP cover 88% of the 

replacement systems, and the share of district heating is 8%. Category “other” includes 

direct electrical heating, firewood, wood pellet, solar heat and other, perhaps hybrid so-

lutions. 

The largest group by age, buildings from the 1970s, was chosen for closer inspection. 

It was found that for the 1970s buildings, AWHP is still the most popular oil boiler re-

placement option. In fact, AWHP systems are even slightly more popular in the 1970s 

house selection: 68% instead of 66% (Figure 3b). 
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(a) (b) 

Figure 3. Type of the new heating system installed with the ELY grant (a) for all building ages, and 

(b) for buildings built in the 1970s. 

According to the available data, a detached house from the 1970s, with an oil boiler 

replaced with AWHP or GSHP, represents a typical case of grant recipients. This finding 

motivated the choice of modelling a 1970s building for the renovation scenarios. 

3.2. Simulation Results of the Reference Building 

The measured total heating energy consumption of the studied reference building is 

150.1 kWh/m2a. This can be divided into 123.2 kWh/m2a oil consumption and 26.9 

kWh/m2a wood consumption. At the same time, the measured electricity consumption of 

the reference building is 38.6 kWh/m2a. In the case of calibrated model, the total heating 

energy consumption is 156.6 kWh/m2a, and the total electricity consumption is 38.9 

kWh/m2a. The total delivered energy of calibrated model was close to the measured value 

(the difference in delivered energy is smaller than 4%). The lowest total delivered energy 

level in the case of the GSHP system with added insulation and heat recovery ventilation 

system is 59,7 kWh/m2a. A detailed overview of the delivered energy of all the studied 

renovation measures is shown in Figures 4 and 5. In the case of renovation measures that 

use the air or ground-source heat pump systems, the electricity consumption of the heat 

pump is disclosed in the cell “HP electricity”. Heat pump electricity includes both deliv-

ered space heating energy and the energy required to produce domestic hot water. Both 

the GSHP and the AWHP system significantly reduce the modelled need for delivered 

energy. 

It is also important to understand that if the goal of the renovation is also to ensure 

the indoor air quality in the renovated apartment building, then heat recovery ventilation 

is also necessary to install [27,41]. The delivered energy results in Figure 4 show quite a 

small difference in delivered energy values in the case of measures with and without heat 

recovery ventilation. In the case of the AWHP system, the difference in delivered energy 

is kWh/m2a, and in the case of the GSHP system, 2.3 kWh/m2a. In addition, it should be 

pointed out that the air change rate was taken at 0.3 l/m2s in calibrated model and 0.4 l/m2s 

in case the installing the ventilation heat recovery unit was a part of the ventilation reno-

vation measure. It should also be added that in the case of exhaust ventilation, the infil-

tration airflows are smaller than in the case of balanced ventilation with heat recovery. 

Therefore, it can be concluded that although indoor air quality is important, the installa-

tion of a ventilation unit with heat recovery may not be economically viable, and therefore 

it would apparently need a separate support grant. 
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Figure 4. Delivered heating and electricity use of a reference single-family house in simulated ren-

ovation measures. 

 

Figure 5. The delivered energy use of a reference single-family house in simulated renovation 

measures. 

There is a risk that the renovation measures using heat pump systems increase the 

peak power demand during heating periods, and it is important to analyse the variations 

in the electrical power demand in the case of different renovation measures. Cumulative 

yearly electric power for AWHP- and GSHP-based renovation measures are shown in Fig-

ure 6. Figure 6 also covers the electric power demand variation in the case of the unreno-

vated building (Calibrated). The ground-source heat pump ensures a slightly lower elec-

trical power consumption compared to the air-to-water heat pump during the year-long 

period. In the case of AWHP, the total necessary electric power is approximately 3.8 kW, 

and in the case of GSHP, the total electrical power is close to 3.0 kW. The electric power at 

percentile value for different renovation measures is shown in Table 3. The 95th percentile 

level of necessary electric power is 3.0 in the case of air-to-water heat pump and 2.3 in the 
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case of a ground-source heat pump. If we analyse the 99th percentile level of necessary 

electric power, it is possible to point out that in the case of an air-to-water heat pump, the 

power level is 3.5 kW and in the case of a ground-source heat pump, 2.8 kW. The indicated 

electrical capacities can be taken as a basis for the electrification process. It can be con-

cluded that the AWHP has significantly higher peak power than the GSHP. If a heat pump 

is not used for heating energy production, then the necessary power level is 1.4 to 1.5 kW. 

  

(a) (b) 

Figure 6. Cumulative yearly electric power demand for (a) reference and AWHP and (b) GSHP 

measures. 

Table 3. Electric power at percentile value for different renovation measures. 

 Calibrated 
Cal. +  

ENV 

Cal. + 

ENV 

 + HRV 

AWHP 
AWHP 

 + ENV 

AWHP +  

ENV + 

HRV 

GSHP 
GSHP + 

ENV 

GSHP +  

ENV + 

HRV 

Power (95 percen-

tile), kW 
1.2 1.2 1.3 3.0 2.9 2.9 2.3 2.3 2.3 

Power (95 percen-

tile), W/m2 
9.0 9.0 9.2 22.0 21.5 21.4 17.2 16.9 17.2 

Power (99 percen-

tile), kW 
1.4 1.4 1.5 3.5 3.5 3.5 2.8 2.7 2.7 

Power (99 percen-

tile), W/m2 
10.6 10.6 10.8 25.4 25.6 25.5 20.2 20.1 20.1 

Power (100 percen-

tile), kW 
1.4 1.4 1.5 3.8 3.8 3.8 3.0 3.0 3.2 

One more renovation possibility for fossil oil-heated detached buildings is onsite re-

newable electricity generation using PV panels. The cost-effectiveness of the interaction 

of heat pumps and PV panels has been shown by D’Agostino et al. [42,43]. In this study, 

we have analysed a solution where a share of PV generation is used in the building, and 

the rest of the electricity is exported to the grid. Figures 7 and 8 and Table 4 show the 

exported and delivered electricity load from PV for general and AWHP cases and GSHP 

cases during a year-long period. The electricity production of the PV panels is 71 kWh/m2a 

for all cases. Delivered electricity expresses the purchased electricity from the grid, and 

exported electricity means the energy that is sold to the grid. If an air-to-water or ground-

source heat pump is used, then the electricity consumption is higher, but the self-use share 

of produced electricity is between 23–24.5% in the case of every studied renovation meas-

ure. Figure 8 shows that in all but the AWHP and AWHP + ENV cases, the total value of 

exported electricity is higher than the yearly value of delivered electricity. It means that 



Energies 2022, 15, 7620 12 of 19 
 

 

the building’s total exports are more than it consumes during a year-long year period, 

making it a net plus energy building. In all simulated cases, the exported electricity 

amount is 54 to 55 kWh/m2a. The onsite PV system is rather over-dimensioned for the 

needs of the building itself, but a high share of exported solar electricity may be very ben-

eficial in light of the rapidly changing European electricity market and steeply rising elec-

tricity prices. 

  

(a) (b) 

Figure 7. Exported/delivered electricity unit load from PV for (a) general and AWHP cases and (b) 

GSHP cases. 

 

Figure 8. Yearly delivered and exported energy for a reference single-family house for different 

cases. 

Table 4. Electricity production in delivered and exported units for different cases. 

 Calibrated 
Cal. +  

ENV 

Cal. + 

ENV 

 + HRV 

AWHP 
AWHP 

 + ENV 

AWHP +  

ENV + 

HRV 

GSHP 
GSHP + 

ENV 

GSHP +  

ENV + 

HRV 

Elec. use, kWh/m2a 39 39 42 79 72 67 68 62 59 

Delivered, kWh/m2a 22 22 25 62 56 50 51 45 43 

Exported, kWh/m2a 54 54 54 54 55 54 54 55 54 

PV production, 

kWh/m2a 
71 71 71 71 71 71 71 71 71 

Self-use, % 23.4 23.4 24.4 24.3 23.1 23.3 23.5 23.0 23.2 
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In the case of the calibrated model, the simulation methodology for the infiltration 

airflow used a building leakage rate value q50 = 3.9 m3/m2h and the calculation with wind 

pressure coefficients (in IDA ICE “wind-driven flow”). At the same time, according to the 

Finnish guideline [44] for higher building leakage rate of q50 = 5.11 m3/m2h for a 1972 house 

and fixed infiltration airflow calculation is suggested use. In Figure 9, it is possible to see 

that the heating energy consumption of 379.6 kWh/m2a, according to the guideline, is 

highly overestimated. If the unique input with fixed infiltration (q50 = 3.9 m3/m2h) is used, 

then the delivered energy used for the total heating decreases to the value 169 kWh/m2a 

in our calibrated model. The comparison with the real energy consumption of the refer-

ence building shows that the guideline gives considerably higher energy consumption 

than the actual measurement results have shown. 

 

 

(a) (b) 

Figure 9. Comparison of energy use of a reference single family house with Finnish guideline 1972 

house. (a) Heating and electricity from the guideline and calibrated model with fixed infiltration; 

(b) breakdown of energy use. 

The annual COP of the heat pump system depends on the capacity, part load ratio 

and the mode of control [45]. The COP values for renovating the reference building using 

air and ground-source heat pump are shown in Figure 10 and Table 5. The average COP 

of heating and domestic hot water production is 2.5 in the case of the AWHP system and 

3.3 in the case of GSHP renovation schemes. An interesting fact is that COP of the space 

heating system is higher in case the building envelope is not insulated. However, this is 

justified by the fact that in the case of an insulated building envelope, the proportion of 

cold weather is higher in the formation of COP. 

The performance of GSHP and AWHP in renovated residential buildings has already 

been studied in many scientific papers. The results of this study confirm the better func-

tioning of the GSHP that is shown by D’Agostino et al. [42], Fadejev et al. [46] and Ahmed 

et al. [40]. Properly sized heat pump systems with energy piles can have overall system 

SCOP values higher than 4.5, while some case studies have reported only half of such 

SCOP values. This illustrates the need for proper design and sizing of such systems [47]. 

It is also important to add that the defrost cycle of AWHP is not directly analysed in this 

study. The specific defrost cycle of the heat pump depends on the manufacturer’s solution 

and can also affect the seasonal COP of the AWHP system [48]. 
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(a) (b) 

Figure 10. Coefficient of performance of DHW and space heat (SH) (a) AWHP + ENV case and (b) 

GSHP + ENV case. 

Table 5. Coefficient of performance for different cases using heat pump systems. 

 AWHP 
AWHP + 

ENV 

AWHP + 

ENV + HRV 
GSHP 

GSHP + 

ENV 

GSHP +ENV + 

HRV 

SH + DHW 2.49 2.49 2.48 3.32 3.33 3.31 

DHW 2.48 2.45 2.41 3.13 3.12 3.11 

SH 2.50 2.54 2.59 3.43 3.54 3.62 

Due to the improvement of the building insulation and adding the ventilation system 

with heat recovery, it is possible to lower the heating curve of the radiator heating system. 

In Figure 11, it is possible to see the original calibrated model with the heating curve of 

68/40 °C, insulated building with a minimal heating curve of 62/40 °C and insulated build-

ing with ventilation heat recovery with a minimal heating curve of 58/40 °C. The indoor 

temperature setpoint in the critical room was chosen as 20 °C, and the design temperature 

of the heating system is −26 °C. The minimal temperature of heating curves is shown in a 

situation where at least 95% of the time, the temperature setpoint (20 °C) is satisfied. The 

rest of the time, it is possible to use additional stove heating. Based on existing radiators 

and other components of the heating system, it is not possible to increase the COP of the 

heat pump system as high as, for example, underfloor heating would allow. It means that 

every degree decrease in temperature is significant, lowering the supply temperature of 

the heating system to ensure the highest possible COP of the heat pump. 
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. 

Figure 11. The heating curve for different renovation measures. 

4. Conclusions 

Finland aims to reach net zero emissions in 2035 and negative net emissions soon 

afterward. Fossil oil-based heating should be phased out by the beginning of 2030. Ac-

cording to statistics, there are approximately 150,000 oil-heated private houses in Finland. 

Dwellers in oil-heated buildings may face multiple challenges related to age, financial sit-

uation and property value. In order to end fossil oil heating by the early 2030s, the subsi-

dies for private homeowners’ energy renovation ELY and ARA support grants were ini-

tiated in 2020. It is important that the subsidies encourage energy renovations that are 

energy-effective, compatible with the ambient energy system and contribute to a just en-

ergy transition. 

In the case of the ELY grant scheme, the air-to-water heat pump is the favourite re-

placement system for the oil boilers (66%), and the ground-source heat pump is also used 

(22%). According to the typical building that has received the renovation grant, the model 

of the reference building was composed. The measured total heating energy consumption 

of the studied reference building is 150.1 kWh/m2a, and the measured electricity consump-

tion of the reference building is 38.6 kWh/m2a. Building energy simulations were carried 

out to find the most energy-effective renovation solutions for such a typical grant-receiv-

ing building. 

The simulations of the reference building showed that the ground-source heat pump 

ensures the highest energy efficiency. The lowest total delivered energy, 59.7 kWh/m2a, 

resulted from a GSHP system with added insulation and heat recovery ventilation. This 

option demands 25% less delivered energy than a simple replacement of the oil boiler with 

an air-to-water heat pump (79.6 kWh/m2a). Simply installing a ground-source heat pump, 

with no improvement in insulation or air ventilation, yields a delivered energy demand 

of 66.7 kWh/m2a. From an energy efficiency point of view, ground-source heat pump in-

stallations should be preferred to air-to-water heat pumps. 

Although a cost analysis is out of the scope of this study, it can be readily pointed out 

that a ground-source heat pump requires boreholes, and it is, therefore, significantly more 

expensive to install than an air-to-water heat pump. This can be a major obstacle to many 

single-home dwellers, especially those that live in oil-heated homes. As discussed earlier, 

they are also likely to have challenges such as old age, low income or living in remote 

areas with low property values. Realistically, all these households are not likely to install 

a ground source-based heat pump. However, even in case of an air-to-water heat pump is 

chosen, additional improvement of heat insulation can lower the delivered energy de-

mand by a further 11% (from 79.6 to 71.2 kWh/m2a), and the combination of insulation 

and ventilation heat recovery installation can lower the delivered energy demand by 16% 
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(from 79.6 to 66.7 kWh/m2a). Such additional renovation measures also carry additional 

up-front costs and perhaps would require a higher grant sum to be lucrative. 

In case a ventilation system with heat recovery is installed, increased ventilation and 

infiltration partly outweigh the energy saving. It can be concluded that although indoor 

air quality is important, the installation of a ventilation unit with heat recovery may not 

be economically viable, and therefore it would apparently need a separate requirement in 

the support grant. 

The results of the simulations of the supply curve of the heating system proved that 

it is possible to decrease the heating curve to the minimal level of 58/40 °C. The compari-

son with the real energy consumption of the reference building shows that the guideline 

gives considerably higher energy consumption for the 1972 house than the actual meas-

urement results have shown, and there is a high overestimation because of the fixed infil-

tration calculation method. 

In the case of an air-to-water heat pump, the total necessary electric power is about 

3.8 kW, and in the case of the ground-source heat pump, the total electrical power is close 

to 3.0 kW. It can be concluded that the AWHP has 27% higher peak power than the GSHP. 

Onsite renewable electricity generation using PV panels can help to deliver the electricity 

needed for heat pump solutions and, in several renovation scenarios, even create a situa-

tion where the electricity export is higher than import on an annual basis. In all simulated 

cases, the electricity production of the PV panels is 71 kWh/m2a, and the exported electric-

ity amount is 54 to 55 kWh/m2a. All the simulated renovation measures using GSHP en-

sured the plus energy balance on a yearly basis. 

The support amount is quite small in the case of ELY and ARA grants, and this has 

possibly led to a situation where the cheapest renovation solutions with smaller impacts 

have been used. At the same time, from the point of view of energy efficiency, it would be 

reasonable to place the emphasis of support on deep renovations of the old dwellings. In 

the case of deep renovation, including improved ventilation, also an adequate air change 

rate would be ensured. Additional research would help to understand whether improved 

ventilation is an important decision point for single home dwellers receiving grants and 

embarking on renovations. Such research is also carried on in the wider DECARBON-

home project. 

Main conclusions and recommendations for further policy development: 

• More emphasis should be placed on deep renovations instead of encouraging the 

cheapest renovation options. Subsidy amounts and admission requirements should 

be considered in this light, carefully recognizing the financial and other challenges 

many households face. 

• The requirement to improve ventilation to an adequate level has been missing from 

grants and can be recommended to be required in the future to ensure adequate in-

door air quality after renovation. In practical terms, this will mean installing heat 

recovery ventilation which brings additional benefits in terms of comfort and user 

satisfaction. When installing heat recovery ventilation, building air tightness may 

need improvement, if not additionally insulating, for the effective operation of the 

heat recovery. 

• Replacement of oil boilers with heat pumps is already the most commonly subsidized 

renovation option. This yields significant energy savings, even larger in the case of 

ground-source heat pumps than in the case of air-to-water heat pumps. In light of 

this, ELY and ARA renovation grants help Finland in decarbonizing its building sec-

tor and also in reaching its climate targets, both on a national and EU level. 

• Ground-source heat pumps demand less power than air-to-water heat pumps. In-

stalling own solar PV production helps to supply part of the electricity required by 

the heat pump systems and even to achieve a yearly plus energy balance. This can be 

especially beneficial when electricity prices are rising steeply. 
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The results and conclusions presented here cannot be readily generalized to all build-

ing types. The reference house modelled here is a typical building from the 1970s, but 

renovation grants are being awarded for a large variety of building types and age cohorts. 

In the awarded grant data, the oldest buildings are from 1880 and the newest from 2020, 

spanning a period of 140 years. However, in the specific context of oil boiler replacements, 

the chosen reference building from the 1970s is clearly a typical case, making the results 

here relevant for policy evaluation and development. 
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