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Abstract: Oil heating systems are abundant in rural Finland and they need to be replaced by
renewable energy as Finland aims to be carbon neutral by 2035. Bioenergy, one of the renewable
energies, is a common source of energy in Finland as the country is rich in forest resources. In Finland,
combined heat and power plants utilize such resource to produce district heat and electricity but
Finnish rural areas do not have access to the district heating network. However, there are potential
scenarios where community heating could be possible using portable chip-fired heating systems
(heat containers). Ultimately, the cost of heating is an important factor for the consumers and the cost
of investment is likely to put off any interest from the communities. In this research, we explored the
cost and profitability of heat container investments in rural Finland and examined the challenges
for the energy transition away from oil heating systems, as well as the opportunities decentralized
biomass-fired heating systems might bring. The results of this research indicate that the price of heat
produced in heat containers is comparatively higher than district heating, which is commonly used
in cities in Finland, but is cost-competitive compared to oil heating depending on the price of oil. For
example, the current price of LFO (~1 EUR/l) generates costlier heat than the 300 kW heat container
provides. Firing wood pellets in the heat container is not economically viable due to expensive raw
material but smaller-sized heat container (110 kW) firing wood chips could provide cost-competitive
heat if uptime is raised to >2700 h/year. There are socio-economic impacts and value-added effects
on the rural region due to utilization of local resource instead of imported LFO but there remain
challenges and barriers such as high initial investment, low investment support and lack of policies
focused on decentralised energy enterprises.
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1. Introduction
1.1. Background

According to the intergovernmental panel on climate change, global temperatures
above 1.5 ◦C compared to pre-industrial levels will accelerate the mass extinction of species,
and more areas of the world will become unhabitable, risking reduced food production, loss
of access to water resources and permanent damage to the ecosystem [1]. Many developed
countries are cutting down their carbon emissions to fight the imminent threat of climate
change. In Europe, countries are collectively and individually setting their own goals as
part of the Paris Agreement on climate change, including Finland which aims to be carbon
neutral by 2035 [2].

Renewable and low carbon energies such as bioenergy are a cornerstone of many
countries’ energy strategy which provides a key to decarbonization of their energy sector.
Due to its potential, availability and fuel flexibility, bioenergy plays a key role in Finnish
economic development [3]. In Finland, wood fuels covered 380 PJ of energy consumed
in 2019, which is 27.9% of the total energy consumed (1362 PJ) [4]. On the other hand,
space heating required about 283 PJ and district heating contributed 123 PJ from which
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residential use was about 54% of it [5]. These figures suggest that bioenergy in the energy
mix is crucial in the future, especially in the space heating sector. Furthermore, as coal will
be phased out from the energy sector in 2029 [6] and decreasing number of papermills may
boost biomass availability, utilisation of biomass as a low-carbon energy solution in the
future [7].

The statistics centre of Finland defines heating systems as “the main method of
heating used in the heating of a building” and categorizes them as: central heating (water),
central heating (air), direct electric heating, stove heating, no fixed heating installation,
and unknown. Among these, stove heating includes stoves that use wood or oil as a fuel,
whereas central heating (district heating) refers to the processed heat from industries such
as combined heat and power [8]. In most Finnish cities, a system of shared district heating
is provided. This typically involves piping warm water produced in combined heat and
power plants to homes in the city which is impractical for rural regions. According to
the statistics on Finland from 2019, 43.37 TWh of energy was used for household spatial
heating. Out of this, 5.4% was generated by light fuel oil [LFO] and the majority was
consumed in detached houses [9]. According to the research from 2016, in Finland, there
are still about 200,000 oil heating systems which consume about 460 million liters of oil
annually. With a 2.64 kg CO2eq/l emission factor, the total annual carbon emissions are
about 1.21 million metric tonnes of CO2eq from residential heating due to burning fossil
fuels [10], and these heating systems need to be eliminated to achieve the carbon neutrality.

1.2. Portable Heat Containers as a Solution

A heat container is a complete integrated boiler-storage package constructed according
to the EN303-5 standard for heat production ranging from 60–500 kW [11,12]. A schematic
diagram of a heat container is illustrated in Figure 1. In the system, wood chips are fed
through a conveyer from section A to section B where the boiler is situated. Portable heat
containers offer a solution to those who are looking for a renewable alternative in rural
areas where the extension of the district heating network is unrealistic.
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Figure 1. A schematic diagram of a heat container which has two compartments, a fuel storage (A)
and a boiler room (B). Components include a boiler (1.1), burner (2), temporary storage (3), bottom
unloader (4.1), ash remover (5), flue gas remover vacuum (7) and a chimney (8) [12].
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The new heat containers are suitable for the heating of small communities, large-sized
industrial buildings, as well as larger-sized family houses [13]. Portable heat containers
can be installed in a few hours after the necessary base construction of a concrete slab in
addition to the installation of heat transfer channels, water pipes and electricity. Similarly,
the heat container can also be technically set up simply on gravel peds or portable concrete
beams [12,13]. This is one of the cost advantages of heat containers. The chip storage
that is integrated into the heat container eliminates the need for additional space as well
as investment for a separate fuel storage facility. Heat containers are often the products
operated by local small-size energy enterprises. In Finland, heating plants owned by energy
enterprises have been growing constantly from 330 in 2006 to 608 in 2015. Most of these
enterprises focus on local forest resources (30–50 km of radius) [14].

However, there are environmental concerns regarding the installation of biomass-firing
power plants in the residential areas due to the flue gas that contains NOx, particulate
matter, and in some cases unburnt particulate emissions which could be some of the
limitations to the use of small-sized boilers in residential areas. In addition, the consequent
odour could be unsuitable in residential areas [15]. In contrast, Young et al., report in their
case study that the air quality due to the biomass combustion has negligible effects in
the context of implementing decentralized biomass derived heating systems [16]. There
is a lack of prior research on cost competitiveness and other practicalities of small-scale
biomass firing for community heating even though biomass provides price stability of
delivered heat to some extent [17].

Energy transition from relatively reliable LFO-derived heating systems to renewable
energy-derived heating systems is a societal challenge which requires a radical shift in
sociotechnical systems [18]. According to Hess and Sovacool [18], the transformation of
a sociotechnical system brings together heterogeneous mix of people, norms and laws,
cultural categories, research, infrastructures and natural resources. Peltola [19] believes that
such transformation is not solely about technological transformation but also involves socio-
cultural and economical processes. According to Komendantova [20], public participation
is a key for bringing trust and credibility to the energy transition. Komendantova also
found in their multi-criteria decision analysis on energy transition that economic concerns
were the highest priority for the stakeholders from Austria, Germany, Finland, Morocco,
Jordan and Iran. Furthermore, the stakeholders were concerned whether the change would
be costly for them and whether the change would bring sufficient economic stimulus for
the job market. In addition to the costs, securing a domestic source of energy was one of
the top priorities for the stakeholders [20].

The primary aim of this paper is to assess economics of the energy transition from
imported LFO-derived heating system to renewable energy-based heat produced with
wood chips, and to examine the important factors that have effects on the price of the
delivered heat. Specifically, this paper will compare the break-even price of heat produced
from small-scale LFO-fired heating system (considered as business-as-usual, BAU) with
heat produced in wood chips-fired heat containers. LFO-derived heating system is chosen
as a BAU scenario because they are popular among the rural communities and need to
be phased out with renewable source of energy in order to achieve carbon neutrality. The
results will also be compared with heat from pellet-fired heat containers. The secondary
aim is to discuss the economic opportunities small-scale biomass derived heat offers
and the potential barriers for the implementation in rural communities of Finland in the
discussion section.

2. Materials and Methods
2.1. Background

The underlying premise of this study is that housing associations need to change their
heating systems. Some alternatives are illustrated as scenarios below. It is assumed that
entrepreneurs in the heating industry would invest in heat containers and install them in
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the vicinity of the users and provide maintenance as well as handle the chip delivery and
finally invoice the users.

For the BAU scenario, it is assumed that a housing association would invest in a new
oil heating system. It would maintain and take care of the fuel storage and delivery, and
the association would also handle the invoicing.

Differently sized heat containers powered by different fuels are compared in Table 1.
The nominal powers of the heat containers are 110 kW and 300 kW and the efficiency of
biomass heat containers is assumed to be 91%, while the counterpart efficiency for oil
heaters is assumed to be 95%. The yearly uptime is assumed to be 2000 h. The price of
oil is taken from the statistics for Finland as the average price for consumers and value
added tax (VAT) has been removed for consistency. The state support for investments in
renewable energy is typically 20% in Finland.

Table 1. Basic information about the heating system and capital costs.

Categories Unit Chips Pellets BAU

Nominal power kW 110 300 110 300 300

Efficiency % 91 91 91 91 95

Uptime h/year 2000 2000 2000 2000 2000

Heat demand MWh/a 220 600 220 600 600

Fuel price €/GJ
(HHV) 6.12 1 6.02 1 13.17 2 13.17 2 19.08 3

Annual Own energy cost 4 € 264 724 264 724

Capital investment 5

Base construction € 7000 7000 7000 7000 1000

Equipment cost € 100,000 200,000 100,000 200,000 15,000

Other administrative costs € 1000 8000 1000 8000 1000

Support % 20 20 20 20 0
1 Calculated based on raw materials from Savonlinna using Equation (1). 2 [21] 3 Based on the price of LFO 0.81 €/l
(before 24% VAT) [22], 12.22 kWh/kg HHV, and 0.96 kg/l density [23]. 4 1% of the heat demand and 120 €/MWh
electricity price [24]. 5 The capital investment cost is referenced to [24]. According to the source [24], the
administrative costs for 300 kW heat container is significantly higher than for 110 kW heat container due to
significantly higher specifications in permit acquisition.

2.2. Fuel

It was assumed that the heating value of the chips is 2.22 kWh/kg at 45% mois-
ture [25]. The price of the wood chips is calculated from the individual stumpage price
of 4.64 EUR/m3 and was taken from the national statistics [26]. Based on [27], the log-
ging price was 19.1 EUR/m3, the cost of forwarding and piling are 5.6 and 0.5 EUR/m3,
respectively and the cost of unloading and chipping at the terminal is 2.4 EUR/m3 and
4.8 EUR/m3, respectively. The driver’s fee is calculated from the driving time (2 h), the
driver’s cost per hour (70 EUR) and the additional cost of waiting during loading and
unloading (1.45 h) [28]. The fuel cost is calculated from the distance of the drive and the
fuel consumption for a 9 t truck. For a sensitivity analysis, different distances and chipping
methods are assessed.

Thus, the chip price is then calculated using Equation (1):
Chip price

(cp) = s + l + f + p + ct + d + fc (1)

where,

s is the stumpage price,
l is the logging price,
f is the forwarding price,
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p is the piling price,
ct is chipping at the terminal,
d is the driver’s salary, and
fc is the fuel cost.

The pellet price was referenced to the going consumer price for pellets [21].

2.3. Cost Calculation

The assumption is that the local authorities will provide support amounting to 20% of
the investment. The discount rate was assumed to be 5%. The interest rate was taken to be
2% and a loan would be taken for a duration of 240 months, which is also the lifetime of
the heating system and has no residual value after that period.

The annuity is calculated using Equation (2) [29]:

a =
I × i(1 + i)t

(1 + i)t − 1
(2)

where,

I is investment costs
i is interest rate
t is lifetime in years (20)

The net present value (NPV) is calculated using Equation (3) adjusted from [30]:

NPV =
n

∑
t=1

Ct

(1 + k)t − I0 (3)

where:

Ct is the net cash flow at the end of year t,
I0 is the initial investment,
k is the discount rate, and
t is the lifetime in years (20).

2.4. Sensitivity Analysis

A sensitivity analysis was carried out for the assessment of the minimum price of
the heat for the NPV using different variables such as the interest rate, amount of heat
sold, governmental support for investment, and price of the heat container. The reason for
conducting a sensitivity analysis on operating time is to assess how much impact selling
more heat (to a higher number of customers) would have on the breakeven price of the
heat. Similarly, reason for assessing the impact of price of heat container on the delivered
heat is because the heat-container technology is still in young and its price may go down
depending on technological developments in the future. In addition, due to the Finnish
climate conditions, the heat demand may vary year to year.

2.5. The Origin of the Chips and Chipping Method

In the baseline calculation the price of the chips was assumed to be 22.03 EUR/MWh,
which was calculated using Equation (1) with the chips assumed to originate from roughly
100 km away and chipped at a terminal 10 km away from the use location. However, in
the sensitivity scenario differently chipped chips from different locations are considered.
The city of Mikkeli was selected as the use location and a biomass terminal is located at
10 km from the use location. The study also examined the effect of the price of chips that
originated from different municipalities. Hirvensalmi is located at 35 km from the biomass
terminal as well as use location. Similarly, Juva and Savonlinna are located at 44 km and
106 km, respectively. These locations were selected because they are adjacent municipalities
with varying distances and with biomass potential and the reason for this scenario is to
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assess the impact of biomass origin and chipping method. The locations are depicted in
Figure 2. In some cases, the wood chips are chipped at the roadside by a mobile chipper. In
these cases, a 9 t chip truck that can transfer the chips directly to the heat container at the
customer site is used in the scenarios. These sorts of trucks are container-based trucks that
can pneumatically blow the chips into the targeted area through a pipe and are referred to
as blowing chip trucks [13]. In the case of terminal chipping, a 60 t log-truck takes stems to
the terminal and a stationary chipper chips them into the 9 t blowing chip truck.
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3. Results

In this research, all the prices are depicted as the before-tax amount unless otherwise
mentioned. The results show that to achieve a positive NPV, the minimum price of heat
should be 78.66 EUR/MWh in the case of the 300 kW heat container. The corresponding
value is 96.55 EUR/MWh when the heat container is smaller in size (110 kW). On the
other hand, corresponding values are 104.86 EUR/MWh and 122.45 EUR/MWh when
using pellets as a fuel. Finally, an investment in a new oil-heating system including storage
would cost a minimum of 79.8 EUR/MWh to be a profitable investment. Figure 3 presents
the results for all the scenarios studied.

3.1. Sensitivity Analysis
3.1.1. Housing Association Point of View

For the sensitivity analysis, we adjusted multiple variables which have a direct impact
on the price of the heat available to the consumers. One of the main analyses was to observe
from the housing association’s point of view. In the main study, a heating entrepreneur
sold the heat to the consumers, but in this sensitivity test we assumed that the housing
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association would purchase the heat container and purchase the daily operating services
from a third party and would invoice individual homes. In the assumption, the additional
cost for daily operations was 4000 EUR/year more in case of housing association [24]. The
results show that the minimum price of heat would be 83.65 EUR/MWh, which is 6%
higher than when the heating entrepreneur invested in the operation and managed things.
Results show that the housing association outsourcing the entire heating system is more
sensible because most of the daily operation is outsourced to multiple contractors and is
costlier than for the heat entrepreneur.
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Figure 3. Break-even price of heat in different scenarios.

3.1.2. Different Variables

Figure 4 shows the break-even prices of heat per MWh for different scenarios in the
case of 300 kW heat container. Figure 4 A shows that raising the interest rate to 5% would
increase the price of heat to 82.41 EUR/MWh compared to 78.66 EUR/MWh with the
baseline interest rate at 2%. Furthermore, a 20,000 EUR cheaper heat container would
mean that the minimum price of heat for a positive NPV comes down by 3.3 EUR/MWh
compared to the baseline scenario. Similarly, a 10% higher subsidy for renewable energy
investments would result in a 4.3 EUR/MWh lower price for the heat. Finally, increasing
operating time by 333 h would bring the break-even price of heat to 71.32 EUR/MWh.

Figure 5 shows the effect of different variables on the break-even price of heat sold to
the consumers from a 110 kW heat container. The price of the heat from pellets is expensive
in all scenarios because the investment and other capital costs are the same for chips except
that the operating costs (such as price of fuel) are double compared to the chips. Figure 5A
shows that raising the interest rate from 2% to 5% would increase the price of heat by only
5%. In contrast, reducing the price of the heat container by 25% would decrease the price
of heat by 10%. On the other hand, selling more heat such as from 220 MWh/a (in baseline)
to 500 MWh/a would decrease the break-even price of the heat by 44%. Similarly, raising
10% more in subsidies would slash the price of heat by 6% for a breakeven profitability of
the investment.

3.1.3. The Price of Chips and Its Impact

The price of chips that originated in different municipalities for the sensitivity analysis
were calculated based on Equation (1) and results for this are illustrated in Table 2.
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Table 2. The price of chips calculated based on the Equation (1). HR: Hirvensalmi roadside, HT:
Hirvensalmi terminal, JR: Juva roadside, JT: Juva terminal, SR: Savonlinna roadside, ST: Savonlinna
terminal.

Price of Chips
Hirvensalmi Juva Savonlinna

HR HT JR JT SR ST

€/MWh 18.41 20.37 18.64 20.65 19.67 22.03

Figure 6 shows that opting for the chips chipped at a terminal would raise the break-
even price of heat by 3%. Similarly, opting for chips from Savonlinna instead of Hirvensalmi
(additional 71 km) would add 2% on the break-even price of heat.
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Figure 6. Minimum price of heat for profitability for 300 kW heat container based on the price of
chips originated in different location and chipping method.

4. Discussions

According to the Statistics of Finland (Table 3), the district heating (67.41 €/MWh) still
provides cheaper heat than LFO and direct electricity. Despite detached and semidetached
dwellings (which are majority in the rural region) occupying 39% of the total dwellings in
Finland [31], only 13% of the total district heat available is used in those [32]. In contrast, of
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the total LFO-derived heat produced in Finland, 87% is used in detached and semidetached
houses [31,32]. As discussed in this paper, district heating is currently largely inaccessible
to the rural communities in Finland due to it being uneconomical because of the heat
loss in the network and costly infrastructure for longer heat delivery distances. Thus, the
comparison of price of heat derived from direct electricity or LFO is more relevant for rural
Finland than comparing with district heat in the context of this study. On the other hand, in
2019, 49.5% of the total district heat produced in Finland was based on fossil fuel (natural
gas 10.7%, hard coal 18.1%) and peat (14.9%) [33], thus, changing the heating system from
LFO to district heating is not the direction to carbon neutrality in current situation.

Table 3. Consumer prices of heat in Finland in March 2021 [34].

Energy Type Prices in €/MWh (Excluding VAT)

LFO 77.34

Household electricity 114.92

Pellets 47.42

District heating 67.41

Figure 7A shows the impact of LFO prices on the price of delivered heat and Figure 7B
shows the actual price development of LFO in Finland during April 2018 and May 2021.
From these figures, it can be deduced that the price of LFO is fluctuating even in relatively
short term and consequently, the price of delivered heat could reach well above 30 EUR/GJ
in short period of time. The fluctuating behavior of LFO price and consequent price of heat
could drive away dwellings from installing new LFO-derived heating systems.
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There is a lack of research specific to heat-containers, but a similar study is done
by Hendricks et al. [17], which compared the investment and profitability of small-scale
biomass-derived heating in US villages. Their study shows that the price of biomass-
derived heat ranged from 107.2 USD/MWh to 138.8 USD/MWh from which majority of
the studied scenarios are cheaper than the LFO-derived heat (126.8 USD/MWh). In our
study, the impact of the interest rate on the delivered heat has comparatively lower (1.6%
rise in price of heat for every 1% rise in interest rate) compared to the impact reported
by Hendricks et al., who have reported the impact to be 7% rise in price of heat every 1%
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raise in the interest rate [17]. On the other hand, impact of wood chips on the price of
delivered heat was found to be 5:1, that is 5% increase in price of wood chips raises the
price of heat by 1%. Similar results are reported by Hendricks et al., where a 1% rise in the
price of fuel only changes the delivered heat by 0.2% [17]. One should consider that the
scale of the study by Hendricks et al., is larger than in this paper and includes boiler and
distribution network.

4.1. Drivers for the Energy Transition

In Finland, typical investment support for the installation of renewable energy replac-
ing LFO-derived heating system is 20%, as calculated in this paper. Calculations in this
paper showed that raising investment support from 20% to 30% would cut the price of
heat by 5.6%. Madlener [35] reported that 45% investment support and capacity expansion
kept the economic viability of the biomass derived heating plant in a village in Austria.
Finland still has a long way to catch up to such measure. However, Finland introduced a
tax deduction mechanism for the labor costs targeted for smaller households which has
been popular and such mechanism could be influential for energy transition in the future
as well [36]. Ruggiero et al., reports that heavy taxation on fossil fuels and environmental
awareness among the people may speed up the energy transition [36]. In Finland, the
Center for Economic Development and the Environment (ELY) beginning from June 2020
began to offer a maximum of 4000 EUR to households who would replace oil heating
systems with renewable fuel-based heating systems, and by April 19, 2021 ELY has already
received 13,125 applications [37]. Lastly, the fluctuating nature of LFO price (as shown in
Figure 7B) could also encourage the consumers to renovate their oil heating systems to
more stable heating systems and heat entrepreneurs would have an opportunity to capture
such market development.

4.2. Opportunities for the Local Economy

In addition to being a low-carbon energy source, replacing imported LFO with locally
generated forest chips has several advantages for the local economy, including biomass
procurement, forest owners, and the transportation sector [38]. In the context of this article
heat entrepreneurs, forest owners, biomass terminal and chipper operators, harvesters
and other equipment operators, and truck drivers would all be immediate benefactors.
According to the input-output analysis by Madlener and Koller, every million invested in a
decentralized biomass heating system generates 1.1 million EUR in value-added, including
18 person-years of employment [39]. Madlener and Koller also discovered a significant
gross domestic effect in terms of value-added, employment, and fiscal repercussions.
Similar positive effects were also predicted by Soltero et al., in their study in rural Spain [40].
In addition to the positive value-added effects on the economy, Lehtonen and Okkonen
suggest that there are other socio-economic implications, such as overall household savings
(due to lower heating costs) leading to an increase in disposable income, which benefits
local product and service providers. However, the authors remain wary of their work
because it is a small case study with no long-term socio-economic implications studied
extensively [14].

4.3. Barriers for Investments

Changing an oil-based heating system to an alternative, according to Hast et al.,
is not cost-effective for the owners until the heating system reaches the end of its life
cycle or the price of oil rises sufficiently [10]. Madlener and Koller also discovered that
discouraged investments and premature retirement of existing heating systems would
result in displacement effects ranging from 20% to 40% of positive value-added effect [39].
The premise in this paper was that heat-containers would be installed at the end-of-life
stage of an oil heating system. In practice, however, such conditions are uncommon, and
the aggressive energy transition strategy may not be able to wait till the end-of-life stage of



Sustainability 2021, 13, 11757 12 of 15

oil-based heating systems. Significant subsidies may however affect the economics of a
heating system renovation.

Young et al., concluded that inadequate financial policies may not necessarily en-
courage the adoption of biomass because of the high capital costs involved. They also
observe that pro-biomass policies frequently target large-scale utilities and manufacturing
industries, while small-scale and distributed bioenergy producing facilities are generally
overlooked [16] This theory also applies to Finland as Ruggiero et al., report that Finland
has adopted very limited policies in the past that in effect promote small-scale distributed
energy production [41]. Instead, policymakers’ focus has been to secure cheap energy
through large, centralized solutions [42]. Nissinen et al. [43] believe that packages of
policies are more effective than individual instruments. The authors also believe that
such integrated policies need better cooperation among the policy making bodies in the
government to improve the effectiveness [43].

According to Ruggiero et al., the lack of infrastructure that allows excess heat to be
sold to a broader network discourages heat entrepreneurs [41]. Such an opportunity would
likely increase their willingness to invest in heat containers, but then again it is costly to
expand heating network to sparsely populated areas.

The situation is similar across the industry as biogas producers are discouraged to
produce heat only because of lack of opportunity for selling the excess heat. Biomethane
(biogas) is one of the renewable alternatives for the small-scale space heating in Finland,
especially for the energy independence of local farms. According to Winquist et al., Finnish
biogas production doubled from 52,000 m3 to 110,000 m3 during 2011–2017 but during the
same period return on investment degreased halved from 10% to 5% for studied biogas
plants [44]. Farmers and small-sized energy entrepreneurs are in search for additional
revenue streams such as improvised manure production from digestate. Heat and electricity
coproduction from biogas is more economically attractive than heat only but the operating
cost is still too high, occasionally even higher than market price of the electricity [44]. Thus,
the fate of the small-scall energy production in rural region of Finland primarily depends
on the focused policy mechanisms and financial subsidies.

5. Conclusions

The price of the delivered heat is one of the main determinant factors when it comes
to the heating system selection. In this paper, it is established that the heat derived from
biomass heat containers is cost competitive with LFO-derived heating system at current
price of LFO (~19 EUR/GJ) even though the initial investment is comparatively higher
than oil heaters and storage tank. The figures from the Statistics of Finland (Table 3) show
that the average price of delivered heat from oil heating systems was 77.34 EUR/MWh,
which is close to the break-even price of heat from biomass chips produced in 300 kW heat
container (78.66 EUR/MWh). The corresponding break-even price of delivered heat from
smaller heat containers (110 kW) is 96.5 EUR/MWh, which suggests that consumers with
lower heat need may not find 110 kW heat container attractive financially. There are ways
to lower the break-even price of heat, such as, raising the uptime, lowering the capital costs
with the help of state support.

Using wood pellets as a fuel in heat containers is comparatively uneconomical
(104.86 EUR/MWh in 300 kW heat container) because the price of wood pellets is much
higher than wood chips and the investment costs are same. The much lower average price
of delivered heat from wood pellets in Finland shown in Table 3 is for a small-scale pellets
boiler often installed in single detached houses rather than in heat containers which has
higher capital costs.

Since rural Finland lacks district heating network, heat containers that generate the
cost-competitive heat provide a compelling alternative to LFO-derived heating systems.
However, as shown in Figure 7B, the price of LFO fluctuates in short period of time and
cheaper price of LFO would mean the residents would find difficult to move away from
LFO to renewable source of energy unless stronger intervention from the policymakers.
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Previous studies have suggested that investing in a new heating system and using
local forest resource instead of imported LFO has positive socio-economic effects [14,38].
Some studies add that the value-added effect of new investments and the impacts on raw
material value-chain is significant for the rural economy [14,35,38,39]. In the context of
this paper, investment on decentralized heating using local resource could create economic
opportunities for small-sized heat entrepreneurs, forest owners and biomass procurement
operators. In addition, local citizens could benefit from locally produced cheaper en-
ergy which could eventually increases disposable income in the households. However,
displacement effect and long-term effect of energy transition on society and the broader
economy needs a deeper investigation. In addition, the extent of the lack of focused policy
mechanisms and financial incentives for investments on decentralized low-carbon heating
systems should also be investigated on a grassroot level.
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