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A B S T R A C T

This article addresses the investment gap in renewable energy sources identified by several authors. Examining
the case of a country, Finland, which introduced policy measures to diversify its renewable energy portfolio, we
analyse the development of investments in renewable heat and power in response to new policy measures and
contextual factors during the downturn period 2009–2013. We investigate investor heterogeneity, i.e., the
diversity of logics employed by different types of RES investors. In spite of a severe financial recession, we find
an emergence of new sources of investment. Among these new investor types, we find diversity in investment
drivers and available options. These include investors mobilized by the feed-in-tariff to seek profitable targets
and investors such as real estate owners investing in heat pumps for their own use and benefiting from low
interest rates. We find that the diversification of investors supports the diversification in RES sources, and
brings in new investors undeterred by the financial downturn. Our findings imply that policy-makers should
recognize that the responses to distinct incentives and pressures vary by investor types. This also means that a
mix of policies is required to maximize the contribution of different sectors to filling the renewable energy
investment gap.

1. Introduction

The role of private investment in bridging the renewable energy
funding gap has raised research and policy interest. Summarizing
several assessments, Jacobsson and Jacobsson (2012) concluded that
in order to reach the EU 2020 targets, investments of €500–700 billion
are required for renewable energy supply (RES), and a further €600
billion for transmission and distribution networks. They argue that this
gap is not likely to be bridged, since the business logic of the financial
sector favors short-term speculative investments rather than renewable
energy projects. One partial solution to this problem might be to attract
new investors that are not driven by financial-market logics, which
might also enhance the social acceptance of RES (Wüstenhagen et al.,
2007).

Policy is considered an important driver of renewable energy
investment, alongside technological improvements and cost reductions
(Bürer and Wüstenhagen, 2009; Wüstenhagen and Menichetti, 2012).
Research has focused on which policies (e.g. feed-in-tariffs vs. quota-
based) are more effective in directing investment toward renewables
(e.g., Menanteau et al., 2003; Dinica, 2006; Barradale, 2010; Marques

et al., 2010; Fagiani et al., 2013; Aguirre and Ibikunle, 2014; Polzin
et al., 2015). Shared understanding exists on the importance of
economic instruments (Polzin et al., 2015), stable policy schemes
(Barradale, 2010; Polzin et al., 2015), as well as on the need for
tailored technology-specific instruments for emerging technologies
(Johnstone et al., 2010; Polzin et al., 2015). While these studies have
sought to explain national differences and differences between tech-
nologies, less is known about potential differences between different
investor types.

Wüstenhagen and Menichetti (2012) have reframed the question as
one of policy impact on investors’ perceived risks and expected returns
(see also Bürer and Wüstenhagen, 2009). They argue that different
investors can react to policies in different ways, due to cognitive biases
and preference for particular business models (Loock, 2012), i.e.,
different investor logics. An emerging body of research shows that
world views, beliefs, policy preferences and attitudes toward technolo-
gical risk influence investor behaviour in renewable energy (Masini and
Menichetti, 2012; Chassot et al., 2014).

In this context, investor segmentation has been identified as an
important research agenda for renewable energy policy (Wüstenhagen
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and Menichetti, 2012). While most of the existing research has focused
on institutional or professional investors (Wüstenhagen and
Menichetti, 2012; Masini and Menichetti, 2013; Polzin et al., 2015),
for instance Bergek et al. (2013) have studied the diversification of
investors in renewable electricity in Sweden hence focusing on a wider
set of different investor types. Alongside conventional utility-type
investors, emerging investors include independent power producers,
diversified companies, project developers, farmers, associations, gov-
ernmental organizations and sole traders. Many of these are not likely
to follow an energy-economic logic of levelized lifetime cost. Mignon
and Bergek (2012) have identified four main types: (1) profit-driven
investors, often independent power producers with large project
portfolios, (2) technology-driven investors, who did not compare their
investment to other options but were committed to a particular
technology, (3) solution-driven investors, who invested in order to
solve problems, for example divert taxable income into real assets and
(4) efficiency-driven investors, who invested in order to develop
existing assets (e.g., farmland, water or biomass). Different types of
investors are also associated with different RES technologies; Polzin
et al. (2015) find that biomass-based technologies have benefited from
institutional support and direct investments by local public actors,
whilst wind power has benefitted from measures directly influencing
the competitiveness of the technology, and Bürger et al. (2008) argue
that investments in heat provision have more local premises than
investments in power production.

In addition to policy and investor-specific characteristics, invest-
ment in RES is also influenced by the investor's context. For example,
Wüstenhagen and Menichetti (2012) discuss the path-dependence of
renewable energy investments due to investors’ previous experiences,
and Mignon and Bergek (2012) mention the other (real and perceived)
options available for investors. However, there is little research
connecting the behaviour of heterogeneous investors in response to
policy instruments and the conditions created by the timing of policies
vis-à-vis other institutional and market (i.e., contextual) factors
influencing investor behaviour (Bergek et al., 2013). Such other factors
can include the logic of financial markets and market responses to
financial cycles (Jacobsson and Jacobsson, 2012; Eleftheriadis and
Anagnostopoulou, 2015). Hence, the existing knowledge base calls for
better understanding of how policy measures and investor contexts
influence investments by different categories of investors following
different logics. This article aims to address this research gap with
empirical data from Finland.

This article aims to answer the following research question: What
policy and contextual factors influence the diversification of invest-
ments in renewable energy production? We have selected Finland as a
case country which has a traditionally large share of renewable energy
production by the pulp and paper industry (i.e., a strong element of
path dependence), but where it has been recognized that new sources
of investment are needed to meet the country's RES targets (Kosenius
and Ollikainen, 2013). Finland is a small, unitary country enabling a
relatively granular case study. It is also a country where important
policy measures were introduced at a time (2009–2013) when the
country was suffering from low investment levels following the
financial crisis (Banerjee et al., 2015).

Our contribution is fourfold: (1) We break down total RES
investment development by energy source and investor type in a yet
unexplored country context. Following Wüstenhagen and Menichetti
(2012), we do so by examining financial investment flows rather than
installed capacity. (2) We examine the drivers and contexts for RES
investment by new investor categories during a period when new policy
measures were introduced in a financial downturn (2009–2013) (3) We
extend the analysis beyond power production by including heat-
provision technologies, and (4) We examine how public policy in
combination with other contextual factors has influenced investment
in renewable energy by new investor categories. The following sections
present our research context and methodology. We present our results

in Section 4, discuss their contribution and limitations in Section 5 and
provide policy implications in Section 6.

2. Research context: Finnish energy market and policy

Finnish energy policy has been industry oriented (Kivimaa and
Mickwitz, 2011) and has favoured large players while excluding small
ones (Snäkin et al., 2010). Bioenergy is the only renewable energy
source that has consistently featured on the policy agenda since the
1970s (Kivimaa and Mickwitz, 2011), due to the abundance of forest
resources. Bioenergy – in particular from black liquor and forest
residues used by the pulp and paper industry – has made up a fourth
of the country's total energy supply (Kosenius and Ollikainen, 2013).
Additional growth has been expected in small-scale plants for heat or
CHP production (Kosenius and Ollikainen, 2013), due to years of low
domestic investment in pulp and paper production.

In response to the Renewable Energy Directive (2009/28/EC),
Finland committed to raise the share of renewable energy from the
2007 level of 25–38% by 2020, which requires increased deployment of
other renewable sources than bioenergy (Kosenius and Ollikainen,
2013). The target is to increase annual wind power production to 6
terawatt hours (TWh) and ambient energy from heat pumps to 8 TWh
(NREAP, 2010), both of which represent more than tenfold growth
from 2005 levels. Increase and diversification of bioenergy investments
is also envisaged. The use of wood chips is expected to more than
double through subsidies for harvesting and chipping of small-scale
thinning wood, a feed-in-tariff (FIT) to compensate for the cost
difference between wood chips and other fuels, and a FIT for small
CHP plants (NREAP, 2010).

Policies to promote renewable energy have mainly relied on
investment subsidies distributed by the Ministry of Employment and
Economy and its regional units. In recent years, greater subsidies (25–
30% of investment costs) have been offered for “more innovative”
technologies, such as solar energy and biogas (MoEE, 2014). Smaller
subsidies (15–20%) are provided for investments in biomass-powered
heating plants and in the fuel supply chain (biomass harvesting,
distribution and processing).

Finland was comparatively late among European countries to
introduce a FIT for renewable electricity, which represented a para-
digm shift from a technology-neutral and least-cost policy to proactive
promotion of new energy sources. In 2010, a FIT scheme was
introduced for wind power (with a premium for the first three years
to accelerate construction) and power plants using biogas and wood-
based fuel (Energy Authority, 2015), yet excluding small plants ( <
100 kVa) (Snäkin et al., 2010). At the same time, and partly to support
the FIT, energy taxation was changed resulting in a cost increase for
fossil fuels (especially natural gas) and small electricity consumers
(Parkkonen, 2011; IEA, 2013).

Small-scale investment, in particular by households or small
businesses, has not featured prominently in Finnish energy policy
(Snäkin et al., 2010). Unlike other European countries, Finland has not
introduced a FIT for solar power. The combined share of solar heat and
power was less than 0.01% of inland energy consumption (Motiva,
2014) and there is no national target for increasing this share
(Hirvonen et al., 2015). While for example German investments in
PV built on long-term policy support and learning effects since the
early 1990s (Seel et al., 2014), Finnish experts remained skeptical
about the potential of solar energy (Pesonen, 1996), although the
mainstream view is gradually changing (Nissilä, 2015; Tekes, 2012).

Some interest in households’ investment is visible in the NREAP's
(2010) expectations of a sharp increase in ambient energy from heat
pumps. This is mainly left to the market, but there has been a small
government grant (15% of investment cost of ground source heat
pumps, bioenergy boilers and solar collectors) for homeowners, as well
as a tax deduction for the installation costs of new heating systems
(Heiskanen et al., 2013).
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3. Methodology

In order to uncover the influence of contextual factors and policy
measures on different types of investors, we employ a mixed-methods
strategy (see Cresswell and Clarck, 2010; Starr, 2014). Our analysis
drew on the following research operations:

1. Identification, delimitation and characterization of the main investor
categories active in renewable heat and power investment in Finland

2. Creation of a database: Collection, combination and verification of
quantitative data on investment flows into renewable energy pro-
duction during the time period 2009–2013.

3. Analysis of investor context, drawing on ‘insider’ interviews (cf.
Starr, 2014), published research and economic statistics.

4. Comparison of changes in investment to changes in policy, economic
and institutional context relevant to each investor category.

3.1. Identification, delimitation and categorization of investors

The investor categories used for this study (Table 1) were informed by
prior research (Mignon and Bergek, 2012; Bergek et al., 2013), but revised
during the data collection process on the basis of industry classifications
and investment volumes. Alongside such traditional investors as “energy
companies”, we include “other industries” investing in their own production
sites or diversifying. The “service sector” includes traditional service sectors
(retail, logistics), waste management, financial services, and transport
companies. In order to apply consistent system boundaries, we have
included all investments in physical assets dedicated to renewable energy
production, including, in the case of bioenergy, production, transport and
processing of fuel for heat and electricity. The category “agriculture and
forestry” captures investments made by farmers, forest farmers or forest
machinery operators. “Households” refers to investments made by private
persons in their properties, while the “other” category refers to investments
made by new heat entrepreneurs, established to deliver heat by biomass
combustion. Several investments have been made jointly by two or more
investors from different sectors (e.g. pulp and paper and energy): in these
cases, the investments have been divided by ownership shares.

In our analysis, energy companies and the pulp and paper industry
represent traditional investor categories. While households have also
traditionally invested in bioenergy, they are rarely considered as an
investor. In our analysis, we consider them one of the new investor
categories, due to growing investments in heat pumps and solar energy.
The service sector, agriculture and forestry, non-profit organizations
and heat entrepreneurs represent new investor categories that are not
traditionally highlighted in energy policy.

In the analysis we make no difference between equity and debt.
Hence banks as lenders are not included as investors. On the other
hand, when investments are made by equity funds, we list these
investments as service sector investment. Currently this category is
most relevant for wind and biogas, following the FIT introduced in

2011.

3.2. Creation of a database on RES investment in Finland

Our focus is on financial investment flows in physical production
capacity for four categories of renewable energy: bioenergy, wind, solar
and heat pumps, which are used for the generation and recovery of
heat. Because our focus is on new investor types, we have excluded
hydropower investments from the main analysis, but we include an
estimate of these investments when presenting data on total invest-
ments and comment on them briefly when discussing the role of energy
companies. Waste incineration plants are excluded due to difficulties in
assessing the bio-based share of waste fuels.

We focused on investments in renewable heat and power, rather
than on renewable electricity (cf. Bergek et al., 2013). This focus aimed
to encompass other forms of renewable investment, such as the
ambient energy captured by heat pumps. In order to capture the
increasingly important share of small-scale distributed capacity
(Frankfurt School, 2014), we included investments by households.
Following Wüstenhagen and Menichetti (2012), we focused on finan-
cial flows into the production of renewable heat and power, in terms of
gross investment (€ million).

The choice of the timespan to examine was based on several
considerations. The period 2009–2013 has seen several new policies
introduced in Finland, most notably, the FIT for wind power and RES-
CHP plants and changes in energy taxes. It has also been a difficult
period for energy investment globally (Frankfurt School, 2014) due to
the financial crisis, and has seen a sharp downturn in industrial
investment in Finland (ETLA, 2012). Hence, this period offers the
opportunity to examine how renewable energy policies, other institu-
tional forces and the overall market context influence the emergence of
new investor categories.

Since there is no central registry of renewable energy investment in
Finland, several sources of data were required (see Annex A). A main
source of data was the Ministry of Employment and Economy (MoEE),
which disburses investment subsidies for renewable energy invest-
ments and monitors the distribution of similar funds by Regional
Centres for Economic Development, Transport and the Environment
(RCEDTE) to projects with a capacity of less than 20 MW (MW) by
companies or organizations. We manually processed an Excel file of
more than 1500 grant decisions by the RCEDTEs, as well as two Excel
files of 132 grants by the MoEE. These rendered a database of
investments in bioenergy, heat pumps and solar energy, which experts
at the ministry consider to cover more than 90% of all investments with
a capacity of < 20 MW. Records of grants to bioenergy investments by
farms and rural enterprises were obtained from the Ministry of
Agriculture and Forestry (MAF).

Wind power data are based on statistics from the Finnish Wind Power
Association complemented by Finnish Energy Authority data regarding
the FIT scheme in 2011–2013. The Finnish Heat Pump Association
provided data on sales volumes of its member organizations and beyond;
these data were complemented with information on large heat-pump
installations from the Finnish Refrigeration Enterprises Association.
Large investments with a capacity of > 20 MW are within the scope of
the EU Emission Trading Scheme, and hence not eligible for subsidies.
These data was collected from the Finnish Energy Industries, the three
large pulp and paper groups in the country and the Finnish Food and
Drink Industries Federation and one non-member food company.

There are no central subsidy registries for households’ investments
in RES. We collected sales data from the industry association on heat
pumps, and purchased survey data on investments in room-based
biomass heating from the Building Information Foundation, RTS. Data
on wood and pellet boilers were calculated on the basis of Vihola and
Heljo (2012) and expert estimates from the Bioenergy Association of
Finland. For solar collectors and solar photovoltaics (PV), data were
collected from unpublished statistics by Statistics Finland.

Table 1
Investor categories in renewable energy supply (informed by Mignon and Bergek, 2012;
Bergek et al., 2013).

Energy companies Companies and business groups operating in energy
retailing or district heat retailing

Other industries Industrial investors other than energy companies
Service sector Diverse service companies (e.g. health care, tourism,

retail), transport and waste management
Agriculture and forestry Farms, forest owners
Non-profit

organizations
Municipalities, religious organizations, other NGOs

Households Investments by private persons
Other Heat entrepreneurs
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Plausibility and compatibility checks were made to ascertain the
validity of the data. These include sales volumes and market shares of
dominant companies, used to ascertain the correct order of magnitude,
and more aggregate statistics (for example, our calculation of total
household energy investments, derived bottom-up, were compared to
surveys of household investments in new heating systems). Overlaps
between data sources were eliminated (for example, figures calculated
from investment subsidies by the rural development agency were
cleaned of heat entrepreneurship data derived from an annual survey).
Plausibility checks were made with experts and industry associations.
Nonetheless, it is possible that some sources of error remain. Since
different data sources were used, the household bioenergy investment
data might be slightly overestimated (Vihola and Heljo, 2012), whereas
those of other investor categories might be slightly underestimated
Fig. 1.

3.3. Analysis of investor context, drawing on insider interviews and
published data sources

In order to complement our quantitative data and understand the
logic and context of emerging investor categories, 27 ‘insider’ inter-
views (cf. Starr, 2014) have been conducted with experts (5), industry
associations (5), funding bodies (5), equipment providers (5) and
major investor types (7). These interviews varied in length (15–90 min)
and some respondents were interviewed repeatedly. The aim was to
understand reasons underlying the growth or decline of investment
during the period, hence the interviews focused on market develop-
ments and the insiders’ views on factors influencing them. Careful
notes were made of the interviews and they were analyzed from a
realist, factual perspective as well as compared with each other to
triangulate observations. Often, the industry insiders also provided
further statistical data points and other relevant market data sources.
These data have been complemented with published research and
reports (for more details, see Annex B).

3.4. Relation of changes in investment to changes in policy, economic
and institutional context

The qualitative data, data on policy measures introduced, as well as
quantitative data on total general investment volumes (ETLA, 2012;
RTS, 2014, Findicator, 2015) were compared to observed changes in
our database of renewable energy investment by year and investor
category, drawing on Yin's (1994) recommendations for time-series
analysis in case study research.

4. Results: RES investment and its drivers and contexts in
Finland, 2009–2013

4.1. RES investment and main investor categories

In spite of the difficult investment environment, investments in
renewable energy production technology increased slightly during the
analyzed period, from about 900 M€ in 2009–1030 M€ in 2013, albeit
with a dip in 2011–2012. Fig. 2 presents the trends per RES type and
Annex C details the developments in each category. Bioenergy invest-
ments dipped in 2011–2012, largely due to a lack of large ( > 20 MW)
investments by energy companies and pulp and paper companies in
those years. Heat pump technology made a major breakthrough before
the analyzed period (Vihola and Heljo, 2012; Heiskanen et al., 2011),
which is visible as diminishing annual growth rates in investments in
this technology. Wind energy investments were impacted by a major
policy change, as the FIT was implemented in 2011. Finally, solar
investments are small in absolute numbers. In this category, the
decreased price of PV panels contributed to reduced total investments
even though new investors have entered the market and the installed
capacity has grown. Up until 2013, grid connected systems were few
and off-grid installations dominated the PV sector.

In spite of the annual variability in large-scale bioenergy invest-
ments, other investors have contributed quite steadily. Fig. 3 presents
the investments volumes per investor type. The rapid growth of the
service sector is a sum of their increased presence in wind power and
heat pump investments. As we classify equity funds as services, their
engagement in wind power through the FIT scheme has increased the
financial contribution of the service sector. Parallel to this, the
increased availability of heat pumps in the power range of 1 MW has
enabled various commercial buildings to make investments in this
technology. Interestingly, the greatest single investor in wind energy
stems from a joint effort of a retail chain and a biofuel producer.

Fig. 1. Methodology diagram.

Fig. 2. Overall investments of 4381 M€ in 2009–2013 per RES type.
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The changes in the investments by energy companies are also
greatly affected by their involvement in wind power. They were greatly
involved already in the earlier less lucrative FIT scheme prior to 2012
and have followed the suit of equity funds in 2012–2013. The drop in
the volume of investments made by energy companies in 2011–2012 is
due to a stagnant year in wind power investments prior to the FIT, as
well as two consecutive years without major investments in large
bioenergy plants. In addition, we estimate that energy companies have
invested approximately 160 MEUR into hydropower during the period
2009–2013, mainly refurbishment and upgrade of hydropower plants.
In this same period, energy companies also made some other major
investments that relate to renewable energy but are outside our scope,
namely investments in waste-to-energy plants and smart grids that
enable the better integration of renewable energy sources.

4.2. Drivers of RES investment

4.2.1. Bioenergy: stable traditional investors and struggling entrants
Bioenergy is the largest category of renewable energy investment,

with a total capital expenditure amounting to 2759 M€ over the period
2009–2013 (Fig. 4). Two traditional categories of investors have
remained relatively stable (albeit with annual fluctuations) over the
period 2009–2013. One of these is the pulp and paper industry,
included in “other industry” in Fig. 3, which has been Finland's largest
producer of renewable energy. During 2009–2013, incineration of
black liquor and other residues by the pulp and paper industry still
accounted for 43–45% of the total bioenergy production in Finland
(Metla, 2014), but the pulp and paper industry's share of new
investments in bioenergy-based heat and power during 2009–2013
was about 10%. This includes investments in solid fuel combined heat
and power (CHP) plants, often made together with energy companies.
The boilers directly connected to the pulp and paper processes are
recovery boilers for black liquor incineration and chemicals recovery,
as well as boilers for incinerating bark and other process residues.

One of the reasons for relatively low investment volumes during
this period was the lack of new investment and limited major upgrades
of pulp and paper mills, to which these investments are closely
connected, as well as the lagging profitability of mills during that
period. As one industry expert commented:

Even the bark recovery boiler investments are connected to how
much wood is brought into the factory process. Then they sell the
amount of energy left over from the factory… Of course energy sales
and energy policy measures can influence the profitability of

investments. For example, once we were calculating an investment
in Sweden, and they had a high feed-in-tariff then, so the recovery
boiler – wow, it looked really profitable. But we didn’t make that
investment in any case, because we didn’t have the cash. … As long
as I have worked in the industry, even though energy is sold, it is
traditionally not seen as a product but rather as a factor of
production.

Another traditional and stable category is households (31% of total
investments in bioenergy), mainly through investments in room-based
heating systems (fireplaces and wood ovens). Household bioenergy use
amounts to less than 20% of total solid bioenergy consumption (Metla,
2014), but the average investment of about 170 M€/year shows that
households constitute a potentially relevant source of capital for
renewable energy production. In the case of fireplaces and wood ovens,
this capital is rarely subjected to financial calculus: fireplaces or wood
ovens are considered a necessity for comfort and in case of power cuts
(Rinkinen, 2013).

Energy companies have made a major contribution to bioenergy
investment over the period, with a share of about 32%, albeit with
annual fluctuations in investments made in large solid fuel CHP plants.
Investments by energy companies also include a collectively much
more stable flow of investments by smaller (often municipally owned)
companies investing mainly in local heat production plants. While the
investments are responses to fuel costs and taxes on fossil fuels (in
particular, the tax on natural gas in district heating plants), a longer-
term development in forestry practices underlies their emergence.
These have gained momentum from changes in forestry policies
supporting the thinning of young forest stands (Åkerman et al.,
2010), as well as increasing momentum for better utilization of local
bioenergy in municipally owned energy companies (Åkerman and
Peltola, 2012).

Agriculture and forestry and the service sector each account for
about 6–7% of the total investment. In the case of agriculture and
forestry, this consists largely of investments in fuel production and
farm-scale plants, and in the case of the service sector, investments into
bioenergy fuel transport and handling. These are related to the growth
in local heat plants, which are economical when fuel can be procured
nearby (Ericsson et al., 2004). The developments in these three
interlinked sectors have been thanks to policy support for R &D, as
well as increased subsidies for harvesting and chipping of forest
bioenergy (Kivimaa and Mickwitz, 2011). As an example, our invest-
ment subsidy cases included several ones testing the use of a large
baler-harvester designed to cost-effectively harvest small-dimensioned
wood. Moreover, over the period, there has been an increase in biogas
investments, which attracted capital, in particular, from waste manage-
ment companies, as well as by the equity fund Taaleri. The public
sector (directly) and NGOs are not large bioenergy investors, but the
public sector is a major user of energy produced in heat plants owned
my municipal energy companies and heat entrepreneurs.

Heat entrepreneurship is an example of a relatively new investor
category, introduced in 1992 and having grown steadily since then,
initially spurred by rural development policies rather than energy
policy (Snäkin et al., 2010; Peltola, 2011). This mode of bioenergy
production has drawn largely on investments made by forest owners
into upgrading the value of their produce by offering a full heating
service to their customers, and thus not only selling fuel but also their
work (Snäkin et al., 2010). One-third of these are small district heating
plants serving several buildings, whereas two-thirds are dedicated
plants serving an individual building, e.g. a school (TTS, 2013). Heat
entrepreneurship investments are made with a combination of local
capital, typically about 20% equity, and about 80% bank loans,
supported by state grants of about 15% of the total investment.
Returns on equity, on average, have ranged from 5% to 10% during
the period (TTS, 2014a). With an average interest rate of 4–5%, this
renders a cost of capital of about 4–6%. Heat entrepreneurship

Fig. 3. Overall investments of 4381 M€ in 2009–2013 per investor type.

Fig. 4. Shares of the 2759 M€ overall investment in bioenergy between 2009 and 2013
per investor category.
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expanded rapidly in the 2000s, with the number of companies growing
from about 100 to almost 500 (TTS, 2013). However, the number of
annual facilities constructed through this particular mode of invest-
ment has declined from 32 in 2009 to only six new plants in 2013,
although the average size of investments has grown (TTS, 2014b),
amounting to a total investment of about 50 M€ during the five-year
period. According to the experts interviewed, the reasons for this
decline are the saturation of the (limited) market of buildings in areas
not served by district heating systems, as well as uncertainties over the
viability of investments in declining rural areas. As a funding agency
representative explained their criteria for selecting projects for pre-
ferential loans:

The most important thing is a credible customer base! Not some
struggling, individual heat customer, like a run-down, oil-heated
hotel in the middle of the forest.

4.2.2. Heat pumps: investments largely related to building ownership
With a total investments of 1171 M€ during 2009–2013, heat

pumps are the second largest RES investment category in our database.
As shown in Fig. 2, the overall investment in heat pumps has remained
relative stable. During the period, also the subsidies have remained
largely unaltered: Non-residential heat pump investments have re-
ceived an investment subsidy of 15% from the government. For
residential installations, homeowners have been able to deduct the
cost of installation work from the payable taxes, and they have been
eligible for investment subsidies up until 2012.

Within this RES type there is a range of technologies and applica-
tions. In terms of investment volume, the small (less than 6 kW) air-to-
air heat pumps for household purposes are greatest. Concerning all
power ranges for household use, ground source heat pump installations
have gathered the greatest total investment. At the other end, the few
heat pump installations for heat recovery at municipal waste water
treatment plants made by energy companies have contributed greatly
(24 M€ investment). In between, pumps for industrial heat recovery
range between 0.5 and 3.5 MW. In particular, meat and dairy
industries have made investments in heat pumps. Shopping malls
and large retail outlets have also found use of heat pumps, which is
partly attributable to the ability of the pumps to produce both low-cost
heat during winter and cooling during the summer season. An industry
insider attributed the growth to the conjunction of demand and supply
in that period:

The technologies have been available for a long time, but market
supply, not so much. For these larger customers, the designers and
contractors have started calculating alternative solutions. I believe
that for example IKEA, as a [retail outlet] constructor, brought its
interest and knowledge [about heat pump systems] from Sweden.
Then it started to make sense for the engineers and consultants to
include these solutions in their calculations and proposals, and also
offer them to other clients.

Investment by non-profit organizations comes from a variety of
organizations which include municipalities retrofitting existing build-
ings with heat pumps and building new buildings. In addition, religious
societies and other non-governmental organizations (NGO) have
actively made use of this technology. Based on the figures for all RES
types, heat pump investments appear particularly well suited for non-
profit organizations. While this investor category is marginal in other
areas, their contribution in heat pump investments is 12%. Part of the
reason is obvious: heat pumps are usually connected to the operation of
buildings, a large share of which is owned by the public sector. Yet, it is
also evident that the convenience of this technology compared to
biofuels also fits the aims of the public sector to focus on their core
tasks Fig. 5.

Household investments in ground source heat-pumps relate to the
volumes of constructing new homes. At the beginning of the period, the

share of heat pumps in newly built detached houses was 25% of heating
systems (Vihola and Heljo, 2012), whereas by the end of the period they
became the most popular heating source for new detached houses,
according to the Finnish Heat Pump Association. Yet, the sales of ground
source heat pump (GSHP) systems to new houses only account for one
third of total sales in this range: whereas 4000 new systems were sold for
new houses with an investment of roughly 80 M€ in the year 2012, 8000
systems were sold to retrofitting projects with investments of 160 M€.
Our detailed analysis of 185 GSHP permits issued in 2009–2014 in the
city of Vantaa (Annex D) shows that ownership changes create a window
of opportunity for GSHP investments. Hence, we claim that the housing
market affects residential GSHP investment through both the volume of
new building and the volume of transactions in the market for existing
houses. These investments are made with home mortgages, with interest
rates averaging at about 2% during the period 2009–2013 (Bank of
Finland, 2015).

4.2.3. Wind power: investments driven mainly by energy policy and
changing risks and returns

Wind power investments in Finland have been influenced by the
FIT system in 2012. Of the overall 429 M€ investment in wind power
during the period, investments in 2013 contribute more than half the
total volume (Annex C). Energy companies constitute the largest
investor category for wind power in Finland.

The service sector has also emerged as a relevant investor group for
wind power Fig. 6. Already in 2009, a major retail chain reacted to the
rising costs of electricity by deciding to invest in non-fossil-fuel
generation. Later in 2012 the same company withdrew from invest-
ments in nuclear power and set a target to source half of its power from
renewable sources. This amounts to an aim of building 250 MW of
wind power capacity within the current FIT scheme for 2500 MW of
overall capacity. Financial services is another important new investor
category in the service sector. In 2013, the investments made by single
equity fund, Taaleri, contributed 26% (€31 million) of overall wind
power investments of the year. Within the FIT scheme, levels of return
on equity have exceeded 10%, whereas the capital costs for loans lay at
5–6%.

4.2.4. Solar energy: from experimentation, environmental concern
and public relations toward larger, more mainstream markets

In the examined period, solar technologies have received the lowest
investments among the analyzed RES categories. In solar PV in Fig. 7,

Fig. 5. Shares of 1171 M€ overall investment in heat pumps between 2009 and 2013 per
investor category.

Fig. 6. Shares of the 429 M€ overall investment in wind power between 2009 and 2013
per investor category.
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household installations represent a major 67% share of the overall
investment of 13 M€ during 2009–2013, even though no investment
subsidies are offered to households. However, towards the end of the
period, the largest individual investments are made in large-scale units
by industrial companies, the public sector and service-sector compa-
nies, where an investment subsidy of up to 30% has been available.
Solar PV started to gain traction in 2013 in Finland, and 5–10% return
on investment are suggested both by equipment suppliers and by
independent research organizations (Auvinen et al., 2016). Because of
cost reductions, especially in solar PV, total investments have not
increased during the period, although the installed capacity has grown
annually at an estimated average rate of about 10%.

Finland is known to be lagging in investments in solar thermal
systems (Heiskanen et al., 2013). Small subsidies (15%) for households
have been available, and tax deductions can be made from installation
costs. Most of the investments have been made in single-family homes.
Recent years have seen a few medium-sized (50–300 m2) investments
in public buildings, and one pilot by an energy company. This shows
that solar thermal systems are largely still at an experimental stage in
Finland, even though they offer fair (12%) internal rates of return
(Mattinen et al., 2015).

Many of the larger investments in solar heat and power during this
period are still demonstration or showcase projects (e.g. the largest
investment in 2010 is by ABB, which produces inverters for PV
systems). Another category are public sector organizations, many of
which have a specific investment logic related to the Energy
Performance of Buildings Directive (recast, 2010/31/EU), which
requires all new public buildings to be near-zero-energy buildings by
2016. This has driven many of the developers of public buildings to
experiment with solar heat and power (Heiskanen et al., 2015). In
these cases, the investors have not calculated separate returns on
investment for solar investments, but their main interest is solar energy
investments do not increase construction costs, i.e., together with other
solutions, they allow developers to construct near-zero-energy build-
ings at standard construction cost. As one public building owner
commented on a building project completed in 2011:

“Solar power was on the agenda from the beginning [of the building
design process]. Since we had decided to consider all solutions [for
near-zero-energy buildings] that are in any way financially justifi-
able… as a result this [office building] is, I believe, Finland's third-
largest solar power plant at the moment.”

5. Discussion

We have examined the investor categories in renewable heat and
power in Finland in 2009–2013, which has seen new policy measures
to encourage new investment. The most visible of these occurred in
2011, when a FIT with a three-year premium to encourage rapid
investment in wind power was introduced, and changes in energy taxes
raised the prices of fuel oil, natural gas and coal. At the same time,
several contextual factors have influenced investors. These are sum-
marized together with key policy changes in Fig. 8. The economic

downturn hit Finland severely, resulting in a 40% decline in industrial
investment in fixed assets in 2008–2010 (ETLA, 2012). New investors
were thus entering under conditions of overall financial uncertainty.
Another important contextual factor is the global decline in PV module
prices (Seel et al., 2014), which has resulted in a surge of investment in
terms of installed capacity but a decline in capital expenditure
(Frankfurt School, 2014).

The FIT appears to have attracted new investors with a phenomenal
rise in wind power investments, totaling €350 million in the years
2012–2013 (and continued growth after our study period).
Corresponding to previous research (Barradale, 2010), it also caused
investments to stall in the preceding years. Heat pumps have also
attracted new investment by real estate owners, although the growth
rate in heat pump investments has declined, largely due to a downturn
in residential demand growth and construction volumes. Albeit from a
very low initial level, we also found a growing interest by real estate
owners in solar power, due to the improving economics of PV and due
to pending legislation requiring buildings to reduce their external
energy demand. Bioenergy, the traditional mainstay of Finnish renew-
able energy production, has also continued to attract investment, albeit
with quite large annual variations in investments in large-scale heat
and power plants. Considering potential competition for capital among
different types of renewable energy, this is likely the case within an
investor group such as energy companies, but it is unlikely that there is
significant competition among different investor groups, given their
different investment contexts and sources of capital.

Our analysis of new investor categories lends support to findings by
Bergek et al. (2013), Mignon and Bergek (2012) and Wüstenhagen and
Menichetti (2012) that new investor categories operate under different
investment logics than conventional energy companies. We found
similar signs of investor diversification in Finland as Bergek et al.
(2013) in Sweden, with the constellation of investors varying from one
renewable energy source to the other, with very similar combinations of
RES categories and investors as in Sweden, due to similar patterns of
access to resources. The profit-driven investors identified by Mignon and
Bergek (2012) were emerging in financial services, most visibly in the
FIT-supported wind power. It is also likely that there are technology-
driven investors within our sample, e.g. with regards to biogas,
forerunner farmers are indeed technology-driven (Huttunen, 2009).
However, in aggregate, particular technologies appear to be linked to
particular assets (e.g. biogas in farming and waste management, and
solar power in real estate), as Mignon and Bergek (2012) found in the
case of “efficiency-driven” investors (see also Bergek et al., 2013).

In line with Bergek et al. (2013), we see a diversification of
investment logics (Table 2), with investment funds searching for the
most profitable targets, and attracted by policies like the FIT that
reduce the risk of energy price fluctuation (Wüstenhagen and
Menichetti, 2012), and other investors such as real estate owners
investing in heat pumps and solar systems of their own use, and heat
entrepreneurs and local energy companies seeking to add value to local
forest resources and meet local service needs. Investments can be made
in order to make profits, but they can also be made in order to comply
with pending building regulations, in order to add value to captive
resources, or to enhance comfort and avoid the risk of obsolete
systems. When such investments are made by real estate owners, with
their real estate as collateral, the cost of capital is much lower than in
situations in which a plant that is under construction serves as the
collateral. Moreover, our observations suggest that heightened interest
in energy issues (partly due to energy tax hikes) can bring new
solutions into the decision sets of non-professional energy investors
who do not monitor technologies actively. Our observations concerning
diversification are accentuated by our scope; by looking beyond
electricity to heat we highlight new forms of renewable energy such
as the ambient energy captured by heat pumps and the localized
investments in bioenergy-based heating plants. Within this broader
scope, households are shown to be the largest investor category in

Fig. 7. Shares of the 13 M€ overall investment in solar PV between 2009 and 2013 per
investor category.
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renewable heat and power in Finland, in spite of limited policy support,
with investments made with a low cost of capital and out of perceived
need or for improved comfort rather than with high expectations for
returns.

Our research design, focusing on a period of persistent economic
downturn in Finland, suggests a wider range and greater complexity of
contextual factors that influence investments, alongside policy.
Previous research has included GDP mainly as a control variable
(e.g., Polzin et al., 2015). Yet, the effects of economics cycles vary:
while Eleftheriadis and Anagnostopoulou (2015) suggest that Greek
investments were halted by lack of capital during the financial crisis,
RES deployment in Finland has benefitted from the low interest rates
of the downturn period. Extending the analysis of Bergek et al. (2013),
a granular analysis by investor categories shows how some investments
are closely linked to financial activity in the building sector and others,
like the case of heat entrepreneurship, are more closely connected to
regional economic development, whereas investments that are driven
by regulation (EPBD directive) are less sensitive to economic cycles.
Moreover, we see that different sectors can respond to economic cycles
at different rates: in our data, household investments have responded
little to the financial crisis. While more research is needed to identify
the exact combination of factors that influence investment levels in
different categories, our study provides a first identification of relevant
factors and investor types.

Our research suggests that further work should consider a wider
taxonomy of energy investors, and a wider range of investor logics and
contextual factor, since energy policy instruments may engender very
different responses among investor categories. As Johnstone et al.

(2010) have suggested, overall financial support mechanisms set the
framework, but the responses to incentives depend on a wide range of
investor-specific factors. Investor preferences are one of these and they
are related to the investor's core activity (such as financial services,
waste streams in industrial production or real estate ownership).
However, the investor's context is equally important: what sources of
capital the investor can draw on, and how other than energy policies
and financial cycles influence the investment context by influencing the
core activity from which the renewable energy investments are derived
(Bürger et al., 2008; Barradale, 2010). For many of the investor
categories, energy investments are not merely energy investments,
but investments in real estate, comfort, resource utilization, even local
employment. Non-professional investors are also sensitive to the
supply and perceived reliability of new technologies. It follows that
investments decisions are not so focused on which RES technology to
choose, but whether and when to engage with suitable technologies,
given the investor's resource base.

Our findings concerning the investment logics of different investor
categories are tentative, and based on a small number of interviews,
statistical data and published material. Five years is also a short period
to identify trends. Our findings are specific to one country, but
contribute to the research agenda on investor heterogeneity
(Wüstenhagen and Menichetti, 2012; Bergek et al., 2013; Mignon
and Bergek, 2012) by highlighting the diverse contexts, motives and
cost of capital of different investor types. Further research in different
country contexts is merited on how and why different types of investors
choose to invest in renewable energy, and what alternative investments
they are likely to consider.

Fig. 8. Key policy changes and contextual factors relevant for RES investments.

Table 2
Investment logics of the new investor categories.

New investor category Primary investment logic

Other industries Investments mainly depend on reduction of energy bills, optimization of existing resources and availability of suitable technologies.
Service sector Diverse logics, depending on primary line of business. For transport companies, investments open up new business. Commercial and residential real

estate owners make investments to enhance the value of property, reduce energy bills and anticipate building energy standards. Financial services
include profit-driven investors.

Agriculture and forestry Investments primarily made to develop existing assets and to reduce energy bills and enhance self-sufficiency. Sometimes offers a new line of
business (heat entrepreneurs).

Non-profit organizations Investments made to reduce energy bills. Environmental considerations can lift certain solutions into the decision set.
Households Diverse logics for different types of investments. Heating system investments made due to need, to enhance comfort and reduce energy bills. Solar

systems due to interest in technology and environment.
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6. Conclusions and policy implications

Due to new types of investments and investors, annual renewable
energy investments in bioenergy, wind power, heat pumps and solar
energy in Finland increased, albeit very unevenly, from about €900
million to roughly €1030 million in the period. This occurred during a
severe recession, with only a modest increase (3.3%) in energy demand.

As intended, the FIT scheme taken into use in 2011 seems to have
been able to quickly collect funding for wind power and biogas, even
during the financial downturn. However, the FIT scheme overlooks
important investor categories that are unable to make investments on
such a large scale, but on the other hand are not primarily interested in
high returns. Such investors include real estate owners investing in
distributed and building-integrated RES technologies such as heat
pumps and solar energy, which offered a source of low-cost capital for
RES investments.

The policy implications are that even countries with abundant
bioenergy sources, like Finland, should seriously consider developing
other initially more costly renewable energy sources, since existing
sources have limits to their growth not only in terms of physical
potential, but also in the type of capital they are likely to attract.
Conversely, even when investment is tied up in one type of renewable
energy, different sources of investment can be found for different ways
and scales of producing renewable energy.

Investor heterogeneity suggests further policy implications: in
addition to the established position that policies need to consider both
mature and novel technologies, diversity is also needed in the supply
side of capital flows. Our findings suggest that energy policy should not
be merely designed to influence market-driven investors, but should
also consider the logics of other types of investors, which are influenced
by a wide range of contextual market factors (such as real estate values)
as well as non-market factors, such as demands for comfort and
convenience, supply of appropriate technologies, or anticipation of
legislative requirements.

Policies should be developed on the basis of an understanding of the
logics of different investors, including their decision sets (which alter-
native investments they compare) and what alternatives are available to
them. It also follows that a conductive, low risk policy environment has
other dimensions than the risk or the rate of capital return. Our analysis
suggests a practical example: under conditions of positive savings rates,
low-cost capital can be drawn into renewable energy investment from real
estate owners using building-integrated technologies like solar heat and
power and heat pumps. The success of the Finnish heat pump market
suggests that such factors might offer relatively inexpensive means for
public policy to promote renewable energy investment.

Finally, several other policies, in addition to energy policy (building
codes, forestry policies, agricultural policies, rural development and
land use policies), can influence renewable energy investment. Hence,
policy makers should strive for policy integration that serves to
broaden the investor base. A diverse mix of policies is required to
maximize the contribution of different sectors to filling the renewable
energy investment gap.
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