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A B S T R A C T

This study analyzes the impacts of taxes, subsidies, and electricity transmission and distribution tariffs and heat
storage on the operation and economic feasibility of district heating plants with different flexibility potentials in
the Baltic countries. Under 2016 conditions, the lowest levelized cost of heat is achieved by a combination of
wood chip boilers, electric boilers, and heat storage. Heat storage enables a higher utilization of least-cost
technologies, resulting in greater cost efficiency for all considered scenarios. Current taxes and subsidies are
found to have limited impact on the operation of combined heat and power plants and electric boilers.

1. Introduction

The renewable shares of 2014 total final energy consumption in
Estonia, Latvia, and Lithuania were 25, 40 and 28%, respectively. These
shares have increased steadily since the dissolution of the Soviet Union
in 1991, when they were 3, 18, and 3% (The World Bank, 2017). The
renewable share in Baltic district heating (DH1) systems is already
significant: In 2015, biofuels represented 43, 37, and 59% of DH in
Estonia, Latvia, and Lithuania, respectively, most of which was solid
biomass (IEA, 2017). Heat-only boilers and combined heat and power
(CHP) options, which use biomass as their only fuel source, are,
therefore, currently common in the Baltic countries. In addition to
biomass, the main fuels used in DH are natural gas and waste (Sneum
et al., 2016). In 2015, the three Baltic countries managed a combined
net export of more than four million tons of fuelwood (Eurostat, 2017),
indicating strong potential for regional biomass development. The re-
newable share in the Baltic energy systems is expected to increase
further, as energy and climate policy indicate a general future increase
in renewable energy across the EU member states to achieve com-
pliance with national action plans for the 20-20-20 targets (e.g., the
Latvian Guidelines of Energy Development for 2016–2020 (Likumi,
2016)), and the proposed EU 2030 targets (European Commission,
2014). Assuming that a proportion of this increased share of renewable
energy will stem from variable renewable energy (VRE) sources, such as

wind power and solar photovoltaics, there may arise an increased need
for a well-integrated and flexible energy system. The matter of security
of supply and energy imports adds to this picture. The Baltic countries
are largely dependent on imported fossil fuels (Roos et al., 2012). The
Ignalina nuclear power plant in Lithuania accounted for 70% of the
country's electricity production before it was shut down in 2009 (IEA,
2014a), and Lithuania's dependence on imported energy resources has
increased remarkably since the closure, growing from 50 to 62% to
approximately 80–82%, exceeding the EU average of 53–54% (Gaigalis
et al., 2016). To decrease its dependency on imports, Lithuania has
been prioritizing an increase in the renewable energy share (Lund et al.,
2005).

Due to the increase in renewables and the possible following need
for an integrated, flexible energy system, this study asks the following
research question:

How do policies, in the form of taxes and subsidies, incentivize in-
vestment in technologies which flexibly couple the DH and the
electricity systems in the Baltic countries?

DH facilitates the interaction between electricity and heat produc-
tion. In the Baltic context, this has been illustrated by Kuhi-Thalfeldt
and Valtin (2009), who describe how VRE can be balanced by local
small-scale CHP plants in Estonia. In Latvia, Bazbauers and Cimdina
(2011) shows that it is possible to increase the share of renewable
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energy sources by combining the surplus electricity produced by wind
power in heat pumps with heat storage. Mathiesen et al. (2015) termed
such flexible coupling in the energy system smart energy systems. Other
studies demonstrate that CHP and power-to-heat (P2H) technologies,
such as electric boilers (EB), may support flexibility in smart energy
systems (Blarke, 2012; IEA, 2014b; Lund, 2003; Lund et al., 2015). An
important enabler of such system integration is heat storage, which
allows a partial decoupling of heat production and heat demand; e.g.,
by allowing a CHP to generate electricity whenever the electricity price
is high and store the excess produced heat (Colmenar-Santos et al.,
2016). This coupling of heat generation and electricity is already
practiced in CHPs in the Baltic countries. Storage capacity and P2H
technologies, however, are currently virtually nonexistent in Baltic DH
(Sneum et al., 2016).

DH constitutes more than 50% of households' energy demand for
heating, and the CHP share is above 50% of the DH production in Latvia
and Lithuania, as seen in Figs. 1 and 2. The potential to deploy DH as a
flexibility provider in the Baltics is, thus, considerable.

The present energy policies of the Baltic countries in terms of taxes
and subsidies are not favorable for exploiting this potential. Feed-in-
premiums promote CHP for the sake of security of supply and the use of
domestic fuels. The electricity used for DH production is subject to the
same tax rates as any other electricity consumption, reducing incentives
for P2H deployment. The decision to invest in heat storage is entirely
determined by market incentives (Sneum et al., 2016).

The objective of this paper is to investigate the feasibility of flexible
DH technologies in a future electricity system comprised of a large
share of VRE in the three Baltic countries, which assumes a greater need
for flexibility options. We accomplish this by modelling different
compositions of a DH system under current policies in terms of taxes
and subsidies to find the resulting heat production costs. Furthermore,
the impacts of electricity T&D tariffs and heat storage are explored. This
approach shows if combinations of DH technologies and current po-
licies produce both low heat costs and an opportunity for coupling DH
with the electricity system.

Section 2 describes the methodology of the study, and Section 3
presents the results of the analyses. Section 4 concludes the study.

2. Methodology

This study analyzes the impacts of taxes and subsidies on investment
incentives. Using the analysis tool energyPRO (EMD International A/S,
2018), we developed a model for DH plants with different degrees of
coupling to the electricity system and, thus, different potentials for
providing flexibility. The inputs and policies for the model plants are
derived from the policy schemes for the different Baltic countries. By
applying current economic conditions to the model plants, we test
whether it is economically feasible to invest in flexible technologies in
the Baltic countries. Earlier studies have addressed and modelled al-
ternative policies for the operation of (Skytte et al., 2017) and invest-
ment in DH plants by taxation (Olsen and Munksgaard, 1998), using the
capacity factor as a measure (Athawale and Felder, 2014). This study
extends these methods by including storage, hourly variations, and
long-term changes in fuel and electricity prices. The focus is on heat
production costs, measured as the levelized cost of heat (LCOH).

Fig. 1. Share of residential energy consumption for heating in the Baltic countries in 2013
(Euroheat and Power, 2015).

Fig. 2. Key figures in Baltic district heating shares in 2013 (Euroheat and Power, 2015).
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2.1. Definition of flexibility

The operation of DH technologies facilitated by policies is an im-
portant part of this study, whereas an analysis of flexible operation falls
outside the study's scope. Nonetheless, flexibility is a key element of the
study, since it is a characteristic assigned to some of the analyzed
technologies.

This study defines flexibility as the ability of a DH technology to
frequently and quickly increase or decrease its consumption or pro-
duction of electricity in response to system signals and needs.
Conversely, an inflexible DH technology is one that does not possess
these attributes. This definition is in line with the more electricity-or-
iented definition applied by Lannoye et al. (2015), the grid interface-
oriented definition proposed by Salpakari et al. (2016), and the energy
system-oriented definitions applied by Lund et al. (2005) and
Mathiesen et al. (2015). One proxy for flexibility need is the forecast
price of electricity on the spot market. Low spot prices indicate an
oversupply, which can be mitigated by a decrease in electricity pro-
duction or an increase in electricity consumption (and vice versa for
high electricity prices).

The ability of DH to respond to the needs of the electricity system
depends on the technology of the installed plant and on the incentives
for operating it. Investment incentives for flexibility should favor
technologies capable of interacting with the electricity system, and
operational incentives should not blur the signals created by the elec-
tricity spot market. This study addresses both the investment and op-
erational incentives affecting the economic feasibility of flexible tech-
nologies.

2.2. What does the literature say about Baltic DH and flexibility?

A review of the literature on policy alternatives for Baltic DH reveals
that extant research has focused primarily on increasing the share of
renewables. From the Soviet era, Baltic DH inherited old, over-capaci-
tated, and inefficient DH plants dependent on imported fuels (Lauka
et al., 2015; Lund et al., 1999; Roos et al., 2012). Researchers have
discussed ways for the Baltic energy sector to adapt to a market
economy. CHP is frequently mentioned, as it is considered a means to
utilize domestic fuels (Lund et al., 2005) and increase energy efficiency
(Ziemele et al., 2016) and the renewable share in Baltic DH
(Konstantinaviciute et al., 2013; Perednis et al., 2012). EBs are not
mentioned. A few studies mention heat pumps in combination with
heat storage (Bazbauers and Cimdina, 2011; Colmenar-Santos et al.,
2016; Lauka et al., 2015). With respect to the Baltic energy sectors, the
focus is on energy efficiency and increasing the share of domestic fuels
in order to decrease DH prices (Kveselis et al., 2017; Ziemele et al.,
2016) and reduce import dependency (Lund et al., 1999; Miskinis et al.,
2006). The choice of renewable fuels for domestic fuels stems from
environmental concerns. Within this body of work, flexibility is rarely
mentioned, though it could be considered in the planning of long-term
energy investments, concerns related to climate gas emissions and the
adoption of fourth-generation DH (Ziemele et al., 2016). Flexibility is
given greater attention in more recent work (Bergaentzle et al., 2017;
Kuhi-Thalfeldt and Valtin, 2009).

2.3. Operation and investment analysis

The adoption of DH technologies may be affected by taxation and
subsidization. Energy taxes within DH can be used to address negative
externalities associated with production as well as for fiscal purposes
(Olsen and Munksgaard, 1998). Subsidies can be used to address policy
priorities, such as promoting the use of certain fuels.

In the Baltic countries, transmission and distribution system op-
erators charge for services provided by the grid infrastructure according
to electricity tariffs. Like taxes, tariff structures differ in design and
levels. Larger or smaller cost-shares of electricity consumption can be
allocated to fixed and variable (marginal) costs, respectively (Soysal
et al., 2016), and tariffs can be levied on the utilization of either ca-
pacity (EUR/MW) or energy (EUR/MWh).

Heat storage has been shown to have a significant impact on the
operation and feasibility of DH plants, both in academic research
(Streckiene et al., 2009) and in practice in Denmark (EMD International
A/S, 2017). Through heat storage, operations can be optimized to uti-
lize least-cost technologies, such as P2H during periods with low elec-
tricity prices and CHP during periods with high electricity prices. Re-
search by Sneum et al. (2016) indicated a limited use of heat storage in
the Baltic countries. The present study examines this technology to
determine its potential impact.

Public policies can impact investment in and operation of flexible
technologies and thus their economic feasibility. This study analyzes all
existing (2016) taxes, subsidies, and electricity T&D tariffs in the Baltic
region in order to determine their collective impact on plant operation
and, subsequently, to measure their effect on the economic feasibility
for the given DH technologies.

2.3.1. Operation analyses in the energyPRO simulation software
EnergyPRO is an industry operation optimization software used for

techno-economic studies of DH plants (Connolly et al., 2010). The
software has been used in earlier research on CHP plants with heat
storage (Streckiene et al., 2009; Trømborg et al., 2017) and P2H in DH
(Østergaard and Andersen, 2015). Energy demands, costs, tempera-
tures, technologies, and other factors are incorporated as input data,
and operational optimization is performed on an hourly basis, con-
sidering such constraints as storage content. Heat demand can be cov-
ered by different technologies, depending on marginal production costs
defined by inputs such as fuel costs, taxes, and so on. Fig. 3 illustrates
the marginal heat production cost as a dependent of the electricity cost:
For P2H, low electricity prices mean low heat production costs (and
vice versa for CHP). Exceptions are the marginal costs of fuel-based
heat-only boilers (e.g., wood chip boilers), which are unaffected by
electricity costs. Each technology serves as the preferred unit for dis-
patch depending on the price of electricity and subject to heat demand
and the availability of heat storage capacity. Finally, the P2H tech-
nology case illustrates the implementation of levies, with the dotted
line indicating an increase in marginal cost associated with, for ex-
ample, the introduction of an electricity tax.

Fig. 3. Marginal heat production cost and preferred unit for dispatch in a district heating
plant with a heat-only boiler, P2H, and CHP.
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The energyPRO software optimizes operation under perfect fore-
sight, minimizing heat production costs based on day-ahead electricity
spot prices. Perfect foresight describes that the model includes future
energy prices and heat demand in its optimization. In the real-world,
operators would have a similar foresight due to weather- and price
forecasts, but with some added uncertainty. This is how DH plants are
commonly operated in the Nordic and Baltic countries. In this study,
operational optimization is conducted hourly across a 20-year timescale
(2016–2035). The perfect foresight utilized in the optimization could
potentially lead to too-perfect operation. To address this issue, the P2H
and CHP units are only allowed to operate in a full-load manner (i.e., no
partial load), which is a typical bidding strategy for the decentralized
back-pressure DH plant operating on the electricity spot market.

Dispatch optimization in energyPRO is conducted by assigning
priorities to the heat-producing technologies each hour based on the
variables that affect the marginal heat production cost (e.g., electricity
prices). The units with the highest priority (i.e., least marginal heat
production cost) are committed first, and the dispatch calculation is
subsequently repeated for the remaining technologies until the heat
demand is fully served (EMD International A/S, 2016). Operational
optimization in energyPRO has been described in further detail by Lund
and Andersen (2005).

Like other types of energy storage, heat storage enables an opti-
mized use of resources. In this study, as is the case for similar-size plants
in Denmark, Finland, and Sweden, heat storage is water-based and di-
mensioned according to one to three days of heat demand, corre-
sponding to 2000m3.

2.3.2. Feasibility study of investment incentives
A fundamental prerequisite for the flexible operation of DH tech-

nologies is that flexible technologies are present. This, in turn, requires
investment in such technologies. As noted by Olsen and Munksgaard
(1998), in the case of DH, a profit-maximizing investor will select the pro-
duction technology having the lowest long run production costs taking into
consideration the present tax regime including subsidies. In this study, this
long-run production cost, and its subsequent role as an indicator for in-
vestment incentives, is termed LCOH. LCOH is similar to the more
commonly applied levelized cost of energy and represents the economic
lifetime cost of heat generated. The LCOH calculation follows the stan-
dard approach of calculating the levelized cost of energy, as seen below.

=
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∑

= +

= +
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n TC
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Where.

• LCOH is the levelized cost of heat

• n is the number of years

• t is the given period

• r is the discount rate

• TCt is the total cost in period t
• qt is the heat production in period t

TCt is further specified below, since the variable costs are a sig-
nificant part of this study.

= + + + + + + + − −TC I FOM VOM F E T TF TV E St t t t t t t t t t t

Where.

• It is the investment cost in period t
• FOMt is the fixed operation and maintenance cost in period t
• VOMt is the variable operation and maintenance cost in period t
• Ft is the fuel cost in period t
• Et is the spot electricity cost in period t
• Tt is the tax (CO2, energy, and public service obligations) in period t
• TFt is the fixed charge under the electricity tariff in period t
• TVt is the variable charge under the electricity tariff in period t
• Et is the revenue from electricity sales in period t
• St is the subsidy in period t

Revenue from heat production is not part of the equation, while
electricity spot market sales are, because the purpose of calculating the
LCOH is to determine the level at which heat must be priced for the
project to be feasible at the break-even point.

While a plant's owner, developer, and operator might, in practice,
be different companies, we treat them as a single aggregate entity.
Athawale and Felder (2014) take a similar approach in their study of
CHP plants.

2.4. Technologies, policies, and their variations

Table 1 details four different analyzed technological combinations
for DH plants. These represent DH technologies with characteristics
that range from flexible production and consumption (CHP and EB) to
no flexibility at all (wood chip boiler). For each combination, an oil
boiler is present for back-up and peak load. While DH can be produced
by a multitude of technologies, we chose those that represent potential
future setups in which CHP capacity is fossil-free and P2H is capable of
utilizing the increased amounts of VRE in the energy system. This ap-
proach is in line with the general Baltic policy of increasing the share of
domestic fuels and the efficiency of DH plants (Ziemele et al., 2016),
the Latvian policy of increasing energy efficiency by increasing the CHP
share and the share of renewable energy (ABB, 2012; Klavs and
Kudrenickis, 2016), and the Lithuanian policy of enhancing energy ef-
ficiency and increase the renewable share, particularly by replacing
natural gas with biomass in DH (Macevičius, 2015; Sekmokas, 2012).

Table 1
Technological combinations considered. The model plant load compositions are based on Norsk Energi and Thema Consulting Group (2014).

Technological combination Base load Mid-load Peak load Potential flexibility:
Production

Potential flexibility:
Consumption

5.4 MWTH

45% of peak load, low
fuel price

6.6 MWTH

55% of peak
load

12 MWTH

100% of peak load, low
investment cost

A Wood chip CHP Wood chip
boiler

Oil boiler X

B Wood chip CHP EB Oil boiler X X
C Wood chip boiler (12

MWTH)
– Oil boiler

D Wood chip boiler EB Oil boiler X
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All four technological combinations are subject to four policy con-
ditions that affect DH investment incentives, as explained in Table 2.
Our approach to policy follows the work of Hvelplund and Lund (1998),
who describe how regulations can make economically rational, profit-
maximizing actors in the energy system act in accordance with societal
goals. For this study, societal goals are assumed to be some version of
flexible, low-carbon DH supply. Policy conditions 1 and 2 enable an
analysis of the impact of heat storage. To explore whether the policies
force the DH plant to act in accordance with societal priorities, we in-
clude Policy condition 3, which enables analyses of how taxation im-
pacts operation. The load demand tariff/capacity tariff is a charge on
the maximum load demand for 1 h over the course of a year. Depending
on their design, such grid tariffs can be either barriers to or drivers for
P2H. Thus, we include Policy condition 4 to determine the degree of
impact of capacity tariffs on LCOH.

In summary, the technological combinations have been ordered
using letters A through D, the policy conditions have been ordered
using numbers 1 through 4, and the scenarios have been named using a
combination of the letters and numbers. This scheme produces a total of
16 scenarios for each country and 48 in total, as summarized in Table 3.

2.5. Data and assumptions

To ensure that the results reflect differences in policy, not in fuel
prices, we assumed the prices of oil and wood chips to be uniform for all
countries. The wood chip price is an average of 2015 and 2016 prices, and
the oil price is an average of 2016 prices. For each country, we used hourly
Nord Pool Spot prices for electricity, since Nord Pool serves the Baltic
countries and the Northern European countries due to physical trade,
based on interconnections. Table 4 presents the 2016 fuel prices. Fuel and
electricity prices were adjusted according to annual averages in the Nordic
Energy Technology Perspectives (NETP) 2016 (IEA, 2016). This approach
reflects that electricity is traded based on hourly values, while fuel is
purchased in bulk via long-term contracts. The NETP 2016 analyzes
transition to a carbon-neutral energy system by 2050 and, thus, provide a
macro-economic framework that is thematically aligned with our study's
micro-economic perspective of local transitions to renewable energy.
System-scale impacts on, for example, the electricity and fuel prices of
transitions to certain DH fuels or technologies are assumed to be factored
in through the values drawn from the NETP 2016.

Hourly values (heat demand, electricity spot prices) and annual values
(fuel prices) are adjusted annually according to indices drawn from the
NETP 2016. This accommodates expected development over time of e.g.
reduction in heat demand due to gradually increased energy efficiency.

Table 5 displays the taxes, subsidies, and electricity T&D tariffs
applied in the present study. Electricity grid tariffs normally reflect a
fixed customer charge, a capacity (or power) charge, and an energy
charge; the annual or monthly capacity charge is based on the max-
imum electric capacity drawn from the grid and the energy charge is
based on the amount of MWh consumed.

Table 2
Policy conditions considered. *Condition 4 is included for discussion purposes only, due to the limited impact found for electricity capacity tariffs. It is addressed in Section 3.5.

Policy condition # Policy condition Purpose

1 With taxes and subsidies, no heat storage Together with 2, determines the impact of having storage.
2 With taxes and subsidies, with heat storage Together with 1, determines the impact of having storage. Together with 3, determines the

impact of taxes and subsidies.
3 No taxes and subsidies, with heat storage Together with 2, determines the impact of taxes and subsidies.
4 With taxes and subsidies, with heat storage, no electricity

capacity tariffs*
Compared against 2, determines whether investment incentives are impacted by capacity
tariffs.

Table 3
Overview of technological combinations and policy conditions applied in the analyzed
scenarios. *Variations in the electricity capacity tariffs is reviewed in the discussion
section.

Technology Storage Taxes and
subsidies

Electricity
capacity tariffs

Scenario

Wood chip CHP + EB – Yes Yes A1
Yes Yes Yes A2

– Yes A3
Yes * A4

Wood chip CHP + wood
chip boiler

– Yes Yes B1
Yes Yes Yes B2

– Yes B3
Yes * B4

Wood chip boiler + EB – Yes Yes C1
Yes Yes Yes C2

– Yes C3
Yes * C4

Wood chip boiler – Yes Yes D1
Yes Yes Yes D2

– Yes D3
Yes * D4

Table 4
Fuel prices applied in the modelling. Based on the European
Commission (2017) and Baltpool (2017).

Fuel 2016 PRICE – EUR/MWh

Oil 28.1
Wood chips 11.5
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Current CHP subsidies in Estonia were introduced in 2007 to in-
centivize increased CHP efficiency, to displace boiler-based DH pro-
duction, and to increase the use of renewable fuels in CHP (Euroheat
and Power, 2015). Estonia's 12-year subsidy is provided as a feed-in
premium that supplements the electricity spot price (Riigi Teataja,
2014). For Lithuania, the subsidy is a 12-year feed-in tariff (National
Commission for Energy Control and Prices, 2016). Here, additional
aspects of energy security play an important role in incentivizing the
use of biomass in the heat sector (Kveselis et al., 2017). While Latvia
also subsidizes CHP plants, this support is directed toward existing
plants (Likumi, 2017) and, thus, is not included in this study.

Table 6 displays capital costs, which are divided into labor and
hardware costs. This division is necessary to adjust for the differences in
labor costs from the reference used (Norwegian Water Resources and
Energy Directorate (2015)). Thus, hardware costs are assumed to be
fixed, while labor costs are adjusted according to Baltic GDP levels
using World Bank data (The World Bank, 2017). Later capital invest-
ments and all operation and maintenance (O&M) costs are subject to
inflation. The annual inflation rate (1.5–2.3%) is based on the Danish
Energy Agency (2016a). The capital cost does not include any finan-
cing. A 4% nominal discount rate is applied to the combined capital and
O&M costs for the economic life of the plant.

Table 7 presents the technological assumptions. Reinvestment is ne-
cessary for the wood chip boiler, since its technical lifetime is lower than the
plant's 20-year economic lifetime in our analysis. The remaining lifetimes of
the technologies are included in the analysis as linear scrap values.

3. Results

This section presents the results for each technological combination
and its scenarios based on the policy conditions affecting incentives for
investment in DH technologies. The LCOH for each scenario indicates
the investment incentive, detailed by the individual cost components.
Insight into the operational incentives underlying the given framework
conditions is drawn from the distribution of heat production. Slight
deviations from the 40 GWh heat demand occur when the model adjusts
in response to local temperatures. The contents in each section refer to
that section's respective figure(s).

3.1. Combination A: wood chip CHP and wood chip boiler

In all scenarios, heat storage enables a significantly better utiliza-
tion of the biomass CHP capacity and, thereby, a lower LCOH than
scenarios without storage. While cost parameters are similar, income
varies. CHP production deviates only slightly among the countries, and
the differences are attributable to the Estonian and Lithuanian subsidies
on electricity production. In all cases, taxes and subsidies have almost
no operational impact. Furthermore, in all scenarios, the wood chip
CHP and EB can only operate at full capacity, meaning that periods
with a lower heat demand than heat output must be supplied either by
the fuel-based boilers or through a simultaneous loading or unloading
of the heat storage (if present). This explains the differences in pro-
duction for scenarios with and without heat storage. The same effect
applies to combinations A through D (see Figs. 4 and 5).

Table 5
2016 levels of taxes, subsidies, and electricity T&D tariffs in each of the Baltic countries. All numbers in EUR/MWh unless otherwise stated.

Country Electricity tax PSO tariff CO2 tax Energy tax
- oil

Subsidy on bio
CHP elec. prod.

DSO energy charge
[Time and seasonal
variation]

DSO capacity charge
[EUR/MW/month based
on yearly max.]

TSO energy charge TSO capacity
charge [EUR/MW
/month based on
yearly max.]

EE – 9.6 0.57 5.22 53.70 2.9–5.1 3600 Time and seasonal
variation 8.2–16.4

–

LV – 26.79 1.00 6.08 – 17.7–31.2 1630 4.2 792.8
LT 0.52 16.42 – 1.36 70.00 15–24 580 1.1 –

Table 6
Capital costs divided into labor and hardware costs. The CHP capital cost is based on
electricity output capacity, while the capital costs for the remaining technologies are
based on heat output capacity.

Technology Labor costs Hardware costs Total capital costs

EUR per MW EUR per MW EUR per MW

Wood chip boiler 866 602 151 603 017
Oil boiler 2143 55 645 57 788
EB 2273 62 903 65 176
Wood chip CHP 352 907 3 239 785 3592 692

EUR for a 2000m3 heat storage
Heat storagea 88 768 – 88 768

a Capital cost is allocated on labor, since split between labor and hardware cost is
unknown. Cost data are from The Norwegian Water Resources and Energy Directorate
(2015) and the Danish Energy Agency (2016b). Danish and Norwegian labor costs have
been adjusted to Baltic labor costs.

Table 7
Efficiencies and minimum loads for DH technologies (Danish Energy Agency, 2015; Norsk
Energi and Thema Consulting Group, 2014). Lifetimes from The Norwegian Water
Resources and Energy Directorate (2015).

Technology Heat
efficiency

Electric
efficiency

Minimum load Technical
lifetime (years)

Wood chip
CHP

77% 28% 100% 25

EB 98% – 100% 20
Wood chip

boiler
89% – 25% 15

Oil boiler 92% – 0% 20
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3.2. Combination B: wood chip CHP and EB

As seen in 3.1, the heat storage induces a higher cost efficiency in
the operation of the CHP unit. However, the heat storage has little or no
effect on the operation of the EB, due to the competitiveness of the oil
boiler. This competitiveness is present even in the no-tax scenario, in-
dicating that electricity prices and grid tariffs, particularly in Latvia and

Lithuania, are at such a level that EB operation is economically in-
feasible. Taxes and subsidies have an impact in Estonia due to its re-
latively lower electricity price, making the EB feasible to operate in a
no-tax scenario (see Figs. 6 and 7).

Fig. 4. Levelized cost of heat for Combination A (CHP + wood chip boiler) divided into main cost components.

Fig. 5. Fuel distribution for Combination A (CHP + wood chip boiler).

Fig. 6. Levelized cost of heat for Combination B (CHP + EB) divided into main cost components.
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3.3. Combination C: wood chip boiler

The heat storage enables a nearly full utilization of the wood chip
boiler, but the LCOHs for the different scenarios are the same regardless
of storage. The increased O&M costs induced by the increased operation
of the wood chip boiler in the heat storage variations displace the

higher costs of using oil in the no-storage scenarios. Changes in taxation
have no impact on operation, indicating that biomass is competitive
with oil regardless of taxes. Although the costs are roughly the same,
heat storage offers small environmental and national economic benefits
by facilitating a reduction in CO2, a reduction in imported fuels, and
increased use of domestic fuels (see Figs. 8 and 9).

Fig. 7. Fuel distribution of Combination B (CHP + EB).

Fig. 8. Levelized cost of heat for Combination C (wood chip boiler) divided into main cost components.

Fig. 9. Fuel distribution in Combination C (wood chip boiler).
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3.4. Combination D: wood chip boiler + EB

Unlike CHP, the wood chip boiler is allowed to produce at a partial
load. Thus, the impact of storage is not as significant as in the previous
scenarios. This is also reflected in the LCOH, which is almost unchanged
between the cases with and without storage. As in the scenario reported
in section 3.2, an absence of taxes leads to increased production on EBs
in Estonia (see Figs. 10 and 11).

3.5. Discussion of results

Table 8 indicates incentives to invest in flexible technologies, re-
presented by LCOH. Here, the LCOHs of the scenarios with and without
heat storage show that the combination of the wood chip boiler, the EB,

and heat storage yields the lowest LCOH. By a small margin, Lithuania
deviates towards CHP with an EB. It can be argued that since the in-
vestment costs are significantly higher for the combination of CHP and
EB (19.9 MEUR vs. 3.8 MEUR), and since this combination is solely
dependent on electricity prices, the small margin to the wood chip
boiler and EB combination might incentivize an investor to prefer this
solution. In this case, the inflexible supply/flexible demand solution
appears attractive, which might contrast with the Baltic priorities for

CHP-based DH. The large differences in economy and operation be-
tween scenarios with and without storage indicate that, internally,
plants can utilize their technologies flexibly in the presence of heat
storage. This internal flexibility supports a better utilization of least-
cost production technologies, which is reflected in the lower LCOH of
these scenarios.

The power charge components in the grid tariffs paid for utilizing
the EB have disproportionally high costs compared to the amount of
heat produced by the EB. For example, in the case of Estonia, this cost is
600 EUR/MWh heat, in addition to variable costs. This issue is not new
in the context of DH. An earlier study showed how such charges could
result in higher payments for longer durations, even when utility services are
used only for a limited period of time (Athawale and Felder, 2014). A
normal capacity tariff is similar to an investment cost, meaning that the
more it is used, the smaller the cost per unit. Whereas removing ca-
pacity grid tariffs reduces the LCOH, it does not shift the relative LCOH
sufficiently to incentivize a different technology choice, as seen in
Table 9.

Fig. 10. Levelized cost of heat for Combination D (wood chip boiler + EB) divided into main cost components.

Fig. 11. Fuel distribution in Combination D (biomass boiler + EB).

Table 8
Levelised costs of heat for all scenarios with tax. The color scale is read vertically and
indicates the LCOH for each country, where green is low and red is high.

Technological combina on Heat storage EE LV LT 
A - CHP + wood chip boiler Storage -62 -75 -67 
A - CHP + wood chip boiler No storage -78 -85 -80 
B - CHP + EB Storage -54 -62 -41 
B - CHP + EB No storage -82 -81 -69 
C - large wood chip boiler Storage -66 -66 -66 
C - large wood chip boiler No storage -66 -66 -66 
D - wood chip boiler + EB Storage -53 -48 -45 
D - wood chip boiler + EB No storage -54 -48 -46 
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The results also illustrate the large share of heat production covered
by the CHP. The CHP has a lower marginal heat production cost, re-
sulting in the electricity production being close to baseload (ranging
from 6527 to 6569 full-load hours in 2016) in all CHP scenarios with
storage and only slightly less without taxes and subsidies. In this
technology setup, the subsidies Estonia and Lithuania provide for CHP
have a negligible impact on operations, though they do serve as sig-
nificant investment incentives. Whereas the operational impact of
subsidies and taxes is small, the CHP subsidies dampen market-based
signals for flexibility because they provide out-of-market incentives for
operation. Blumberga et al. (2014) shows that a similar phenomenon
occurs in Latvia (see Fig. 11).

Regarding the EB, the limited or non-existent operation (75 full-load
hours in Combination B with tax in Estonia and less or none in Latvia
and Lithuania and in other scenarios) illustrates the absent need for EB
operation under current conditions. EB operation improves to varying
degrees in the absence of taxes in all countries. An excerpt from the
operation in scenario A1 (CHP + EB with tax and storage) in Estonia
shows that the EB can operate flexibly, as seen in Fig. 12. Low DSO and
TSO electricity tariffs during the night, combined with low electricity
spot prices, allow the EB to operate across two periods. This result

corresponds to the findings of Kirkerud et al. (2016). Fig. 12 shows the
baseload-like operation of the CHP plant.

Though this operational pattern of CHP and EB is the best solution
in private economic terms, it contradicts the initial assumption for the
system scale, that is, an increased need for flexible production and
consumption to integrate VRE. The Baltic and Nordic power systems
already handle significant shares of VRE, and these shares are expected
to increase in Europe according to 2030 targets (European Commission,
2014). In combinations A and B (with storage and CHP), CHP runs as a
baseload that is almost unchanged until 2035, even in variations
without taxes and subsidies. Without storage, CHP operation is limited
and displaced by other technologies. This, together with the low EB
operation, indicates that the electricity market requires flexibility, not
in the form of electricity consumption or reduced CHP production, but,
rather, in the form of increased CHP production under the given con-
ditions.

3.6. Sensitivity to O&M and investment costs

The similarity of the LCOH for combinations B (CHP + EB) and D
(wood chip boiler + EB) brings into question whether the results would
be significantly different in the event of small changes in costs. The
investment cost of CHP is explored because investment is a more sig-
nificant share (24–29%) of the LCOH in the CHP scenarios with storage
than it is in the wood chip boiler scenarios (9–14%). Likewise, O&M
costs are significant in the scenarios with the wood chip boiler. O&M is
sub-divided into variable (EUR/MWh) as well as fixed (EUR/year)
costs, where the fixed part is analyzed here. Fig. 13 displays the results
of the sensitivity analyses, in which the two combinations (B and D with
storage) are compared, such that the values represented by each line
describe the differences between the combinations. This illustrates
whether each combination is robust against its closest alternative. The
figure shows that the Estonian combinations are sensitive to changes in
both categories, while Lithuania experiences only a minor shift in re-
sponse to an increased CHP investment cost.

Table 9
Levelised costs of heat for all scenarios with tax and without capacity grid tariffs.

Technological combina on Heat storage EE LV LT 
A - CHP + wood chip boiler Storage -62 -75 -67 
A - CHP + wood chip boiler No storage -78 -85 -80 
B - CHP + EB Storage -45 -57 -39 
B - CHP + EB No storage -73 -77 -67 
C - large wood chip boiler Storage -66 -66 -66 
C - large wood chip boiler No storage -66 -66 -66 
D - wood chip boiler + EB Storage -44 -44 -44 
D - wood chip boiler + EB No storage -45 -44 -44 

Fig. 12. Optimized operation for the first three days of January 2016 in Estonia.
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4. Conclusion

By analyzing scenarios based on technological combinations and
policy conditions, this study explored how current policies on taxes and
subsidies affect incentives for investment in flexible technologies, fo-
cusing on the coupling of the DH and electricity systems the Baltic
countries. Additionally, impacts of electricity T&D tariffs and heat
storages were explored.

Investment incentives were evaluated using the proxy of the LCOH,
integrating investment and O&M costs over the economic life of the DH
plant. Operations were analyzed in terms of the share of heat produc-
tion from flexible and non-flexible technologies.

On investment can be concluded.

• Current policies in Estonia, Latvia, and Lithuania are not directed at
increased flexibility from the coupling of DH and electricity systems.
While investment incentives are offered for CHP, direct flexibility
incentives beyond electricity market signals are absent for CHP and
P2H.

• Current policies incentivize investment in technology combinations
with inflexible production and flexible consumption. The combina-
tion of the wood chip boiler, the EB, and heat storage has the lowest
LCOH and, thus, the highest investment incentive in Estonia and
Latvia. In Lithuania, the CHP–EB combination has a marginally
better LCOH. Despite this lower cost, the preferred technology
combination in Lithuania is likely to be the second-most attractive
alternative (the wood chip boiler and the EB) due to CHP being
capital-intensive and sensitive to power prices.

• Heat storage is a no-regrets technology in that heat storage generally
improves LCOH for all technological setups and enables plants to
respond flexibly to external signals, such as electricity spot market
prices.

• Charges under tariffs based on the maximum yearly capacity drawn
from the grid are not prohibitive to the use of EBs, but represent a
considerable additional cost, particularly when compared to the
very low or absent cost of EB production.

On operation can be concluded.

• Current taxes and subsidies only marginally impact the operation of
EB and CHP. Instead, energy prices and electricity T&D tariffs im-
pact operation of these technologies.

• Operation of EB is marginal compared to the CHP and wood chip
boiler. The relatively low biomass prices encourage near-baseload

generation on CHP and wood chip boiler, while the electricity price
combined with electricity T&D tariffs make EB operation un-
competitive. Under these conditions, the importance of EB as a
flexible DH technology is likely to be for shorter peaks, and possibly
on the ancillary services markets instead of the electricity spot
market.

4.1. Future work

The extant research has not yet divided O&M costs into labor and
other components. However, O&M is a significant reason for the elec-
tric- and wood chip boiler combination being the least costly. Thus, an
increased focus on O&M is necessary to determine whether this factor
could prompt a shift toward other technologies.

Though the impact of taxes on operations has been analyzed, the
specific impact of electricity tariffs has not yet been examined. Future
studies could reveal whether changes to tariffs impact the operation of
electric boilers.

The Latvian exemption of EB from the electricity tax ended January
1, 2017. Further analyses could examine the changes brought by this
shift in policy.

Estonia's electricity tariffs changed significantly in July 2017 and
might lead to different results.

While the present study prioritized the running of a large array of
scenarios, we did not conduct sensitivity analyses on electricity and
wood chip prices.

The plant-scale analysis pursued by the present study provides in-
sight into local consequences. This perspective could be broadened in
scale by using a system model. Extending the analysis in this manner
would provide additional insight into the roles and benefits of both
flexible and inflexible technologies in the energy system.
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