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The paper aims at demonstrating the relevance of financing instruments, 
their terms and financing strategies in relation to the cost of wind power pro-
duction and the ability of wind power plant (PP) to participate in the electricity 
market in Lithuania. The extended approach to the Levelized Cost of Energy 
(LCOE) is applied. The feature of the extended approach lies in considering 
the lifetime cost and revenue received from the support measures. The research 
results have substantiated the relevance of financing instruments, their terms 
and strategies in relation to their impact on the LCOE and competitiveness of 
wind PP. It has been found that financing of wind PP through the traditional fi-
nancing instruments (simple shares and bank loans) makes use of venture capi-
tal and bonds coming even in the absence of any support. It has been estimated 
that strategies consisting of different proportions of hard and soft loans, bonds, 
own and venture capital result in the average LCOE of 5.1–5.7 EURct/kWh 
(2000 kW), when the expected electricity selling price is 5.4 EURct/kWh. The 
financing strategies with higher shares of equity could impact by around 6 % 
higher LCOE compared to the strategies encompassing higher shares of debt. 
However, seeking to motivate venture capitalists, bond holders or other new 
financiers entering the wind power sector, support measures (feed-in tariff or 
investment subsidy) are relevant in case of 250 kW wind PP. It has been esti-
mated that under the unsupported financing strategies, the average LCOE of 
250 kW wind PP will be 7.8–8.8 EURct/kWh, but it will reduce by around 
50 % if feed-in tariff or 50 % investment subsidy is applied. 

Keywords: case study, financing instrument, financing strategy, leve-
lized cost of energy, Lithuania, wind power

1. INTRODUCTION

The Lithuanian National Energy Strategy is under debate [1]. There are a lot 
of open questions on how energy sectors should be developed and transformed in 
order to satisfy the increasing energy demand, achieve the target of greenhouse gas 
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emissions reduction, assure the sufficient level of energy supply security and im-
prove the competitiveness of the country [2]. In this context, the question of the 
development of the competitive domestic power production capacities remains of 
high importance in Lithuania. 

Following the European Commission’s Energy Roadmap 2050 [3], it becomes 
evident that power producing systems would have to undergo structural changes in a 
way that the share of Electricity from Renewable Energy Sources (RES–E) reached 
64 % under the high energy efficiency scenario and 97 % – under a high renewables 
scenario. This means that high fuel and operational cost fossil fuel-based power sys-
tems would have to be replaced by the renewable energy systems, whose functioning 
is based on high capital expenditure and low fuel cost.

Lithuania makes efforts to transform its power sector and increase the share 
of RES-E [4]. In 2016, the share of RES–E was 16.8 % in Lithuania [5]. Prior to the 
implementation of EU Directive 2009/28/EC on the Promotion of the Use of Energy 
from Renewable Sources [6] and the Law on Renewable Energy Sources [7], the 
share of RES–E did not exceed 6 % in the country. Lithuanian scientists [2] forecast 
that during 2020–2030 the share (from total) of RES–E could increase to 24–27 %. 
E. Norvaiša & A. Galinis [2] argue that in future renewable Power Plants (PP) could 
be constructed in Lithuania, since they would be competitive in the international 
electricity market. Furthermore, the results of modelling demonstrated that imple-
mentation of renewable energy technology would be a reasonable choice under any 
energy policy case. 

However, it remains unclear, at which cost the renewable PPs could gene-
rate electricity in the long term in Lithuania. Moreover, there is little known, who 
should and could finance them, which financing instruments and strategies should 
be applied, under what financing terms the renewable PPs would be competitive in 
the international market and what additional terms (for example, support measures) 
should be requested to improve the competitive position of renewable PPs in the 
market. Knowing that renewable PPs are capital-intensive and requirements for high 
initial investment are set, this issue becomes relevant and worth being investigated. 
Thus, the present article deals with this issue.

The paper aims at substantiating the relevance of financing instruments, their 
terms and financing strategies in relation to the cost of wind power production and 
the ability of wind PP participating in the electricity market in Lithuania in the long-
term perspective. 

Wind PPs have been selected due to their increasing and meaningful role to 
Lithuanian power system [2]. In 2016, there were installed 509 MW of wind PPs (for 
comparison purposes, 423.7 MW in 2015 and 288 MW in 2014) in Lithuania [8], [9]. 
They produced 1135.9 GWh of electricity. This is 11.7 % of gross inland electricity 
consumption [9]. Lithuania committed itself to increase wind power production ca-
pacities to 500 MW till 2020 [7]. When 500 MW is installed, the government takes 
the responsibility of drawing up new procedures and targets for wind power sector 
development in relation to Lithuania’s international commitments for reduction of 
greenhouse gas emissions and assurance of energy supply security [7]. However, the 
development plan for wind power is not foreseen so far in Lithuania. In [10], several 
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wind power sector development barriers are identified, including a lack of clarity for 
investment decisions, shortage of renewable energy policy continuity, insufficient 
conditions for construction of wind PPs in the farms, communities and for social 
business, as well as an irrelevant approach of the authorities regarding the connec-
tion of wind PP to the distribution grid. In relation to the barriers, identified in [10], 
particularly to the barrier of clarity for investment decision, the topic of the present 
research is relevant.

2. DATA AND METHODOLOGY

2.1. Data

Data relevant for the research have been collected from the databases of the 
Lithuanian Transmission System Operator [8], the National Control Commission for 
Energy and Prices [11], the Lithuanian Environmental Investment Fund [12], EU 
Structural Funds 2014–2020 [13], the Bank of Lithuania [14], publications in Lithu-
anian press and scientific papers.

2.2. Methodology

2.2.1. Method

The concept of the Levelized Cost of Energy (LCOE) is well presented by the 
International Renewable Energy Agency [15], “…the LCOE is the price of electri-
city required for a project where revenues would equal costs, including making a re-
turn on the capital invested equal to the discount rate. An electricity price above this 
would yield a greater return on capital, while a price below it would yield a lower 
return on capital, or even a loss…”. M. Keith et al. [16] summarised the concept of 
LCOE by arguing that LCOE is the price at which energy could be sold over the 
lifetime of the technology. F. M. Ragnarsson et al. [17] and U.S. Energy Information 
Administration [18] defined the LCOE as a measure applied to estimate the energy 
technology costs and assess the competitiveness of various energy generating tech-
nologies. 

The LCOE is measured by dividing the present value of all expected lifetime 
costs (including, construction, investment, O & M, fuel, taxes, etc.) by the present 
value of the expected volume of energy produced over the energy project’s lifetime. 
In the present article, an extended approach to the LCOE is applied. The LCOE is 
computed as follows:

 

,	  (1)
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where 	 LCOE 		 is the levelised cost of energy, EUR/kWh;
	 It 			   is the investment cost at time step t, EUR; 
	 O & Mt 	 is the operation and maintenance cost at time step t, EUR;
	 Ft 			   is the fuel cost at time step t, EUR; 
	 SEPt 		  is the subsidy for energy production, EUR; 
	 ISt 			  is the investment subsidy, EUR; 
	 CI 			   is the installed capacity, kW; 
	 LF 			  is the load factor, %; 
	 d			   is the discount rate, %; 
	 t			   is the time period, years.

The subsidy for energy production is calculated as follows:

 ,	 (2)

where	 FiT t 		  is the feed-in tariff for a unit of electricity produced in time t,  
				    EURct/kWh;
	 P F, t 		  is the forecasted electricity selling price in time t, EURct/kWh.

The feature of the extended approach to the LCOE is that it takes into account 
both lifetime cost and revenue from the support measures applied to foster the re-
newable energy sector development. The SEP t and IS t are included in the LCOE to 
demonstrate how the competitive position of wind power plant improves if support 
to electricity production or asset acquisition is available.

The approach used in the analysis is based on a discounted cash flow analysis. 
This approach of measuring electricity production cost is based on the discounting 
financial flows, taking into consideration the time value of money.

Three levels of the LCOE for wind power are modelled. The minimum 
LCOE min (i min; t max) is modelled taking into account that wind PP is financed through 
the financing strategy consisting of financing instruments, which have the softest 
financing terms, i.e., the lowest interest or coupon rate (imin) and the longest invest-
ment period (tmax). The maximum LCOE max (i max; t min) is modelled considering the 
hardest financing terms, i.e., the highest interest or coupon rate (imax) and the shortest 
investment period (tmin). Finally, the average LCOE av (i av; t av) is modelled taking 
into account the most possible values of interest  or  coupon rates and investment 
periods.

2.2.2. Technical and Economic Parameters

LCOE for wind power is calculated based on data presented in Table 1.
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Table 1
Technical and Economic Parameters of Wind PPs [8], [19]–[27]

Variable
More than 350 kW

The category of wind PP

10–350 kW

Technical

Electric capacity, kW 2000 250

Load factor, % 32 23

Lifetime of WPP, years 25 20

Cost

Investment cost, EUR/kW 1350.0 1448.0

Fixed cost, EUR/kW-yr 13.50 14.48

Variable cost, EUR/MWh 0.29 0.29

Fuel cost, EUR/MWh 0.00 0.00

2000 kW and 250 kW wind PPs are analysed; each is attributed to the re-
spective category of wind PPs receiving support for electricity production. Actually, 
these are the most typical wind PPs installed and expected to be installed in future 
in Lithuania.

2.2.3. Support Measures

250 kW and 2000 kW WPP could be supported through the feed-in tariff or 
investment subsidies in Lithuania. Parameters of support measures are presented in 
Table 2. 

Table 2
The Analysed Support Measures and Their Parameters [7], [28]–[30]

Parameters Feed-in tariff Investment subsidy

Provider / payer Final electricity consumers EU Structural Funds  
2014–2020

Support level

5.6 EURct/kWh
(2000 kW)

10.426 EURct/kWh
(250 kW)

20 % of total investment cost
(2000 kW)

30 % of total investment cost
(250 kW)

Support period 12 years

2.2.4. Financing Strategies

Single and mixed instrument financing strategies are analysed. They differ in 
financing instruments, proportions of financing instruments included in the strategy, 
investment period and required profitability. Besides, cash flows related to instru-
ment specific financing are modelled differently. 
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When modelling LCOE, two points are taken into account. Initially, the 
LCOE is modelled considering the international statistics, which is justified with the 
theory of financing instruments and well reflects the long-term financing perspec-
tive in Lithuania. Later, the LCOE is modelled considering the regional or domestic 
statistics, which is short-term and significantly differs from international data. There 
is some doubt as to how long the regional / domestic statistics will be relevant in 
the longer perspective when the investors and owners of the wind PP have acquired 
greater experience.

Single instrument financing strategies include hard loan, corporate bond, eq-
uity and venture capital financing. V. Bobinaite & D. Tarvydas [31] discussed the 
peculiarities of single instrument financing. The parameters of single instrument fi-
nancing based on the international and regional / domestic financing conditions are 
presented in Table 3 and Table 4, respectively. 

Table 3
The Parameters of Single Instrument Financing Strategies Based on the  
International Financing Terms [34]–[37], [39]–[41]

HLF: Hard loan 
financing

CBF: Corporate 
bond financing

EF: Equity 
financing

VCF: Venture capital 
financing

Instrument Bank loan Bonds Simple shares Simple shares

Required 
profitability

5.0 %, 5.25 % and 
5.5 %

5.5 %, 5.75 % and 
6.0 % 10 %, 12 %, 15 % 15 %, 17 %, 20 %

Investment 
period 8, 10 and 12 years 5, 7 and 8 years Unlimited 6, 7 and 8 years

Table 4
The Parameters of Single Instrument Financing Strategies  
Based on the Regional / Domestic Financing Terms [14], [32], [33], [38], [39]

SLF: Soft loan 
financing

HLFD: Hard 
loan domestic 

financing 

GBF: Green 
bond financing

EF: Equity 
financing

VCF: Venture 
capital  

financing

Instrument Soft loan Bank loan Green bonds Simple shares Simple shares

Interest rate, 
coupon rate 3.0% 2.782 %, 

3.1 %, 3.4 %
1.9 %, 3.2 %, 

4.5 %
10 %, 12 %, 

15 %
15 %, 17 %, 

20 %

Investment 
period 20 years 9 years 7 years Unlimited 6, 7 and 8 

years

Mixed instrument financing strategies include combinations of financing in-
struments with the parameters presented in Table 4 and Table 5. The analysed mixed 
instrument financing strategies are summarised in Table 5.
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Table 5
The Mixed Instrument Financing Strategies*

Abbreviation of the strategy
Description of the strategyInternational financing 

terms
Domestic / regional 

financing terms

EF15_HLF85 EF15_HLFD85
15 % of equity financing;

85 % of hard loan financing

EF15_VCF10_HLF75 EF15_VCF10_
HLFD75

15 % of equity financing;
10 % of venture capital financing;

75 % of hard loan financing

EF15_VCF10_HLF60_
CBF15

EF15_VCF10_
HLFD60_GBF15

15 % of equity financing;
10 % of venture capital financing;

60 % of hard loan financing;
15 % of corporate / green bond financing

EF20_HLF40_SLF20_
CBF20

EF20_HLFD40_
SLF20_GBF20

15 % of equity financing;
40 % of hard loan financing;
30 % of soft loan financing;

15 % of corporate / green bond financing

* in case an investment subsidy is included as a support measure, the share of hard loan financing is 
reduced by 20 % (2000 kW) or 30 % (250 kW).

The proportions of financial instruments in the strategy are selected considering 
the observations for the wind power projects; usually the proportion of equity to loan 
is 20:80 or 15:85 in Lithuania [38].

2.2.5. Modelling Methods of Financing Instruments

Investment costs of wind PPs are financed through various financing instru-
ments. The payments related to specific instrument financing are modelled based on 
the theory of financing instruments and approach of cash flows. 

The zero-growth rate dividend valuation model is applied to model dividend 
payments, when simple shares as a financing instrument are used. Dividend pay-
ments are calculated as follows:

 ,				    (3)

where 	 D 	 is the dividend payment, EUR; 
	 P0 	 is the intrinsic value of equity, EUR;
	 i	 is the required rate of return, %.

Dividend payments related to the venture capital financing are modelled based 
on Eq. (3). However, it is considered that after the investment period ends, venture 
capitalist sells all his equity.
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The bond financing related payments are modelled considering the fact that 
during the investment period the coupon payments are made and at the date of matu-
rity the nominal value of bond is paid. Coupon payments are calculated as follows:

 ,						      	  (4)

where 	 C 	 is the coupon payment, EUR; 
	 N0 	 is the nominal value of bond, EUR; 
	 i 	 is the coupon rate, %.

The loan financing related payments are modelled considering the annuity 
payment method:

 ,						       (5)

where 	 AP 	is the annuity payment, EUR; 
	 L0 	 is the loan, EUR; 
	 i 	 is the annual interest rate, %; 
	 n 	 is the term of loan, years; 
	 m 	 is the number of times the annuity payments are made per year.

It is assumed that capital structure is fully formed at the end of wind PP con-
struction period. Interest rate during construction is also computed.

2.2.6. Other Parameters

The discount rate is used to calculate the present value of future cost and reve-
nue received from the support measures. Weighted Average Cost of Capital (WACC) 
is taken as a measure of the discount rate [42]. It is calculated by Eq. (6):

,		   (6)

where 	 WACCl		 is the weighted average cost of capital of the financing strategy l; 
	 RE; l		  is the cost of equity, %; 
	 El 			   is the amount of equity financing, EUR; 
	 Dl 			   is the amount of debt financing, EUR; 
	 R D; l 		  is the cost of debt financing, %; 
	 Tincome 		  is the income tax, %.

WACCi for wind PPs calculated by Eq. (6) and applied in the research is  
presented in Table 6.
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Table 6
Ranges of the Estimated Discount Rates Subject to Different Financing  
Strategies and Financing Terms (made by the authors of the paper)

Financing strategy

2 MW wind PP 250 kW wind PP
Regional 
financing 

terms

International 
financing terms

Regional 
financing 

terms

International 
financing terms

EF15_HLF85 //
EF15_HLFD85

3.5–5.2 5.1–6.6 3.5–5.5 5.1–6.8

EF15_VCF10_HLF75 // EF15_
VCF10_HLFD75 4.8–7.3 6.2–8.5 4.8–7.9 6.2–9.1

EF15_VCF10_HLF60_CBF15 // 
EF15_VCF10_HLFD60_GBF15 4.7–7.5 6.3–8.6 4.7–8.1 6.3–9.2

EF20_HLF40_SLF20_CBF20 // 
EF20_HLFD40_SLF20_GBF20 3.8–6.1 5.2–6.8 3.8–6.5 5.2–7.1

The Subsidy for Electricity Production (SEP) is calculated considering the 
forecasted long-term electricity price of 5.4 EURct/kWh. The price is the simulated 
price of Energinet.dk [43]. It corresponds to an average electricity price for Sweden, 
with which Lithuania has a 700 MW power link.

3. RESULTS

3.1. LCOE of 2000 kW Wind PP

3.1.1. Single Instrument Financing

The analysis of single instrument financing is performed seeking to identify 
the ranges of the highest and lowest LCOE of 2000 kW wind PP. Equity and hard 
loan financing strategies are applied to model the LCOE, respectively. The results of 
modelling are summarised in Fig. 1.

Fig. 1. LCOE for wind power (2000 kW) when single instrument financing is chosen  
(calculations are made by the authors of the paper)1.

1 In case an investment subsidy is included as a support measure, the share of hard loan financing is reduced by 20 %.
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The results presented in Fig. 1 have shown that financing the acquisition of 
wind assets purely through the equity may cause the highest LCOE, with an average 
value of 7.9 EURct/kWh, if the desired return on equity is 12 % a year. If the rate 
of return on equity increased to 15 %, the LCOE could grow up by 27 % to 10.0 
EURct/kWh, but could go down by 18 % to 6.5 EURct/kWh, if the rate of return on 
equity reduced to 10 %. Support measures – the feed-in tariff or 20 % investment 
subsidy – can decrease the average LCOE of equity financing by 2.0 % and 16.0 % to 
7.7 EURct/kWh and 6.6 EURct/kWh, respectively, but the decrease is not sufficient 
to make a 2000 kW wind PP profitable today, when the electricity market price is 3.7 
EURct/kWh or less, and in the future, when it is expected that the price will increase 
up to 5.4 EURct/kWh.

It is expected that if a 2000 kW wind PP is financed purely through the hard 
loan, an average LCOE is 3.6 EURct/kWh (the regional financing terms are consi-
dered) and 4.6 EURct/kWh (international financing terms are relevant). According to 
the strategy, the support measures are not critical, since the LCOE is modelled lower 
than the expected electricity selling price in future. This shows that a 2000 kW wind 
PP could be profitable under the hard loan financing in the near future or long-term 
perspective in the absence of the support. 

3.1.2. Mixed Instrument Financing

Due to high investment costs and risks related to project implementation, 
the single instrument financing is not sufficient. A variety of financing instruments 
should be used and various types of investors / financiers should participate. Figures 
2–3 summarise the LCOE strategies based on the mixed instrument financing.

Fig. 2. LCOE for wind power (2000 kW) financed with the regional financing terms  
(calculations are made by the authors of the paper).

As it is shown in Fig. 2, in the absence of any support, the strategies of mixed 
instrument financing could cause an average LCOE vary in the range of 4.3–5.0 
EURct/kWh. This shows that a 2000 kW wind PP could be profitable in the long 
term, when the expected electricity market price – 5.4 EURct/kWh, but nowadays at 
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a market price of 3.7 EURct/kWh the full cost recovery would not be available for 
this wind PP.

The feed-in tariff and investment subsidy could improve the profitability of 
2000 kW wind PP, as the average LCOE could reduce by 2–12 %. The impact of 
20 % investment subsidy on LCOE is more relevant than the effect of the feed-in 
tariff, since subject to 20 % investment subsidy the average LCOE is 3.8–4.5 EURct/
kWh but 4.2–4.8 EURct/kWh in cases if the feed-in tariff is applied. 

It has been found that the financing strategies with higher shares of equity 
(EF15_VCF10_HLFD75 and EF15_VCF10_HLFD60_GBF15) could affect higher 
LCOE compared to strategies encompassing higher shares of debt financing (EF15_
HLD85 and EF20_HLFD40_SLF20_GBF20), i.e., 4.4–5.0 EURct/kWh vs. 3.8–4.5 
EURct/kWh. 

Fig. 3. LCOE for wind power (2000 kW) financed with international financing terms  
(calculations made by the authors of the paper).

As it is shown in Fig. 3, stricter and harder international financing terms in-
creased the average LCOE by 9.1–16.3 % in comparison with regional terms. The 
pure (unsupported) strategies with higher shares of equity – EF15_VCF10_HLF75 
and EF15_VCF10_HLF60_GBF15 – increased the average LCOE to 5.6–5.7 EURct/
kWh, which remained higher than the expected electricity selling price in the long 
term (5.4 EURct/kWh). Higher LCOE could complicate the wind PP to fully recover 
its cost. Thus, the strategies could be used either with the investor’s reduced require-
ments for profitability or through the use of support. However, the selected rate of 
the feed-in tariff would not be sufficient for the full cost recovery, since it causes 
the average LCOE drop to 5.5–5.6 EURct/kWh. However, 20 % investment subsidy 
could reduce the average LCOE to 5.0 EURct/kWh. Financing of 2000 kW wind PP 
with the resources acquired in the debt markets through the strategies EF15_HLF85 
and EF20_HLF40_SLF20_GBF20 could assure that even without any support the 
full cost recovery would be possible, since the average LCOE would be 5.0 EURct/
kWh. Support in a form of feed-in tariff or investment subsidy would create pre-
conditions to trade wind power at low prices (4.3–4.9 EURct/kWh) and earn profit 
(before taxes). 
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3.2. LCOE of 250 kW Wind PP

3.2.1. Single Instrument Financing

Due to a lower load factor and higher investment costs per installed kW, the 
average LCOE of 250 kW wind PP was found higher than of 2000 kW wind PP. The 
estimated ranges of the LCOE for wind power of 250 kW in case of a single instru-
ment financing are presented in Fig. 4.

Fig. 4. LCOE for wind power (250 kW) when a single instrument financing is chosen  
(calculations made by the authors of the paper).

As it is seen in Fig. 4, the LCOE could be 9.5–14.4 EURct/kW, with an average 
value of 11.4 EURct/kW, if 250 kW wind PP were financed only through the pure 
equity strategy. The strategy of hard loan financing could cause the average LCOE 
dropping to 6.0 EURct/kWh (if regional financing terms were applied) and 7.4 
EURct/kWh (if international financing terms were used). Seeking to finance wind PP 
through the hard loan financing, a feed-in tariff instead of investment subsidy should 
be chosen, since it creates possibilities to earn more profit before taxes.

3.2.2. Mixed Instrument Financing

Figures 5 and 6 present the LCOE for wind power of 250 kW when strategies 
of mixed instrument financing are applied.

As it is seen in Fig. 5, a feed-in tariff would be much more favourable than 
30 % investment subsidy, if financial resources were received on the regional finan-
cing terms. The strategies of mixed instrument financing accompanied with a feed-in 
tariff would result in the average LCOE of 3.4–4.2 EURct/kWh. 30 % investment 
subsidy would not be sufficient, since it would cause an average LCOE of 5.5–6.5 
EURct/kWh, which would exceed the electricity selling price of 5.4 EURct/kWh. 
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If support measures were not applied, the average LCOE would increase to 6.9–7.8 
EURct/kWh. Seeking to promote 250 kW wind PP generator to use a variety of 
financing instruments and participate in debt and equity markets at a larger scale, a 
priority should be given to quite high feed-in tariff.

Fig. 5. LCOE for wind power (250 kW) financed with regional financing terms  
(calculations made by the authors of the paper).

Similar results were achieved if strategies were implemented on the interna-
tional financing terms (Fig. 6).

Fig. 6. LCOE for wind power (250 kW) financed with international financing terms  
(calculations made by the authors of the paper).

As it is shown in Fig. 6, the strategies of mixed instrument financing accompa-
nied with a feed-in tariff could create preconditions for 250 kW wind PP to recover 
the total costs and earn profit before taxes in the long-term perspective, since LCOE 
could be 4.2–5.0 EURct/kWh. 
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4. CONCLUSIONS

The research has investigated the impact of financing instruments and strate-
gies on the LCOE for wind power under the tight, average and soft financing terms 
based on regional and international statistics, which describe the development of fi-
nancing terms in the near future and long-term perspective in Lithuania, respectively.

The research results obtained through the analysis of 2000 kW wind PP have 
shown that subject to the strategies of mixed instrument financing and the regional 
financing terms, the average LCOE for wind power would be 5.1–5.4 EURct/kWh. 
This shows that, although nowadays such a wind PP could not be competitive in 
the electricity market where the price is 3.7 EURct/kWh, its competitiveness would 
evidently improve in the future, when the price would increase to 5.4 EURct/kWh 
and even more. Subject to the strategies of mixed instrument financing and the inter-
national financing terms, support to 2000 kW wind PP should be provided to make 
the wind PP competitive in the market in the future. The feed-in tariff or invest-
ment subsidy could cause the average LCOE for wind power to decrease to 4.1–4.5 
EURct/kWh.

The research results obtained through the analysis of 250 kW wind PP have 
demonstrated that despite the globally reducing investment cost (EUR/MW) and ap-
pearance of new financing instruments offering the alternative financing options, the 
investors to 250 kW wind PP will require additional support to produce electricity 
at competitive prices in the near future and long-term perspective. It has been esti-
mated that the average LCOE for wind power can reduce to 4.4–4.6 EURct/kWh (if 
regional financing terms are applied) or 4.4–5.4 EURct/kWh (if international finan-
cing terms are used) due to the feed-in tariff.

The research results have shown that financing of 2000 kW wind PP with tra-
ditional financing instruments (equity and bank loan) makes use of venture capital 
and bond even in the absence of any support. The formation of 2000 kW wind PP’s 
assets portfolio through a variety of instruments and in the absence of support could 
impact the average LCOE of 5.1–5.7 EURct/kWh depending on the financing terms. 
Availability of support measures could be a good motivating factor and attract vari-
ous types of investors into 250 kW wind PP.

It has been found that a feed-in tariff or investment subsidy would be appro-
priate 2000 kW wind power support measures, but a priority to a feed-in tariff in-
stead of 50% investment subsidy should be provided to increase the competitiveness 
of 250 kW wind PP in the market.

REFERENCES

1.	 Laboratory of Energy Systems Research at Lithuanian Energy Institute. (2015). Draft of 
Lithuanian National Energy Strategy. [Online]. Available at http://www.lei.lt/_img/_up/
File/atvir/2016/NES/NES_projektas_(Versija_viesoms_diskusijoms)-2015.12.16.pdf.

2.	 Norvaiša, E., & Galinis, A. (2016). Future of Lithuanian energy system: Electricity im-
port or local generation? Energy Strategy Reviews, 10, 29–39.

3.	 European Commission. (2011). Energy roadmap 2050. [Online]. Available at http://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52011DC0885&from=EN.



25

4.	 Bobinaite, V., & Priedite, I. (2015). RES-E support policies in the Baltic States: Develop-
ment aspect (part 1). Latvian Journal of Physics and Technical Sciences, 52, 3–14. 

5.	 Eurostat. (2016). Database of Environment and Energy. [Online]. Available at http://
ec.europa.eu/eurostat/statistics-explained/index.php/File:Table_3-Share_of_electricity_
from_renewable_sources_in_gross_electricity_consumption_2004-2016.png.

6.	 European Parliament and of the Council. (2009). Directive 2009/28/EC on the promotion 
of the use of energy from renewable sources and amending and subsequently repealing 
directives 2001/77/EC and 2003/30/EC. [Online]. Available at http://eur-lex.europa.eu/
legal-content/EN/TXT/PDF/?uri=CELEX:32009L0028&from=EN.

7.	 Parliament of Lithuania. (2009). Law on Renewable Energy Sources. [Online]. Available 
at http://www3.lrs.lt/pls/inter3/dokpaieska.showdoc_l?p_id=478609.

8.	 Lithuanian Transmission System Operator. (2016). Services. [Online]. Available at http://
www.litgrid.eu/index.php/paslaugos/paslaugos/511.

9.	 Lithuanian Statistics. (2018). Consumption and production of renewable energy sources. 
[Online]. Available at https://osp.stat.gov.lt/statistiniu-rodikliu-analize?theme=all#/.

10.	 Zailskaite, D. (2017). Do we have enough wind power plants? [Online]. Available at 
http://lsveikata.lt/sveika-visuomene/ar-vejo-jegainiu-turime-uztektinai-6012.

11.	 National Control Commission for Energy and Prices. (2018). Renewable energy. [On-
line]. Available at http://www.regula.lt/atsinaujinantys-istekliai/Puslapiai/default.aspx.

12.	 Lithuanian Environmental Investment Fund. (2016). Support to business. [Online]. 
Available at http://www.laaif.lt/lt/#.

13.	 EU Structural Funds 2014–2020. [Online]. Available at http://www.esinvesticijos.lt/.
14.	 Bank of Lithuania. (2017). Database of interest rates. [Online]. Available at http://www.

lb.lt/pinigu_finansiniu_instituciju_paskolu_ir_indeliu_palukanu_normu_statistika.
15.	 International Renewable Energy Agency. (2012). Renewable Energy Technologies: Cost 

Analysis Series. 2012, 1 (5/5). [Online]. Available at https://www.irena.org/document-
downloads/publications/re_technologies_cost_analysis-wind_power.pdf.

16.	 Keith, M., Sunderland, K.M., Narayana, M., Putrus, G., Conlon, M.F., & McDonald, S. 
(2016). The cost of energy associated with micro wind generation: International case 
studies of rural and urban installations. Energy, 109, 818–829.

17.	 Ragnarsson, B.F., Oddsson, G.V., Unnthorsson, R., & Hrafnkelsson, B. (2015). Leve-
lized cost of energy analysis of a wind power generation system at Búrfellin Iceland. 
Energies, 8, 9464–9485.

18.	 U.S. Energy Information Administration. (2015). Levelized Cost and Levelized Avoided 
Cost of New Generation Resources in the Annual Energy Outlook 2015. [Online]. Avail-
able at https://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf.

19.	 Sagatauskas, A. (2014). Vėjo energetika Lietuvoje pasiekė plėtros ribas? [Online]. Avail-
able at http://www.delfi.lt/verslas/energetika/a-sagatauskas-vejo-energetika-lietuvoje-
pasieke-pletros-ribas.d?id=65505856.

20.	 Investment into solar and wind power plants in Lithuania = Investicijos į saulės ir vėjo 
jėgaines Lietuvoje. 2010. [Online]. Available at https://roslekas.wordpress.com/catego-
ry/vejo-energija-2/.

21.	 Misevičienė, R. (2010). Vėjo elektrinių plėtrai daug stabdžių. [Online]. Available at 
http://www.mokslasirtechnika.lt/mokslo-naujienos/v-jo-elektrini-pl-trai-yra-daug-stab-
dzi.html.

22.	 National Energy Forum. (2009). Vėjas - neišsenkantis energijos šaltinis. [Online]. Avail-
able at http://www.nefas.eu/news-cat-lt-1/188-vjas-neisenkantis-energijos-a.



26

23.	 Naujoji Ranga. (2009). Calculator of investments into wind power plants. [Online]. 
Available at http://www.jegaines.lt/index.php?lang=lt&page=skaiciuokle_komercines.

24.	 Vėjų spektras. (2012). “Vėjų spektras” pradeda eksploatuoti naują vėjo elektrinių 
parką. [Online]. Available at http://www.vejuspektras.lt/blog/2012/11/13/veju-spektras-
pradeda-eksplotuoti-nauja-vejo-elektriniu-parka-2/#.

25.	 Jockus, A. (2015). Vėjo jėgainės kelsis į Rytų Lietuvą. [Online]. Available at http://
lzinios.lt/lzinios/Ekonomika/vejo-parkai-kelsis-i-rytu-lietuva/210172.

26.	 Sabaliauskas, L. (2014). “Renergos” vadovas Linas Sabaliauskas: vėjo jėgainė – 
patikimesnė už atominę elektrinę. [Online]. Available at http://www.15min.lt/verslas/
naujiena/energetika/dvejus-metus-jura-tiriancios-renergos-vadovas-dar-nezino-ar-stat-
ys-juriniu-vejo-jegainiu-parka-664-457074.

27.	 Global Wind Energy Council. (2014). Global wind energy outlook 2014. [Online]. Avail-
able at http://www.gwec.net/wp-content/uploads/2014/10/GWEO2014_WEB.pdf.

28.	 National Control Commission for Energy and Prices. (2017). Archive of the auctions. 
[Online]. Available at http://www.regula.lt/atsinaujinantys-istekliai/Puslapiai/aukcionai/
aukcionu-archyvas.aspx.

29.	 Programme for Investment Actions of EU Funds during 2014–2020. 2014. [Online]. Avai-
lable at file:///C:/Users/Viktorija/Downloads/2014-2020%20m.%20ES%20fondÅ³%20 
investicijÅ³%20veiksmÅ³%20programa_2%20(1).pdf.

30.	 Minister of Environment. (2016). Regarding Approvement of Financial Plan for the 
Special Programme of Climate Change 2016. [Online]. Available at http://www.laaif.
lt/lt/klimato-kaitos-specialioji-programa/klimato-kaitos-specialiosios-programos-lesu-
naudojimo-samatos/.

31.	 Bobinaite, V., & Tarvydas, D. (2014). Financing instruments and channels for the in-
creasing production and consumption of renewable energy: Lithuanian case. Renewable 
and Sustainable Energy Reviews, 38, 259–276.

32.	 Orion Alternative Energy Fund. (2015). Documents of Orion Alternative Energy Fund. 
[Online]. Available at http://am.orion.lt/fund/orion-alternative-energy-fund/#viewThree.

33.	 Markevičienė, E. (2015). Vėjo elektra kryžkelėje: ar reikia daugiau, ar jau užtenka. [On-
line]. Available at http://vz.lt/archive/article/2015/4/6/vejo-elektra-kryzkeleje-ar-reikia-
daugiau-ar-jau-uztenka.

34.	 Asia-Pacific Energy Sector Update: Financing Renewable Energy Projects. (2016). 
[Online]. Available at https://www.dlapiper.com/~/media/Files/Insights/Publica-
tions/2015/07/Financing%20renewable%20energy%20projects%2020%20July%20
2015.pdf.

35.	 Fried, R. (2015). The World Bank’s latest Green Bond is its biggest. [Online]. Available 
at https://www.greenbiz.com/article/green-new-gold-world-banks-latest-green-bond-its-
biggest.

36.	 Nasdaq Stock Exchanges in the Baltic States. Statistics of bonds. (2016). [Online]. Avail-
able athttp://www.nasdaqbaltic.com/market/?pg=details&instrument=LV0000801777&
list=1&price=1.

37.	 Latvenergo. (2015). Latvenergo – Green Bond Framework. [Online]. Available at http://
www.latvenergo.lv/files/news/Green%20Bond%20Framework_28.04.2015.pdf.

38.	 Bobinaite, V. (2015). Financial sustainability of wind electricity sectors in the Baltic 
States. Renewable and Sustainable Energy Reviews, 47, 794–815.

39.	 Noothout, P., de Jager, D., Tesnière, L., van Rooijen, S., Karypidis, N., Brückmann, 
… Resch, G. (2016). The impact of risks in renewable energy investments and the role 
of smart policies. [Online]. Available at http://www.diacore.eu/images/files2/WP3-Fi-
nal%20Report/diacore-2016-impact-of-risk-in-res-investments.pdf.



27

40.	 Justice, S. (2009). Private financing of renewable energy – A guide for policymakers. 
[Online]. Available at http://sefi.unep.org/fileadmin/media/sefi/docs/publications/Fi-
nance_guide_F INAL-.pdf.

41.	 World Energy Council. (2013). World energy perspective: Cost of energy technologies. 
[Online]. Available at https://www.worldenergy.org/wp-content/uploads/2013/09/WEC_
J1143_CostofTECHNOLOGIES_021013_WEB_Final.pdf.

42.	 Short, W., Packey, D.J., & Holt, T. (1995). A Manual for the Economic Evaluation of En-
ergy Efficiency and Renewable Energy Technologies. [Online]. Available at http://www.
nrel.gov/docs/legosti/old/5173.pdf.

43.	 Energinet.dk (2013). Energinet.dk’s analysis assumptions 2013–2035. [Online]. Avail-
able at https://www.energinet.dk/SiteCollectionDocuments/Engelske%20dokumenter/
El/Energinet%20dk’s%20analysis%20assumptions%202014-2035%20-%20Septem-
ber%202014.pdf.

FINANSĒŠANAS INSTRUMENTU UN STRATĒĢIJU IETEKME UZ VĒJA 
ENERĢIJAS RAŽOŠANAS IZMAKSĀM: LIETUVAS PIEREDZE

V. Bobinaite, I. Konstantinavičiūte

K o p s a v i l k u m s

Raksta mērķis ir parādīt finansēšanas instrumentu, to nosacījumu un 
finansēšanas stratēģiju atbilstību vēja enerģijas ražošanas izmaksām un vēja elek-
trostacijas spējai piedalīties elektroenerģijas tirgū Lietuvā. Pētījumā izmantota 
paplašinātā pieeja izlīdzinātajām elektrības izmaksām (LCOE).

Paplašināto pieeju raksturo tas, ka tiek ievērotas visa ekspluatācijas perioda 
izmaksas un ieņēmumi, kas saņemti no atbalsta pasākumiem.

Pētījuma rezultāti apstiprināja, ka finansēšanas instrumenti, to nosacījumi un 
stratēģijas ietekmē LCOE un vēja elektrostacijas konkurētspēju.

Tika konstatēts, ka vēja elektrostacijas finansēšana, izmantojot tradicionālos 
finanšu instrumentus (akcijas un banku aizdevumi), ir saistīta ar riska kapitālu un 
obligācijām pat bez jebkāda atbalsta. Tika aprēķināts, ka izmantojot stratēģijas, 
kas iekļauj nelabvēlīgos aizdevumus un atvieglojumus, obligācijas, pašu kapitālu 
un riska kapitālu, vidējās izlīdzinātās elektrības izmaksas sastāda 5,1–5,7 EURct 
/ kWh (2000 kW), kad paredzamā elektroenerģijas pārdošanas cena ir 5,4 EURct 
/ kWh. Finansēšanas stratēģijas ar lielāku pašu kapitāla daļu varētu paaugstināt 
izlīdzinātās elektrības izmaksas par 6 %, salīdzinot ar stratēģijām, kas paredz lielākas 
parādsaistības. Tomēr, cenšoties motivēt riska kapitālistus, obligāciju turētājus vai 
citus jaunus finansētājus, kas ienāk vēja enerģētikas nozarē, atbalsta pasākumiem 
(ieguldījumu tarifi vai ieguldījumu subsīdijas) ir būtiska loma 250 kW vēja elek-
trostacijas gadījumā. Tika aprēķināts, ka, izmantojot neatbalstītās finansēšanas 
stratēģijas, vidējās izlīdzinātās elektrības izmaksas sastādīs 7,8–8,8 EURct / kWh 
250 kW vēja elektrostacijā, bet tās samazināsies par aptuveni 50 %, ja tiks piemēroti 
ieguldījumu tarifi vai 50 % ieguldījumu subsīdijas.
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