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Understanding Energy Efficiency Barriers in Ukraine: Insights from a Survey of 

Commercial and Industrial Firms 

Abstract 

Improvement of energy efficiency is an important element of energy policy for a sustainable 

supply of energy in Ukraine. However, the country is facing several challenges to the large-scale 

deployment of energy efficient technologies. We conducted a two-stage quota sample survey of 

509 commercial and industrial firms of all regions of Ukraine to understand the barriers to 

energy efficiency improvements. Our study finds that more than two-thirds of the commercial 

and industrial firms in the country view improvement of energy efficiency very important to their 

business. However, due to several barriers they are unable to realize the improvements of energy 

efficiency. Among the 19 potential barriers investigated in the study, the survey results show that 

high upfront investment requirement, lack of government policies to support energy efficiency 

improvements, higher cost of capital, and lack of information and awareness are the most critical 

barriers to the improvement of energy efficiency in the industrial and commercial sectors in 

Ukraine.  
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1. Introduction 

Ukraine is an Eastern European country located between Russia and Europe. Its geographic position 

has made it a natural gas transit country, whereby natural gas pipelines transfer Russia’s natural gas to 

Europe via the Bratstvo and Soyuz pipelines (Soderberghn [1], Goldthau [2], Correlje [3], Cwiek-

Karpowicz [4]). In 2012, 62% of the total domestic consumption of natural gas was supplied through 

imports (IEA [5]). Although historically Russia supplied Ukraine with natural gas and petroleum at prices 

much lower than the market prices (Dimitrova [6]), the political events unfolding between Ukraine and 

Russia over the last few years are pushing toward higher prices of imported natural gas for Ukraine.  

Although natural gas plays an important role in Ukraine’s energy mix, more than half of the country’s 

primary energy supply comes from uranium and coal resources; in 2012, these two energy commodities 

accounted for 54% of the total primary energy supply (IEA [5]). Ukraine depends heavily on nuclear 

energy, which accounts for almost 30% of the total domestic production of primary energy commodities 

(i.e., coal, crude oil, natural gas, primary electricity).  

Ukraine is facing two big challenges in terms of its energy supply. First, it is highly dependent on 

imports for its energy supply and most imports come from Russia; however, this relationship has been 

highly deteriorated since early 2014. Second, most of its energy supply and utilization infrastructure were 

built during the Soviet era and are highly inefficient because of aging and outdating (Ogaranko & Hubacek 

[7]); in addition, some existing infrastructure is inefficient by design. The inefficiency has been sustained 

due to prolonged distortions in the energy markets, such as low and subsidized energy prices for both 

consumers and industry and the sustained resistance to energy price reforms (ECS [8]).  This implies the 

importance of energy efficiency improvements in Ukraine. In a comprehensive review of Ukraine’s energy 

policies in 2012, the International Energy Agency (IEA) found that improving energy efficiency was one 

of the three key milestones toward eliminating Ukraine’s dependence on imports to meet its future energy 
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demand (IEA [9]).1 Improvement in energy efficiency is also a key concern of consumers as energy prices 

are expected to increase substantially because of energy sector reforms needed to attract foreign direct 

investment (FDI) in the energy sector in Ukraine (IEA [9], ECS [8]). Higher energy prices with low energy 

efficiency will increase consumers’ energy expenditure burdens.  

  While existing studies, such as those from the Energy Charter Secretariat (ECS) [8] and IEA [9], 

strongly recommend that the government promote energy efficiency, including it as a key element of 

Ukraine’s energy policy, realization of significant improvement in energy efficiency might be constrained 

by several factors. For example, do industrial and commercial firms understand the benefits of energy 

efficiency undertakings? How big are the benefits as compared to the opportunity costs of investment that 

firms need to allocate for energy efficiency improvements? Is financing available to invest in energy 

efficiency measures? If yes, at what cost? Is the Ukrainian government facilitating or planning to facilitate 

energy efficiency improvements? If yes, how? Answering these questions is necessary prior to formulating 

design policies or programs to deploy energy efficient technologies on a large scale.  

A large number of studies has identified and analyzed barriers to energy efficiency in different 

countries. Examples include Annunziata et al. [10], Blass et al. [11], Costa-Campi et al. [12], Liu [13], 

Roding and Thollander [14], Sardianou [15], Schleich [16], Trianni et al. [17] Trianni and Cagno [18], 

Zhang et al. [19] DeCanio [20], DeCanio [21], DeCanio and Watkins [22].2 These studies focused on 

different issues, including ranking different barriers, analyzing factors affecting the barriers, and attributing 

barriers to various characteristics of the firms (e.g., size, type).  

1 The other two milestones identified by the IEA are increased production of domestic gas through conventional and 

unconventional sources and development of biomass energy resources (IEA [9]). 

2 Our brief review of literature focuses on barriers to energy efficiency faced by commercial and industrial firms. We have not 

included literature specific to barriers to energy efficiency in the household sector as this topic is beyond the scope of our paper. 

For detailed reviews of the literature on barriers to energy efficiency, please refer to Ruparathna et al. [23] and Cagno et al. [24]. 

4 
 

                                                           



 

Numerous studies have focused on ranking the barriers so that the most important ones are identified 

and appropriate policies can be formulated to address them. For example, through a survey of 48 

manufacturing small and medium-sized enterprises (SMEs) in Northern Italy, Trianni et al. [17] finds that 

SMEs in Northern Italy perceive economic and information barriers as the major obstacles to their adoption 

of energy efficient technologies, while behavioral barriers do not seem to affect enterprises very much. 

Using a multiple-case study of 98 industrial firms in Fujian, China, Liu [19] identifies 17 barriers, 

classifying them into four categories (structural, regulatory, cultural, and contextual) and reports that lack 

of financial incentive is the most common barrier across the firms. Based on a survey of 480 SMEs along 

with semi-structured interviews, Kostka et al. [25] reports that informational barriers are the key hurdles to 

energy efficiency improvements in the small and medium-sized enterprises in Zhejiang province, China.  

Surveying the largest eight non-energy-intensive manufacturing firms in Oskarshamn municipality in 

Sweden, Rohdin and Thollander [14] reports that risk of production disruption, information search costs 

related to energy efficient appliances/devices, and higher opportunity costs of investment were the main 

barriers to adopting increased energy efficiency. Using cross-sectional data from SMEs that participated in 

a German energy audit program between 2008 and 2010, Fleiter et al. [26] finds that high investment costs 

and lack of capital are the main barriers to energy efficiency in SMEs in Germany. In another study of 

Northern Italy, a statistical analysis based on a dataset of 322 municipalities conducted by Annunziata et 

al. [10] shows that capacity building through training courses and technical support provided by energy 

audits positively affecting the adoption of energy efficiency in municipal buildings. DeCanio [21] points 

out that bounded rationality, principal-agent problems and moral hazard could be the main factors for the 

slow deployment of energy efficient technologies by firms. DeCanio [20] and DeCanio and Watkins [22] 

evaluates energy-saving investment decisions in the US, and show that the decision to join the US 

Environmental Protection Agency’s voluntary Green Lights program is affected by economic reasons, 

instead organizational and some other firm-specific characteristics. Investigating the barriers to and the 

driving forces for the implementation of energy efficiency measures in Ghana’s largest industrial area, 

Apeaning and  Thollander [27] reveal that the most important barriers to energy efficiency improvements 
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in the firms are economic (or market) barriers (e.g., lack of budget, no access to capital). Similarly, Brunke 

et al. [28] finds that internal economic and behavioral barriers are the biggest obstacles to energy efficiency 

improvement in the iron and steel industry in Sweden.  

A number of studies point out that energy efficiency improvement is not a priority for firms. For 

example, based on a survey of 2,848 German commercial and service firms, Schleich [16] finds that 

priority-setting of upper management, who often do not consider energy efficiency as a strategic priority, 

is one of the main barriers to energy efficiency improvement in Germany. Low priority for energy 

efficiency improvements is also reported in Sardianou [15] which surveys 779 industrial firms in Greece 

and finds that 62% of the firms did not consider energy saving a priority. However, low priority perceived 

by the top management itself might not be the barrier; instead, the factors causing the management to ignore 

energy efficiency might be the main culprit. For example, top management may not be well informed about 

the benefits of energy efficiency (i.e., information barrier). Relaxing the information barrier by involving 

the right managers may help. For example, based on 5,779 energy efficiency recommendations made to 

752 SME manufacturing firms under the US Department of Energy's Industrial Assessment Centers 

Program, Blass et al. [11] finds that involvement of top managers and more specifically of top operations 

managers in the adoption of energy efficiency practices significantly increases the adoption of energy 

efficiency measures, while involvement of general top managers without an operational role has little or no 

effect.  

Some existing studies explore the relationship between size of the firms and adoption of energy 

efficiency measures. For example, using panel data from the Community Innovation Survey in Spain for 

2008–2011 in a logit model, Costa-Campi et al. [12] show that firm size facilitates energy efficiency 

innovation. Using semi-structured interviews and questionnaires in 20 primary metal manufacturing SMEs 

in Northern Italy, Trianni et al. [29] finds that a firm's size, market innovativeness, and product and process 

innovation are the key factors affecting barriers to energy efficiency. Investigating the barriers to energy 

efficiency at 65 foundries in Europe, Trianni et al. [30] finds that smaller enterprises have a greater 

perception of the barriers than larger ones, mainly due to organizational issues. 
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Although several empirical studies have examined barriers to energy efficiency measures in various 

countries, to the authors’ knowledge, to date no study has been carried out on Ukraine to identify barriers 

to energy efficiency improvements. This study aims to fill this gap. 

To understand the barriers to energy efficiency improvements in Ukraine, we undertook a two-stage 

quota sample survey of 500 industrial and commercial firms located in all regions of Ukraine. The survey 

results suggest that lack of information, lack of awareness, and financial barriers are the main factors 

impeding investment in energy efficient technologies in Ukraine.  

The paper is organized as follows: Section 2 describes the survey and sample design. The key 

characteristics of the firms as reported by the survey are presented in section 3. Barriers to the deployment 

of energy efficient technologies in Ukraine are discussed in section 4. Policy discussions are presented in 

section 5, and concluding remarks are offered in section 6. 

2. The Methodology: Cross-Sectional Survey 

A cross-sectional survey was designed and primary data collected on firms’ characteristics and energy 

consumption, as were data on the barriers to energy efficiency improvements. Following Rohdin and 

Thollander [14], the survey separates barriers to the adoption of energy efficient technologies into five 

categories (see also Sorrell et al. [31]): (1) economic or financial barriers and “hidden” costs of adopting 

energy efficient technology, (2) information barriers, (3) technical barriers, (4) institutional barriers (both 

within the firm and at the national level), and (5) split incentives whereby firms are not accountable for 

their energy use and thus have no incentive to improve energy efficiency. Various indicators reflecting 

these barriers that were used in the survey are presented in Table 1.  

The firms were chosen using a two-stage quota sample, accounting for industrial and commercial 

energy-intensive firms. The sample included 509 firms from all regions of Ukraine (i.e., firms from all 

administrative territorial units of Ukraine). The sample included 61.9% industrial firms (315 of 509) and 

38.1% commercial firms (194 of 509). 
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The sample was selected in a two-stage process. At the first stage, potential samples were 

determined by their locations. All 25 regions of Ukraine were selected and the number of respondents in 

each location was determined. Three statistical indicators were used for sample selection criteria: (i) number 

of working age population by region, (ii) number of subjects of Unified State Register of Enterprises and 

Organizations of Ukraine (USREOU) by region, and (iii) gross regional product by region. Since energy 

efficiency improvement is one of the main vehicles to cut energy demand and reduce greenhouse gas 

(GHG) emissions, CO2 emission in regions from the industrial and commercial sectors was also used as an 

additional indicator. Based on the combination of these criteria, percentages for each region in a sample 

were calculated. We set 10 as the minimum sample size to meet the statistical requirements for independent 

data generation for each individual quota. The regions were grouped into three categories based on the 

number of samples. The first group comprised most industrially developed regions with 50 to 70 samples 

in each region. The second group included regions for which the number of samples was set at 20 to 30 

enterprises, and the third group consisted of the least industrially developed regions with a sample size of 

10 to 20 enterprises. Table 2 presents the sample structure by region.  

<<Table 1. Classification of barriers and corresponding indicators >> 

 

At the second stage of sample design, quotas for sample selection by economic sectors in each 

region were formed. The target ratio of industrial and non-industrial firms (or commercial firms) was 

determined based on two criteria: the percentage of gross value added in Ukraine of industrial firms vs. 

commercial firms and their respective share in total CO2 emissions in the country. These indicators 

allocated 67.3% samples to the industrial firms and the rest to commercial enterprises.  

<< Table 2. Number of cases in each region >> 

 

To ensure that firms with high energy consumption were surveyed, several filters for selection at 

the second stage of sample development were used. In the industrial sector, the focus was on big firms as 

they are likely to consume more energy. The size of the sample from small industrial firms (with less than 
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50 employees) was capped at 10% of the total sample size from the industrial firms category and the share 

of big industrial firms (with more than 500 employees) was set at more than 20% in the total industrial 

sample. Similarly, the quota of small commercial firms (up to 50 employees) was set at 33% of the total 

sample of the commercial category. Large commercial firms with floor space of more than 150 square 

meters were especially included in the sample as they consume more energy and thereby offer higher 

potential for energy efficiency improvements.  

The final sample size was slightly modified from that allocated earlier because industrial firms were 

more difficult to reach and reluctant to provide information. The final sample size of 509 firms was 

allocated as follows: 315 industrial firms (62%) and 194 commercial firms (38%).  

Several experts on survey design reviewed the survey instrument and their feedback was 

incorporated in the final survey instrument. The survey was conducted via face-to-face interviews with 

representatives of the chosen firms as well as by mail. The survey data are publically available at the World 

Bank website.3 

The firms of our sample have characteristics similar to those of the population of firms in Ukraine. 

Because a few of the survey questions were not consistent with other variables investigated or with theory, 

we omitted these questions from the analysis and have not reported them in this paper. We used Cronbach’s 

𝛼𝛼 to evaluate internal validity and assess how a set of variables measures a single one-dimensional latent 

aspect (i.e., a barrier). Cronbach’s 𝛼𝛼 exceeded 0.7, thus suggesting good reliability; that is, more than 70% 

of the total variance is true variance. 

3. Key Characteristics of Surveyed Firms  

The first block of the survey instrument (or questionnaire) was designed to extract background 

information from the responding firms. Specifically, this information included size of the firm, its sector 

3http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/EXTPROGRAMS/EXTEAER/0,,contentMDK:23447425
~pagePK:64168182~piPK:64168060~theSitePK:5991650,00.html 
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(e.g., mining, manufacturing, service), revenues, and type of ownership (public vs. private). Firms that 

operated in the mining and manufacturing sectors were combined into industrial enterprises/firms. 

Commercial firms included those providing services such as education, health care, housing and real estate 

services, banking and financial service providers, retailers and wholesalers, and providers of other services. 

The size of the firm was measured by the number of employees. Industrial firms were usually bigger than 

commercial firms. In the final sample, the average number of employees in an industrial firm was 493 

persons with the largest share (34.8%) belonging to the category of firms with 101 to 500 employees. 

Commercial firms employed 219 persons on average, while their shares by number were almost equally 

allocated in three categories: up to 50 employees, from 51 to 100 employees, and more than 100 employees.   

A question on the survey asked whether the firm rents or owns its venue because the behavior of a 

landlord and tenant differ in terms of energy consumption and saving. Tenants are less likely to switch off 

lights or heating/cooling devices even if they do not need those services and thus create wasteful 

consumption of energy if the landlord pays the energy bills. This is also known as a split incentive in the 

efficiency literature. Most of the firms in the sample owned their facilities (86.5% of industrial and 78% of 

commercial firms). Some commercial firms (3.1% of the sample under the commercial firms category), 

such as public schools and hospitals, use public or government buildings for operation; they were placed 

in the “other” category. Private ownership of the firm was further divided into domestic and foreign. Table 

3 presents the ownership structure of sample firms that responded. As expected, domestic public 

organizations were more highly represented in the commercial sector (37%) than in the industrial sector 

(10.7%) because most schools, hospitals, and higher education institutions are publically owned in Ukraine.  

<< Table 3. Ownership structure >> 

Yearly revenues of firms that responded to the survey instrument varied from less than US$20,000 

to more than US$1 billion. In terms of revenue, on average, industrial firms were bigger than commercial 

firms.  While about a quarter of commercial firms that responded had earned more than US$100,000 in the 

previous fiscal year, 55% of industrial firms had earned more than US$100,000 in the last year. 
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Organizations that are funded with public resources such as public schools and public hospitals were not 

included in the revenue split. Table 4 presents the classifications of respondents based on their annual 

revenue. 

The second block of the questionnaire reflected the energy consumption patterns of the sample 

firms. Consumption of energy for the following 10 types of end-use services were tracked: (i) industrial 

equipment (other than electric motors and process heating), (ii) lighting, (iii) space heating, (iv) water 

heating, (v) chilling/refrigeration, (vi) air conditioning and ventilation, (vii) process heating, (viii) 

computers and administrative equipment, (ix) electric motors, and (x) electrical and electronic appliances. 

The survey sought information about the share of the various energy carriers (e.g., coal, heating oil, natural 

gas, electricity) consumed by each of these end-use services. The questionnaire also asked for energy 

expenditure as a percentage of the firm’s total production costs.  It also asked for cost shares of different 

energy carriers in the total energy expenditure.  

<< Table 4. Total revenue in the previous financial year >> 
 

Of the total energy expenditure, 67% is spent on electricity by industrial firms and 64% by 

commercial firms. Similarly, 22% of total energy expenditure of the industrial firms and 17% for 

commercial firms is spent on natural gas. The average share of energy expenditures in the total production 

costs is 18% and 19% for industrial and commercial firms, respectively. The most energy intensive firms 

(in terms of expenditure) are chemicals (31% of the total production costs), water supply, sewerage, and 

waste management (26%), iron and steel (24%), textile (22%), rubber and plastic products (22%), timber 

and furniture (21%), and pharmaceuticals (20%). Commercial sectors with higher energy expenses are 

hotels and restaurants (25% of the total operational costs), education (20%), and wholesale and retail trade 

(19%).  

4. Energy Efficiency and Barriers to Adoption 

4.1 Understanding Firms’ Perception of Energy Efficiency  
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Firms’ perception of energy efficiency improvement is a key factor affecting the adoption of energy 

efficiency measures. Existing literature, such as Schleich [16] and Sardianou [15], has shown that a low 

priority for energy efficiency is a key barrier to energy efficiency improvements in industrial and 

commercial firms. In this study, we found that almost all of the surveyed firms reported energy efficiency 

as a high priority (Figure 1). There is no significant difference between firms in the industrial and 

commercial sectors in this matter. The degree of importance varies slightly, however. A bigger share of 

firms within the commercial sector marks energy efficiency as “somewhat important” rather than “very 

important.” Also, a share of commercial sector firms (3.4%) has their energy bills paid by a building or 

facility owner (i.e., a source of split incentive). Only 0.6% of such cases exists among industrial firms.  

<<Figure 1. How do you rank the importance of energy efficiency for your firm/organization? >> 

 

To further confirm the firms’ perception of the importance of energy efficiency improvements and 

their concern about losses due to their inefficient energy utilization systems, we asked them if they had 

invested in energy efficiency improvements in the past five  years and, if so, how much. The results showed 

that firms are concerned about their inefficient energy systems and have made some investments to improve 

them. More than 77% of industrial firms and almost 75% of commercial firms, in fact, made some 

investments in energy efficiency improvements over the last five years. Moreover, 80% of industrial firms 

and 73% of commercial firms intend to invest in the next five years. Figure 2a depicts the distribution of 

investments in energy efficiency made by firms over the last five years. The results show that industrial 

firms are more likely to invest in energy efficiency measures than commercial firms are. While 3% of the 

sample industrial firms that responded had invested more than US$1 million over the past five years, none 

of the commercial sample invested more than 500 thousand US$. Twenty-three percent of the industrial 

sample and 26% of the commercial sample did not invest at all. Twenty-two percent of the industrial sample 

and 19% of the commercial sample had invested between US$50,000 and US$100,000 over the past five 

years.  

<< Figure 2. Energy efficiency investments of firms >> 
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Almost the same percentage of samples that did not invest in energy efficiency in the past five years 

does not plan to invest in the next five years.  Thirty-seven percent of the industrial sample and almost half 

of the commercial sample are expected to invest less than US$10,000 to improve their energy efficiency.  

To analyze their investing behavior, firms were divided into several groups using the method of 

hierarchical cluster analysis. They were divided into two categories based on their previous investments: 

(i) firms that invested in energy efficiency during the previous five years and (ii) firms that did not. 

Similarly, firms were divided into two categories regarding their future investment plans: (i) firms that plan 

to invest in energy efficiency and (ii) firms that do not have such plans. The optimal number of clusters 

received as a result of hierarchical cluster analysis was three and they differed in investing behavior. The 

first includes 75.3% of all firms (N=196). The second cluster includes the firms that did not invest in energy 

efficiency during the previous five years and did not plan to invest during the next five years. This cluster 

includes 47 firms, or 18.1% of the sample. The third cluster comprised the firms that invested in the past 

but had no plans to invest in the future; such firms are 6.5% of the sample (N=17). Note that 240 firms 

were not included in the cluster analysis due to missing answers to at least one of the questions used in the 

analysis. The respondents of these firms may be uninformed about investments made by their firm. 

However, the 267 firms included in the analysis are sufficient to draw a distinction regarding investing 

behavior of firms. Only 7 out of 267 firms had not invested in the past but planned to invest in the future. 

This number of cases is not sufficient to be categorized as a cluster. However, 4 out of the 7 firms underwent 

a mandatory audit. 

An energy audit is expected to help improve energy efficiency by “spreading the news” and making 

the firms better informed regarding the cost saving benefits of employing more energy efficiency measures 

(Thollander et al. [32]). Annunziata et al. [10] finds, through a survey of 322 municipalities in Northern 

Italy, that energy audits significantly help in improving the adoption of energy efficient measures in 

municipal buildings. Through a meta-analysis based on evidence from 156 published field trials and 

525,479 study subjects from 1975 to 2012, Delmas et al. [33] shows that individuals in the experiments, on 
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average, reduced their electricity consumption by 7.4%, mainly driven by individualized audits and 

consulting. In our study, among the surveyed firms, 40% of industrial firms underwent a mandatory energy 

audit while 21% had a voluntary audit. Similarly, 32% of the commercial firms had mandatory energy 

auditing and 6% voluntary. Interestingly, out of the 47 firms that did not invest in the past and had no plans 

to invest in the future, only four were audited. 

More than two-thirds of commercial and industrial firms consider improvement of energy efficiency 

very important (Figure 1); however, neither their past nor their planned future investments allocated for 

energy efficiency improvements looks impressive. This clearly indicates that something is hindering firms’ 

adoption of energy efficient technologies. To explore these obstacles, the survey asked firms to identify 

and rank barriers to implementation of energy efficient technologies. The ranking was scaled from 0 (no 

influence) to 3 (strong influence). The ranking of barriers resulting from the survey is presented in Figure 

3.  

4.2 Ranking the Energy Efficiency Barriers 

As shown in Figure 3, the survey results suggest that both industrial and commercial firms perceive 

economic or financial barriers as the main obstacles to adopting energy efficient technologies. They rank 

the high upfront investment requirement (F1) and higher costs of capital due to the higher interest rate 

charged by financial institutions (F2) as the key financial barriers to energy efficiency improvements. On 

a scale of 0 to 3, with 0 being no barriers and 3 being the highest level of barriers, industrial firms rate the 

upfront investment barrier (F1) 2.14 on average. Similarly, commercial firms rate this barrier 1.94 on 

average. The average ratings of capital cost or high interest rate barrier (F2) are 1.93 and 1.77 for the 

industrial and commercial firms, respectively. Some existing studies have also report similar findings. For 

example, Liu [13] finds that lack of financial incentive is the most common barrier to energy efficiency 

across the 98 industrial firms in Fujian, China. Similarly, based on data from a German energy audit 

program between 2008 and 2010, Fleiter et al. [26] reported that high investment costs and lack of capital 

are the main barriers to energy efficiency in SMEs in Germany.  
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Note: See Table 1 for the definition of barrier indicators (i.e., F1,  .. , S1) used in this figure. 

 

<< Figure 3. Ranking of energy efficiency barriers perceived by industrial and commercial firms in 

Ukraine >> 

 

The survey results also reveal that the institutional barrier represented by the lack of effective 

government policies to facilitate energy efficiency programs (I3) is equally as strong as the upfront 

investment financial barrier (F1). Other important barriers to energy efficiency with a rating higher than 

the mid-point of the scale (i.e., > 1.5) reported by the industrial firms, on average, are T2 (lack of local 

supplies for equipment parts and very expensive purchasing from abroad; also, long lead time to get 

equipment parts) and I1 (government permits to deploy energy efficient devices and processes). In the case 

of commercial firms, all other barriers except F1 (upfront investment), F2 (cost of capital), and I3 (lack of 

support policies) are rated below the mid-point of the scale (i.e., 1.5). 

Industrial firms also consider opportunity cost of the investment or the rate of return of the same 

investment that could be secured elsewhere (F3) as an important barrier, with an average rating of 1.42. 

This barrier is often ignored in the existing literature. Most existing literature analyzing marginal abatement 

cost of GHG mitigation has shown that energy efficiency options are negative cost options, or “win-win” 

options, or low hanging fruits as savings from energy efficiency measures are higher than the associated 

investments at a given discount rate (e.g., Mckinsey & Company [34]; de Gouvello et al. [35]; World Bank 

[36]; Timilsina et al. [37]). Our analysis suggests that even if energy efficiency measures have negative 

costs and provide a net benefit to consumers, there is no guarantee that firms will adopt these measures 

because they do not perceive the benefits as attractive enough. This is because firms expect a higher return 

from the investment than the return from energy savings. After examining energy efficiency barriers in 

non-energy-intensive manufacturing firms in Sweden, Rohdin and Thollander [14] also indicates that the 

higher opportunity costs of investment were the main barriers to adopting increased energy efficiency.  
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We observed some contrasts in barrier ratings between the industrial and commercial firms. First, 

the average ratings of most barriers (17 out of 19) are higher in the case of industrial firms than commercial 

firms. The average industrial ratings of F3 (opportunity cost of investment), F5 (management’s priority for 

energy efficiency investment), and T3 (need for substantial reconfiguration of production process) are more 

than 40% higher than the corresponding ratings by the commercial firms. While industrial firms rank the 

lack of government policies to support energy efficiency (I3) as the most important barrier, with an average 

rating of 2.17, commercial firms rank the upfront investment barrier (F1) the highest, with an average rating 

of 1.94. Commercial firms ranked S1 (split incentive), I5 (uncertainty with firm’s future), and K4 (lack of 

energy efficiency improvement experience) higher than industrial firms rated corresponding barriers. The 

usually higher ratings for barriers by industrial firms than commercial firms are intuitive. For example, 

commercial firms are, on average, smaller than industrial firms and tend to rent their facilities, whereas 

industrial firms mostly own their facilities. 

 

4.2.1 Further Analysis of the Energy Efficiency Barriers  

We also employed a principal component analysis for further investigation of the barriers because 

such an analysis helps clean noise from an observed series in a panel that is poorly correlated with the rest 

of the panel (e.g., Avesani et al. [38]; Forni et al. [39]).4 In our principal component analysis, we used 

orthogonal transformation to convert observations of correlated variables (variables that belong to a certain 

group, e.g., financial barriers) into a set of values of linearly uncorrelated variables that are called principal 

components. With this analysis, we identified the underlying factor for each group of barriers, thus 

increasing the precision of the perceived importance of the various factors affecting the adoption of energy 

efficiency measures. This analysis also allowed us to aggregate the various independent variables within a 

4 For more detailed information on principal component analysis, see Bai [40]. 

16 
 

                                                           



 

group (e.g., the five barriers within the financial barrier group) to produce a single index for the group (see 

Figure 4).  

The principal component analysis essentially rotates the set of points around their mean so as to 

align with the principal components. It calculates the eigenvalues which are proportional to the portion of 

the sum of the squared distances of the points from their multidimensional mean. This moves as much of 

the variance as possible (using an orthogonal transformation) into the first few dimensions – in our case, 

the first dimension. The values in the remaining dimensions tend to be small and may be dropped with 

minimal loss of information. To this end, we used the rule of thumb that requires the eigenvalue to be 

greater than 1 for the factor to be included in the empirical analysis. The common factors were then used 

to aggregate the specific barriers to those mentioned above and are depicted in Figure 4.  

<< Table 5. Principal component analysis >> 

 

In computing the aggregate factor attributed to “financial” barriers to the adoption of energy 

efficiency measures, we obtained the eigenvalues of the five barriers.5 We also obtained the extracted sum 

of the squared loading. We used the loading coefficients to calculate the financial barrier factor. The loading 

coefficients and eigenvalues enabled us to transition from five variables to one that explains 54% of the 

financial barriers’ data variability. Similarly, we computed the eigenvalue of the information incentives. 

Here we reduced the number of variables in the empirical analysis from four to one, while the factor chosen 

explains more than 69% of the variability in the data. Repeating the analysis for technical barriers and 

institutional barriers also resulted in one factor that explains 58% and 57%, respectively, of the variance. 

Since we had only one split barrier in question, we did not include this barrier in the principal component 

analysis.  

5 Principal component analysis has also being applied to complex datasets which included multiple indicators to construct social 
capital indexes (Sabatini [41]).  
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The analysis results in Figure 4 ranks the barrier types (i.e., financial, institutional, technical, and 

information) by combining the individual barriers under each type of barrier. It shows that the financial 

barrier ranks the highest in both the industrial and commercial sectors. The institutional barrier is the second 

most important barrier in both sectors. The information barrier ranks the lowest.  

<< Figure 4. Aggregate ranking of barrier types based on principal component analysis >>  

 

5. Concluding Remarks  

Considering the current energy supply situation and prevailing geopolitics in the region, reducing 

future energy demand through energy efficiency improvements from the level that would otherwise occur 

is crucial for achieving Ukraine’s energy security. However, the country is facing several challenges to 

large-scale improvements in energy efficiency. This study attempted to understand the key barriers to the 

large-scale adoption of energy efficiency technologies in the commercial and industrial sectors, which 

together account for almost half of the total energy consumption of Ukraine. We conducted a survey of 509 

industrial and commercial firms to understand their perception of the importance of energy efficiency 

improvements and identify key barriers that prevented the large-scale adoption of energy efficiency 

technologies in the country.  

Our study found that more than two-thirds of the commercial and industrial firms we surveyed viewed 

improvement in energy efficiency as very important to their business. However, due to several barriers, 

they are unable to undertake the large-scale deployment of energy efficient technologies in their production 

processes. The survey results revealed that firms in both the commercial and industrial sectors perceive five 

barriers: High upfront investment requirement, lack of government policies to support energy efficiency 

improvements (in fact, existing perverse policy that requires firms to obtain government permission to 

adopt energy efficient appliances), and higher cost of capital are the main obstacles to large-scale adoption 

of energy efficient technologies. The lack of support measures and higher upfront investments are the two 

most important barriers among the 20 barriers presented to the respondents to rank. The results of the study 

18 
 



 

imply that the government should introduce support policies and programs that help firms lower the upfront 

capital burden (e.g., investment subsidy through grants or soft loans) and enhance the payback period of 

the investment in energy efficiency improvements. Other measures that would help enhance energy 

efficiency improvement initiatives include facilitating the availability of supply parts (e.g., promotion of 

local manufacturing of energy efficient appliances and their parts) and campaigning for higher participation 

of firms in adopting energy efficient technologies.  

One issue that was not included in the survey and not discussed in the paper is the effect of the current 

geopolitical situation between Ukraine and Russia on energy efficiency improvement measures. This 

situation might have increased the uncertainty of firms’ existence in Ukraine, especially firms with large 

foreign investments, which might move to places with a better investment climate. If a firm faces 

uncertainty with respect to its existence, it will not expand its production system, including its investment 

in energy efficiency improvement. However, the country is also using the current geopolitical situation to 

improve its energy independence; reducing energy demand through improvement in energy efficiency is 

one element of initiatives in this direction.    
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Figure 1. How do you rank the importance of energy efficiency for your firm/organization?  
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(a) Investment over the past five years  

 

 

(b) Planned investment in the next five years  

 

Figure 2. Energy efficiency investments of firms. 
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Note: See Table 1 for the definition of barrier indicators (i.e., F1,  .. , S1) used in this figure. 

 

Figure 3. Ranking of energy efficiency barriers perceived by industrial and commercial firms in Ukraine. 
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Figure 4. Aggregate ranking of barrier types based on principal component analysis.  
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Table 1. Classification of barriers and corresponding indicators. 

Economic and financial barriers 
F1.  High upfront investment requirement for energy efficiency improvement 
F2.  Higher costs of capital as financial institutions perceive energy efficiency investment as risky and charge 

a high premium 
F3.  Low opportunity costs as the energy efficiency investment would produce a higher return elsewhere 
F4.  Zero or very small monetary value of replaced appliances that still have a long operational life 
F5.  Energy savings as a low priority because energy cost is a small fraction of the total production costs due 

to low energy prices 
Information barriers 

K1.  Lack of awareness of the availability and/or benefits of deploying energy efficient processes and devices 
K2.  Difficulties in obtaining necessary information 
K3.  Lack of confidence in energy efficient devices and processes as firms do not deliver the services at the 

level their promoters advocate 
K4.  Lack of experience in energy efficiency measures 

Technical barriers 
T1.  Lack of skilled personnel to handle the efficient devices and processes 
T2.  Lack of local supplies for equipment parts and very expensive purchasing from abroad; also, long lead- 

time to get equipment parts 
T3.  Installation of energy efficiency measures necessitating substantial reconfiguration of production 

processes 
T4.  Higher probability of malfunction or poor performance, thereby disrupting production processes 

Institutional barriers 
I1.  Need to obtain government permits to deploy energy efficient devices and processes 
I2.  Lack of legal protection of property rights 
I3.  Lack of effective government policies to facilitate energy efficiency programs 
I4.  Unofficial payments demanded to receive government permits 
I5.  Uncertainty about the firm’s future 

Split incentive 
     S1. No incentives for the firm to reduce energy consumption as energy bills are paid by building/facility 
          owners 
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Table 2. Number of cases in each region. 

Region Sample  Region Sample Region Sample 
Kyiv city and oblast 65 Khmelnytskyi 17 Kirovohrad 10 
Dnipropetrovsk 50 Crimea# 16 Mykolaiv 10 
Donetsk 50 Vinnytsia 16 Rivne 10 
Kharkiv 30 Zakarpattia 16 Kherson 10 
Luhansk 28 Sumy 15 Cherkasy 10 
Zaporizhia 25 Poltava 14 Chernihiv 10 
Lviv 25 Ivano-Frankivsk 12 Ternopil 5 
Odessa 25 Volyn 10   
Chernivtsi 20 Zhytomyr 10   

# This study was carried out before Crimea was taken over by Russia.  
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Table 3. Ownership structure. 

Type of ownership Industrial sector Commercial sector 
Domestic private 77.3% 57.1% 
Domestic public 10.7% 37.0% 
Foreign 3.3% 2.1% 
Mixed ownership # 8.7% 3.7% 
Total respondents 300 100 

# Firms that share between different ownerships.  

 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Total revenue in the previous financial year.    

 Industrial sector Commercial sector 
< 20 000 US$ 19.5% 40.3% 
20 000 – 100 000 US$ 25.7% 33.1% 
100 000 – 500 000 US$ 17.1% 14.5% 
50 000 – 1,000,000 US$ 11.4% 6.5% 
1,000,000 – 10,000,000 US$ 16.2% 4.0% 
10,000,000 – 100,000,000 US$ 8.1% 1.6% 
>1,000,000,000 US$ 1.9% 0.0% 
Responding Sample Size 210 124 
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Table 5. Principal component analysis. 

Factor or barrier Eigenvalue Cumulative index 

Financial barrier: No. of observations = 356; LR test: chi2(10) = 457.19 

F1 2.68 0.536 

F2 0.71 0.678 

F3 0.67 0.813 

F4 0.54 0.920 

F5 0.40 1.000 

Information barrier: No. of observations = 444; LR test: chi2(10) = 928.8 

K1 2.91 0.727 

K2 0.49 0.849 

K3 0.38 0.943 

K4 0.23 1.000 

Technical barrier: No. of observations = 356; LR test: chi2(10) = 413.15 

T1 2.31 0.576 

T2 0.75 0.766 

T3 0.54 0.899 

T4 0.40 1.000 

Institutional barrier: No. of observations = 433; LR test: chi2(10) = 272.37 

I1 2.33 0.466 

I2 0.98 0.662 

I3 0.63 0.789 

I4 0.56 0.901 

I5 0.49 1.000 

Note: See Table 1 for the definition of barrier indicators (i.e., F1,  .. , I1) used in this table. 
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