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Executive summary 

The aim of this research was to identify key barriers that hinder adoption of energy efficiency measures by 

Ukrainian enterprises. Previous research shows that there is an empirical evidence for the existence of barriers to 

energy efficiency and that many cost-effective options for energy efficiency improvements are not known to 

firms, or even if they are known and well defined, they are often not implemented. A questionnaire has been 

developed that permits to reveal specific barriers to increasing energy efficiency, to compare their influence 

through quantitative measurement, to study investment behavior of the enterprises, and to minimize the 

influence of a researcher in the survey and data analysis. Enterprises to survey were chosen with two-stage quota 

sample that accounts for GHG emissions, among other factors. Sample includes industrial and non-industrial 

energy intensive enterprises of all the regions of Ukraine.  

Results of the survey show that electricity and natural gas are the energy carriers most used by Ukrainian 

enterprises. Firms of different sectors vary by the percentage of energy consumption costs in the total sum of 

their production costs (for industrial enterprises) or operational expenditures (non-industrial enterprises). 

Enterprises give high priority to energy efficiency due to financial considerations, government requirements and 

social responsibility measures. More enterprises have undergone a mandatory energy audit than a voluntary one. 

About one of commercial and industrial enterprises did not invest any finances in increasing energy efficiency 

during the previous five years. The same shares of enterprises will not invest finances in energy efficiency during 

the following five years eithers. Cluster analysis classifies all the enterprises into three major groups by their 

investing behavior: the ones that who invested and plan on continuing, those that did not invest and will not, and 

those that did make investments in energy efficiency but do not plan to make them in the nearest future.  

However, when the decision to invest is made, enterprises are willing to allow for rather long time horizons for 

the investments to return. It is shown by choice experiment question in the survey where respondents were 

asked to estimate the longest time period they were ready to accept as investments period. The results suggest 

that among those who are ready to make investments into energy efficiency most can wait for the longest time 

suggested for payback.  

Long payback periods, need to obtain government permits, lack of effective government policies, high upfront 

capital costs and lack of capital are the barriers that enterprises rate the highest as the ones that prevent them 

from adopting measures to increase energy efficiency. All the barriers estimated by the firms in the survey were 

grouped into eight major barriers with exploratory factor analysis, which allowed to discover connections 

between different barriers and to analyze the factors that predict a barrier’s influence.  

These major barriers are the following: informational barrier, price and property barrier, financial barrier, 

technical barrier, organizational barrier, split incentives barrier, bureaucracy and corruption barrier and 

regulatory barrier. Using the General Linear Model (GLM) method, different variables (operational parameters, 

energy consumption, motivation to energy efficiency, actions undertaken to increase energy efficiency) were 

tested for having a statistically significant influence on the level of impact of a particular barrier on an enterprise. 

The factors that predict these barriers impact on an enterprise are its energy expenditure share in the production 

cost, its size, revenues, geographical location, ownership structure, and sector. Additionally, an enterprise’s 

regression scores on a particular barrier scale can depend on whether a firm owns or rents its enterprises and if it 

has undergone a voluntary or mandatory energy audit. 
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Introduction   

With growing environmental hazards due to high greenhouse gases emissions as well as rising costs of energy 

consumption, energy saving measures become more and more urgent. Business can contribute to reduction of 

environment deterioration by introducing energy efficiency processes, technologies and equipment. Energy 

efficient measures are also expected to reduce production costs, thus making an enterprise more competitive at 

market.  

However, enterprises are found to be reluctant to implement such measures in spite of their apparent benefits. 

This effect has been referred to as “energy efficiency gap”. The reasons for it are believed to lie in financial, 

institutional, informational constraints that inhibit energy efficiency efforts at enterprises. Due to such constraints 

enterprises are not reaching their full energy efficiency potential. 

The aim of this research was to identify key barriers that hinder adoption of energy efficiency measures by 

Ukrainian enterprises. Specifically, the survey was designed to meet the following goals:  

- Identification of key barriers to the adoption of energy efficiency measures.  

o Determining the influence of each barrier as reported by a firm 

o Analysis of factors that determine the influence of barriers on a firm  (operational parameters, 

energy consumption, motivation to energy efficiency, actions undertaken to increase energy 

efficiency) 

o Analysis of the enterprises investing behavior 

- Developing methodology that would provide valid and reliable results  

o Designing survey instrument that will capture specifics of firms that differ by sector and other 

operational parameters   

o Conceptualizing the indicators of energy consumption, motivation to energy efficiency, actions 

undertaken to increase energy efficiency and barriers to such actions 

o Development of measurement for these indicators.  

For this purpose, survey instrument has been developed that allows finding out what are these barriers, permits 

to compare their influence via quantitative measurement, to study investment behavior of the enterprises, and to 

minimize the influence of a researcher in the survey and data analysis.  
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Theoretical and methodological framework 

The concepts of energy efficiency and a barrier to its adoption 

The term energy efficiency is widely used but not always well understood. Generally speaking, it can be defined as 

the ratio of useful outputs to energy inputs for a system, where the latter may be an individual energy conversion 

device (e.g., a boiler), a building, an industrial process, a firm, a sector or an entire economy. In all cases, the 

measure of energy efficiency will depend upon how ‘useful’ is defined and how inputs and outputs are measured. 

Either thermodynamic, physical or economic (value) measures can be used for quantification of energy efficiency. 

Energy efficiency improvements that can be measured in value terms are conventionally divided into two 

categories: those that are associated with improvements in overall, or ‘total factor’ productivity (‘technical 

change’), and those that are not (‘substitution’). The latter is assumed to be induced by changes in the price of 

energy relative to other inputs. 

Energy consumption in the industrial sector by end-use is commonly classified as either process or generic. 

Process applications dominate overall industrial energy consumption and include compressed air, pumping, and 

fan systems (referred to collectively as motor systems), steam systems and high – and low-temperature process 

heat. The generic processes refer to energy used for non-core applications such as heating, ventilation and air 

conditioning (HVAC), lighting and information technology. However, the boundary between these two categories 

is not always clear. 

The concept of a barrier to energy efficiency is both confused and contested. Although the term is widely used, 

barriers to energy efficiency are classified in multiple and overlapping ways in the literature which makes the 

comparison of different studies extremely problematic. 

Following Sorrell et al (2004), the barrier itself in the meaning of energy efficiency measures adoption can be 

defined as “a postulated mechanism that inhibits investment in technologies that are both energy efficient and 

(apparently) economically efficient”. Fleiter et al. (2011) overview of the literature concludes that there is an 

empirical evidence for the existence of barriers to energy efficiency and that many cost-effective options for 

energy efficiency improvements are not known to firms, or even if they are known and well defined, they are 

often not implemented - even when they show very low payback times of about a year. Financial factors alone 

cannot explain the non-adoption of energy efficient technologies - there must be “other” factors that determine 

these investments. 

The barriers classification 

The definition of barriers applied in this paper is based on Sorrel et al (2004) papers and comprise all factors that 

hamper the adoption of cost-effective energy-efficient technologies or slow down their diffusion. The major 

theoretical barriers to energy efficiency measures adoption can be split into the following groups (Table 1): 

Table 1. Classification of theoretical barriers to energy efficiency measures adoption 

Theoretical 
framework 

Theoretical 
Barrier 

Comment 

Economic (Non-
market failure) 

Heterogeneity 
A technology or measure may be cost-efficient in general, but may 
not suite to the certain production site. 

Hidden costs 

Engineering-economic analyses may fail to account for either the 
reduction in utility associated with energy efficient technologies, or 
the additional costs associated with them. Examples of hidden 
costs include overhead costs for management, disruptions to 
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Theoretical 
framework 

Theoretical 
Barrier 

Comment 

production, staff replacement and training, and the costs 
associated with gathering, analysing and applying information. 

Access to capital 

If an organization has insufficient capital through internal funds, 
and has difficulty raising additional funds through borrowing or 
share issues, energy efficient investments may be prevented from 
going ahead. Investment could also be inhibited by internal capital 
budgeting procedures, investment appraisal rules and the short-
term incentives of energy management staff. 

Risk 

Risk aversion may be the reason why energy efficiency measures 
are constrained by short pay-back criteria. This could be because 
energy efficiency investments represent a higher technical or 
financial risk than other types of investment, or that business and 
market uncertainty encourages short time horizons. 

Economic (Market 
failure) 

Imperfect 
information 

Lack of information on energy efficiency opportunities may lead to 
cost-effective opportunities being missed. In some cases, imperfect 
information may lead to inefficient products driving efficient 
products out of the market. 

Split incentives 

Energy efficiency opportunities are likely to be foregone if actors 
(persons or departments) cannot gain benefits from energy 
efficiency investment. For example, if individual departments 
within an organization are not accountable for their energy use 
they will have no incentive to improve energy efficiency. 

Adverse 
selection 

If suppliers know more about the energy performance of goods 
than purchasers, the purchasers may select goods on the basis of 
visible aspects such as price. 

Principal-agent 
relationships 

Strict monitoring and control by the principal, since he or she 
cannot see that what the agent is doing may result in energy 
efficiency measures being ignored. 

Behavioral 

Bounded 
rationality 

Instead of being based on perfect information, decisions are made 
by rule of thumb. Owing to constraints on time, attention, and the 
ability to process information, individuals do not make decisions in 
the manner assumed in economic models. As a consequence, they 
may neglect opportunities for improving energy efficiency, even 
when given good information and appropriate incentives. 

Form of 
information 

Research has shown that the form of information is critical. 
Information should be specific, vivid, simple, and personal to 
increase its chances of being accepted. 

Credibility and 
trust 

The information source should be credible and trustworthy in 
order to successfully deliver information regarding energy 
efficiency measures. If these factors are lacking this will result in 
inefficient choices. 

Inertia 
Individuals who are opponents to change within an organization 
may result in overlooking energy efficiency measures that are cost-
efficient 

Values 
Efficiency improvements are most likely to be successful if there 
are individuals with real ambition, preferably represented by a key 
individual within top management. 
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Theoretical 
framework 

Theoretical 
Barrier 

Comment 

Organizational 

Power 
Low status of energy management may lead to lower priority of 
energy issues within organizations. 

Culture 
Organizations may encourage energy efficiency investments by 
developing a culture characterized by environmental values. 

Source: Rohdin, Thollander et al., UNIDO 

The overview of recent research on energy efficiency barriers made by UNIDO showed that that hidden costs (in 

various forms) and difficulties in access to capital are the most common explanations for the energy efficiency 

gap. The (hidden) overhead costs of energy management – as reflected in the time constraints on staff – appear 

to be an important issue for the majority of firms, while the risk and cost of production disruptions are important 

for energy-intensive firms. Difficulties in accessing capital appear of greater importance for SMEs. Several studies 

take the prevalence of hidden costs as indicating that the firms are behaving rationally in neglecting energy 

efficiency opportunities. But since this is difficult to demonstrate, the conclusion is as much ideological as it is 

empirical. 

Additionally, barriers to energy efficiency in developing countries like Ukraine are similar to those in developed 

countries, but more pronounced. Problems of lack of information and skills are widespread in developing 

countries and inadequately addressed through public policy, and difficulties in accessing capital are very common, 

especially for smaller firms. While this is partly a consequence of hidden costs, it tends to be exacerbated by the 

deficiencies of the financial sector, including more limited knowledge of technical risks and opportunities 

combined with trade and investment policies that restrict access to foreign capital. These problems should be a 

priority for reform, alongside the removal of energy subsidies which undermine the economic case for improved 

energy efficiency. 

The barriers quantification: modeling overview 

In this sub-section we try to unveil the theoretical approaches of barriers to energy efficiency quantification. 

Absence of the barriers and their adverse impact on energy efficiency measures selection and appropriate 

investments in industrial and commercial sectors raise the questions of how the costs implied by these barriers 

can be quantified, what are the factors affecting this costs and how these costs can be minimized. 

Review of existing literature shows that attempts to quantify the costs implied by barriers to energy efficiency are 

rare taking into account their complexity and novelty of the topic. There are only few estimates exist today that 

are mostly based on the results of empirical research for the different types of the barriers and no comprehensive 

researches that would draw up the complex estimate. 

The Hein and Block (1995) estimated the staff costs associated with collecting information, making decisions and 

monitoring the performance of different types of energy efficiency investments within large, energy-intensive 

firms in the Netherlands. The transaction costs were dominated by search costs and typically formed between 3 

percent and 8 percent of the total investment cost. Of these, 2-6% can be attributed to information gathering 

costs, 1-2% to decision making and less than 1% to monitoring activities. This suggests that transaction costs were 

relatively small for this type of organization, but they could be much more important for small scale investments 

or for smaller, less energy-intensive firms. Transaction costs are therefore relative to the technical and 

organizational context. 

Theoretical assessment of the barriers impact of energy efficiency measures adoption and incurred costs requires 

comprehensive modeling exercise. Recent overview of energy demand models made by Flieter et al. (2011) 
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provides the theoretical framework for conducting of such type of research. Bottom-up technological models suit 

the best for this purpose while pure top-down models (like computed general equilibrium (CGE) models) is rather 

restricted as they doesn’t capture all technological aspects. 

In bottom-up energy models the demand for useful energy is projected for each end-use based on assumptions of 

main economic variables like industrial value added or production of energy-intensive products. The resulting 

amount of final energy is then calculated from the useful energy and the conversion efficiencies of the different 

technical systems (as shown by Figure 2). 

Figure 2. Conceptual overview of typical bottom-up models 

 

Source: Fleiter et al. (2011) 

With regard to technologies and the adoption and diffusion mechanisms, the models differ significantly. Also the 

extent to which barriers to energy efficiency are considered varies strongly among the models (see Table 2). In 

general three general factors that influence technologies adoption in the most bottom-up models are identified: 

(1) the availability of technologies; (2) the financial costs (fixed and operational costs as well as saved energy 

costs); and (3) operational decision rules. 

Table 2. Overview and types of suitable bottom-up models for the barriers to energy efficiency modeling   

 Reference Sectors modeled 
Methodological 

approach* 

Accounting models 

MURE II 

(Faberi et al. 2009; 

Fraunhofer ISI et al. 

2002) 

All demand sectors (EU) Accounting framework 

MED-PRO 
(Arcadia, Clipper 

Consult ) 
All demand sectors Accounting framework 

MAED (Hainoun et al. 2006) All demand sectors Accounting framework 

LEAP** 
(Heaps 2008; Wang et 

al. 2007) 
Iron and steel Accounting framework 

Optimization models 

DNE21+ (Oda et al. 2007) Iron and steel + energy Partial-Equilibrium 
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supply optimization 

MARKAL (Gielen, Taylor 2007) 
Industry + energy 

supply (global) 

Partial-Equilibrium 

optimization 

AIM/end-use 
(Kainuma 2000; NIES 

2006) 
Iron and steel (Asia) 

Partial-Equilibrium 

optimization 

PRIMES 
(Capros, Mantzos 2000; 

E3MLab 2010) 

All demand and supply 

sectors (EU) 

Partial-Equilibrium 

optimization 

Simulation models 

CEF-NEMS 
(DOE 2009; Worrell, 

Price 2001) 

All demand and supply 

sectors (US) 
Simulation 

ENUSIM 
(Fletcher, Marshall 

1995) 
Industry (UK) Simulation 

SAVE Production (Daniels, Van Dril 2007) Industry (NL) Simulation 

POLES 
(Criqui 2001; Russ, 

Criqui 2007) 

All demand and supply 

sectors (Global) 

Econometric partial 

equilibrium 

ISIndustry 
(Eichhammer et al. 

2009) 
Industry (EU) Simulation / accounting 

LIEF (Ross et al. 1993) Industry  Econometric simulation 

CIMS 
(Jaccard 2005; Murphy 

et al. 2007) 

All demand and supply 

sectors (Canada) 
Simulation 

* This column refers to the industrial sector module only. 

** The description only refers to the application of LEAP by Wang et al., while Leap in general offers more 

functionality that would group it rather as a simulation model. 

Fleiter et al. (2011) stated that all the above mentioned bottom-up models mostly represent barriers to the 

adoption of energy-efficient technologies in a very aggregated and simplified manner. Single models already 

undertook first steps for improvement, by considering heterogeneous markets, hidden costs or the firms’ 

willingness-to-pay in addition to simple financial cost assessments. Furthermore, methodologies and approaches 

from other disciplines exist that could be used as a basis for improvement. Many can be found in the whole field 

of technology diffusion studies. 

Still, the enormous technological heterogeneity in the industrial sector already poses challenges to the models. 

With a comprehensive incorporation of barriers into the models, model handling and transparency will become 

even more of a challenge, as the amount of data needed will increase further. Consequently, also transparency 

with regard to assumptions and model routines will become more important when new and more diversified and 

complex modeling approaches are used. In general, data on firm behavior might be even more difficult to gather 

than technology characteristics data. Also here, some models showed first ideas to combine the modeling work 

with surveys explicitly designed for the model needs. 
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The barriers quantification: econometric modeling proposal 

In the following econometric modeling proposal we will mostly ground on the appropriate econometric model 

used by Fleiter et al. (2011) for defining the rate of adoption of energy efficiency measures (EEMs) by German 

industrial SME. 

As the dependent variable in the regression model we propose to use the adoption rate per firm which is 

calculated as the share of adopted EEMs by the firms in the sample compared to all EEMs suggested in the 

survey. By design, the dependent variable is bound between zero and one. 

Here, we propose to apply the fractional logit model (FLM) as proposed by Fleiter (2011). Using the FLM model 

allows to measure an improvement compared to prior multivariate regression analyses of barriers. As a rule, logit 

models are applied after transforming the adoption rate into a dichotomous dependent variable that is set to one 

if the adoption rate exceeds an arbitrary cut-off point of 50% and zero otherwise. FLM avoids the loss of 

information resulting from the transformation of the continuous adoption rate into a dichotomous index. 

To capture the effects of barriers on the adoption of EEMs as perceived by the respondents we tend to use the 

set of self-assessed (by respondents) barriers identified in Table 3, namely (1) high upfront capital costs, (2) lack 

of capital, (3) low opportunity costs, (3) low value of replaced appliances, (4) long payback period, (5) 

administrative barriers; and (6) lack of government EE policies. Additionally, the factors that reflect the barriers 

related to information costs and other transaction costs could be included into this list. All barrier factors are 

expected to have a negative effect on adoption of EEMs. 

In addition to the subjective factors that reflect the respondents’ subjective self-assessment of barriers, a set of 

more objective factors, reflecting characteristics of the EEMs and adopting firms, are proposed to be included 

into the model. Such factors as (1) the initial investment costs of the EEMs, (2) information on whether firms rent 

their buildings and (3) the criterion used by firms to appraise investments in EEMs are often considered in the 

literature. In our model we tend at least capture the effects of investment costs and the payback times of EEMs 

on firms’ decisions. 

Information on a firm’s investment costs could be displayed as an index capturing the investments in EEMs during 

the previous 5 years per firm. The payback period will be captured by the average payback period ratio derived 

from the survey results. The information on whether a firm rent the building or nor will be described by the 

dummy variable which is set to one if a firm’s office/building/production site or parts thereof are rented or set to 

zero otherwise. Thus the variable for rent is supposed to capture the split-incentives to invest in EEMs resulting 

from the landlord/tenant dilemma, and its expected impact on the EEMs adoption is negative (organizations 

renting building have a lower adoption rate than those owning the buildings. 

Finally, following the literature employing multivariate analyses to study the adoption of EEMs, the set of 

explanatory variables also includes several control variables capturing the effect of firm characteristics. Fleiter 

(2011) propose to use the next set of variables for the analysis. 

ECOSTSHARE stands for the share of energy costs compared to the total annual costs of the firm. The survey 

included the following classes for the energy cost share: < 1%, 1-2%, 3-5%, 6-10% and > 10%. To construct 

ECOSTSHARE we use the lower bound of the respective classes. A higher energy cost share signals higher cost-

saving potentials and hence stronger economic incentives to overcome information-related barriers and adopt 

EEMs. Thus, we expect a higher ECOSTSHARE to be associated with a higher adoption rate. 

EMANAGE is a dummy variable, which takes the value of one if the firm has an energy management system. 

EMANAGE is expected to have a positive impact on the adoption of EEMs, since energy management systems 
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should help to overcome barriers related to lack of information and the lack of time for the implementing of 

EEMs and may also be seen as an indicator of a firm’s commitment to improve energy-efficiency. 

The survey also inquired to which extent firms had adopted EEMs in the past. Respondents could answer on a 

value scale depending on the sums of money invested in EEMs in the previous 5 years. This data is captured by 

EHISTORY variable which is set to one if the investment value exceeds the certain threshold (e.g. $10 thousand) 

and zero otherwise. It tends to capture the importance of the existence of a long-term strategy for implementing 

of EEMs. 

The variable SIZE is measured using the number of employees per firm. We expect SIZE to have a positive impact 

on the adoption of EEMs, since, for example, larger firms face lower specific transaction costs per EEM, or are less 

likely to face constraints related to capital or know-how. Of course, to some extent, these aspects are also 

captured more directly by the self-assessed barriers. The potential construction of the variables for the model as 

was developed by Fleiter is indicated in the Table 3. 

Table 3. Overview of variables used for the regression analysis (Fleiter, 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Fleiter, 2011 

 

Variable Description 

ADOPTRATEF Adopted EEMs as share of recommended EEMs per firm. 

Self-assessed barriers  

LACKCAPITALF Lack of access to external capital. 

LOWPROFITF Low profitability and high initial investment cost. 

TRACOSTF Transaction costs related to knowledge, time and resource constraints. 

TECHRISKF Technical risk of production interruption and product quality losses. 

PRIORITYF Barriers related to firms’ internal process and low priority of EEMs. 

AUDITQUALF Audit quality. 

Objective barriers 

INVEST 
Index of average investment costs of all EEMs recommended to a firm divided 
by the average investment costs of all EEMs listed in the sample. 

RENTED 
Indicator for rented or leased office/building/production site (or parts 
thereof). 

PAYBACK Indicator if only use payback time as investment criterion. 

Control variables 

ECOSTSHARE Firms’ annual energy cost as share of total production costs. 

EMANAGE Indicator for energy management system in place. 

EHISTORY Indicator for active adoption of EEMs in the past. 

SIZE Number of employees. 
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Methodology of the survey 

Research methods. To meet the survey goal, the method of opinion survey has been chosen. Survey was 

conducted via face-to-face interviews with representatives of these enterprises. Afterwards, the data were input 

into statistical software and analyzed using statistical tests.  

Survey instrument. A questionnaire has been developed to conduct the survey. The questions were grouped into 

several blocks that study specific aspects of the survey: information about the firm, energy consumption at the 

firm, attitude and actions towards energy efficiency, and barriers for implementation of energy efficiency 

measures.   

The first block of questions gives background information about the firm. Specifically, this information includes 

size of the firm, its sector, revenues and ownership type. Enterprises that operate in mining, processing and other 

industrial sectors are combined into industrial enterprises. Commercial sector includes firms and organizations 

that provide education, health care and other services, and also those of construction, trade and HoReCa sectors. 

Size of the firm is measured by number of its employees. Industrial enterprises were usually bigger than 

commercial ones. 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 enterprises with 101 to 500 employees. Commercial 

firms employ 219 persons on average, while their shares by number almost equally allocate in three categories: 

up to 50 employees, from 51 to 100 employees and more than 100 employees.   

The question about whether the firm rents or owns its venue was asked in order to learn about energy 

consumption specifics of the enterprise. The firms in the sample mostly own their venues. This was reported by 

86.5% of industrial enterprises and 78% of commercial ones. Renting facilities is more common for commercial 

firms. 21.5% of them reported renting their venues versus 16.1% of industrial enterprises. Some non-industrial 

organizations such as public schools or hospital use public venues for operation. They were put in the “Other” 

category that comprises 3.1% of all non-industrial organizations in the sample. There are virtually no such cases 

among industrial enterprises (only 0.3%).  

Ownership of the firm is either domestic private, domestic state of foreign. If an enterprise is shared between 

these types of owners, its ownership is marked as mixed. Out of all the enterprises that were included in the 

survey, the largest group was comprised of those with domestic private ownership. Domestic public organizations 

were more represented in the non-industrial sector (37%) than in industrial one (10.7%), since this is the form of 

ownership of most schools, hospitals and higher education institutions, which were included in the sample. Also, 

the share of mixed ownership firms is higher in industrial sector than in commercial one. 

Table 4. 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 

N 300 100 

Yearly revenues of enterprises and organizations varied from less than 20,000 US dollars to more than a billion of 

US dollars. Organizations of non-industrial type earned less than industrial enterprises in average. Almost three 

fourths of commercial firms (73.4%) received less than USD 100,000 in the previous fiscal year. Respective share 

is smaller for industrial firms. More than half of them (54.8%) earned more than USD 100,000 last year. 
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Organizations that are funded with public resources such as public schools and public hospitals were not included 

in revenue split.  

Table 5. Total revenue in the previous financial year    

 Industrial sector Commercial sector 

< 20 000 US dollars 19,5% 40,3% 

20 000 – 100 000 US dollars 25,7% 33,1% 

100 000 – 500 000 US dollars 17,1% 14,5% 

50 000 – 1 mln US dollars 11,4% 6,5% 

1 mln – 10 mln US dollars 16,2% 4,0% 

10 mln – 100 mln US dollars 8,1% 1,6% 

>1 bln US dollars 1,9% 0,0% 

N 210 124 

Also, the position of the respondent, i. e. the representative of a firm answering the questionnaire, is included. As 

the survey aimed at interviewing firm managers, engineers, or financial officers as they were most likely to be 

familiar with corporate energy policies, respondents of these positions were surveyed. Namely, 33.6% of the 

interviewees were engineers or technical professionals, 22.5% were accountants, commercial directors or 

financial officers, 20.9% belonged to the senior management of a firm, and 16.9% were from middle 

management. The information in the first block was used in analysis to compare the situation with energy 

efficiency at the firms based on their characteristics. 

The second block of questions is aimed at research of energy consumption of the firm. Various types of industrial 

and administrative equipment and processes are listed here, for which several types of energy carriers can be 

chosen. Namely, the following types of equipment and processes were listed:  

1. Industrial equipment 

2. Lighting 

3. Space heating 

4. Water heaters 

5. Chilling/Refrigeration 

6. Air conditioning and ventilation 

7. Process heating 

8. Computers and administrative equipment 

9. Electric appliances 

10. Electric motors 

For each of these types of equipment and processes the respondent was asked to indicate types of energy 

carriers used by a firm. The latter included electricity, gas, oil, coal and heat. The option to add other types of 

equipment and processes as well as other energy carriers was provided in the questionnaire. Also, the 

respondents were asked to indicate the percentage of energy consumption in the firm’s production costs.  Finally, 

the respondents were to assess the shares of the cost of different energy carriers in total energy consumption 

cost. 

The third block of the questionnaire studied the perception of importance of energy efficiency by the firm, the 

actions undertaken to improve energy efficiency and the motivation behind these actions. First of all, since the 

lack of motivation to reduce energy consumption can be one of the key barriers that prevent business and public 

sector from investing in energy efficiency measures, it was necessary to know how such measures are prioritized. 

Thus, a question regarding the importance of energy efficiency for the firm was asked, which included several 

alternatives ranging from giving “high importance” to energy efficiency to “not high importance”. If the 
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respondents chose the options that indicated high priority of energy efficiency, they were directed to list reasons 

for prioritizing energy efficiency. Several options could be chosen from the following list:  

 Energy costs is significant part of production costs 

 To enhance firm’s environmental profile/reputation/social responsibility 

 It is mandated by governments/contracts 

Also, the respondents could give their own reasons for the high importance of energy efficiency for their firm. 

Those who indicated low importance of energy efficiency for their enterprise were directed to a question that 

was asked to find out the reasons for not prioritizing energy efficiency. Except selecting given options the 

respondents could add their own answer. Similarly to the previous question, the respondents were not limited to 

one answer as several options could be chosen. The given alternatives were the following:  

 Actual costs: energy expenditure is a small fraction of the overall production costs, therefore 

management does not give a high priority to it 

 Opportunity costs: gains from other investments would be higher than gains from improving energy 

efficiency 

 Lack of knowledge: Management is not aware of and therefore not concerned for energy consumption 

issues and efficiency improvement options 

One of the steps a firm can make on the path to increase energy efficiency is to have an energy audit. In the third 

block of questions, firms were asked whether they had undergone voluntary and mandatory energy audits. 

Finally, two questions were designed to learn about their actual and planned investments into energy efficiency. 

The respondents were asked about the sum of money the firm had invested in energy efficiency during previous 

five years and the sum it plans to invest in such measures during the same period in the future.  

The fourth block measures barriers for adoption of energy efficiency actions. The barriers were grouped into four 

types: financial, informational, technical and institutional. The full list of barriers is given below:  

Financial barriers 

 High upfront capital costs needed by energy efficient appliances and devices 

 Lack of capital (Banks/financial institutions  perceive energy efficiency investment is risky and therefore 

charge high premium) 

 Low opportunity costs: other priorities for capital investment, which can produce high returns 

 Zero or very small monetary value of the replaced appliances which still has a long operational life 

 Long payback period 

 No incentives for the firm to reduce energy consumption as energy bills are paid by building/facility 

owners 

 No incentives for the firm to reduce energy consumption as energy bills are split among the 

building/facility tenants 

Knowledge or information and experience barriers 

 Lack of gas, electric and heat metering 

 Lack of awareness of the availability and/or benefits of deploying energy efficient processes and devices 

 Difficulties with obtaining necessary information 

 Lack of confidence on energy efficient devices and processes (they do not deliver the services  at the level 

their promoters  advocate) 

 Lack of experience in energy efficiency measures 

Technical barriers 
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 Lack of skilled personnel to handle the efficient  devices and processes 

 Lack of local supplies for equipment parts and very expensive purchasing from abroad, also long lead time 

to get equipment parts 

 Installation of energy efficiency measures needs substantial reconfiguration of production process 

 Higher probability of malfunction or poor performance thereby disrupting production process 

Institutional barriers 

 Need to obtain government permits to deploy energy efficient devices and processes 

 Low priority of the firm to reduce energy consumption energy cost is not a big component of production 

costs due to low energy prices 

 Lack of legal protection of property rights 

 Administrative price setting, subsidies and cross subsidies 

 Lack of effective government policies to facilitate energy efficiency programs 

 Unofficial payments demanded to receive government permits 

 Long decision chain on the firm 

 Uncertainty about the firm’s future 

 Conflict of interests inside the firm 

The respondents rated each barrier on the scale from 0 to 3 based on its influence on implementation of energy 

efficiency measures at a firm. If a barrier’s influence was strong, it was given 3 points. 2 points were given for 

considerable influence and 1 point, for little influence. If a barrier had no influence, it was given zero points, and if 

it was not applicable for a firm, it was marked as No answer/Not applicable. For analysis purposes, the barriers 

not applicable for a respondent were given the value of zero.  

Also, a special question was asked to find out the extent of the energy paradox. To measure this gap, the firm was 

asked to choose an acceptable option among several ways of investing into energy efficiency, which vary by the 

payback period and annual profit increase. This method implies that the longer is the time horizon of expected 

returns on investment, the more risk-tolerant is the firm, which means it is more likely to invest into major energy 

efficiency measures. Thus, the respondent was to choose a maximum acceptable time horizon for investment into 

energy efficiency, which ranged from one year to five years. In addition, in the fourth block of questions, the 

respondents were asked to project an expected decrease of energy expenditure percentage in their production 

costs if the key barriers to the improvement of their energy efficiency were eliminated. In analysis, a projected 

energy consumption was compared to actual energy consumption at a firm.  

Sample. Target population of the survey were Ukrainian industrial and commercial firms. They were to represent 

all the regions of Ukraine. High energy intensive firms were to be represented more in the sample. Therefore, 

industrial and commercial firms in Ukraine were surveyed with a special focus on those that consume more 

energy for their operation. Sample size was determined as 500 cases. Sample was designed following the 

methodology of directed quota sample developed in two stages.  

At the first stage, quotes of cases by their location were determined. Enterprises of all the regions of Ukraine 

were included in the sample. Geographic units (administrative territorial units of Ukraine, among which there are 

oblasts, the Autonomous Republic of Crimea as well as Kyiv and Sevastopol, which are the cities of nation-level 

government) have been selected and the number of respondents in each location has been determined. Kyiv city 

and Kyiv oblast were considered a single geographic unit, as were Autonomous Republic of Crimea and 

Sevastopol city. Therefore, there were 25 regions in the final sample.  

The following national statistics indicators have been determined as basic empiric measures for selection criteria 
(i. e. measures to determine the number of cases in each geographic location):   
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a. Number of working age population by region.  

b. Number of subjects of Unified State Register of Enterprises and Organizations of Ukraine 
(USREOU) by region. 

c. Gross regional product (value added by region). 

Due to the survey being conducted to quantify barriers for energy efficiency to reduce greenhouse gases 

emissions, the share of emissions was considered as a selection criterion. Therefore, additional indicators were 

used as empirical measures for sample development: 

a. Emissions volumes (without CO2).  

b. CO2 emissions volumes. 

Two types of emissions are considered separately as it is the way the data are presented in national statistics 

databases. Then they are summed, and used as weighting variables for the first set of indicators. Based on this 

combination of selection criteria and using mathematical methods, percentages for each region in a sample have 

been defined. Accounting for the percentages, the number of cases for each region has been determined. Given 

the mathematical and statistical requirements for minimally sufficient cases for independent data generation for 

each individual quota, 10 cases have been determined as minimally sufficient number of cases in one region. 

Regions have been grouped into 3 categories based on the number of cases. The first group is comprised of most 

industrially developed regions. There are from 50 to 70 cases in each region of the first group. The second group 

includes regions for which the number of cases was set at 20-30 enterprises. And the third group where the least 

industrially developed regions were sorted is comprised of regions with 10-20 enterprises.  

The final sample structure at the first stage for each region is the following: 

Table 6. Number of cases in each region. 

Region N of cases Region N of cases Region N of cases 

Kyiv city and oblast 65 Khmelnytskyi 17 Kirovohrad 10 

Dnipropetrovsk 50 
Autonomous Republic 

of 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   

At the second stage of sample design, quotes for cases selection by economic sectors in each administrative 

territorial unit were formed. The target ratio of industrial and non-industrial firms was determined based on two 

criteria: the percentage of gross value added in Ukraine of industrial enterprises vs. not industrial sector and on 

their respective shares of emissions of polluting substances into atmosphere. After weighting these indicators, 

the target percentage of cases was determined as 67.3% (or 337 of 500) of industrial firms and 32.7% (or 163 of 

500) of commercial firms (see Table 6).  

Industrial firms were selected based on the structure of industrial production in each region. Specifically, at least 

one industrial enterprise of each industrial sector was to be included in the sample at the regional level. Trade 

and services firms, as well as educational and health care institutions were selected primarily as non-industrial 

firms.   
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Table 6. Developing the sample based on GVA and emissions of industrial and non-industrial sectors 

 GVA 

share 

Emissions, 

tones 

Emissions, 

% 

GVA weighted by 

emissions percentage 

Final 

percentage 

Final number of 

cases (out of 500) 

Industrial sector 

(without energy 

production) 0.237 2199.2 0.869 0.21 0.67 337 

Commercial 

sector 0.764 330.5 0.131 0.10 0.33 163 

Final sample included more commercial and less industrial firms than planned. One of the reasons for this was 

that industrial enterprises were more difficult to reach and were reluctant to give information for the 

interviewers. The shares were of 61.9% and 38.1%, which represents 315 industrial firms and 194 commercial 

firms out of 509 cases.  

Table 7. Final sample split by sector 

Sector N % 

Industrial sector 315 61,9 

Commercial sector 194 38,1 

In order to ensure that firms with high energy intensity are surveyed, several filters for selection at the second 

stage of sample development were used. In industrial sector, a focus was made on big enterprises as those more 

likely to be energy intensive. Therefore, enterprises of small size (with less than 50 employees) were to amount 

no more than 10% of all industrial enterprises and big size enterprises (of more than 500 employees) were to 

comprise no less than 20% of all industrial enterprises. The quota of small size commercial firms (up to 50 

employees) was set at no more than one third of the sub-sample. Also, in commercial sector, firms with venues 

area of more than 150 m2 were selected for survey to ensure that they will be more energy intensive than those 

with smaller venues. Final sample met those criteria (see Table 8).  

Table 8. Number of employees 

Number of employees Industrial sector Commercial sector 

< 50 10.3% 30.2% 

51 – 100 32.9% 30.7% 

101 – 500 34.8% 30.2% 

501 - 1000 10.6% 4.7% 

1001 – 5000 10.0% 3.1% 

5001 – 20000 1.0% 0.5% 

20 001 – 100 000 0.3% 0.0% 

N 310 191 
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Main findings  

Energy consumption at the firm  

Energy source used by enterprises differ by the types of processes and equipment employed in the production or 

services. Electricity and gas are the most frequently used energy carriers used by both industrial and commercial 

enterprises. Specifically, 69% of industrial firms and 32.6% of commercial ones require electricity for operation of 

their equipment. A one in five industrial enterprise (19.8%) uses both electricity and gas for equipment. Electricity 

is virtually a single energy carrier used for lightning. Some enterprises combine it with gas or heat. Space heating 

relies mostly on gas (for 47.1% of industrial enterprises and 37.5% of commercial ones) and heat (for 15.9% of 

industrial firms and 33.9% of commercial firms). Electricity and coal are also used to heat the facilities.  

Again, electricity is most often needed to warm the water up at enterprises. The firms also use gas and heat for 

water heaters, and some commercial enterprises (5.8%) reported using oil. Chilling and refrigeration as well as air 

conditioning require electricity at most of the firms. Firms use various sources for process heating. 36.7% of 

industrial enterprises and 15.9% of commercial ones use gas. Electricity, heat, and coal are also used for heat at 

the production process. Sometimes, firms combine these energy carriers. And for electric appliances, electric 

motors, computers and administrative equipment electricity is practically the only energy carrier to use.  

Intensive use of electricity and gas produces the highest bills for these energy carriers. 67.2% of energy payments 

of industrial enterprises are spent on electricity. A similar share (64%) is spent on electricity by commercial firms. 

22.1% of total energy cost of industrial firms and 16.5% of commercial ones are comprised by natural gas bills. 

Also, commercial firms spend considerable costs for purchased heat. The share of heat in total energy cost for 

commercial firms (17%) is higher than the one for industrial ones (5.9%).  

Average percentage of energy expenditure in production cost is 18.4%. Industrial firms indicated the percentage 

of energy costs that comprise production costs, and commercial enterprises indicated the percentage of energy 

bills in the total operational expenditures. As a result, the average share of energy costs for industrial enterprises 

is 17.7% and the one for commercial enterprises is 19.9%. Most energy intensive industrial sectors in the sample 

are manufacture of chemicals and chemical products (31.3%), water supply, sewerage, waste management 

(26.2%), iron and steel production (23.8%), clothes industry (21.6%), production of rubber and plastic products 

(21.6%), timber processing and manufacture of products of wood (21%), and pharmaceutical production (19.5%). 

Non-industrial sectors that have the highest energy expenses are temporary accommodation and catering 

(24.8%), education (20%), wholesale and retail trade and repair (19.3%), and construction (18.5%).  

Priority of energy efficiency  

Almost all of the surveyed firms report high priority of energy efficiency. There is no considerable difference 

between enterprises of industrial and commercial sectors in this matter. The degree of importance slightly varies, 

though. There is a bigger share of enterprises within commercial sector that mark energy efficiency as “somewhat 

important” rather than “very important”. Also, there is a share of commercial sector firms (3.1%) that indicated 

that their energy bills were paid by a building or facility owner. There were virtually no such cases among 

industrial enterprises. 

High energy costs are the main reason for valuing energy efficiency both for commercial and industrial 

enterprises. 91.8% of firms in industrial sector and 77% of commercial firms mention this factor. Corporate social 

responsibility seems to play a much lesser part. About a quarter of industrial enterprises report is as a reason to 

improve energy efficiency. Yet, in commercial sector, the respective share is even less: 15.7%. However, non-

industrial organizations are more likely to be mandated by government or by the contracts with partners to 

implement energy efficiency measures. This could be explain by the fact that there are more publicly owned firms 

and organizations in the commercial sector (37%) than there are ones in the industrial sector (10.7%).  
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Fig. 2. How do you rank the importance of energy efficiency for your firm/organization? 

 

Several factors make the firms not treating energy efficiency as a priority. For industrial sector, it is actual costs 

and opportunity costs. This means that either other investments would turn out more profitable or energy costs 

are not a significant part of production costs. For commercial sector, it is lack of knowledge. Respondents said the 

management of their firms was not aware about the problems that arise for the lack of energy efficiency and 

therefore not concerned about it. Actual costs and opportunity costs also have influence on commercial firms not 

being interested in increasing energy efficiency.  

Firms undergo mandatory energy audit in Ukraine more frequently than voluntary one. 40.1% of industrial firms 

underwent a mandatory energy audit while 21.2% had a voluntary audit. Even fewer commercial firms ever had 

voluntary energy audit: about 6% of them. 32.4% of commercial firms underwent mandatory energy audit.  

Fig. 3. Firms that underwent energy audits 

 

About three fourths of all the polled enterprises invested some finances in energy efficiency during the previous 

five years. 77.1% of industrial firms and 74.5% of commercial firms report making such an investment. Similar 

percentages of the firms intend to invest onto energy efficiency during the next five years: 75.9% of industrial 

firms and 73.2% of commercial firms have such plans.  

However, faced with specific terms of investment, not all of them are willing to make long-term financial 

endowments into energy efficiency. Given the chance to invest 4% of their total revenue in increasing energy 

efficiency with an opportunity to return the investment in the period from one to five years, almost 40% of 
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industrial enterprises are reluctant to make such investment. The respective share is even greater among 

commercial enterprises: more than half of them (54.5%) did not choose any option among the suggested terms.  

Fig. 4. Investments in energy efficiency 

 

But among those firms that are willing to make a 4% of revenue investment most are ready to wait as long as five 

years for return of investment. 22.7% of industrial firms and 22.5% of commercial sector are those willing to 

make an investment into energy efficiency that would take five years to return. The smallest share among the 

enterprises eager to invest is the ones that can wait for only a year for investment to yield a return. There are 

4.2% of such firms among industrial enterprises and 3.7% among commercial firms. So, the time horizon is not as 

much a barrier as an ability to invest is. Once the decision to invest into energy efficiency is made, enterprises are 

ready to accept the longest time horizon for the investment to result in returns.  

Fig. 5. Choice experiment: Maximum payback period allowed 

 

Barriers to increasing energy efficiency 

Financial and institutional barriers are the ones that most inhibit introduction of energy efficient equipment and 

processes at the surveyed firms. Industrial and commercial firms indicate lack of effective government policies, 

need to obtain government permits, high upfront capital costs, lack of capital and long payback period as factors 

with the strongest negative influence on implementation of energy efficiency measures.  

For industrial sector, lack of effective government policies to facilitate energy efficiency programs ranks highest 

among institutional factors with an average assessment of 2.2 points. Need to obtain government permits to 

deploy energy efficient devices and processes is assessed with 1.8 points in average. Lack of legal protection of 

property rights (1.1), administrative price setting, subsidies and cross subsidies (0.9) and the fact that energy cost 

is not a big component of production costs (0.9) are also seen as barriers by industrial sector.  
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Financially, industrial enterprises are most vulnerable to such barriers as high upfront capital costs needed to 

invest into energy efficient appliances and devices (2.1), lack of capital (1.9) and long payback period (1.8). Also 

industrial enterprises rate low opportunity costs (1.4) and small monetary value of the replaced appliances (1.2) 

as influential barriers for energy efficiency. The fact that installation of energy efficiency measures needs 

substantial reconfiguration of production process and lack of local supplies for equipment parts and very 

expensive purchasing from abroad are seen as most important technical barriers with 1.5 points on average given 

to each of them. Besides, industrial producers do not trust new devices: they name high probability of their 

malfunction or poor performance which can result in disrupting production process as an important barrier (1.1). 

Informational barriers have the smallest impact for industrial sector.  

Fig. 6. Rating of barriers for energy efficiency by industrial and commercial enterprises 

 

For commercial firms and institutions, financial factors are also significant as they inhibit introduction of energy 

efficiency measures. High upfront capital costs with an average rating of 1.9 as well as lack of capital (1.8) and 

long payback period (1.5) are the most influential barriers. Also commercial firms indicate low opportunity cost 

and small monetary value of the replaced appliances as important negative factors with each assessed at 1 point 

on average.  

Most important institutional barriers for non-industrial firms are lack of effective government policies to facilitate 

energy efficiency programs (1.8), need to obtain government permits to introduce energy efficient devices and 

processes (1.5), and long decision chain on the firm (1.3). Commercial firms also report having little experience in 
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energy efficiency measures (the factor having 1 point on average) and say they lack local supplies of equipment 

parts that are too expensive to purchase from abroad (1.1 on average). Otherwise, respondents of commercial 

sector did not indicate significant informational or technical barriers.  

On average, firms estimated that they would decrease their energy costs by one third, if there were no barriers to 

hinder these intentions. There is almost no difference between the estimates of different sectors. Industrial 

enterprises expect to reduce their energy consumption costs by 35.8% on average, and commercial firms say that 

if not for the barriers, their energy expenditures would be lower by 38.3%.  
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Classification of barriers to energy efficiency  

The questionnaire design allowed the respondents to estimate a vast pool of possible barriers that prevent their 

energy efficiency efforts. Such a comprehensive list of barriers gives an opportunity to analyze relationships 

between them and to test if they could be grouped into any categories to simplify further analysis. For this 

purpose, we used the method of exploratory factor analysis. Firstly, the values were coded to be able to be 

suitable for analysis. If the respondents marked a barrier as “Not applicable” its value was coded as zero or “No 

influence”. Secondly, the barriers variables were checked for being for factor analysis. Statistical tests showed 

that factor analysis is an adequate method for these variables. Kaiser-Meyer-Olkin Measure of sampling adequacy 

was 0.873, above the recommended level of 0.6. Also, Bartlett's Test of Sphericity was significant (p<0.001). And 

finally, with the Principal Component analysis extraction method and Varimax rotation method, eight 

components were outlined, which explain 66.7% of variance. The items with factor loading smaller than 0.3 were 

excluded from final presentation. Regression scores for each factor were saved as variables.  

Table 9. Principal component analysis  

 
1 2 3 4 5 6 7 8 

Commun

alities 

Lack of experience in energy 

efficiency measures 
.758        .593 

Difficulties with obtaining necessary 

information 
.757        .647 

Lack of awareness of the availability 

and/or benefits of deploying energy 

efficient processes and devices 

.732 .415       .558 

Lack of confidence on energy efficient 

devices and processes  
.723        .635 

Lack of skilled personnel to handle 

the efficient  devices and processes 
.588    .333    .585 

Low priority of the firm to reduce 

energy consumption energy cost is 

not a big component of production 

costs due to low energy prices 

 .748       .792 

Lack of legal protection of property 

rights 
 .683       .785 

Administrative price setting, subsidies 

and cross subsidies 
 .680       .633 

Lack of gas, electric and heat 

metering 
.532 .555       .754 

Long payback period   .735      .686 

Lack of capital    .716     .303 .623 

Zero or very small monetary value of 

the replaced appliances which still 

has a long operational life 

  .650      .704 

High upfront capital costs needed by 

energy efficient appliances and 

devices 

  .589     .419 .566 
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1 2 3 4 5 6 7 8 

Commun

alities 

Low opportunity costs  .429 .529      .521 

Higher probability of malfunction or 

poor performance thereby disrupting 

production process 

   .824     .695 

Installation of energy efficiency 

measures need substantial 

reconfiguration of production process 

   .730     .751 

Lack of local supplies for equipment 

parts and very expensive purchasing 

from abroad, also long lead time to 

get equipment parts 

  .386 .437     .593 

Uncertainty about the firm’s future     .872    .678 

Conflict of interests inside the firm     .796    .596 

No incentives for the firm to reduce 

energy consumption as energy bills 

are paid by building/facility owners 

     .867   .598 

No incentives for the firm to reduce 

energy consumption as energy bills 

are split among the building/facility 

tenants 

     .843   .632 

Long decision chain on the firm       .899  .698 

Unofficial payments demanded to 

receive government permits 
      .698  .826 

Lack of effective government policies 

to facilitate energy efficiency 

programs 

       .762 .795 

Need to obtain government permits 

to deploy energy efficient devices and 

processes 

.339 .406      .520 .726 

The first component (factor) can be labeled as informational, since it unites the barriers that indicate the lack of 

information, knowledge or experience: “Lack of experience in energy efficiency measures”, “Difficulties with 

obtaining necessary information”, “Lack of awareness of the availability and/or benefits of deploying energy 

efficient processes and devices”, “Lack of confidence on energy efficient devices and processes”. Other barriers 

that contribute to this factor are “Lack of skilled personnel” and “Lack of gas, electric and heat metering” and 

“Need to obtain government permits” though their factor loadings are smaller.  

The second factor was labeled a price and property barrier. The variables with highest factor loadings in this 

group are those that reveal inadequate governmental policy in regard to energy prices and property rights: “Low 

priority of the firm to reduce energy consumption energy cost is not a big component of production costs due to 

low energy prices”, “Lack of legal protection of property rights”, “Administrative price setting, subsidies and cross 

subsidies”. Several barriers also add up to this factor, but their factor loading are less strong. These are such 

factors as “Lack of gas, electric and heat metering”, “Lack of awareness of the availability and/or benefits of 

deploying energy efficient processes and devices”, and “Low opportunity costs”.  
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The third factor includes financial difficulties. The barriers in this category are “Long payback period”, “Lack of 

capital”, “Zero or very small monetary value of the replaced appliances which still has a long operational life”, 

“High upfront capital costs needed by energy efficient appliances and devices”, and “Low opportunity costs”. 

Therefore, this factor was labeled financial barrier. Lack of local supplies for equipment parts and very expensive 

purchasing from abroad also correlates with the principal barriers in this component, but its factor loading is 

smaller.  

Two barriers that describe technical problems associated with adoption of energy efficiency measures were 

included in the fourth factor. These are “Higher probability of malfunction or poor performance thereby 

disrupting production process” and “Installation of energy efficiency measures need substantial reconfiguration 

of production process”. The obstacle of lack of local supplies for equipment parts and very expensive purchasing 

from abroad that also includes long lead time to get equipment parts contributes to this factor as well. Thus, the 

fourth factor was named technical barrier.  

The fifth factor combined the barriers that lie in internal problems of a firm. They are “Uncertainty about the 

firm’s future” and “Conflict of interests inside the firm”. So, this factor was labeled an organizational barrier. 

Another barrier, “Lack of skilled personnel”, which contributes to this factor, also confirms that this category of 

barriers is focused on organizational problems.  

A very distinctive factor was outlined as the sixth component. It was named split incentives barrier for having 

combined two barriers that show the influence of splitting the responsibility of using energy resources with 

another side. There were two such barriers in the survey that varied only in details: “No incentives for the firm to 

reduce energy consumption as energy bills are paid by building/facility owners” and “No incentives for the firm to 

reduce energy consumption as energy bills are split among the building/facility tenants” and they both were 

included in the sixth factor.  

The seventh factor covers the barriers of bureaucracy “Long decision chain on the firm” and corruption 

“Unofficial payments demanded to receive government permits”. There is a possible explanation why these 

barriers are connected. Corruption often results from bureaucratic procedures that are too long or complicated 

for doing business. In this case, unofficial payments are given to simplify and fasten such procedures. Therefore, 

this factor was labeled as bureaucracy and corruption barrier.  

And the eighth factor includes several barriers with various factor loading. Firstly, it is “Lack of effective 

government policies to facilitate energy efficiency programs” with the highest factor loading. Next is “Need to 

obtain government permits to deploy energy efficient devices and processes” with somewhat smaller factor 

loading. These two barriers suggest that the eighths factor focuses on the problems associated with 

governmental regulations. However, financial issues also play a role in this case. Two more barriers, “High upfront 

capital costs” and “Lack of capital”, contribute to this factor with lower factor loadings. Therefore, while the 

factor was labeled “regulatory” due to its primary barriers, it can be concluded that poor energy policy is 

associated with higher costs of energy efficiency measures for industrial and commercial firms.  

To summarize, the barriers listed in the survey were reduced to the following barriers: informational barrier, price 

and property barrier, financial barrier, technical barrier, organizational barrier, split incentives barrier, 

bureaucracy and corruption barrier and regulatory barrier. Data reduction was carried out by the method of 

factor analysis. Regression scores of each barrier were saved to be analyzed further. Also, this analysis showed 

relationships among different barriers.  
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Predictors of barriers influence  

Reducing various barriers to several factors gives an opportunity to analyze which characteristics of an enterprise 

define the impact of these factors. The variables included in analysis were organizational parameters of an 

enterprise (its size, sector, type of ownership, region, total revenue, and whether the firm’s facilities are rented or 

owned), its percentage of energy expenditure, importance of energy efficiency, and whether the firm had 

undergone either mandatory or voluntary audit. The analysis was carried out using General Linear Model (GLM) 

method. GLM was chosen as a data analysis method because it allows analyzing continuous dependent variable 

(in this case, regression factor score) with categorical and continuous variables as independent variables. Also, 

the model tests combinations of categorical variables for the difference in the dependent variable.  

Independent variables (covariates and factors) are added to the model or extracted from it until the model is 

statistically significant (p≤0.05) with maximum determination coefficient (R squared). Then difference in means of 

the dependent variable (barrier score) of statistically significant factors and regression coefficients for statistically 

significant covariates are analyzed. 

Factors determining the influence of informational barrier  

Table 10. Tests of Between-Subjects Effects for informational barrier 

Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   1 (informational) for analysis 2  

Source Type III Sum 

of Squares 

df Mean 

Square 

F Sig. Partial Eta 

Squared 

Corrected Model 62.094 17 3.653 4.751 .000 .281 

Intercept 1.547 1 1.547 2.012 .051 .010 

Total revenue .463 1 .463 .602 .439 .003 

Energy expenditure 23.559 1 23.559 30.645 .000 .129 

Facilities owned 4.564 1 4.564 5.936 .016 .028 

Facilities rented 2.451 2 1.225 1.594 .080 .015 

Mandatory audit .116 1 .116 .150 .699 .001 

Ownership 2.035 3 .678 .882 .451 .013 

Facilities owned * Facilities 

rented 

0.000 0     0.000 

Facilities owned * Mandatory 

audit 

2.151 1 2.151 2.797 .096 .013 

Facilities owned * Ownership 0.000 0     0.000 

Facilities rented * Mandatory 

audit 

2.777 1 2.777 3.612 .059 .017 

Facilities rented * Ownership 0.000 0     0.000 

Mandatory audit * Ownership 8.500 3 2.833 3.686 .013 .051 

Facilities owned * Facilities 

rented * Mandatory audit 

0.000 0    0.000 

Facilities owned * Facilities 

rented * Ownership 

0.000 0    0.000 

Facilities owned * Mandatory 

audit * Ownership 

0.000 0    0.000 

Facilities rented * Mandatory 0.000 0    0.000 
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Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   1 (informational) for analysis 2  

Source Type III Sum 

of Squares 

df Mean 

Square 

F Sig. Partial Eta 

Squared 

audit * Ownership 

Facilities owned * Facilities 

rented * Mandatory audit * 

Ownership 

0.000 0    0.000 

R Squared = .278 (Adjusted R Squared = .222) 

The percentage of energy expenditure (p<.001) and owing facilities (p<.05) are statistically significant factors that 

determine the influence of informational barrier on an enterprise. The regression coefficient (b) of energy 

expenditure is .026, which indicates that the influence of informational barrier increases with the growth of 

percentage of energy expenditures in production cost1. Energy expenditure explains a significant part of 

informational barrier (R2=.13). The firms that own their facilities (M=-.28, SD=.15) are less likely to report 

informational problems than those that do not (M=.21, SD=.29).  

A combination of factors of ownership and undergoing mandatory audit shows a marginally significant influence 

on informational barrier (p=.096). The enterprises that have undergone a mandatory energy audit and do not 

own their venues report more serious informational problems (M=0.98, SD=0.46). However, those who had a 

mandatory energy audit and have their own facilities are least likely to face informational barriers (M=-.56, 

SD=.28).  

Enterprises that belong to different groups by renting facilities and having had mandatory energy audit are also 

marginally different (p=0.56) in regard to the influence of informational barrier. Those that rent their facilities but 

have not undergone a mandatory energy audit (M=-.19, SD=.29) as well as those who have had had an audit but 

do not rent any venues show almost identical average scores on informational barrier scale. They are less likely to 

report informational problems than other two groups.  

And the firms that are divided in several groups by their form of ownership and having a mandatory energy audit 

differ significantly by the influence of informational barrier (p=.013). Enterprises that belong to private Ukrainian 

owners and have undergone a mandatory energy audit have least problems with information about energy 

efficiency (M=.76, SD=.31). On the other hand, informational problems are reported most frequently by those 

who belong to different stakeholders (mixed ownership) and have undergone a mandatory energy audit (M=1.27, 

SD=.51).    

Factors determining the influence of price and property barrier  

Table 11. Tests of Between-Subjects Effects for price and property barrier 

Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   2 for analysis 1   

Source Type III Sum 

of Squares 

df Mean 

Square 

F Sig. Partial Eta 

Squared 

Corrected Model 62.973 17 3.704 5.212 .000 .237 

Intercept .124 1 .124 .175 .676 .001 

Total revenue 11.570 1 11.570 16.280 .000 .054 

                                                           
1
 See Appendix E for details. 
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Number of employees 10.946 1 10.946 15.402 .000 .051 

Ownership 5.774 3 1.925 2.708 .045 .028 

Macro region 9.982 3 3.327 4.682 .003 .047 

Ownership * Macro region 7.557 9 .840 1.182 .307 .036 

R Squared = .237 (Adjusted R Squared = .191) 

There are four statistically significant factors that predict the influence of price and property barrier on an 

enterprise. They are total revenue (p<.001), size of the enterprise measured by the number of employees 

(p<.001), ownership structure (p=.045) and geographical location in one of four macro regions of Ukraine: East, 

South, West or Center (p=.003).  

The regression coefficient of total revenue in regard to its influence on price and property barrier is negative (b=-

.14). This suggests that the more money in revenues a firm makes, the less likely it is to face problems with 

property rights and prices associated with energy resources. On the contrary, size of the enterprise has a positive 

connection with price and property barrier influence (b=0.19), which means that bigger enterprises report more 

substantial price and property barriers2.   

Enterprises of mixed ownership have the highest average factor scores on the price and property barrier scale 

(M=.6, SD=.22). And firms with Ukrainian public ownership have least problems with energy prices and property 

rights (M=-.13, SD=.13). Also, enterprises from the Eastern macro region are most likely to rate price and property 

barriers highly (M=.86, SD=.25). Enterprises in other macro regions of Ukraine show lower scores on price and 

property barrier scale.  

Factors determining the influence of financial barrier  

Table 12. Tests of Between-Subjects Effects for financial barrier 

Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   3 (financial) for analysis 2  

Source Type III 

Sum of 

Squares 

df Mean 

Square 

F Sig. Partial Eta 

Squared 

Corrected Model 58.929 47 1.254 1.650 .009 .247 

Intercept 1.795 1 1.795 2.362 .126 .010 

Energy expenditure .861 1 .861 1.133 .288 .005 

Facilities rented 1.097 1 1.097 1.444 .231 .006 

Energy efficiency priority 2.237 2 1.118 1.472 .232 .012 

Macro region 6.933 3 2.311 3.042 .030 .037 

Mandatory audit 2.177 1 2.177 2.865 .092 .012 

Facilities owned .121 1 .121 .159 .690 .001 

Facilities rented * Energy efficiency 

priority 

4.504 2 2.252 2.963 .054 .024 

Facilities rented * Macro region 1.400 2 .700 .921 .399 .008 

Facilities rented * Mandatory audit .525 1 .525 .691 .407 .003 

Facilities rented * Facilities owned 0.000 0    0.000 

Energy efficiency priority * Macro 10.559 6 1.760 2.316 .034 .055 

                                                           
2
 See Appendix F for details.  
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Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   3 (financial) for analysis 2  

Source Type III 

Sum of 

Squares 

df Mean 

Square 

F Sig. Partial Eta 

Squared 

region 

Energy efficiency priority * 

Mandatory audit 

1.627 2 .813 1.070 .344 .009 

Energy efficiency priority * 

Facilities owned 

5.542 2 2.771 3.647 .028 .030 

Macro region * Mandatory audit 2.001 3 .667 .878 .453 .011 

Macro region * Facilities owned .438 2 .219 .288 .750 .002 

Mandatory audit * Facilities owned 1.820 1 1.820 2.395 .123 .010 

Facilities rented * Energy efficiency 

priority * Macro region 

4.972 2 2.486 3.272 .040 .027 

Facilities rented * Energy efficiency 

priority * Mandatory audit 

0.000 0    0.000 

Facilities rented * Energy efficiency 

priority * Facilities owned 

0.000 0    0.000 

Facilities rented * Macro region * 

Mandatory audit 

0.000 0    0.000 

Facilities rented * Macro region * 

Facilities owned 

0.000 0    0.000 

Facilities rented * Mandatory audit 

* Facilities owned 

0.000 0    0.000 

Energy efficiency priority * Macro 

region * Mandatory audit 

4.438 4 1.110 1.460 .215 .024 

Energy efficiency priority * Macro 

region * Facilities owned 

.581 1 .581 .764 .383 .003 

Energy efficiency priority * 

Mandatory audit * Facilities owned 

0.000 0    0.000 

Macro region * Mandatory audit * 

Facilities owned 

0.000 0    0.000 

Facilities rented * Energy efficiency 

priority * Macro region * 

Mandatory audit 

0.000 0    0.000 

Facilities rented * Energy efficiency 

priority * Macro region * Facilities 

owned 

0.000 0    0.000 

Facilities rented * Energy efficiency 

priority * Mandatory audit * 

Facilities owned 

0.000 0    0.000 

Facilities rented * Macro region * 

Mandatory audit * Facilities owned 

0.000 0    0.000 

Energy efficiency priority * Macro 

region * Mandatory audit * 

0.000 0    0.000 
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Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   3 (financial) for analysis 2  

Source Type III 

Sum of 

Squares 

df Mean 

Square 

F Sig. Partial Eta 

Squared 

Facilities owned 

Facilities rented * Energy efficiency 

priority * Macro region * 

Mandatory audit * Facilities owned 

0.000 0    0.000 

R Squared = .247 (Adjusted R Squared = .097) 

One of the factors that determine the effect of the financial barrier on the measures of energy efficiency adopted 

by an enterprise is its geographical location. Macro region influences financial barrier score at a statistically 

significant level (p=.03). Enterprises in the Western Ukraine report the least financial problems that prevent them 

from introducing energy efficiency measures (M=-.43, SD=.16). The highest level of financial problems can be 

found in Central Ukraine (M=.16, SD=.18).  

Undergoing a mandatory audit causes a marginally significant difference in financial barrier scores (p=.092). 

Enterprises that underwent such an audit (M=0.07, SD=.14) report financial problems more often than do those 

who did not have mandatory audit. 

Having facilities in rent combined with different level of priority of energy efficiency produces unequal scores on 

financial barrier scale, which are marginally statistically significant (p=.54). The enterprises that do not rent any 

facilities and do not find energy efficiency important report least financial barriers for energy efficiency measures 

(M=-.54, SD=.26). Similarly, among those who rent their facilities the lowest rate of reporting financial barrier is in 

the group of enterprises that do not prioritize energy efficiency (M=-.18, SD=.36). On the contrary, the firms that 

do not rent their venue but consider energy efficiency “very important” rank the highest among all the groups 

(M=.14, SD=.08).  

Next, enterprises that are located in different parts of the country and differ by their prioritization of energy 

efficiency show a statistically significant difference in being influenced by financial barrier (p=.034). Here, firms 

from Eastern Ukraine that highly prioritize energy efficiency report financial problems more than others (M=.58, 

SD=.32). And firms of Western Ukraine with low priority of energy efficiency show the least concern for financial 

barrier (M=-1.31, SD=.62).  

Energy efficiency prioritization in combination with owing facilities makes a statistically significant impact on 

responses regarding financial obstacles, too (p=0.28). The enterprises that do not think about energy efficiency as 

important and do not own their venues report least financial barriers to energy efficiency (M=-.97, SD=.50). High 

levels of financial problems associate most with owning facilities and highly prioritizing energy efficiency (M=.09, 

SD=.14) but also with not owning facilities and viewing energy efficiency as “somewhat important” (M=.18, 

SD=.28).  

Division of the enterprises by three parameters: energy efficiency priority, renting venues, and their geographical 

location, also shows statistically significant differences in their financial barrier influence (p=.04), but these 

differences will not be analyzed as the groups are likely to be too small for making statistical conclusions.  
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Factors determining the influence of technical barrier  

Table 13. Tests of Between-Subjects Effects for technical barrier 

Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   4 (technical) for analysis 2 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 117.844 27 4.365 5.887 .000 .390 

Intercept .734 1 .734 .989 .321 .004 

Total revenue 14.970 1 14.970 20.191 .000 .075 

Macro region 8.659 3 2.886 3.893 .010 .045 

Facilities owned 1.571 1 1.571 2.118 .147 .008 

Mandatory audit .553 1 .553 .745 .389 .003 

Voluntary audit 14.515 1 14.515 19.579 .000 .073 

Macro region * Mandatory audit  3.634 3 1.211 1.634 .182 .019 

Macro region * Mandatory audit 9.567 3 3.189 4.301 .006 .049 

Macro region * Voluntary audit .113 3 .038 .051 .985 .001 

Facilities owned * Mandatory 

audit 

.928 1 .928 1.251 .264 .005 

Facilities owned * Voluntary 

audit 

8.224 1 8.224 11.093 .001 .043 

Mandatory audit * Voluntary 

audit 

.570 1 .570 .768 .382 .003 

Macro region * Facilities owned 

* Mandatory audit 

2.734 3 .911 1.229 .300 .015 

Macro region * Facilities owned 

* Voluntary audit 

.389 1 .389 .524 .470 .002 

Macro region * Mandatory audit 

* Voluntary audit 

1.010 2 .505 .681 .507 .005 

Facilities owned * Mandatory 

audit * Voluntary audit 

.203 1 .203 .274 .601 .001 

Macro region * Facilities owned 

* Mandatory audit * Voluntary 

audit 

0.000 0       0.000 

R Squared = .390 (Adjusted R Squared = .323) 

Total revenue of the enterprise predicts the influence of the technical barrier at a statistically significant level 

(p<.001). Positive regression coefficient of this indicator (b=.168) suggests that the bigger the revenue of a firm, 

the more likely it is to experience some technical problems that prevent it from adoption of energy efficiency 

measures3.  

Geographical location is a factor that predicts the influence of technical barrier on an enterprise at statistically 

significant level (p=.01). Enterprises of Eastern Ukraine are most concerned with technical obstacles to increasing 

                                                           
3
 See Appendix H for details. 
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energy efficiency (M=.41, SD=.17) while Southern Ukrainian enterprises demonstrated least average scores on 

this barrier scale (M=-.07, SD=.20).  

After undergoing a voluntary energy audit the enterprises are more likely to report technical barriers to 

increasing energy efficiency (M=.75, SD=.19). This difference is statistically significant (p<.001).  

The firms of different geographical regions that either have or have not undergone a mandatory energy audit are 

different in their technical barrier scores at statistically significant level (p=.006). In the Eastern Ukraine, 

enterprises that have undergone a mandatory energy audit report technical problems more than those who did 

not (M=.84, SD=.21). Vice versa, in the West of Ukraine, enterprises that have not had a mandatory audit have 

higher technical barriers scores than those who had (M=.65, SD=.27).  

And combination of two criteria, undergoing a mandatory energy audit and undergoing a voluntary one, shows 

that the enterprises that have had both kinds of audits (M=.62, SD=.19) and those that have only had a voluntary 

audit but have not undergone mandatory one (M=.86, SD=.30) have similar average scores on the technical 

barrier scale which are higher than those of two other groups. The difference is statistically significant (p=.001).  

Factors determining the influence of organizational barrier  

Table 14. Tests of Between-Subjects Effects for organizational barrier 

Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   5 (organizational) for analysis 2 

Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Corrected Model 95.855 41 2.338 2.542 .000 .298 

Intercept .909 1 .909 .988 .321 .004 

Energy expenditure 1.638 1 1.638 1.780 .183 .007 

Energy efficiency priority 6.013 2 3.007 3.269 .040 .026 

Sector .039 1 .039 .042 .838 .000 

Mandatory audit .649 1 .649 .706 .402 .003 

Macro region 5.542 3 1.847 2.008 .113 .024 

Energy efficiency priority * Sector .319 2 .160 .174 .841 .001 

Energy efficiency priority * Mandatory 

audit 

6.281 2 3.141 3.414 .034 .027 

Energy efficiency priority * Macro 

region 

5.706 6 .951 1.034 .404 .025 

Sector * Mandatory audit .861 1 .861 .936 .334 .004 

Sector * Macro region 15.528 3 5.176 5.627 .001 .064 

Mandatory audit * Macro region 4.467 3 1.489 1.619 .186 .019 

Energy efficiency priority * Sector * 

Mandatory audit 

2.706 2 1.353 1.471 .232 .012 

Energy efficiency priority * Sector * 

Macro region 

14.753 5 2.951 3.208 .008 .061 

Energy efficiency priority * Mandatory 

audit * Macro region 

4.313 4 1.078 1.172 .324 .019 

Sector * Mandatory audit * Macro 

region 

1.091 3 .364 .395 .756 .005 
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Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   5 (organizational) for analysis 2 

Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Energy efficiency priority * Sector * 

Mandatory audit * Macro region  

11.505 2 5.752 6.254 .002 .049 

R Squared = .298 (Adjusted R Squared = .181) 

Priority of energy efficiency for an organization predicts the influence of organizational barrier at a statistically 

significant level (p=.04). Those firms that find energy efficiency not important have the highest average score on 

the organizational barrier scale (M=.63, SD=.27). Vice versa, the enterprises that prioritize energy efficiency tend 

to report less organizational obstacles4.  

Statistically significant difference also exists between enterprises with different levels of energy efficiency priority 

that have or have not undergone a mandatory energy audit (p=.034). The enterprises that see energy efficiency as 

“very important” and have undergone a mandatory energy audit report least obstacles with energy efficiency 

measures that lie within organizational characteristics (M=-.22, SD=.16). However, the firms that have undergone 

a mandatory energy efficiency audit but do not prioritize energy efficiency report substantial organizational 

barriers for increasing energy efficiency (M=1.12, SD=.41).  

Split by a sector and geographical location shows a statistically significant difference in regard to organizational 

barrier scores (p=.001). Industrial firms in the entre of Ukraine report high levels of organizational barrier (M=.94, 

SD=.24). Commercial firms in the Eastern part of Ukraine are also concerned with organizational problems 

(M=.81, SD=.29). But commercial firms in Central Ukraine are those with the least scores on the organizational 

barrier (M=-.51, SD=.36).  

Two combination of factors show statistically significant influence but are not analyzed due to the small number 

of cases in the groups formed by them. One is the combination of energy efficiency priority at a firm, its sector, 

and geographical location (p=.008). The other one is the combination of the mentioned three factors with 

undergoing a mandatory energy audit (p=.002).  

Factors determining the influence of split incentives barrier  

Table 15. Tests of Between-Subjects Effects for split incentives barrier 

Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   6 (split incentives) for analysis 2 

Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 71.632 42 1.706 2.217 .000 .265 

Intercept 9.433 1 9.433 12.259 .001 .045 

Total revenue 7.022 1 7.022 9.126 .003 .034 

Macro region 3.077 3 1.026 1.333 .264 .015 

Ownership 4.751 3 1.584 2.058 .106 .023 

Sector .165 1 .165 .215 .644 .001 

Facilities rented 5.202 1 5.202 6.761 .010 .026 

                                                           
4
 See Appendix I for details. 
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Macro region * Ownership 9.651 9 1.072 1.394 .191 .046 

Macro region * Sector 6.811 3 2.270 2.951 .033 .033 

Macro region * Facilities rented 4.725 3 1.575 2.047 .108 .023 

Ownership * Sector 3.081 3 1.027 1.335 .264 .015 

Ownership * Facilities rented 12.424 3 4.141 5.382 .001 .059 

Sector * Facilities rented .052 1 .052 .068 .795 .000 

Macro region * Ownership * Sector 1.416 4 .354 .460 .765 .007 

Macro region * Ownership * Facilities 

rented 

1.212 1 1.212 1.575 .211 .006 

Macro region * Sector * Facilities 

rented 

9.639 2 4.820 6.264 .002 .046 

Ownership * Sector * Facilities rented .159 1 .159 .207 .650 .001 

Macro region * Ownership * Sector * 

Facilities rented 

0.000 0       0.000 

R Squared = .265 (Adjusted R Squared = .146) 

Total revenue has a statistically significant impact on the intensity of split incentives barrier (p=.003). Its negative 

regression coefficient (b=-.11) indicates that with growing revenues problems of dividing energy costs become a 

less important barrier for energy efficiency5.  

Also, if the facility is rented, the business is more likely to face split incentives problems. The average score on this 

barrier scale for the enterprises who rent facilities is higher (M=.57, SD=.17) than for those who do not (M=-.12, 

SD=.11). The difference between them is statistically significant (p=.01).  

Geographical location plays a role in determining the influence of split incentives barrier in combination with the 

sector of the firm. Split incentives barrier are most reported by industrial enterprises in the South of Ukraine 

(M=.69, SD=.27) and by industrial enterprises at the East of the country (M=.49, SD=.28). Commercial sector in the 

Central Ukraine seems to be least affected by the split incentives obstacles (M=-.24, SD=.29). The difference 

between these groups is statistically significant (p=.033).  

Another combination of factors that determines the score of split incentives barrier for an enterprise is the one of 

its ownership structure and whether it rents its facilities (p=.001). Enterprises of all types of property except 

public domestic ones report high level of split incentives barrier if they rent their facilities: domestic private 

(M=.46, SD=.14), foreign (M=1.63, SD=.88) and those of mixed ownership (M=2.00, SD=.50). On the contrary, 

domestic public enterprises that rent their facilities rate low in average on split incentives scale (M=-.57, SD=.41).  

If the enterprises are divided in groups by all of the following factors, their sector, geographical location and 

renting facilities, the difference in their reported split incentives barriers is statistically significant, too (p=.002). 

They will not be analyzed in detail as the groups formed by such a division may be too small to make statistical 

conclusions.  

Factors determining the influence of bureaucracy and corruption barrier  

Table 16. Tests of Between-Subjects Effects for bureaucracy and corruption barrier 

Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   7 (bureaucratic) for analysis 2 

                                                           
5 See Appendix J for details. 
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Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 7.486 15 .499 2.811 .001 .173 

Intercept .241 1 .241 1.360 .245 .007 

Energy expenditure .228 1 .228 1.285 .258 .006 

Total revenue .064 1 .064 .360 .549 .002 

Facilities owned .001 1 .001 .003 .955 .000 

Voluntary audit .047 1 .047 .265 .607 .001 

Macro region 2.441 3 .814 4.583 .004 .064 

Facilities owned * Voluntary 

audit 

.073 1 .073 .413 .521 .002 

Facilities owned * Macro region 2.073 3 .691 3.893 .010 .055 

Voluntary audit * Macro region 1.054 3 .351 1.979 .118 .029 

Facilities owned * Voluntary 

audit * Macro region 

.617 1 .617 3.478 .064 .017 

R Squared = .173 (Adjusted R Squared = .112) 

The extent to which bureaucracy and corruption prevent an enterprise from introducing energy efficiency 

measures is statistically significantly determined by its geographical location (p=.004). The highest levels of this 

barrier are reported in the Centre of Ukraine (M=.14, SD=.13). On the contrary, Western Ukraine has the lowest 

rates of bureaucracy and corruption barrier (M=-.27, SD=.07)6.   

Also, location combined with owning facilities produces statistically significant differences in the bureaucracy and 

corruption barrier estimation (p=.010). In the South of Ukraine, enterprises that do not own their facilities report 

higher rates of bureaucracy and corruption barrier (M=.28, SD=.15) than those who have facilities in their 

possession (M=-.18, SD=.11). Vice versa, in the Eastern Ukraine enterprises who do not own their facilities face 

less bureaucracy and corruption problems (M=-.36, SD=.17) than those that do own (M=.16, SD=.11).  

The difference in bureaucracy and corruption barrier estimation between the enterprises that differ by three 

factors of owing property, geographical location, and undergoing voluntary energy audit, is marginally statistically 

significant (p=.064). These groups will not be analyzed because some of them are too small to make statistically 

sound conclusions.  

Factors determining the influence of regulatory barrier  

Table 17. Tests of Between-Subjects Effects for regulatory barrier 

Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   8 (regulatory) for analysis 2 

Source Type III Sum of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 89.709 29 3.093 3.457 .000 .206 

Intercept 1.104 1 1.104 1.233 .267 .003 

Number of employees 4.462 1 4.462 4.986 .026 .013 

Mandatory audit 2.912 1 2.912 3.254 .072 .008 

Ownership 7.357 3 2.452 2.740 .043 .021 

                                                           
6 See Appendix K for details. 
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Tests of Between-Subjects Effects 

Dependent Variable:  REGR factor score   8 (regulatory) for analysis 2 

Source Type III Sum of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Macro region 3.680 3 1.227 1.371 .251 .011 

Mandatory audit * Ownership 7.148 3 2.383 2.663 .048 .020 

Mandatory audit * Macro region 3.960 3 1.320 1.475 .221 .011 

Ownership * Macro region 17.204 9 1.912 2.136 .026 .047 

Mandatory audit * Ownership * 

Macro region 

11.706 6 1.951 2.180 .044 .033 

Several factors determine the influence of regulatory barrier on an enterprise. Firstly, it is the size of the 

enterprise. Positive regression coefficient (b=.10) shows that with increased number of employees at an 

enterprise regulatory obstacles become more important for it7. This association is statistically significant (p=.026). 

Having had a mandatory audit determines the impact of this barrier at a marginally statistically significant level 

(p=.072). Firms that have undergone such an audit report higher concern for regulatory obstacles (M=.34, SD=.14) 

than those that have not.  

Form of ownership is a statistically significant factor influencing the regulatory barrier scores, too (p=.043). 

Foreign enterprises rate regulatory obstacles the lowest among all the groups of enterprises split by ownership 

form (M=-.45, SD=.30). The enterprises to experience regulatory barrier the most are those of mixed ownership 

(M=.48, SD=.24).  

Ownership in combination with undergoing a mandatory energy audit also produces statistically significant 

differences in regulatory barrier rating (p=.048). Enterprises of mixed ownership who have undergone a 

mandatory audit have the highest average scores regarding the influence of the regulatory barrier on increasing 

energy efficiency (M=1.42, SD=.39). And enterprises with foreign ownership have least problems with regulations. 

It is true both for those foreign enterprises that have had a mandatory energy audit (M=-.50, SD=.55) and those 

that have not (M=-.43, SD=.36).  

Additionally, enterprises differ in estimation of the regulatory barrier when grouped by their form of ownership 

and geographic location. The most dramatic difference is observed between enterprises of foreign ownership and 

those of mixed ownership in the South of Ukraine. On one hand, enterprises of mixed ownership in this region 

reached the highest average score in their assessment of regulatory obstacles among all the groups (M=2.03, 

SD=.33). On the other hand, foreign enterprises in the South of the country score lowest on the regulatory 

barriers scale (M=-.82, SD=.67).  

The combination of three factors, undergoing a mandatory audit, form of ownership, and geographical location, 

also produces statistically significant differences in the enterprises’ estimation of regulatory obstacle to increasing 

energy efficiency.  

Summary 

The extent to which eight barriers outlined by factor analysis influence an enterprise can be predicted by several 

factors. These factors most usually are a firm’s energy expenditure share in the production cost, its size, 

revenues, geographical location, ownership structure, and sector. Whether a firm owns or rents its enterprises 

and if it has undergone a voluntary or mandatory energy audit are also criteria contributing to the barrier scores.  

                                                           
7 See Appendix L for details. 
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General Linear Model (GLM) method used in the analysis allows testing the influence of combinations of factors 

on the dependent variable. Combinations of several of these factors showed statistically significant influence on 

the enterprises’ rating of the barriers.  
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Investing behavior  

Past investments and future investments plans were studied in this survey. The enterprises were asked how much 

money they invested into increasing energy efficiency during the previous five years and how much money they 

are going to invest into it during the following five-year period. To analyze the investing behavior of enterprises 

they were divided into several groups using the method of hierarchical cluster analysis.  

First of all, dummy variables have been computed based on the variables showing investing behavior. Enterprises 

were divided into two groups by their previous investments: those that invested in energy efficiency during the 

previous five years and those who did not. Similarly, they were divided into two categories regarding their future 

investments plans: those that plan to invest in energy efficiency and those who do not have such plans. The 

optimal number of clusters received as a result of hierarchical cluster analysis was three clusters that differ by 

their investing behavior.  

76% of all enterprises were included in the first cluster (N=203). Most of them (96.6%) invested in energy 

efficiency and all of them plan to continue energy efficiency investments in the future. They comprise the first 

cluster. The second cluster includes the enterprises that did not invest finances in energy efficiency during the 

previous five years and do not plan to invest any during the following five years. They make up 17.6% of the 

sample (N=47). And the third cluster is comprised of the enterprises that invested in the past but have no plans 

about investing in the future. There are 6.4% of such enterprises in the sample (N=17). It should be noted that 

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

were used in the analysis. The respondents of these enterprises may be uninformed about investments made by 

their firm. Yet, the number of 267 enterprises included in the analysis is enough to draw a distinction regarding 

investing behavior of enterprises. Only 7 out of 267 enterprises did not invest in the past but plan to invest in the 

future. This number of cases is not sufficient to be outlined as a cluster. They were included in the first cluster.  

Fig. 7. Investing behavior of enterprises 

 

To summarize, enterprises can be divided into three groups based on their investing behavior. The biggest share 

of the enterprises is those that invested into increasing energy efficiency during the previous years and plan to 

invest in the future. Together with a small number of the firms that did not invest in increasing energy efficiency 

before but plan to make such investments in the future, they make up the first cluster. Much smaller shares are 

comprised by the other two clusters. These are the enterprises that used to invest in energy efficiency but do not 

plan to invest in the nearest five-year time period as well as those that did not invest in increasing energy 

efficiency before and do not plan to invest during the following five years.  
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Conclusions  

The survey of more than 500 industrial and commercial Ukrainian enterprises was held in order to study their 

energy consumption, actions and attitudes regarding energy efficiency and the barriers they encounter for 

increasing energy efficiency. Energy intensive enterprises of all the regions of Ukraine were included in the 

sample, which also accounted for GHG emissions.  

Results of the survey show that electricity and natural gas are the energy carriers most used by Ukrainian 

enterprises. Firms of different sectors vary by the percentage of energy consumption costs in the total sum of 

their production costs (for industrial enterprises) or operational expenditures (non-industrial enterprises). An 

average percentage of energy consumption costs is 18.4%. Most enterprises report giving high priority to energy 

efficiency. For industrial sector, environmental and social responsibility is a reason for energy efficiency concerns, 

and for commercial, government requirements. But for both sectors, saving costs is the most important 

motivation for energy efficiency measures.  

More enterprises have undergone a mandatory energy audit than a voluntary one. Still, the share of the firms 

that have undergone a mandatory audit does not reach 50% among industrial enterprises and barely reaches 

one-third of commercial ones. One in four commercial enterprises and one in four industrial ones did not invest 

any finances in increasing energy efficiency during the previous five years. Approximately the same shares of 

enterprises will not invest finances in energy efficiency during the following five years eithers. Classified with a 

cluster analysis, they fall into three major groups: the ones that who invested and plan on continuing, those that 

did not invest and will not, and those that did make investments in energy efficiency but do not plan to make 

them in the nearest future.  

But once the decision to invest is made, enterprises are willing to allow for rather long time horizons for the 

investments to yield profits. This was demonstrated by choice experiment question in the survey where 

respondents were asked to estimate the longest time period they were ready to accept as investments period. 

The results suggest that among those who are ready to make investments into energy efficiency most can wait for 

the longest time suggested for payback.  

Yet, long payback periods are one of the obstacles for increasing energy efficiency most often listed by 

enterprises. Need to obtain government permits, lack of effective government policies, high upfront capital costs 

and lack of capital are other barriers that enterprises blame the most for preventing them from adopting energy 

efficiency measures. All the barriers estimated by the firms in the survey were grouped into eight major barriers 

with exploratory factor analysis, which allowed to discover connections between different barriers and to analyze 

the factors that predict a barrier’s influence.  

These barriers were named informational barrier, price and property barrier, financial barrier, technical barrier, 

organizational barrier, split incentives barrier, bureaucracy and corruption barrier and regulatory barrier. The 

factors that predict these barriers impact on an enterprise are its energy expenditure share in the production 

cost, its size, revenues, geographical location, ownership structure, and sector. Additionally, an enterprise’s 

regression scores on a particular barrier scale can depend on whether a firm owns or rents its enterprises and if it 

has undergone a voluntary or mandatory energy audit. 

 

 

 



 

42 
 

 

 

 



 

    43 
 

Literature: 

1. P. Rohdin and P. Thollander, Barriers to and Driving Forces for Energy Efficiency in the Non-Energy 

Intensive Manufacturing Industry in Sweden, 2006, Energy, (31), 12, 1836-1844. 

2. SPRU (Science and Technology Policy Research). Reducing barriers to energy efficiency in public and 

private organizations. Brighton, UK: SPRU, 2000. 

3. UNIDO Report. Barriers to industrial energy efficiency: literature review. 2011 

4. Fleiter, T.; Worrell, E.; Eichhammer, W. The adoption of energy-efficient technologies, behavior and policy 

dimensions, 2011 



 

44 
 

Appendix A. Firm information 

Respondent’s position  

 Industrial sector Commercial sector 

Senior management (director, head of the 

firm) 
18.3% 25.1% 

Middle management (head of a department) 16.7% 17.3% 

Engineer/technician 39.5% 24.1% 

Accounting/Financial Officer 22.2% 23.0% 

Other  3.2% 10.5% 

N 311 191 

 

Total revenue 

 Industrial sector Commercial sector 

< 20 000 US dollars 19.5% 40.3% 

20 000 – 100 000 US dollars 25.7% 33.1% 

100 000 – 500 000 US dollars 17.1% 14.5% 

50 000 – 1 mln US dollars 11.4% 6.5% 

1 mln – 10 mln US dollars 16.2% 4.0% 

10 mln – 100 mln US dollars 8.1% 1.6% 

>1 bln US dollars 1.9% 0% 

N 210 124 

 

Is your establishment part of a larger firm?  

 Industrial sector Commercial sector 

Yes 25.2% 29.8% 

No, a firm on its own 74.8% 69.1% 

Other (specify) 0% 1.1% 

N 313 188 

 

Is the facility of your firm rented or owned? 

 Industrial sector Commercial sector 

 N % N % 

Owned 268 86.5 149 78.0 

Rented 50 16.1 41 21.5 

Other 1 0.3 6 3.1 
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Number of employees in the firm/organization 

 Industrial sector Commercial sector 

< 50 10.3% 30.2% 

51 – 100 32.9% 30.7% 

101 – 500 34.8% 30.2% 

501 - 1000 10.6% 4.7% 

1001 – 5000 10.0% 3.1% 

5001 – 20000 1.0% 0.5% 

20 001 – 100 000 0.3% 0% 

Other 0% 0.5% 

N 310 191 

 

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% 

N 300 189 

 

Regions  

 N %  N % 

Autonomous Republic of Crimea 16 3.1 Odessa 25 4.9 

Vinnytsia 16 3.1 Poltava 14 2.8 

Volyn 10 2.0 Rivne 10 2.0 

Dnipropetrovsk 50 9.8 Sumy 15 2.9 

Donetsk 50 9.8 Ternopil 5 1.0 

Zhytomyr 10 2.0 Kharkiv 30 5.9 

Zakarpattia 16 3.1 Kherson 10 2.0 

Zaporizhia 25 4.9 Khmelnytskyi 17 3.3 

Ivano-Frankivsk 12 2.4 Cherkasy 10 2.0 

Kirovohrad 10 2.0 Chernivtsi 20 3.9 

Luhansk 28 5.5 Chernihiv 10 2.0 

Lviv 25 4.9 Kyiv city and oblast 65 12.8 

Mykolaiv 10 2.0    

Macroregions  

Western (Volyn, Zakarpattia, Ivano-Frankivsk, Lviv, Rivne, Ternopil, Khmelnytskyi, Chernivtsi) 22.6% 

Central (Vinnytsia, Dnipropetrovsk, Zhytomyr, Kirovohrad, Poltava, Sumy, Cherkasy, Chernihiv, 

Kyiv city and oblast) 

29.5% 

Southern (Autonomous Republic of Crimea, Zaporizhia, Mykolaiv, Odessa, Kherson) 26.7% 

Eastern (Donetsk, Luhansk, Kharkiv) 21.2% 

N 509 
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Appendix B. Energy consumption  

Main energy consuming devices and processes: industrial sector 
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Electricity 69.0 98.1 14.0 46.5 46.8 88.6 17.4 95.6 93.0 77.4 

Gas 2.9 0.6 47.1 19.1 0.6 0.6 36.7 0.3 0.3 0.3 

Oil 0.3 0 .3 .3 0 0 0.3 0 0 0.3 

Coal  0 0 4.5 1.3 0 0 2.6 0 0 0 

Heat 0.3 0 15.9 2.5 0 0 6.4 0 0 0 

Other 1.3 0.3 4.1 2.5 2.9 0.3 5.8 0.3 0.3 0.3 

Electricity and 

gas 
19.8 0 6.4 2.5 0 0 6.1 0 0 0.6 

Gas and heat 0 0 1.3 0 0 0 0.6 0 0 0 

Electricity and 

heat 
0.3 0.3 1.9 1.3 0 0 0.3 0 0 0 

Electricity and 

coal 
0 0 0.6 0 0 0 0.3 0 0 0 

Gas and coal 1.0 0 0.6 0 0 0 1.3 0 0 0 

Not applicable 5.1 0.6 3.2 23.9 49.7 10.5 22.2 3.8 6.3 21.0 

Main energy consuming devices and processes: commercial sector 
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Electricity 32.6 97.4 10.9 48.2 38.0 82.8 7.9 93.2 92.6 38.9 

Gas 2.1 0 37.5 10.5 1.0 0 15.9 0 0 0 

Oil 0.5 0 0 5.8 0 0 0.5 0 0 1.1 

Coal  0 0 0.5 0 0 0 0 0 0 0 

Heat 0 0 33.9 0 0 0 6.9 0 0 0 

Other 1.1 0 2.1 0 0 0.5 0.5 0.5 0 0 

Electricity and 

gas 
4.3 0.5 5.7 1.6 0 0 0.5 0 0 0 

Gas and heat 0 0 3.1 0.5 0 0 0 0 0 0 

Electricity and 

heat 
1.6 0 2.6 1.0 0 0 0 0 0 0 

Electricity and 

coal 
0 0 0 0 0 0 0 0 0 0 

Gas and coal 0 0 0 0 0 0 0 0 0 0 

Not applicable 57.8 2.1 3.6 32.5 60.9 16.7 67.7 6.3 7.4 60.0 
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Average percentages of payment for energy carriers: industrial sector  

 Mean 

Coal 2.2 

Natural gas 22.1 

Heating oil 0.8 

Electricity 67.2 

Purchased (district) heat 5.9 

Biomass 0.4 

Others 1.4 

Average percentages of payment for energy carriers: commercial sector  

 Mean 

Coal 0.1 

Natural gas 16.5 

Heating oil 0.7 

Electricity 64.0 

Purchased (district) heat 17.0 

Biomass 0.1 

Others 1.6 

 

Appendix C. Importance of energy efficiency  

How do you rank the importance of energy efficiency for your firm/organization? 

 Industrial sector Commercial sector 

Very important  74.8% 65.6% 

Somewhat important 20.4% 27.6% 

Not very important 4.1% 3.6% 

Energy bills are paid by someone else 

(building or facility owner) 
0.6% 3.1% 

N 314 192 

Is energy efficiency important for your firm/organization, why? (Among those that view energy efficiency as 

important) 

 Industrial sector Commercial sector 

 N % N % 

Energy costs is significant part of production 

costs 
270 91.8% 137 77.0% 

To enhance firm’s environmental 

profile/reputation/social responsibility 
75 25.5% 28 15.7% 

It is mandated by governments/contracts 16 5.4% 28 15.7% 

Other reasons  6 2.0% 16 9.0% 
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If energy efficiency is not very important for your firm/organization, why not? (Among those that view energy 

efficiency as not important) 

 Industrial sector Commercial sector 

 N % N % 

Actual costs: energy expenditure is a small fraction of 

the overall production costs, therefore management 

does not give a high priority to it 

10 55.6% 3 33.3% 

Opportunity costs: gains from other investments 

would be higher than gains from improving energy 

efficiency 

5 27.8% 3 33.3% 

Lack of knowledge: Management is not aware of and 

therefore not concerned for energy consumption 

issues and efficiency improvement options 

1 5.3% 4 44.4% 

Other reasons  3 16.7% 0 0% 

Firms that have undergone an energy audit 

 Industrial sector Commercial sector 

 N % N % 

Mandatory audit 114 40.1 57 32.4 

Voluntary audit 58 21.2 10 5.9 

How much money approximately did you invest in increasing energy efficiency overall during previous 5 years? 

 Industrial sector Commercial sector 

Less than $ 10 000 33.8% 47.0% 

$ 10 000 – 50 000 21.7% 19.5% 

$ 50 000 – 100 000 9.2% 5.4% 

$ 100 000 – 500 000 5.0% 2.7% 

$ 500 000 – 1 mln 4.2% 0% 

More than $ 1 mln 3.3% 0% 

No money  22.9% 25.5% 

N 240 149 

How much money do you plan to invest in increasing energy efficiency overall during the next 5 years? 

 Industrial sector Commercial sector 

Less than $ 10 000 37.4% 48.2% 

$ 10 000 – 50 000 25.9% 15.2% 

$ 50 000 – 100 000 5.7% 5.4% 

$ 100 000 – 500 000 2.3% 3.6% 

$ 500 000 – 1 mln 2.3% 0.9% 

More than $ 1 mln 2.3% 0% 

No money  24.1% 26.8% 

N 174 112 

 



 

49 
 

Appendix D. Barriers to energy efficiency  

Choice experiment: expected time horizon for 4% of revenue investment into energy efficiency (Among those 

who would be willing to invest) 

 Industrial sector Commercial sector 

5 years 22.7% 22.5% 

4 years 10.5% 4.7% 

3 years 12.5% 7.9% 

2 years 11.2% 6.8% 

1 year 4.2% 3.7% 

Do not know / No answer 39.0% 54.5% 

N 313 191 

 

Average rating of barriers to energy efficiency 

 Industrial sector Commercial sector 

High upfront capital costs needed by energy efficient 

appliances and devices 
2.1 1.9 

Lack of capital (Banks/financial institutions  perceive 

energy efficiency investment is risky and therefore 

charge high premium) 

1.9 1.8 

Low opportunity costs: other priorities for capital 

investment, which can produce high returns 
1.4 1.0 

Zero or very small monetary value of the replaced 

appliances which still has a long operational life 
1.2 1.0 

Long payback period 1.8 1.5 

No incentives for the firm to reduce energy 

consumption as energy bills are paid by 

building/facility owners 

0.5 0.6 

No incentives for the firm to reduce energy 

consumption as energy bills are split among the 

building/facility tenants  

0.3 0.5 

Lack of gas, electric and heat metering 0.9 0.9 

Lack of awareness of the availability and/or benefits 

of deploying energy efficient processes and devices 
0.9 0.9 

Difficulties with obtaining necessary information 0.7 0.7 

Lack of confidence on energy efficient devices and 

processes (they do not deliver the services  at the 

level their promoters  advocate) 

0.9 0.8 

Lack of experience in energy efficiency measures 0.9 1.0 

Lack of skilled personnel to handle the efficient  

devices and processes 
0.9 0.9 

Lack of local supplies for equipment parts and very 

expensive purchasing from abroad, also long lead 

time to get equipment parts 

1.5 1.1 
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 Industrial sector Commercial sector 

Installation of energy efficiency measures need 

substantial reconfiguration of production process 
1.5 0.8 

Higher probability of malfunction or poor 

performance thereby disrupting production process 
1.1 0.9 

Need to obtain government permits to deploy energy 

efficient devices and processes 
1.6 1.5 

Low priority of the firm to reduce energy 

consumption energy cost is not a big component of 

production costs due to low energy prices  

0.9 0.6 

Lack of legal protection of property rights 1.1 0.8 

Administrative price setting, subsidies and cross 

subsidies 
0.9 0.8 

Lack of effective government policies to facilitate 

energy efficiency programs 
2.2 1.8 

Unofficial payments demanded to receive 

government permits 
0.8 0.6 

Long decision chain on the firm  0.8 1.3 

Uncertainty about the firm’s future 0.6 0.6 

Conflict of interests inside the firm 0.3 0.3 
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Appendix E. Factors influencing informational barrier 

Parameter Estimates 

Dependent Variable:  REGR factor score   1 (informational) for analysis 2 

Parameter B Std. 

Error 

t Sig. 95% Confidence 

Interval 

Partial 

Eta 

Squared 
     Lower 

Bound 

Upper 

Bound 

 

Energy expenditure .026 .005 5.536 .000 .016 .035 .129 

 

1. Facilities owned 

Dependent Variable:  REGR factor score   1 (informational) for analysis 2 

Facilities owned Mean Std. Error 95% Confidence Interval 

   Lower Bound Upper Bound 

Yes -.281 .154 -.586 .023 

No .208 .289 -.361 .776 

 

2. Facilities owned * Has your firm undergone a mandatory energy audit? 

Dependent Variable:  REGR factor score   1 (informational) for analysis 2 

Facilities owned Has your firm 

undergone a 

mandatory 

energy audit? 

Mean Std. 

Error 

95% Confidence Interval 

   Lower Bound Upper Bound 

Yes Yes -.562 .276 -1.107 -.017 

 No -.001 .141 -.279 .277 

No Yes .977 .461 .068 1.885 

 No -.305 .367 -1.029 .419 

 

3. Facilities rented * Has your firm undergone a mandatory energy audit? 

Dependent Variable:  REGR factor score   1 (informational) for analysis 2 

Facilities rented Has your firm undergone a 

mandatory energy audit? 

Mean Std. 

Error 

95% Confidence Interval 
 Lower Bound Upper Bound 

Yes Yes -.026 .426 -.866 .814 

 No -.194 .288 -.761 .373 

No Yes -.195 .265 -.717 .328 

 No -.036 .156 -.343 .271 

 

4. Has your firm undergone a mandatory energy audit? * 4 categories of ownership 

Dependent Variable:  REGR factor score   1 (informational) for analysis 2 

Has your firm undergone 

a mandatory energy 

audit? 

4 categories of 

ownership 

Mean Std. Error 95% Confidence Interval 

Lower Bound Upper Bound 
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Yes Domestic private -.764 .310 -1.375 -.153 

 Domestic public -.585 .254 -1.086 -.084 

 Foreign -.518 .885 -2.263 1.227 

 Mixed ownership 1.270 .507 .270 2.269 

No Domestic private .245 .138 -.027 .518 

 Domestic public -.235 .454 -1.129 .660 

 Foreign -.440 .440 -1.307 .428 

 Mixed ownership -.374 .358 -1.080 .333 

 

Appendix F. Factors determining the influence of price and property barrier  

Parameter Estimates        

Dependent Variable        

Parameter B Std. 

Error 

t Sig. 95% Confidence 

Interval 

Partial 

Eta 

Squared 

     Lower Bound Upper Bound 

Intercept 1.005 .383 2.625 .009 .251 1.759 .024 

Total revenue -.140 .035 -4.035 .000 -.209 -.072 .054 

Number of employees .188 .048 3.924 .000 .094 .282 .051 

 

1. 4 categories of ownership     

Dependent Variable:  REGR factor score   2 for analysis 1 

4 categories of ownership Mean Std. 

Error 

95% Confidence Interval 

   Lower Bound Upper Bound 

Domestic private .081 .057 -.030 .192 

Domestic public -.128 .128 -.379 .123 

Foreign .083 .326 -.558 .724 

Mixed ownership .600 .221 .165 1.036 

 

2. Macroregion     

Dependent Variable:  REGR factor score   2 for analysis 1 

Macroregion Mean Std. 

Error 

95% Confidence Interval 

   Lower Bound Upper Bound 

Western -.186 .157 -.495 .122 

Central -.151 .222 -.587 .286 

Southern .116 .206 -.288 .521 

Eastern .857 .248 .370 1.344 
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Appendix G. Factors determining influence of financial barrier  

1. Macroregion     

Dependent Variable:  REGR factor score   3 (financial) for analysis 2 

Macroregion Mean Std. 

Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Western -.426 .157 -.735 -.116 

Central .157 .192 -.221 .535 

Southern -.224 .176 -.571 .123 

Eastern .061 .193 -.318 .441 

 

2. Has your firm undergone a mandatory energy audit?   

Dependent Variable:  REGR factor score   3 (financial) for analysis 2 

Has your firm undergone a 

mandatory energy audit? 

Mean Std. 

Error 

95% Confidence Interval 

   Lower Bound Upper Bound 

Yes .069 .136 -.199 .336 

No -.237 .124 -.482 .008 

 

3. Facilities rented * 3 VALUES How do you rank the importance of energy efficiency for your 

firm/organization? 

Dependent Variable:  REGR factor score   3 (financial) for analysis 2 

Facilities rented  Mean Std. 

Error 

95% Confidence Interval 

 Lower Bound Upper Bound 

Yes Very important -.104 .221 -.540 .331 

 Somewhat important -.098 .226 -.542 .347 

 Not very important -.177 .358 -.883 .529 

No Very important .138 .075 -.010 .286 

 Somewhat important .006 .134 -.258 .269 

 Not very important -.535 .295 -1.116 .045 

 

4. 3 VALUES How do you rank the importance of energy efficiency for your firm/organization? * Macroregion 

Dependent Variable:  REGR factor score   3 (financial) for analysis 2 

3 VALUES How do you rank 

the importance of energy 

efficiency for your 

firm/organization? 

Macroregion Mean Std. Error 95% Confidence Interval 

  Lower Bound Upper Bound 

Very important Western -.178 .184 -.541 .186 
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4. 3 VALUES How do you rank the importance of energy efficiency for your firm/organization? * Macroregion 

Dependent Variable:  REGR factor score   3 (financial) for analysis 2 

3 VALUES How do you rank 

the importance of energy 

efficiency for your 

firm/organization? 

Macroregion Mean Std. Error 95% Confidence Interval 

  Lower Bound Upper Bound 

 Central -.058 .228 -.507 .390 

 Southern -.105 .225 -.547 .338 

 Eastern .578 .320 -.052 1.208 

Somewhat important Western -.448 .246 -.932 .036 

 Central .258 .374 -.478 .994 

 Southern -.208 .284 -.768 .352 

 Eastern .337 .253 -.162 .837 

Not very important Western -1.305 .617 -2.521 -.089 

 Central .342 .413 -.471 1.156 

 Southern -.455 .460 -1.362 .451 

 Eastern -.526 .395 -1.304 .252 

 

5. 3 VALUES How do you rank the importance of energy efficiency for your firm/organization? * Facilities 

owned 

Dependent 

Variable:  REGR factor score   3 (financial) for analysis 2 

3 VALUES How do you 

rank the importance of 

energy efficiency for 

your firm/organization? Facilities owned Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Very important Yes .090 .139 -.183 .363 

No -.105 .213 -.524 .314 

Somewhat important Yes -.191 .154 -.495 .113 

No .181 .281 -.373 .735 

Not very important Yes -.152 .261 -.667 .362 

No -.967 .504 -1.961 .027 

 

Appendix H. Factors determining influence of technical barrier  

Parameter Estimates 

Dependent Variable 

Parameter 

B 

Std. 

Error t Sig. 

95% Confidence Interval 
Partial Eta 

Squared 
Lower 
Bound 

Upper 
Bound 

-1.019 .443 -2.303 .022 -1.891 -.148 .021 

Total revenue .168 .037 4.493 .000 .094 .242 .075 
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1. Macroregion 

Dependent Variable:  REGR factor score   4 (technical) for analysis 2 

Macroregion Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Western .224 .177 -.124 .571 

Central .039 .229 -.412 .490 

Southern -.068 .204 -.469 .334 

Eastern .407 .167 .079 .736 

 

2. Has your firm undergone a voluntary energy audit? 

Dependent Variable:  REGR factor score   4 (technical) for analysis 2 

Has your firm undergone a 

voluntary energy audit? Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Yes .752 .188 .382 1.123 

No -.286 .104 -.492 -.080 

 

3. Macroregion * Has your firm undergone a mandatory energy audit? 

Dependent 

Variable:  REGR factor score   4 (technical) for analysis 2 

Macroregion 

Has your firm undergone a 

mandatory energy audit? Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Western Yes -.349 .194 -.732 .033 

No .653 .272 .117 1.190 

Central Yes .313 .206 -.092 .718 

No -.234 .412 -1.046 .577 

Southern Yes -.269 .303 -.865 .327 

No .134 .273 -.404 .671 

Eastern Yes .835 .214 .414 1.257 

No -.021 .254 -.522 .481 

 

4. Has your firm undergone a mandatory energy audit? * Has your firm undergone a voluntary 

energy audit? 

Dependent Variable:  REGR factor score   4 (technical) for analysis 2 

Has your firm 

undergone a 

mandatory energy 

audit? 

Has your firm undergone a 

voluntary energy audit? Mean 

Std. 

Error 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Yes Yes .620 .193 .240 1.000 

No -.223 .161 -.541 .095 

No Yes .863 .304 .263 1.462 

No -.349 .134 -.613 -.086 
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Appendix I. Factors determining the influence of organizational barrier  

1. 3 VALUES How do you rank the importance of energy efficiency for your firm/organization? 

Dependent Variable:  REGR factor score   5 (organizational) for analysis 2 

3 VALUES How do you rank the 

importance of energy efficiency for 

your firm/organization? 

Mean Std. 

Error 

95% Confidence Interval 

   Lower Bound Upper Bound 

Very important -.067 .094 -.253 .118 

Somewhat important .152 .131 -.107 .411 

Not very important .629 .270 .096 1.161 

 

2. 3 VALUES How do you rank the importance of energy efficiency for your firm/organization? * 

Has your firm undergone a mandatory energy audit? 

Dependent Variable:  REGR factor score   5 (organizational) for analysis 2 

3 VALUES How do you rank 

the importance of energy 

efficiency for your 

firm/organization? 

Has your firm 

undergone a 

mandatory energy 

audit? Mean Std. Error 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Very important Yes -.222 .158 -.533 .090 

No .088 .103 -.115 .290 

Somewhat important Yes .367 .195 -.017 .751 

No -.093 .170 -.429 .242 

Not very important Yes 1.116 .411 .307 1.926 

No .141 .344 -.537 .819 

 

3. Sectors by categories * Macroregion 

Dependent Variable:  REGR factor score   5 (organizational) for analysis 2 

Sectors by categories Macroregion Mean 

Std. 

Error 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Industrial sector Western -.205 .194 -.587 .176 

Central .942 .241 .468 1.417 

Southern .146 .246 -.339 .631 

Eastern -.131 .214 -.553 .292 

Commercial sector Western -.085 .209 -.496 .327 

Central -.514 .358 -1.219 .190 

Southern .360 .208 -.050 .770 

Eastern .807 .285 .246 1.367 
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Appendix J. Factors determining the influence of split incentives barrier  

Parameter Estimates               

Dependent Variable:  REGR factor score   6 (split incentives) for analysis 2 

Parameter B Std. Error t Sig. 

95% Confidence Interval 
Partial Eta 

Squared Lower Bound Upper Bound 

Intercept -3,481 2,296 -1,516 ,131 -8,001 1,040 ,009 

Total revenue -,114 ,038 -3,021 ,003 -,188 -,040 ,034 

 

1. Facilities rented 

Dependent Variable:  REGR factor score   6 (split incentives) for analysis 2  

Facilities rented Mean 

Std. 

Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Yes .568 .173 .228 .908 

No -.120 .105 -.327 .087 

 

2. Macroregion * Sectors by categories 

Dependent Variable:  REGR factor score   6 (split incentives) for analysis 2 

Macroregion Sectors by categories Mean 

Std. 

Error 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Western Industrial sector -.124 .220 -.557 .308 

Commercial sector -.116 .247 -.603 .371 

Central Industrial sector -.020 .254 -.520 .481 

Commercial sector -.238 .293 -.814 .338 

Southern Industrial sector .686 .266 .162 1.211 

Commercial sector .257 .271 -.277 .791 

Eastern Industrial sector .494 .279 -.055 1.043 

Commercial sector -.076 .187 -.444 .292 

 

3. 4 categories of ownership * Facilities rented 

Dependent Variable:  REGR factor score   6 (split incentives) for analysis 2 

4 categories of 

ownership Facilities rented Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Domestic private Yes .455 .135 .190 .720 

No -.145 .073 -.288 -.002 

Domestic public Yes -.573 .414 -1.388 .241 

No -.040 .161 -.358 .278 

Foreign Yes 1.627 .880 -.106 3.359 

No .005 .353 -.691 .701 
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3. 4 categories of ownership * Facilities rented 

Dependent Variable:  REGR factor score   6 (split incentives) for analysis 2 

4 categories of 

ownership Facilities rented Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Mixed ownership Yes 2.000 .507 1.002 2.998 

No -.296 .287 -.861 .268 

 

Appendix K. Factors determining the influence of bureaucracy and corruption barrier  

1. Macroregion 

Dependent Variable:  REGR factor score   7 (bureaucratic) for analysis 2 

Macroregion Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Western -.269 .068 -.403 -.134 

Central .139 .134 -.125 .403 

Southern .050 .091 -.130 .230 

Eastern -.016 .094 -.201 .170 

 

2. Facilities owned * Macroregion 

Dependent Variable:  REGR factor score   7 (bureaucratic) for analysis 2 

Facilities owned Macroregion Mean 

Std. 

Error 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Yes Western -.233 .082 -.395 -.070 

Central .154 .070 .016 .292 

Southern -.180 .111 -.400 .039 

Eastern .157 .113 -.066 .381 

No Western -.341 .118 -.575 -.108 

Central .125 .259 -.386 .636 

Southern .281 .146 -.006 .568 

Eastern -.362 .172 -.702 -.022 

 

Appendix L. Factors determining the influence of regulatory barrier  

Parameter Estimates 

Dependent Variable 

Parameter 

B 

Std. 

Error t Sig. 

95% Confidence 

Interval Partial 

Eta 

Squared 

Lower 

Bound 

Upper 

Bound 

-.494 .950 -.520 .603 -2.362 1.374 .001 

Number of employees .098 .044 2.233 .026 .012 .185 .013 
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1. Has your firm undergone a mandatory energy audit? 

Dependent Variable:  REGR factor score   8 (regulatory) for analysis 2 

Has your firm undergone a mandatory 

energy audit? Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Yes .339 .137 .070 .608 

No -.139 .126 -.386 .109 

 

2. 4 categories of ownership 

Dependent Variable:  REGR factor score   8 (regulatory) for analysis 2 

4 categories of ownership Mean 

Std. 

Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Domestic private .015 .060 -.104 .134 

Domestic public .175 .114 -.050 .400 

Foreign -.453 .303 -1.049 .143 

Mixed ownership .484 .241 .011 .958 

 

3. Has your firm undergone a mandatory energy audit? * 4 categories of ownership 

Dependent Variable:  REGR factor score   8 (regulatory) for analysis 2 

Has your firm 

undergone a mandatory 

energy audit? 

4 categories of 

ownership Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Yes Domestic private .123 .097 -.067 .313 

Domestic public .161 .168 -.170 .492 

Foreign -.502 .547 -1.578 .573 

Mixed ownership 1.424 .386 .665 2.184 

No Domestic private -.094 .073 -.238 .050 

Domestic public .189 .155 -.116 .494 

Foreign -.429 .362 -1.141 .283 

Mixed ownership -.221 .306 -.823 .381 

 

4. 4 categories of ownership * Macroregion 

Dependent Variable:  REGR factor score   8 (regulatory) for analysis 2 

4 categories of 

ownership Macroregion Mean Std. Error 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Domestic private Western -.114 .126 -.362 .135 

Central -.006 .107 -.216 .204 

Southern .032 .128 -.220 .284 

Eastern .147 .122 -.092 .386 

Domestic public Western .165 .225 -.276 .607 

Central .121 .179 -.232 .474 

Southern .160 .195 -.223 .544 

Eastern .252 .297 -.331 .835 
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4. 4 categories of ownership * Macroregion 

Dependent Variable:  REGR factor score   8 (regulatory) for analysis 2 

4 categories of 

ownership Macroregion Mean Std. Error 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Foreign Western -.391 .550 -1.473 .691 

Central -.493 .432 -1.342 .356 

Southern -.823 .671 -2.142 .495 

Eastern -.129 .948 -1.993 1.735 

Mixed ownership Western -.674 .285 -1.235 -.113 

Central .111 .546 -.962 1.185 

Southern 2.027 .334 1.370 2.685 

Eastern -.107 .529 -1.147 .932 

 

 

 

 

 


