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06’exmom 0ocHiONCeHIS € NPOUEC BNPOBADNCEHHS eHEPZOCPEKMUBHUX 3aX0016 1A NPOMUCLOBUX NIONPUEMCTNBAX.
O0num 3 naubirvue NPOOIEMHUX MICUL € 3aikcosanutl mpeno smenuwenns ineecmuuitl 6 cgepy enepzoedex-
muenocmi. Becmanosneno, wo nicis xinekox poxie apocmanis, 2100aivii ineecmuuii 6 enepeoedexmuenicmo ma
sionoea06ani dicepena enepzii nouaru cxopouysamucs y 2017 poui. 3a danumu Mixcnapoonozo enepzemuuiiozo
azenwmcemea, iCHYe Pu3UK mozo, w0 mpend amenmenns ineecmuyii 6yde npodosacysamucy. B pamxax npoexmy
PINE ¢ Ascmpii 6yni0 nposedeno 20 enepzemuunux ayoumis, 6 pe3yaomami sxux 610 3anponoHosano 6nposacumu
3ax00u, nanpasieni na enepzoepexmusnicmn. 3a pesyivmamamu nPoexmy 6y10 nPoanalizosano ma apeymenmo-
BAHO 36 130K MIdNC THBECTMYBAHHAM T 6NPOBAONCEHHAM 3AX00i6 3 eHePLoePeKMUEHOCE MA HCUMMEBUM UUKLOM, MA
MUNnom nionpueMcme, sSKi 6nposaowHceno iy KOMNAMIAX pisnux 2anyseii. Becmanosneno, wo 6ausvko 50 % idenwmu-
pixosanux saowadncens eiexmpoenepeii 6i0 6nposadHcenns 3axo0is € pe3yromamom 3acmocy8anHs acmomHoz0
Kepyeanis npusooie, Ycynenns GUMoKie CmucHenozo nogimps abo mooepuizauii cucmem oceimaenns. Lle 0oseo-
JIUO PO3podUmMU payionanvii 6izinec ma noimuui cmpamezii 01 NIONPUEMCME HA PISHUX eMANAX HCUTIMECOZO
uuxny. Ipoananizosano nioxio, opienmosanuii na oounuuni onepauii, 06panuii y yitl npozpami ma aKuil NOLC2ULYE
BUSABILEHHS 36 A3KI6 MIJC CNOICUBAHHAM eHep2ii GUPOOHUMUMU NIOPO3OLLAMU MA MEXHOL0ZIUHO-0P2ANI3AUITLHUMU
YUHHUKAMU, WO 6NAUSAIOMb Ha ii cnoxcusanns. Hayxosa nosusnua docaiocenns supajcaemvcs 6 00rpynmyeanii
KPUMUYHUX CIMPAMe2iunux nepeuroo y cepi insecmuyiil 6 enepzoepexmueni piuenns, wo 00360J4UN0 3anpono-
nyeamu pauionanvii 6iznec-cmpamezii ma 6ionogioni 3axo0u noAimuuHoi niompumxku ons ix nodonanns. Yepes
me, w0 NIONPUEMCMBA 3 0OHAKOBUMU BXIOHUMU MA BUXIOHUMU PECYPCAMU MONCYMb MAMU PIZHUL MEXHOL0ZIUHUIL
UUKTL, MEPMIHU OKYNHOCTE 00HAKOBUX 6NPOBACICEHUX 3AX00168 MONCYMb OYymu pisnumu. Anaiis peaivnozo 00ceioy
sbepedicennsa enepzopecypcie i3 pospobaenumu Oiznec cmpamezismu ma cmpameziamu NOJMuUNol niompumxu

003601UMb eexmusHo nowupumu 1ozo y kpainax €sponu.
Kmwouosi cnosa: insecmuuiiini 6ap’cpu, enepzemuuii ayoumu, 30epexceniis enepzopecypcis, enepzoedhexmueni

3ax00u, yinbose 6MPYUAHHS, HEMAMEPIALbHI NPUOYMKU.

1. Introduction

The report of the International Energy Agency [1] finds
that after years of growth, combined global investment
in renewables and energy efficiency declined by 3 % in
2017. Efficiency investment growth has again weakened
in 2018 [2]. This is observed in spite of various authors
demonstrating that there is a serious potential for energy
efficiency in many industries [3] and significant potential
for renewable energy [4]. Over two-thirds of efficiency
potential is still untouched [5]. In 2017, the world spends
about EUR 200 billion on energy efficiency. This was inves-
ted largely on heating, cooling and lighting improvements
in buildings.

Tapping the full potential of energy efficiency will re-
quire at least four times as much investment than is spent
at present. The International Energy Agency warns these
investments are actually slowing down, partly due to the
slow implementation of energy efficiency policies. Energy
efficiency should be considered as a basis of energy policies
at all levels of policies, because of its proven status as
a cost-effective option for reducing CO, emissions. Politics
should establish the necessary foundation to capture all
cost-effective energy efficiency measures [6]. Innovation
and creativity are necessary to unlock energy efficiency
investments and to grasp the associated employment and

growth opportunities. Therefore, development of the ra-
tional business and political strategies for implementation
of the energy-efficiency at different enterprises is actual.

2. The ohject of research
and its technological audit

The object of research is the process of implementing
energy-efficient measures at industrial enterprises. The
main condition for implementation of different technical
measures or business strategies in Ukraine is standard.
It is no matter in what stage of life cycle is enterprise,
the technical measures for all of them will be promoted
the same (modernization of the lightning system, thermo
insulation of building, changing compressed air systems
on the electric systems etc.). But, because of this, not
all companies could receive profit.

To identify rational strategies for companies with dif-
ferent stage of life cycle, it is necessary to provide energy
audit for different companies and to monitor their state
after the implementation of proposed measures. That is
why, one of the biggest problem areas is the absence of
the statistical data and analysis, which will explain the
link between investment and implementation of measures
on energy efficiency and life cycle and type of enterprises
implemented in companies of different industries.
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3. The aim and ohjectives of research

The aim of research is to investigate potential strate-
gical reasons and appropriate measures to overcome the
apparent gap in investment in energy efficiency.

To achieve this aim, the following objectives are ac-
complished:

1. To summarize barriers to the implementation of energy
efficiency measures.

2. To develop business strategy to increase energy ef-
ficiency level at different types of companies.

3. To propose political strategy of supporting energy
efficiency measures implementation.

4. Research of existing solutions
of the prohlem

In this section, an analysis of relevant literature de-
scribing relevant barriers into energy efficiency investment
in industry is presented. It is shown that a number of
interrelated barriers to energy efficiency investment are
already identified in a variety of published studies. The
majority of authors consider profitability as the main bar-
rier. The most relevant economic and financial barriers for
investing into industrial energy efficiency are according
to the Department of Energy (USA) [7]:

— payback time;

— volatility of energy prices;

— competition for capital;

— failure to recognize non-monetary benefits of energy

efficiency.

An additional reason is the generally low relevance
of energy cost in production companies.

Other empirically observed categories of barriers include:
lack of full information, lack of time, lack of staff, low prio-
rity, and lack in long term strategy, according to [8]. This
research found that size of companies, the implementation of
an energy management system, autonomy of the enterprise,
and relatedness to the customer are other important impact
factors in investment decisions into energy efficiency. These
barriers are described in more detail below.

Several authors agree that decision on energy efficiency
or renewable energy investment is taken mostly evaluating
payback of investment [9]. Calculation of simple payback
is one of the most common methods to evaluate a capital
investment, especially among engineers. The payback period
of an investment is defined as the period of time in which
the initial capital expenditure is recovered. Payback frequently
is used as a first assessment whether detailed planning is
worth-while [10]. Methodologically, the payback period does
not include risk assessment and ignores the time value of
money [11]. This approach does not consider the time value
of cash flows, risk assessment or investment strategy.

The maximum acceptable payback is usually determined
by a management decision and not based on a specific
economic or scientific foundation. Production companies
often have limited capital available for efficiency projects
and frequently require very short payback periods of one to
three years [12, 13]. Larger companies, or owner-managed
companies, sometimes accept 3-year paybacks. Required pay-
back times depend also on the type of equipment (Table 1).
In any case payback has to be shorter than the remaining
useful life of the equipment, which is not shown in the
previous works.

Tahle 1
Rule-of-thumb recommendations for payback times*
Recommen-
Type of investment ded payback

time (years)
Small electronic equipment 1-2.5
Efficiency improvement 2-3
Small to medium industrial plant and equipment 2-5
Mobile plant and equipment 2-5
Medium to large plant and equipment 2-5
Market extension 5
New product in new market 6
Medium to large production plant 5-10
Large production facilities and high tech production facilities 10-15
Large scale mining projects 10-20
Safety or other legal requirement No test

Note: * — compiled by the authors based on the data [14]

As the payback becomes longer, however, the more
likely unexpected changes might render the project not
profitable [15]. But in this case, authors didn’t consider
a link to strategical aspects, like growth of market share
or development of new products.

Volatile energy prices will make decisions to invest
into energy efficiency riskier, because savings out of the
investment become less certain [16]. For example, in Austria
energy prices show volatility. Natural gas prices peaked
in 2013 to about 80 % of the peak until 2017 for medium
sized industry, according to Eurostat [17]. Since then, they
declined (Table 2). Because of this, it is difficult to use
payback as a criterion. Labor cost has increased by 40 %
from 2000 (23.1 EUR/hour) to 2015 (32.4 EUR/hour)
in Austria [18]. The producer price index for investment
goods in Austria has increased by 10 % in the same pe-
riod [17]. As a result, payback times for investment into
energy efficiency in general have become longer.

Tahle 2
Natural gas price and natural gas price index for Austria, 2018*
Year Natural gas price medium | Natural gas price index medium
sized industry (EUB/GJ) | sized industry (%; 2007 =100 %)
2007 8.9 100
2009 8.6 97
2011 9.0 101
2013 9.7 109
2015 8.5 96
2017 7.4 83
Note: * — compiled by the authors based on the data [17]

In the work [19] it has been explained, why some firms
may choose not to undertake investments in energy saving
technologies although they may appear profitable from
a payback perspective. As future technological advances
are inherently uncertain, it may pay to postpone invest-
ments in energy saving and wait for improved varieties
of equipment. But, the authors did not go into details
regarding the motivation for investment out of targeted
strategic considerations.
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Although the fact that industry typically insists on
a two-year payback period for energy efficiency is fre-
quently criticized the reality is that it can be entirely
rational to apply this period considering:

— uncertainty in actual savings as a result of the in-

vestment,

— uncertainty about future production;

— existence of competing strategic investments such

as new production plants, new products or marketing.

Industrial firms do not make investment decisions re-
lated to energy separately from other aspects of operations.
Measures which result in loss of production are usually
not accepted. They are considered too much of a risk to
the general business. Energy savings are perceived as side
effect of other investments rather than as an independent
value-generating activity [7]. From this aspect, it can be
concluded that energy efficiency is always closely linked
to the more general concept of resource efficiency.

The results from [9, 20] indicate that in industry, priori-
ties are higher to production than to energy consumption.

Energy efficiency cannot be directly measured in terms
of production increase. It is measured as a saving against
a baseline of consumption. Financial institutions are likely
to perceive renewables and energy efficiency as risky, lea-
ding to higher interest rates and the request for collaterals.
The intangible and comparatively small nature of energy
efficiency assets and projects discourage traditional investors.

In Austria, industrial investments in general have been
sinking over the last 10 years [21]. From this, it can be
concluded that in times of general lower investment also
investment into activities, which apparently are not directly
linked to productivity, is lower.

Several authors identified that there are other rele-
vant barriers apart from financial barriers. Non-financial
practical barriers include limited in-house skills, according
to [22, 23]. They also include expertise to identify [21]
and implement energy saving projects [22, 23]. In [24] it is
shown that difficulty in gathering external skills and lack
of time of the barriers. Lack of information on cost and
benefits, difficulties in assessing the risks associated with
the intervention, and no trust in the information sources
emerged as primary barriers in the findings of [25, 26].

Investment in energy efficiency can provide various
benefits to different stakeholders, by directly reducing
energy demand and associated costs, which can enable
investment in other goods and services [4]. Not considering
non-energy or co-benefits of an energy efficiency project
will neglect potentially relevant aspects of the business
case of energy efficiency investments. Again, this research
did not establish the link of energy efficiency to existing
managerial or strategical priorities.

Industrial energy efficiency measures may deliver substan-
tial benefits in addition to energy cost savings — enhancing
competitiveness, profitability, production and product quality,
reduced maintenance, improving the working environment,
and for environmental compliance. The multiple benefits
approach to energy efficiency seeks to expand the perspec-
tive of energy efficiency beyond the traditional measures
of reduced energy demand by identifying and measuring
its impacts across other spheres.

In the work [27] it has been suggested that quantifying
non-energy benefits can help showing the full potential of
energy-efficient technologies and increase the probability
of adoption. The authors of the [27] cover the investment

behavior for energy-efficiency investments assessing on
what basis investment decisions are made. A survey of
200 companies which had implemented energy efficiency
measures showed the following results [28]:

— main drivers for the implementation of energy effi-

ciency are reduction of cost and increase of productivity,

while corporate reputation and government regulations
remain low on the list of influencing factors;

— cost control is over five times more likely to be

a driver of energy efficiency initiatives than compliance

with government regulations, according to the orga-

nizations surveyed;

— 76 % of respondents recognized that other benefits

additionally to energy savings are achieved through

energy efficiency projects.

Introducing benefits like energy security, and reduced risk
for health and safety can help to better align energy efficiency
with strategic business priorities, thereby strengthening the
business case for investment. Other benefits like the reduction
of greenhouse gases, air pollution, employment and poverty
alleviation are mainly relevant on a macroeconomic level.
Inclusion of these benefits within the investment criteria of
an energy efficiency project is still not widely applied [4].

The relevance of energy cost for industry is generally
low, as data for Germany reveal (Table 3): showing the
savings reliably therefore becomes difficult. The result is
perceived complexity for monitoring and verification to
confirm the savings.

Tahle 3
Average cost contribution in German processing industry*
Cost contribution Percent (%)

Energy 2
Commodities 13
Labor 19
Material 42
Other cost (Depreciation, capital cost, taxes, profit) 24

Note: * — compiled by the authors based on the data [29]

There is, of course, a wide variation in energy cost de-
pending on the production sector, which was not mentioned
in the [29]. In minerals, metals smelting, dyeing and finishing
in the textile industry energy cost is more likely to be in
the range of 10 % or more of the overall expenses [30].

Other authors suggest that decisions on investment into
energy efficiency can be related to a company’s strategy.
The investigation [20] founds interviewing energy managers
that a relevant barrier results from lack in influence of
the people in charge of energy management. Higher priori-
ties than to energy efficiency are assigned to production
activity. It has been recognized the negative impact of
management resistance to change, inadequate management
capacity, and conflicts of interest within the organization.

Authors of the work [31] have investigated the question
whether energy efficiency investments depend on company
characteristics rather than profitability of the investment and
answered it affirmatively. The most relevant paper dealing with
the relevance of strategic considerations is the research of [32].
It developed an investment decision-making model showing
four levels of barriers (Fig. 1) and tested it empirically with
28 companies. It appears from the empirical research that
strategy is more influential than profitability. Profitability
apparently is a generally necessary but insufficient condition.
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Real barriers
(no strategic
character)

Symptom

barriers (hidden
costs, access to
capital, risk, ...)

Base barriers
(Information)

Fig. 1. Barriers to energy efficiency investment (modified from (32])

As shown in Fig. 1, there are four levels of organi-
zational barriers to energy-efficiency investments. The
investigation [32] labeled the four barrier levels «Base»,
«Symptom», «Real», and «Hidden». The level «Real bar-
riers» stands mainly for lack in strategic fit of a project.

«Base» barriers concern the lack of knowledge regarding
energy efficiency measures. «Symptom» barriers express
actually deeper problems: capital might be allocated to
other investments; risk is said to be high. «Real» bar-
riers are formed by low or non-existing strategic character
of the investment when companies consider energy use
neither as a contributor to their competitive advantage
nor as a critical resource [32]. Indirect benefits of energy
efficiency can increase the strategic relevance; however,
they are frequently poorly understood. «Hidden» barriers
are various cultural influences which drive organizations
and their decision makers to underrate energy-efficiency
investments. Authors of the work [32] suggested as a solu-
tion to the energy efficiency gap to strongly communicate
the strategic relevance of energy efficiency investments.
They, however, do not analyze the determinants of compa-
nies strategies in more details, which will have an impact
upon investment decisions in addition to the necessary
precondition of profitability.

Summarizing the existing body of literature on bar-
riers on investment into energy efficiency, so far only few
authors identified strategic barriers in addition to pro-
fitability barriers. The connection of energy efficiency to
the strategic options derived from the prevailing main
business strategies, organizational elements, and financial
possibilities found in the different stages of the develop-
ment of companies has not been analyzed in detail yet
according to the findings of the literature research. Addi-
tional analysis can result in indications, which barriers and
corresponding actions are relevant for companies according
to their stage of development.

5. Methods of research

To achieve the aim of research, general scientific and
special research methods are used:

— methods of analysis and synthesis — for a preliminary
analysis with the aim of forming a list of main barriers
for energy-efficiency implementation at companies;

— methods of decomposition and deduction — to sub-
stantiate of critical strategic barriers in the field of
investment in energy-efficient solutions.

6. Research results

6.1. Research hypothesis. The research hypothesis of
this paper is deducted from the following observation.
Investment into energy efficiency and renewable energy

Hidden barriers
(cultural
dimension)

is not considered a special category of invest-
ment but evaluated strategically. It is analyzed
integrated with regular investment into equip-
ment and productivity.

Barriers towards the introduction of energy
efficiency measures and renewable energy can be
explained by the sequence of strategies generally
applied in industries resulting from the stages of
lifecycles of businesses and products. From this, it
can be deducted which supportive political activities
are relevant to counteract the gaps of investment
into energy efficiency and renewable energy.

6.2. Life cycle of companies. Performance of processes
and infrastructure can be described by S-Curves, which
are logistic patterns consisting of four stages: Incubation,
growth, maturity, and decline (Fig. 2) [33, 34]. The four
stages and their key characteristics are described in the
following researches [35-37]:

1. Incubation.

Most production processes start on a small scale. They
are subject to frequent modifications and changes in this
first phase of the life cycle. Quality is critical because de-
fective products can damage the reputation of the product
or even the entire firm. In the incubation stage profits
are low because research and development, production
and marketing costs are high. Prices can be set high to
recover the initial costs quickly, or, kept low to quickly
expand the market.

In this stage most of the activity is focused on pro-
duct design and marketing. An additional focus will be to
ensure that the product is easy to manufacture with high
quality. The primary interest is to increase production,
while complying with safety, labor, and environmental
regulations. Investments that are directly related to these
aspects will be given the highest priority. Investments
related to reduction of expenses are not considered as
important at this stage.

From an organizational point of view, the enterprise
will be controlled by the owner with little formal systems.

2. Growth.

During the growth phase, production increases with
the demand. While profits are high, it is important to
stay ahead of competitors. During growth the challenge
is to increase production while maintaining quality and
controlling cost. Ideally, capacity is added gradually an-
ticipating demand. In practice this is difficult, as technical
facilities can be up-scaled only in discrete steps [38]. The
organization will be controlled by functional managers.
A controlling system will be established.

3. Maturity.

During maturity, sales still increase. Because of increa-
sing competition, prices will lower. The product or service
will be adapted to differentiate from competitors. At the
same time, cost must be reduced to maintain profits.

As earnings improve, mature companies will generate
more cash from their products than they need for rein-
vestment. The question of whether a company has too
much cash, and, if so, how it should return this cash to
stock holders becomes relevant at almost every mature
company. Management is experienced and stable.

Not all mature companies are large companies. Many
small companies reach their growth ceiling quickly and
essentially stay small, mature firms [39, 40].
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4. Decline.

In the fourth stage of the S-curve, prices fall and sales
drop. An appropriate strategy can be to reintroduce the
product with a new feature. A refreshed marketing strategy
is important to reach current and prospective customers.
Consequently, processes will be scaled down and unprofitable
products stopped. Investment will be directed towards new
products and processes.

Shrinking operating margins are another symptom of
this stage. Companies in this stage have few investment op-
portunities that generate value. These enterprises will have
trouble in refinancing the debt, since lenders will demand
more stringent terms.

The organization will become mainly production output
related. Strong leadership is needed to identify a strategy
to sustain [41].

Maturity

N

T

Decline
Growth

N

Incubation

l

Fig. 2. S-curve describing the development of performance
and value over time (modified from [33))

Performance, value offering

Time

Table 4 summarizes features of the stages of the life
cycle of companies with relevance to the general business
strategy, product, characteristics of management, typical
cash flow and corresponding barriers for the implementa-
tion of energy efficiency measures.

Main difference of the results from Table 4 in com-
parison to previous research is that it establishes a link
between typical parameters of the development stages of
an enterprise to the individual barriers for implementing
energy efficiency observed in previous research.

B6.3. Case study: The measures implemented in the PINE
project. As a case study, the energy efficiency measures
implemented in 20 companies were analyzed. The com-
panies participated in the PINE project in Austria. The
PINE project was supported by the Intelligent Energy
Europe program between 2012 and 2015 [43].

The main purpose of the project was promoting energy
efficiency in industrial small and medium sized enterprises.
The aim was achieving benefits not just for the environ-
ment but also as a way to promote both technological and
process innovation [44].

The unit operations orientated approach chosen in this
program facilitates linking energy consumption to production
units and understanding the factors with impact on energy
consumption. It is based on an analysis of the company poin-
ting out the most critical areas for its energy efficiency. At the
same time it uses models and data acquisition methods which
reduce time requirements and disturbances in the firm [45].

The project partnership included 15 organizations from
7 European countries: Austria, Bulgaria, Cyprus, Italy, Ro-
mania, Slovakia and Spain. In each country, a scientific
partner cooperated with a chamber of commerce or corre-
sponding institution. The chambers of commerce promoted
the project, invited and selected companies for the audits
and did (part of) the preliminary audits.

Participation in the project was voluntary and free
for the companies. They participated following an open
call in the region by the chamber of commerce, published
in the weekly newsletter which is distributed to all the
members of the chamber and announced in several public
conferences. Their investment was the involvement of their
employees and the implementation of measures.

On average, in the participating enterprises 5 % of
energy cost was saved. In general, the companies committed
themselves to measures, which pay back in less than three
years. For this analysis, the measures implemented in the
20 companies that participated in Austria were analyzed.
87 options were originally identified, out of which 77 were
implemented. 10 of the options were dropped after further
detailed feasibility analysis. Data were collected for these
measures describing the nature of the measure, invest-
ment, savings, payback and position of the process and
the infrastructure (buildings and basic utilities like boilers)
on the S-curve [44].

Tahle 4

Technical features of the life cycle stages®

Life cycle stage

organization, few employees,

of management little formal systems

Parameter
Incubation Growth Maturity Decline
«Make it work»: Create product . «Minimize cost, consolidate»: | «Prepare for next generation»:
Recommended . : «Grow and finance growth»: L ) . )
and provide it to the market, deliver - Maximize profits while Reduce expenditure
strategy Maximize market share . X
products defending market share in general, harvest
Product Basic product New features:, services, Diversification of hr‘an'd and Phase out of weak items
extensions models, reduce production cost
Characteristics Ovwner controlled, simple Functional managers, start Experienced management, Strong leadership,

of controlling system,

stability in technology and

delegation market shares

output related

Focus on generation of cash to
break even and replace wear off of
capital assets

Characteristics
of cash flow

Probably high debt/equity rate

Dropping margins, few
investment opportunities

Stagnant margins, lowering
revenue

Corresponding
barrier for

High priority of production increase,
lack of people responsible and

Competition for capit

rable to commit resources,

al, unfavo- Technological change, conflic-

None specific identified ting priorities to convert

energy efficiency
investment

knowledgeable for energy utilities,
resistance of management to change

banks perceive energy efficiency

and renewable energy as risky

mature industry and prepare
new products and processes

Note: *

— modified from [42]
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Table 5 shows the 20 participating companies, their
sectors, and products.

Table 5
Sectors and products of the companies from PINE

The assessment of lifecycle stage, the products and
processes and the infrastructure was done out of a dis-
cussion of the researchers with company representatives,
without a quantitative evaluation of company data and
market data.

Company No. Sector Product | . . .
- — For the identification of the corresponding life cycle
1 Metal processing Engineering . . .
- phases for the companies in the case studies, was used,
2 Food processing Bread and cakes condensing the features presented in Table 6.
3 Food processing Bread and cakes The measures that were implemented within the
4 Drinks and beverages Beer PINE project in Austria [44] were analyzed individually
5 Food processing Food, oil (Table 7).
B Metal processing Consumer products Table 7 shows that about 70 % of total energy sa-
7 Engineering Supplier of paper industry vings were connected to heating. Heat recovery from
8 Minerals and mining Minerals production processes and building refurbishment have
X — - a share of about 60 % of the options. In buildings, invest-
9 Minerals and mining Minerals R R K
ment costs are rather high resulting in longer payback
10 Minerals and mining Minerals .
- periods.
11 Metal processing Electrodes Other relevant improvement measures are the isolation
12 Food processing Edible oil of the heat distribution system and improved control of
13 Metal processing Products from wire the heating and boiler system.
14 Engineering Supplier of metal processing About 50 % of the identified electricity savings are
15 Food processing Bread because of installation of frequency-controlled drives,
16 Food processing Flour compressed air system modernization or improving il-
A ) lumination.
17 Engineering Supplier of metal products .
- — - These areas are already today addressed in many bro-
18 Minerals and mining Refractories . . . . .
- ' chures and information materials provided by potential
19 Wood processing Furniture suppliers, the chambers, energy agencies and other public
20 Food processing Chocolate institutions.
Table 6
Technical features of the life cycle stages for the case studies
Phase Incubation Growth Maturity Decline
Age of process or equipment 0-2 years 2 to 7 years 7 to 10 years Over 10 years
Age of infrastructure 0-5 years 5 to 10 years 10 to 20 years Over30 years
Relevant business strategy Proof of technology Increase market share Reduce cost Reduce cost
Investment volume High High, product related Low, process related Low
Tahle 7
Measures identified in companies from PINE
Measure No. Measure Payback (years) | Implemented | Process phase | Building phase
1 2 3 4 5 B
1 Building refurbishment (exterior walls, windows, top floor ceiling) 20.00 Y M D
2 Installation of heat recovery at compressors 3.00 Y M D
3 Identification of parasitic consumers and reduction of base load by 25 % 2.00 Y M D
4 Heat recovery and maintenance at/of chillers 4.00 N D D
5 I'sulatiun of the pipes and connections in the boiler room and the produc- 1.00 Y D D
tion area
B Control of steaming to reduce heat losses 1.00 Y D D
7 Installation of heat recovery systems at ovens 4.00 N D D
8 Exchange of existing lighting 24.00 Y M D
9 Heat recovery system at cooling plant 4.00 Y M D
10 Heat recavery (refurbishment) at ovens, isolation 1.00 Y M D
11 Introduction of a simple energy controlling and monitoring system 1.00 Y M D
12 Changing the whole system by making use of district heating instead of oil 20.00 Y M D
13 Exchanging lighting — installation of LED 4.00 Y M D
14 Beduction of compressed air leakages 1.00 Y M D
15 Exchanging the existing lighting by more efficient installations (LED) 5.00 Y G G
16 Reduction of air flow at one of the production processes 2.00 Y G G
17 !—Jetailed analysis of the cooling demand, reduction of air exchange and 031 Y G G
internal heat sources
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Continuation of Tahle 7

1 2 3 4 5 B
18 Reduction of air flow in drying 2.00 Y G G
19 Exchanging T8-lights to LED 8.00 Y G G
20 Sealing of compressed air leakages 1.00 Y G G
21 Belt replacement at the motors of the polishing drums 2.00 N G G
22 Installation of a photovoltaic plant 8.00 Y G G
23 Exchanging the existing lighting to more efficient installations (LED) 3.00 Y M M
24 Installation of heat recovery systems at ovens 2.00 Y M M
25 Installation of a simple energy controlling and monitoring system 2.00 Y M M
2B Exchanging T8-lights to LED 39.00 Y M M
27 Checkup of the compressed air system and reduction of leakages 2.00 Y M M
28 Using speed control for pumps and fans 2.00 Y M M
29 Using smaller motors and speed control 2.00 Y M M
30 Maintenance of the chillers and making use of the free cooling function 2.00 Y M M
31 Isolation of the pipes and connections 2.00 Y M M
32 Exchanging T8-lights to LED 8.00 Y M M
33 Regular control of the compressed air system and reduction of leakages 2.00 Y M M
34 Using smaller motors and speed control 2.00 Y M M
35 Maintenance, regulation, and isolation of the pipes 2.00 Y M M
36 Exchanging sodium discharge lamps by LEDs 10.00 Y M M
37 Preheating the combustion air 2.00 Y M M
38 2 pressure levels in compressed air system, speed control, leakage control 2.00 Y M M
39 Using the waste heat of the compressars for a regional district heating system 1.00 Y M M
40 Reducing heat losses by using a lid at the melting oven 1.00 Y M M
41 Full utilization of the production capacity 2.00 Y M M
42 Preheating and drying of the metals by product waste heat 1.00 Y M M
43 Organizational actions to reduce the nitrogen demand 1.00 Y M M
44 Exchanging existing T8 lighting to LED 20.00 N M D
45 Variable speed control for pumps 23.00 Y M D
46 Reduction of the air flow at one process by organizational measures 2.00 Y M D
47 Heat recovery at one of the production processes 19.00 Y M D
48 Improved control of the heating system 1.08 Y M D
49 Isolation of the hot water pipes 1.00 Y M D
50 Monitoring of the natural gas demand for painting and warm water 2.00 Y M D
51 Using daylight 0.50 Y M D
52 Reduction of the compressed air pressure and preventing leakages 1.00 Y M D
53 Exchanging v-belts to direct drives 2.00 Y M D
54 Refurbishment of the hydro-electric power station 20.00 Y M D
55 Isolation of the upper ceiling to reduce heat losses 7.00 Y M D
56 Exchanging T8-lights to LED 8.00 N D D
57 Installation of heat recovery systems at the chillers 12.00 Y D D
58 Heat recavery system (to preheat the combustion air) of ovens 10.00 Y D D
39 Installation of an absorption refrigerator 5.00 N D D
60 Installation of energy efficient motors 10.00 N D D
61 Reduction of the air volumes for the roasting process 2.00 Y D D
62 Exchanging T8-lights to LED 6.00 Y D D
B3 Sealing of leakages of the compressed air system 2.00 Y D D
64 Exchange of sodium discharge lamps to LEDs 9.00 Y M D
65 Isolation of the ovens and renew the seals of the holding furnaces 1.00 Y M D
66 Installation of a simple energy controlling and monitoring system 2.00 N M D
67 Isolation of the pipes and connections in the boiler room 2.00 Y M D
68 Improvement of the separation efficiency of the cyclone 7.00 Y M D
69 Installation of variable speed drives for fans 7.00 Y M D
70 Installation of new compressors 7.00 Y M D
71 Installation of a heat recovery system at the furnace 7.00 Y M D
72 Installation of a PV plant 8.00 Y M M
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Continuation of Tahle 7

1 2 3 4 5 B
73 Exchange of the existing T8 lighting to LEDs 7.00 Y M M
74 Optimization of the ventilation system 7.00 Y M M
75 Turning off the mixer motors at the storage tanks 0.50 Y G G
76 Beduction of the operation time of the mills 2.00 Y G G
77 Reduction of the standby time at the packaging section 2.00 Y G G
78 Reduction of idling losses at filling machine 2.00 Y g G
79 Check of parasitic consumers in the production area 2.00 Y G G
80 Increase of production capacity 7.00 N G G
81 Reduction of water consumption at the washing plant 2.00 Y G G
82 Control of parasitic consumers in the offices 2.00 Y G G
83 Installation of a new compressor for the heating system 10.00 Y G G
84 Lr;s::;{)e’lt?;m;; dd[f);lfl:i—rglfuz;gﬁ\;v;rilsguws in the production area to reduce 200 Y g G
85 Optimization of control parameters of the heating system 2.00 Y G G
86 Use of organic waste as fertilizer 10.00 N G G
87 Installation of power factor correction 0.50 Y G G

Note: Y — yes, N — no, M — maturity; D — decline; G — growth

Authors of the work [32] introduced the concept of
a «gap» between payback and actual implementation, which
was attributed to the strategic relevance of the investment
into energy efficiency, without analyzing this «strategic
relevances» in more detail. This is the starting point for this
paper: an analysis has been done, which generic strategies
and properties of companies exist at which development
stage of an enterprise (S-curves of enterprise development)
and the observed implementation of measures from the
case studies related to the stage of an enterprise. So, the
scientific novelty of this article is that with the help of
S-curve of enterprise development analysis, the observed gap
of beneficial benefit of some energy efficiency investment
and actual implementation was closed. It provides a starting
point for defining a targeted approach to promote energy
efficiency, or resource efficiency. This exploratory research
analyzed the energy efficiency measures implemented by
20 Austrian companies within the PINE project in 2015.
The participating companies were classified according to
four stages as they are used in literature describing the
maturity of the enterprises. In total 77 measures were
implemented. 10 measures which were suggested by the
consulting team were not implemented.

The response of the small and medium sized enterprises
towards adopting energy efficiency measures was positive.
A large share of energy is used for support processes such
as lighting, heating and cooling, which are similar across
the sectors. This opens up possibilities for standardized
solutions, which can be shared effectively.

From Tables 8, 9 it can be taken that 46 measures were
implemented in companies in which processes or buildings
were rated as «mature». 18 measures were identified in
companies which were rated as «growing». 13 were iden-
tified in companies which were rated as «declining» and
none in a company which was classified as «incubating».
Implementation was not always directly linked to short
payback times. The share of measures with short payback
(less than two years) was largest during the <«growth»
phase (69 %), followed by the measures implemented in
the «mature» phase (63 %) and lowest in the «decline»
phase (54 %). The latter measures were mostly building

renovation measures to upgrade old buildings (windows,
lights, ceilings). This observation goes together with the
business strategies described in Table 4.

Table 8

Analysis of the implemented energy efficiency and renewable energy
measures from PINE in processes

Phase Implemented Payback Payback Payback
measures <2 years 2—6 years >B years
Incubation 0 0 0 0
Growth 13 11 0 2
Maturity 36 25 3 8
Decline 7 4 1 2
Table 9

Analysis of the implemented energy efficiency and renewable energy
measures from PINE in buildings

Phase Implemented Payback Payback Payback
Mmeasures <2 years 2—6 years >B years
Incubation 0 0 0 0
Growth 5 0 3 2
Maturity 10 4 0 B
Decline 6 2 0 4

Energy efficiency measures and renewable energy are
applied in these companies with different motivation:
— In the incubation phase. No company in the incubation
phase was participating. In this phase, when investment
into new equipment is done, the focus can be on energy
efficient equipment. From the interviews conducted
with management of the participating companies, the
authors conclude that if energy efficient equipment
is known at the incubation stage and economical, it

might well be implemented.

— In the growth phase. During the growth phase, in
the case study companies, implementation of energy
efficiency and renewable energy measures was of lower
priority than production growth. Measures with a quick
payback, however, had a good chance to be implemented.
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— In the maturity phase. During maturity, in the case
study companies there was a general focus on imple-
menting measures for cost reduction. This includes
energy efficiency measures to improve processes, and
also infrastructure.

— In decline. During decline, in the case study companies

buildings and other infrastructure were upgraded to

prepare for new processes or products and to enlarge
the lifetime of buildings, reflecting also in investment
with longer payback times.

These observations fit the priority strategies for the
four stages of enterprise development (Table 10):

1. During the incubation phase, the strategic focus is on
product development and quality. During this phase, there
is no explicit priority on energy efficiency. No company
classified in this stage participated in the PINE project.
10 relates the generic strategy of the stage to energy
efficiency and the use of renewable energy.

2. During the growth phase, the main strategic fo-
cus is on sustaining growth and growing market share.
3 companies and 3 buildings of companies of the PINE
project were classified as «growing». In these, 18 measures
were implemented. In this category the share of measures
with a payback of less than two years was the largest
one. 0 relates the generic strategy of the stage to energy
efficiency and the use of renewable energy.

3. During the maturity phase, the strategic focus is
on consolidation and cost minimization. 14 companies and
7 buildings were classified as «<mature». 46 measures were
implemented in companies or buildings of this category.
In this phase there was the biggest share of process re-
lated measures. The share of measures with a payback
time higher than two years was slightly higher than in
«growth». 10 relates the generic strategy of the stage to
energy efficiency and the use of renewable energy.

4. During the decline phase, the strategic focus is on
the reduction of expenditure in general. 3 companies and
10 buildings were classified in this category. 13 measures
were implemented in companies or buildings of this category.
The share of measures with a payback time higher than
two years is higher than in «growth» and «maturity». In
this category, more than 50 % of measures are implemented

These results origin from a group of 20 companies who
volunteered for energy audits out of a general invitation to
all the enterprises in the Austrian federal state of Styria.
They participated following an open call in the region by
the chamber of commerce, published in the weekly newsletter
which is distributed to all the members of the chamber
and announced in several public conferences. It can be
concluded that the volunteering companies were already
sensitive towards energy efficiency and renewable energy.
As consequence, however, there is no equal distribution
of life cycle stage of processes and infrastructure. The
results probably reflect the practice of companies already
interested into energy efficiency and renewable energy.

The aim of research was to contribute towards over-
coming the apparent gap in investment in energy efficiency
evaluating case studies from 20 companies in Austria.

To achieve this aim, this paper has summarized barriers
to the implementation of energy efficiency and renewable
energy from relevant literature. At present, energy prices
are not likely to accelerate energy efficiency investment at
the required rate. In Austria, the price of natural gas has
significantly decreased over the period of 2013 to 2018.
Prices for equipment and construction have increased.
Increasing investment cost together with decreasing gas
prices increase the payback time and reduce the motivation
for investment into energy efficiency and renewable energy
in industries. There are «multiple benefits> mostly on
a macroeconomic level, but these are beyond the control
and immediate priorities of production companies, unless
they match requirements from clients. At the same time
investments in industries in Austria generally have decreased.

This paper has identified a novel approach to organi-
zing the barriers to the implementation of energy efficiency
measures along the stages of the lifecycle of processes and
buildings suggesting a detailed interpretation of aspects of
the implementation gap for energy efficiency measures iden-
tified in [32]. The connection of implementation of energy
efficiency measures and renewable energy to company life
cycle stages was tested on measures which were implemented
as a result of 20 energy audits in enterprises in Austria.
Table 11 summarizes the conclusions from this research.

in buildings. 0 relates the generic strategy of the stage to Table 11
energy efficiency and the use of renewable energy. Conclusions from the cases
Table 10 | Phese
arameter
Energy efficiency strategies for different phases Incubation Growth Maturity Decline
of enterprise - -
Opportunity : Basically high
. however, because
Phase nf. the Business strategy Corresponding .sl.rategy f|.:|r. energy of energy con- ; Generally
enterprise for Energy efficiency efficiency and Sel e Moderate High
renewable sumptmn‘ls A5t1141 low
«Make it work»: Create the Enerqv efficiency is not energy low, so priority is
Incubation | product and provide it to the 9 Y low too)
. a priority at this stage
market, deliver products R
Focus is on Focus on
Implement very prafitable Ene;gy Eﬂiciirlu:y Focus on Focus on F];gr‘atding
Growth «Grow and finance growth»: | energy efficiency measures Focus of the and renewable process (short Infrastruc-
Maximize market share to support the efficiency of investments Eniirgd‘gvrélliasi;ﬁms agdtilj-ﬁiuztd term) cost t::Ea:?nd
processes ping P reduction | Properng
processes and tion for
«Minimize cost, consolidate»: | Implement energy efficiency equipment a change
Maturity Maximize profits while measures to systematically
defending market share reduce operational cost . . . .
Out of this research, a business-oriented strategy to in-
) «Frepare for next generation>: | Implement energy efficiency | crease energy efficiency level at different types of companies
Decline Reduce expenditure in _measures to improve the is developed. This model Proposes a new way of organizing
general, harvest infrastructure for the future . . . ..
the barriers to the implementation of energy efficiency
— 24 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/4(46), 2019



I55N 2226-3780

ECONOMICS OF ENTERPRISES:
ECONOMICS AND MANAGEMENT OF ENTERPRISE )

measures along the stages of the lifecycle of processes and
buildings. From the results of this exploratory research, in
congruence with the findings of [32] it is deducted that
a match of energy efficiency projects with company strategy
is relevant. The business strategies derived from the orga-
nizational life cycle model can give hints in which stages
investment into which type of energy efficiency measures
will be preferred: cost saving measures during maturity
and measures preparing the enterprise for transition by
improving infrastructure in the phase of decline.

Companies with new products and processes can bene-
fit by including energy efficiency and renewable energy
into the design of the processes and equipment. How-
ever, in this stage, cost needs to be considered carefully,
as probably financial capital will be limited, and energy
efficiency rarely will be dealt with independently from
general business. Therefore, proven energy efficient options
should be carefully integrated with process technology. If
the measures are introduced early at the design stage, the
cost is more economical, as there is no cost for demoli-
shing, and modifying existing equipment as in the case
of retrofitting energy efficient options. Especially at this
stage, business is centered on the owner whose priorities
are on product, production, and quality.

Growing companies provide a moderate opportunity.
Their strategy is focused on optimizing their product
and production processes, not necessarily on cost reduc-
tion. At the same time there is little formal management
structure and specialized personnel which is focusing on
energy efficiency.

In mature companies the business strategy is on cost
reduction. Companies with mature processes might choose
energy efficiency measures which pay back in less than two
or three years. The required payback time results from the
fact that the remaining potential time of use of the process
is limited. The investment should pay back before the main
process becomes obsolete and renders connected equipment
valueless. In this phase the implementation of good house-
keeping measures (optimization of control, optimization of
process parameters, optimized works planning) has priority.
A formal organization supports a more systematic approach
to energy efficiency at this development stage.

Investment with a long payback time still might be
implemented, if the remaining useful life of equipment justi-
fies the investment. This is especially true for the buildings
which in Austrian small and medium enterprises (SMEs)
participating in the PINE project represent a significant
share of overall electricity and heat consumption. In the
companies of the PINE project quite a few enterprises
exchanged their lights to LEDs, sometimes remodeling the
entire lighting system and upgraded walls and windows.

A recent International Energy Agency report confirms
the critical importance of policies in driving investment in
renewable energy [46]. Stable long-term policies might in-
fluence company strategies. A political strategy should target
three levels of intervention concluding from this research:

— a focus on companies with new products and pro-

cesses during the incubation phase when installing new

process equipment;

— a focus on mature companies which are looking for

opportunities for cost reduction and have the capital

to invest;

— a focus on companies in decline which are investing

in changing products and processes.

Companies with products and processes in the incuba-
tion phase require energy efficiency measures which are
already integrated into the new equipment. The focus of
political support should be on the development of tech-
nologies for which a pronounced learning curve can be
expected. This includes the development of standardized
designs, simplified technologies, and use of cheaper materials.
A strong learning curve can reduce uncertainty and make
investment decisions less risky. Therefore, targeted support
of suppliers of key energy efficient process components
is paramount. This should target innovative energy ef-
ficient products and energy efficient process equipment
as a cost-efficient option when new process equipment is
installed, or new buildings are erected. Targeted grants
can stimulate research on energy efficient equipment and
support demonstration projects to show case energy ef-
ficient solutions.

Relevant information could be spread, for example,
in incubators targeting start-up companies. Also, existing
information channels, for example, via the chambers can
be used to disseminate information on available options.

Maturing processes require simple energy efficiency
upgrades which reduce cost, and do not interfere with
the productivity of the main technology. Examples include
optimizing process parameters, upgrade of control equip-
ment, retrofitting variable speed drives on fans and pumps,
etc. Ideally, these solutions should be standardized and
modular to reduce planning and transaction cost.

Companies in decline with old infrastructure are more
likely to invest into buildings, if these can be used for
changed processes and new products. Therefore, for these
cases, there should be financial support to lower invest-
ment barriers.

The findings suggest also a targeted awareness raising
approach towards companies accounting for their varying
motivation. Upfront information and support on energy
efficiency and renewable energy is mostly needed for in-
cubating companies. Information about simple measures
with short payback times should be targeted mostly at
growing enterprises. Information on building renovation
and long-term measures according to the findings are
more targeted towards mature companies and companies
renovating their infrastructure. The identified strategic
options can also be extrapolated to resource efficiency in
more general terms, including material efficiency, use of
water, and chemicals. These aspects all equally produc-
tion related, because of the urgency of climate change it
has become customary to address energy with a priority
and focus. In principle, it is possible to think that the
observations regarding profitability and strategic relevance
also apply to waste reduction, management of chemicals,
and water use, also to the aspects of material selection,
product design, recycling, and circular economy. This is
why it has been defined the title «Exploratory research...».
Time permitting, one could collect case studies related to
the broader field of resource efficiency and use the criteria
proposed in this paper for a classification.

7. SWOT analysis of research results

Strengths. The strengths lie in the fact that the develo-
ped business and political strategies for energy efficiency
implementation allow to assess the ability of an enter-
prise to develop successfully in any stage of its life cycle.
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Even enterprises with incubation stage could increase their
future profitability, using provided in the investigation
strategies. It needs to be focused, that results have been
achieved from the PINE project, which were implemented
in Austria. 20 enterprises from different economic sectors
and with different stage of life cycle shared their results,
which allows for their effective redistribution.

Weaknesses. The main weakness of this method is the
difficulty of comparison of different enterprises. Enter-
prises with the same raw materials inputs and outputs
could have different technological cycle. Because of this,
payback periods could be different.

Opportunities. The strategies are formed on the ba-
sis of the 20 energy audits for enterprises from different
economic sectors that makes it possible in the future to
replicate this experience for Ukrainian enterprises.

Threats. The main threat to the use of the political
strategies, which were developed in the investigation, is
unstable political situation in Ukraine.

1. This investigation shows that there are such main
categories of barriers:
— «Base» barriers concern the lack of knowledge re-
garding energy efficiency measures.
— «Symptom» barriers express deeper problems: capital
might be allocated to other investments; risk is said
to be high.
— «Real» barriers are formed by the real obstacle to
energy-efficiency investments, which is low or non-exis-
ting strategic character of the investment for companies.
2. Business-oriented strategies for raising energy effi-
ciency for different types of companies have been developed:
— at the design stage, companies are recommended to
include energy efficiency and renewable energy mea-
sures in developing processes and equipment. In this
case, losses are even justified, as priorities are not on
efficiency, but on product quality and speed to market;
— for companies that are in the stage of growth, the
strategy should be aimed at optimizing production pro-
cesses, and not necessarily in reducing costs. Formal energy
management and trained personnel to identify energy
efficiency improvement is not present in such companies;
— for mature companies, the recommended strategy is
in reducing avoidable costs for energy resources. It is
identified that the implementation of energy efficiency
measures with a pay-back period of 2—3 years is com-
mon in this stage. The payback period is justified by
the residual potential use time of the process. That is,
an investment should pay off before the main process
becomes obsolete. At this stage, the priority is the in-
troduction of the following measures: optimization of
management, optimization of process parameters, opti-
mization of work planning. For mature companies, the
systemic approach to energy efficiency is significant;
— for companies in decline, strategic attention should
be given to the implementation of strategic measures for
re-engineering the company as a whole or for individual
technological processes. At the same time, the payback
period might not be the main criterion for investment.
3. The following policy strategies were proposed:
— state funding directed at the prevailing strategies
at the various stages of the company’s life cycle;

— consistent support for low risk investment measures;
— support to targeted research to reduce energy ef-
ficiency investment costs to use economy of scale and
to reduce transaction costs;

— support research and development of innovative ener-
gy efficient processes and infrastructure to reduce the
risks arising from investment in the early stages of
the technical life cycle.
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