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Abstract

As countries move toward larger shares of renewable en-
ergy and build fleets of electric vehicles, the slow diffusion
of active electricity load management should concern energy
policy makers and users alike. It leads to unnecessarily costly
investments and/or jeopardizes reliability. Active load man-
agement can increase capacity factors of existing capacity,
reduce the need for new capacity, and alleviate congestion
and transmission constraints. In addition, it reduces price
volatility, mitigates market power, and lowers electricity
prices for end-users. This paper conceptually and empirically
explores barriers to load shift in industry from an end-user
perspective. Based on the taxonomy of barriers developed in
the realm of barriers to energy efficiency, a questionnaire was
developed which translates these barriers into 21 items in the
context of load shift. Then, an online survey was carried out
among companies located primarily in Southern Germany.
The findings suggest that the most important barriers are risk
of disruption of operations, impact on product quality, and
uncertainty about cost savings. Of little concern are access to
capital, lack of employee skills, and data security. The find-
ings of statistical tests suggest that larger companies are more
concerned about technical, financial and regulatory risk than
smaller ones. Companies with a continuous production pro-
cess report lower barrier scores than companies using batch
or just-in-time production. A principal component analysis
clusters the barriers, points to differences between barriers to
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load shift and barriers to energy efficiency, and offers guid-
ance for future empirical studies.

Introduction

Load management is considered a key element of the future
electricity system in most countries, because it facilitates and
reduces the costs of integrating solar and wind power and elec-
tric vehicles into the electric grid. Electricity generated from
wind and solar is expected to take a prominent role in future
power supply, especially in OECD counties (e.g. IEA, 2012).
However, they are intermittent by nature - their supply can-
not be controlled and does not necessarily match demand -
which is why their integration into the power system is one of
the major energy challenges. It requires an increase in storage
technologies and ‘virtual’ systems such as smart grids and ac-
tive load management (GEA, 2012). With active load manage-
ment, residential and commercial electricity users contribute
to balancing the grid by dialling down or cycling appliances
or machines in times of peak demand or supply shortages so
as to prevent peak power generators (which exhibit high mar-
ginal costs) to be activated or prevent forced curtailments.
Such ‘load shift’ is no longer just perceived as mere reliability
supplement during emergency situations, but rather as an ef-
fective substitute for supply (Kim and Shcherbakova, 2011).
The benefits of load shift include higher capacity factors for
existing capacity, less need for new capacity, improved reli-
ability of the power grid, less congestion and transmission
constraints, less price volatility, mitigation of market power,
and lower electricity prices for end-users (Borenstein, 2005;
Faruqui and Palmer, 2011; Joskow, 2012). As such, load shift
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is instrumental in achieving the high-level energy policy goals
of a secure, affordable, and clean electricity system faster and
at lower costs.

Load shift has been applied for many years, mostly in the
US. However, despite clear socio-economic benefits and size-
able potential (Grein and Pehnt, 2011; Hartkopf et al., 2012)
load shift programs and practices have been slow to diffuse
(Greening, 2010; Torriti et al., 2010). So far though, no study
has comprehensively addressed the barriers (and drivers) of
companies’ load management activities to understand the slow
spread. This paper attempts to help fill this gap by empirically
assessing the relevance of various barriers to load shift in in-
dustrial firms. We focus on Southern Germany, where supply
side intermittency is growing fast due to the strong diffusion
of solar-PV alongside the phase-out of all nuclear power by
2022 (Klobasa et al., 2013). Conceptually, the empirical work
relies on the types of barriers developed in the realm of energy
efficiency.

The remainder of the paper is organized as follows. The sec-
tion “Barriers theory: from energy efficiency to load shift” first
reviews the theory on barriers to energy efficiency as a poten-
tial framework to apply to the load shift context and the scarce
literature on barriers to load shift to arrive at three research
questions. The section “Data & Method” explains the meth-
odology applied to answer the research questions. The section
“Results” presents the results from statistical analyses and the
section “Discussion and conclusions” discusses those and sug-
gests avenues for further research.

Barriers theory: from energy efficiency to load shift

UNUSED LOAD SHIFT POTENTIAL

In this study, and in the survey used, load shift is defined as a
voluntary reduction or increase of a company’s momentary elec-
tricity demand in response to incentives such as, for instance,
bonus payments, transportation charges, and electricity rates.

In a theoretically ideal market, electricity prices would re-
flect instantaneous marginal costs of supply and load shift (and
demand response) would follow automatically as users react
to the price signals and equilibrium is maintained. In practice
though, retail prices (net of taxes etc.) barely reflect marginal
costs of production. The extent to which markets are regulated
or pose constraints that disincentivize load shift varies between
countries and user classes. However, it is well established that
load shift programs and practice have been slow to diffuse
(Greening, 2010; Torriti et al., 2010).

Typically, load shift programs have relied on different in-
centive structures, which can be split in two groups: price-
based and incentive-based programs (US DoE, 2006). On the
one hand, price-based programs typically include time-of-use
(TOU) pricing, real-time pricing (RTP) and critical-peak pric-
ing (CPP) schemes. While under TOU pricing the tariff rates
differ by a limited number of time blocks (usually peak and
off-peak periods), under RTP electricity prices may vary hour-
by-hour, typically based on the day-ahead wholesale price. Un-
der CPP, the tariff rate is fixed for most of the day, but may be
extremely high during a few pre-specified hours. On the other
hand, incentive-based programs involve direct load controls, in-
terruptible services, capacity markets or demand bidding pro-
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grams (mostly for industry).! However, even where incentive
structures are in place, barriers may prevent energy users to
adopt load shift to the extent expected.

Studies have identified that the potential for load shift in the
industry is significant. Hartkopf et al. (2012) surveyed the chlo-
rine, primary aluminum, paper, steel (electric arc furnaces),
and cement industry in Germany and found that the technical
potential for negative load shift (i.e., reducing load momentar-
ily as opposed to increasing) is 4.4 GW in these sectors, which
is in the order of 15 % of the difference between peak (~60 GW)
and base load (~30 GW) in Germany (Mayer, 2013). In parallel,
the German Verband der Elektrotechnik, Elektronik und Infor-
mationstechnik (VDE) found a very similar potential in Ger-
man industry (VDE, 2012). Extrapolating from city level data
on refrigeration, Grein and Pehnt (2011) estimate that suitable
sectors for load shift in Germany have theoretical potential of
4.2 GW. A large share of this potential currently goes unex-
ploited. Current industrial load shift practice is largely limited
to bigger, energy-intensive production sites that apply load shift
mainly for smoothing their own load profile (Grein and Pehnt,
2011). Significant unused load shift resources can be expected
in less energy-intensive sectors, where load shifting has hardly
penetrated at all (VDE, 2012). The slow diffusion of load shift
is not constrained to Germany, but is observed in other Euro-
pean countries and the U.S. as well (Greening, 2010; Kim and
Shcherbakova, 2011; Torriti et al., 2010).

Load shift potential goes unused and represents fallow land
for both economic and energy policy gains. It has been shown
that load shift measures generally have benefit/cost ratios great-
er than 1 (Greening, 2010). Therefore, analogous to the ‘energy
efficiency gap, at the power system level, there may be a ‘load
shift gap:” a difference between what engineering-economic as-
sessments say is economic and what is actually used. Confirm-
ing such a gap would require in-depth audit-type analysis of
specific load shift measures, taking into account the electricity
tariff structures. However, this is beyond the scope of our study.
Instead, we directly ask for the relevance of financial factors af-
fecting adoption of load shift measures. Thus, our analysis does
not presuppose that load shift measures are profitable (from the
perspective of the company). Conceptually, we investigate the
apparently slow adoption of load shift by companies by resort-
ing to the literature on barriers to energy efficiency (Cagno et
al., 2013; Jaffe and Stavins, 1994; Sorrell et al., 2004).

BORROWING THE FRAMEWORK FROM BARRIERS TO ENERGY EFFICIENCY

Engaging in load shift entails adaptation on the part of the en-
ergy user. It requires operational change and, in many cases,
investments in technology and/or training (Kim and Shcherba-
kova, 2011; Torriti et al., 2010; VDE, 2012). The adaptation has
many similarities to the adoption of energy efficiency meas-
ures. Depending on the level and the structure of tariffs, in
both cases the innovation is in essence a cost-saving process
innovation that intervenes in the energy system. Obvious dif-
ferences exist as well. Energy efficiency innovation is often
technological, with little impact on operations, whereas load
shift is more operational, affecting a firm’s processes on an

1. See Torriti et al. (2010) for a survey of demand response programs for industry
in Europe.
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ongoing basis. However, the barriers to energy efficiency have
been researched extensively (e.g., Brown, 2001; DeCanio, 1998;
Jaffe and Stavins, 1994; Sorrell et al., 2004; 2011) and we assume
that energy efficiency and load shift are sufficiently comparable
to apply the energy efficiency barriers approach to explore bar-
riers to load shift.

Over the past decades, from a series of theoretical, case and
survey-based studies, a taxonomy of barriers has emerged that
captures most of the barriers to energy efficiency encountered
in different sectors and countries. The taxonomy was first pro-
posed by Sorrell et al., (2004) and draws on partly overlapping
concepts from neo-classical economics, institutional econom-
ics (principal-agency theory and transaction cost economics),
behavioral economics, sociology and psychology (Schleich,
2009). Its merit is its combining economic, behavioral, and
organizational perspectives. A few studies have investigated
barriers to load shift in various situations, but not within a
conceptual framework. We will discuss the taxonomy first and
then look at the barriers to load shift found by other studies.

TAXONOMY OF BARRIERS

According to Sorrell et al. (2004) “a barrier is a mechanism that
inhibits a decision or behaviour that appears to be both energy
efficient and economically efficient. In particular, barriers are
claimed to prevent investment in cost-effective energy efficient
technologies” What is cost-effective is generally determined
by engineering-economic assessments based on neoclassical
economics.

From economic, organizational, and behavioral theory Sor-
rell et al. (2004) derived an extensive set of barriers which they
regrouped into six broad barrier categories: imperfect informa-
tion, hidden costs, risk, access to capital, split incentives, and
bounded rationality (Fleiter et al., 2012; Sorrell et al., 2004).
Sorrell et al. (2004) and Schleich (2009) offer extensive explana-
tions of each category. Here, we briefly introduce each category
based on their accounts.

Imperfect information: If information is incomplete, inade-
quate or asymmetric, it may lead individual actors to underin-
vest in energy efficiency. Actors may lack information on their
own pattern of consumption or the energy performance of new
energy equipment because they do not have the technological
means or skills to acquire this information easily. The informa-
tion may be hard to come by in the market place because it is
undersupplied by the suppliers of energy efficient appliances,
due to the public good aspect of information. Information is
asymmetric when the seller knows more than the buyer and the
set price reflects qualities that are not obvious to the buyer who
may then select adversely the, say, cheaper though less energy
efficient alternative.

Hidden costs: Analyses of cost-effectiveness may not account
for a series of relevant costs. These include the cost of negative
side effects on the production, transaction costs associated with
the acquisition and processing of information and staff train-
ing and replacement, and overhead costs that come with the
innovation.

Risk: This category captures the technical and financial risk
associated with the innovation, which can be due to techni-
cal complexity, the irreversibility of the investment, or the un-
certainty of the returns due energy price and/or performance
uncertainty. Loss aversion fuels risk perception and its origin
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might lie in imperfect information. Risk perception may be at
the root of difficult access to capital.

Access to capital: This includes lack of internal and external
funds. External financiers may require higher interest rates for
smaller companies because the economic risk is higher or the
size of the loans may render a credit-worthiness check relative-
ly expensive. Access to internal capital may be restricted due to
low priority given to energy efficiency or energy management
projects because they are not considered ‘strategic’ Also, invest-
ment appraisal rules or short-term incentives for energy man-
agement staff may discriminate against energy innovations.

Split incentives: This implies that the investor is unable to
appropriate the full benefits. The most prominent example is
the landlord-tenant relationship, but analogous situations can
occur in organizations when, for instance, managers remain in
their posts only for a short time and therefore have little interest
in investments with longer payback times, or if departments are
not accountable for their own energy costs.

Bounded rationality: It is commonly accepted that in reality
rationality is compromised (bounded) by limitations to cogni-
tion and time. Under such constraints, decision-makers dem-
onstrate satisficing instead of optimizing behavior and use rou-
tines or rules-of-thumb instead of comprehensive calculations
(Simon, 1957). It may lead to neglecting certain cost-effective
energy options, even if information is perfect and incentives
are adequate.

BARRIERS TO LOAD SHIFT IN THE LITERATURE
Research on barriers specific to the diffusion of load shift is
scarce. No specific theory or taxonomy has been presented, and
no empirical work on barriers to load shift adoption by indus-
trial energy users from a user perspective has been published
in peer-reviewed literature. However, if the grey literature, the
small-commercial and residential sectors, and the supply side
are considered, there are some initial explorations to start from.
Most of the literature addressing the slow diffusion of load
shift has focused on the diffusion of programs, not distinguish-
ing between actor categories (FERC, 2011; Greening, 2010;
Hirst, 2002; Kim and Shcherbakova, 2011; Torriti et al., 2010).
They point to regulatory barriers, such as laws prohibiting cer-
tain program designs or the diffusion of time-based rates. In
general, there is a lack of mechanisms to recover the costs of
load shift technologies or programs, leading to slow spread and
lacking availability of enabling technologies such as monitor-
ing and control systems. And so, load shift remains an experi-
mental technique in much of the world (Torriti et al., 2010).
Programs have been slow to emerge in Europe, and they vary
widely across countries (Kim and Shcherbakova, 2011; Tor-
riti et al., 2010). Despite this variety, three common reasons
can be identified for their slow emergence in Europe, which
are consistent with what Kim and Shcherbakova (2011) and
Hirst (2002) found for the U.S.: the limited knowledge on the
energy- and cost-saving potential of load shift, the high cost
estimates for load shift technologies and infrastructures, and
public policies being focused on creating the conditions for
liberalizing the EU energy markets. With respect to the latter,
liberalization seems to have favored more traditional and larger
supply-side investments to keep up with load growth, which is
probably explained by higher transaction costs associated with
assessing numerous smaller demand-side opportunities (Kim
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and Shcherbakova, 2011). Furthermore, when cost incentives
are small from the total expenditures perspective, decisions on
energy services tend to be based on other factors such as quality
(Kim and Shcherbakova, 2011).

Closest to the current study is a survey conducted by Quan-
tum Consulting for the California Public Utility Commission
(CPUCQ) in California in 2004 among non-participants in de-
mand response programs of three public utilities (Quantum
Consulting Inc., 2004). This survey asked direct barrier ques-
tions to utility customers who chose not (yet) to participate
in the demand response programs. (Most of the respondents
to our survey turned out to be non-participants as well.) The
number one barrier across the board was impacts on products
and productivity, followed by the amount of potential bill sav-
ings, the level of on-peak prices or non-performance penalties,
and inability to reduce peak loads. Inadequate program infor-
mation was of least concern. For customers who said to be very
likely to participate in one of the load shift programs, financial
and regulatory risks ranked high.

In sum, in the terms of Sorrell et al.’s taxonomy, hidden costs
and financial and technical risk seem to dominate the concerns
about load shift on the user side, whereas the lack of informa-
tion on real-time consumption patterns due to costly enabling
technology (which therefore spreads slowly) seems of more
general concern. For policy making, a more specific under-
standing of the barriers from the perspective of different actors
is necessary. We take a first step in this direction by surveying
manufacturing businesses in Germany. Similar to the analyses
by Schleich and Gruber (2008), or Schleich (2009) for barriers
to energy efficiency, we do not presuppose that load shift meas-
ures are profitable. Such an analysis would require high quality
data resulting from in-depth company- and measure-specific
analysis. Instead, our survey includes items directly related to
the profitability of load shift measures.

The first two research questions we set out to explore in this
paper are:

1. Which factors keep manufacturing businesses from adopt-
ing load shift?

2. Which barriers to load shift can be grouped together and
how does this grouping compare to the standard barriers to
energy efficiency taxonomy?

EFFECT OF FIRM CHARACTERISTICS

It is beneficial for strategic load shift policy making to know
which organizations are most likely to adopt load shift. As for
more general organizational adoption (Damanpour, 1991; Tor-
natzky and Klein, 1982), DeCanio and Watkins (1998) showed
that firm characteristics also matter for energy innovations.
Three characteristics of interest are the size of the organiza-
tion, the strategic value of its energy management, and the type
of production process.

Larger firms are generally more innovative (Damanpour,
1992), because size promotes more structural complexity, for-
malization, and decentralization, as well as the availability of
resources (Ettlie et al.,, 1984; Kimberly and Evanisko, 1981;
Schleich, 2009), which are positively related to firm adoption be-
havior (Aiken and Hage, 1971; Damanpour, 1996). Therefore, we
expect larger firms to report lower barriers to load shift adoption.
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It has been shown that strategic value is more important a
criterion for energy efficiency investment decisions than finan-
cial profitability (Cooremans, 2012; 2011). A higher cost-share
of electricity suggests higher strategic relevance of energy in-
novations (Cooremans, 2011). Therefore, in analogous fashion,
more energy intensive electricity users should be more inclined
to adopt load shift. A survey among industrial firms in Califor-
nia, Ghatikar et al. (2012) showed that the firms with the largest
loads had all adopted load shift. On the other hand, electricity
intensity also suggests that electricity is an important produc-
tion factor and electricity intensive companies may therefore
value quality more than do less electricity intensive business-
es (Kim and Shcherbakova, 2011), which would constitute a
counter-effect. Indeed, it was shown that even for the largest
customers of Niagara Mohawk Power Corporation in New
York State price response is low (Hopper et al., 2006). These
two sides need not be contradictory; despite adoption of load
shift actual response can be low.

In addition to the energy intensity of the production process,
its organization (whether production is just-in-time, batch-
wise, or continuous) can be expected to affect load shift adop-
tion decisions. Load shift likely affects the production process
and its planning. Batch and just-in-time processes have built-in
flexibility in the presence of stocks and the very purpose of the
processes, respectively. Continuous processes seem less flex-
ible, as they have been designed for the purpose of uninter-
rupted production. Interruption often causes loss of product
and product quality. Therefore, firms with continuous produc-
tion are expected to be less likely to adopt load shift measures.
However, among Californian industry, firms with continuous
production were not found to participate less in load shift pro-
grams than their colleagues with batch production (Ghatikar
etal., 2012).

In this paper we test the relevance of these three company
characteristics, and ask the question:

3. Do company characteristics matter for the perception of bar-
rier relevance?

Data & Method

The research design, data collection and data analysis we em-
ployed to answer the research questions are explained in this
section.

RESEARCH DESIGN

This research was part of larger project to study the potential
for and barriers to electricity load shift in German industry.
Data was gathered through a one-time online survey among
business sites of manufacturing firms in Southern Germany,
i.e. in the Federal States named Bavaria and Baden-Wiirttem-
berg. There, load shift is pertinent as supply side intermittency
is growing fast due to the strong diffusion of solar-PV along-
side the phase-out of all nuclear power by 2022 (Klobasa et
al,, 2013). Manufacturing firms represent a significant source
of unused load shift potential (Hartkopf et al., 2012), and one
where better familiarity with the concept promises better scale
validity. Our level of analysis is the production site. Targeted
sectors were food, timber, rubber and plastics, textile/fabrics,
paper/publishing/printing, glass and ceramics, mining/miner-
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als, chemicals, metals, electronics, machinery, and automotive.
This multi-sector approach serves the exploratory purpose of
this study, being a stepping-stone toward more fine-grained
empirical work. The survey was to generate cross-sectional
data that would allow the univariate and bivariate analyses to
answer research questions 1 and 3 and some simple multivari-
ate analysis to answer research question 2.

The larger survey was organized in seven blocks of questions,
referring to (1) general questions about the company, (2) the
company’s pattern of electricity consumption, (3) load shift ex-
perience and technical potential, (4) economic potential and
financial incentives, (5) drivers of and barriers to load shift,
(6) experience and perception of security of energy supply,
(7) and questions on the position and experience of the person
responding.

The questions on barriers in part 5 were inspired by the Sor-
rell et al. taxonomy of barriers to energy efficiency (Sorrell et
al.,, 2004), which we discussed above, and the barrier questions
in the California survey (Quantum Consulting Inc., 2004). The
Sorrell et al. taxonomy has a theoretical pedigree and was in-
tended to guide case studies, not survey-based empirical work
(Cagno et al,, 2013). Nonetheless, the taxonomy has proven
helpful in survey design as well (Fleiter et al., 2012; Rohdin et
al., 2007; Schleich, 2009; Schleich and Gruber, 2008; Sorrell et
al., 2004; Thollander et al., 2007; Thollander and Ottosson, 2008;
Trianni and Cagno, 2012). We developed our questionnaire by
selecting applicable barrier items from Fleiter et al. (2012) and
from the California survey (Quantum Consulting Inc., 2004).
Compromising between being comprehensive and concise,
21 questions (items) on barriers were included in the larger pro-
ject questionnaire (Table 1). The list of barrier items is the result
of our intention to cover all theoretical aspects and presenting
practical situations to the respondents. There is no item to sur-
vey bounded rationality, because it is difficult to find proxies for
that can be used in a survey (Fleiter et al., 2012; Simon, 2000).

Table 1. Load shift questionnaire barrier items.
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For the barrier questions a 5-point Likert scale was used,
where respondents could indicate to which extent a barrier was
relevant to them to not engage or not engage more in practicing
load shift. Possible answers ranged from 1 (not relevant at all)
to 5 (very relevant).

DATA COLLECTION

Participants were reached through an announcement in the
regular newsletter of the chambers of commerce of Bavaria
and Baden-Wiirttemberg, and direct invitations were emailed
to several companies as well. We did not distinguish between
firms practicing and firms not practicing load shift. In the in-
troduction on the opening screen of the survey, it was asked
that a company representative who is very familiar with the
site’s electricity use fill out the survey. To induce respondents to
participate, to reduce hypothetical bias, and to foster accuracy
and completeness, it was promised that upon completion of the
survey the respondent would be presented an estimate of the
potential gains from load shift for his/her company based on the
responses provided. Also, respondents could opt to be commu-
nicated the survey results so as to be able to compare themselves
to the average of the other participants completing the survey.

The survey was self-administered and available between
March 11 and April 30, 2013. Participants could decide them-
selves when to fill out the survey, and they had the option to
abort, or to stop and continue later anytime.

287 responses were recorded, but many were incomplete.
No questions got more than 177 valid answers. As it cannot
be known who exactly received or learned about the question-
naire, a meaningful response rate cannot be determined. The
time respondents spent on the survey varied widely. Of the
185 participants who spent a minute or more on the survey the
average time spent was 19.2 minutes.

81 % of the responses concerned sites in Bavaria or Baden-
Wiirttemberg. The majority of the rest (9 %) was from North

Barrier items in the questionnaire

1. Technological measures unknown

2. Employees lack the right skills

3. Complex regulatory framework

4. Restrictive regulatory framework

5. Data security (company secrets)

6. Disruption of operations

7. Additional workload

8.  Additional operating costs

9. Technical risk of disruption of the production process
10. Risk of lower product quality

11. Electricity cost savings uncertain

12. Financial implications not known

13. Additional investment costs

14. Future regulations not known

15. Access to external capital

16. Access to internal capital

17. Energy management not a priority of top management
18. Priority of other investments

19. Electricity cost savings are low

20. Cost savings too far in the future

21. Technically infeasible to reduce peak load
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Rhine-Westphalia. Sectors that accounted for 5 % or more of
the respondents were metals (17 %), chemicals (11 %), food
(7.3 %), paper/publishing/printing (7.3 %), rubber and plastics
(5.6 %), glass ceramics (5.6 %), machinery (5.1 %), and elec-
tronics (5.1 %).

Except for the 44 % of respondents with a standard contract
(“Vollversorgung”), all other companies had some incentive to
shift loads (i.e., they were subject to dynamic pricing). Only
2 % said they had bilateral load shift agreements with the grid
operator and only 4 % considered themselves participants in
the grid-balancing market. 47 % of the respondents used load
shift for internal purposes only, while 41 % had no experience
with load shift. Also, of those with some kind of load shift ex-
perience, 70 % said that load shifting is an internal matter and
they do not have a contract partner.

The questions on the barriers appeared toward the end of
the survey. The order in which they were presented was ran-
domized so as to prevent order bias. The number of valid re-
sponses per barrier varied between 63 and 83. In 48 cases valid
responses were received for all 21 barrier questions.

DATA ANALYSIS

The survey yielded cross-sectional data with, in addition to bar-
rier scores, firm attributes and patterns of energy use. In our
analysis, first, we univariately ranked all 21 barriers by impor-
tance. Second, we employed principal component analysis to
find a natural grouping of barriers from the user-firm perspec-
tive. Third, we assessed the influence of firm characteristics by
bivariately comparing means of split samples.

Ranking of barriers

To analyze which barriers are generally considered most im-
portant, we ranked the barriers based on the share of respond-
ents rating a barrier ‘relevant’ or ‘very relevant’

Principal component analysis

We used principal component analysis to see if there was an
underlying structure to the 21 barrier items. Strictly speaking,
it is not correct to use parametric analysis on this data because
they are ordinal, not interval (Jamieson, 2004). However, for
the purpose of this exploratory research, and as is common in
social sciences (and barrier) research (e.g., Fleiter et al., 2012;
Trianni et al., 2013b), we assume that the points on the scale
are equidistance and the data can be interpreted as interval. The
analysis included the 48 cases with valid responses to all bar-
rier items to find clustering of barriers that potentially hints at
deeper, underlying factors. Even though the number of cases is
relatively low, the analysis was deemed worthwhile, considering
the exploratory purpose of this research.

Bivariate analyses on relations between barrier perception and
company characteristics

We explored the relations between the barriers and company
characteristics bivariately. To do so, we compared the mean
barrier scores in two-sided t-test for a set of six company char-
acteristics, each corresponding to one of the three relationships
of interest (size, strategic value of energy, production process).
As proxies for size we used the number of employees at the
organization level (across all sites) and the organization’s turno-
ver. We split the sample at the median of all valid values for em-

5. THE ROLE OF ENERGY MANAGEMENT SYSTEMS, EDUCATION ...

ployees and turnover, respectively. As proxies for strategic value
of energy we used the energy intensity, the absolute normal
electric load, and the electricity expenditures. The samples were
again split by the median. For the production process, we dis-
tinguished batch, just-in-time, and continuous production and
compared each of them to the other two. That is, we compared
those who had only the production process in focus to those
who did not use this process. The t-tests allow exploration of
the potential relations between perceptions of barriers (specific
barriers and barriers in general) and company characteristics,
which may guide more in-depth future research.

Results

IMPORTANCE OF BARRIERS
Figure 1 shows the findings of respondents’ assessment of bar-
rier relevance per barrier item.

Several things stand out in Figure 1. First, near the top of the
graph are several barriers that indicate that interference with
the core business processes and products is of major concern.
Respondents seem to have reservations about the compatibility
of load shift programs with core business operations, or there
is little willingness to accept interference with core processes.
Recalling that few respondents had prior experience with load
shift, this perception is probably not based on experience but
rather hypothetical and a reflection of priorities. It can be in-
terpreted as a message to policy and program designers. Sec-
ond, immediately following the interference barriers, financial
and regulatory certainty both rank high on the list of barriers.
‘Cost savings too far into the future’ ranks lower, hinting that
it is more important to know the what rather than the when
of financial and regulatory conditions. Third, access to capital
is hardly perceived as a relevant barrier. Fourth, lack of quali-
fied personnel and data security are relatively unimportant as
well. None of the 48 respondents considered data security “very
relevant”

PRINCIPAL COMPONENTS UNDERLYING THE 21 BARRIER ITEMS

The principal component analysis, conducted to explore if an
underlying structure underneath the 21 barrier items could be
revealed, returned five factors with eigenvalue greater than 1
(Kaiser criterion). These five factors explain 68 % of total vari-
ance.

Varimax rotation was applied to maximize dispersion of
loadings within the factors and yield the clearest distinctions
between factors possible. The rotated component matrix with
resulting factor loadings is shown in Table 2.

In Table 2, the factor scores above 0.5 are highlighted (bold-
face). Using 0.5 as the cut-off value, nine factors load highly on
factor 1. They all seem to relate to negative consequences for
firm financial planning and can be labeled ‘financial and regu-
latory risk’ The three barriers that load highly on the second
factor relate to interference with the core processes and prod-
ucts. These represent ‘technological risk’ and are the barriers
that were perceived as most relevant as well (see Figure 2). The
third factor is made up of the availability of financial (access to
capital) and technical options, which we will label ‘knowledge
of and access to options. Factor four represents the low priority
given to energy management. We label this ‘internal issue pri-
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Barriers to load shift (% of responses)

B5 Very relevant barrier M4 @3 B2 81 Nota barrier at all

Technical risk of disruption of production process (N=78)
Risk of lower product quality (N=78)
Disruption of operations (N=83)
Future regulations not known (N=74)
Restrictive regulatory framework (N=65)
Electricity costs savings are low (N=75)
Additional investment costs (N=74)
Electricity cost savings uncertain (N=74)
Other investments have priority
Additional operating costs (N=76)
Complex regulatory framework (N=69)
Additional workload (N=81)
Financial implications not known (N=74)
Technically infeasible to reduce peak load (N=77)
Cost savings too far in the future (N=71)
Energy management not a priority of top management (N=80)
Technological measures unknown (N=79)
Data security (company secrets) (N=78)
Access to internal capital (N=65)
Employees lack the right skills (N=79)

Access to external capital (N=63)

0% 10% 20%

30% 40% 50% 60% 70% 80% 90% 100%

Figure 1. Barriers to load shift ordered by perceived relevance based on the share of responses in the 4 or 5 category.

oritization. The fifth factor seems to refer to lack of skills only,
although clouded considerably by the influence from other
barriers. For the time being we label this factor ‘competencies’
The items data security and additional workload are complex
variables; they do not load highly on any of the factors but have
their loadings spread out across several. It may indicate that
these constitute composite or derived concerns operating at a
different level. We compute Cronbach’s a for the highlighted
items for each factor. The results are shown in Table 3.

Of the complex items (i.e., those not well captured by the fac-
tors) data security is a barrier that is not “very relevant” to any
of the respondents and ranks low in Figure 2. Additional work-
load, on the other hand, is much higher as a barrier, and cannot
just be ignored because it does not load highly on any factor.

RELATIONS BETWEEN COMPANY CHARACTERISTICS AND BARRIERS

In this section we discuss the significant results of the t-tests
conducted to explore effects of company characteristics on bar-
rier perception.

For both the number of employees and the turnover proxy
of firm size, t-tests with none of the barriers yielded significant
results. Thus, barrier perception does not appear to be related
to firm size.

Results for the proxy variables for the strategic value of
energy (electricity use, expenditures and intensity) are sum-
marized in Table 4. Results which are statistically significant

appear in boldface. Companies with high normal electric load
show more concern about ‘uncertain electricity cost savings,
but we do not find electricity intensity having an effect on this
concern. More electricity intensive companies, however, report
higher scores for ‘regulations too restrictive; which companies
with higher electricity expenditures do as well. The latter show
more concern than companies with lower electricity expendi-
tures about regulatory uncertainty, too, but this difference is
not found for more and less electricity intensive companies.
Electricity expenditures is the only variable for which a signifi-
cant effect on concern about regulatory uncertainty is found.
Companies with higher electricity bills rate ‘additional operat-
ing costs’ higher, too.

More electricity intensive companies seem to have signifi-
cantly lower concerns about not knowing what the technologi-
cal options are and about access to internal capital. No other
of the six company characteristic tested shows an effect on the
perception of these two barriers.

Looking at the type of production process (Table 5) we find
a rather large difference between those who produce in batch-
es compared to those who do not when it comes to concerns
about ‘interference with personnel planning’ The reverse is
found from comparing companies with a continuous produc-
tion process to others, but no significant difference is found for
companies with just-in-time production compared to others.
For all barriers except one, companies with a continuous pro-
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Table 2. Factor scores (regression-based) for barrier items following principal component analysis and varimax orthogonal rotation.

Rotated Component Matrix®

Barrier Component Con.n.nu-
1 2 3 4 5 nalities

Lack of access to external capital -0.004 -0.165 0.756 0.209 -0.021 0.643
Employees lack skills 0.078 0.057 0.264 0.318 0.774 0.780
Lack of (access to) internal capital 0.233 0.061 0.801 -0.201 0.117 0.754
Data security 0.378 0.384 | -0.083 | 0.136 0.471 0.537
Technological options unknown 0.091 0.064 0.741 0.228 0.115 0.627
Energy management not a priority for top management 0.140 0.094 0.143 0.707 0.367 0.684
Energy cost savings too far in the future 0.695 0.102 0.304 0.152 -0.124 0.624
Technologically impossible to reduce peak load -0.184 0.877 0.042 0.059 -0.096 0.818
Financial consequences unknown 0.619 0.048 0.264 0.267 0.128 0.542
IAdditional workload 0.384 0.103 0.447 0.389 0.307 0.604
Regulations too complex 0.663 0.260 0.207 0.014 0.273 0.625
JAdditional operating costs 0.626 0.230 0.076 0.180 -0.098 0.492
Other investments have priority 0.277 0.273 0.137 0.790 0.022 0.794
Electricity cost savings are uncertain 0.800 -0.08 -0.010 0.235 -0.104 0.712
Required investments too high 0.546 0.078 0.466 0.340 -0.436 0.828
Low electricity cost savings 0.740 0.022 0.107 0.136 0.198 0.618
Regulations are too restrictive 0.596 0.302 -0.364 0.005 0.164 0.606
Future regulations uncertain 0.735 0.058 -0.009 | -0.203 0.296 0.673
Interference with personnel planning 0.232 0.772 0.226 -0.016 0.198 0.741
Potential negative impact on product quality 0.156 0.851 -0.203 0.207 0.020 0.834
Technical risk of production process disruption 0.253 0.846 | -0.053 | 0.125 0.122 0.813
"Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization.
" Rotation converged in 8 iterations."

Table 3. Principal Component Factors and their scale reliability (Cronbach’s a).

Factor a N
Financial and regulatory risk .870 51
Technological risk .801 74
Knowledge of and access to options .720 60
Internal issue prioritization .667 78
Competencies N/A (only one item)

Complex items: Data security, Additional workload

Table 4. Results of two sided t-tests for barriers to load shift and strategic value of electricity.

Barri Electricity expenditures Normal electric load Electricity intensity
arriers
samples N  A(means) | samples N  A(means) | samples N  A(means)
) ) High 26 High 26 High 23
Lack of access to internal capital 0.183 -0.122 -0.723*
Low 32 Low 35 Low 27
. . 38 36 28
ITechnological options unknown -0.395 -0.403 -0.695*
34 37 30
" . 35 34 29
IAdditional operating costs 0.605* 0.570 -0.107
34 38 28
- . . 32 31 27
Electricity cost savings uncertain 0.500 0.715* 0.561
35 39 28
28 26 22
Regulations too restrictive 0.599* 0.331 0.909**
31 35 28
32 31 30
Future regulations uncertain 0.891** 0.396 0.148
35 39 27
*p <0.05 **p<0.01
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duction process make up half or more of the sample. Across the
board they rank barriers lower than companies with a batch
and/or just-in-time process. Significant differences are found
for the average score of all barriers and the specific barriers
‘technical risk of disruption of the production process,; ‘poten-
tial negative impact on product quality; ‘additional workload,
and ‘energy management not a priority of top management’
Concern about this last barrier appears to be particularly prev-
alent in companies with just-in-time production, but not those
who produce in batches.

It must be noted that the results of these descriptive, bivariate
analyses cannot imply a causal relationship and may not hold
in a multivariate setting, where correlations across all explana-
tory variables are taken into account to estimate the impact of
a particular variable on the dependent variable.

Discussion and conclusions

BARRIER RANKING AND GROUPING

In our survey of manufacturers in Southern Germany, the most
important barriers to load shift are the risk of disruption of the
production and labor process and the risk of negative impact
on product quality, followed by concerns about cost savings.
This is in agreement with the results from the California survey
(Quantum Consulting Inc., 2004). In California, inability to re-
duce peak loads was an important barrier, too. In our German
study it ranks lower, although it is a more polarized barrier, with
relatively many extreme ratings (5 and 1 on the Likert scale).
Barriers related to financial and regulatory risk take up most of
our medium range barriers. Although lack of knowledge and
cost of technology may be key barriers to slow diffusion of load
shift (programs) (Kim and Shcherbakova, 2011; Torriti et al.,
2010), we find no evidence for ‘lack of information’ being an
important barrier in our sample; cost of technology (invest-
ment costs) is fairly important, though. In general, our findings
are consistent with the conclusion from the literature review
that, on the energy user side, risk and hidden costs constitute
the most important barriers to load shift diffusion in industry.
Our results hint at considerable reservation about load shift
among manufacturers. If load shift were to interfere with core
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processes or product quality, little willingness will likely remain
to participate in any load shift program.

Our principal component analysis yielded five components
underlying the 21 initial barriers, which we labeled (1) financial
and regulatory risk, (2) technical risk, (3) knowledge of and
access to options (initial hurdle), (4) internal priorities, and
(5) competencies.

Comparing the findings of the principal component analysis
to the clustering of barriers in Sorrell et al. (2004), we make
four observations. In the context of load shift, respondents
perceive financial/regulatory risk and technical risk separately.
Fleiter et al. (2012) come to a similar conclusion for energy ef-
ficiency measures. Second, lack of knowledge of the options, a
form of imperfect information, and access to capital seem to
combine into a broader category of access to means in a more
generic sense, not only financial. Both may represent initial
hurdles and thus can be used as justifications to deter changes,
possibly caused, or exacerbated, by the tight capital markets
and conservative management in the economic downturn since
2008. Energy not being a priority was expected to be closely
related to lack of access to internal capital, but these two bar-
riers seem rather independent. This may be due to the early
stage load shift is in. With the little load shift experience the
manufacturing firms currently have, for many of them it may
be too early to judge investments as long as uncertainty about
regulations, incentives and potential implications is high. Capi-
tal concerns will probably become more salient when decisions
to adopt or not adopt are pertinent. Third, lack of employee
skills represents a separate category. In the Sorrell et al. frame-
work this would be a ‘hidden cost, together with several other
costs. It may surprise why lack of employee skills does not load
on the same factor as ‘technological options unknown, as they
both represent some lack of capability. An explanation may be
that those who find ‘lack of employee skills’ a relevant barrier
are looking inward for barriers; they may be further ahead with
load shift evaluation than those rating highly the initial hurdles,
which mostly external to their responsibility. That said, ‘access
to internal/external capital, ‘technological measures unknown,
and ‘lack of employee skills’ rank at the bottom when it comes
to perceived relevance. Fourth, the complex items ‘additional
workload’ and ‘data security’ seem clear hidden cost items, but

Table 5. Results of two sided t-tests for barriers to load shift and type of production process.

Just-in-Time production Continuous production
samples N  A(means) samples N  A(means)
14 Cont. 32
1.017** -0.769*
Other 50 Other 27
15 32
0.427 -0.808*
50 28
15 33
-0.020 -0.688*
51 28
15 28
0.264 -0.633*
47 29
15 29
0.317 -0.655*
48 29
6 18
0.435 -0.557*
31 15

i Batch production
Barriers
samples N  A(means)
Energy management not a priority Batch 13 0.038
of top management Other 52 '
13
IAdditional workload 53 0.743
i 13
Interfgrence with personnel 1.155%
planning 54
i ive i 14
Potential neqatlve impact on 0643
product quality 49
Technical risk of production 14
. ; 0.541
process disruption 49
9
IAvg of all barriers for full cases 29 0.322
*p <0.05 **p<0.01
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they spread out across multiple factors. It shows that, from a
practitioner-respondent’s perspective, hidden costs is a very
heterogeneous category with cost factors that are quite inde-
pendent of each other but may overlap with barriers in other
categories (e.g., imperfect information can mean higher search
costs).

In sum, for most items considered, the clustering suggested
in Sorrell et al (2000, 2004) seems to also fit for load shift bar-
riers. From this perspective the literature on barriers to energy
efficiency has proven valuable for conceptualization and guid-
ing research on barriers to load shift. Nevertheless, and similar
to Fleiter at al. (2012) or Cagno et al. (2013) for energy effi-
ciency measures, we concur that in empirical work, the barrier
items as clustered in Sorrell et al. (2004) don’t always appear
together, and a refinement and reorientation of the barrier
categories may be called for when carrying out survey-based
empirical analyses.

THE EFFECT OF COMPANY CHARACTERISTICS

Our t-tests could not confirm that larger companies are more
innovative in the sense that they perceive lower barriers.
However, we found evidence that both absolute and relative
electricity use matter for the importance of financial, regula-
tory and technical risk. It is consistent with the literature on
energy efficiency barriers, where higher energy costs usually
yield higher perception of barriers (Trianni et al., 2013b), but
in our case it applies to perception of risk barriers specifically,
especially about regulations. For more energy intensive firms,
load shift regulations are more likely to affect a firm’s willing-
ness to engage.

We did not find a barrier that smaller firms rated higher than
larger firms, although it has been shown previously that small
businesses face considerable difficulty accessing capital for en-
ergy efficiency measures (e.g. Trianni and Cagno, 2012; Trianni
etal,, 2013a). Access to capital may be less important for adopt-
ingload shift measures compared to energy efficiency measures
if the former mainly involve organizational and other low-cost
measures. Our finding may also be explained by the fact that
our sample contains relatively few small businesses.

For electricity intensive companies access to options, both
financial and technological, is of relatively little concern. How-
ever we did not find evidence that electricity intensive firms are
generally more inclined to adopt load shift, which the literature
was undecided about. A possible explanation is that for these
companies electricity is so important that it reduces the will-
ingness to take risks with it, whereas they would be interested
if tested cost-saving options were available.

The type of production process offers some handles for policy
making, i.e. targeting of particular companies. Those who use
a batch production process are especially concerned about in-
terference with their process planning, possibly because batch
production is applied in more time-sensitive, order-driven pro-
cesses, which are less flexible on very short time periods. This
limited flexibility also applies to just-in-time producers, where
shifts in load likely ripple through the supply chain and affects
closely coordinated logistical planning. The complex logisti-
cal challenge of the just-in-time producers could explain why
for them ‘energy management is not a priority for top man-
agement’ is more important barrier than for others. In other
words, opportunity costs for batch and just-in-time producers

5. THE ROLE OF ENERGY MANAGEMENT SYSTEMS, EDUCATION ...

are higher and, therefore, they both rate barriers more highly
across the board than do firms with a continuous production
process, who may be able to dial the production process up
and down a bit, without too many consequences for planning,
if sufficient buffer capacity exists. Another explanation is that
continuous processes that are vulnerable to disruptions in pow-
er supply have safety measures built in to mitigate such risk
(e.g., self-generation), which could serve to minimize energy
costs as well. The latter explanation, though, seems at odds with
what Trianni et al. (2013a) found for barriers energy efficiency
measures among Italian primary metal manufacturing SMEs,
that companies with little variability of production and demand
have higher barriers to adoption of energy efficiency measures.
This difference may be a manifestation of the different nature of
energy efficiency measures and load shift as innovations.

IMPLICATIONS FOR FUTURE RESEARCH

Load shift programs should provide the mechanisms to re-
coup the costs associated with adoption of load shift by firms.
These programs, however, are slow to diffuse and without
these, there is little financial incentive for companies to shift
loads. Therefore, future research should address barriers to
load shift program diffusion, too, and include actors on the
supply side. A key question is who is responsible to push such
response programs, as this inevitably involves multiple entities
and requires coordinated action in the electricity supply chain
(Greening, 2010). Our findings suggest though, that financial
incentives may not be sufficient to overcome barriers to load
shift.

For incentive structure design the question is not how to
most widely diffuse load shift, but what incentive structure
most effectively incites energy decisions that reflect the best
trade-off of all energy goals. A priori, the contribution of load
shift being positive across the board of policy goals cannot be
taken for granted. It can help, but the coordination of policy
goals and instruments (in this case energy efficiency and load
shift) and system levels deserve the attention of scholars (Gold-
man et al., 2010). Research into barriers to and solutions for
coordination of energy efficiency and load shift from the policy
to the user level should help evade antagonistic effects of sepa-
rate approaches. Load shift may need to be studied in conjunc-
tion with energy efficiency under the heading “energy manage-
ment,” widening the scope of the label proposed by Backlund
et al. (2012) in their paper on “extending the energy efficiency

»

gap!
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