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Abstract In 2008, the Dutch voluntary agreements on
industrial energy efficiency faced fundamental changes
to their monitoring methodology. Where the old meth-
od was based on measuring the improvement of ener-
gy use per unit of production, the new method focuses
on the energy savings from projects implemented by
participating companies. Advocates of the new method
claim that it gives a better view of the companies’
efforts to save energy, as it shows their deliberate
changes in production processes, whereas opponents
emphasise that the relation with ‘real’ energy efficien-
cy is lost. By applying the two methods on the same
group of companies, the results can be compared and
show to what extent the choice of monitoring method
affects the key message to policy makers. Of special
interest is the relation between energy and production
in the period 2008–2012, a period with large fluctua-
tions in the level of production and energy use as a
result of the economic crisis. The data show that
energy-saving projects made a significant impact on
energy use in the analysis period, although their effect
is smaller than that of other factors such as fluctuations
in production and in the number of participating com-
panies. The old method shows a result for the period

2005–2013 that is less than half of that of the new
method, mainly because of a decrease in efficiency
during years of decreasing production. The analysis
clearly shows that the two methods do not show the
same development of energy efficiency improvement
and should be presented as such.
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Introduction

Industry is responsible for 28 % of final energy demand
in the world (IEA 2014). Since the potential for energy
savings in industry is significant (Saygin et al. 2011;
Cahill and Ó Gallachoír 2012a; Boβman et al. 2012), an
important contribution from industry is required in order
to achieve ambitious economy-wide energy efficiency
goals. A number of the EU member states have intro-
duced voluntary agreements (VAs) that aim to deliver
energy savings and emission reductions via increased
energy efficiency in different end-use sectors, mainly
targeting industry (Rezessy and Bertoldi 2011). The
VAs that have been implemented in the EU are hetero-
geneous. There are VAs with very specific actions that
participants should undertake, whereas other VAs are
more focused on targets and financial incentives
(Tanaka 2011).

One of the first countries to embrace VAs as an instru-
ment in the energy policy mix was the Netherlands, who
implemented the first generation of the so-called long-
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term agreement1 (LTA1) in 1990, later followed by LTA2
and LTA3. Although LTA1 was deemed a success (Das
et al. 1997), there was also criticism. Farla and Blok
(2001) for example disputed the transparency of the
monitoring methodology, whereas Neelis et al. (2007)
found substantial differences between the results of the
Dutch LTA and national statistics. LTAs have been
criticised ‘for deficiencies in compliance monitoring and
self-reporting and difficulty in demonstrating policy
additionality’ (Rezessy and Bertoldi 2011, p. 7121). An
analysis of two U.S.2 voluntary climate programs sug-
gests that while voluntary programs can play some role in
addressing climate change, they are unlikely to bring
about the kinds of steep reductions called for in the
current debate (Pizer et al. 2011). However, a study by
OECD (2003) on voluntary approaches concludes that
VAs are more efficient than command-and-control regu-
lations but not as efficient as market-based instruments
such as emission trading. An evaluation of the LTA3
concluded that the monitoring could be improved
(Volkerink et al. 2013). Another evaluation concluded
that the covenant provided value for participants in for-
mulating new energy-saving opportunities, although the
way in which results were presented could be improved
(Hendriksen and van der Kolk 2013). As the LTAs are
part of a mix of policy instruments, measuring and iso-
lating their effect is challenging (Rietbergen et al. 2002).

In 2008, the Dutch voluntary agreements made fun-
damental changes to their monitoring methodology.
Instead of measuring energy use per unit of production,
the new method is based on the energy savings from
projects that have been implemented by participating
companies (AgentschapNL 2010a). The supposed ad-
vantage of this method is that it gives more insight in
the companies’ efforts to save energy as it provides a
clear link between the investment in energy-saving pro-
jects and the related energy savings. However, opponents
posit that the relation with ‘real’ energy efficiency is lost.

Because the monitoring data provided by participat-
ing companies can be used for both the old and the new
methods, the results can be compared, showing to what
extent the monitoring method affects the policy results.

This article explains the new method and addresses its
advantages and disadvantages compared to the old
method. By comparing the effect of energy-saving pro-
jects with the effect of production changes, changes in
sector structure, product mix and other effects, it can be
established if the implemented projects have made a
significant contribution to energy efficiency.

Of special interest is the relation between energy and
production in the period 2008–2012, a period with large
fluctuations in the level of production and energy use, as
a result of the economic crisis. As the capacity
utilisation of an industrial process has a significant
impact on energy intensity (Boyd and Pang 2000), it is
interesting to analyse how big this influence is.

This article aims to answer the following research
questions:

1. What are the differences between the old and the
new methods?

2. How large is the effect of energy-saving projects on
energy use compared to other influences as reported
in the new method?

3. Can the results of the new LTA method be com-
pared with the old method?

4. Which method is better suited for the monitoring of
a voluntary agreement?

The outline of this article is as follows: Data and
methodology section starts with a literature review pro-
viding some relevant definitions. Subsequently, it de-
scribes the two different approaches to measure energy
efficiency: top-down (i.e. the old method) and project-
based (i.e. the new method). Then, the dataset and meth-
odology for this study are described in Measuring energy
intensity trends in the Dutch LTAs section. Results and
discussion section presents the results of the analysis.
Finally, conclusions and discussion are presented in
Conclusions and policy implications section.

Data and methodology

Literature review

Definitions

In general, energy efficiency is defined as the amount of
energy used for a unit of useful output. Sometimes the

1 Here we use the term VA when referring to the instrument in
general and LTA when referring to the LTA instrument in the
Netherlands.
2 Differences between programs in different countries originate in
part from differences in company culture and organisation
(Montgomery 2014). A study of the impact of these differences
falls outside the scope of this article.
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inverse (output/energy) is used as well (Farla and Blok
2000).

Frequently used energy efficiency indicators are spe-
cific energy consumption (SEC) and energy intensity.
The SEC is a physical energy efficiency indicator, which
is sometimes also called the unit energy consumption
(UEC) or physical energy intensity (PEI) (Phylipsen
et al. 1997). Several authors (Worrell et al. 1994;
Phylipsen et al. 1997; Boonekamp 2006; Cahill and Ó
Gallachoír 2012b) reserve the term SEC for the ratio
between energy and physical production (J/kg) and de-
fine energy intensity as the ratio of energy and monetary
values (J/€). Although energy intensity is sometimes used
as a proxy for energy efficiency, they are not the same.
Energy efficiency refers to how efficient energy is used
for a given purpose. For example, providing a similar (or
better) level of service with less energy consumption on a
per-unit basis is considered an improvement in energy
efficiency. This unit is always physical. Energy intensity
is the amount of energy use per unit of activity. Examples
of activity measures are households, floor space, passen-
ger-kilometres, tonne-kilometres, physical units of pro-
duction (e.g. tonnes of steel) and sectoral value added
(SVA) or gross domestic product (GDP). Energy intensi-
ty is therefore a broader measure, capturing not only
energy efficiency but also other impacts on energy con-
sumption, such as changes in the structure of the econo-
my (Natural Resources Canada 2012).

The main choice in defining the reference system is
to measure the ‘useful output’ in physical (e.g. tons) or
economic terms (€). The choice of the indicator for an
activity can have a large effect on the energy intensity
development (Worrell et al. 1997; Farla and Blok 2000).
Freeman et al. (1997) showed a low correlation between
physical and economic measures of output in industry.
Physical indicators have a close relation with SEC and
might improve the comparability of energy intensity
indicators between countries. The use of economic in-
dicators may serve to exaggerate year-to-year changes
in efficiency. Boonekamp (2005) has produced an over-
view of different ‘achievements’ on different aggrega-
tion levels. Which unit is used best depends on the
aggregation level, the unit of analysis, the complexity
of products and data availability. Indicators at a macro-
level can contain many structural effects that can bias
the indicators. As indicators are calculated at a more
aggregated level, the influence of external factors in-
creases. Generally, indicators measured in monetary
units are applied at the macro-economic level, while

physical units are applied to subsectoral level indicators
(APERC 2000), obviously a consequence of data
availability.

Apart from the term energy efficiency, ‘energy sav-
ings’ is used as well. In scientific literature, a clear
distinction is made between energy efficiency and sav-
ings, but in daily language—and many policy docu-
ments as well—the terms are often used interchange-
ably. The fundamental difference between energy effi-
ciency and energy savings is that energy efficiency is a
relative, dimension-free ratio, e.g. x% less energy con-
sumption per unit of output or a conversion efficiency
that has been raised from 80 to 90%. Energy savings on
the other hand are an absolute change in energy con-
sumption. A change in energy efficiency says nothing
about the change in energy consumption or savings and
vice versa. In this article, the definition of Boonekamp
(2005) is used to define energy savings: the difference of
actual energy use and a reference energy use. The ref-
erence energy use is the amount of energy that would
have been used in the absence of energy-saving activi-
ties. In this definition, a lower energy use because of an
economic recession is not defined as energy savings.
Within the saving effect, one can make a distinction
between autonomous savings (savings that would have
been realised anyway) and policy-induced savings,
which is the amount that is of interest to policy makers.

Both energy efficiency and savings can be monitored
in twoways: top-down or based on project savings. Top-
down monitoring was used in LTA1 and LTA2, whereas
project-based monitoring is used in LTA3. These are
described in the following two subsections.

Old method—top-down monitoring

Generally, top-down monitoring boils down to measur-
ing the change in energy use between two moments in
time and subsequently, using a decomposition analysis,
to disentangle the different causes for that change: vol-
ume effect, structure effect and efficiency effect. The
ability of aggregated indicators to measure changes in
energy efficiency may be seriously compromised by
other influences, like inter-industrial structural changes,
techno-economic and technologica l effec ts
(Eichhammer and Mannsbart 1997). As an energy in-
tensity effect is calculated using value added data, there
remains a possibility that the energy intensity changes
are influenced by changes in prices (Worrell et al. 1997;
Cahill and Ó Gallachoír 2012b). Therefore, the outcome
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of the top-down monitoring depends on the ability to
decompose the different effects.

The energy-saving effect can be calculated by com-
paring the actual energy use with a reference use.
Several methods exist to calculate this reference use,
where choices have to be made on the selected reference
system, the variable to construct reference energy con-
sumption, the level of aggregation, interaction between
saving effects, interaction with other effects and the
chosen quantity to value energy consumption
(Boonekamp 2006). These choices have a large impact
on the outcome.

Top-down indicators can be established at different
levels of aggregation, visualised in Fig. 1. The lower the
level of aggregation, the more structural effects influ-
ence the results (Boonekamp 2005). A low level of
aggregation gives a better understanding but requires a
lot of data. Often, the chosen level of aggregation is
guided by the availability of data (Farla and Blok 2000).
Farla and Blok (2001) showed that many potential prob-
lems exist regarding the availability and quality of en-
ergy and production data when using physical indicators
for analyzing efficiency trends in the iron and steel
industry. It turned out that quite some huge mistakes
had been made in energy consumption data. The accu-
racy in the energy intensity indicators does not allow the
measurement of developments between years that lie
within a close range, only for a prolonged observation
period of 5–10 years (Farla and Blok 2001). The Dutch
LTA1 and LTA2 used top-down indicators that were
established at company level and subsequently aggre-
gated to a sectoral level (see Measuring energy intensity
trends in the Dutch LTAs section).

New method—project-based monitoring

A totally different method to calculate the effect of an
efficiency program is an approach that is based on the
number of projects that have been implemented.
Aggregating the savings per project provides the total
effect. Especially, subsidy programs use this method, as
these often have detailed information regarding the pro-
jects being implemented. Examples are the Home
Energy Programme in the UK (Bowie and Malvik
2005) or the Dutch EIA program (AgentschapNL
2012a), a tax deduction scheme. The difficulties with
the project-based monitoring approach are the
following:

& Determining the number of projects carried out by
companies is labour intensive.

& Determining the exact energy-saving effect of a
project is expensive and difficult to carry out with-
out precise measurements.

& Applying correction factors for temperature, free
riders, rebound effects, additionality, etc. is often
debatable.

The International Performance Measurement and
Verification Protocol (IPMVP) (EVO 2014) is a guid-
ance document for measuring, computing and reporting
savings on a project level. To properly document the
impact of a saving measure, its energy effect must be
separated from the energy effect of other conditions,
like, e.g. the production level (EVO 2014). Staniaszek
and Lees (2012) have developed guidelines for the
calculation of savings for companies participating in

Fig. 1 Aggregation levels in
energy efficiency analysis, from
national efficiency down to unit
operations or equipment in
individual plants. From top to
bottom, the analysis is performed
at an ever lower aggregation level.
With a lower aggregation level,
the amount of data required for a
comparative analysis increases
(width of the pyramid). Source:
Worrell et al. 1994
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obligation schemes. For certain projects, standard values
have been developed. For projects for which no standard
values exist, specific calculations should be carried out.
The guidelines treat various issues, i.e. rebound effect,
normalisation factors and conversion factors. Also here
applies the rule that the need for detailed data can lead to
high costs.

The EuropeanDirective on energy end-use efficiency
and energy services (European Parliament & Council
2006), the predecessor of the Energy Efficiency
Directive, has made an attempt to standardise energy-
saving calculations. However, it was confronted with
considerable difficulties, mainly with respect to bottom-
up calculations, leading to non-transparent, non-
comparable results. Important sources for incomparabil-
ity were system boundaries, baseline definition, data
quality and the application of corrections for climate
factors (Leutgöb et al. 2011). The Policy and Action
Standard of the World Resource Institute provides
methods for estimating GHG reductions from interven-
tions at sector or jurisdiction level (WRI 2014).

Measuring energy intensity trends in the Dutch LTAs

LTA1—top-down monitoring

LTA1 (from 1990 to 2000) used a method where the
result was determined by the change in energy intensity,
measured as the change in energy use per unit of pro-
duction. For each individual participant, the improve-
ment in the so-called energy efficiency index (EEI) was
established. The EEI was the ratio of actual energy use
and a reference energy use, the latter being the energy
use if the participant would have been as efficient as in
the base year (Abeelen et al. 2013), also known as
‘frozen efficiency’.

The formula for the EEI is

EEI ¼ ExX
i
Pix � SEC2005ð Þ

ð1Þ

where Ex is the energy use (in joule) in year x, Pix is the
production (in physical units) of product i in year x and
SEC2005 is the specific energy consumption in 2005.
The denominator Pix×SEC2005 is the reference energy
use.

Although the EEI method was essentially the same as
the method used for calculating the national saving
figures for Dutch industry, based on the so-called

Protocol Monitoring Energy (PME) savings (Verdonk
and Boonekamp 2009; Boonekamp et al. 2001), com-
parison of LTA results with national data turned out to
be difficult. Apart from the difference in population size
(not all companies participate in the LTA, which means
that a bias effect is probable), many differences existed:

& LTA does not take into account feedstock.
& The national method uses a 3-year average.
& There are differences in reference year and systems.

Both Neelis et al. (2007) and Verdonk and
Boonekamp (2009) found that reported LTA savings
were much higher than PME savings, even when meth-
odological differences like the incorporation of feed-
stock energy were corrected: while LTA2 reported an
average EEI improvement of 1.5 %/year over 2001–
2007, PME calculated an improvement of 0.8 %/year.
This difference could mainly be explained by the self-
selection effect (companies with a small saving potential
will not participate in LTA) and the fact that large,
energy-intensive companies did not participate in
LTA2 (Verdonk and Boonekamp 2009). Ramirez et al.
(2005) calculated the energy intensity of the Dutch food
industry (responsible for 9 % of final energy use) using
physical production data of National Statistics. Their
results showed a difference of only 4 % compared to
the Dutch LTA. However, Neelis et al. (2007) found
substantial differences between LTA1 data and national
statistics in the paper, iron/steel and chemical industry.
The critique echoed that of Farla and Blok (2002), who
stated that ‘LTA monitoring does not ensure a compara-
ble and objective monitoring of the energy-intensity
results’, ‘the monitoring is insufficiently transparent’
(p. 165) and ‘differences with national statistics cannot
be explained satisfactory’ (p. 173).

LTA2—top-down monitoring

The monitoring method used in the Dutch LTA2 (2002–
2008) applied a broader saving definition. Next to pro-
cess efficiency (based on the EEI approach), also sav-
ings in the production chain and fossil fuel savings from
renewable energy production were counted as savings.
The latter two were based on the effects of individual
projects and expressed in two separate indices
(AgentschapNL 2009a). In this way, companies were
rewarded for their other efforts as well. However, this
led to a suboptimal, too complex presentation of results,
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which was not very transparent for participants
(AgentschapNL 2010b). The main objection of partici-
pants to the EEI method was that the change in EEI was
heavily influenced by other factors than the actions of
the companies alone, for instance by capacity utilisation,
temperature and product specifications, and therefore
did not give a good presentation of the efforts of cove-
nant participants (AgentschapNL 2010a).

When this was recognised, discussion started to im-
prove the method (AgentschapNL 2009a). One option
would have been to exclude structure effects and other
effects that had nothing to do with the efforts of firms to
save energy. Some sectors already tried to correct for
some of these effects. This option was offered in the old
monitoring method by using so-called ‘correction fac-
tors’. A motivation to use these correction factors would
be to exclude negative effects that were out of the sphere
of influence of companies (‘external’ effects).
Companies could only correct for external effects, not
for effects they had caused themselves (e.g. an increase
in energy use because of an extra process step to alter
product specifications). The Dutch ceramics industry
corrected for example for changes in the product mix,
and the potato processing industry corrected for changes
in dry-matter content (AgentschapNL 2009b). Although
the total effect of corrections remained small, this sys-
tem created an imbalance between sectors, as not all
sectors—or all companies within a sector—applied cor-
rection factors. Another problem was to determine
which factors to correct for and to determine the level
of corrections. Corrections tended towards better results,
indicating a possible unfairness, as was already ob-
served by Farla and Blok (2002). The applied correc-
tions made it also more difficult to define the ‘real’
effect, creating even more of a ‘black box’. Therefore,
the method of corrections was discharged as being too
complicated (Abeelen et al. 2013).

LTA3—project-based monitoring

Instead, the partners in the LTA decided for a project-
based method which was assumed to better visualise the
efforts of the participants, i.e. to count the effect of all
energy-saving projects implemented by the participants.
An important part of the LTA is that participants make
an energy efficiency plan (EEP) every 4 years. In this
EEP, they plan which energy-saving projects to imple-
ment in the next 4 years. All projects with a payback
period of less than 5 years should be implemented. The

result of the agreement was formulated as the degree to
which the planned projects have been implemented. In
simple terms: has a company done what it promised to
do? The method is described in AgentschapNL (2010a).
Measures fall in three distinct categories: (1) process
efficiency, (2) chain efficiency and (3) renewable energy
(NLAgency 2008). For this article, only measures in the
category ‘process efficiency’ are assessed. This category
is directly linked to the energy use of the company
itself.3 Process efficiency measures can be placed in
four subcategories. Table 1 shows examples of the four
subcategories. In Abeelen et al. (2013), the realised
savings per subcategory are presented.

In annual monitoring reports, companies report
which projects they have actually implemented and
how much energy these projects saved (in joule).
Guidelines for these calculations are given in the
‘Handbook monitoring’ (AgentschapNL 2012b). The
relative saving effect is calculated as

RSx %ð Þ ¼ ASx
Ex þ ASxð Þ ð2Þ

where RSx is the realised saving as a percentage of total
energy use in year x, ASx is the actual savings in joule in
year x and E is the primary energy use in joule in year x.
Final energy use was converted into primary energy
using default conversion factors as defined by Vreuls
and Zijlema (2013), the most important factors being
31.65 MJ/m3 for natural gas and 9 MJ/kWh for electric-
ity (assuming a 40 % conversion efficiency).

The denominator (Ex+ASx) is the reference energy
use in the definition of Boonekamp (2005): the energy
used if the project would not have been implemented.
The factor ASx in the denominator is added because the

3 The second category is chain efficiency. These measures im-
prove energy efficiency not within the own company but else-
where in the production chain from rawmaterial to end use and the
energy supply needed for that purpose. Chain efficiency can be
improved by improving performance, reducing the amount of
materials needed, more efficient transport of goods and products,
savings during the phase of product use (lower energy consump-
tion or life cycle extension) or savings arising from efficient and
effective disposal of products (reuse, recycling, the use of material
for energy generation). For LTA companies, renewable energy is
also an option as third category. These measures do not save
energy use per se but only fossil energy use and thereby ‘green’
the energy use of the company. All three categories contribute to
the result, and a certain trade-off between the categories is possi-
ble. However, adding the results could lead to misinterpretation as
the two extra categories have no relation to actual energy use or
efficiency.
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energy use in the reporting year is the energy use after
implementation of the project (Abeelen et al. 2013).

All monitoring reports are checked for completeness
and correctness by external consultants. This check is
basically a probability check: by comparing the devel-
opment of energy use with production and project data,
they assess if the reported data are correct, using an
analysis comparable to the one presented in
Comparison of old and new methods section.

Data sources

All companies participating in the Dutch LTAs send
annual monitoring reports to RVO.NL, which processes
and analyses the data. Table 2 gives an overview of
available data. For this article, only data from LTA3
are used, as this dataset is consistent over the longest
period (2005–2013).

To make a sound analysis of production and energy
data, a comparison was made of the development of
energy use and production on company level, to estab-
lish completeness and quality of these data. First, all
companies without industrial processes were excluded:
hospitals, universities and higher education, financial
services and datacentres. For these companies, ‘produc-
tion’ has to be defined on other grounds than for indus-
trial processes. Secondly, as will be explained in Energy
use 2005–2013 section, there is a very large influence of
companies joining or leaving the LTA. To eliminate this
influence, 245 companies that have only participated for
part of the period 2006–2013 were excluded from the

analysis. Thirdly, it was checked whether the unit of
performance for the underlying production data was
consistent for the whole period4.

Analysis steps

For answering the first research question, the old and the
new methods, as described in Measuring energy inten-
sity trends in the Dutch LTAs section, are compared
qualitatively, based on the general principles, the input
data used and the calculation results.

The second research question required several steps.

& The first step was an analysis of the development of
energy use, based on the energy consumption data

Table 2 Available monitoring data (annual base)

Theme Available data

Energy Purchase, production and sale of energy
carriers (electricity, heat, gas and other
fuels) in kWh, m3, tonnes, etc.

Production Production in physical units or an index
for LEE participants

Saving projects Implemented saving projects
• Title of the project
• (Sub)category (see Table 1)
• Certainty level (certain, conditional
and uncertain) at moment of planning.

• Year of implementation
• Expected saving (at the moment of
planning) (in joules)

• Realised saving, in units of avoided final
energy use (in joules)

• If necessary, an explanation is added

Influencing factors Other factors influencing energy use that
are not defined as saving projects, i.e.
climate, changes in factory design and
product specifications

Energy management Status of energy management

4 As the new reference year 2005 was agreed upon in 2008,
companies had to re-establish the reference energy use in 2005.
For most companies, this was done correctly, but for a small
number of companies, it was not possible to establish a consistent
production data set for the whole period. Problems can occur
because companies have made calculation errors or because they
have merged or split different production units for different prod-
uct groups, e.g. first one unit for all products and later one unit for
fresh products and one for frozen products. Although this concerns
only 43 companies, the effect is about as large as the effect of
population changes, as the large oil- and gas-producing companies
are among this last group.

Table 1 Subcategories of process efficiency measures

Subcategory Example

Energy management and
good housekeeping

Awareness campaigns
Monitoring system
Improvement of maintenance
programs

Adjustment in processes New machines
Different process setting
(temperature, pressure, etc.)

New process design

Utilities and buildings Efficient lighting
Insulation
Combined heat and power (CHP)

Strategic measures New production plants
Replacements
Change in product mix

Source: Abeelen et al. (2013)
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reported by the participants in their monitoring re-
ports. Final energy use was converted into primary
energy using default conversion factors as defined
by Vreuls and Zijlema (2013).

& The second step was an analysis of the development
of production. Production was visualised in the form
of a reference energy use. This reference energy use
was calculated by multiplying the physical amount
of production with the specific energy consumption
in 2005:

Ere f ;x ¼
X

Pix � SEC2005ð Þ ð3Þ

where Pix is the production in physical unit (ton, m
2,

etc.) of product i in year x and SEC is the specific
energy consumption in 2005 (J/ton). Companies can
define their own unit of production. About two
thirds of the participating companies use one unit
of production for their total production; the rest have
different units for different products or product
groups. A company could decide to merge several
products in one product group. For instance, a meat
producing company could choose to use two prod-
uct groups, one for all fresh meat products and one
for all frozen products. The resulting reference en-
ergy use is the amount of energy that would have
been used if production was as efficient as in the
reference year. If the real energy use is lower than
the reference energy use, production has become
more efficient. The ratio of the reference use in
2 years is used to calculate the volume effect:

V ¼ Ex � Ere f ;x

Ere f ;x
−1−1

� �
ð4Þ

& Third, the effect of all implemented energy-saving
projects and other influencing factors that have been
reported in the monitoring reports is counted.

& The last step is a combination of all above-
mentioned developments, to establish if the com-
bined effects add up to the change in energy use. A
too large gap between the added effects and the
actual change in energy use is a sign of inaccuracy.

For the third research question, the EEI was calculat-
ed according to the old method and compared to the
results of the new method (savings), in order to see the
difference in outcome of the two methods.

For the last research question, a comparison was
made between the original reasons for the change in
methodology and the findings in the different evalua-
tions that have been executed by the LTA board.

Results and discussion

Energy use 2005–2013

Figure 2 shows the development of the energy use of the
industrial companies participating in LTA3. Total pri-
mary energy use covered by LTA3 has risen from 147 PJ
in 2005 to 199 PJ in 2013. However, the number of
companies participating was not consistent over this
period. In 2005, 762 companies participated, in 2013
847. In total, 244 companies newly joined LTA3 in this
period, notably 20 large chemical companies, 73 com-
panies from the animal feed industry and 22 municipal
waste companies. In the same period, 159 companies
left. There are also 29 companies that joined but left
after a few years. In most cases, the reason for leaving
the agreement was a shutdown of the production plant,
although some companies chose to leave for other rea-
sons. Overall, the composition of the LTA3 population
has changed considerably during this period. As new
companies were on average larger than companies leav-
ing the covenant, the net effect of population changes is
an increase of the covered energy use by 45 PJ. This
explains the largest part of the increase of the total
energy use between 2005 and 2013 of 52.1 PJ in Fig. 2.

Figure 2 also shows the energy use of only those
companies that have reported complete and consistent
energy and production data for the whole period 2005–
2013. This accounts for about 60 % of the energy use
from all participants. Besides the large effect of compa-
nies that have reported only part of the period, a large
effect is the exclusion of the oil- and gas-producing
industries (37 PJ). As this sector has used a particular
method for part of the period, it is not possible to
provide a good comparison of energy use and produc-
tion level. So, the effect of population changes and
incomplete reporting is very substantial.

From Fig. 2 can be derived that the total energy use of
the companies that participated and reported energy data
for the full period (energy use* in Fig. 2) decreased from
89 PJ in 2005 to 83 PJ in 2013. The next paragraphs will
explain the reasons behind this decrease.
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Production 2005–2013

Figure 35 compares the energy use with a reference
energy use: the theoretical energy use if production
would have been as efficient as in 2005. The change in
the reference energy use represents the volume effect:
the effect of the change in production levels.

As Fig. 3 shows, the actual energy use has decreased
more than the reference energy use, indicating a de-
crease of the energy intensity. The larger the difference
between actual and reference energy use, the larger the
change in efficiency. The figure clearly shows the large
drop in energy—and production levels in 2009, a result
of the economic crisis. Especially, the sectors supplying
to the automobile industry and building construction
sector show large fluctuations in production. The years
2010 and 2011 show partial recovery, but 2012 shows
another decrease in production levels. Usually, during a
decrease in production, energy intensity increases. The
reason for this effect is that part of the energy consump-
tion (offices, cleaning, start-up energy use, etc.) has no
direct relation with production levels. As this ‘basic
energy use’ is used for a smaller amount of products,
energy intensity increases. The larger the share of basic
energy use, the larger this effect. This effect is visible in
Fig. 3 as the gap between the actual and reference
energy use becomes smaller in 2009. Grobler (2010)
has described this phenomenon and concludes that en-
ergy intensity should therefore not be used to determine
savings. Normalizing for this phenomenon is possible,

but requires detailed data, at least on company level but
preferably on installation level. This level of detail is not
available in the LTA data.

Overall, the production level in 2013 (calculated
with Eq. 3) is 0.9 % lower than in 2005. The net
effect of the decrease of production is therefore rela-
tively small: 0.24 PJ of the 6 PJ decrease in energy use
can be explained by lowered production. It should
however be noted that the gross effect of production
changes is much larger than the net effect, because
fluctuations between different years level out to a
certain extent and because growing production in one
company in a specific year can be compensated by
decreasing production in another company in the same
year.

Energy-saving projects 2006–2013 and other
influencing factors

Companies participating in the LTA have to report all
energy-saving projects that they have implemented. By
definition, these have a decreasing effect on energy use.
From 2006 to 2013, the companies in the observed
dataset have reported a total of 13.1 PJ savings. The
new method calculates a saving index, an index based
solely on the savings caused by energy-saving projects.
This index is 86.1 for 2013, showing savings of 13.9 or
1.9 % per year.

As the results of a company are dependent on self-
reporting, there might be reasons to expect companies
to overreport realised savings. Especially, companies
who score badly will feel stimulated to report more
savings than have actually been implemented, there-
fore making it probable that too many savings will be
reported. Yet, there are very few examples of projects

5 National Statistics have a statistic on capacity use for industry
(Conjunctuurenquete). Although it is based on a sample of com-
panies, their trend gives a reasonable good match on our produc-
tion figures: over the same period, they find capacity use decreased
3.0 %.
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that have been reported but turned out not to be
implemented, while there are known cases of projects
that have been implemented but not reported.6

Sometimes companies forget to report projects: for
instance in the case of smaller projects, sometimes
companies report that a project has been implemented
but cannot quantify the savings and therefore report
zero savings. Therefore, it seems reasonable to expect
overreporting and underreporting to compensate each
other and the inaccuracy on an aggregated level will
be small. On the one hand, production data are more
accurate than project data, as production data are the
centre of attention of all production plants and infor-
mation on production efficiency is key to profitability.
Therefore, most plants have extensive systems moni-
toring key features of the production process. On the
other hand, project data are more difficult to collect.
For few projects, actual savings can be measured; for
most projects, it is only possible to estimate the
realised savings. A study on the accuracy of data in
the Danish Energy Efficiency Obligation found a rel-
atively small discrepancy of 6 % between the savings
(kWh) reported by the obligated parties and the esti-
mated actual savings (kWh) measured (Bundgaard
et al. 2013). Still, to check if the saving effect is
indeed accurate, it is necessary to perform a sample
review of projects, or production data are needed to
compare the saving effect with other effects and with a
baseline. Such a consistency check is a systematic part
of the check on monitoring data that is performed by
external consultants.

Part of the reported projects would have been
implemented regardless of the agreements but
should be attributed to other policy instruments
or autonomous savings. Quantitative evidence for
additional effects of the agreements is limited.
First of all, there is a lack of baselines against
which to assess agreements. Secondly, it is diffi-
cult to disentangle the different instruments. In
most cases, factors other than the voluntary ap-
proach seem to explain the major part of any

environmental improvement. Based on estimates
from other studies7, it is possible to conclude that
less than half of the reported savings are
additional.

Other influencing factors

Besides the effect of production and energy-saving pro-
jects, other factors can have an effect on energy use as
well. This can be yearly recurring effects like climate
effects or special occasions like the introduction of new
products, incidents in the production facility or deliber-
ate changes in the facility. These factors can have either
saving or dissaving effects on energy consumption. If
applicable, LTA3 companies have to report these factors
if production volume changes and/or energy-saving
projects alone do not explain the change in energy use.
Overall, companies have reported influencing factors
that have a net increasing effect of 10.5 PJ. As with
the volume effect, the gross effect of these factors is
much larger (31.9 PJ), as increasing and decreasing
effects mitigate each other.

6 For instance in the case of the metallurgic industry of 2012, see
http://www.rvo.nl/subsidies-regelingen/sectorrapportages-
industriële-sectoren. An analysis of 27 companies that did not
report all certain planned projects for 2013 revealed four
companies that had implemented these projects but had not (yet)
reported them. An analysis of 128 projects that had been reported
with a zero saving revealed 16 projects for which savings could not
be calculated.

7 An evaluation of the Danish Energy Efficiency Obligations in
2012 was able to determine that the net savings impact of the
Danish Energy Efficiency Obligation is about a third of the report-
ed savings. Additionality appeared to be 52–60 % for industry
(Bundgaard et al. 2013). By comparing company-level savings in
the Irish Large Industrial Energy Network (LIEN) to total industry
savings (calculated using a top-down method), it could be estimat-
ed that 38 % of total savings could be attributed to participation in
the program (Cahill 2012a). An analysis of seven VAs by Vreuls
et al. (2005) found that around 50 % of efficiency improvement
could be credited to the program. Rietbergen et al. (2002) used two
methods to isolate the impact of LTA1, the first Dutch agreements
on energy efficiency. Through a combination of expert judgement
and a survey, it was found that 27–44 or 29–44 % respectively
could be attributed to the implementation of LTA1. The most
recent evaluation of LTA3 concludes that the effect of the agree-
ments as a separate instrument is difficult to establish, but several
studies, based on surveys and interviews, mention an additionality
of 50% (Volkerink et al. 2013). A large part of the reported savings
could be attributed to other policy instruments, but it is very hard to
attribute savings to a specific instrument when multiple instru-
ments are in place simultaneously. A part of the reported savings
could also be attributed to autonomous savings, savings that would
have occurred anyway, and therefore should officially not be
counted as saving effect in the definition of Boonekamp (2005).
It is difficult to determine exactly how large this autonomous
savings are. A recent evaluation of the long-term agreements for
ETS companies concluded that 86 % of respondents claimed that
the agreements were ‘(very) important’ for implementation of
energy-saving projects, but at the same time, 64 % of respondents
stated that 80 % or more of those projects would have been
implemented anyway (Hendriksen and van der Kolk 2013).
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Decomposition analysis

If the results of Production 2005–2013, Energy-saving
projects 2006–2013 and other influencing factors and
Other influencing factors sections are combined, Fig. 4
can be drawn. This figure is not based on a formal
decomposition method but on a bottom-up inventory
of the drivers of energy use, as reported by the LTA
participants. The first bar shows the energy use in 2005
and the last bar the energy use in 2013. The bars in
between show the net effect of respectively energy-
saving projects, production changes, other influencing
factors and an unexplained factor. The effect of saving
projects is the total effect of all energy-saving projects
reported in this period. The effect of production changes
is based on physical production data, using Eqs. 3 and 4
(see Production 2005–2013 section). The effect of ‘oth-
er influences’ is the total of all other factors that have
been reported by companies (i.e. climate and product
specifications). The last ‘unexplained’ factor is the dif-
ference between the first six columns and the actual
energy use in 2013. If this residual is too high, it is an
indication of errors in the composition of the other
factors: inaccuracies, missing factors, projects that have
not been reported, etc.

Figure 4 shows a large difference between gross and
net effect of the volume effect and the effect of other
influences. In both cases, saving and dissaving effects
partly compensate each other. Although the net effect
over this period is small, the total effect of production is
several times larger than the effect of energy-saving
projects. This also holds for the effect of ‘other influ-
ences’. Because this figure is based on a fixed popula-
tion, the effect of population changes is filtered out. As
was observed in Energy use 2005–2013 section, the

effect of increasing LTA population in this period was
45 PJ, which is larger than any of the other effects.

Comparison of old and new methods

By comparing the energy and production data, the EEI
can be calculated, as was done in the old method. The
development of this index is shown in Fig. 5. The EEI
for 2013 is 94.4, which means a decrease in the amount
of energy used per unit production of 5.6 % (0.7 % per
year). It shows a gradual decrease in most years but an
increase in 2009 and 2012 (althoughmuch smaller in the
latter). This increase corresponds with the decline in
production in 2009 as a result of the economic crisis.
Because of lower capacity utilisation, the amount of
energy used per unit of production rises. The saving
index in the new method shows savings of 13.9 % in
2013 or 1.9 % per year.

When comparing the two indices, two differences
can be observed. First, the saving index shows on aver-
age a higher result than the EEI, although in some years,
the EEI decreases faster than the saving index. Second,
the saving index shows a more gradual development
than the EEI, at least at an aggregate level. At the level
of individual companies, there are large differences:
some companies have implemented measures that save
up to 50 % or more than 5 % per year. These large
savings typically come in large steps, when major in-
stallations are replaced. Therefore, there are also large
variations from year-to-year savings, at least at company
level. At sectoral level, the differences between sectors
are smaller but still quite large. Aggregated to the level
of more than 500 companies as shown in Fig. 5, differ-
ences between years are levelled out. On the contrary,
the EEI shows large fluctuations from year to year, even
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Fig. 3 Development of energy
and reference energy use 2006–
2013 for industrial LTA
companies (n=559). Reference
energy use is calculated using
Eq. 3

Energy Efficiency (2016) 9:755–770 765



at an aggregated level. Year-to-year changes of the EEI
range from −3.0 to +2.1%. This raises the question what
conclusions can be drawn from this study period but
also offers an opportunity to visualise the effect of the
economic crisis on the EEI.

The reason behind both differences is the high de-
pendency of the EEI on production changes. This is
shown most clearly in years of production decreases.
However, also in years of fast-growing production, the
EEI usually shows a higher decrease. The development
of the EEI clearly shows the effect of the economic
crisis, with production decreases in 2009 and—to a
smaller extent, 2012. The economic crisis also has an
impact on implementation of energy-saving projects, as
investments go down. However, this effect is much
smaller. In difficult economic periods, companies are
more focused on efficiency than normal. Moreover, a
forced temporary production stop can be an opportunity

for maintenance on installations that would otherwise
have to wait for planned maintenance, accelerating tech-
nological innovation.

Aworking group of the LTA board concluded that the
newmethod provided a better indication of the efforts of
participants to save energy. However, some sectors in-
dicated that they wanted the old EEI method presented
next to the result of the new method, to keep track of the
development of energy used per unit production and to
be able to compare the results of the old and the new
methods (AgentschapNL 2011a, b). As true as this
might be, the new method still does not tell if these
efforts are a result of a policy instrument or not.

A fundamental difference is that the result in the new
method cannot be negative, as was sometimes the case
in the old method. In the new method, the minimum
result is zero (in the situation that no company reports
any implemented projects). Even when a previous

Fig. 4 Explanation of the change in energy use between 2005 and 2013
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saving is lost8, this dissaving effect will be reported as
an influencing factor and have no effect on the result.

Conclusions and policy implications

This section provides an answer to the research ques-
tions that were formulated in the Introduction.

Q1: What are the differences between the old
and the new methodologies?

The main difference is the fact that the result in the new
method is determined only by reported savings and not
calculated on reported production and energy data. The
new method therefore uses different input data. The
reported savings in the new method are not influenced
by volume or structure effects. Especially, the effect of
production changes had a large impact on the result of
the old method, particularly in the period of the eco-
nomic crisis. Although this effect represents an actual
change in energy intensity, the effect does not represent
structural savings, as the change in energy intensity is
reversible. The new result, aggregated over all compa-
nies, shows much less variation from year to year,
showing the independence to external influences. A
fundamental difference in output is that the result in
the new method cannot be negative, as was sometimes
the case in the old method. In the new method, the
minimum result is zero.

Q2: How large is the effect of energy-saving projects
compared to structural change and volume
developments and other influences?

Companies might be tempted to assign a decrease in
their energy use to projects they have implemented, but
in practice, other factors are more important. The anal-
ysis in Decomposition analysis section demonstrates

that energy-saving projects play a significant role in
the change in energy use, but their effect is smaller than
the effect of other factors. Yet, because other factors can
have both increasing and decreasing effects on energy
use, the net effect of these factors is smaller. By defini-
tion, energy-saving projects have only a saving effect.
Still, the effect of implemented projects helps to explain
the change in energy use: if the saving effect would not
have been included, a larger residual would remain.
Therefore, it is safe to conclude that the implementation
of energy-saving projects does have an impact on ener-
gy use, as well as on energy intensity.

By far, the largest driver for changes in energy use in
individual companies is a change in production level.
Only in special occasions other factors are more impor-
tant. Because production levels can go up and down, the
net effect of production changes is small in the period
2006–2013, while the effect in the intermediate years is
several times larger than the other factors. A different
study period would give different results.

A comparison of production and energy data
(Production 2005–2013 section) shows the importance
of good design of the unit for production. The change in
the reference year has introduced errors in a small share
of companies. Changes in methodology distort the re-
sults for these companies, making long-term analysis of
their specific energy consumption impossible.

Q3: Can the results of the new LTA method
be compared with the old method?

The most essential question is whether the two methods
provide comparable results. The answer is negative. In
years of growing production, the EEI will often give
higher results; in years of decreasing production, a
project-based method will often give a higher result.
This clearly shows the dependency of the old (EEI)
method on physical production levels. A possible solu-
tion would be to correct the EEI for the effect of capacity
changes. To do so, one should have information on the
relation between production level and specific energy
consumption. This might give a better indication of the
energy efficiency effect, but introducing corrections also
affects the biggest advantage of the EEI method: the fact
that it shows the development of the actual specific
energy consumption. Therefore, to give a good indica-
tion of the development of energy efficiency, one should
include all drivers.

8 Incidentally, projects that have been reported are being
decommissioned, i.e. when it appears that product quality is being
affected. This does not happen often, as in most of these cases, the
project is stopped before it is reported in the monitoring reports. A
more substantial ‘dissaving’ occurs with good housekeeping mea-
sures, whose effect usually lasts less than 3 year (CEN 2007).
Companies are requested to report these kinds of measures only
once, but this rule is difficult to uphold. Therefore, it is likely that
the reported savings under this category are an overestimation. As
this is the smallest category, the total effect is not big but could be
0.1–0.2 % annually (Abeelen et al. 2013).
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The two methods need different data to calculate the
result. While energy data are used by both methods,
energy efficiency index also uses production data, while
the saving index uses project data to complete the
calculation.

Q4: Which method is best for evaluating the results
of a voluntary agreement?

It depends on the target of a policy instrument before
one can conclude if a method based on project imple-
mentation is better than a method based on energy
intensity. If one is interested in the actual development
of the energy intensity, counting projects does not pro-
vide insight: savings by the implementation of projects
alone do not give an accurate view on the development
of both energy use and energy intensity. Implementation
of saving projects gives only a partial explanation of
development of energy use or intensity. A result based
on projects alone therefore gives a too optimistic view.
On the other hand, if one is interested in the impact of
actions of participants, building a result on an energy
efficiency index may lead to wrong conclusions as well.
The dependency of the result on occupancy levels is
better explained by the economic situation than the
amount of energy-saving investments.

Participants themselves concluded that the new
method better indicated the efforts of participants even
though some sectors still wanted the possibility to use
both the old and the new methods at the same time. The
official goal of the Dutch LTA3 is an improvement of
30 % energy efficiency improvement, defined as the
ratio between the performance, service, goods or energy
obtained and the energy supply for that purpose (NL
Agency 2008). This goal is best represented by the (old)
energy efficiency index. The (new) saving index repre-
sents a different development, as is shown in
Decomposition analysis section. Ergo, the new moni-
toring method based on project savings, does not pro-
vide insight in the progress towards target achievement.

Policy implications

- In times of strong economic developments, the inten-
sity approach has serious disadvantages, as it could
conceal actual efforts on savings.

- The project approach has the drawback that it does
not cover the (real) dissaving effects of lower occupancy
rates for industrial processes.

- Population changes are the most important factor in
the change in energy use of the LTA population. This is
an issue that should be considered when observing
results that have not been corrected. A population
change can be the result of actual change in the number
of companies (as is the case for the datacentres) but also
of existing companies deciding to join (or leave) the
program. For reliable trends, a correction should be
made for population shifts

- Another drawback of the project approach is the
large amount of data needed for a sound system for
checking the real savings in the project approach.
Despite the large amount of data in the project approach,
more could be done to provide more reliable data and
withhold participants from presenting nicer saving fig-
ures than actually realised. For many programs, it is
unlikely that participants are willing to provide all the
necessary data.

- Policy makers are more interested in the policy
effect rather than the total saving effect. In other words,
what savings are additional to those that would have
occurred anyway? For both the old and the new
methods, it is not possible with the available data to
draw reliable conclusions on the additionality of the
reported savings.

- For sound evaluation of a policy target, the moni-
toring result should be consistent with the set target. In
LTA3, the consistency between set targets (intensity-
based) and the actual monitoring and evaluation
(project-based) is lost.
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