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Abstract - ~ ~na ,,oin- indicators based

We studted energy efficiency trends )on th ....... umntion data. We estlmated annual pr~m y    g
available physical productmn and specmc energy ..... v ranging between -0.1% and 1.5%. Energy efficiency
period at 1.3% on average, with the individual sub-sectorselectricity, fuels/heat and non-energy use have been monitored separately anduse). are shown We combined to differ our significantly results
respect to                  , . . .. ~ ~oz for fuels/heat and -0.1% for non-energy                   of 1%
the sectors studied: 1.9% for etectnc~W, ~.~/"        ¯         full time period, efficiency improvements
previous, similar study for 1980-1995 and show that over the                                             that we
achteved on average Base~ o~nc222 o 2 ner~ efficiency trends of the manufacturing industry
reliable top-down m~mtonng ~ramc--~-~ f r "

sources and a detailed uncertainty analysis, we conclude

other countries where similar data are available. We also showed that substantial differences exist between energ~
available from energy statistics and according to the Long Term Agreement monitoring reports, stressing the need
independent checks of available energy consumption data to avoid problems in future evaluations of energy efficient?
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Improving energy efficiency is regarded as one of the
most important options to reduce the emissions of green-
house gases and the dependency of countries on energy
imports (e.g. Metz et al., 2001; EZ, 2005). The large
number of national and international policy measures
directed towards energy efficiency improvementS confirms
that policy makers share this view. In order to assess the
effectiveness of these policy measures, quantitative meth-
ods for measuring energy efficiency improvements are
required as was recently also emphasised in the directive on
energy end-use efficiency and energy services by the
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European Commission (2006a). We canficiencv developments by quantifying the ratio
~f , ~.~.~ ~o useful output of a certain activity

A distinction can be made between
down approaches for monitoring energy
provements (Bowie and Malvik, 2005). In [
approaches, energy efficiency improvements
by adding up the effect of individual
efficiency improvement measures. In
proaches, efficiency improvements are based)i
aggregate sectoral energy consumption data
the output of the sector. The useful output
can be defined in either physical (e.g.
produced or person kilometres driven)
(e.g. GDP of a country o1" value added of
choice for either physical or monetary
in top-down monitoring of energy
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depends, among other things, on the desired aggregation
~ combination with data availability and data quality

et al., 1997; Farla and Blok, 2000; Worrell et al.,
t997; Boonekamp, 2006).

It is accepted that for the evaluation of energy
manufacturing industry, the

)hysical indicators of activity, either stand-alone or
monetary indicators, contributes to a

understanding of energy efficiency developments.
of studies using physical indicators to analyse

efficiency developments in the manufacturing
(especially the energy-intensive manufacturing
are Phylipsen et al. (1998), WorrelI et al. (1997)

dPersson et al. (2006). Farla and Blok (2000) mention
close relationship with the concept of specific energy

(energy use at the process level) and the
comparability of the resulting energy effi-

indicators as arguments advocating the use of
adicators in the manufacturing industry. Also, the

physical production allows filtering out changes
use resulting from structural changes within

(e.g. a different product mix or the switch
, to secondary resources), although the ability

~ so depends on the types and number of products
in the analysis.

~, physical indicators of activity have
intensively for energy efficiency monitoring

generations of Long Term
(LTA-1 and LTA-2) and the Covenant
g energy efficiency. These agreements have

main governmental policies to promote energy
in the industrial sector in the Netherlands since
supported by various other policy instruments

in Table 1.

the period 1995-2003

Period

covenant

(MAP)
1999-2012

permit 1993 present

:ut (EIA) 1997-present
1991 present
1996 present

conservation techniques
1989 1999
1993 1996

1997 2002

(2002, 2005).

The ilrst generation of LTAs on energy efficiency (LTA-1)
were voluntary agreements contracted in the period
1992-1996 between the Dutch government and particular
sectors of industry. The LTA-1 aimed to increase the
energy efficiency of a sector by a specific percentage
between a base year and an end year (for most sectors 20%
between 1989 and 2000, corresponding to 2.0% per year).
In 1999, the energy-intensive plants consuming more than
0.5 PJ per year signed the Covenant Benchmarking energy
efficiency. In this covenant, running until 2012, they
committed themselves to be among the world leaders in
energy efficiency as soon as possible, but not later than
2012, resulting in required energy efficiency improvements
that vary per sector and depend on e.g. the current distance
to the world top and the expected development of the
world top over time (SenterNovem, 2006).

Part of the less energy-intensive industries (companies
with a yearly primary energy consumption below 0.5PJ)
signed the second generation of LTAs (LTA-2), also
running until 2012. The LTA-2 does not focus on energy
efficiency only, but also on other energy topics such as
sustainable product development and renewable energy.
Companies participating in the LTA-2 are obliged to set up
an energy efficiency plan, which for a period of 4 years
describes the goals with respect to energy efficiency
improvements. For the f~-st period (2001-2004), the goals
for the 16 participating industrial sectors varied between
2.4% and 46% total efficiency improvement (0.8 14.3%
per year) (SenterNovem, 2005), including improvements
due to the use of renewable energy and sustainable product
development.

The monitoring methodologies of the LTA-1, LTA-2
and the Covenant Benchmarking are based on confidential
production and energy use data of the participating
companies. For the industrial sector, mainly physical
productiondata are used. In the LTA-I monitoring
reports, improvement in the energy efficiency indicator
determined by top-down indicators is explained by bottom-
up overviews of implemented energy efficiency improve-
ment measures. The LTA-1 has been reviewed by Das
et al. (1997), Rietbergen et al. (2002) and Farla and Blok
(2002). In the latter study, the authors assessed the
monitoring methodologies and also the quantitative results
of the LTA-1 until 1996. They concluded that the
monitoring methodologies of the LTA-I were insufficiently
transparent and recommended independent supervision
and verification of the LTA monitoring results. For
1980 1995, independent estimates for energy efficiency
trends in the energy-intensive manufacturing industry
based on publicly available physical production data
are available from a study by Farla and Blok (2000).
This analysis was also used in the LTA assessment study
mentioned above (Farla and Blok, 2002). No indepen-
dent estimates are, however, available beyond 1995, the
period in which the LTA-1 for the industrial sector has
been replaced with the Covenant Benchmarking and the
LTA-2.
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This challenged us to analyse in detail energy efficiency
trends in the manufactm’ing industry in the Netherlands
since the middle of the 1990s, using a methodology based
on publicly accessible physical production and energy
use data. This is the main aim of this paper. In addition,
we also aim to compare our results with those according
to the LTA-1 in order to explore whether the LTA-1
monitoring results could be reproduced using an indepen-
dent top-down monitoring methodology. Further aims
of this paper are to quantitatively assess the effect of
data uncertainties on the resulting energy efficiency
indicators and to explore the feasibility of using our
methodology in other countries also. We would like to
stress that the focus of this paper is not on finding bottom-
up explanations for the observed changes in energy
efficiency of the manufacturing industry or to explain in
detail differences in energy efficiency deveIopments be-
tween sectors and over time.

In many ways, the methodology developed in this study
resembles the methodology used in the study by Farla and
Blok (2000). An important addition compared to their
method is the focus on both final energy use data and
primary energy use data. Other additions are the inclusion
of more products per subsector of industry, the separate
analysis of the ferrous and non-ferrous basic metal industry
and the inclusion of an energy efficJermy indicator based on
physical production also for the food industry, one of the
non-energy-intensive subsectors of industry. These latter
results are discussed in a separate paper (Ramirez et al.,
2006). Despite the differences between the two methods, it
is possible to combine our results for 1995Q003 with the
results for 1980-1995 obtained by Farla and Blok (2000),
allowing to also present and analyse energy efficiency
trends in the Dutch manufiacturing industry for the total
period 1980-2003. In Section 2, the methodology and data
sources used in this study are discussed. In Section 3, we
discuss per industrial subsector the reafised energy savings
and the data-related and methodological uncertainty
related to our results. Wfiere possible, we compare our
results with the results according to the LTA-1. In a final
paragraph, we also show the results for the total of the
sectors studied. In Section 4, we draw some conclusions
from our study that are relevant for policy makers and
explore the feasibility of using the methodology for future
monitoring of energy efficiency in the Netherlands and
other countries.

2. Methodology and data collection

2.1. General methodolo(cy

We monitor the development of energy efficiency in
industrial sectors via an energy efficiency indicator EEI:

EEIjk = Eactua!~,k                               (1)
Erefe~enced,k ’
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in which k is the year of analysis with 0 denoting
year 1995, j the type of energy demand (electricity,
heat, non-energy use), EEIf,k the energy efficienc~
for type of energy demand j in year 4.k the
energy use from energy statistics for type
j in year k and E~t~n~i,~ the reference energy use for t
of energy demand j in year k.

The reference energy use represents the amount
energy an industrial sector would have used if
improvements in energy efficiency had taken place
respect to a certain base year (in our case 19951.
reference energy use is therefore also
efficiency’ energy use. The reference energy is based on tl
physical production of products of an JndustriM sector i
the specific energy consumption for these products in
base year 1995:                                  ’

in which SECi~,0 is the specific energy demand for
demand typej to produce product i in the base year
GJ per tonne of product) and
of product i in year k.

If for the base year all
the SECs reflect the real energy demand in the bas~
the reference energy use could simply be
multiplication of the production of all products
industrial sector with the specific energy
practice, the incompleteness of available data
impossible to include all products of sector
We lherefore scale the frozen-efficieucy energy
products included in the analysis to the energy
total sector. We distinguish three types of final
demand: electricity use, fuels/heat use and fuel
energy purposes. Steam and
using a conversion factor of 1.11 for steatr
with a boiler efficiency of 90%). The reference
primary e~ergy demand is calculated
reference energy use per final demand type
conversion factor f per type of final energy
the base year 1995. For the fuels/heat
a conversion factor of I is used and for electricit
factor is used that already accounts for the
combined heat and power in the sector in
Division of the actual primary energy use
reference primary energy demand yields a
efficiency indicator.

2.2. Ener~gy use data,
the base year

We used energy use data from the
balances for the Dutch manufacturing
Netherlands, 2005). In these annual balances
available energy is given per industrial
energy carrier. Tfie net available energ5
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Table 2

yh~al energy, nel available energy use, total primary energy use in the Netherlands inthe base 1995 in (S~aUst~csNetherlands,Sectors in bold covered with           Fuels 2005)

Steam                    Electricity                TotaI
primary
energy

PJ                     Final       Final       Net           Final       Net           Final       Net
energy non- available energy available energy available
used use        energyenergy use" energy~’ use~’~ energy

47.39 0.20 81.11 20.45 - 1.17 20.57 14.03 11Uothes and Ieather industry 6.18 0.00 6.79 0.56 0.14 2.06 1.97 11.87printing and 9.41 0.00 36.95 15.06 -0.36 11.62 4.09 46.79
7.39 0.00 33.79 15.06 -0.36 8.91 1.38 36.8427.70 75.75 110.65 3.24 4.0i 3.65 1.20 118.11excl. fertillzer~t;~ 154.87 298.80 583.61 84.43 9.29 40.32 11.71 623.22

materials induslry~
30.05 0.00 31.04 0.55 0.00 4.94 4.73 42.87

and steel basic metals industry 33.01 55.97 93,91 3.37 0.00 8,39 7.57 112.84basic metah industry
4.I0 2.95 7.53 149 1.16 16.56 I6.51 50.09rudders industry 22.76 12.80 36,48 0.72 0.06 14,16 14.05 71.67

rubber and other 5.78 0.00 5.81 2.25 2.24 6.61 6.61 24.82
~, not 0.00 5.10 5.10 0.00branch 0.00 0.00 0.00 5.10

348.64 451.57 1032.77 147.18 t5.03 137.79 83.86 1259.11physical iNleator~~      304.5I
433.67 941.63 128.59 !2.94 I03.34 57.14 1098.85

hysieM indicators (%)    87 96 91 87 86 75 68 87tbe conversion losses (h?put-output) o~ the other energy conversions.
a definitioa of net awJlable energy use, see Eq. (3).

non-energy use o~electricity (use for electrolysis) is disti~guished from other electricity use. In this study, we do not make this
all electricity use as final e~lergy use.

use + net available steam use/0.9 + net available electricity use/0.4.
e food, beverages and tobacco industry are discussed in Rarnirez eta (2006)

, chemical and paper industry, we corrected the net available energy to include combined heat and power plants operated by joint venturesindustrial companies; this information is available from separate publications (1994~I997 (Statistics Netherlands, 1994~199g),
(Statistics Netherlands, 2006b)).

g and publislfing industry using data from Statistics Netherlands (2006a).
primary energy use are corrected upwards with 66 PJ for 1995 based on Neelis (2006a). For the other years of this study, non-

upwards by 47 (19961, 36 (19971, 44 (19981, 53 (1999l, 33 (2000), 59 (20011, 75 (2002) and 63 (2003) PJ. "
, some of the fuels used in cement loins (1.97PJ in 19951 are included as non-energy use. For fl~e purpose of *bJs study, we

nergy use.

ance items:

Purchased energy - sold energy
+ own winning + stock changes

final energy use

+ final non-energy use
+ input to CHP
- output of CHP
+ input to other conversions
- output of other conversions. (3)

food, chemical and paper industry, we corrected
data to also include combined heat and power

by joint ventures of energy and
a-energy use data for the chemical

[ based on a study by Neelis (2006a).
for the paper industry was first corrected to

exclude energy use of the publishing industry. More details
on these corrections are given in the footnotes below TaMe 2.
Total primary energy use is calculated from the net
available energy use of a sector using constant conversion
factors of 2.50 for electricity bought from or delivered to
the grid (reflecting an efficiency of 40%) and 1.11 tbr beat
bought frmn or sold to third parties (reflecting an efficiency
of 90%). From the total primary energy and the final
energy use data for the base year 1995, we caIculate
conversion factors for electricity for use in the calculation
of the reference primary energy use. An overview of the
final energy use, net available energy use and total primary
energy use is given in Table 2.

We calculated EEls based on physical production data
for 10 of the 14 industrial sectors distinguished in the
annual energy balance of the Netherlands. These sectors
cover 87% of the total primary energy of the Dutch
manufacturing industry.
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2.3. Selection of products, physical production data and
spee~’c eneroy consumption data

We included as many products as possible in the analysis
with data availability (i.e. production or specific energy
consumption data) being the only limitafion. Compared
with the previous study by Farla and Blok (2000), we have
been able to include considerably more products for a
number of sectors (e.g. the fertilizer and chemical industry),
thereby increasing the energy coverage and reliability of the
resulting EEl (see Table 4 for an overview of the energy
coverage). The main sonme for production statistics is the
Prodcom statistics (Eurostat, various years). Some of the
Prodcom data are confidential (e.g. when a commodity is
produced by a limited amount of producers), but for the
purpose of this project, we had access to all data via the
Centre for Research of Economic Microdata (CEREM)
framework of Statistics Netherlands that allows researchers
to use confidential data provided that results are only
published in aggregated form. For some products, the
Prodcom data contained obvious errors, e.g. in the
chemical industry, where some companies tend to report
only production for sale rather than total physical
production including the part of production that is further
processed on-site. This limited the number of products that
could be included in the analysis. For some other sectors,
other data were used, because they proved better suitable
for the purpose of our study than the Prodcom statistics.
Glass production is, for example, included in the Prodcom
statistics in too mucb detail (more than 50 different
products) and with various physical units (e.g. cubic metre
for packaging glass and square metre for fiat glass). In
these cases, we use data from industry associations or data
obtained via personal communications. Specific energy
consmnption data have been taken from a variety of open
literature sources and were chosen to reflect as well as
possible the situation in the Netherlands in tfie base year of
our analysis 1995. In some cases, it was possible to use the
energy balances directly to determine the specific energy
consumption. An example is the production of ammonia.
The non-energy use of natural gas in the fertilizer industry
can be fully allocated to ammonia production. Combina-
tion of ammonia production data and the reported non-
energy use yields an estinaate for the specific feedstock
(non-energy) use for ammonia production. An overview of
the products included and the specific energy use figures is
given in Table 3. The resulting energy coverage per type of
final energy use is given in Table 4 and will be further
discussed in Section 3.

2.4. Metkodolo~Jy jbr uncertainty analysis

We quantitatively assessed the uncertainty in the various
input variables used in the analysis with the following
method. First, we assessed the uncertainty of all input
variables and translated these uncertainties into probability
density functions (PDFs) for the input variables (i.e.

production data, specific energy consumption data
data from rite energy statistics). In a second phase,
PDFs were used to generat
using the Crystal Ball 2000 software packag
ing, 2000). For the PDFs of the input variables, we
triangular distributions.~ For data from the
statistics, we assume the extremes of the
distribution to be ±5% of the reported value.
systematic errors resulting from the way energy
are compiled (e.g. sampling methodology) are estimated
Boonekamp et al. (2001) at 1% based on communica
with Statistics Netherlands. We did, however,
additional uncertainties reiated to e.g. wron:
companies and therefore use a higher
For the specific energy consumption data,
triangular distributions with the extremes based
analysis of the range of s
they were found in the literature, thereby
account the years and countries te
referred (resulting ranges are given in Table 3).
prodncfion statistics, we used as default a
distribution with the extremes being _
value, equal to the estimated error in the ener
It should be stressed that we only quantitatively
data-related uncertainties and not the
uncertainties associated with our approach such
incomplete and changing energy coverage
included in the reference energy use over
aspects will be separately discussed when
results.

2.5. Combinin~l the results with results

As explained in the introduction, we
for the period 1995-2003 with
and Blok (2000) for 1980-1995. To do so,
with some differences between the current
study for 1980-1995. One difference is
energy use for 1995 in the current study, based
Netherlands (2005). To ensure consistency, we
1995 energy use data from the former stud
available data. Another difference is the use
data in the old study. We recalculated the i
1980-1995 using the SEC data applied in this
production data available from the old
we obtained a consistent time series.
chemical industry
(see Section 3.2.1). A third difference is a
calculating primary energy use. Farla and Blok
the net available energy use of a sector usm

~In a triangular distribution, we assume
be near the mean than thr away. We selected a
because its ’apparentIy arbitrary shape and shar~
way to telegraph the message that lhe details of
distribution are not precisely known. This may
interpretation of results or a false sense of c
Henrion, 1990),
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Fable 4
Energy coverage of products included in the reference energy use in this study (%)

Fuels/heat Non-energy use Electricity Total primary energy use

89 86 87
ry 82 100 58 91

industry, excl. fertilizers 52 84 46 66
70 57 66

and steel basic metals industry 87 I01 82 93
41 100 91 86

covered in this study 61 89 64 78

conversion efficiencies (increasing froli1 36% to
between 1980 and 1995) and by valuing steam with
of its heat content. Also, climate correction was

. We ensured consistency by recalculating primary
, use for 1980-1995 based on the assumptions used in

S study (i.e. no climate correction and fixed conversion
of 40% for electricity and 90% for steam,

We would like to stress that our recalcula-
for the period 1980 1995 to correct for the three

mentioned did not result in any significant
in the estimate annual efficiency improvements
1980 and 1995 compared with the estimates by

and Blok (2000). The fourth difference concerns the
coverage. In this study, we have been able to

products per sector, thereby increasing the
of the reference energy use as indicator for the

energy efficiency developments, in the discussion of
will further discuss this.

)f results

1, we summarise the average annual reduction in
1995 (the base year of the analysis) and

yearly results are given in Appendix A. We
the uncertainty bars (95% confidence interval)

with the method described in Section 2.4. in
we include the average reduction in EEI between
1995, the period between 1989 and 2000 (the full

) and 1995 and 2000, the period of the
studied in detail in this paper. Below, we discuss

rob-sector and for the total of the

~dustry, excL fertilizers
of the reference energy use in the Farla

was based on specific energy use data
’ use. Since the underlying production

1980-1995 were confidential (Farla
we could not calculate EEI developments

use before 1995. The upward
use in the energy statistics for

the chemical industry, excl. fertilizers in the period
1995 2003 based on Neelis (2006a) could not be made
before 1995. As a result, no consistent time-series for total
primary energy use including non-energy use are available
for the period 1980 1995. These two factors explain the
omission for 1980 1995 in Table 5.

For the period 1995-2003, we estimate the reduction in
EEI at 2.8% per year for fuels/heat (95% confidence range
between 2.0% and 3.6%) and 3.4% per year for electricity
use (95% confidence range between 2.6% and 4.2%). The
EEI for non-energy use fluctuates between 0.90 and 1.11. A
change in the EEI for non-energy use can be expected if the
yield of the different products from steam cracking changes
over time (e.g. as a result of changing feedstock distribu-
tions), but is most probably caused by remaining incon-
sistencies in the energy statistics. This is further discussed
below. In primary energy terms, we estimate efficiency
improvements at 3.2% per year on average between 1995
and 2003, excluding non-energy use (95% confidence range
between 2.6% and 3.8%). This is equivalent to 103PJ
savings on primary energy use per year. Increased use of
combined heat and power contributes 9PJ to this total.
The uncertainty ranges given above relate to estimated data
uncertainties. In addition, methodological uncertainties are
also important:

The products included in the reference energy use cover
only 66% of the total primary energy use of the sector
(Table 4) and are biased towards the energy-intensive
products. Products of a number of sub-sectors are not
covered in the analysis (e.g. industrial gases, fine
chemicals, specialty polymers). Different growth rates
of tfie products included and not included in the
reference energy use could therefore lead to wrong
results. We visualise this in Fig. 2. Between 1995 and
2003, the reference energy use increased by 35% and the
actual energy use by only 20%, resulting in an observed
EEI of 0.89 in 2003, i.e. an energy efficiency improve-
ment of 11% in this time period. If the non-covered
products have grown in this period by only 20% rather
than 35%, the actual energy efficiency improvement for
the industry is only 7.5% instead of the 11.0% observed.
If, on the other hand, the growth rate of the non-covered
products has been 50%, actual savings would be 14.2%
rather than the observed 11.0%. These ranges are in the



6120
M. Neefls et al. / Energy Policy 35 (2007) 6112~5131

Electricity

Fuels/heat

4°/o

2%
0%                           ~

Non-energy use

~ ~ 4%

o ~ 0% ,

ToBtal primary energy use, excl. non-energy use

6%

Total primary energy use

Fig. 1. Annual reduction in EEl between 1995 and 2003 (%/year).

same order as the data-related uncertainties estimated
via the method explained in Section 2.4. We also show
for comparison the effect of different growth rate of
covered and non-covered products in case the covered
products cover 90% of the energy use in the base year.
In that situation, the difference between observed and
actual energy efficiency improvements is far less. Based

on the comparison with the LTA-1 data
we are confident that for the period until
indicator is a reliable indicator for the
energy use of the chemical industry. The
and changing coverage could, however
more detail, e.g. by comparing the
of sub-sector of the chemical industr?

Ned& et aL / Energy Polio3, 35 (2007) 6112~131

Table 5
Average annual decrease in the primary energy efficiency indicator (%)

612t

excl. fertilizers
exc]. fertilizers, excl, non-energy use

Fertilizers
excl. non-energy usec

chemical sector
chemical sector, excl, non-energy use

and steel basic metals industry
and steel basic tnetals industry, excl. non-energy use

2.3
6.8

0.4
0.4
1.5
2.5

, excl. total chemical industry                      0.9
/, excl. total cheaical industry, excl. non-energy used 0.9

!995 2003 1981~2003b 1989 2000 1989 2000 I995-2000 1995 2000
LTA LTA

3.2 4.0
0.9 1.8 0.7 1.9
1.6 ~9 3.6 3.6

3.1 2.6 4.0 3.6

2.0 1.6 0.4 1.3
1.4 0.3
1,4 1.6 0.4 2.0

0.1 1.6 0.9 2.2 0.2 2.1

2.5 2.3 2.7 3.0
0.9 0.9 0.3 0.2

use are for the period 1982-I995. For 1980 and I981, no non-energy use estimates available.
exclusive non-energy use are for the period 1982-2003. For 1980 and 1981, no non-energy use estimates availabIe.

a in italics are uncertain estimates, because of lbe unclear definition of non-energy use in the fertilizer industry (see text).
directly be compared with the LTA-1 data (see text).

Observed energy efficiency improvement

JReal efficiency improvement, initial energy coverage 66%

Real efficiency improvement, initial energy coverage 90%

25%    30%    35%    40%    45%
Growth rate of non-covered products

5O%

fifferent growth
non covered products for initiat coverage of 66% and

covered products 35%.

covered and by analysing detailed energy use
at the level of individual firms or sub-sectors. We
Ithis for further analysis.

zracking process using produc-
only, because the production statistics

other steam cracker products (e.g. propylene and
proved to be unreliable. We also did not

for yearly differences in feedstock distribution
cracking, because data were unavailable.

yields and feedstock distributions can
on the specific energy consumption, but

our indicator cannot capture these effects. Variations in
the type of feedstock applied in the steam cracking
process can change the specific non-energy use (ex-
pressed per tonne of ethylene) by up to 15%2 and can
have an even larger effect on the fuels/heat and
electricity use of the steam cracking process. This
methodological uncertainty could therefore explain part
of the fluctuation in EEI for non-energy use between
0.90 and 1.11 in the years of the study and can also add
to the uncertainty in the EEI for fuels/heat and
electricity use. However, given the good nratch between
our reference energy use and the reference energy use
according to the LTA-I (Section 3.2.3) and tlre relatively
stable feedstock distribution,~ we consider it more likely
that the fluctuation in the EEI for non-energy use is
caused by remaining inconsistencies in the non-energy
use data from the energy statistics. The default
uncertainty range for data frmn the energy statistics
(_+ 5%) might therefore not be valid for non-energy use
data in the chemical industry.

3.2.2. Fertilizer industry
For the fertilizer industry, the annual reduction in

primary EEI is estimated at 0.9% per year between 1995
and 2003 (95% confidence level between 0.1% and 1.7%).

2We base tNs range on the specific energy use in butane, propane,
naphtha and gas oil cracking as given by Neelis et ah (2003a). The actual
fluctuation will be less, because the feedstock mix normally does not
change much from year to year. For 1993-1999, the feedstock mix has for
example been more or less stable (Neelis et al., 2003a).
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Fig. 3. Primary energy use and reference use according to our study for the tota! chemical industry and according

This corresponds to primary energy savings of 4 PJ primary
energy use per year in 2003 compared with 1995. Average
annual EEI reductions for electricity are estimated at 2.0%
(confidence range between 1.1% and 2.8%) and for fuels/
heat at 1.8% (range between 0.8% and 2.9%). Changes in
the efficiency and use of CHP in the fertilizer industry had
a negative effect on the EEl for primary energy of about
1 PJ, resulting in lower primary savings compared with the
savings on final fnels/heat and electricity use. Annual
reductions in the EEI for non-energy use of fuels are
estimated at 0.5% per year. Reduction in EEl with respect
to non-energy use are possible, because the feedstock into
ammonia plants is not defined as the calorific value of the
ammonia product, but probably as the natural gas input
into the reforming process. Different plant setups or
differences in operation might result in different amounts
of natural gas used in the reformer and can therefore also
change the EEI for non-energy use. It should be noted,
however, that in the surveys used to prepare the Dutch
energy statistics, feedstock use is not precisely defined.
Therefore, practices might differ from plant to plant and it
can be questioned whether the allocation between final
energy and final non-energy use is made in a consistent way
throughout the years, especially before 1995. We therefore
put the results without non-energy use before 1995 in italics
in Table 5.

The detailed results per year (Appendix A) reveal a
sudden increase in EEl in 2002 and 2003. This increase can
possible be attributed to low-capacity utilisation factors as
a result of a declining production. The drop in EEl in 2000
and 2001 can most probably be attributed to the closure of
the oldest (and least efficient) ammonia production facility
in the Netherlands. The reference energy use is based on
products that cover the majority of the fuels/heat and non-
energy use of the sector (82% and 100%, respectively) and
slightly more than 50% of the electricity use. Based on this
energy coverage, we conclude that the reference energy use
is a reliable indicator for the frozen efficiency developments

in the fuels/heat and non-energy use, but
accurate for the electricity use of the sector.
period 1980 2003, the average annual drop in
1.8%. It should be noted, however, that in the
energy use by Farla and Blok for 1980-199-~
ammonia was included and structural changes
different types of nitrogen fertilizers are
monitored in that period.

3.2.3. Total chemical sector, comparison
We further assessed the methodological

the quality of the energy statistics and
our results by comparing our results with the
obtained within the LTA-1 framework (Fig. 3),
the total chemical sector. To ensure
LTA, we excluded frmn the primary energy
graph), the non-energy use of fuels, but a
use of electricity as it is reported
For the reference energy use, this was not
it is unknown which part of the electricity
chlorine production is regarded non-energy in
statistics and which accounting practices
use. The trend of the reference energy use
LTA is comparable in the years of the
(1995 2000). Since in the LTA index,
companies that took part in the
is likely that the reference energy use according to
reflects quite accurately the actual frozen
development in the chemical industry. The
LTA index corresponds so well with
use developed in this study for the years
indication that the reference energy use is
indicator for the frozen efficiency
the relatively low-energy coverage
in the base year.3

3The coverage including non-energy use is 66%,
electricity use, the coverage is about 50%.
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Fig. 4. Primary energy use and reference energy use for the iron and steel industry according to our study and the LTA (Novem, 2001b).
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development of the total primary energy use in
differs significantly from the development of

primary energy use in our study (Fig. 3, left side).
values, the difference fluctuates between

(1992) and 20PJ (1995), corresponding to (~6% of
reported in the statistics. Studying the back-

of the observed differences in more detail is
because underlying company data from both the

~ and the energy statistics are confidential and some
differences exist between the energy

and the LTA-1. We conclude that, despite the
at Statistics Netherlands to make the LTA-1 and the

energy statistics consistent (Pouwelse, I997),
are still differences between the two datasets, a

also drawn by Farla and Blok (2002). The
between the LTA-1 and our calculations in the

annual reductions of the EEI for 1995 and 2000
3.6%, Table 5) can be attributed to these

metals &dusttT

and steel basic metal industry
e annual reduction in the EEl for the iron and
between 1995 and 2003 is estimated at 1.0%

(confidence interval between 0.3% and 1.7%)
include non-energy use and 2.0% (confidence

between 1.3% and 2.7%) when we exclude non-
This corresponds to yearly primary energy

10 PJ in 2003 compared with the base year level.
the efficiency and use of CHP are not

for this industry (< 1 PJ). Efficiency improve-
’ been achieved with respect to fuels/heat

per year) and less with respect to electricity use
year). Non-energy use (coal and coke use as

blast furnace) has been stable in the period
products included in the reference energy

93% of the total primary energy use of the iron
industry.

We compare our results with the LTA for the iron and
steel industry in Fig. 4. The system boundaries are not
100% comparable, because the LTA includes the energy
use resulting from the production of coke, whereas this is
excluded in this study (difference is approximately 6 PJ in
1995). We therefore show an indexed line (1995 = I). The
development of the reference energy use according to our
study coincides well with the development according to the
LTA-1 in the period 1993 2000 when indexed to 1995. The
match for 1989 1991 is less convincing. This might be
caused by different growth rates of coke versus iron and
steel production or by different growth rates in the various
types of steel products. These changes are taken into
account in LTA-1 where 26 different products are
distinguished, whereas they are not included in the
reference energy use in this study. Without further detailed
analysis on the company level, it is very difficult to assess
the difference in more detail. The realised energy use from
the energy statistics for 1993~0004 fits well with the energy
use according to the LTA with the exception of 2000,
where the energy statistics indicate an increase of 3.5PJ,
whereas the energy use according to the LTA-1 remains
stable. Tlris difference also explains fully the different
estimate of annual EEI reduction (0.4% vs. 1.3%) between
1995 and 2000 between the LTA-1 and our study (Table 5).
In 2000, a new thin slab caster was taken into use in the
iron and steel industry. According to the text of the LTA-I
monitoring report (Novem, 2001c), this resulted in an
additional primary energy use of 1 PJ due to testing of the
new machine, which is however not visible as increased
energy consumption in the energy use figures in the
monitoring report of the LTA-1.

3.3.2. Non-Jkrrous industry
AnnUal EEl reductions in the non-ferrous basic metals

industry between 1995 and 2003 have been 1.4% per year

4No separate data for the iron and steel industry are available before
1993.
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(confidence interval between 0.6% and 2.2%), correspond-
ing to annual primary savings of 7 PJ per year in 2003
compared with 1995. Efficiency improvements have mainly
been accomplished with respect to fuels/heat use (3.8% per
year), but also with respect to final electricity use (1.2%).
The EEI for non-energy use fluctuates between 0.88 and
1.19 in the years of the study. Non-energy use in the non-
ferrous industry relates to the use of petroleum cokes for
the production of anodes by one of the primary aluminium
producers. The variation in the EEI is most probably
caused by the different shares of petroleum coke (mon-
itored in the energy statistics) and other raw materials used
such as coal tar and the remaining parts of old anodes,
which are not monitored in the energy statistics.

The products include all non-energy use of tire sector in
the base year and almost all (91%) of the electricity use.
The energy coverage for fuels/heat use is, however, much
lower with 41%. This might be due to the fact that the
energy use for downstream processing of the metals is not
taken into account in the SEC figures uses. In the LTA-I
for the non-ferrous industry, the electricity used for
electrolysis in aluminium and zinc production was not
taken into account, because it was considered there as nor~-
energy use. Since we took all electricity use into account, it
is not possible to make a sound comparison between the
LTA-1 results and our study for the non-ferrous industry.

3.3.3. Total basic metals indust~T-devel°pments
1980-1995 and comparison with LTA

For the period before 1993, no separate data for the
ferrous and non-ferrous basic metals industry were
available and the analysis for 1980-1995 has therefore
been done for the total basic metals industry by Farla and
Blok (2000). The average annual EEI reduction between
1980 and 2003 is estimated at 0.6% per year. If, for reasons
of comparison with the LTA-1, we would exclude the use
of coal and coke in the blast furnace and the use of
petroleum coke in the production of anodes (both allocated
to non-energy use), average annual reductions are 0.9%.

prim. energy use~

Prim. energy use (LTA)     j

0.9

0.8.

0.7 ~

Fig. 5. Primary energy use and reference energy use for the paper

The comparison with the LTA-1 results for the total
metals industry for 1989 and 2000 reveals much
savings in the LTA-1 compared with our results,
two are not fully comparable as a result of the inclusion
the total electricity use in the reference energy use for tl
non-ferrous industry in our study and the in
production in the LTA-1. The main reasons
differences between the LTA-1 and our study
difference in realised energy use in the iron and
industry in 2000 between our study and the LTA-1 andi
the different development of the reference energy
iron and steel industry between 1989 and
consequence of the number of products covered.

3.3.4. Paper industryAccording to our study, there has been a small
of annually 0.1% in the EEl (confidence interval
-0.6 and + 0.6%) in the paper an
1995 and 2003, corresponding to an additional ener
of 0.5PJ in 2003 compared with 1995. The
become more fuel efficient (0.9% per year
by additional electricity use (-0.6%). In
was a small decrease in the use of CHP in the
industry, which is equivalent to an additional
1.5 PJ. The energy coverage of the products il
reference energy use in the base year is 87%.
the same as the energy coverage of 85% found for
Farla and Blok (2000). The industry convertin
board to final products is included in the
use in the energy statistics, but is not included i
reference energy use. The inclusion of the paper
converting industry in the observed energy
can offer an explanation for the absence of
improvements according to our indicator as
from the comparison of our results with
obtained wifhin the framework of the LTA-1
The comparison shows an almost ident
the reference energy use according to our
LTA. The reafised energy use in the LTA,

I -- Ref. energ~

¯ Ref. energy use (LTA) ~

1.3 ]

~~

~ 1.0

_~ [1.9

~ 0.8

0.7. ~

industry according to our study and according to
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h slower compared to the energy statistics. In 1995, the
energy use in the LTA is 86% of the realised

use according to the energy statistics (well in line
the energy coverage of 87% as given above), whereas
share drops to 75% in 2000. Farla and Blok (2002)

drawn a similar conclusion in their evaluation
the LTA-1 when comparing data for 1989 and 1996. If
assume both the LTA and the energy statistics to be

this indicates that in 2000 the paper and board-
industry consumes a much larger share of the

use of the sector and has doubled its energy use
1995 and 2000. This is not confirmed by energy

~ data at the level of industrial sub-sectors (Statistics
2006a). According to these statistics, the

and board-converting industry consumes a rather
fraction of the energy use of the total paper and

industry. The comparison therefore raises questions
the validity of the LTA-1 and/or Statistics Nether-
energy consumption data. A more detailed assess-
would only be possible based on confidential data at

of individual firms. As a result of significant
~ns in EEI in the period 1980 1995 (2.5% per year),

reduction in primary EEI between 1980 and
is still estimated at 1.6% per year despite the absence

in the last decade.

g materials industry
1995 and 2003, annual reductions of the EEI in

materials industry are estimated at 1.1%
between 0.4% and 1.8%), correspond-

i savings of 3.5PJ per year in 2003 compared with
The industry has become slightly less efficient
to electricity use (annual EEI reduction of

and more efficient with respect of fuels/heat use
of 1.7% per year). Over the totai period

the average annual reduction in primary EEI is
at 1.3%.

coverage of the products included in the
use is relatively low (66%). This corre-

sponds with the 67% found by Farla and Blok for 1986
using a comparable set of products, indicating that the
relative share of the products included in the reference
energy use has not changed over time. Overall comparison
with an LTA is not possible, because there is no single LTA
for the building industry. We show the comparison of the
reference energy use according to our study and the LTA
for the cement and glass industry in Fig. 6. For the cement
industry, the reference energy use according to our study
and the LTA are consistent, showing the reliability of the
clinker and cement production statistics used in our study.
For glass, the overall trend is comparable with the LTA,
but deviations are substantial (up to 10%). A possible
explanation is the lack of detail that can be obtained with
our study. Physical production figures are only available
for the total glass production, whereas a further specifica-
tion to various types of glass has been used in the LTA.

3.3.6~ Total of sectors studied
For the sum of tfie sectors studied in this paper, the

annual primary EEI reduction is estimated at 1.3%
between 1995 and 2003 (confidence interval between
0.9% and 1.7%), corresponding to annual savings of
120 PJ in 2003 compared with 1995. Annual reductions in
the EEI for electricity were 1.9% and for fuels/heat even
2.6% per year. Efficiency improvements on non-energy use
have been -0.1%. If we exclude non-energy use, annual
EEI reductions have on average been 2.5% per year
between 1995 and 2003. The savings are dominated by the
chemical industry. If we exclude the chemical industry,
annual reductions are 0.9% (including non-energy use) and
1.2% (excluding non-energy use) for 1995-2003.

Unfortunately, we cannot show energy efficiency devel-
opments for the sum of all sectors studied for the total
period 1980~003, because of the lack of consistent data on
energy use in the chemical industry before 1995. If
we exclude the chemical industry, we obtain the results
given in Fig. 7. On average, annual EEI reductions have
been 1.0% per year between 1982 and 2003 excluding

-- Ref. energy use (this study)
¯ Ref. energy use (LTA)

1,3-

Ref. energy use (this study)
Ref. energy use (LTA)

1.1

1.0

0.9

0.7

Fig. 6. Reference energy use for cement and glass according to our study and the LTA (Novem, 2001d, e).
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80~S5: 1.4% 95-00: 0.2% 95-03: 0.9%
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Fig. 7. EEI for sum of the sectors studied, 1980.2003, excluding the total chemical industry.

non-energy use (i.e. coal and coke use in the iron and steel
industry and the use of petroleum coke for anode
production in aluminium production). If we include non-
energy use, annual reductions have been 0.9% per year
between 1980 and 2003.

4. Overall conclusions, policy relevance and
recommendations

We studied in detail energy efficiency developments in
the Dutch manufacturing industry for the period
1995-2003 based on publicly available physical production
and energy use data. We conclude that since the middle of
the 1990s, significant energy efficiency improvements have
been made in the industrial sectors studied. The efficiency
improvements vary widely from sector to sector, from year
to year and also between the various types of energy use
distinguished (electricity, fuels/heat and non-energy use).
Further bottom-up studies are required in addition to this
to-down analysis to find the explanatory factors behind the
observed differences. In the study by Ramirez et al. (2006)
for the industry, a good match could be found between the
top-down analysis and bottom-up data based on imple-
mented energy efficiency projects. Based on the comparison
of our results with those from a previous study for
198~1995, we conclude that the rate of energy efficiency
improvement is not slowing down in the last decade
compared with the period before. Over the full time period
1980-2003, energy efficiency improvements are esthnated
at about 1% per year, excluding the chemical industry for
which no reliable data are available. This is rather low
compared with the goal of 2.7% efficiency improvement
per year recently advocated in for the EU (European
Commission, 2006b). We can conclude that additional
energy efficiency policies are required to reach these more
ambitious goals. For the Netherlands, additional policies
required to increase the rate of energy efficiency improve-
ments from 1% to 2% per year are explored in a recent
study by Daniels et al. (2006).

For some of the LTA-1 sectors (e.g. the paper,
and chemical industry), we showed that still
differences exist between the development of the t
according to the LTA-1 monitoring reports
publicly available energy statistics, resulting in
and often higher efficiency improvements estimated
LTA-1 compared with our study. It is not
further assess these differences, because
used in the LTA-I monitoring are confidential.
no longer relevant for the LTA-1, we strongly
introducing yearly checks in the various data
the individual companies to the government ,
Benchmarking Covenant, energy
mental reports, production statistics, emission
to detect inconsistencies at the lowest level
and avoid similar problems in future policy
detailed analysis on the company level comparing 1:
tion and energy statistics data for the most
chemical companies in the Netherlands has
with relatively little effort, major ’
made in improving the quality
2006a).

The quantitative uncertainty analysis
of this study
input data result in uncertainty ranges of 3.5-8’
resulting energy efficiency indicator (95%
interval). This makes it difficult to draw
on energy efficiency developments from
also analysed the contribution of the
parameters on the final uncertainty in the energ5
indicators. These analyses showed
the production
by far the contribution of the specific energy
data. On top of the data-related
assessed methodological uncertamttes caused
that our reference energy
of the individual sub-sectors. We did this b"
development of our reference energy use with
ment of the reference energy use according
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In the LTA-1, all products of a sector were included in the
reference energy use and the LTA-1 reference energy use is

principle a very reliable indicator for the frozen
’nse of file sectors. For the sectors studied,

good match was found between the LTA-I and the
energy use in this study based on publicly
production data. Therefore, we are confident

5 energy use used in this study is a reliable
most sectors of industry at least for the period

!the LTA-1 (198%2000). Ramirez et al. (2006) have also
this conclusion for the food industry, based on
and additional evidence. We would like to stress,

that the incomplete energy coverage of the
d in the reference energy remains a source

uncertainty and might result in erro-
, especially in analyses over long time-series or

heterogeneous sectors such as the chemical and
materials industry. We recommend further study-

)f these methodological uncertainties, e.g. via
~tudy as outlined for the chemical industry in

3.2.1, also using economic and more detailed
use data at the level of sub-sectors or individual

in this paper that for the Netherlands,
for energy efficiency monitoring could be

using physical production and energy use data
are in principle publicly available for research

The framework allows a good insight into the
efficiency trends in the manufacturing industry.
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The main source of physical productiou data used (the
Prodcmn statistics) is also available for the other EU
countries as are national energy statistics. The methodol-
ogy could therefore also be used to conduct similar
analyses in other EU countries, allowing cross-country
comparisons of energy efficiency levels. The method could
therefore contribute to reliable and independent cross-
country monitoring of energy efficiency developments and
cross-country comparisons of energy efficiency levels,
which is an important conc usion in view of the increasing
importance of European-wide energy efficiency policies.
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Appendix A

For the detailed results, see Table A1.

*’xd fertglizers
final electricity use

(EEl)

, energy statistics
(EEl)

EEl

1995 1996 1997 1998 1999 2000 2001 2002 2003

1.00

energystafistics
(EEI) 1.00

(excl. non-energy use) 1.00
, energystatistlcs, exd. non-energy use1.00EEI

use
~ statistics 1.00

r (EEI) 1.00

l electricity use

statistics 1.00

(EEl) 1.00
1.00

1.02 1.10 1,I2 1.13 1.21 1.12 1.25 1.330.98 1.00 1.00 0.96 0.98 !.00 1.02 10.96 0.91 0.89 0,85 0.81 0.89 0.82 0.766.5% 6,5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5%0.97 1,04 1.05 t,12 1.13 1.21 1.25 1.370.98 0.95 0.92 1.01 0.98 0.99 1.08 1.091.01 0.92 0.88 0.91 0.87 0.82 0.86 0.806.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5%0.96 1.00 1.00 1.06 1.02 1.10 1.16 1.340.86 0.91 0.91 1.03 1.09 1.22 1.28 1.370.90 0.91 0.90 0.97 1.06 !.ll 1.10 1.027.5% 7.5% 7.5% 7.5% 7.5% 7.5% 7.5% 7.5%0,98 1.05 1.07 1.12 I.I4 1.19 1.25 1.360.98 0.96 0.93 0.97 0.93 0.96 1.04 1.055.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.00,4 5.0%0.97 1.03 1.04 1.09 1.09 1.15 1.21 1.350.92 0.94 0.92 1.00 1.01 1.09 1.15 1.200.95 0.91 038 0.92 0.93 0.95 0,95 0.895.0% 5.0% 5.0% 5.0% 5,0% 5,0% 5.0% 5.0%

0,95 1.02 1.02 0.97 1.04 0.99 0.85 0.901.07 0.95 1.03 0.93 0.88 0.77 0.75 0.771.12 0.93 1.01 0.96 0.85 0.77 0.87 0.857.0% 7.0% 7.0% 7.0% 7.0% 7.0% 7.0% 7.0%
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Table AI (continued)

1995    1996    1997    1998    1999    2000    200t    2002

Reference final fuels/heat use 1.00
Final l~els/heat use, energy statistics 1.00
Energy efficiency indicator (EEl) 1.00
95% Confidence interval EEl
Reference non-energy use 1.00
Final non-energy use, energy statistics 1.00
Energy efficiency indicator (EEl) 1.00
95% Confidence interval EEl
Reference primary energy use (exci. non-energy use) 1,00
Reference primary energy use, energy statistics, exch non-energy use    1.00
Energy efficiency indicator (EEI) !.00
95% Confidence interval EEl
Reference primary energy use
Primary energy use, energy statistics
Energy efficiency indicator (EEl)
95% Confidence interval EEI

.00

6.5%

0,95 1,01 1.03 1.02 1.06 0.93 0.88
0.94 0.93 0.97 0.92 0.86 0.69 0.72
0,99 0,91 0.94 0.90 0.82 0.74 0.82
8.5% 8.5% 8.5% 8,5% 8.5% 8.5% 8.5%
0.99 1.04 1.04 1.03 1.06 0.94 0.89
0.95 1.00 1.01 1.00 1.0! 0.85 0.81
0.96 0.96 0.97 0.97 0.95 0.90 0.91
8.0% 8.0% 8.0% 8.0% 8.0% 8.0% 8.0%
0.95 1.02 1.02 1.01 1.05 0.94 0.87
0.97 0.95 0.99 0.92 0.87 0.73 0.74
1.02 0.94 0.97 0.92 0.83 0.77 0.85
6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5%
0.98 1.03 1.03 1,02 1.06 0.94 0.88
0.96 0.98 1.01 0.98 0.96 0.81 0.79
0.98 0.95 0.97 0.95 0.91 0.85 0.89

6.5% 6.5% 6.5% 6.5% 6.5% 6.5Y0°

h’on and steel basic metals industt3,
Reference final electricity use 1.00 0.98 1.05 1.00 0.96 0.99 1.04 1.08
Final electricity use, energy statistics 1.00 0.96 1.00 0.98 0.97 1,13 1.13 1.10
Energy efficiency indicator (EEl) 1.00 0.98 0.95 0.98 1,01 1,t4 1.08 1.02
95% Confidence interval EEl 6.5% 6,5% 6,5% 6.5% 6,5% 6.5%
Reference final fuels/heat use 1.00 !.00 1.07 1.02 0.98 0,97 1.04 1.06
Final fuels/heat use, energy statistics 1.00 1.00 1.01 0.92 0.85 0.85 0.87 0.87
Energy efficiency indicator (EE/) 1,00 !.00 0.95 0.90 0.86 0.88 0.84 0.82
95% Confidence interval EEI 6.5% 6.5% 6.5% 6,5% 6,5% 6.5%
Reference non-energy use 1.00 !.00 1.05 !.01 0.96 0.90 0.96
Final not>energy use, energy statistics 1.00 0.99 1.06 1.03 0.98 0.89 0.97
Energy efficiency indicator (EEl) 1.00 0.99 1.01 t.02 1.02 0.99 1.01 1.01
95% Confidence interval EEI 8.0% 8.0% 8.0% 8.0% 8.0% 8.0%
Reference primary energy use (excl. non-enelNy use) 1.00 1.00 1.06 1.02 0.97 0.98 1.04 1.07
Reference primary energy use, energy statistics, excL non-energy use1.00 0.99 1.02 0.95 0.90 0.96 0.96 0.96
Energy efficiency indicator (EEl) 1.00 0.99 0.96 0.93 0,92 0,98 0.93 0.90 ?
95% Confidence interval EEI 5.5% 5.5% 5,5% 5.5% 5.5% 5.5% 5.5%
Reference primary energy use 1.00 1.00 1.06 1.01 0.97 0.94 1.00
Primary energy use, energy statistics 1.00 0.99 1.04 0.99 0.94 0.93 0.96
Energy efficiency indicator (EEl) 1.00 0.99 0.98 0.98 0.97 0,99 0.97 0.95
95% Confidence interval EEI 5.5% 5.5% 5.5% 5,5% 5.5% 5.5% 5.5%

Paper industry

Final electricity use, energy statistics 1.00 1.01 1.10 1.11 1.13 1.20 Ell
Energy efficiency indicator (EEl) 1.00 1.00 1.03 1.06 1.05 1,07 1.04
95% Confidence interval EEl 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6,0°,/o
Reference fi~aal fuels/heat use 1.00 1.01 1.07 !.07 1.10 1.13 1.07
Final fuels/heat use, energy statistics 1.00 1.12 1.14 1.11 1.09 1,09 1,03

95% Confidence inlerva! EEl 6.0% 6.0% 6.0% 6.0% 6.0% 6,0% 6,0%
Reference non-energy use
Final non-energy use, enea’gy SlatislJcs
Energy efficiency indicator (EEI)
95% Confidence interval EEI
Reference primary energy use (excL non-energy use)
Reference primary energy use, energy statistics, excl. non-energy use
Energy efficiency indicator (EEI}
95% Confidence interval EEI
Reference primary energy use !.00 1.01 1.07 1.06 1,09 1,!2 1,07
Primary energy use, energy statistics 1.00 L01 1.09 1.08 1,09 1.13 1,10
Energy efficiency indicator (EEI) 1.00 1.01 1.02 1.02 1,00 1,0! t,03
95% Confidence interval EEl 5.0% 5.0% 5.0% 5.0% 5,0% 5,0% 5,0%

1.00 1.00 1.07 1.05 1.08 1.12 1.07
!.00 1.01 1.10 1.11 1.13 1.20 1.11
1.00 1.00 1.03 1,06 !,05 1,07 1.04

Paper industry
Reference final electricity use
Final electricity use, energy statislics
Energy efficiency indicator (EEl)
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(continued)

1995 1996 1997 1998 1999 2000 2001 2002 2003i% Confidence interval EEI
6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0%energy statistics 1.00 1.0I 1.07 1.07 1,10 1.13 1.07 1.12 1.13

~EEI) 1.00 1.12 1.14 1.11 1.09 1.09 1.03 1.05 1.05al EEI 1.00 El! 1.07 1.03 0.99 0.97 0.97 0.94 0.93energy use 6.0% 6.0% 6.0% 6.0% 6.0% 6.O% 6.0% 6.0% 6.0%
non-energy use, energy statistics

(EEI)
Confidence Jnlerval EEl

ry energy use (excl. non-energy use)
energy use, energy star stics excl. non-energy use

(EEl)
terva! EEI

estafistics
1.00 1.0I 1,07 1,06 1.09 1.12 1.07 I.lI 1,13

~ Confidence interval EE(IEEI)
1.00 LOI 1,09 1,08 1.09 1.13 1.10 1.13 1.141,00 1.01 1.02 1.02 1.00 1.01 1.03 1.01 1.015.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%

(EEI)

energy statistics 1.00 1.04 1.07 1.23 1.28 1.30 1.30 1.41 1.39
(EEI)

1.00 1.04 1.07 1.19 1.24 1.29 1.26 t.25 1.27al EEl 1.00 1.00 1.00 0.96 0.97 1,00 0.97 0.88 0.917.0°/¢ 7.0% 7.0% 7.0% 7.0% 7.0% 7.0% 7.0%statistics 1.00 0.93 0.98 1.09 1.14 !.19 1.17 1.18 1.20(EEI) 1.00 0.93 1.00 0.99 0.91 1.00 0.86 0.87 0.88interval EFA 1.00 1.00 1.02 0.90 0.80 0.84 0.73 0.74 0.736.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5%
use

1.00 0.84 0.86 0.99 1.08 1.09 1.09 !.12 1.04
(EEI) 1.00 0.85 0,78 0.88 1.16 1.18 1.20 1.34 1.01d EEl 1.00 1.01 0.91 0.88 1.08 1.08 1.11 1.19 0.978,0% g.0% 8.0% 8.0% 8.0% 8.0% 8.0% 8.0%(excL tlon-e!~ergy use)

1.00 1,03 1.06 1.22 1.26 1.29 1.29 1.38 1.37, energy statistics, exel. nOn-energy use
1,00 1.03 1.06 1.16(EEI) 1.20 1.26 1.21 1.20 1.22

1 EEl 1.00 1.00 1.0l 0.96 0.95 0.98 0.94 0.87 0.896.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5%
¢ use 1.00 1.02 1.04 1,20 1.25’ statistics 1.27 h28 1.37 1.35! EEl 1.00 1.02 1,04 1.15 1.19 1.25 1.21 1.2I 1.216.5% 6.5% 6.5% 6,5% 6.5% 6.5% 6,5% 6.5%

1.00 1.0I 1.08 1.12 1.13 1.18 1.!4 1.22 1.27indicator (EEl) 1.00 1.00 ! .03 !.06 1.05 1.09 1.08 1.09 1.091.00 0.99 0.96 0.94 0.92 0.92 0.95 0.89 0.863.5% 3.5% 3.5% 3.5% 3,5% 3,5% 3.5% 3.5%
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Table AI (continued)
1995 1996 !997 1998 !999 2000 2001 2002

1.00 0.97 1.04 1.05 1.09 1.10 1.15 1.17

Reference final fuels/heat use 1.00 0.99 0.97 0.94 0.99 0.97 0.95 1.00

Final fuels/heat use, energy statistics 1.00 1.02 0.94 0.90 0.91 0.88 0.83 0.86

Energy efficiency indicator (EEl) 5.0% 5.0% 5.0% 5.0% 5.0°/o 5.0% 5.0%

95% Confidence interval EEI 1.00 0.97 1.01 1.01 1.04 1.02 1.05 1.09

Reference non-energy use !.00 0.89 0.95 0.94 1.02 1.05 1.13 1.16

Final non-energy use, energy statistics 1.00 0.92 0.93 0.93 0.98 1.03 !.07 1.06

Energy efficiency indicator (EEl) 5.5% 5.5% 5.5% 5.5% 5.5°/o 5.5% 5.5%

95% Confidence interval EEI 1.00 0.99 1.05 1.07 1.10 1.13 1.!5 1.20
Reference primary energy use (exch non-energy use) 1.02

1.00 0.99 0.99 0.97 0.99 0.98 0.98
Reference primary energy use, energy statistics, excl. non-energy use1.00 1.01 0.95 0.91 0.90 0.87 0.85 0.86

Energy efficiency indicator (EEI) 3.5% 3.5% 3.5% 3.5% 3.5% 3.5% 3.5%

95% Confidence interval EEl 1.00 0.98 1.03 1.04 1.08 1.08 1.1! 1.15

Reference primary energy use !.00 0.95 0.97 0.96 1.00 1.01 1.04 1.08

Primary energy use, energy statistics 1.00 0.97 0.94 0.92 0.93 0.94 0.94 0.94

Energy efficiency indicator (EEI) 3.5% 3.5% 3.5% 3.5% 3.5% 3.5% 3.5%

95% Confidence interval EEl
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