depends, among other things, on the desired aggregation
level in combination with data availability and data quality
(Freeman et al., 1997; Farla and Blok, 2000: Worrell et al.,
11997; Boonekamp, 2006).

It is widely accepted that for the evaluation of energy
efficiency developments in the manufacturing industry, the
+ise of physical indicators of activity, either stand-alone or
in combination with monetary indicators, contributes to a
petter understanding of energy efficiency developments.
‘Examples of studies using physical indicators to analyse
nergy efficiency developments in the manufacturing
dustry (especially the energy-intensive manufacturing
wdustry) are Phylipsen et al. (1998), Worrell et al. (1997)
ad Persson et al. (2006). Farla and Blok (2000) mention
e-close relationship with the concept of specific energy
fisumption (energy use at the process level) and the
ternational comparability of the resulting energy effi-
icy indicators as arguments advocating the use of
ical indicators in the manufacturing industry. Also, the
of physical production allows filtering out changes
energy use resulting from structural changes within
ustrial sectors (e.g. a different product mix or the switch
primary to secondary resources), although the ability
do so depends on the types and number of products
ded in the analysis.

¢ Netherlands, physical indicators of activity have
een used intensively for energy efficiency monitoring
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The first 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-mtensive industries (companies
with a yearly primary energy consumption below 0.5PI)
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 first 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
production data are used. In the LTA-1 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
menitoring methodologies of the LTA-1 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
1TA-2
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This challenged us fo analyse in detail energy efficiency
trends in the manufacturing 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 tesults with those according
to the LTA-1 in order to explore whether the LTA-]
monitoring results could be reproduced using an indepen-
dent top-down monitering 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 developments 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. OQther 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 efficiency 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 1995-2003 with the
results for 1980-19935 obtained by Farla and Blek (2000),
allowing to also present and analyse energy efficiency
trends in the Dutch manufacturing 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 realised energy savings
and the data-related and methodelogical uncertainty
related to our results. Where possible, we compare our
results with the results according to the LTA-i. 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. Genegral methodology

We monitor the development of energy efficiency in

industrial sectors via an energy efficiency indicator EEI:

EEL =

»
Erefer‘enoe,,r',k

Fucuge. ®

ar N7 K117_ATRT

-
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in which k is the year of analysis with 0 denoting the bas

year 1995, j the type of energy demand (electricity, fuels/
heat, non-energy use), EEL;, the energy efficiency indicator_

for type of energy demand ; in year &, Eacrualix the actu
energy use from energy statistics for type of energy deman
jinyear k and Ercterencek the reference energy use for typ
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 wif]
respect fo a certain base year (in our case [995). Th
reference energy use is therefore also referred to as ‘frozen
efficiency” energy use. The reference energy is based on th
physical production of products of an industrial sector an
the specific energy consumption for these products in th
base year 1995: :

P o 2SECi0 Pk £ _
reference /b = _——Z,:SECEJ,G Pj—,k actualf0»
in which SEC; ¢ is the specific energy demand for ener
demand type j to produce product i in the base year {¢.g
GJ per tonne of producti and P,y the physical producti
of product i in year &. :
If for the base year all products are accounted for
the SECs reflect the real energy demand in the base
the reference energy use could simply be calculate
multiplication of the production of all products o,
industrial sector with the specific energy demand
practice, the incompleteness of available data mak
impossible to include all products of sector (Section;
We therefore scale the frozen-efficiency energy use fo
products included in the analysis to the energy use ©
total sector. We distinguish three types of final en
demand: electricity use, fueis/heat use and fuef use for:
energy purposes. Steam and fuel demand is first comb
using a conversion factor of 1.11 for steam (correspondi
with a beiler efficiency of 90%). The reference ene
primary energy demand is calculated by multiplyi
reference energy use per final demand type wi
conversion factor f per type of final energy dem
the base year 1995, For the fuels/heat and non-ener
a conversion factor of 1 is used and for electricity a spé
factor is used that already accounts for the penetraf
combined heat and power in the sector in the bas¢
Division of the actual primary eciergy use Wit
reference primary energy demand yields a primary:
efficiency indicator. o

2.2. Energy use data, sector classification and energ
the base year

We used energy use data from the annual
balances for the Dutch manufacturing industry (S
Netherlands, 2005). In these annual balances
available energy is given per industral subsecto
energy carrier. The net available energy is calculate

Tahle 2
Final energy, net available eacrgy use, total primary
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For a definition of net availahle energy use, see Eq. (3)
n ll?e energy balance, non-energy nse of eJe,ctricity (use.
nction and include al electricity use as final EIErgy use
Net available fuel use+ net avaflahle .

=2003 (Statistics Nethetlands, 2006b)).

de this part as final energy use.
ber of balance items:

available energy = Purchased energy — sold energy
+ own winning | stock changes
= final energy use
+ fial non-energy use
+ input to CHP
— output of CHP
+ Input to other conversions
— output of other canversions. 3)
11':: c'lf?Od’ chemica_ll and paper industry, we corrected
1 ala to also include combined heat and power
Eﬂants Ope.rated by joint ventures of energy and
Companies. Non-energy use data for the chemical

‘/:ﬂr; corrected based on g study by Neelis (2006a).
.e or the paper industry was first corrected to

{use for efectrolysis) is distinguished from other e

use is corrected upwards by 47 (1996), 36 (199
: R 997), 44 (1998}, 53 (1999), 33 :
_the Duich energy balanee, some of the fuels used in cement kilns (5.97 P)j 295y rot

: Sect(?rs ir.m bpld covered with Fuels
- physical indicators Stean Flectricity Total
a
pritmary
| - energy
All values in PJ Final Final Net Final Net Final et
. : et mna. Net
o 2y non available energy avaifable energy aveai lable
energy energy use® energyh -
o use energy
‘Food, beverages and tobaceo 47.39
industey™" ‘ 020 . 043 ~L 2057 14.03 114.50
éxtile., ciothes anq feather industry 6.18 0.00 6.79 L
I-?ape.r 11.1duslry, printing and 041 0.00 '%6 95 Ty oy 08 o 87
o ihing 36. 15.06 —0.36 11.62 4.0% 46.79
Pager indusery’S | |
gj:;;;;:r ;[;d:j;try 7.39 0.00 33,79 15.06 .36 8.91
e industry g 75.75 110.65 324 401 3.65 o 65
ert o ; ry,.exc - fertifizery” 154 87 298.80 583.6] 8;.’- 43 - o i g
Bulding waterials industry’ 10.05 0.00 304 iy 9.29 40.32 11.71 623.22
fran and steel b:.isxc metals industry 33,01 35,97 93-91 - oo i 23 287
n-?errm;s basic metals industry 4.10 295 7 53 ]33,; Vo i I 11-2 o
) c metal : . . N 5 )
Z_ pro ;;ts industry 2276 12.80 36.48 0.72 506 1936 1651 20.09
stics, tubber and ofher 5.78 0.00 5.81 2. o e 40 e
zg_:anufacturmg industry - - - st 8.61 24.82
Ma . facturing industry, not 0.00 5.10 5.1¢ |
pecified by branch . . 0.00 oo 0.00 G.00 310
al | |
i 348.64 451.57 1032.77
. s . O . 32, 147.1
ered “t-jtb phgslzcal indicators 304.51 433.47 041.63 128 53 170 o o oo
ered with physical indfcators (%) 87 96 9] 87 . ! R i S
86 75 68 ‘
87

ncluding the conversion losses (input—output) of the other Energy conversions

lectricity use. In this study, we do not make tﬁis

sfeam use/0.9 + net availabi jci

o nef . . & electricity use/0.4.

o f(()); dth:hf::l?icl; :Jf:\ edl ages apddtobacco industry are discussed in Ramirez e'i al. (2006)

: . and paper indusiry, we corrected the net avaj . '

i : ; : - we vailable ener
N energy and industrial companies; this information is available from

£y to include combined heat and iol
omt power plants operated by joint ventures
separate pubhcaﬂqns (1994-1997 (Statistics Netherlands, 19941 998?b

ecled: Lo L
xcluding printing and publishing industry using data from Statistics Netherlands (2006a)

for 1995 based on Neelis {20064). For the other years of this study, non-
_ 5 (2001), 75 (2002) and 63 (2003) P, ’
in 1993) are included as ton-energy use. For the purpose of this study, we

exclude energy use of the publishing industry. More details
on these c:.orrections are given in the footnotes below Table 2
Totgi pbrimary energy use is caleulated from the ne‘é
available energy use of a sector using constant conversion
factor_s of 2.50 for electricity bought from or delivered to
the grid (reflecting an efficiency of 40%) and 1.11 for heat
bought from or sold to third parties (reflecting an efficienc
of 90%). From the total primary energy and the ﬁna}I?
energy use data for the base year 1995, we calculate
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 EEIs based on physical production data
for 10 of the 14 industrial sectors distinguished in the
annual energy balance of the Netherfands. These sectors

cover 37% of the total primar
Y energy of t
manufacturing industry. & he Duteh
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elner,; i 4 i
8y use mn the Netherlands in the base vear 1995 (all values in PI} (Statistics Netheriands 200%)
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2.3. Selection of products, physical production data and production data, specific energy consumption data any o 6117
specific energy consumption data data from the energy statistics). In a second phase, thes g o s B8 £ g
PDFs were used to generate a PDT for the output variabl . 55 £ 88 g E: 3 = =
We included as many products as possible in the analysis  using the Crystal Ball 2000 software package (IDecisioneer 2 5= E; 4 %’) Z » & g g 82 2 & o
with data availability (i.e. production or specific energy  ing, 2000). For the PDFs of the input variables, we ug i FE 2EF 8§ 3 2 gﬁﬁ:’; Y 35 2 2 2
consumption data) being the only limitation. Compared  triangular distributions.' For data from the energ £ ss_ & EE EE8 2 ié’ &5 & § = gg é\ﬂ’: z o =
with the previous study by Farla and Blok (2000}, we have  statistics, we assume the extremes of the triangula & = C:‘“,*gg é‘g = % e EE % S’g 5:':‘ g s 2 % 355 g S| % saa = 2 e 2
been able to include considerably more products for a  distribution to be +5% of the reported value. T g TESCs ;i&é £ § 3 ;?ff?? EEE T ZE §§:{ g §§ §§ = j £ E
number of sectors (e.g. the fertilizer and chemical industry),  systematic errors resulting from the way energy statisti g E % SEBEEE SEGE 2 55 § 5. e2 Bo §T Soxex 8 3 ;;f E F OB
thereby increasing the energy coverage and reliability of the  are compiled (e.g. sampling methodology) are estimated by “ ZAZz7 @& E T A 28 235 z 7§ é ,zg %g E SEE 5 285 % E Z 7:3 £z g g £ 8
resulting EEI (see Table 4 for an overview of the energy ~ Boonekamp et al. (2001) at 1% based on communicatio %z 2UZSgEl £383 5 5 &
coverage). The main source for production statistics is the  with Statistics Netherlands. We did, however, ident
Prodcom statistics (Eurostat, various years). Some of the additional uncertainties related to e.g. wrong reporting':_
Prodcom data are confidential (e.g. when a commodity is  companies and therefore use a higher uncertainty rang g = 2 so oo
produced by a limited amount of producers), buf for the For the specific energy consumption data, we. B TTITE 00 08§, .8 C - -
purpose of this project, we had access to all data via the  triangular distributions with the extremes based on 5 - s ! |
Centre for Research of Economic Microdata (CEREM}  analysis of the range of specific energy consumption dat ;5 =
framework of Statistics Netherlands that allows researchers  they were found in the literature, thereby taking g :a: S 32 oo
to use confidential data provided that results are only  account the years and countries to which the literature da % S § Nogn ;-:g | f g 2 o -
published in aggregated form. For some products, the  referred (resulting ranges are given in Table 3). For P ® R “ )& C S
Prodcom data contained obvious errors, e.g. in the  production statistics, we used as default a triangul !
chemical industry, where some companies tend to report  distribution with the extremes being + 5% of the rep
only ‘production for sale rather than total physical  value, equal to the estimated error in the energy stat
production including the part of production that is further It should be stressed that we only quantitatively asse
processed on-site. This limnited the number of products that data-related uncertainties and not the methodolo B 8 228%gscgesg 8882 g=go o
could be included in the analysis. For some other sectors,  uncertainties associated with our approach such & g o= F = "8 8 2 s 3 ¢ o
other data were used, because they proved better suitable  incomplete and changing energy coverage of the pro z g -
for the purpose of our study than the Prodcom statistics.  included in the reference energy use over time: & g
Glass production is, for example, included in the Prodcom  aspects will be separately discussed when discussin é 5‘-"‘; § = § ResgscoccoSe s 2
statistics in too much detail (more than 50 different  results. 3 " SRR BU N R B R R s B § f i ~ 8 d 3 o & T e 0 e o
products) and with various physical units {e.g. cubic metre , we s I S ¥ 2 2
for packaging glass and square meire for flat glass). In 2.5 Combining the results with vesults from 1980 to
these cases, we use data from industry associations or data .
obtained via personal communications. Specific energy As explained in the introduction, we combine ourres E ] coeoeo
consumption data have been taken from a variety of open  for the period 19952003 with the results obtained b TY¥SAS KR8 == & &g sce o - o
literature sources and were chosen to reflect as well as  and Blok (2000) for 1980-1995. To do so, we had’ - oo, & R 8
possible the situation in the Netherlands in the base year of  with some differences between the current study: a %
our analysis 1995. In some cases, it was possible to use the  study for 1980-1995. One difference is the use of-upds ;'S:c_:g S SSffccccceoaa
energy balances directly to determine the specific energy  energy use for 1995 in the current study, based on Sta GE| ° =--g¢Id2STIEEE BEE2 2 22 fug v s oa o
consumption. An example is the production of ammonia. Netherlands (2005). To ensure consistency, we repla < ° =< S35 s = 32 5
The non-energy use of natural gas in the fertilizer industry 1995 energy use data from the former study with the - g o '
can be fully allocated to ammonia production. Combina- available data, Another difference is the use of oth £ g . $ 2
tion of ammonia production data and the reported non-  data in the old study. We recalculated the EE g 2 et § a8 o 8 g & 2 2
energy use vields an estimate for the specific feedstock 1980-1995 using the SEC data applied in this study:: ‘§ 2 = 5.3 g éé % s R g E g
(non-energy) use for ammeonia production. Ap overview of  production data available from the old study. In't < g g eog g“r% P g oo § 7z z o o &5 2 z g § =
the products included and the specific energy use figures 1S we obtained a consistent time series. An exceptiot K T §z553 é % F3gsdas 98538 2% gd o3 % Sz g Cgdgd 3
given in Table 3. The resulting energy coverage per type of  chemical industry for which this approach was notp 23 5 §FREF 533 T F cos g TE¥Y & g 3 g SEE % & fg“ §ES 3 g g5
final energy use is given in Table 4 and will be further  (see Section 3.2.1). A third difference is a differen foasaad MEAY I OIX JIRE FE 2E § % 3 Z g =
discussed in Section 3. calculating primary energy use. Farla and Blok ¢ K TEERSes
the net available energy use of a sector using 3
2.4. Methodology for uncertainty analysis = v & g
'In a triangular distribution, we assume that the value is :-g ~§ Z "é’ " 5 o 5
We quantitatively assessed the uncertainty in the various ~ be near the mean than far away. We selected a triangulat = = ® & 5 225 & g
input variables used in the analysis with the following  Peeauseils ‘apparenily arbitrary shape and sharp corners are, 3 L8 s L i g Z Tl RN § 2 2 2
. - - way o telegraph the message that the details of the s ] c2,2 L8238 ¥ = s B EE =£<EE g 8 g =5
method. First, we assessed the uncertainty of all 1nput distribution are not precisely known. This may help 10 P S e T g E = E 0 8 '“2_5 @ '§ g "E g _gm Wg r‘?g E = afg 3 _g < '§ 5
interpretation of results or a false sense of conﬁdencc’_f(M' 1§ g‘ E § ;'3 % té .g -gf‘ g%‘ E oo § 5 £ Yy ;3 £ 5 é -'é’ = g g g _*g g 5 %}' = .gp‘
S T ez 8.2 5 T 3R A £ 8.8 ) s EE 2 5% & =
SF F02fitesissads Fiil SiREP Eiriz 488 %2
cREZ<  S5<35R 555 E OE

variables and translated these uncertainties into probability
density functions (PDFs) for the input variables (i.e.

Henrion, 1990),
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electricity conversion efficiencies (increasing from 36% to  the chemical industry, excl. fertilizers in the period
38% between 1980 and 1995) and by valuing steam with

1995-2003 based on Neelis (2006a) could not be made
% of its heat content. Also, climate correction was  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
this study (i.e. no climate correction and fixed conversion omission for 1980-1995 in Table 5.
ficiencies of 40% for electricity and 90% for steam, For the period 1995-2003, we estimate the reduction in
spectively). We would like to stress that our recalcula-  EEI at 2.8% per year for fuels/heat (95% confidence range
ms for the period 1980-1995 to correct for the three  between 2.0% and 3.6%) and 3.4% per year for electricity
fferences mentioned did not resuft in any significant  use (95% confidence range between 2.6% and 4.2%). The
_'nges in the estimate anpual efficiency improvements EEI for non-energy use fluctuates between 0.90 and 1.11. A
ween 1980 and 1995 compared with the estimates by  change in the EEI for non-energy use can be expected if the
arla and Blok (2000). The fourth difference concerns the  yield of the different products from steam cracking changes
duct coverage. In this study, we have been able to  over time (e.g. as a resuli of changing feedstock distribu-
ude more products per sector, thereby increasing the  tions), but is most probably caused by remaining incon-
ity of the reference energy use as indicator for the sistencies in the energy statistics. This is further discussed
zen energy efficiency developments. In the discussion of

) below. In primary energy terms, we estimate efficiency
sults per sub-sector we will further discuss this. improvements at 3.2% per year on average between 1995

%

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

6119
= gn Table 4
. “_5 -_‘E‘ - Energy coverage of products included in the reference energy use in this study (%)
£ 2 g2
= . s .
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ifficutt to distinguish.

xylene are highty integrated. Separate SECs are therefore di
bricks,

SEC, non-gnergy use

GJ/physical

d paper and writing paper. T

%

8% with diaphragm cells {Nieuwlaar, 2001a).
vs. 84%. The SEC values of speci

SEC, fuels/heat

GIfphysical

_ and 2003, excluding non-energy use (95% confidence range
esults and discnssion between 2.6% and 3.8%). This is equivalent to 103 PJ
: savings on primary energy use per year. Increased use of

uninary of results

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;

with mercury cells and 1

Fig. [, we summarise the average annual reduction in
EEI between 1995 (the base year of the analysis) and
Detailed yearly results are given in Appendix A. We

¢ the uncertainty bars (95% confidence interval) # The products included in the reference energy use cover
mined with the method described in Section 2.4. In

only 66% of the total primary energy use of the sector

; we include the average reduction in EEI between {Table 4) and are biased towards the energy-intensive

and 1995, the period between 1989 and 2000 (the full products. Products of a number of sub-sectors are not

d of the LTA-1) and 1995 and 2000, the period of the covered in the analysis (e.g. industrial gases, fine
tudied in detail in this paper. Below, we discuss

and m-
1ls, 32%

SEC, electricity
0.19
14.80

Gl/physical
0 x 10.x 3 cm__(_Novem, 2000}.

toluene, p-xylene, o-xylene

via the combined propylene oxide/styrene route.
(1994, the company producing newsprint paper was categorised in the uncoatc

Mergelsberg (2004, 2005}

PC 26511230/ 50/90

PC 27431230, Keijssers

Frijlink (2004), Alcan
brick with dimensions 2

Prodcom code (PC) of
source for production
Beerkens {2004, 2005)

VNP (1993-2002)
VNP (1993-2002)
VNP (1993-2002)
VNP (1993-2002)
VNP (1993-2002)
VNP (1993-2002)
VNP (1993-2002)
KNB (2003-2004)
KNB (2003-2004}
lues given here.

VNP (1993-2002)
be produced with membrane ce

)

Paving bricks (1000 WE

b

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

- o S _ chemicals, specialty polymers). Different growth rates
& =2 5 B ults per individual sub-sector and for the total of the of the products included and not included in the
“ (% R :g; ; g ; nalysed. reference energy use could therefore lead to wrong
Z o QY | ;;g % g 82y ‘ results. We visualise this in Fig. 2. Between 1995 and
2 So3EE ‘-é E 5 ical sector 2003, the reference energy use increased by 35% and the
&3 y 5 g actual energy use by only 20%, resulting in an observed
E E 2 N hemical industry, excl. fertilizers EEI of 0.89 in 2003, ie. an energy efficiency improve-
—~ 5 ER evelopment of the reference energy use in the Farla ment of 11% in this time period. If the non-covered

s 2 kK- study was based on specific energy use data

;‘? =
=1

non-energy use. Since the underlying production
he analysis for 1980-1995 were confidential (Farla
2000), we could not calculate EEI developments
£ non-energy use before 1995. The upward
_Of non-energy use in the energy statistics for

®The produciion processes
°Assuming 50 :
d1pcluding the production ¢
Including sthylbenzene manu
Mncluding ethylbenzene manu
eIncluding alcohol production.
[n the study by Mulder and Sinon
newsprint paper.

kin de Castro (1992),
et al., 1992) to come to the SEC val

iyalues for corrugate

Non-ferrous basic metal industry

Coated paper and wriling paper
Primary aluminium

Uncoated paper and wriling

measurement (tonne if nothing is
paper

mentioned}
Houschold and sanitary paper

Product and physical unit of
Corrugated case matcrials
Pritary zine production

Building materials industry

Table 3 {continued)
Paper industry
Newsptint paper
Wrapping papers.
Grey board (including
speciaitiesy

Folding box board
Tiles (1000 pieces)
Bricks (1000 WF
Yecondary aluminium
Anode production

al. (2004, 2005).
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. Table 5

Electricity Average annual decrease in the primary energy efficiency indicator (%)
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il 1980-1995*  1995-2003  1980-2003° 1989-2000 1989-2000 9952000 1995-2000
[}
£ » LTA LTA
€8
""’é ._f{\", Chemical industry, excl. fertilizers i.5 15
B % Chemical industry, excl. fertilizers, excl. non-energy use 32 ) 4.0
%; Fertilizers 23 0.9 1.8 0.7 1.9
2 Fertilizers, excl. non-¢nergy use’ 6.8 1.6 4.9 3.6 36
< Total chemical sector 14 1.6
Total chemical sector, excl. non-energy use 31 2.6 4.0 36
Tron and steel basic metals industry 1.0 0.2
ron and steel basic metals industry, excl. non-cnergy use 2.0 1.6 G.4 1.3
Fuels/heat Non-ferrous basic metals industry 1.4 0.3
] Nor-ferrous basic metals industry, excl. non-energy use® i.4 1.6 0.4 2.0
LE Total basic metals industry 0.4 1.1 0.6 —0.1 0.3
'é g tal basic metals industry, excl. non-energy use® 0.4 1.7 09 —0.7 1.6 0.4 14
39 Building materials industry 1.5 1.1 1.3 1.2 1.2 0.4 0.7
§ § per industry 2.5 —0.1 1.6 0.9 2.2 —0.2 2.1
= Total industry 1.3 1.3
2 tal industry, excl. non-energy use? 2.5 2.3 2.7 3.0
% Total industry, excl. total chemical industry 0.9 0.9 0.9 0.3 0.2
[otal industry, excl. total chemical industry, exci. non-energy use? 0.9 1.2 1.0 0.4 1.7 0.3 1.4

1995-2003

- QObserved energy efficiency improvement
—— Real efficiency impravement, initial energy coverage 66%
=8~ Real efficiency improvement, initial energy coverage 90%

Annual reduciion in EEI,

1995-2003

Annual reduction in EE,

B % ‘ . . T T
% S 20% 25% 30% 35% 40% 45% 50%
A% - ' Growth rate of non-coverad products
A . :

2%

Oafu T
2% W

K3
B &
& S
55? & & &
& §
§ s

. Actual energy efficiency improvements in case of different growth
ofcovered and non-covered products for initial coverage of 66% and
rowth rate of covered products 35%.

Annual reduction in EEI
1995-2003

&
5
2}

&
& §

I those covered and by analysing detailed energy use
ta at the level of individual firms or sub-sectors. We
ave this for further analysis.

ncluded the steam cracking process using produc-
of ethylene only, because the production statistics
€ other steam cracker products (e.g. propylene and
ene) proved to be unreliable. We also did not
Ct for yearly differences in feedstock distribution
Steam cracking, because data were unavailable.
g product yields and feedstock distributions can
1 effect on the specific energy consumption, but

@

Fig. 1. Annual reduction in BEJ between 1993 and 2003 (%o/year).

on the comparison with the LTA-1 ‘data (Sgctlorg
we are confident that for the peried until 20f
indicator is a reliable indicator for the frozen €
energy use of the chemical industry. The effei
and changing coverage could, however, be. st

more detail, e.g. by comparing the value—;-adde';i
of sub-sector of the chemical industry that is no

same order as the data-related uncertainties estimated
via the method explained in Segtion 2.4. We also shov\;
for comparison the effect of d1fferf:nt growth rate od
covered and non-covered products in ¢ase the covere

o of the energy use in the base year.
ween observed and
far less. Based

products cover 90 ‘
In that situation, the difference bet

actual energy efficiency improvements 18

*Data exclusive non-energy use are for the period 1982-1995. For 1980 and 1981, no non-cnergy use gstimates available.
®Data exclusive non-energy use are for the period 1982-2003. For 1980 and 1981, no non-energy use estimates available.
“Data in italics are uncertain estimates, because of the unclear defnition of non-energy use in the fertilizer industry (see text).
9Data in italics cannot directly be compared with the LTA-1 data (see text),

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%? 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 fiuctuation 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 match between
our reference energy use and the reference energy use
according to the LTA-I (Section 3.2.3) and the 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 daia from the energy statistics. The default
uncertainty range for data {rom the energy statistics
(4 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 L.7%).

*We base this range on the specific cnergy use in butane, propane,
naphtha and gas oil cracking as given by Neelis et al. (2003a). The actual
fluctuation will be less, because the feedstock mix normally does not
change much from year to year. For 19931999, the feedstock mix has for
example been more or less stable (Neelis et al., 2003a).
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—— Prim. energy use, exc. NEU (this study)

i d
Rei. energy Usem exdl. NEU (this stu y) W Prim. energy use, excl. NEU (LTA)

(this study)

— — ~ Prim. energy use, excl. NEU

Ref. energy use, excl. NEU (LTA)

ergy use , excl. NEU (LTA) u

— g Prim. en —

I 1€, 3. Primary energy use ay d reference use dCC()]dl 1g Lo our 8 TY &l g {0 the L A (NO ¢m, 2001a
T g Yy 1 I
S tud for the {()tﬂ.l chemical i dust: & d acco din I v
| tOta p 1 aly enelg}‘ use 1t

' ) ) . but might b .LTA differs significantly from the development of
energy savings of 4PJ primary 1l thff fu?h";/ Eﬁzt ei;?ﬂgi?; 3151: rfg tﬁzesector. O%er the total primary energy use in our study (Fig. 3, left side).
compared With- 1995. Averag;e acg&%g(}—zooz the average annual drop in EE_I-_'; absolute values, the difference ﬁugtuates between
annual EEI reductions for electricity are estimated at 2.0]/0 pe , however, that in the refe'r:e_n . (1992) and 20 PJ (1993), c‘or.respondmg to 0-6% of
fidence range between 1.1% and 2.8%) and for fue _S/ by Farla and Blok for 1980-1995, or ‘value reported in the statistics. S_tudymg the b_aclx_;-
;COH t 1.8% (range between 0.8% and 2.9%). Changes in  energy use DY luded and structural changes betwe und of the observed differences in more detail is
tgs te?ﬁcif':nc; and use of CHP in the fertilizer industry had ar-nmomta twaess H(l)(; unitrogen fortilizers are therefore {fficult, because underlyilllg. company data ﬁ.‘om both the
i the EEl for primary energy of about different lyp and the energy statistics are confidential and some
a negative fszegt on imary savings compared with the hodological differences exist between the energy
LPJ, resulting in lower I;Hma ’ g electricity use. Annual ' istics and the LTA-1. We conclude that despite the
savings on .ﬁmﬂ fucls/heat an roy use of fuels are 333 Tpial chemical sector, comparison with the LT rts at Statistics Netherlands to make the LTA-1 and the
reductions 17 dole o I;Oc;(e:?ifmg)iln EEI with respect We further assessed the methodological unqerteu - from energy statistics consistent (Pouwelse, 1997)
estimated at 0.5% per year.'ble because the feedstock inf0 the quality of the energy statistics and th_e reliab are still differences between the two dat;sets z;
to non-encrgy fss e pc;D S{? g’as the calorific value of the  ,p results by comparing our results “.”th th.e : clusion also drawn by Farla and Blok (2002). 'fhe
ammonia plants is pot ¢ n;, bly as the natural gas input  ghtained within the LTA-1 framework (F_lg. 3). m_c‘l__ ences between the LTA-1 and our calculations in the
ammonia product, but prova ]:);ifferent plant setups OF  he total chemical sector. To ensure consistency Wit ape anmual reductions of the EET for 1995 amd 2000
ici-;‘;?eret:lrlliesriffz)r;le?gtig;o:neisgsﬁt result in different amounts 1 TA, we excluded from the Igrfimilfybzr:‘jii?iz gi‘; vs. 3.6%, Table 5) can be attributed to these
of natural gas used in the reformer and can therefore also  graph), the non-energy use of fue (si,_ e energy'sfat ehces.
. se. It should be noted, g of electricity as it is reported 1o :
i};?f:erth?hff ilnf?krlen;’;\?}z ggselii to prepare the Dutch  Egp the reference energy use, ﬂ;lsﬂ:vas ;‘Otr?;i‘;lbé:é y
o tist is not precisely defined. it is unknown which part ol the elec y U
energy stalisbics, feed?tzilziﬁ_ii from plz})nt to plant and it chlorine production is regarded non-energy it t.hc.._t? ron and sieel basic metal industry
Therefore, prg‘ictlces me he allocation between final  geatistics and which accounting practices the vanous he average annual reduction in the EEI for the iron and
can be questioned whether | o i onsistent way The trend of the reference energy use according. ndustry het 1995 and 2003 is estimated at 1.0%
ot “i;li):;gf: 13935(: We therefore 1LIis”llEA i: comparable in the years of the cuéfefét' é'ar (anﬁZE:f:en intervzlll betweelr? e()s.;‘;)a znda I.;/’%O)
ool pr i the saeenenar e ener e und 200 contdene
compan o ' n 1.3% and 2.7%) when we exclude non-
iled results per year (Appendix A) reveal @ iglikely that the reference energy use accmdmg_to:t.?ﬁ use. This corresponds to yearly primary energy
The (.ietal el Iin 2002 and 2003. This increase Can  reflects quite accurately the actual frozen e of 10PJ in 2003 compared with the base year level.
sudd.en increase | EdE m1 ~capacity utilisation factors a5 jevelopment in the chemical industry. The faCt..th 265 in the efficiency and use of CHP are not
possible be attrll?uFe to gwctioltjl The drop in EEL in 2000 LTA index corresponds so well with the referencs 5 nt for this industry (<1 PJ). Efficiency improve-
a 1'3851&?123122222%5&%& be a‘ttributed to the closure of g developed in this study for the years 1995200 |
an

i il i nergy use is 2 oave mainly been achieved with respect to fuels/heat
the oldest (and least efficient) ammonia producpon facility  indication that the reference energy @ e minly been ahived with et o Tl e
in the Netherlands. The reference energy use 1

s based on  jpdjcator for the frozen efficiency ?eveligmen o sy and less with respet Lo cloctricty uec
products that cover the majority of the fuels/heat and nON-  (he relatively low-cnergy coverage of app

e Nt in the blast furnace) has been stable in the period
energy use of the sector (82% and 100%, respectively) and  ip the base year.3

This corresponds to primary
energy Use per year in 2003

1.8%. It should be noted,

monitored in that period.

sasic metals industry

energy and fina '
throughout the years, especia
put the results without non-energy use

in Table 5.

03. The products included in the reference energy

slightly more than 50% of the electricity use. Based on this e v 5 e ?;..93% producs included i the rfeencecocey

lude that the reference energy use ¥The coverage including non- -basic metals industry.

B Eator for electricity use, the coverage is about 50%.

is a reliable indicator for the frozen efficiency developments
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{Novem, 2001b).

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 = 1). 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
stee] 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 1993-2000* fits well with the energy
use according to the LTA with the exception of 2000,
where the cnergy statistics indicate an increase of 3.5PJ,
whereas the energy use according te the LTA-1 remains
stable. This 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-1
monitoring report (Novem, 200Ic), 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-ferrous industry
Annual EEI reductions in the non-ferrous basic metals
industry between 1995 and 2003 have been 1.4% per year

*No separate data for the iron and steel industry are available before

1993.
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on with the LTA-1 results for the total b

1 as much slower compared to the energy statistics. In 1995, the  sponds with the 67% found b

’ o found by Farla and Blok for 1986

ing to annual primary savings of 7PJ per year in 5003  metals industry for 1989 and 2000 reveals much highéf realised energy use in the LTA is 86% of _
compared with 1995. Efficiency improvements have mainly  savings in the LTA-1 compared with our results, but-the cnergy use according to the energy st t_ﬂt'O the r§al1§ed nsing a comparable set of products, indicating th
been accomplished with respect to fuels/heat use (3.8% per two are not fully comparable as a result of the inclusion of with the energy coverage of 87% iz ii ® lif (well I line  relative share of the products incluéled in theg fat the
year), but also with respect to final electricity use (1.2%). the total electricity use in the re y “the this share drops to 75% in 2000 Fgarlen 4 dove), whereas EnCIgy use has not changed over time. Overall c reference
The EEI for non-energy use fluctuates between 0.88 and  non-ferrous industry in our study and the inclusion of cok tiave already drawn a similar Conciusio a anh _BIOk (20_02) with an LTA is not possible, because tilere is no lefarlson
1.19 in the years of the study. Non-energy use in the non-  production in the LTA-1. The main reasons for th 5t the LTA-1 when comparing data fIl 1;19t eir evaluation  for the building industry. We show the com arﬁfing e LTA
ferrous industry relates to the use of petroleum cokes for differences between the LTA-1 and our study are (1) th ve assume both the LTA and the e;? i 89- aP(-i- 1996. If - reference encrgy use according to our stud panéls (1):; °LTA
the production of anodes by one of the primary aluminium  difference in realised energy use in the iron and stee jght, this indicates that in 2000 theergy Sl.al!SEICS to be for the cement and glass industry in Fig. 6 5Il:or th e LTA
producers. The variation in the EEI is most probably  industry in 2000 between our study and the LTA-1 and {; - averting industry consumes a much lpapel and board-  industry, the reference energy use accoi“di.n © e cement
caused by the different ghares of petroleum coke (mon-  the different development of the reference energy use in th ergy use of the sector and has do b‘;lrge}’ share of the  and the LTA are consistent, showing the l‘eglir:lb'lc"tUl ' S;Udy
itored in the energy statistics) and other raw materials used iron and steel industry between 1989 and 1991, maybe as tween 1995 and 2000. This is not (1;1 % its encrgy use - clinker and cement production statistics used iﬂll ) oty
suchhas coal tar and the remaining parts of old anodes,  consequence of the number of products covered. ¢ data at the level of industrial su(ljansercr?;i 'gt;}::‘gy lljor (gjlass, the overall trend is comparable withotltllg Sltil'lfdAy
whi e not monitored in the ener statistics. . - 1cs it iati . >
h’ﬁleai'odzctzlﬁlcllfdz(illl ntélﬂ_:g:rgy uiet(); (t:he sector in , N _gtherlands, 2006a). AC?Ord}ng to these statistics, the explarf;t!s;)io'nstlfri SUbStamldl. (up to 10%). A possible

p gy 3.3.4. Paper industry per and board-converting industry consumes a rather = our study Plfsl le 1a,ck odf detail that can be obtained with

- Physical production figures are only available

91%) of the electricity use. According to our study,

the base year and almost all (
The energy coverage for fuels/heat use is, however, much  of apnuatly 0.1% in the EEI (confidence interval betweg

Jower with 41%. This might be due to the fact that the  _—0.6and +0.6%)in the paper and board industry betw

energy use for downstream processing of the metals isnot 1995 and 2003, corresponding to an additional energy
d with 1995. The sectot

(confidence interval between 0.6% and 2.2%), correspond- The comparis

mstant fraction of the ener
nstar gy use of the total paper and
it . . per an for the total glass pr i 1
z; : ?f:iustll'.);.The comparison therefore raises questions tion to variofs T plOdfu s o o e A
! validity of the LTA-I and/or Statistics Nether- ypes of glass fias been used in the LTA-
§ energy consumption data. A more detailed
o : 3 A88C88- 3.3.6. Total of s ]
d only be possible based on confidential data at For the 5;1.£1)£m()cf)E Ofgesigiilteod tudied
rs studied in this paper, the

there has been a small i

taken into account in the SEC figures uses. In the LTA-1  of 0.5PJ in 2003 compare
for the non-ferrous industry, the electricity used for  become more fuel efficient (0.9% per year), but this is offs fevel of individual firms. As a result of signi
electrolysis in aluminium and zinc production was not by additional electricity use (—0.6%). In addition; i ductions in EET in the period 1980-199 5u ) go y significant  annual primary EEI reduction is estimated 0
taken into account, because it was considered there asnon-  was a small decrease in the use of CHP in the"ﬁ annual reduction in primary EEI b t( 5% per year),  between 1995 and 2003 (confidence inta : 1at 3%
energy use. Since we sook all electricity use into account, it jpdustry, which is equivalent to an additional Tuel i is still estimated at 1.6% per year de ween 1980 and  0.9% and 1.7%), corresponding to ann el‘lva l?etween
is not possible to make a sound comparison between the 1 5PJ. The energy coverage of the products included i avings in the last decade year despite the absence 120 PJ in 2003 compared with 1995. Ann ula gavn_lgs of
LTA-] results and our study for the non-ferrous industty.  reference energy use in the base year is 87%. Thisisa : ' the EFI for electricity were 1.9% a-nd folsafuzfl: L}ZCFIOHS "
the same as the energy coverage of 85% found for 198 "Building materials industry ﬁﬁ% lf)’er year. Efficiency improvements on nonﬁén(:.tg; Yle;;
ave been —0.1%. If we exclude non-energy use, annual

Farla apd Blok (2000). Thg iﬂduSttY.convertil.lg pape ctween 1995 and 2003, annual reductions of the EEI in ~ EEI reducti

boarFl to final products_ 1s‘1ncluded_ in the.prlmary-tz ._buildmg materials industry are estimated at 1.1% bet reductions have on average been 2.5% per year

te data for the us? in the energy ~strc11t~1151‘1cs.i b.ut 1sf r;ot mcludf:(i1 i dence interval between 0.4% and 1.8%) Coffespc;ndn cﬁeﬁéznll'%j and 2003. The savings are dominated by the

“savi ; ’ - ica .

reference energy use. T eelgisisrl\?iiinire pigzl;)?]:hé"s .‘._le‘SJa']v'm%s of 3.5PJ per year in 2003 compared with  annual 1'353032331‘ If Wi eX'clude 'the chemical industry,

o the ab ;g;lce & efﬁc fe‘se eSc.:t the nlldus.tr.y has become slightly less efficient  1.2% (excluding iﬁf 0.9% (including non-energy use} and

O ents aceording to our e rtor a8 becomeé 0 1; - oe BC’LI‘IC?’[}T use (annual EEI reduction of Unfortunatel -energy use) for 1995-2003.

f I:I)Il th . & ¢ I ‘th th i more efficient with respect of fuels/heat use opments for thy5 s canmot show CHerEy EfﬁCieﬂCY devel-

f];)t : de ??;lpagsmé ‘0 OUYk fef;utg ‘ETA ) e(F' 2()Oléctln:n'l of 1.7% per year). Over the total period  period 1980—205“3 sum of all sectors studied for the total

obtained within the ramework of the -1 (H 03, the average annual reduction in primary EEI is 2003, because of the fack of consistent data on

The comparison shows an almost identical developmi d at 1.3%. energyluse in the chemical industry before 1995. If
. = _ we e .

gy use according fo ourhitiggea Cenililg; coverage of the products included in the giveflenu(li‘?gth; glr‘fn;lca] industry, we obtain the results
gy use is relatively low (66%). This corre-  been 1.0% .Pez; year V‘s:v%‘;:er? n?;SHZI EE; r.’;(()i(l)l?::ﬁons e

an excluding

3.3.3 Total  basic metals  industry—developments

1980--1995 and comparison with LTA

For the period before 1993, no separa
ferrous basic metals industry were
for 1980-1995 has therefore converting industry in th
can offer an explanatio

ferrous and non-

available and the analysis
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 the reference ener
to non-energy use), average annual reductions are 0.9%. L. TA. The realised energy use in the LTA,
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Average annual EEl reduction, excluding non-entérgy
use

82-85: 1.5%
85-90: 1.0%
90-85: 0.5%

1.3

Average annual EE| reduction, including non-anergy
use

80-85: 1.4%
85-90: 0.6%
90-95: 0.5%
1.3

E[n the LTA-1, all products of a sector were included in the
reference energy use and the 1.TA- reference energy use is

95-03: 1.2% :
;herfafore m principle a very reliable indicator for the frozen

89-00: 0.4%

95-00: 0.3%
00-03: 2.7%
82-03: 1.0%

95-00: 0.2% 95-03: 0.9%
00-03: 2.1% 89-00: 0.3%
80-03: 0.6%

1)

the LTA-T and the
reference energy use in this study based on publicly

ol vailable production data. Therefore, we are confident
: . . hat the reference energy use used in this study is a reliable

e e, i
;—*—g% indicator for most sectors of industry at least for the period
the LT_A-I (1989-2000). Ramirez et al. (2006) have also
S wi this conclusion for the food industry, based on
imifar and additional evidence. We would lil;e to stress

This study

This study
Faria study — |

12— ... Fajastudy 2

1.1 4

104 0

0.9

EEl, primary (1995=1)

08 . 0.8J

EEl, primary, excl. NEU (1995

o7
1980

a7

1050 1995 2000

e ooy ven oom 1985 1990 ' methodological uncertainty and might result in erro
us results, especially in analyses over long time-series o

Fig. 7. EEI for sum of the sectors studied, 1980-2003, exctuding the total chemical industry. !
heterogeneous sectors such as the chemical and

For some of the LTA-I sectors (e.g. the paper, iron/ste
and chemical industry), we showed that still substan
differences exist between the development of the energy
according to the LTA-1 monitoring reports and:
publicly available energy statistics, resulting in diffe
and often higher efficiency improvements estimated
LTA-1 compared with our study. It is not possible
further assess these difterences, because underlying
used in the LTA-I monitoring are confidential. Altho
no longer relevant for the LTA-1, we strongly recomm
introducing yearly checks in the various data flow
the individual companies to the government (mon
Benchmarking Covenant, energy statistics survey, em
mental reports, production statistics, emission repor
to detect inconsistencies al the lowest level of aggr
and avoid similar problems in future policy evaluati

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. :

e demonstrated in this paper that for the Netherlands
a_mework. for energy efficiency monitoring could bé
loped using _physical production and cnergy use data
Aare in- principle publicly available for research
08es. T_he framework aliows a good insight into the
y efficiency trends in the manufacturing industry.

4. Overall conclusions, policy relevance and
recommendations

We studied in detail energy efficiency developmenis 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
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ghedmam source of . physical pr-oduction data used (the

T com statistics) is also available for the other EU
countries as are nationaj energy statistics. The methodol
ogy coul.d therefore also be used to conduct simﬂa-
analyse§ In other EU countries, allowing crc»ss-countrr
comparisons of energy efficiency levels. The method co fé/
therefore contribute to reliable and independent crol;s-
country monitoring of energy efficiency developments and
cro_ss-cpuntr_y comparisons of energy efficiency levels
})vhrch 18 an important conclusion in view of the increasin ’
tmportance of European-wide energy efficiency policies ¢
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Appendix A

For the detajled results, see Table Al.

to year and also between the various types of energy use  detailed analysis on the company level comparing p : 1995 199 1997 199g
distinguished (electricity, fuels/heat and non-energy use).  tion and energy statistics data for the most im ol industyy, excl. fertilizors 1992000 2000 202 2003
Further bottonm-up studies are required in addition to this ~ chemical companies in the Netherlands has prove Ace final electricity use
to-down analysis to find the explanatory factors behind the  with relatively little effort, major improvements. ]";‘éﬂ_my use, energy statistios ;‘gg (1]'02 R S A Rk R IS 112 125 13;
observed differences. In the study by Ramirez et al. (2006)  made in improving the quality of official statistics: Onﬁf]‘:;;yl_ﬁ:mﬂtlog (EEI) oo O:gg {1).(9)5} é-go 096 098 100 (02 o
for the industry, a good match could be found between the  2006a). _ ée final fue]s/;‘ézt USE; 65% ¢ om 6.5.2/ 2?05/ O.Si' 089 082 07
top-down analysis and bottom-up data based on imple- The quantitative uncertainty analysis performed: els/heat use, enersy statistics LOO 097 104 1:050 ]'120 ‘]5-153/0 ?.5% 6.5%  6.5%
mented energy efficiency projects. Based on the comparison  of this study makes clear that the uncertainty range! efficiency indicator (EEI) LOO 098 095 o9 101 0.98 GE; N
of our results with those from a previous study for  input data result in uncertainty ranges of 3.5-8% fidence interval EEL Lo 1-0‘5 ¢.92 088 091 087 (g (]Jé)g (l).gg
19801995, we conclude that the rate of energy efficiency  resulting energy efficiency indicator (95% con. n;;'mer £y use o 1.00 g'g 6’/" f'j% 6%  65%  65%  65%  65%  6.5m
improvement is not slowing down in the last decade  interval). This makes it difficult to draw robust cong @fﬁcienf;: ::]i:mzlt‘s;g& fEfiaJUSUCS 100 086 0_’8? é-g? ;-gg LO2 L1 116 134
compared with the period before. Over the full time period  on energy efficiency developments from year to ye dence interval EEI 100 090 091 0% o7 1'32 iﬁz 128 L3y
19802003, energy efficiency improvements are estimated  also analysed the contribution of the variot aary energy use (excl. non-energy use) TS% O TS% TS% Ts% 7.5% 750 7[';5’ J'D‘E
at about 1% per vear, excluding the chemical industry for ~ parameters on the final uncertainty in the energy ef g“maf_)’ CNELgy use, energy statistics, excl. non-energy us ;'00 098 105 o7 192 14 19 1.250 zg;)
which no reliable data are available. This is rather low  indicators. These analyses showed that the contri cnc: 1nterval EEI gywe 100 2'308/ 096 093 057 093 096  1gs s
compared with the goal of 2.7% efficiency improvement  the production data and energy consumption dat geeziigry usf st 1.0G 0:970 ?3;1 15-(()}:/0 30%  50%  50%  50% 5.0
per year recently advocated in for the EU (European by far the contribution of the specific energy cons Giency jn’djcamgf&%;;““ 100 092 goa  gon ;'gg ;-8]9 L5 121 145
Commission, 2006b). We can conclude that additional data. On top of the data-related uncertainty dence interva) BRT LO6 - 095  p.o3 0.88 0:92 0.93 3'82 é‘ls Vo
energy efficiency policies are required to reach these more  assessed methodological uncertainties caused b 0% 50%  50% 500 s 5.0% 5'32/ 2'309
ambitious goals. For the Netherlands, additional policies  that our reference energy use does not include a nal electricity yge o %
required to increase the rate of energy efficiency improve-  of the individual sub-sectors. We did this by comp Y use, energy statistics 100095 102 1o 097 gp4 099 g
ments from 1% to 2% per year are explored in a recent  development of our reference energy use with th ency indicator (EEY) L0 Lo7 095 103 093 g 0.77 0.% 0-90
study by Daniels et al. (2006). ment of the reference energy use according to:t °fice intervat EE] Log ; é;’?/ 093 101 09 085 077 g8 g‘gg

; 0% 0% 70%  T0%  T0%  70%  70%  70%
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able Al (continued)

Table AL (continued }

1695 1996 1997 [998 1999 2000 2001 2002 2003

% Confidence interval EE] 6.0% 6.0% o .09
— : 0% 0% 60%  60%  60% 0.0%  6.0% 6.0% 6.0
Reference final fuels/heat u . ference final fuels/heat use 1.00 1.01 107 1.67 .10 1.13 ' 1.0"/‘0 1.120 1 ?BA]

Final fuels/heat use, encrgy statistics : . Ty statisti
Energy efﬁ/(:}ency indicator (EEI) . ; I:eilg;ugfj':i/c};:s;yui’d?;lct?ry(gé?)sms o e 1 o~ 109 09 1.03 1.03 105
95% Confidence interval EEL % Confidence interval EE] I"OO o o o 0.0 0.7 0.97 054 0.93
Reference non-gnergy use e Reforence non-encrgy s 6.0%  6.0%  6.0% 6.0% 6.0%  6.0%  6.0% 6.0% 6.0%
Final MON-ENETRY USE, ETIETEE}’E Etlatisucs . 0, al non-energy use, energy stalistics
E;;rgé eﬂ;l(c;lenccey _;r;ilriﬁ:io]{: é - ) . 0 Energy efficiency indicator (EEI)

o Confidence i . . % Confidence interval EB]
Reference primary energy use (excl. non-energy usel) . . fearence primary energy use (excl NON-ENErgy use)

- isti . ROR-energy us . : " ) iy

Reference primary Cfl_ef gy usggnﬁrg)’ statistics, excl. n gy ; CICICE PIIMATY energy use, energy statistics, excl. non-energy use
555 Contdencs miemal EEL 5 2 mione et (E2D

» Confidence i Vi . : ' Confidence interval EE]

Reference primary energy use ) . sl :rence primary energy use 1.00 1.01 107 L.06
im: use, energy statislics o i ‘ L . X . R
B e 5
95% Confidence interval EEI T ey elciency indicator (REI) Loo Lo Loz L.o2

» Confidence inter Confidence interval EET 50%  50%  s0u,

1.0% 112 1.67 LT 1.13
1.09 L.i3 L0 1.13 1.14
1.00 1.01 L.03 1.m 101
. 5.0% 5.0% 5.0% 5.0% $.0% 5.0%
Iron and steel basic metals industry . .08 ing materials industry
Reference final electricity use - rence final electricity

. n : N . 10 ¥ nse 1.00 1.00 1L.05 110
Final electricity use, energy statistics ricity us ; st - '
Eilr:;gy efﬁcicn}cy indicator (EEI : . S04 'l:;‘z;ilglll}; U?Z?n‘? y ‘SEEE;]SUCS o0 o7 Los 00

5% C: in
Encey ey ndicios (& 3 _gyonﬁdcnceyinmlrzzlogé] ) 1.0(0) 1.07 1.69 1.00 0.98 1.08 1.06 1.65 1.02
25% Confdece el 12 - :Iemc i) Tucls st o 6.5% 6.5% 6.5% 6.5% 6.5% 6.5%  6.5% 6.5% 6.5%
Final fuels/heat use, energy slatistics .82 - tels/heat use energy statistics 00 Vo5 o4 56 oo Loy 95 056 e
Energy efficiency indicator (BET) 5% - “efficiency in::[icator (EEL; (00 L0 s 059 051 o4 hos 08 by
Eacrgy cfcieney ndicnor > Lontidens poicator (& 1.0(;} 1.09 1.03 0.93 0.91 0.94 0.93 0.85 0.87
55% Conden el o e momatg 6.5% 6.53%  6.5% 6.5% 6.5% 6.3%  6.5% 6.5% 6.5%
Final non-enerey use, energy statistics o) It Bn-energy use, energy slatistics
;E;e/rgcy efgz{;?giiiﬁb;oggm 0% efficiency inicator (ERI) 95% Confidence interval EET
onf | mary .
Ref([;rencc primary energy use (excl. non-energy use) ¢ iﬁiﬁ:? :gzigy 111!:: Pl n:Olt]' ey )
Reference primary energy use, energy statistics, excl. non-energy use . efficiency Si(lldiCdfyf (E,E?nerg\ Pt el ey e
¢ . ‘ D

Energy efficiency indicator (EET) : Confidence interval EEL )
95% Confidence interval EEI 02 primar .
Reforence primary energy use 57 lngy usyeere]ire%ygyuzfatistics fgg (I)g; {05 Los os Lo s 94 o
Referenos primay sty o enel iC, € R . 0 1.02 1.04 1.07 .05 0.94 .93

rumary gy fficiency indicator (EEDy 1.00 1.08 1.05 0.95 0.93 (.98 0.96 0.91 0.92

Energy efficiency indicator (EEI) ’ : . nfidence interval BET 5.5
Erergy effcency inicator o I 5.5%  5.59 55%  55% 559, 5.5% 5.5% 5.5%

Li6 1.14 1.11 Lo7 1.05
1.13 1.23 118 1.13 1.07

o 0. busic metals industry
Paper industry B . 10 fimal electricity use 1.00 1.04 107
Reference final} electricity use . blric , , I, . ' .
Final electricity use, energy statistics : }ﬁci;;);yufz’dfiizgrj (g;tf; ties 1.00 1.04 1.07
Energy efficiency indicator (EEI} " fidence interval BRI 1.00 I.OE I.UE 0.90 .97 1.60 0.97 (.88 0.91
95% Confidence interval EEI Sl fuels/heat s | T0% 0% T0%  7.0%  7.0% 709 0%  7.0%
Reference final fuels/heat use o Is/heat use, energy statistics 1.30 vor Voo o o 1 117 118 1-20
Final fuels/heat use, energy statistics 04 clency indicatos (EEI) 1.00 0.93 1.00 0.99 0.91 1.00 0.86 0.87 0.88
Eneray efficiency indicator (F)1) s ence interv] B .00 1.0? 1.02 0.90 0.80 0.84 0.73 0.74 0.73
95% Confidence interval EEI N on-energy use oo 6.5%  65% 65% 03%  65%  65%  65%  6.5%
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95% Confidence interval EEI : Hinary energy use (excl. non-cnergy us PO S0% 80% 80%  80% 0% s0%  gov
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Energy efficiency indicator (EEL) 5 e intgryal EET 1.06 1—0? L0V 09 085 098 go4 087 ga9
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95% Confidence interval EEI
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