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Norway is well-endowed by nature of primary enesgyrces including hydro-
power, crude oil and natural gas. Hydropower actofar more than 99% of the
electricity generated.

In spite of this, the interest in energy saving®agNorwegian industries has in-
creased gradually over several years but acceteimte996 when electricity be-
came in short supply due to exceptionally low watéow to the hydropower sta-
tions. This led to a very tight electricity suppgijuation in the whole Nordic mar-
ket and Norway was for a period very dependentramgsy import.

An industrial energy efficiency network (“Bransjétverket”) was established al-
ready in 1989 as an initiative from the MinistryRétroleum and Energy (MPE) to
stimulate efficiency measures, but started to playore important role for identify-
ing and realizing the industrial energy savingseptal in the mid-90s. Network
members can obtain grants to analyse the potéotiahergy savings and bench-
mark their performance against other companiesraéimately 900 companies
are members and about 600 of mainly small and medige enterprises (SMES)
have since 1996 got information and financial supfuw lowering their energy
consumption by a variety of measures. The outooinadl these efforts has now
been evaluated ex-post and the cost-efficiencybeagstimated.
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An official report about the possible energy scersaior Norway to the year 2020
was submitted to the Parliament in 1998 (NOU 1988ahd led to a comprehen-
sive energy policy document approved by the Padm@n(St meld nr 29). This
overall decision has since then been the found#&biovarious activities in order to
reach a more sustainable and less vulnerable erttogyion for the country.

The overall target set by the Ministry of Petroleand Energy (MPE) is to reduce the
energy consumption and to convert to renewableggrsmurces with a combined re-
sult of 43 PJ/year, which shall be reached in g€40. This reduction and conversion
will be materialized by a host of actions in builgs, industry, energy companies and
by stimulating expansion of wind power etceterat @uhe 43 PJ/y overall target, it
is estimated that 18 PJ/y reduction could be aeltidrom better energy performance
in society and half of that reduction (9 PJ/y)xpected to come from the industry.
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Norway is one of the few countries which actuatiy éncrease the emission of
GHG during the first period under the Kyoto Protioeol %) but growing demand
for power makes it anyhow difficult to reach theget as very little electricity gen-
eration capacity will be added due to environmeptatection of the remaining
hydro resources. The use of natural gas will tloreesihcrease to some extent but
also the use of biomass, expansion of wind powstailation of more heat pumps
etc. will balance the increasing need for energhevit emitting more GHG.
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The support and benefits to companies in the im@lsietwork is still in force but
the focus concerning activities has now changet dialysis will cover the period
1996-2004 when a great number of the network mesrpatrtechnical and
economic support for improving the energy perforogatihrough increased
knowledge and awareness of the savings potential.
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Members of the industrial network could ask foafigial and technical support in
two steps:

First step

Focus on energy management activities;
- energy policy
- information to all employees
- education and training
- organization of tasks involved
- adequate monitoring system for energy and wateswoption



It was assumed that mapping of the main energysflamd identification of
areas for improvements often could give a redudtianergy consumption by
at least 5% without any major investments.

The direct cost for the work involved was refuntbgdnaximum 90% of the
typical cost around EUR 3750. An additional 50%mafx EUR 1250@ould
be granted to necessary hardware and softwaretableshing an efficient
energy monitoring system if the existing system e@ssidered inadequate.

Second step

Based on the initial energy analysis it was poedibltake one further step and
make a more idepthanalysis of possible and profitable investments for
energy conservation. It was then possible to digiaacial support covering

up to 50% of the consultancy and other costs. Tewd@mum amount for this
activity was limited to EUR 25000 for one company.

The industrial firms participating in the seconépstvas committed to:
- set up a plan covering possible energy savingssares
- analyse the personnel and financial resourcetablafor executing the
listed projects
- report the achieved results for the following tyears

A few big energy-intensive companies (>0.4 TJ/yWldoeceive grants
exceeding the limits indicated above. The lastgmigj of this kind were
approved in 2004.

In addition to this direct support, a web-basedchemarking system has been built
up allowing all members to extract information abitneir own energy
performance in relation to other plants within saene industry branch. Every year
industry network members feed data into the systesm easy way via the internet.
A precondition for getting economic support to gyesinalyses was to take an
active part in the benchmarking project.

There is now an on-going pilot project to extenid gystem and let certain
industrial branches in 11 European countriesrideetl together. There is an
increasing interest amongst industry in benchmaritie energy performance to
define the “best industry practices” and varioust@ifective ways of improving
performance.
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During the period 1996-2004 the target groups \a#riedustrial firms and
branches of industry interested in participatinghie established network. The
network members represent approx. 63% of the itedaistrial energy consumption
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in Norway. Concerning membership there are, howesignificant differences
between the different industrial branches. A selaadf these are shown in the
diagram:

100%
909 H———teg
80%
70% \'\
60% <
50% -
40% .
500¢ ~
%
10% .
0% .

It is obvious that the chemical and graphic indastrfor example, do not seem to
be attracted by the activities offered around thergy savings programmes. The
internal knowledge and financial resources mighsdaesfactory anyhow and no
support is considered necessary.

For the on-going energy savings programmes, tiseseshift in focus from audits
and educational activities towards direct investnseipport. There is, however,
still an oppurtunity for SMEs to receive grants basic analyses.
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Even if Norway has a favourable energy supply sitnacompared to most other
countries it was clearly stated in the official sepfrom 1998 and the following
Parliament decree that a steady increase in egerggumption must be prevented
in order to reach a more stable and environmengaliyainable situation. A long
list of proposed actions for society was presentadluding for example;

Installation of more advanced metering systemef@rgy flows to end
consumers

A public purchasing policy favouring energy efficigechnology
whenever possible

Gradual rise of energy price with higher tariffs



Voluntary agreements between industry and autksriWoluntary
agreements have not been widely used as an ingitumisorway
(Torvanger, 2001) but a few have recently beenémeited in some
specific areas;

Waste handling (recycling, reduction of waste vadim
Aluminum (reduction of GHG)
Electro sector (reduction of §F

Even if voluntary agreements have been on the agfemdeveral years it was
previously considered less suited on energy eff@ianeasures compared to
environmental effluent and waste handling. The naaguments were;

1. Involvment from authorities on energy matters repris an interference
with commercial strategies at industrial firms.

2. National goal for the use of electricity has fdoag time been to supplying
industry with large quantities to a very compeétprice.

3. Comprehensive reporting necessary to verify whatldegen achieved is
time-consuming.

4. In spite of these objections to voluntary agreeménwas stated in the
decree (St meld nr 29, 1998-99) that more effdrtaikl be directed to
energy savings built on a.o. industrial networks.
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Energy costs have historically not been considasea heavy burden in the
Norwegian industry or among households and hentbeen in strong focus for
efficiency measures. Electricity has in an inteioval perspective been produced,
distributed and sold to a very competitive pricd aaveral energy-intensive
industries have had long term contracts in theearigcUR 0.010-0.015/kWh as a
kind of regional support to keep important indestrcompetitive and to safeguard
jobs in remote areas. The incentives to investcammderve energy were therefore
weak in Norway until fairly recently when the elecity market was deregulated
and opened up for prices in line with the Swedisth ldorth European markets.
Also the CQ-tax on oil contributed to a higher cost level émergy. Still, the
energy cost usually does not amount to more tha¥h 2f the total cost for most
enterprises. The exceptions are mainly the steebrminum industries where the
energy cost level is around 10-20% of the totatscos

Lack of knowledge about energy efficient equipnaemd systems among small and
medium-size enterprises has been and still is @dfwr introducing new and more
energy-efficient technologies.



During a few years (1991-93) the Norwegian goveminegecuted a programme
which could give substantial direct investment Supfo energy savings measures
in industry. It was, however, considered too genge@nd with many free riders and
was therefore halted. This gave an indication oftssightedly behaviour which
added doubt at industries to participate in adgsiaccomplished by the authorities.

28 "3 # # 411#1 " " 6 # "
#&6 & # I @ % #

The Norwegian Water Resources and Energy Dire@@dNWE) is subordinated to
the Ministry of Petroleum and Energy (MPE) and fesnany decades been
responsible for the administration of Norway’s watied energy resources. The
task of handling different programmes to limit #reergy use was also
administrated by the NVE during 1996-2002. While MVE was responsible for
the national efforts, the utilities were resporsitar the local and regional efforts
(Fjeld and Eide, 2002).

The NVE subcontracted four operating agents to weth different segments of
the market and with assistance from consultantsgas/to give support and
service to the intended target groups. The usliti the local and regional work be
carried out by twenty Regional Energy Efficiencyn@es.

As the regular role of NVE was to promote an edfitienergy market and
contribute to the economic utilization of energwiés a somewhat odd
responsibility to try reducing energy consumptidthi the same organization.
Roles and responsibility were unclear, which madificult to achieve overall
goals.

In order to separate the tasks of promotion and@wmation of energy a new
organisation was creatddnova, which became operational on January 1, 2002.
Enova is also subordinated to the Ministry of Hetrm and Energy and is
responsible for the government efforts to achiexestructuring of energy
production and use. By gathering strategic polesponsibilities in a small,
flexible and market oriented organization (30 pepphe aim is to stimulate
energy efficiency by motivating cost-effective ist@ent decisions. Enova enjoys
considerable freedom with regard to the choicdrategy and policy measures and
initiates measures which promote energy savingsrestallation of devices for
renewable energy. Enova is working with informatioml educational activities as
well as with projects yielding specific results e@ntractual energy savings.
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Enova’s activities are now financed by the Enengiydmwhich receives the
revenues generated by a levy of NOK 0.01 per kWBWR 0.001 / kWh) on grid
tariffs. In 2005 this income will amount to aboldE 80 million.

In 2004 this income was split by Enova into a nundieenergy saving
programmes:

Area EUR million
Energy savings - buildings 10
Energy savings - industry 7.8

Wind power 50
Renewable energy for heating purposes 14
Other renewable energy projects 4
Information, education, administration etc. 14
TOTAL ca 100
"H$ % &8

The programme directed towards industry was thesdéss than 10% of the total
spending for Enova in 2004. The two main industizlvities were:

Activity EUR million
Grants to SMEs for identifying energy savings 1.3
Investment support to energy-intensive ind. 6.5
TOTAL 7.8
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The organization and funding model has changedderably from 1996 to 2004
(from Fjeld and Eide):
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During the period 1996-2004 following costs haverbeecorded for the
educational and advisory tasks (including admiat&in) to the industrial network
members:
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The original documents from 1995 outlining the depeent of this policy
instrument do not indicate any specific expectdéelctizeness and cost-efficiency.
In the regulations for the network (Bransjenettegykt is stated thathe aim is to
develop and realize the support from the authaifa@ efficient and
environmentally friendly use of energy in indusByansjenettverket shall be a
two-way communication channel for assuring a goatbdue between industry
and authorities in the field of energyRgnning and Modahl, 2005).

The main reason for starting the programme wasd@ase the knowledge of
energy savings which would enable the various itrdssto identify and realize
their own projects in the future. From 2003 Enaviaoduced formal contracts with
the network members with detailed information almyiected energy savings
result and the conditions linked to the grants
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Apart from an exchange of information concerningrgy matters via the
educational and benchmarking projects, many comegadrve established good
contacts with firms in the same working field tharé& seminars and other joint
activities administered by NVE/Enova.

Several informative reports have also been writiesh distributed about subjects
connected to energy savings like compressed aersgs usage of low temperature
effluent water, heat pump technology and similar.

Another likely and important side effect is that improved knowledge about
energy management has paved the way for more aelyaawings projects in the
future. One programme of a new kind started in 20@8is aimed at firms which
can present projects with a savings potential ofimmim 1.8 TJ/y. Enova can then
contribute with up to 20% of the approved investhoast. This programme will
probably take the lion’s share of the financialgrpfrom Enova during the
remaining period to 2010 for meeting the targetrfitbe Ministry for Petroleum
and Energy. A prerequisite for a successful laumghbf such project of a more
advanced character is good basic knowledge abeuggmatters among network
members. Without a platform built on many yearsdicational activities and
audits it is less likely that this new programmeldasuccessfully have been
implemented.
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The basic idea behind energy advice to industty iscrease the awareness and the
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knowledge about various possibilities to reduceg@neonsumption, to use

“waste” energy by up-grading techniques, to switolm fossil fuels to renewable
fuels and to carry out the identified projects whian reduce the environmental
impact and at the same time reduce the costsdardmpany.
The main tool used for achieving these goals dutiegperiod 1996-2004 was:

Grants for analysing the actual energy performaand for calculating and
preparing concrete energy-saving projects

A benchmarking system for evaluating the relatinergy position compared to
similar plants was also introduced but is not ass@én detail in this report.

Relationship with other|
instruments

Cause-Impact Relationship
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Number of grants to SMEs approved during the pet#06-2004 (“volume”)

Year Basic analyses Further evaluation and | Sum
(Step 1) EMS (Step 2)

1996 59 0 59
1997 71 15 86
1998 97 20 117
1999 90 13 103
2000 177 61 238
2001 192 39 231
2002 165 41 206
2003 110
2004 cal 100
SUM 1250

The number of energy investigations culminatedheperiod 2000-2002 and is
now declining among the SMEs but there are sonstetisi of firms in the period
2003-2004 which are reported as single investigatishich makes the number not
fully comparable for the two last years. In relatto the total number of members
in the industrial network (approx. 900) it mustdmmsidered as an indication of
success to have been able to engage that many.

The reasons for participating are commented beaho8v3.
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Estimated energy savings

During the 90s there was no clear quantitativeetasgt for the energy
audit/educational activities. Quantitative goalseéhanly been set for the last
couple of years. The accumulated energy savingsdgyfor the period 1996-2004
are primarily identified via the estimates madeHm®y consultants and the firms of
the combined effect of all actions. The uncertaistgherefore relatively high but



gives at least an indication of the order of magtetfor energy saved during this
period.
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The last projects of this kind were approved in28ing an estimated end result
of approximately 6 PJ/y energy saved through adyilEdS implementation
actions in the industrial network.
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During the autumn of 2005 an ex-post analysis vaased out by an independent
organization (Stiftelsen @stfoldforskning) on bélwilEnova. The scope of the
investigation was to evaluate the effect of thegmmme by sending a
questionnaire to all companies having participatetie activities. A total of 245
companies responded to this questionnaire whiatesepts 32% of all companies
concerned.

The main conclusions being drawn:

About half of the respondent companies got therinf&tion about the
programme via consultants/advisors. The consulasted successfully as
“salesmen”.

The main reason for participating was to be abletluce the energy costs
(85%)

The consultants” role as leader/driver of the pgseeas evident (80-90%
agreed to that)

The competence among the consultants was regasdgabd/very good by
80-90% of the respondent companies.

A great majority indicated increased knowledge alemergy matters and
ability to handle such projects themselves in thark.



Most indicated that the effect of the efforts valst for 10 years or more.
The reduction in energy consumption was reportdgket6% among the
companies responding to the questionnaire.

The existence of free riders was estimated fronatissvers given and
could be anything between 10 — 50% depending omthsretation of the
answers.

Based on this analysis the overall concluding ré&maassuccessful

programme
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The measures applied for mainly SMEs in the pet@@b-2004 did not have a
clear and quantified policy target concerning epes@yings or C@reduction. The
estimated result of 6 PJ/y (Indicator 2) can hiérseelation to about 300 PJ/y
which was the average annual total energy usén&om-shore industrial activities
in Norway during this period. The obtained ressitthierfore around 2% in energy
savings. Below3.4) is a calculation showing the cost efficiency.

Besides the direct and immediate effect, all essedybeing done at companies as
well as other information and educational meassinesildalso in the future give
better ground for carrying out major improvementsew projects.

There is no clear distinction in the 6 PJ/y rembtietween net energy savings and
conversion from fossil fuel to renewable energy, rbost originates from energy
savings. The total government expenditure amowrabout EUR 13.5 million for
the grants approved including the cost for admiaigtn (see Figure 4). By taking
the default values from the given guidelines of ii®%rest rate and depreciation
period 10 years the annuity (yearly annual cost tweestimated economic
lifetime) is 0.12. This means an annual financtdtof EUR 1.62 millionThe

ratio between the cost for the governnment an@tieegy reduction is then close to
0.03 €cent/MJ. This cost to energy reduction regiems very favourable. It is
important, however, to bear in mind the uncertaintgollecting estimated energy
savings data from all firms.

As most of the costs have been covered by the gmeart grants it is estimated by
Enova that not more than about EUR 3 million iniaddal costshave been cov-
ered by end-users, i.e. mainly small and mediumnisidustrial enterprises. Most
are staff-costs and overhead costs but also institsvand software for monitoring
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the energy performance. If the default values oyddrs depreciation time and
15% interest rate are applied, the annuity fact@.20. The ratio between costs and
savings is then 0.6/6 MEUR/Rhich is 0.01 €cent/MJ. This ratio is for an end-

user very attractive put in comparison with therage cost for one kWh which is
in the order of 1 €cent/MJ .
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The accumulated energy savings for network menfpbans implementation of
EMS, audits and analyses of energy use and possitiletion potential indicates a
reduction of 6 PJ/yThis was achieved during a period of 8-9 yearsraptesents
about 2% of the total annual energy consumptiotferNorwegian industry.

It must be noted, however, that the total indulsénieergy consumption in Norway
has been rising by 2-3 % annually in spite of thergy reduction achieved by this
program.

According to the cost-efficiency calculations abdlve ratio between cost and en-
ergy savings (0.01 — 0.03 €cent/MJ) must be consibieery favourable.
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There are relatively few big industries in Norwawimg energy expertise in-house.
Only companies in the petrochemical, steel, magnesind pulp & paper branches
usually have good knowledge about energy savirgmitques. Most SMEs lack
this knowledge and the huge number of activitieseal at raising the competence
have contributed considerably to the end resultthadguccess. By using a great
number of certified consultants (>80) it has beessfble to come into contact and
establish good relationship with all these smath§.

One success factor is the fairly small direct espeiior the individual enterprise
thanks to the high per centage of the costs covgydlde government grants.
However, this also constitutes a risk that centageivers of grants do not commit
themselves fully to an action programme aroundgngavings but in this
Norwegian case only 8% of the participants didfolfit what had been agreed.
This is an indication of high motivation and goodmagement.

Another important decision was to transfer the oespility for the whole energy
savings programme to a new organisation (Enovdj griéat freedom to adopt the
various activities for achieving the goal set f6d@. The importance of this shift
from NVE to Enova cannot yet be evaluated but ftbenanswers given in the ex-
post analysis it seems that the shift has beenreadived by the various actors in
this programme.

There are some other remarks and conclusions fierax-post analysis which
probably have contributed to the good overall respoMore than 80% of the



respondents indicated that the dialog with NVE/Enesas positive with a
minimum of bureaucracy involved. It was also putvard in the analysis that
without direct contact with consultants and thentgapproving authorities
relatively few had got information about this pragime.

Continuos exchange of information via consultants éa the web based
benchmarking system kept the focus on energy sandgstimulated to new
initiatives in order to keep pace with other indiest
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The Norwegian government launched a similar ensagyng programme in 1991
which was not successful and therefore terminatd®93. The mistakes made
from that programme lead to this relaunch with aified package in 1996. It has
not been possible to get more detailed informadioout the conclusions drawn
from the other short-lived programme between 1991-9

In most respects the assessment of the subsidies does not indicate any serious
problems encountered by the various actors. Moirgsint reporting of achieved
results is, however, something which can be imptove
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The data available from Norway consists mainly frestimates being done ex-post
and rely on figures given from a great number whé and consultants without a
strict and stringent form of reporting. This is guatially a great source of error and
uncertainty in all figures presented. As the enggyand in Norway has increased
year by year during the studied period it is impiple impossible to check and
verify the cumulated energy saving result in argdie way.

It was a deliberate decision to minimize the burdereporting but this has made
an overall assessment of the efficiency much miffieudt.

The end result (2% reduction in energy consumpimhpwever reasonable as a
great number of advisors (energy consultants) shioeilable to detect easy
problems (leakages, wrong procedures etc.) whichwell could amount to 2%.
The lasting effect will depend on those who hagerbtrained in energy matters
but the ever increasing energy costs will also helgeep focus on consumption.

The balance between accurate monitoring and thdaothis (personnel and
instruments) is a crucial matter for all programrogthis kind. Simple reporting
via the Internet could be the best with quick feagk of statistics from similar
industries. A system of this kind is now in uséNiorway.
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There are several ingredients in the success diidneegian industrial network for
energy savings. Some of the most important are:

Do it simple — as little bureaucracy as possible

Marketing of the program is essential and mustdyedoth directly (here
via consultants) and via media to the target group

Engage consultants/advisors who are competentamntsell” and “lead”
Let the consultants meet yearly to exchange vidwsitaprogress and
problems

Let most of the initial costs be covered by grdrdm the government but
90% might be too much

Create an industrial network which can stimulate iaform all
participants

Benchmarking is a valuable complementary tool fstpng the process
forwards and establish “best practice”

More precise reporting about achieved resultsdsmemended

Several of the actors involved have expressed latoibave “audits” at
regular intervals (every 5 years) to keep and up-ttee knowledge about
energy savings.
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