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Introduction

Countries around the world face critical energy choices
today that may have significant implications for many
years to come.

Economic growth and future prosperity are challenged
by rapidly increasing energy needs worldwide. The
bulk of today’s global energy production is based on
unsustainable fossil fuels such as coal, oil and gas. This
poses a serious climate threat as well as a threat to
the livelihood of future generations and people living in
adversely affected regions and countries.

The sustainable alternative to fossil fuels is energy effi-
ciency and renewable energy. Strong national strategies
to use energy much more efficiently than we do today
should be the point of departure. To phase out fossil
fuels and increase the production of renewable energy
in parallel is another key aspect. Concrete actions by
countries as well as international efforts to find solu-
tions to mitigate global warming are needed.

Denmark has years of experience in sustainable energy
transition. The Danish experiences in promoting energy
efficiency and renewable energy could be relevant to
countries that wish to make their energy systems more
sustainable and less dependent on fossil fuels. Firmly
rooted in measures adopted by a broad parliamentary
majority Denmark has agreed to a 2020 target entailing:

» 35% renewable energy in final energy
consumption.

» 50% of all electricity consumption supplied by
wind power.

» 7.5% reduction in gross energy consumption
compared to 2010.

» 40% reduction in greenhouse gas emissions
(GHG) compared to 1990'.

This is in line with the Danish Government’s long term
target of using 100% renewable energy in all sectors by
2050.

Making bad choices with regard to energy mix, timing
and scope of investments may lock in expensive energy
infrastructure and pollution for decades. Therefore,
decisions on energy efficiency aspects should be based
on the best available guidance and experiences.

This energy policy toolkit shares Danish knowledge
and experiences about handling barriers and improving
energy efficiency in the industry. The industrial sec-
tor has huge unharnessed energy efficiency potentials
and constitutes an opportunity for governments to
improve the economy and competitiveness of indus-
try. Furthermore, there are opportunities to mitigate
climate change and air pollution through reduction in
greenhouse gas emissions, as well as making signifi-
cant investments in supply side power infrastructure
unnecessary.

In order also to see the Danish policy on energy effi-
ciency in industries in an international perspective, an
article entitled “How policy can drive industrial energy
efficiency across the globe” is included in the toolkit,
as Annex A. The text is written — on request — by Julia
Reinaud, the Institute for Industrial Productivity. It is
here pointed out that this toolkit comes at a time when
having effective energy efficiency policies in place for the
industry sector could not be more important, and that
energy efficiency policies do more than just help miti-
gate climate change. Improving energy efficiency brings
with it a host of benefits to human health and the envi-
ronment, generates jobs and drives economic growth.
Furthermore, enterprises stand to gain too by saving
up to 10-30% of their annual energy use, and increasing
their productivity, through better energy management.
Thus the massage is that energy efficiency offers a win-
win situation for all.

[. All numbers — except the 40% - represent the current assessment of the effects of the Danish Energy Agreement of March 201 2. In the 201 2-agreement the
reduction in GHG compared to 990 was 35 %. However, it is the Danish Government's actual policy — supported by a majority in the Parliament - to reduce the

GHG emissions by 40% in 2020.



Industry matters as a primary source for
energy efficiency gains:

» Industry accounts for about one quarter of
total global energy consumption.

» Energy management and existing technol-
ogy provide a huge savings potential with
short payback-periods.

» Many energy efficiency measures in indus-
try are cost-effective. Not only do such
measures save energy costs and improve
competitiveness, they may also make
costly investments in generation capacity
unnecessary.

» Energy efficiency is not a strategic focus
area in most industrial sectors. Therefore,
governmental actions are necessary to initi-
ate energy saving investments.
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This toolkit is drafted by the Low Carbon Transition
Unit (LCTU) under the Danish Ministry of Climate,
Energy and Building. The LCTU is part of the Danish
Energy Agency. The LCTU publishes a series of energy
policy toolkits providing specific, technical and concrete
information on Danish experiences and lessons learned
on tools and measures in promoting renewable energy
and energy efficiency. They target practitioners, gov-
ernmental energy experts and policy makers in emerg-
ing economies. The aim is to give qualified guidance
to countries in their implementation of Greenhouse
Gas (GHG) reduction measures and Low Emission
Development Strategies (LEDS).

Comments to this policy toolkit, questions on Danish
energy efficiency policy as well as queries on the Low
Carbon Transition Unit are most welcome. Please con-
tact Ulla Vestergaard Rasmussen, Advisor, uvr@ens.
dk, phone +45 3392 7571 or Steffen Nielsen, Special
Adpvisor, srn@ens.dk, phone +45 3392 6696. For more
information on the Low Carbon Transition Unit and its
policy toolkits, please visit www.ens.dk/LCTU. More
information about the Danish policy targeting energy
efficiency in industries — and Danish Energy Policy in
general — is available on the Danish Energy Agency’s
website: www.ens.dk.
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Energy Efficiency policies

for the Industrial Sector

Denmark has a long tradition of active energy policy,
initiated by the first oil crisis in 1973. Over the years,
numerous actions have been taken by broad consensus
in the Danish Parliament to reduce the energy con-
sumption by increasing energy efficiency and to increase
the share of renewable energy.

A systematic Danish energy efficiency policy address-
ing the industrial sector took its beginning in the
early 1990s. The energy consumption in industry had
increased steadily until then. In 1990 the government
launched an overall energy plan “Energy 2000” on how
to reach its ambitious climate and energy policy goals.
Analyses showed that cost effective CO, reductions
were available in the industrial sector, but also that gov-
ernmental action was necessary to overcome a number
of barriers.

One important barrier was lack of both strategic prior-
ity of energy efficiency at company level and willingness
to invest in energy efficiency measures in the board-
rooms. In general, there was a need for improved know-
ledge and experience regarding energy saving potentials
and on how to improve energy efficiency. In order to
overcome these barriers it was decided to take action
through four different programmes; tax on energy,
energy saving through legislation, subsidy schemes, and
development of a number of supportive measures.

Factsheet

The first - and still by far the biggest - inter-
national system for trading greenhouse gas
emission allowances, the EU ETS covers
more than | 1,000 power stations and indus-
trial plants in 31 countries, including around
380 in Denmark. Also aviation to and from
the EU is covered by the ETS. The ETS cov-
ers around 45% of the 28 EU countries’
greenhouse gas emissions. In Denmark the
EU ETS is managed by the Danish Energy
Agency. The EU Emissions Trade System
follows the ‘cap and trade’ principle. The

2. The Danish voluntary agreement scheme is described in more detail on page 9.

In 1993, a CO, tax on certain energy products, such
as coal, oil and natural gas, was introduced in the
Danish tax system. In order to ensure that the indus-
try’s competitiveness was not burdened by the new
tax, energy-intensive companies had their CO, taxes,
almost entirely, refunded, if they in return performed
energy audits. In 1996, a the voluntary agreement
scheme on energy efficiency was introduced as part of a
comprehensive “green tax package”, as more action was
needed in order to reach the national CO, goal of 20
% reduction in 2005 compared to 1988. The green tax
package comprised three elements:

» An increased tax on CO, emissions from fossil
fuels used for industrial processes/ “green taxes”

» Options to get tax reimbursements on the CO,
tax provided that the company made an agree-
ment with the authorities on energy saving pro-
jects/ "Voluntary Agreements”

» Subsidies for energy saving projects.

The voluntary agreement scheme? has had a central
role among the Danish Government’s policy measures
addressing energy efficiency in industry. The scheme
has proven highly successful in achieving energy sav-
ings and efficiency without hampering the international
competitiveness of Danish industry. The scheme has

“cap” sets a limit on the total amount of certain
greenhouse gas emissions that can be emitted by the
factories, power plants and other installations in the
whole EU ETS. Within the cap, companies receive
and buy emission allowances which they can trade
with one another as needed. The cap is reduced
over time so that total emissions should fall. In 2020,
emissions from sectors covered by the EU ETS are
set to be 21% lower than in 2005. By 2030, the EU
Commission proposes, they would be 43% lower.
The objective of the ETS is to limit emissions of the
greenhouse gas emissions as cost effectively as pos-
sible and with the greatest flexibility for the partici-
pating companies. The EU ETS will not be described
in detail in this toolkit. For further information see
http://ec.europa.eu/clima/policies/ets/index_en.htm



been strengthened several times based on a number of
evaluations but also to align the Danish scheme to the
European Union’s Emissions Trading Scheme (EU ETYS).

The EU ETS was launched in 2005, and Denmark took
part in the scheme from the beginning. The ETS is a
cornerstone of the European Union’s policy to combat
climate change and it is a key tool for creating cost-
effective industrial greenhouse gas emissions reductions.

Another important energy policy measure in Denmark
addressing all end consumer sectors, and thus also the
industrial sector, is the energy efficiency obligations
scheme. The scheme consists of an energy efficiency
obligation with an annual binding energy saving target
for all Danish energy distribution companies (electric-
ity, heating, gas and oil). The scheme was introduced
in 2006. The involved companies have a high degree
of freedom of choice on how they chose to fulfil their
obligations. The overall saving target has been increased
gradually since 2006. The program is further described
on page 20.

In summer 2013, a new investment subsidy scheme
focusing on renewable energy and energy efficiency in
industrial processes was introduced. Under the scheme
grants are given to companies that convert their energy
supply for manufacturing purposes from fossil fuel to
renewable energy or district heating and energy savings
along with the conversion.3

The Danish Industrial Sector

The final energy consumption in the Danish industry
sector amounts to 130 PJ (2012), which represents
approximately one fifth of the total final energy con-
sumption in Denmark. The Danish industry sector is
characterised by a large number of small and medium
sized companies (SMEs), and a rather limited number
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of large, energy-intensive companies, e.g. in the cement,
refinery and steel sector. The voluntary agreement
scheme target heavy processes in large as well as SMEs,
including also greenhouse heating, the production of
foodstuffs and beverages, sugar, paper, bricks and glass.

Since around 1990, energy efficiency within the indus-
trial sector has improved significantly in Denmark.
The early 1990’ies was the beginning of the systematic
Danish policy on realizing energy savings and improving
energy efficiency in industry. Within the industry sec-
tor the energy intensity decreased by 24.5% from 1990
to 2012. Up to 1993, the energy intensity increased,
while after 1993 there has been a continuing decrease.
The same trend was found in the manufacturing sec-
tor, where the energy intensity increased by 9% from
1990 to 1993, while it decreased by 32.8% from 1993
to 2012. This development can be seen as an indica-
tion of the effectiveness of the energy efficiency poli-
cies applied in the industrial sector. However, another
reason for the decrease in energy intensity has been
the significant structural changes with fewer high energy
intensity industries during the same period. Regardless
of the significance of the structural changes, there is no
doubt about the impact and strong results of the Danish
energy efficiency policy targeting the industrial sector.*

Although the industry has focused on energy efficiency
over a long period, there are still ways to save energy.
An analysis, conducted in 2010, showed that there are
a growing number of savings opportunities compared
to previous analyses in the 1990’ties. There are several
reasons for that. The well-known potential savings are
still not realized, and continuously new technical and
behavioural opportunities are developed. Changes in
relations of production and energy prices also affect
the saving potential. The total energy saving potential
in Danish industrial sector in 2010 is shown in table |
below.

Energy saving potential in Danish industrial sector by energy source and payback-period

Share of

Energy source energy demand

Electricity 33%

Fuels 67%

2 years payback

4 years payback 10 years payback
19% 41%

12% 26%

Table |. For fuel consumption, energy savings in processes like evaporators, drying processes and process heating/heat recovery represent

the largest part of the saving potential, while utility systems (refrigeration plants, compressed air systems etc.) represent the largest part

of the electricity saving potential.

3. The investment subsidy scheme is further described on page 23.

4. Data from the DEA's Energy Statistics 201 2: www.ens/en/info/publications/energy-statistics-20 [ 2
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Key points and recommendations from the Danish case:

» Energy efficiency is not a strategic focus » Increased energy efficiency increases
area in most industries. Therefore gov- competitiveness of the industrial sec-
ernmental actions are necessary to initi- tor and often also leads to increased
ate energy saving investments productivity.

» A combination of measures “Carrot and
Stick” should be applied to stimulate
a development towards an increased
energy efficiency in the industrial sector
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Voluntary Agreement Scheme

on Energy Efficiency

The Danish voluntary agreement scheme on energy
efficiency for energy intensive industries was launched
in 1996 and has been a cornerstone among measures
to stimulate energy efficiency in this target group. The
scheme was launched by the Danish government as
a means of achieving the long-term goal of reducing
CO,-emissions in the Danish society by 20% in 2005
compared to 1988. The scheme is administered by the
Danish Energy Agency.

Up to 2010 there were about 230 companies with vol-
untary agreements covering about two thirds of the
total fuel consumption and between a third and a fourth
of the electricity consumption in the Danish industry
and manufacturing sectors, corresponding to about
8-9% of the national gross energy consumption.

“Carrot and stick’

The agreement scheme for energy intensive industries
is voluntary, but based on a principle where companies
entering the scheme will have economic incentives
(“carrot”) from extra work necessary (“stick””). Under
the Danish legislation, the immediate economic benefit
has been chosen to be an energy tax relief. For most
energy-intensive companies the business case is simple:
The tax relief exceeds the costs associated with being
in the scheme.

The Danish voluntary agreement scheme is designed for
companies with one of the following characteristics:

» The company operates certain energy intensive
unit operations or

» The company’s energy taxes exceed 4% of the
company’s value added.

A total of 37 processes are defined by Danish law. The
list of energy-intensive unit operations (“heavy pro-
cesses”’) comprises for instance:

» Evaporator plants — for instance concentration
of milk products.

» Drying processes — for instance drying of paper/
pulp, proteins and chemical products.

» Distillation columns — for instance for concen-
tration of alcohol and hexane.

» Kilns — for instance for production of cement,
chalk and clay products.

» Furnaces — for instance for melting of glass, met-
als and minerals.

» Refinery products — for instance production of
oil and gasoline products.

Requirements to an agreement
company

A voluntary energy efficiency agreement is a 3-year
contract entered between the company and the Danish
Energy Agency. It is also possible for a number of com-
panies in the same subsector to enter into a joint agree-
ment with the Danish Energy Agency. A joint agree-
ment consists of individual agreements and a number of
common special investigations relevant to the subsec-
tor. An example of a subsector with a joint agreement
with DEA is the Danish brick industry. A brief review of
the sector is included as Annex D.

The main requirements from the Danish Energy Agency
to an agreement company — or group of companies - are:

» The company must implement and maintain a
certified energy management system according
to the global standard ISO50001.

» The company must carry out special investiga-
tions and projects focusing on their primary pro-
duction processes, including thorough produc-
tivity analysis, optimization analyses and analyses
of the control of the central process equipment.

» The company must implement all energy effi-
ciency projects with a simple payback time of
four years or less.

The energy management system and additional require-
ments by the Danish Energy Agency must be certi-
fied annually by an accredited body® verifying that the
company:

» presents an updated annual breakdown of energy
consumption by end-use.

» sets targets and budgets for energy consumption
the forthcoming year.

5. In Denmark, Bureau Veritas (BVQI), Det Norske Veritas (DNV) and Danish Standards are accredited to certify energy management systems according to the

global standard 1ISO50001.
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» screens the company to identify possible energy
saving projects.

» prepares action plan for investment projects the
forthcoming year.

» implements all energy saving measures and pro-
jects with a simple payback time of less than 4
years.

» carries out special investigations for complicated
energy saving areas.

» evaluates energy key performance indicators/
KPIs regularly.

» applies energy-efficient design methods when
planning investments.

» carries out internal audits of procedures and
reporting.

» arranges management evaluation of the scheme.

» follows the procedures for energy efficient
design and purchasing.

Factsheet

In the period 1996 — 2013 more than 200
companies have joined the agreement
scheme for shorter or longer periods.
Several evaluations have been carried out to
assess costs and benefits of the scheme and
to adjust the approach and obligations of the
scheme.

In 2005 an evaluation showed that the com-
panies participating in the agreement scheme
in average saved 4.8% of their energy con-
sumption in the period 2000-2003. In 2013
an evaluation showed that the agreement
companies in the period 2006-2011 saved
5.4% of their energy consumption in average.

The continued progress of these activities is secured
by the certified energy management system. However,
the experience has been that specific requirements
such as the above-mentioned have to be set by the
Danish Energy Agency to make the requirements in
the 1SO50001I-standard more precise and easier to
evaluate.

Overall, the costs for being in the scheme have to be
taken into account. To fulfil the obligations, internal
time must be allocated to manage the scheme, certifica-
tion costs must be expected, and furthermore, fees for
external specialists must be expected. For most energy
intensive companies these costs, however, are much
smaller than the economic benefit (tax relief).

For smaller companies, a certified energy management
system will as general rule be too expensive to maintain.
Therefore, the Danish Energy Agency - together with
Danish Standards (accredited to certify energy manage-
ment systems) - has introduced an “energy management
light”-methodology for this target group (Annex C).

In both evaluations it was concluded that the agree-
ment scheme was the reason for more than half of
the achieved energy savings. Furthermore, that the
voluntary agreement scheme had highest influence in
medium-large-sized companies, where energy-inten-
sive companies — for instance within the cement sec-
tor - already had a strong focus on energy efficiency
for simple business reasons.

In 2008, a comprehensive evaluation of all energy
efficiency programs in Denmark was carried out.
Among other parameters, additionality and cost effi-
ciency of the programs were compared. The evalu-
ation showed that the voluntary agreement scheme
for energy intensive industries was cost-effective,
and also that it was more cost-effective than the
programs addressing the other sectors.

6. In the Danish scheme, requirements to the breakdown of energy consumption, to carry out special investigations and to identify saving projects and implement
those with payback less than 4 years, are more detailed than what is described in the 1SO5000 | -standard.
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Key points and recommendations from the Danish voluntary agreement scheme:

» The voluntary agreement scheme for
the industrial sector is suitable for large
and medium-sized industries consuming
most of the energy used in the industrial
sector — but in general smaller industries
do not have resources for a certified sys-
tematic approach on energy efficiency.

» The scheme should combine “carrot and
stick” — the industries would look for an
immediate economic benefit if they are
to enter an agreement that demands
extra work efforts and investments to
reduce energy consumption.

» Improved energy efficiency in the indus-
trial sector necessitates a continued and
long-term, systematic working effort —
not just “quick fixes”.

» The agreement voluntary scheme should
describe in detail and “bottom-up” which
actions industries must take to improve
energy efficiency rather than setting
overall requirements and improvement
targets for each individual industry.

> In Denmark the voluntary agreement
scheme for industry based on the princi-
ples above have shown to be among the
most cost-efficient governmental initia-
tives to promote energy efficiency across
all sectors.

Energy Management

In Denmark, a compulsory energy audit scheme in
the early 1990’s paved the way for the development
of the voluntary agreement scheme for energy inten-
sive industries. The experiences from the compulsory
scheme’ showed that a traditional energy audit tended
to address “quick fixes” mainly in easily accessible tech-
nical areas such as lighting systems, boiler tune-ups and
improvement of insulation of steam piping systems and
the likes.

An evaluation of these experiences made it clear that a
more effective energy efficiency scheme for large indus-
tries should build on the following principles:

» A continued and systematic effort is necessary
to improve performance year after year.

» An involvement of key persons inside the com-
panies is necessary to address difficult technical
areas.

» A clear management buy-in is important to
secure a continued commitment at all levels.

» Budgets and targets should be set every year,
and achieved results should be evaluated com-
pared to these.

Based on these findings, the Danish Energy Agency ini-
tiated the development of a first standard for energy
management. In 1999 the first standard, DS2403, was
launched as a key element in the Danish energy agree-
ment scheme for large energy intensive industries.

The Danish energy management standard DS2403 was
based on the principles of the EU Eco-Management and
Audit Scheme (EMAS), a management system devel-
oped by the European Commission for companies and
other organizations to evaluate, report, and improve
their environmental performance.

7. During 1992-1995, by law all energy intensive industries in Denmark should carry out general energy audits.
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Energy Management Standard ISO50001

DS2403 has been an inspiration for the Irish Standard
IS393 launched in 2006, which later formed the basis
for the development of the European energy manage-
ment standard EN16001. Today this standard has been
replaced by the global energy management standard
ISO50001.The management system is based on a cyclic
“plan-do-check-act” approach, basically used in all man-
agement systems aiming at continued improvements
(see Figure | below).

L 4

Figure |. Cyclic approach of an energy management system

aiming at continued improvements.
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The annual cyclic efforts to reduce energy consumption
comprise the following activities:

Plan

The company nominates an energy manager and builds
an organization that supports activities. An energy
review is carried out and targets for improvements are
set.

Do

The company establishes procedures and documenta-
tion. These support the energy management system
and train people to increase awareness towards energy
efficiency in all relevant operations.

Check

The company monitors energy consumption and evalu-
ates performance compared to targets. Deviations
from planned development are analysed and corrective
actions are implemented if necessary.

Act

The company management reviews results and per-
formances of the energy management system. This
ensures progress and continual improvement in the
energy performance. Adjustments of the system might
be implemented.

In Annex C, the fundamentals of ISO50001 are sum-
marized along with simple energy management princi-
ples addressing also small and medium sized enterprises
(SMEs).
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Case story
Danish Malting Group A/S

The Danish Malting Group A/S has one of the largest
and most modern malt houses in Europe. The malt
house produces 115,000-120,000 tons of pilsner malt
each year. It was built in 1996 and employs 24 staff.

The malt house is owned by Carlsberg Breweries
AlS.

Danish Malting Group A/S joined the voluntary
agreement scheme already from the beginning in
1996. Year by year, they have continued to improve
all significant areas of energy consumption in the
facility. The energy management standards DS2403,
ENI600I and now ISO50001 have been the tool
to keep the continued improvement of energy effi-
ciency on track. This has led to a significant reduction
of operating costs.

Electricity Consumption
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Figure 2 below shows the development of electric-
ity and natural gas consumption in kWh per ton of
product in the period 1997-2011.

According to figure 2, the electricity consumption
has been reduced by more than 40%. The consump-
tion of natural gas has been reduced by more than
25% in the period 1997-201 I.

The improvements in Danish Malting Group A/S
demonstrate that a continual effort gains improve-
ments year after year as new insights and experi-
ences are gained via a systematic effort.
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Figure 2. Development in specific energy consumption at Danish Malting Group 1997-201 |.
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Technical Approach

The lessons learned from 20 years of energy efficiency
programs in Danish industry are — among others — that
the energy consumption pattern in energy intensive
industries is far more complicated than in for exam-
ple a building. Therefore much wider approaches must
be applied in order to implement significant and cost-
efficient energy savings. Areas as production processes,
utility systems, maintenance and operator behaviour
should all be in focus.

Such a broad approach can be described in the “Onion”
diagram. The “Onion” diagram was originally introduced
for energy efficiency purposes as a part of process inte-
gration studies®, but has been refined and expanded
under the Danish voluntary agreement scheme, see
Figure 3 below.

The “Onion” diagram

Good housekeeping

Operation and
maintenance

Energy
service

\/

Figure 3.

The onion diagram aims to define a systematic
“inside-out” approach to energy efficiency starting by
questioning the core reasons (“‘the energy service”)
why a process or an area uses energy. Basic process
parameters, design standards and product specifica-
tions can define most of the energy consumption
in a facility and therefore also influence most of the
energy-saving potential.

Upon such analysis, focus of energy-saving analysis
can progress to address efficiency of the production

process and equipment in the facility. Improvements
of processes and equipment should be carried out
only when it is clearly understood how the “energy
service” influences energy consumption in the facility.

Finally, opportunities to optimize control and opera-
tion of equipment and processes can be identified.
Often maintenance procedures will be an important
area to address. In addition, operator behaviour
(“Good housekeeping”) can have significant influence
on how efficient a facility is operated.

The “Onion” diagram is often simplified to at saying
that “energy is used — and can be saved — twice”: first
time inside the production processes and second
time by the utility systems supplying energy (steam,
hot water, cooling, compressed air, electricity etc.) to
the production processes.

The “Onion” diagram has been a cornerstone in
Danish voluntary agreement scheme, but it has
also been adopted by other national programs. An
example is Sustainable Energy Authority of Ireland’s
program for large energy users, the Large Industry
Energy Network (LIEN). The diagram has also been
used as a key-methodology in programs for energy
efficient design of new green field industries and
buildings.

In Annex B, an example of an “onion” diagram analy-
sis of an industrial process is described.

8. "Pinch Analysis and Process Integration, A Users Guide to Process Integration”, 1.C. Kemp, 1982
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Key points and recommendations from the Danish case:

» A continued and systematic energy effi-
ciency focus necessitates management
buy-in to maintain focus, to involve the
right people/competences, to evaluate
progress and to allocate resources and
budgets year after year.

» A certified energy management scheme
according to ISO50001 (or similar) aim-
ing at continued improvements is a cor-
nerstone to tie systematic energy effi-
ciency work together.

» To keep an energy management system
on track, frequent (annual) and detailed
evaluations of progress in each individual
company must be carried out internally
and by authorities.

» To achieve significant energy savings in
large industries, both production pro-
cesses and utility systems must be in
focus.

» To address optimization of the most
important areas, not just technical staff
should be involved. Also product special-
ists and quality people (among others)
can play an important role in re-defining
important process parameters.

» Energy efficiency analysis of production
processes and utility systems can be
complex and time-consuming to carry
out. Such analysis could be defined as
“special investigations” and planned care-
fully to be successful.

Case story
Chr. Hansen A/S

Chr. Hansen A/S is one of the world’s largest suppliers
of ingredients for the food industry, including in the
form of lactic acid bacterial cultures, enzymes, anti-
oxidants, flavouring and colouring agents. Worldwide
the company has approximately 2,000 employees.

Bacteria cultures at Chr. Hansen A/S are stored at tempera-
tures as low as -55°C.

Chr. Hansen was among the first companies to
fully apply the technical approaches developed in
the Danish Voluntary Agreement Scheme (i.e. the
“Onion” diagram). This happened during the plan-
ning and design of a new greenfield fermentation
facility in the Copenhagen area during 1995-1996.
Supported as a pilot project by the Danish Energy
Agency, an external energy efficiency expert was
hired to carry out a detailed review of all basic plan-
ning and design parameters for the project. As a part
of this analysis, energy consumption in all processes
and utility systems in the planned facility were ana-
lysed and significant changes were made in order to
reduce energy consumption.

For instance, the expert identified significant oppor-
tunities to reduce the requirements for ventilation
(HVAC) and cooling inside the production areas via a
change of production parameters.

The total implemented energy saving from these
improvements amounted to more than 30% of the
expected energy consumption at the facility. The
extra investment to implement the improvements
was paid back in less than 2 years.
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Factsheet

In the Danish Voluntary Agreement Scheme,
it has been experienced that it is difficult for
the companies to carry out complex energy
saving analyses. This is because the company
culture mostly is focused on production
management.

Therefore the Danish Energy Agency has
set strict requirements that more complex
energy saving analyses must be defined as
“special investigations” and that these should
be carefully planned including:

Administration and Management of
the Voluntary Agreement Scheme

To a large extent the success of the Danish voluntary
agreement scheme builds on the fact that the Danish
Energy Agency has established a small, specialized and
dedicated team to administrate and develop the scheme
over the years.

Firstly, while annual control of the agreement compa-
nies have been outsourced to external, accredited com-
panies within energy management systems (ISO50001),
the Danish Energy Agency has had its own resources to
negotiate and - if necessary adjust agreements - as well
as to review progress reports from the companies etc.

This close contact to the companies has been crucial in
order to continuously understand progress and barriers
towards success of the scheme, and hereby to develop/
change requirements and recommended focus areas as
new lessons have been gained. Also, new legislation or
changes in energy prices/taxation have often influenced
the choices of technical focus areas to address by the
companies.

Secondly, the Danish Energy Agency has continuously
sought close dialogue with industry in order to under-
stand priorities and new agendas for integrating energy
efficiency activities with company life. For certain peri-
ods, an industrial advisory board, with experts from the
relevant industries, has been formed to guide the Danish
Energy Agency in developing the agreement scheme into
new areas and ways of working. Furthermore, the board

» Clear ownership in the organization.

» Well-described activities.

» Allocated resources.

» Budget for consultants and investments.
» Timeline for investigations.

More than 1,000 special investigations have been car-
ried out in Danish voluntary agreement companies.
Experience has shown that more than 30% of these
investigations have led to significant implemented
energy savings.

has been used to define necessary supportive measures
to stimulate a positive development of the scheme.

Finally, frequent evaluations of the agreement scheme
have been carried out by independent parties. This has
been done in order to assess achieved energy savings,
cost efficiency and new barriers towards continued suc-
cess of the scheme.

From close cooperation with industries and industrial
experts, the lesson learnt has been that supportive
measures targeting the industrial sector should take
into consideration that industries usually do not have
the time to read and apply comprehensive guidelines,
information materials and case stories. The lessons are:

» Industry wants to see immediate economic
advantages

» Industry wants to see easily accessible solutions
» Industry wants to see new technology

Financially supported pilot and demonstration projects
hosted by voluntary agreement companies have also
been a successful way to demonstrate new approaches
to energy efficiency to decision makers, investors and
others.



Factsheet

A range of supportive measures have been
applied by the Danish Energy Agency to
develop and secure the success of the Danish
Voluntary Agreement Scheme for energy
intensive industries. For example:

» A consultant scheme has been devel-
oped in order to support industries
with specialist competences within
energy efficiency of industrial pro-
cesses and utility systems.

» Technical guidelines, fact sheets and
case-stories have been promoted.
Especially show-cases and demonstra-
tion projects have been a successful
way of communication.

Energy Policy Toolkit

» A “toolbox” development project was initi-
ated and managed by industry people aiming
at demonstrating tools and methods within
energy management and energy performance
indicators.

» A range of surveys and assessments have
been carried out to establish a database for
industrial energy use. For example surveys
of energy saving potentials, review of experi-
ences from special investigations, and analysis
of potentials for use of renewable energy.

The supportive measures have been planned and
managed/administered by the Danish Energy Agency
to identify new focus areas and to inspire the indus-
tries to initiate new steps within energy efficiency.
However, to a large extent the aim has also been to
inspire energy consultants and utility companies to
find new ways of developing their business.
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Key points and recommendations from the Danish case:

» A well-managed voluntary agreement
scheme requires a dedicated team
for continued follow-up, control and
development.

» The agreement scheme should regularly
be evaluated to assess achieved results,
cost efficiency and barriers towards
improving energy efficiency by independ-
ent parties.

» The responsible authority should take
lead in identifying and developing new
approaches, findings and technologies,
and these should be promoted continu-
ously via pilot- and demonstration pro-
jects if successful.

» Development of an agreement scheme
requires close dialogue with industries
and industrial experts to understand
new agendas, challenges and ways to
integrate energy efficiency activities with
company life.

» Surveys and data platforms are crucial
to identify energy saving potentials and
manage priority of new focus areas.
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Case story

Novo Nordisk is a global healthcare company with 90
years of innovation and leadership in diabetes care.
Headquartered in Denmark, Novo Nordisk employs
approximately 40,000 employees in 75 countries, and
markets its products in more than 180 countries.

In 2005 Novo Nordisk initiated a reinforced focus
to optimize the energy consumption at its global
production sites aiming at reducing global CO, emis-
sions by an absolute 10% below a 2004-baseline by
2014. The target equalled a relative reduction of
approximately 65%, based on the company’s esti-
mated growth. In 2006, Novo Nordisk became one
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Figure 4. Development in sales and CO,-emissions at Novo
Nordisk A/S 2004-2013.

of the first members of the WWF Climate Savers
programme.

Three levers should ensure the target for production
sites:

» CLEAN® (Novo Nordisk version of LEAN).
» Specific Energy efficiency projects.
» Renewable energy.

All three levers have contributed to meeting the
target in 2014 while at the same time sales have
grown year on year. The combination of traditional
energy reduction methods and LEAN has resulted
in increased energy efficiency and less production
waste:

» Energy efficiency and the relative energy con-
sumption (kWh/ton product) have improved:

o being able to produce more with less
through various process optimisations

e optimising utilities, incl. e.g. ventilation,
cooling, illumination.

» Avoiding waste (lost product) by stabilizing
processes and standards.

The integration og LEAN and energy efficiency was
in 2004 proposed as an element under the Danish
voluntary agreement scheme as a strong approach to
accelerate improved energy efficiency in more com-
plicated process areas — Novo Nordisk has been very
successful in making use of LEAN tools in identifying
energy savings and still see process (LEAN) optimisa-
tions as the main driver of energy efficiency.
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Energy Efficiency Obligation

Scheme for Utility Companies

Energy efficiency is not a strategic focus area in most
industries. Therefore requirements to payback-periods
of energy efficiency investments are usually strict: Often
a payback period of |- 2 years is the maximum accept-
able and investments with longer time horizons are
considered as risky.

Since 2006 a reinforced focus on energy efficiency in
Denmark has included stimulating energy efficiency
investments in end-user sectors in Denmark, including
the industrial sector, via an “Energy Efficiency Obligation
Scheme”. The overall objective of the scheme is that
utility companies — for electricity, gas, district heating
and oil — are to help increase the savings efforts in all
sectors. This scheme is a market oriented approach,
where utility companies via the energy bill are allowed
to recover the costs of the savings via the tariffs on
the energy bills of the consumers. The utility companies
involved are under an obligation to use these funds to
identify and implement a certain amount of energy sav-
ings. The utility companies report their savings to the
Danish Energy Agency via their branch organizations
each year. There are no limitations regarding geographi-
cal areas, sector focus or energy sources from which
energy savings can be reported.

The scheme was launched in 2006 with an annual tar-
get to implement energy savings of 2.95 PJ. This target,
which has been raised gradually, amounts to 10.7 PJ
per year in 2013, equivalent of approximately 2.6 pct.
of total final energy consumption in Denmark (without
transport). The Energy Efficiency Obligation Scheme is
based on the following principles:

» An agreement is entered between the Danish
Energy Agency and branch organizations of the
utility companies within electricity, natural gas,
oil and district heating regarding an annual obli-
gation to implement and report energy savings.

» The utility companies have an energy saving
obligation proportional to their annual energy
sales and they shall document and guarantee
the implemented energy savings to their branch
organizations.

» The utility companies are allowed to finance the
costs to implement the savings via an extra cost
on the energy prices to all consumers, late 2012
of the magnitude 0.06 Euro/kWh.

» Each utility company can choose a strategy for
which measures to apply and report imple-
mented energy savings, for instance:

e To offer free consultancy to end-users of
energy in all sectors in order to identify
projects.

o To enter partnerships with consultants and
service companies to deliver projects.

o To operate a subsidy scheme supporting
energy efficiency investment projects.

» Each utility company shall annually participate in
a benchmarking of costs related to operate the
scheme — next to reported savings.

The scheme is anchored at utility companies because
these are close to consumers and expected to play a
broad and stable role as service providers in the future
energy system. In order to promote cost-effectiveness
the costs of the individual utility companies are available
to the public.

One result of this scheme is that a comprehensive
and widespread energy saving business has developed
in Denmark over the past 7-8 years. In addition, new
approaches, partnerships and financing mechanisms are
continuously developed solely via commercial market
mechanisms.

An independent evaluation carried out in 2008 showed
that the scheme is considered very cost-effective, also
when including the increase in costs to consumers.
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Key points and recommendations from the Danish case:

» Consider cost recovery through energy
tariffs laid on consumers as a secure and
stable way to finance energy savings.

» A subsidy scheme operated by compet-
ing independent bodies can be successful
in stimulating development of an “energy
efficiency market” and increasing cost-
efficiency of a subsidy scheme.

» Closeness to consumers and knowledge
of local conditions are important factors
for successful implementation of the
energy savings scheme.

» Independent control and benchmark-
ing of a subsidy scheme is important in
order to minimize administrative costs
and secure transparency of cash flows,
among other aspects.

» Evaluation of a subsidy scheme is impor-
tant in order to assess additionality and
adjust rules for how to operate the
scheme.

» Keep the rules simple.

The main principle is self-control. The utilities are
responsible for verification, documentation and report-
ing and they must have systems for independent quality
control and annual audits. The Danish Energy Agency
carries out random control and documentation etc. on
an annual basis.

(T)lyear)

Annual Target 2010-2012 (T))

By that an annual benchmarking is made to assess
which costs and results each individual utility company
involved in the scheme has had.

In table 2 below, planned and realized savings for each
utility area for 2012 are summarized.

Reported Saving 2012 (T))

Electric utilities

Natural gas utilities
District heating companies
Oil companies

Total

4,412

1,357

2,521

233

8,524

Table 2. Reported savings (T]) from the Energy Efficiency Obligation Scheme in 2012
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Figure 5. Reported energy savings 2006 — 2012 broken down by
sector. The annual savings targets are shown by the black lines.

According to table 2, there are more realized savings
than planned in 2012, which resulted from companies
being allowed to transfer reported savings from one
year to the next if obligation has been exceeded. This
has been considered an advantage from a cost-efficiency
point-of-view.

The distribution of reported savings 2006-2012 on sec-
tors is shown in figure 5.

In 2011 a comprehensive evaluation took place with
special attention on the additionality of the scheme. It
assessed to which degree the scheme reports energy
savings that would have taken place independently of the
scheme, see Figure 6.

According to Figure 6, close to 50% of reported energy
savings in the industrial sector can be considered as addi-
tional, while reported energy savings for private house-
holds show very low additionality. Despite relatively low
additionality, less than 50%, the evaluation of the scheme
show good socioeconomic results for the industrial sec-
tor. However, a number of changes have been introduced
from 201 3; first of all to increase additionality across all
sectors, secondly to make sure that all sectors are tar-
geted by the scheme and not just large energy intensive
companies with economically attractive projects
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Figure 6. Additionality of | and 3-year of the energy efficiency
obligation scheme for industry and private households.
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Investment Subsidy Scheme in

Renewables and Energy Efficiency

In the political agreement of 22 March 2012, the Danish
Parliament decided that renewable energy has to account
for 35% of the final energy consumption in 2020°. Due
to domestic tax policy toward the industry, fossil fuels
are as a main rule less expensive than renewables and
incentives to convert to renewables in the industry were
absent. To compensate the industry a subsidy scheme
has been set up to promote energy-efficient use of
renewable energy in industrial production processes.
The subsidy scheme was launched in summer 201 3.

The Target

The estimated effects by 2020 of the investment subsidy
scheme are as follows:

» Reduction of Danish fossil energy consumption
by approximately 16 P).

» Increase in the share of renewable energy by
approximately 1.1%.

> Reduction of CO, emissions by approximately |
million tons/year.

Furthermore, it is estimated that by 2020 25% of the
Danish manufacturing and food industries have been
converted from fossil fuel to renewables due to the
scheme.

The Measures

The investment scheme aims at bridging the price gap
between renewable and fossil fuels. The subsidy scheme
will support industries to convert to renewable energy
sources or district heating:

» Replace fossil fuels with renewable energy — such
as wind, solar, biogas or biomass — to power
manufacturing processes.

» Replace fossil fuels by district heating. E.g., hor-
ticulture will be able to change from coal-fired

boilers to district heating.

» Invest in energy efficiency measures.

9 For details see note | page 4

The state subsidy is given as investment grant according
to EU state grant regulation. Significant funds have been
allocated to the scheme for a 7-year period, all together
approximately 3.7 billion DKK/ 500 million Euros.

Grants are given as investment subsidies for four differ-
ent categories:

The first grant category addresses companies that
convert their energy production processes from fossil
fuels to renewable energy. The grant can be given to all
forms of renewables. However, most of the projects are
expected to be conversion from fossil fuels to biomass,
e.g. a company changes its energy supply from coal to
wood chips.

The second category addresses companies that replace
fossil fuel with district heating for process purposes. This
is especially interesting for industries using relatively low
temperature in their processes, like horticulture.

The third category provides grants for energy efficiency
improvements made in direct connection with conver-
sion to renewable energy or district heating, i.e. one of
the conversions mentioned above.

And finally, the last category addresses combined heat
and power plants that deliver district heating to process
and convert from fossil fuels (typically coal) to biomass.

Rates of grant

The maximum rates of the grant given depend on the
size of the company. A guiding maximum rate for con-
version projects is 45% of the investment costs for large
enterprises, 55% for medium and 65% for small compa-
nies. For energy efficiency projects the guiding maximum
grant is 20, 30 and 40%. The maximum grant is regulated
in accordance with the project’s overall environmental
impact and repayment.

Indirectly, the scheme is expected to support the R&D
of new renewable technologies by creating a substan-
tial home market, which also could provide a base for
expansions on export markets.
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Concluding remarks on
the investment scheme

The scheme was launched in the summer of 2013.
Therefore, it not possible at this early stage to con-
clude about results and cost effectiveness with regard
to investments supported under the scheme.

There has been a great interest in the scheme among
the potential applicants. During the scheme’s first year

the Danish Energy Agency has received more than 300
applications. Projects are very varied in size and con-
tent. They range from very small conversions, typically
in agriculture, to larger projects with conversion to
renewable energy in industry or connection to district
heating for greenhouses.

Key points and recommendations from
the Danish case:

» Close dialogue with industries
and industrial experts a crucial
factor for successful preparation
and implementation.

» Informing businesses through
broad information campaigns or
efforts targeted at specific com-
panies is important.

» Make use of good examples to spread know-
ledge about possible solutions or in other
ways provide concrete advice for energy
saving measures.

» Long term subsidy schemes are preferable
since energy efficiency investments can be
subject to lengthy decision-making processes
in large businesses.




Key Message

Industries account for a fourth of global energy con-
sumption and hold a great potential for cost-effective
energy efficiency measures.

Energy efficiency has positive effects on human health,
the environment, job creation, economic growth and
also on the company’s bottom line and its competitive-
ness. Despite of these benefits energy efficiency is not a
strategic focus area in most industries. Therefore there
is a need for governmental actions to initiate energy effi-
ciency instruments. These instruments should be devel-
oped in collaboration with various stakeholders. The
Danish case show that formulating voluntary agreement
schemes requires close dialogue with industrial experts
to understand new agendas, challenges and methods for
integrating energy efficiency measures.

Increased energy efficiency in the industrial sector is
not about quick fixes. It is therefore necessary with
a long-term perspective and a systematic working
effort. A combination of measures with a carrot and
stick approach should be applied to stimulate energy
efficiency in industries.
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Analyses of energy efficiency in production processes
and utility systems can be both time-consuming and
complex. These analyses must therefore be carefully
planned and certified energy management schemes,
such as ISO50001, can serve as foundation to systemize
energy efficiency activities.

Surveys and platforms for sharing data are essential to
get information about energy savings potentials and can
further be used to prioritize activities. Concrete advice
about solutions and energy savings measures can be
both through broad information campaigns or efforts
specifically targeted towards specific companies.

Responsible authorities should identify and encourage
new methods and technologies regularly. These can be
promoted though demonstration projects and the good
example should be used to inspire and disseminate
knowledge about energy efficiency measures.
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Annex A

How policy can drive industrial energy efficiency across the globe

By Julia Reinaud, Policy and Programs Director, Institute for Industrial Productivity

This toolkit comes at a time when having effective
energy efficiency policies in place for the industry sector
couldn’t be more important. How governments set the
stage for industry to cut their energy use and reduce
their greenhouse gas emissions is a measure of how
committed they are to mitigating the threat of climate
change.

Of course, energy efficiency policies do more than just
help mitigate climate change. Improving energy efficiency
brings with it a host of benefits to human health and
the environment, generates jobs and drives economic
growth. And enterprises stand to gain too by saving up to
10-30 percent of their annual energy use, and increasing
their productivity, through better energy management.

Energy efficiency, in fact, offers a win-win situation for
all. And it’s because of the benefits that virtually every
country across the world now has energy efficiency poli-
cies in place specifically for industry, or is in the process
of designing these policies for future implementation.

Denmark’s innovative approach and why
it cannot be replicated in all countries

Denmark has been leading the way in energy efficiency
policy for many vyears. Since Denmark introduced
energy-saving agreements for large industrial firms in
1996, many other countries have followed suit. As early
as 1999, Denmark made their energy management sys-
tem standard the cornerstone of the agreement scheme.
Here again, many countries followed the trend.’

Denmark stayed ahead by building an innovative, tailored
policy package that matched the unique characteristics
of its industry and provided both “carrots and sticks” for
industry to become more efficient. Policies were also
tailored for big and small industrial firms, recognizing
that the latter do not have the same resources to be
systematic in their approach to energy efficiency.

Taking stock of these efforts, Denmark has successfully
stimulated companies to adopt energy management
systems. It has created an enabling market for energy
efficiency and built the capacity of energy manager
practitioners.
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About the Institute for Industrial Productivity
(11P)

IIP is a non-profit organization that provides com-
panies and governments with information about the
best energy efficiency practices to reduce energy
costs and prepare for a low carbon future. It iden-
tifies, analyses and shares best practices, tools and
information that can boost efforts to reduce indus-
trial energy intensity and greenhouse gas emissions
while improving productivity.

Website: www.iipnetwork.org

Having studied energy efficiency policies across the
globe in great detail, at [IP we are acutely aware that
the key to success is for governments to understand
both the constraints and drivers within industry, like
Denmark has done. This is simply because there is no
one policy package that can work for all countries. Each
country has different economic, social and environmen-
tal priorities — and consequently, their policies must
be different. China, for example, has energy efficiency
policies that are mandatory and focused on technology,
energy management and performance standards. While
China’s policies target the biggest industrial emitters,
banks and energy service companies also have a role to
play in meeting the country’s energy conservation goals.
In Australia, the government requires large companies to
assess their energy efficiency potential and disclose the
results to both the public and company shareholders.
Voluntary agreements, like those in place in Denmark,
have been applied in countries such as Ireland, Sweden,
the US and the Netherlands, and each country provides
a specific set of rewards or penalties in case of non-
compliance. India, on the other hand, has relied largely
on the trading of energy-saving certificates.

9. See IIP's energy management program database for more examples: iipnetwork.org/databases/programs



Effective policy packages: removing
the barriers and stimulating the drivers

Despite the mix in policy approaches, many countries
have battled with the same obstacles in their attempts
to drive energy efficiency in industry. Many corpora-
tions tend to overestimate the risks of energy efficiency,
underestimate the benefits, or believe that other driv-
ers and factors can deliver a better value proposition
to shareholders. These false beliefs have resulted in
widespread reluctance by industry to invest in energy
efficiency initiatives.

Policies, therefore, have had to focus determinedly on
removing these barriers and driving industry to improve
their energy performance.

To be effective, government-initiated energy efficiency
policies and programs must have a combination of driv-
ers, incentives and support mechanisms at their heart.
These include policies that set the minimum bar for
effort amongst industry, like targets and performance
standards; supporting and enabling policies such as
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financial incentives; and tools and resources that help
industry to create their own programs and measures
to improve energy performance and learn from their
peers. On IIP’s online database, we have classified and
organized examples of these policy types into a “Policy
Pyramid” to demonstrate the connections between vari-
ous policies, measures and implementation tools.'?

As part of this set of policies, governments must also
include measures that incentivize companies to continu-
ally identify energy efficiency opportunities. Systematic
energy management has been perhaps one of the most
effective approaches to capturing these potentials, and
both companies and governments worldwide are now
making great strides in this work. It was the Danish and
Irish governments that were the first to drive the imple-
mentation of energy management programs (EnMPs)
in firms. EnMPs have since been implemented by many
other governments at the national and state/provincial
level, as well as by big companies such as DuPont, BASF
3M and Dow Chemical. 3M Canada achieved a 15.2%
energy performance improvement over two Years
because of its EnMS.

Effort-defining Polices

Interventions that motivate and drive energy efficiency,
energy savings or GHG emissions reduction.

Supporting Measures

Carrot-and-stick policies that encourage action and
address or alleviate barries.

Figure 7.

implementation Toolbox

Guidelines, tools, templates ect. that support the above
policies.

10. See lIP's policy database for detailed information on energy efficiency policies from around the world: iipnetwork.org/databases/policy
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Is policy doing enough to overcome
the climate challenge?

Even though many countries are working hard to
increase industrial energy efficiency, there is still room
to do more. International efforts to improve industrial
energy efficiency have fallen well short of the potential
25% reduction identified by the International Energy
Agency. If it was realized, that potential would mean an
8% reduction in global energy use and a 10% reduction
in global CO, emissions.

Of course, capturing this energy efficiency potential
within the industrial sector is challenging. More could
be achieved if countries were to mandate the implemen-
tation of energy efficiency measures in large industrial
firms, as Denmark has done for those companies that
have joined the agreements scheme and have identified
measures with a payback below four years.

In the future, alternate and complementary channels
should also have an increasingly important role in deliv-
ering energy efficiency. These include the contributions
of third parties, such as energy providers, multinational
companies, multilateral and commercial banks and indus-
try associations, many of which have already started initi-
ating large-scale energy management programs. Utilities,
in particular, play a key role in driving energy efficiency
in industry and other sectors. As we've seen in the case
of Denmark and in the US, utilities can help drive the
uptake of international standards, such as ISO 50001.
This could have even more success if large buyers used

their know-how to stimulate, or even demand, better
energy performance from their suppliers.

We also see a significant opportunity to scale public-
private collaboration across the world. Denmark has
proven that this model works, especially by engaging
utilities, industry associations and energy service com-
panies to participate in the national effort.

It’s clear that a lot has been achieved in energy efficiency
policy around the world over the past decade, but the
next ten years will perhaps be the most important.
While government plays a vital role in driving industry
to change, that transformation must also come from
industry itself — whether in Denmark or elsewhere. And
by doing so, all parties stand to gain — whether it’s pre-
serving the environment, strengthening the economy, or
improving the bottom-line.

About Julia Reinaud

Julia leads IIP’s policy activities and programs, managing
the Paris team as well as overseeing technology and com-
munication projects undertaken at the global level. Julia
was previously an energy and climate policy analyst at the
International Energy Agency, working on climate, trade
and energy policy issues. She has a PhD (with distinction)
in Economics and Industrial Organization and a Masters
in Corporate Strategy and Industrial Organization from
University Paris Dauphine. (Julia Reinaud is now Senior
Adpvisor for the European Climate Foundation.)



Annex B
Example of Technical Approach

The “Onion” diagram illustrated below acts as tool to
address all relevant areas of energy efficiency for an
industrial company.

Each layer of the diagram addresses specific issues
of a certain kind. Preferably the work-flow should be
“inside-out”:

» The “energy service” is the core reason why

energy is required for a specific area or process.
For example, an “energy service” can be a “clean
room” or a required “duration of a cleaning pro-
cess (CIP/SIP)” in a pharmaceutical facility.
The “energy service” can always be challenged.
For example, in case it is necessary to maintain
a very high air change rate in the “clean room”
— can the reasons why the room is not clean be
isolated, reduced or removed?

» The “process”-layer is the type of process

selected to achieve the energy service. For
example the most commonly used “process” to
achieve a clean room is “filtration of air using
filters with high air change rate”.
Also the “process” selected to achieve a certain
“energy service” can be challenged. For example,
“filtration of air” and air circulation with a high
level of air change (and thereby high energy con-
sumption) can be replaced by ventilation princi-
ples with lower air change rates or other more
energy-efficient solutions while ensuring the air
quality necessary for clean rooms.

» The “equipment”’-layer deals with the type

and efficiency of the equipment to be installed in
order to fulfil the “process”.
Numerous aspects can be optimized in large
HVAC systems for clean rooms. These include
the degree of recirculation of air, the type and
efficiency of heat recovery, the efficiency of fan
installation (Specific Fan Power, SFP), etc.

» The “control”-layer deals with the accuracy
of control systems required to optimise plant
operation in order to minimise energy consump-
tion when loads vary and the demands for the
“energy service” change.

Variable Speed Drive control and selection of
bandwidths for temperature and humidity will
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Good housekeeping

Operation and
maintenance

Energy
service

Figure 8. The “Onion” diagram.

also be important areas to analyse when design-
ing an energy-efficient control strategy for HYAC
systems, for example. Often, KPls must be estab-
lished to ensure that control strategies are oper-
ating correctly.

The “operation and maintenance”-layer
must ensure that all utility systems and process
equipment have a structured maintenance plan
to ensure that the energy efficiency conforms
to the level established at the design stage.

For example, experience has shown that regular
cleaning of heat exchangers is often not imple-
mented in many sectors. The result is that energy
efficiency of carefully designed utility systems and
heat recovery systems (all with low delta Ts) is
significantly impaired over time.

The “good housekeeping” layer comprises a
wide variety of focus areas to ensure that a facil-
ity is operated for optimum energy efficiency.
Although housekeeping procedures can comprise
basic instructions such as switching off lights
when leaving an empty room, areas like opera-
tor training related to cleaning stations (CIP) and
production processes are much more significant
factors for the energy-efficient operation of a
facility.
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An energy-saving analysis based on the “onion” diagram
can often identify significant energy saving potentials in a
facility. Difficult issues will often be raised, which might
make it necessary to involve various parts of the organi-
zation. For instance, the Quality Department often
has significant influence on production parameters and
product quality.

CASE

An example of the use of the “Onion” diagram for an
autoclave system is shown in Figure 9 below. The auto-
clave is designed for the sterilization of small “stents” to
be inserted into the human body during surgery. After
production the stents are placed in a plastic bag with
sterile water; and the bag is placed on a tray in an auto-
clave for heating to 120C for 50 minutes. After removal
from the autoclave, the bags are manually put in boxes
and sent to hospitals for use during surgery.

To operate the system a large steam boiler station deliv-
ers heat to the autoclaves, and a compressed air system
maintains a stable pressure in the autoclaves to prevent
the bags from exploding when heated to 120 °C (above
the atmospheric boiling point for water at 100 °C).

An “Onion” analysis of this design reveals numerous and
significant energy saving opportunities that can be taken
into consideration during the planning and design stages
of a new autoclave system:

6 compressors of each
150 kW delivering
8.5 bar compressed air

Trays with products
in bags with sterile water

>

N

Comepressed air
reciever at 8.5 bar

Figure 9. Autoclave for sterilisation of healthcare products

Energy service

The energy service (the core reason why energy is used)
is obviously designed to “kill” bacteria on the stents, so
that they remain sterile when unwrapped during surgery
in a hospital. However, good design practice will also
address the following issues:

» It does not appear logical that although they are
sterilised in the production facility the stents are
subsequently packed manually in a non-sterile
environment. Therefore it should not be neces-
sary to sterilise the plastic bags in the production
process when, in reality, the bags are re-sterilised
during surgery?

» Furthermore, it does not appear logical that ster-
ile water is used when filling the bags because in
reality this water is sterilized 3 times when also
taking the sterilisation in hospital into account.

Process

The product developers and the clients in this example
have chosen a process in which the stents are sterilized
by thermal treatment in a bag filled with sterile water.
Nonetheless, alternative processes can be considered:

Sterilisation of products at
100 9% humidity and 120° C
for 50 min.

v
4—Pp<€4— 8 bar steam

<4—p<€¢— 10° C water



» For example, it might be possible to use other
and possibly more energy-efficient sterilisation
methods such as chemical sterilisation, micro-
waves, X-rays, vacuum packed tubes, etc. This is
a “delicate” question to raise during a design pro-
cess, but nevertheless crucial when evaluating the
efficiency of the overall process from an energy
point of view.

Equipment

Once the decision has been made to use thermal steri-
lisation as the preferred process, alternative methods
could be evaluated. Alternative methods could be:

» Hot water or warm air system. Hot water
sterilisation is widely used in the food industry;
however, mostly at temperatures below 100 °C,
which means that systems do not have to be pres-
surized. The advantage of a hot water solution is
that the heat from sterilisation can be recovered
relatively easily. This allows the heat supplied for
one batch to be recovered and used for the next
batch, thereby keeping thermal energy consump-
tion at an absolute minimum. This is not possible
with a steam-based system, which means that
energy consumption will be at least 50% higher.

Control

The control of the process aims to ensure that all bags
reach their target temperature of 120 °C for a period
of 3 minutes or more. Digital tags are placed on each
tray so temperatures can be logged and products can
be traced after production. Nonetheless, important pro-
cess parameters can be considered:

» The sterilisation time of 50 minutes is very high
when compared to the required 3 minutes. For
that reason it is realistic to ask whether the pro-
cess design and control system can be improved.
Actually, a pressurized hot water system as pro-
posed above would ensure a better heat transfer.
This would allow for a shorter process time.

» The compressed air pressure of 82 bars is signifi-
cantly higher than the boiling pressure in the plas-
tic bags of approximately 2.1 bars. This results in
very high power consumption by the compressed
air plant. Power consumption by the compressed
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air system can be reduced by more than 70% if
the system is designed to operate at a pressure
closer to what is needed by the process. Another
benefit is that a much smaller compressor station
could be installed, thereby reducing the invest-
ment costs.

Operation and Maintenance

The main questions related to operation and mainte-
nance of the system is how leaks of air and heat can
be avoided and how the idle load of compressors and
boilers can be kept at a minimum.

» It is essential that the system is delivered with
ready-to-use maintenance instructions to cover
areas such as leak detection etc. Enquiries should
also be made to see whether monitoring systems
(e.g. air meters, steam meters, etc.) can be used
to provide information about key aspects of the
process.

Good Housekeeping

Recommendations regarding “good housekeeping” are
usually more generic. However, since these often influ-
ence operator behaviour, they can have a significant
impact on energy efficiency.

» In the autoclave system, several aspects relating
to operator behaviour can be questioned, includ-
ing: how are autoclaves managed (filling, venting,
cleaning), etc.?

Many of the questions above might be complicated or
time-consuming to answer — and answers might neces-
sitate involvement of different parts of the organization
(for example the Quality Assurance department, pro-
cess specialists, manufactures, costumers).

But it is the experience that the “onion” diagram is a
strong and systematic methodology covering all relevant
aspects of the energy saving potentials; even in compli-
cated processes and utility systems.

Its methodology is also highly recommended when
designing new industrial facilities. Numerous demon-
stration projects have been implemented in this area in
Denmark.
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Annex C

ISO50001 Fundamentals

¥ Management review
¥ New strategic goals
¥ Optimization

¥ Monitoring
= Analysis

B Corrective Action
W Preventive Action
W Internal audit

M Responsibility of top management
M Energy policy

¥ Management representative

H Energy review

= Objectives and action plans

= Implementatuin and realization
M Communication

® Training

 Awareness

M Operational Control

Figure 10. The cyclic “plan-do-check-act”-energy efficiency work in an organization.

The ISO50001-standard has been adopted worldwide
and is thoroughly described in standards in each indi-
vidual country. In figure 10, the overall activities covered
by each phase of the cyclic “plan-do-check-act”-energy
efficiency work in an organization are outlined.

The standard describes which procedures and work
principles to follow. They are not precise in terms of
how to carry out, for instance, an energy review; or how
to establish the right energy performance indicators
(EnPls) to monitor energy consumption.

According to Danish experiences, a standard like
ISO50001 will not be enough to secure quality of energy
efficiency work in a large energy-intensive industry. The
standard should therefore be supplemented by guide-
lines and requirements for which actions to take.

In the Danish voluntary agreement scheme, the Danish
Energy Agency set as a key-requirement to implement
working principles from ISO50001, but next to that, the

agreement scheme sets additional requirements for how
to carry out various tasks; for example:

» Energy usage should be presented in breakdowns
of a certain level of detail (by end-use).

» Energy saving projects are to be identified by
saving potential and payback periods.

» All energy saving investment projects with
pay-back less than 4 years must be implemented.

» Complex energy saving analysis must be nomi-
nated as ‘“special investigations” and carefully
planned.

» New investments should be planned following a
guideline on “Energy Efficient Design”.

The accredited companies verifying the agreements in
each individual case evaluate both ISO50001 procedures
and progress of the specific requirements listed above.



Energy Management “light”

It must be emphasized that energy management accord-
ing to ISO50001 sets quite comprehensive requirements
for procedures and evaluation forms. Therefore such an
approach is not suitable for all organizations. Especially
companies in the SME segment have relatively few com-
petences in such areas and should apply more simple
approaches.

In view of this, the Danish Energy Agency together with
Danish Standards has prepared an energy management
“light” guide for SMEs, where basic principles and activi-
ties are described (in Danish). In addition to this overall
guide, more general and shorter guides, addressing SME
in specific sectors, e.g. the hospital sector have been
developed.

In that respect, the energy management “light” system
is not a certified scheme, but recommends an organiza-
tion to address the cornerstones of an efficient energy
management system, i.e.:

» To define a target for the energy saving effort.

» To organize the right team for the effort.

» To map energy consumption.

» To elaborate an action plan.

» To establish relevant EnPls to monitor energy
consumption.

» To let management evaluate progress regularly.

» To establish simple annual procedures to follow.
Besides SMEs, the energy management “light” principles
has been adopted by many energy users in widely differ-

ent sectors. These include municipality buildings, large
offices and hospitals, among others.
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Annex D

The Brick Industry in Denmark - a brief review

The brick industry is an energy intensive sector, in
Denmark and worldwide. The Danish brick industry'
has targeted energy savings and energy efficiency since
the first energy crises in the 1970s. This has resulted
in continuous implementation of energy saving projects,
which have reduced the industry’s energy consumption
significantly. Since 1979, when the brick sector for the
first time underwent systematic measurements on a
large number of plants, the sector has reduced fuel con-
sumption for drying and firing of bricks by 40 %, as an
average. The reductions in energy consumption, espe-
cially targeting process optimizations, have been based
on:

» Systematic measurements of energy consump-
tion in dryers and kilns.

» Statistical annual energy investigations (bench
marking). This has proven to have a high effect,
also as a driver for a struggle of an engaged and
motivated staff to keep expenses and energy con-
sumption at a low level.

» Focus on energy issues by any investment.

Recommendation

Cut off the old recirculation system, which is no longer in use
Improve control (inlet of heat stopped after completed drying)

Complete remodelling of the older chambers (alternative)

Install inverters for the rotor mixers
Improve control of dryer

Repair leakages on the hot air canals
Stop fan on | burner

Inverter regulation for the exhaust fans in dryer

The brick industry has been actively involved in the
DEAs voluntary agreement scheme on implementation
of energy efficiency measures in energy intensive compa-
nies. The drying and firing of bricks, which in Denmark
takes place in tunnel-kilns based on natural gas, is
included in DEAs agreement scheme’s list of energy-
intensive unit operations ("heavy processes”). In 1997
the brick industry entered into a joint sector agreement
with DEA.

In 2003, a comprehensive catalogue of energy savings
that mapped the energy status for the industry was
published, stating the opportunities for further profit-
able energy savings in the Danish brick sector. Table 3
below shows some examples of specific recommenda-
tions for the brickworks, measured in 2002-2003 with
savings per year, investments in DKK and payback time
in years (PBT). It can be seen that the recommendations
are both minor and major changes.

Since 2005, when the mandatory EU ETS system was
introduced in the EU member states the Danish brick
industry has been covered by the EU ETS.

Cost savings Investment PBT

per year DKK DKK years
250,000 15,000 0.1
450,000 200,000 0.4
1,250,000 6,000,000 4.8
70,000 120,000 1.7
75,000 150,000 2.0
230,000 150,000 0.7
2,000 4,000 0.5
26,000 15,000 0.6

Table 3. Recommendations on energy efficiency improvements at brickworks (2002-prices)

['I. More information about Danish brick sector is available in the report “The brick industry in Denmark — An overview of the development of technology and
energy consumption”, DTI, 2014 (prepared for LCTU: http://www.ens.dk/sites/ens.dk/files/climate-co2/low-carbon-transition-unit/danish-energy-policy-toolkits/

the_brick_industry_in_denmark.pdf )
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