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Foreword
The industrial sector is responsible for a significant share of 
global energy use and carbon dioxide (CO2) emissions. Energy 
efficiency is commonly seen as the most cost-effective, least-
polluting, and most readily-accessible industrial energy saving 
option available in the industrial sector worldwide. Capturing 
the full extent of these potential end-use energy efficiency im-
provements rapidly is essential if the world is to be on a path to 
stabilise greenhouse gas (GHG) concentrations to a level that 
would prevent dangerous anthropogenic interference with the 
climate system. 

In the International Energy Agency (IEA) 450 parts per million 
stabilisation scenario, over a quarter of all energy efficiency 
gains need to come from the industrial sector by 2050, largely 
by changing the pattern of industrial energy use. The reduction 
potential estimated by IEA and the Intergovernmental Panel on 
Climate Change (IPCC) for five energy-intensive industrial sub-
sectors ranges from about 10 to 40 per cent, depending upon 
the sector. 

There is significant potential to reduce, at low or no cost, the 
amount of energy used to manufacture most commodities. Many 
policies and programmes - at a national level - have already 
demonstrated significant improvements in industrial energy ef-
ficiency. The associate reduction in energy needs often also im-
proves economic competitiveness as well as mitigates GHG emis-
sions. However, at an international level, approaches such as the 
Clean Development Mechanism (CDM) are not yet delivering 
the expected energy efficiency improvements.

Pol�c�es and Measures to Real�se 
Industr�al Energy Effic�ency and 

M�t�gate Cl�mate Change

Existing and effective industrial 
energy efficiency policies and 
measures could be replicated 
at a global level. Key elements 
of those policies and mea-
sures include increasing facil-
ity management attention to 
the issue of energy efficiency; 
promoting the dissemination 
of information, practice, and 
tools; increasing the auditing 
and implementation capacity; 
and developing the market for 
industrial energy efficiency investment. 

Better energy efficiency can produce substantial benefits both 
for global economic growth and poverty reduction as well as for 
mitigating climate change. The paper details examples of effec-
tive industrial energy efficiency policies and programmes. It pro-
vides a list of recommended actions to accelerate the adoption 
of industrial energy efficiency technologies and practices. Many 
policies and programmes have elements which seem likely to 
be readily deployable, replicable and transferable. A successful 
post-Kyoto architecture, regardless of its specifics, should there-
fore enable these elements see the light of reality.

Kandeh K. Yumkella
Chair, UN-Energy 
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Execut�ve Summary
The Bali Action Plan provides the principal framework for a 
post-2012 climate agreement. It focuses on a shared vision for 
long-term cooperative action and for enhanced national and 
international action to mitigate climate change, on adaptation, 
on supporting technology development and transfer, and on the 
provision of financial resources and investment. The Copenha-
gen agreement could help provide the foundation for scaling up 
industrial energy efficiency to levels that reflect its share of the 
global mitigation potential. To that end, the following recom-
mendations are made:

Energy sector policy reform - including the removal of 
broad-based subsidies - is needed to ensure that market 
signals fully reflect the true cost of producing and consum-
ing energy and stimulate investment in energy efficiency 
markets. 

National Energy Efficiency Action Plans should be devel-
oped that set ambitious, achievable national energy ef-
ficiency goals or targets for the industrial sector based 
on studies which document the full costs and benefits of 
adopting energy-efficient technologies, practices, and mea-
sures. 

Better public datasets and indicators should be developed 
on industrial energy efficiency and cost of improvement 
options. A database of existing successful and potential in-
dustrial energy efficiency policies and measures should be 
compiled and documented. These should be assessed for 
their scalability, transferability (from one country/region to 
another, from one industry to another, or from one plant to 
another) and full costs (including local variations in fuel, 
technology and implementation costs).  

The use of technology cost-curves to assess industrial en-
ergy efficiency potentials should be extended to include the 
costs incurred to build the institutions needed to implement 
industrial energy efficiency policies and measures as well as 
the cost of the policies and measures themselves. Including 
these programme, institutional, and other transaction costs 
is particularly important for developing countries where 
markets and institutions may not be as mature as in their 
developed country counterparts. 

Proprietary energy efficiency technologies and processes 
that have significant energy-savings potential should be 
identified systematically and options to facilitate the wider 
deployment of these technologies in developing countries 
and transition economies should be explored. More atten-
tion should be focused on systems approaches, especially in 
industries that require a range of energy services (wherein 
potential synergies can be taken advantage of to reduce 
costs.) 

•

•

•

•

•

Capacity needs to be built in the skills and knowledge 
needed to tackle industrial energy efficiency. This capac-
ity building should be a strong focus of post-2012 climate 
change agreements. It should aim to identify and transfer 
lessons learned from successful industrial energy efficiency 
policies and programmes, along with information on best 
practice technologies and measures that can be applied in 
the industrial sector. 

Countries should be required to provide an assessment of 
potential (in terms of GHGs mitigated) and a description 
of their existing industrial energy efficiency policies within 
their formal National Communications reporting to the UN-
FCCC. This will help promote the development of national 
energy efficiency plans, where they do not already exist.

The industrial sector is responsible for one third of global pri-
mary energy use and two fifths of global energy-related carbon 
dioxide (CO2) emissions. There is significant potential to reduce 
the amount of energy used to manufacture most commodities. 
The technical reduction potential ranges from about 10% to 40% 
for five energy-intensive industrial sub-sectors. The economic 
potential is smaller, but also significant.

Historically, energy efficiency has improved, and emission inten-
sities have reduced, as countries have become more economi-
cally developed. End-use energy efficiency has the capability to 
reduce GHG emissions very significantly, and at low cost. Many 
industrial energy efficiency options reduce costs and allow for 
higher levels of production for the same amounts of energy use. 
They can therefore indirectly1 help to combat poverty. 

Since 1973, energy efficiency and structural change have met 
about 58% of the new demand for energy services in industri-
alised countries. Without those energy efficiency improvements, 
energy demand would have been considerably higher (IEA, 
2008a). More conventional fuel would have had to have been 
supplied and used, thereby increasing GHG emissions. 

Industr�al Energy Effic�ency Potent�al

In terms of the CO2 savings that might be achievable, IPCC anal-
ysis suggests that industry might be expected to make savings 
of 2.5 to 5.5 GtCO2 equivalent in 2030 compared to a baseline 
scenario. This would represent a saving of 15 to 30% of the total 
projected baseline emissions in 2030. This picture is reinforced 
by IEA analysis that suggests that energy efficiency would con-
stitute more than half of all industry’s contribution to a scenario 
which envisages global CO2 emissions halving by 2050. 90% of 
this potential, most of which would come from energy efficiency 
improvements, could be achieved at less than USD 50/tCO2  
 
1 In the household sector, improved energy efficiency can directly reduce 
household expenditures on energy services, and therefore directly help to re-
duce poverty. The impact of industrial energy efficiency on poverty is less direct, 
but nonetheless potentially substantial.

•

•



 v� 

saved. The remaining 10% could be achieved at between USD 50 
and USD 100/tCO2 saved (IPCC, 2007). 80% of the potential is 
in developing countries and transition economies. 

While important, cost generalisations can be difficult. Consider-
ing only one industry type, costs can vary from an old to a new 
plant. Retrofitting existing facilities is usually more expensive than 
introducing efficient technologies in a greenfield plant. The same 
energy efficiency measure may have a different cost in industrial 
facilities that differ only in size. Per unit costs tend to be lower for 
larger plants, due to economies of scale. Further, due to differing: 
commodity prices, fuel prices, GHG penalties; labour conditions; 
and – amongst others - market peculiarities, implementation costs 
can vary by a factor of two or more due to local conditions. To-
gether with differing institutional capacities, these aspects make 
cost generalisations difficult – and the need for careful document-
ing when compiling comparative databases important.

Countries differ in terms of their level of industrial energy ef-
ficiency. In part this is due to structural reasons: older plants 
tend to be less efficient than newer ones, so countries that have 
developed later tend to be more efficient. For example, the most 
efficient aluminium smelters are in Africa. India has a very energy 
efficient cement sector. And China has very ambitious efficiency 
targets for the coming years – a task helped by its growing and 
modernising economy. In spite of structural differences, policies 
demonstrably make a difference, as shown by reduced energy 
use per unit of output by industries in countries such as Japan 
and the Netherlands, for example.

Action to help spread and apply the most effective approaches, 
policies and measures has the potential to rapidly help raise the 
efficiency of all industrial plant nearer to that of the best. It is on 
this that this study particularly focuses.

Industr�al Energy Effic�ency Pol�c�es and Programmes

Since the 1970s, numerous energy efficiency policies and pro-
grammes have been implemented in many countries around the 
world with demonstrable success. Lessons learned from these 
programmes can be used to identify successful elements that can 
be more widely disseminated. In general these policies deal d�-
rectly w�th the �nformat�onal, �nst�tut�onal, pol�cy, regulatory, 
and market-related barr�ers to �mprov�ng energy effic�ency 
�n �ndustry. They also provide policy and fiscal environments 
which enable industrial enterprises more easily to implement 
energy efficient technologies, practices, and measures. Below is a 
summary of key lessons:

Distorting subs�d�es are removed and, as far as possible, 
mechanisms are put in place fully to carry the cost of en-
v�ronmental �mpacts �nto the market. Industrial subsidies 
can be provided in other forms that do not discourage the 
uptake of energy efficiency measures, but rather accelerate 
them and are more economically efficient than subsidising 
the energy price. 

•

Industrial corporate culture �s changed to �nclude h�gh 
level management comm�tment to assign and realise the 
potential of energy efficiency in terms of improving com-
petitiveness and furthering corporate social responsibili-
ties.

Amb�t�ous energy effic�ency or GHG em�ss�ons reduc-
t�on targets are set. Such targets can be established in le-
gal mandates or voluntarily at national or sectoral levels or 
even at facility level.

Within industries, measurable energy management sys-
tems are establ�shed. (Energy management standards 
can provide an organising framework for industrial facili-
ties. ISO 50001, the international energy management stan-
dard, is expected to have far-reaching effects on the energy 
efficiency of industry when it is published early in 20112) 

Bu�ld�ng human capac�ty, sk�lls and tra�n�ng programs 
must be developed at var�ous levels. These include within 
industrial facilities, external experts and service providers as 
well as within key institutions expected to take part in the 
implementation of PAMs. 

Informat�on d�ssem�nat�on and shar�ng, as well as the 
promot�on or prov�s�on of energy assessments and re-
lated serv�ces provide a useful enabling environment for 
promoting industrial energy efficiency.

Benchmark�ng exerc�ses are needed to cal�brate �ndus-
tr�al performance to national or international best practice 
energy use levels (these may need to be carefully adjusted 
to allow for differing local conditions).

Mandatory industrial equ�pment and system performance 
and assessment� standards are an effective way of increas-
ing the market penetration of more efficient equipment.

Energy effic�ency �nvestment funds and carbon trad�ng 
�n�t�at�ves can assist the deployment of energy efficiency 
practice. In this context, financial instruments such as taxes, 
subsidies, and programmes that improve access to capital 
are often employed. 

The �mplementat�on of energy effic�ency PAMs needs to 
be mon�tored and evaluated (at both facility and national 
level) in terms of their key attributes, such as cost, GHG 
mitigated, intensity reductions etc.

2  http://www.unido.org/index.php?id=5844
3 System assessment standards can provide a common framework for conduct-
ing assessments of the components of industrial systems such as motor systems, 
steam systems, combined heat and power generation, where a large share of 
the energy efficiency potential exists (Sheaffer and McKane, 2008). The formal 
and objective certification of plant energy efficiency performance can provide a 
standardised approach for identifying, developing, documenting, and reporting 
energy efficiency progress in industrial facilities. It also provides a framework 
for continuous improvement.

•

•

•

•

•

•

•

•

•
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I. Background

Many people assume that industries are already relatively 
energy efficient given the competitive pressures under 

which they operate and their technical capability to use energy 
efficiently. But there is in fact considerable scope to reduce the 
amount of energy used to manufacture most commodities. Many 
of these reductions can be achieved very cheaply or even at a 
profit once the value of the savings is taken into account. 

The International Energy Agency (IEA) and the Intergovernmen-
tal Panel on Climate Change (IPCC) have estimated that five 
energy-intensive industrial subsectors could achieve savings of 
between 10% and 40% of their current energy use worldwide. In 
addition, further savings could be achieved by improving systems 
that are common to a number of industries such as electric mo-
tors and steam boilers, increasing the use of combined heat and 
power (CHP), integrating processes more effectively, recycling 
more, and recovering more wasted energy (IEA, 2007a; Bernstein 
et al., 2007). 

Historically, energy efficiency has improved, and emission inten-
sities have reduced, as countries have become more economi-
cally developed. This trend is expected to continue. Improve-
ments in industrial energy efficiency can significantly contribute 
to environmental, social and economic sustainable development 
goals. They are an integral part of national socio-economic de-
velopment (see for example Winkler et al., 2008). As the IPCC 
has noted: “it is often more cost-effective to invest in end-use 
energy efficiency improvement than in increasing energy supply 
to satisfy demand for energy services. Efficiency improvement 
can have a positive effect on energy security, local and regional 
air pollution abatement, and employment.” And as economies 
have to cope with the challenges of high energy prices and rapid 
increases in energy demand, energy efficiency is simply economi-
cally efficient. Improving energy efficiency is also, at a global 
level, the most cost effective way of reducing greenhouse gas 
GHG emissions. Accelerating improvements in energy efficiency 
to meet GHG mitigation goals can also speed up socio-economic 
development and reduce poverty.

Governments, through appropriate policy-making and regulation, 
can create an environment in which industry is incentivised or 
even required to take action to improve energy efficiency levels. 
The IEA’s World Energy Outlook 2007 urges all governments to 
undertake the “vigorous, immediate and collective policy action,” 
which is “essential to move the world onto a more sustainable 

energy path” (IEA, 2007b). The IPCC notes that “governments 
can play an important role in technology diffusion by dissemi-
nating information about new technologies and by providing an 
environment that encourages the implementation of energy-ef-
ficient technologies” (Bernstein et al., 2007). 
 
Recent global analyses of the potential to mitigate GHGs and the 
costs of doing so (IEA, 2007a; IEA, 2008a, IPCC, 2007) show that 
many energy efficiency measures involve relatively low invest-
ment costs. They result in energy use reductions which rapidly 
payback the initial capital expenditures and continue beyond 
that to contribute economic benefit. But few country-specific 
analyses have been completed of the benefits of energy efficien-
cy programmes for economic development. Governments may 
be able to make good use of better information on the scope for 
improving industrial energy efficiency as well as the policies and 
programmes available to realise that potential. 

In December 2007, the United Nations Framework Convention 
on Climate Change’s (UNFCCC’s) Ad Hoc Working Group on 
Long-term Cooperative Action issued a proposal, now commonly 
referred to as the Bali Action Plan or Bali Roadmap. This outlined 
areas to be addressed in the post-Kyoto agreement to be negoti-
ated in Copenhagen in 2009 (UNFCCC, 2007). The successful 
adoption of industrial energy efficiency technologies, measures, 
policies, and programmes can both be supported by and con-
tribute to a number of important elements in this action plan. 
Industrial energy efficiency can also play a particularly important 
role under the joint vision track of the action plan. Energy effi-
ciency can contribute both to the development goals related to 
reducing poverty and to the global sustainability goals related to 
reducing emissions. 

Experience shows that effective industrial sector energy efficiency 
policies and programmes depend on strong action to overcome 
informational, institutional, policy, regulatory, price, and other 
market-related barriers to better performance. The urgency of 
the climate challenge underlines the importance of identifying, 
distilling and where appropriate transferring the key features of 
the most successful energy efficiency policies and programmes. 
Short term measures to reduce energy use have the potential 
significantly to reduce the longer term cost of mitigating global 
climate change. A failure to seize these opportunities will result 
in much higher costs in the longer term.

Against this background, UN-Energy is promoting a dialogue 
on industrial energy efficiency. This includes side events at im-
portant international meetings, such as that held in the margins 

Pol�c�es and Measures to Real�se 
Industr�al Energy Effic�ency and 
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of the COP-14/MOP 4 meetings in Poznan in December 2008. 
Such activities help further to substantiate the importance of the 
role of energy efficiency in climate change mitigation, sustain-
able growth and development. They also provide an opportunity 
to focus on some specific issues that have been addressed in 
the post-Bali negotiation process and to discuss the further de-
velopment of the role of industrial sector energy efficiency in 
delivering climate change mitigation strategies in any post-2012 
framework. 

In preparation for the side event during the COP-14/MOP 4 
meetings in Poznan and for the study reported in this document, 
UN-Energy held an Expert Group Meeting (EGM) in Washing-
ton, DC on 22 and 23 September 20084. The EGM focused on 
industrial energy efficiency and its role in climate change mitiga-
tion policies, including some critical technical issues in the on-
going climate change negotiations. It highlighted a number of 
effective industrial energy efficiency policies and measures and 
examined issues related to the quantification and reporting of 
emission reductions due to industrial energy efficiency. For each 
of these areas, the EGM addressed a variety of practical arrange-
ments, mechanisms and policies that could be implemented to 
further the adoption of energy efficiency in industry as central 
elements of the international effort beyond 2012 to mitigate cli-
mate change. 

The energy system is extensive and complex. Various configura-
tion changes can reduce its costs – and are economically ef-
ficient. Various configuration changes can reduce its emissions 
– and are environmentally sound. And, various configuration 
changes can reduce the energy required to supply a service – and 
these are thermodynamically efficient. In this report, we consider 
“energy efficiency” measures, which normally meet all three of 
these goals: they are environmentally sound, economically and 
thermodynamically efficient (while there are energy efficiency 
measures which can increase costs, emissions and induce energy 
use rebound, those and their trade-offs are not discussed here, 
but should be born in the policy-makers’ mind). The rebound 
effect refers to increases in emissions and/or energy use that re-
sults from actions (such as energy efficiency measures) intended 
to reduce the former.

Energy efficiency measures in this document refer to improved 
appliances, processes or systems of energy using technologies 
in an industrial facility. (These use energy to provide a service, 
such as heating, cooling or motive power, for example.) It is to 

4 The United Nations Industrial Development Organisation (UNIDO) and the 
International Atomic Energy Agency (IAEA), the organisations mandated by the 
group to lead its work on energy efficiency under the UN Energy Energy Effi-
ciency Cluster, played the leading role in organising the EGM. They will continue 
to frame the discussion on industrial energy efficiency by coordinating inputs 
from other programmes and agencies such as the United Nations Environment 
Programme (UNEP), the United Nations Development Programme (UNDP), 
the United Nations Economic Commission for Europe (UNECE), the United Na-
tions Economic and Social Commission for Western Asia (ESCWA), the United 
Nations Economic and Social Commission for Asia and the Pacific (UNESCAP) 
and possibly other members of UN-Energy that are actively involved in energy 
efficiency programmes and projects.

be noted that this energy use is part of a broader energy sys-
tem. That system consists of resources that are extracted, con-
verted into useful energy carriers and transported to end users. 
Each step has associated costs, emissions and thermodynamic 
efficiencies. Focusing on reducing energy use in a demand sec-
tor (such as industry) will invariably not consider some of the 
gains or trade-offs associated with coordinated changes in the 
broader energy system. Such broader policies may include, for 
example, energy supply, fuel switching or integrated supply and 
demand policies (such as Demand Side Management). A simple 
illustrative example is that energy efficiency measures may not 
reduce emissions if the supply of the energy used is based on 
renewables. They may significantly reduce emissions where the 
supply system based on coal (without Carbon Capture and Stor-
age).  Again, such integrated interactions and trade-offs are to be 
accounted for in the broader energy policy context.

This paper:

provides an overview of the energy and GHG reductions 
that might be achievable through the more effective adop-
tion of industrial energy efficiency technologies, measures, 
policies, and programmes;

draws on national and UN agency experience, as presented 
at the energy efficiency EGM, to identify good practice; 
and

makes recommendations related to the areas of the Bali 
Roadmap where industrial energy efficiency can play a par-
ticularly significant role, including its contribution to the 
shared vision of reduced GHG emissions and economic de-
velopment.

II. Industr�al Energy
Effic�ency Potent�als

There is significant scope to improve energy efficiency in indus-
try. Many energy efficiency improvements are cost effective in 
their own right. The wider adoption of best available technolo-
gies could yield significant gains in the short and medium term. 
New technologies offer the prospect of additional gains in the 
longer term. These energy efficiency improvements need to be 
captured if GHG concentrations are to be put on a path to sta-
bilise at levels between 450 ppm and 550 ppm by 2050. Govern-
ments should exploit industrial energy efficiency as their energy 
resource of first choice. It is the least expensive large scale op-
tion to support sustainable economic growth, enhance national 
security, and reduce further climate damage.

Total final energy use in industry amounted to 121 EJ in 2006 
(Table 1). This includes petrochemical feedstocks that are not 
counted in the IEA statistics as industrial energy, but which are 

•

•

•
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Table 1. IndusTrIal FInal energy use, 2005 (eJ/yr) (Iea, 2008a)

World OECD Africa Latin 
America

Middle East Non-OECD 
Europe

FSU Asia 
(excl. China)

China 

Chemical and Petrochemical 35.2 18.4 0.4 1.5 2.6 0.3 3.2 3.4 5.3
Iron and Steel 25.0 7.5 0.4 1.2 0.1 0.3 3.5 1.6 10.4
Non-metallic Minerals 11.3 3.7 0.1 0.4 0.0 0.1 0.8 1.4 4.7
Paper, Pulp and Printing 6.7 5.1 0.0 0.4 0.0 0.0 0.3 0.2 0.7
Food, Beverage and Tobacco 6.1 2.9 0.0 1.0 0.0 0.1 0.5 0.7 0.9
Non-ferrous metals 3.9 2.0 0.1 0.4 0.0 0.0 0.1 0.0 1.2
Machinery 4.2 2.3 0.0 0.0 0.0 0.0 0.3 0.2 1.4
Textile and Leather 2.2 0.8 0.0 0.1 0.0 0.0 0.1 0.2 1.1
Mining and Quarrying 2.3 1.0 0.2 0.1 0.0 0.0 0.4 0.1 0.4
Construction 1.6 0.7 0.1 0.0 0.0 0.0 0.2 0.0 0.4
Wood and Wood Products 1.2 0.8 0.0 0.0 0.0 0.0 0.1 0.0 0.2
Transport Equipment 1.4 0.8 0.0 0.0 0.0 0.0 0.2 0.0 0.4
Non-specified 19.7 4.5 2.4 1.8 2.3 0.1 1.3 6.5 0.9

Total final energy 120.7 50.5 3.8 7.0 5.0 1.1 11.1 14.3 27.9

Total primary energy 491.5 231.8 25.7 22.2 21.9 4.5 42.6 55.7 79.4

Note: Includes petrochemical feedstocks, coke ovens and blast furnaces. FSU: Former Soviet Union.

nonetheless closely linked to industrial activities. These 121 EJ 
represent 32% of total final energy use across all end-use sec-
tors. 
65% of industrial final energy use is accounted for by four sec-
tors: chemicals and petrochemicals, iron and steel, non-metallic 
minerals (especially cement) and pulp and paper. Industry also 
uses significant amounts of electricity. Refineries are not counted 
in the IEA statistics as part of manufacturing industry but they use 
also significant amounts of energy (11.7 EJ in 2006, additional to 
that used by manufacturing industry). Industrial direct CO2 emis-
sions from fossil fuel use and process emissions accounted for 
25% of total global CO2 emissions. This increases to 40% if the 
indirect emissions entailed in generating electricity for industrial 
use are also taken into account.

Developing countries and transition economies account for 58% 
of total industrial final energy use. China’s share alone amounts 
to 23%. Asia as a whole accounts for 35%. Africa accounts only 
for 3.1%. 

In terms of primary energy5, total industrial consumption in 2006 
amounted to 156 EJ, equivalent to 32% of total global primary 
energy use. Regional shares of the total primary energy used in 
industry vary from 19% in Africa to 46% in China. In some coun-
tries such as China, industry consumes more energy than any 
other sector. Industry’s share of primary energy use has declined 
from 36.5% in 1971 to 31.7% in 2006. But most of this reduction 
occurred in the early part of this period. Industry’s share of the 
total has remained fairly constant over the last ten years, with 
percentage reductions elsewhere being largely offset by rapid 
industrialisation in China.

Despite significant effort in recent years to collect efficiency data 
 

5 Derived from final energy statistics, assuming electricity conversion at 40% 
efficiency.

for energy intensive industries, important gaps remain, especially 
in the data for developing countries and transition economies. 
17% of all industrial energy use is reported as “non-specified”. 
This poses a major problem for industrial energy and climate 
change policy making and decision making worldwide. Collec-
tion of better data should be a priority, in order to ensure a solid 
basis for policy making. UN-Energy can play an important role 
in this data collection, especially for developing countries and 
transition economies.

According to IEA statistics, 35% of industrial energy use is ac-
counted for by non-energy intensive industries, including a cat-
egory for non-specified industrial uses (Figure 1). Some of the 
non-specified energy use should in fact be allocated to energy 
intensive industries, so 30% is probably a better estimate of the 
energy used in non-energy intensive industries. The way in which 
energy is used in these industries is not well understood. Some of 
them, such as food and beverages, textiles and leather, machin-
ery and wood processing, are of special importance in develop-
ing countries. It is recommended that indicators be developed, 
and appropriate data collected, for these sectors.

Since 1973, improvements in energy efficiency and structural 
change across all sectors have helped to keep final energy use 
virtually constant in IEA countries. It is difficult to split energy 
efficiency and structural change accurately, but it has been es-
timated that the bulk of this gain, at around 1.4% a year, can 
be attributed to efficiency improvements. Accurate data do not 
exist for non-OECD countries. It is likely that energy efficiency 
improvements have been even larger in non-OECD countries, 
but these have been more than offset by increases in industrial 
production.

Without those energy efficiency improvements, energy demand 
would have been 58% higher (IEA, 2008a). More conventional 
fuel would have had to have been supplied and used, increasing 
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GHG emissions. In the United States alone energy demand would 
be four times higher than it was in 1970 (Laitner, 2008). 

Reduction of direct CO2 emissions in industry can be achieved 
by improving efficiency, but also through other means such as 
enabling fuel switching and capture and storage. Figure 2 shows 
the role that those technologies are expected to play in 2050 in 
a scenario whereby global emissions are reduced by 50% and 
those related to industry by 20%. The largest contribution to 
emissions reduction comes from energy efficiency (IEA, 2009). 

Figure 2. Long-term CO2 emissions reduction potentials in industry con-
sidering a 50% and 20% reduction globally and in industry respectively 
by 2050 (IEA, 2009)

Given its consumption of one third of all annual primary energy 
use and its production of a similar share of the world’s energy 
and process CO2 emissions, industrial efficiency deserves special 
attention. There remains considerable scope to achieve further 
improvements. 

Benchmarking studies allow for estimating the potential energy 
and emission saving in industrial sectors. They commonly feature 
the comparison of the energy or emission intensity of a fleet of 
plants with some of the best performing plants. The potential 
is estimated by means of comparing current performance with 

that of a reference (benchmark). Such benchmark 
represents an achievable target, i.e. the Best Process 
Technologies (BPTs) that are well established and have 
proven their economic viability in practice.

In Figure 3, the energy intensity of single plants, sorted 
from the least to the most efficient, is plotted against 
the cumulative production of those plants for various 
sectors. The energy intensity ratio is obtained by divid-
ing the energy intensity of each plant by the energy 
intensity a hypothetical plant that would be produc-
ing at 10% of the cumulative production (benchmark). 
Global benchmarking studies show the potential for a 
further 10 to 20% improvement if all industrial plants 
were to operate at least at the levels of efficiency 
achieved by the benchmark plant (Gielen, 2009)6. 

These benchmarking exercises tend to be supported mostly by 
well managed, and often more energy efficient, plants. The bench-
marking curves may therefore underestimate the global efficiency 
potentials. Using Best Available Technologies (BATs), and moving 
beyond this to promising new technologies that are not yet com-
mercially available, would also increase this potential substantially. 
To enable these issues to be understood more clearly, comprehen-
sive benchmarking datasets for key energy intensive commodities 
should be developed as a matter of priority.

Table 2 sets out the potential for energy savings in each of the 
most energy intensive industrial sectors. This shows the potential 
for savings of 10 to 20% as against BPT. The potential saving is 
significantly higher if BATs or new technologies are assumed, ris-
ing to between 20% and 30%. Given the slow rate of technology 
development, it is possible to forecast future improvements with 
some level of confidence.

6 The curves in Figure 3 show that the 90% percentile is 12 to 37% above the 
10% percentile for the four commodities analysed. The efficiency potential for 
the sector as a whole is half of this percentage, i.e. 6 to 20%.
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Figure 1. Share of industrial sectors in total industrial energy use 
(primary energy equivalents assuming 40% efficiency in power genera-
tion), 2006 (IEA, 2009)
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Analysis of energy and materials systems can also provide inter-
esting insights, especially for the 30% of energy used outside the 
energy intensive sectors. For example, the more efficient use of 
compressed air in the United States has been shown to achieve 
savings of to 20% or more (CAC/U.S. DOE, 2004). Steam supply 
systems offer potential energy efficiencies of 10% or more and 
electric motor systems offer potential efficiencies of 15 to 25% 
(IEA, 2007a). Fuel-use reductions of up to 35% can be achieved 
by the wider adoption of combined heat and power7. Similar sub-
stantial gains are possible if heat flows were to be optimised 
between different processes and between neighbouring instal-
lations. There is a limit however in terms of the distance over 
which the transport of hot water or steam makes sense which 
limits the potential of this option. Furthermore, increased recy-
cling and energy recovery from organic waste materials such as 
plastics and wood, and improvements in the way in which indus-
trial commodities are used (e.g. stronger steel, more effective 
nitrogen fertilizers) can raise these potentials still further. 

To some extent the potentials identified in such an analysis will 
overlap with the BPT potentials listed in Table 2. But a broader 
systems perspective will often reveal the potential for significant 
additional energy efficiency improvements over and above those 
that would be identified by a narrow process perspective.

Achieving these energy efficiency potentials will depend heav-
ily on the deployment of existing BPTs and on research, and on 
the development and demonstration of new technologies and 
systems. Production of most industrial commodities is projected 
to double between now and 2050. Energy efficiency alone will 
not be sufficient to achieve deep emission cuts. But given the 
magnitude and urgency of the energy and CO2 challenge and 
the relatively limited potential of alternative options, energy ef-

7 Although a proportion of this saving should be attributed to the power 
generation sector.

ficiency must be called upon to make an important and early 
contribution.

The practical, cost-effective potential for energy savings is much 
smaller than the technical potential identified above. One im-
portant factor is the fact that much of the existing capital stock 
has a long life still in it. Retrofitting is usually much more costly 
than greenfield investment and replacing plant earlier than nec-
essary in order to increase its energy efficiency, given the scale of 
most industrial investment, is rarely economic. 

Efficiency potentials are not uniformly distributed across the 
world. Generally, efficiency potentials are higher in developing 
countries than in industrialised countries. Outdated technology, 
smaller scale plants and inadequate operating practices all play 
a role. But this is not always the case. The most efficient alumin-
ium smelters are in Africa. India has the most efficient cement 
industry worldwide. And China has some state-of-the art steel 
factories. To some extent this can be attributed to the young age 
of the capital stock in these countries, and the older age of plant 
in OECD countries. 

Government policies with regard to energy efficiency play an im-
portant role. In terms of the CO2 savings that might be achiev-
able, IPCC analysis suggests that industry might be expected to 
make savings of 2.5 to 5.5 GtCO2 equivalent in 2030 compared 
to a baseline scenario. This would be a saving of 15 to 30% of the 
total baseline emissions in 2030. 90% of this potential, most of 
which would come from energy efficiency improvements, could 
be achieved at less than USD 50/tCO2 saved. The remaining 10% 
could be achieved at between USD 50 and USD 100/tCO2 saved 
(IPCC, 2007). 80% of the potential is in developing countries and  

Share of total global 
energy demand

[%]

BPT

[%]

BPT, BAT and break-
through technology

[%]

BPT, BAT, breakthrough 
technology and addi-
tional systems options

[%]

Source

Iron and steel 5 15 25 35 Gielen, 2009, 
UNIDO estimate

Aluminium 1 15 30 35 Gielen, 2009, 
UNIDO estimate

Ammonia 1 15 25 40 Gielen 2009, 
UNIDO estimate

Petrochemicals 5 15 20 30 Saygin et al, 2009

Pulp and paper 1 20 30 35 IEA, 2007, 2008a, 
UNIDO estimate

Cement 2 25 30 35 GNR, 2009, 
UNIDO estimate

Petroleum refineries 2 10-20 15-25 15-25 Worrell and Galitsky, 
2005, UNIDO estimate

Table 2. secToral TechnIcal energy eFFIcIency poTenTIals base on benchmarkIng and IndIcaTors analysIs (prImary energy 

equIvalenTs)
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transition economies. This picture is reinforced by IEA analysis 
that suggests that energy efficiency would constitute more than 
half of all industry’s contribution to a scenario which envisages 
global CO2 emissions halving by 2050.

Industrial energy efficiency has improved historically at a rate of 
about 1% per year, although effective policies and programmes 
have resulted in that rate being doubled in some countries (UNF, 
2007). Countries that have had ambitious policies for some time, 
such as Japan and the Netherlands, tend to be more efficient 
than countries without such policies. Based on this experience, 
the G8 has made a commitment to reduce industrial energy in-
tensity by 1.8% a year by 2020 and 2% a year by 2030. These are 
ambitious targets.

McKinsey & Company has assessed more than 200 GHG abate-
ment opportunities across 10 major sectors and 21 world regions 
between now and 2030. The results comprise an in-depth evalu-
ation of the potential, costs and investment required for each of 
those measures. Cost curves have been developed for the world 
(see Figure 4) and for a range of individual countries (Australia, 
Belgium, Brazil, China, Czech Republic, Germany, Sweden, United 
Kingdom, United States). These cost curves show a significant 
potential for energy efficiency at low or negative life cycle cost. 
Capturing all the potential will be a major challenge: it will re

quire change on a massive scale, strong global cross-sectoral ac-
tion and commitment, and a strong policy framework.

Energy efficiency is the most cost-effective, least-polluting, and 
readily-available energy “resource”� available in all� end-use sec-
tors in all countries. 

8 In a strict sense energy efficiency is not a resource, but a term referring to 
technological and behavioural measures which improve the productivity of en-
ergy usage. Increasing energy efficiency allows a fixed level of energy services to 
be delivered using less energy, or more energy services to be delivered for the 
same amount of energy. So increased energy efficiency enables the avoidance 
of energy resources. We therefore - to provide a powerful illustration – loosely 
refer to energy efficiency as an “energy resource” in its own right.
9 We however make a strong statement that this does not include situations 
where energy poverty reduces the end user to having no access to energy. It is 
noted that “energy efficiency” potentials only exist where affordable energy is 
can be accessed.
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III. Captur�ng Industr�al 
Energy effic�ency Potent�al 

through 
Pol�c�es and Programmes

Many energy efficiency technologies and measures that could 
be implemented in industry already exist. They fall short of full 
deployment for a number of reasons, some of which can be ad-
dressed through effective policies and programmes. Table 3 sets 
out a range of ways of addressing the barriers to energy effi-
ciency improvements that have been identified by industry itself. 
It identifies against each of these some policies and programmes, 
based on the presentations from the EGM as well as on other 
material presented in this paper, that could be implemented to 
give effect to the removal of these barriers. 

To maximise the potential impact of energy efficiency measures, 
the lessons learned from the implementation of policies and 
programmes needs to be distilled, disseminated, and adopted as 
appropriate in a way which fits local conditions. Removing these 
barriers is rarely cost free. So when policies are adapted to other 
settings, allowance needs to be made for the institutional, trans-
actional and other costs necessary to make the deployment of 
the policy effective. In the context of least developed and devel-
oping countries it may require a good deal of analysis and appro-
priate support to help build institutional capacity and markets.

A. Energy Effic�ency Barr�ers

Obstacles to the implementation of energy efficiency technolo-
gies and measures include: 

a lack of information about the possibilities for, and costs 
of, improving energy efficiency;

a lack of awareness of the financial or qualitative benefits 
arising from energy use reduction measures; 

inadequate skills to implement such measures; 

capital constraints and corporate cultures that favour in-
vestment in new production capacities rather than in en-
ergy efficiency measures; 

greater weight being given to investment costs than to re-
current energy costs. This can be exacerbated where energy 
costs are a small proportion of production costs (Monari, 
2008);

slow rates of capital stock turnover in many industrial 
facilities (Worrell and Biermans, 2005), coupled with the 

•

•

•

•

•

•

risks perceived to be inherent in adopting new technolo-
gies; and

an emphasis in many industrial investment decisions on 
large, attractive investment opportunities rather than on 
the more modest investments needed to improve energy 
efficiency, even where the profits can be relatively large.

Pol�cy and regulatory-related barr�ers to the implementation 
of industrial energy efficiency technologies and measures fall 
into two broad groups. The first relates to the adoption and pri-
oritisation of industrial energy efficiency policies and measures at 
a national level, especially in developing countries. Here the main 
barrier is inadequate information, skills, and methods to assess 
the costs and benefits of industrial energy efficiency policies and 
measures. Methods to address this have been developed (How-
ells and Laitner, 2003). But they are not widely deployed and 
they do not account for the institutional requirements and costs 
of supporting specific programmes. For example, the marginal 
cost of adopting policies and measures in a developed coun-
try which has many of the required institutions in place can be 
significantly lower than in a developing country. Although the 
adoption of industrial energy efficiency policies and measures 
may have benefits that far outweigh the costs, a substantive as-
sessment of those costs and benefits is needed before policy 
changes can be mobilised.

The second group relates to the fiscal and regulatory framework 
within which energy efficiency technologies and measures sit. 
These include such issues as the non-economic pricing of en-
ergy, inappropriate tariff structures, distorted market incentives 
which encourage energy suppliers to supply more rather than 
less energy, and inadequate regulatory or legal frameworks to 
support energy service companies (Monari, 2008). The absence 
of supportive enabling environments for technology transfer can 
also present a barrier to energy efficiency technology adoption 
in some countries (IPCC, 2000). 

•
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Market-related barr�ers to the implementation of industrial 
energy efficiency technologies and measures include a lack of 
awareness and experience among investors and financiers, par-
ticularly at the local level, of the potential financial returns, high 
transaction costs associated with smaller projects, and risks asso-
ciated with assessing and securitising revenues generated through 
using less energy. In addition, limited access to systems and skills 
for the measurement, monitoring and verification of reduced en-
ergy use create barriers for project financing (Monari, 2008). In 
developing countries and emerging markets, industry can find it 
more difficult to secure loans due to a lack of credit history or 
collateral as well as a lack of experience in preparing project and 
loan request documents (UNF, 2007; Sambucini, 2008). 

In seeking to secure project finance, it is important that all 
project implementation costs, including the costs of accessing 
and implementing a technology such as import costs, duties 
and tariffs, and the costs of securing capital, are included in fi-
nancial calculations. In making a case for an energy efficiency 
programme, it is also important to be clear about other costs 
such as project design costs (e.g. end-use consumer awareness 
programmes, energy audits), institutional development costs 
(e.g. the cost of setting up energy efficiency agencies and energy 
service companies (ESCOs), the training of personnel, etc.), and 
the cost of monitoring and verifying energy use reductions (e.g. 
testing labs, testing protocols, testing personnel). These are often 
overlooked when the value of energy efficiency programmes is 
being promoted (Sarkar, 2008), undermining confidence in the 
overall benefit of the programme when such costs are brought 
to book.

An essential requirement for analysing the success of past and 
existing policies and programmes, as well as for developing ro-
bust recommendations for future efforts, is access to high-qual-
ity energy efficiency data. The IEA recently highlighted a signifi-
cant gap in this respect (IEA, 2007c). In the absence of accurate 
data it is difficult to target and develop appropriate energy ef-
ficiency policies. Governments should support the IEA and others 
involved in energy efficiency indicator analysis by ensuring that 
accurate energy intensity time series data is reported regularly 
for all major industrial sectors (Mollet, 2008).

The wider adoption of industrial energy efficiency management 
practices, technologies and measures will depend critically on a 
number of factors, including increased management attention to 
industrial energy efficiency, the wider dissemination of industrial 
energy efficiency information and tools, an increased number of 
people skilled in the assessment and implementation of industrial 
energy efficiency practices, technologies, and measures, the cre-
ation of essential policy supporting institutions and an efficient 
industrial energy efficiency investment climate. 

B. Pol�c�es and Programmes to Promote Industr�al 
Energy Effic�ency

Since the 1970s, a wide range of energy efficiency policies and 
programmes have been implemented in many countries around 
the world10. Effective industrial sector policies and programmes 
are essential to increase the adoption of energy-efficient prac-
tices by overcoming informational, institutional, policy, regulatory, 
and market-related barriers. They also need to provide enabling 
environments for industrial enterprises more easily to implement 
energy-efficient technologies, practices, and measures. Lessons 
learned from these programmes can be used to identify success-
ful elements that can be more widely disseminated. These can 
be used to develop potential amendments to, or supplementary, 
GHG mitigation mechanisms. The VISA fund described in Appen-
dix A is one example of the sort of wider institutional change that 
can emerge from such an analysis.

The IEA’s Energy Efficiency Database contains details of 170 in-
dustrial energy efficiency policies and measures introduced at 
local, regional, and national levels in 32 countries and the EU 
(IEA, 2008c). The IEA’s World Energy Outlook Policy Database 
includes 530 entries for policies and programmes in the industrial 
sector, drawn from information from the IEA Climate Change 
Mitigation Database, the IEA Energy Efficiency Database, the IEA 
Global Renewable Energy Policies and Measures Database, the 
European Conference of Ministers of Transport, and contacts in 
industry and government (IEA, 2008b). 

Furthermore, the IEA has prepared 25 energy efficiency recom-
mendations across 7 sectors for the G8 summit in Japan in 2008. 
Four of these recommendations relate to industry (IEA, 2008d):

collection of high quality energy efficiency data for industry 
(development and application of energy indicators);

energy performance of electric motors (performance stan-
dards for motors, barriers busting for motor systems opti-
mization);

assistance in developing energy management capability 
(energy management systems for large industry, support 
tools and capacity building for energy management, com-
pulsory efficiency reporting systems);

policy packages to promote energy efficiency in small and 
medium sized enterprises (information, audits, benchmark-
ing, incentives for life cycle costing).

One review of twelve industrialised nations and the EU identified 
programmes that provided more than 30 types of energy effi-
ciency product and service which were disseminated to industry 
through a wide range of delivery channels. These included

10 See McKane et al., 2007 and Price et al., 2008a for additional background 
information on industrial energy efficiency policies and programmes
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reports, guidebooks, case studies, fact sheets, profiles, tools, 
demonstrations, roadmaps and benchmarking data and services. 
Delivery mechanisms included customer information centers and 
websites, conferences and trade shows, workshops and other 
training mechanisms, financial assistance programmes, voluntary 
agreements, newsletters, publicity, assessments, tax and subsidy 
schemes and working groups (Galitsky et al., 2004).

One example of an effective industrial energy efficiency pro-
gramme in a developing country is the Kenyan programme on 
the Removal of Barriers to Energy Efficiency and Conservation 
in Small and Medium Scale Enterprises (SME), financed by the 
Global Environmental Facility (GEF) and managed by the Kenya 
Association of Manufacturers (Kirai, 2008). This programme has 
shown that publicly initiated programmes, including those with 
social and/or environmental objectives, can attract private sec-
tor participation if they are effectively linked to the economic 
and business motives of the private sector. A sound institutional 
framework and the active participation of private sector top 
management are fundamental to success. Demonstration proj-
ects and experience sharing have been shown to be powerful 
tools for increasing confidence and for spreading and replicating 
the programme (Kirai, 2008). 

�. Industr�al Energy Effic�ency Target-Sett�ng, Voluntary 
Agreements, and Voluntary Act�ons

One of the barriers to the adoption of energy-efficient technolo-
gies, practices, and measures is a corporate culture that under-
standably focuses more on production rather than on energy 
efficiency. Policies and programmes need to raise awareness of 
the importance of energy efficiency as a means of achieving and 
sustaining competitiveness in global markets. Successful energy 
efficiency policies and programmes depend heavily on top man-
agement commitment to energy efficiency.

Establishing appropriate and ambitious energy efficiency or GHG 
emissions reduction targets can provide a strong incentive for 
the adoption of energy-efficient technologies, practices, and 
measures. These can be legally mandated through government 
programmes or they can be adopted by high-level corporate 
management as a matter of company policy. Examples of nation-
al-level target-setting programmes include the GHG emissions 
reduction targets established through the Kyoto Protocol, coun-
try-specific energy efficiency or GHG emissions reduction targets 
such as those established in the United Kingdom, and China’s 
goal to reduce energy consumption per unit of gross domestic 
product by 20% between 2005 and 2010 (Price et al., 2008a). 

Examples of corporate targets include programmes at Dow 
Chemical, DuPont, and BP (see Box 1). Other companies have 
engaged in company-specific programmes having been stimu-
lated to do so by government or non-governmental organisation 
(NGO) programmes such as those run by the Carbon Trust in the 
United Kingdom, the Business Environmental Leadership Council 
of the Pew Center on Global Climate Change, the World Wildlife 

Fund for Nature’s Climate Savers Programme, or through govern-
ment programmes such as the United States Environmental Pro-
tection Agency’s Climate Leaders programme (US EPA, 2008a). 
Voluntary actions of this kind can spur information exchange 
between companies, put pressure on poor performing compa-
nies to meet industry averages, provide awareness-raising and 
encourage the deployment of improved technology (Bernstein, 
2008). Although some early programmes performed poorly, cor-
porate programmes since 2000 have shown positive benefits.

Target-setting, voluntary and negotiated agreements, have been 
used by a number of governments as a mechanism for promot-
ing energy efficiency within the industrial sector. A recent sur-
vey identified 23 energy efficiency or GHG emissions reduction 
voluntary agreement programmes in 18 countries (Price, 2005). 
International experience of such programmes suggests that they 
work best when they are supported by the establishment of a 
coordinated set of policies that provide strong economic incen-
tives as well as technical and financial support to the partici-
pating industries. Effective target-setting agreement programmes 
are typically based on signed, legally-binding agreements with 
realistic long-term (typically 5-10 year) targets. They require fa-
cility or company level implementation plans for reaching the 
targets and the annual monitoring and reporting of progress 
toward those targets, coupled with a real threat of increased 
government regulation or energy/GHG taxes if the targets are 
not achieved. And they in parallel provide effective supporting 

box 1: examples oF corporaTe energy eFFIcIency or ghg 

mITIgaTIon TargeTs

Dow Chemical set itself a target to reduce energy intensity 
(energy use/unit product) from 1994-2005 by 20%. The 
company actually achieved a 22% energy intensity reduc-
tion, saving USD 4 billion. Dow Chemical’s energy intensity 
reduction goal for 2005 to 2015 is 25% (Foster, 2006). 

DuPont set itself a target to reduce GHG emissions by 65% 
from its 1990 levels by 2010. The company has, as a result, 
achieved USD 2 billion in energy savings since 1990 and re-
duced its GHG emissions by over 72%, by increasing output 
while holding its energy use at 1990 levels (DuPont, 2002; 
McFarland, 2005).

BP’s target to reduce GHG emissions by 10% in 2010 com-
pared to a 1990 baseline was reached nine years early, in 
2001 (BP, 2003; BP, 2005).

Hasbro, Inc. achieved an internal emissions reduction goal 
by reducing total GHG emissions by 43% from 2000 to 
2007 for its U.S. manufacturing facilities (US EPA, 2008a).

In 2005, 3M reduced absolute GHG emissions in its U.S. 
facilities by 37% from a 2002 base year (U.S. EPA, 2008a).

•

•

•

•

•
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programmes to assist industry in reaching the goals outlined in 
the agreements. 

The key elements of such a programme are:
the target-setting process;

the identification of energy efficiency technologies and mea-
sures through benchmarking and energy efficiency audits;

the development of an energy efficiency action plan;

the development and implementation of energy manage-
ment protocols;

the development of financial incentives and supporting 
policies;

monitoring progress toward targets; and 

programme evaluation (Price et al., 2008a). 

An example of such a programme can be seen in the Climate 
Change Agreements (CCA) programme implemented by the 
United Kingdom (see Box 2).

•

•

•

•

•

•

•

As a result of the CCA programme, CO2 emission reductions 
were nearly three times higher than the target (Table 4) (Pender, 
2004) during the first target period (2001-2002), more than 
double the target set by the government during the second tar-
get period, and almost double the target during the third target 
period.

Table 4. resulTs oF The uk clImaTe change agreemenTs:  

perIods 1-3 

Sources: DEFRA, 2005b; Future Energy Solutions, 2005; DEFRA, 2007, Pender, 
2008)11 

As a result of the CCA programme, energy has become a board 
level issue. Top management is alert to the importance of ensur-
ing they meet their targets and maintain their levy reductions. 
Industry is saving over £1.5 billion (USD 2.23 billion) a year on 

energy costs as well as the savings it is achieving by 
avoiding the Climate Change Levy itself (£350m or 
USD 520 million).12 Overall, the CCAs improve ef-
ficiency and so improve competitiveness (Pender, 
2008; Barker et al., 2007). 

Another example is the China’s 11th Five Year Plan, 
announced in 2005, which established an ambitious 
goal for reducing energy consumption per unit 
of gross domestic product by 20% between 2005 
and 2010. One of the main vehicles for realising 
this energy intensity reduction goal is the Top-1000 
Energy Consuming Enterprises programme (Top-
1000 programme). This has set energy reduction 
targets for China’s 1000 highest energy consuming 
enterprises. The participating enterprises are from 
nine energy-intensive sectors (iron and steel, non-
ferrous metals, chemicals, petroleum/petrochemi-
cals, power generation, construction materials, coal 
mining, paper, and textiles) that jointly consumed 
33% of national energy consumption and 47% of 
industrial energy consumption in 2004 (Kan, 2008; 
Price et al, 2008b). 

The Top-1000 programme, launched in April 2006 
(NDRC, 2006), set the goal that energy intensity 
(energy used per unit of production) should in all

11 Note that adjustments to the target have been made due to 
significant changes in the steel sector; see referenced material 
for details.
12 Based on a currency conversion rate of 1 GBP = 1.488 USD.

Absolute 
Savings from 
Baseline

Actual Savings 
(MtCO2/year)

Target 
(MtCO2/year)

Actual minus Target 
(MtCO2/year)

Target Period 1 
(2001-2002)

16.4 6.0 10.4

Target Period 2 
(2003-2004)

14.4 5.5 8.9

Target Period 3 
(2005-2006)

16.4 9.1 7.3

box 2: clImaTe change agreemenTs In The uk

The UK has a Kyoto Protocol target of a 12.5% reduction in GHG emissions by 
2008-2012 relative to 1990. It also has a national goal to reduce CO2 emis-
sions by 20% by 2010 relative to a 1990 baseline (DEFRA, 2006). 

The UK established a Climate Change Programme in 2000 to address both 
goals through the application of an energy tax – the Climate Change Levy 
– applicable to industry, commerce, agriculture, and the public sector as 
well as through the implementation of Climate Change Agreements (CCAs) 
with energy-intensive industrial sectors. Through the CCAs, industry agrees 
to meet energy targets in exchange for an 80% reduction in the Climate 
Change Levy (DEFRA, 2004). The programme has established agreements 
with over 50 different industry sectors covering 10,000 sites. The agreements 
are attractive to industry because of the tax reduction. Participating industries 
must meet targets every two years to benefit from the tax rebate and the 
risk of losing the tax reduction is sufficient to ensure real energy-reducing 
actions are taken. The CCAs include a baseline and a credit emissions trading 
scheme in which, if targets are missed, companies can buy allowances and, 
if targets are beaten, companies can sell allowances targets through the UK 
Emissions Trading Scheme (DEFRA, 2005a; Pender, 2008). 
 
Companies that sign CCAs commit to either absolute or relative energy-re-
duction targets for 2010. Sectors did better than expected, even though they 
genuinely believed they were already energy-efficient, because the CCAs 
brought new rigour to the measurement and management of energy use 
that identified additional opportunities and led to higher reductions. In ad-
dition, finance directors took an interest and authorised spending because a 
tax reduction was available (Pender, 2008).
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enterprises reach the level of advanced domestic production and 
in some enterprises either international or industry advanced lev-
els of energy intensity. The Top-1000 enterprises were each given 
individual goals which, taken together, sought to achieve a re-
duction in annual energy use of 100 Mtce (2.9 EJ) by 2010 (Price 
et al, Article in Press). Financial support for the programme has 
been provided by the national and provincial governments as 
well as through international projects, such as the China End Use 
Energy Efficiency Project funded at USD 17 million13 for three 
years through the World Bank’s Global Environment Facility and 
the EU-China Energy and Environment Programme funded at a 
level of EUR 42 million (Kan, 2008).

The reported energy use reductions for the first year of the pro-
gramme (2006) indicate that it is on track to achieve the goal of 
reducing energy use by 100 Mtce in 2010. Progress reported in 
2007 suggests that the programme may even surpass this goal. 
Depending on the GDP growth rate, the programme could con-
tribute between 10% and 25% of the savings required for China 
to meet a 20% reduction in energy use per unit of GDP by 2010 
(Price et al., 2008b). 

�. Industr�al Energy Management Standards

Once targets have been established and/or corporate manage-
ment has made a commitment to improve energy efficiency or 
reduce GHG emissions, it is essential to institutionalise energy 
management in a wider culture for sustained improvement. En-
ergy management standards can provide a useful organising 
framework for accomplishing this in industrial facilities.

Energy management standards seek to provide firms with the 
guidance and tools they needs to integrate energy efficiency 
into their management practices, including into the fine-tuning 
of production processes and steps to improve the energy effi-
ciency of industrial systems. Energy management seeks to apply 
to energy use the same culture of continuous improvement that 
has successfully stimulated industrial firms to improve their own 
quality and safety practices. Energy management standards have 
an important role to play in industry, but are equally applicable 
to commercial, medical, and government operations. 

Table 5 compares the elements of the energy management stan-
dards in a range of countries and regions with existing energy 
management standards or specifications, two sets of standards 
under development, and one country for which energy manage-
ment is a legislated practice for many industries. In all instances, 
the standards have been developed to be compatible with the 
International Organisation for Standardisation (ISO) quality 
management (ISO 9001:2008) and environmental management 
(ISO 14001:2004) standards. 

Typical features of an energy management standard require the 
organisation to put in place:

13 USD 80 million if you include governmental and private cost-sharing.

an energy management plan that requires measurement, 
management, and documentation for the continuous im-
provement for energy efficiency;

a cross-divisional management team led by a representa-
tive who reports directly to management and is responsible 
for overseeing the implementation of the energy manage-
ment plan;

policies and procedures to address all aspects of energy 
purchase, use, and disposal;

action plans or projects to demonstrate continuous im-
provement in energy efficiency;

the creation of an Energy Manual, a living document that 
evolves over time as additional energy use reducing proj-
ects and policies are undertaken and documented;

the identification of energy performance indicators, unique 
to the company, that are tracked to measure progress; and

periodic reporting of progress to management based on 
these measurements.

A successful programme in energy management begins with a 
strong corporate commitment to the continuous improvement 
of energy performance through energy efficiency and energy 
conservation and the increased use of renewable energy. A first 
step once the organisational structure has been established is to 
conduct an assessment of the major energy uses in the facility 
to develop a baseline of energy use and set targets for improve-
ment. The selection of energy performance indicators, targets 
and objectives help to shape the development and implementa-
tion of action plans. An important element in ensuring the ef-
fectiveness of an action plan is involving personnel throughout 
the organisation. Personnel at all levels should be aware of the 
organisation’s energy use and its targets for improving energy 
performance. Staff need to be trained both in skills and in gen-
eral approaches to energy efficiency in day-to-day practices. In 
addition, performance should be regularly evaluated and com-
municated to all personnel, with appropriate recognition for high 
achievement. The emergence over the past decade of better in-
tegrated and more robust control systems can play an important 
role in energy management and in reducing energy use. 

In March 2007, UNIDO hosted a meeting of experts, including 
representatives from the ISO Central Secretariat and the nations 
that have adopted energy management standards. That meeting 
led to submission of a UNIDO communication to the ISO Cen-
tral Secretariat requesting that ISO consider undertaking work 
on an international energy management standard.14 In February 
2008, the ISO approved a proposal from the American National 
Standards Institute (ANSI) and the Associação Brasileira de Nor-

14 http://www.unido.org/index.php?id=o86084

•

•

•

•

•

•

•

http://www.unido.org/index.php?id=o86084
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Table 5. co
m

paraTIve an
alysIs o

F en
erg

y m
an

ag
em

en
T sTan

d
ard

s

participating
countries

participating countries

develop energy 
management plan

establish energy 
use  baseline

management appointed 
energy representative

establish cross-divisional 
Implementation Team

emphasis on continuous 
Improvement

document energy 
savings

establish performance 
Indicators & energy 
saving Targets

document &Train e
mployees on procedural/ 
operational changes

specified Interval for 
re-evaluating perfor-
mance 
Targets

reporting to public 
entity required

energy savings externally 
validated or certified

year Initially published

approx market penetra-
tion 
by Industrial energy use

Existing

d
enm

ark
yes

yes
yes

yes
yes

yes
yes

yes
yes

suggests 
annual

yes
optional 1

2001
60 %

2

Ireland
yes

yes
yes

yes
yes

yes
yes

yes
yes

industry 
sets ow

n
yes

optional 1
2005

25 %

Japan 3
yes

yes
yes

licensed
im

plied
yes

yes
yes

yes
yes, 
annually

yes
yes

1979
90 %

korea
yes

yes
yes

yes
yes

yes
yes

yes
yes

yes, 
annually

optional
optional 4

2007
data not
yet avail

n
etherand

5
yes

yes
yes

yes
yes

yes
yes

yes
yes

yes
yes

optional 1
2000

20-90 %
6

sw
eden

yes
yes

yes
yes

unclear
yes

yes
yes

yes
yes 1

yes
optional 1

2003
50 %

 elect

Thailand
yes

yes
yes

yes
im

plied
yes

yes
yes

yes
industry 
sets ow

n
yes

evaluation 
plan

2004
not know

n 7

u
nited states

yes
yes

yes
yes

yes
yes

yes
yes

yes
annual 
recom

m
no

no 8
2000

< 5 %
8
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mas Técnicas (ABNT) to lead development of this standard (ISO, 
2008).

The ISO has recognised energy management as one of its top five 
global priorities through the initiation of work on “ISO 50001: 
Energy management systems - Requirements with guidance for 
use” (ISO 2008). ISO 50001 is due to be published in early 2011. 

The emergence of ISO 50001 is expected to have far-reaching 
effects in stimulating greater energy efficiency in industry when 
it is published. This will be especially true in developing coun-
tries and emerging economies, where indications are that it will 
become a significant factor in international trade, as ISO 9001 
has become. 

�. Capac�ty Bu�ld�ng for Energy Management and  
Energy Effic�ency Serv�ces

Capacity Building for Energy Management

Experience in countries with energy management standards or 
specifications has shown that the appropriate application of 
energy management standards requires significant training and 
skills. The implementation of an energy management standard 
within a company or an industrial facility requires a change in 
existing institutional approaches to the use of energy, a process 
that may benefit from technical assistance from experts outside 
the organisation. There is a need to build not only internal ca-
pacity within the organisations seeking to apply the standard, 
but also external capacity from knowledgeable experts to help 
establish an effective implementation structure.

The core of any energy management standard involves the de-
velopment of an energy management system. Organisations 
already familiar with other management systems, such as ISO 
90001 (quality) and ISO 14001 (environmental management), 
will recognise a number of parallels in the implementation of an 
energy management system. For these organisations, the need 
for outside assistance may be limited to an orientation period 
and initial coaching. For organisations without such experience, 
varying degrees of technical support will likely be required for 
several years until the energy management plan is well-estab-
lished. 

The suite of skills required to provide the technical assistance 
needed for energy management is unique, since it combines both 
management systems and energy efficiency. Individuals and firms 
familiar with management systems for quality, safety, and envi-
ronmental management typically have little or no expertise in 
energy efficiency. Industrial energy efficiency experts are highly 
specialised in energy efficiency, but are likely to be less familiar 
with broader management system approaches. Globally, the need 
for energy management experts is expected to increase rapidly 
once ISO 50001 is published in early 2011. Capacity building is 
urgently needed now to meet the growing demand for high qual-
ity energy management expertise.

UNIDO is continuing its interest and support for energy man-
agement through the inclusion of capacity building as part of 
its regional and national programmes in a number of countries 
in Southeast Asia, Russia, and Turkey. Since system optimisation 
is not taught in universities or technical colleges, these pro-
grammes also include modules on system optimisation, based on 
a successful model developed for a pilot programme in China.

Capacity Building for System Optimisation

The optimisation of industrial systems and processes can make 
a significant contribution to improving energy efficiency in many 
industrial contexts. But it requires skills that are not learned in 
many existing programmes

For example, as part of the UNIDO China Motor System Energy 
Conservation Programme, 22 engineers were trained in system 
optimisation techniques in Jiangsu and Shanghai provinces. The 
trainees were a mix of plant and consulting engineers. Within two 
years of completing their training, these experts had conducted 
38 industrial plant assessments and identified nearly 40 million 
kWh of savings in energy use. Typical system optimisation proj-
ects identified through this initiative are summarised in Table 6.

Table 6. reduced energy use From sysTem ImprovemenTs 

(chIna pIloT programme) 
 

* Note that this was an extremely large facility
Source: Williams, et al., 2005

The goal in this respect is to create a cadre of highly skilled 
system optimisation experts. Careful selection is needed of in-
dividuals with prior training in mechanical, electrical or related 
process engineering, who have an interest and the opportunity 
to apply their training to develop projects. This training is inten-
sive and system-specific. Experts may come from a variety of 
backgrounds, including government sponsored energy centres, 
factories, consulting companies, equipment manufacturers and 
engineering services companies. International experts in pump-
ing systems, compressed air systems, ventilating systems, motors 
and steam systems are used to develop local experts. 

System/Facility Total Cost 
(USD)

Energy Use 
Reductions 
(kWh/year)

Payback Period 
(years)

Compressed air 
/forge plant

18,600 150,000 1.5

Compressed air /ma-
chinery plant 

32,400 310,800 1.3

Compressed air 
/tobacco industry

23,900 150,000 2

Pump system 
/hospital

18,600 77,000 2

Pump system 
/pharmaceuticals

150,000 1.05 million 1.8

Motor systems 
/petrochemicals* 

393,000 14.1 million 0.5
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Ideally, the completion of the intensive training programme 
is coupled with formal recognition for the competency of the 
trained local experts. Testing of skills through the successful 
completion of at least one system optimisation assessment and 
preparation of a written report with recommendations that dem-
onstrates the ability to apply system optimisation skills should be 
a prerequisite for such recognition.

Trained local experts can also be used to offer awareness level 
training to factory operating personnel on ways of recognising 
system optimisation opportunities. This awareness training can 
be used to build interest in and demand for local system opti-
misation services. 

�. Del�very of Industr�al Energy Effic�ency  
Products and Serv�ces

Most industrial plant managers are focused on production levels. 
They have neither the time nor the incentive thoroughly to in-
vestigate and evaluate the many ways in which energy use could 
be reduced. Industrial energy efficiency information programmes 
aim to make it easier for them to do so by creating and dissemi-
nating relevant technical information through energy efficiency 
assessment and self-auditing tools, case studies, reports, guide-
books and benchmarking tools (Galitsky, et al., 2004). Industrial 
energy efficiency products and services can be provided by gov-
ernments, utilities, consulting engineers, equipment manufactur-
ers or vendors, or by ESCOs.

Government Programmes

Energy audits or assessments can help plant managers to un-
derstand their energy use patterns and identify opportunities to 
improve efficiency. In the mid-1990s, the IEA convened an expert 
group on industrial energy audits and initiated a project on En-
ergy Audit Management Procedures. These procedures provide 
information on training, authorisation, quality control, monitor-
ing, evaluation, energy audit models, and auditor tools based on 
auditing programmes in 16 European countries (Väisänen, et al., 
2003). Such project allowed for discussing a variety of audit-
ing tools used within European auditing programmes (Ademe, 
2002), and describing energy auditor training, authorisation of 
energy auditors, and quality control of energy audits. The US 
DOE’s Industrial Technologies Programme (ITP) provides energy 
assessments for industrial facilities through the Industrial As-
sessment Center (IAC) and the Save Energy Now initiative. US 
DOE has also developed a software tool called the Quick Plant 
Energy Profiler that characterises a plant’s energy consumption 
and provides industrial plant personnel with a range of relevant 
information on energy use and costs, opportunities to reduce 
energy use, and a list of recommended actions, including the 
use of ITP software tools for specific systems (U.S. DOE, 2008a). 
ITP has also developed a number of software tools focused on 
assessment of technologies and systems that are found in many 
industrial facilities and are thus not industry-specific. These in-

clude motors, pumps, compressed air systems, and process heat-
ing and steam systems. 

Other auditing or assessment approaches include:

energy audits conducted as part of the Dutch Long Term 
Agreements (Nuijen, 2002);

the Danish CO2 Tax Rebate Scheme for Energy-Intensive 
Industries (Ezban et al., 1994);

Taiwan’s energy auditing programme in which 314 industrial 
firms were audited between 2000 and 2004 (Chan et al., 
2007); and

the IFC’s industrial audit programme (Shah, 2008).

In 2006, the Ministry of Trade and Industry in Finland held a 
3-day workshop on energy auditing and issued the Lahti Dec-
laration in which 39 countries and 8 international organisations 
emphasised the importance of energy auditing and established 
the International Energy Audit Programme (IEAP) (Lahti Decla-
ration, 2006).

Case studies documenting the use of specific industrial energy 
efficiency technologies and measures can provide plant manag-
ers with insights into the implementation costs, energy savings, 
and experiences of other industrial facilities. The US DOE pro-
vides case studies that describe energy efficiency demonstration 
projects in industrial facilities in the aluminium, chemicals, forest 
products, glass, metal casting, mining, petroleum, steel, cement, 
textiles, and other sectors15 and tip sheets, technical fact sheets 
and handbooks, and market assessments for industrial systems.16  
Case studies providing information on commercial energy-saving 
technologies for a number of industrial sectors are also provided 
by the Centre for Analysis and Dissemination of Demonstrated 
Energy Technologies (CADDET).17

Reports or guidebooks can provide more comprehensive infor-
mation on the many industrial energy efficiency technologies 
and measures that are available for specific end-use sectors or 
for specific energy-consuming systems.18

Benchmarking can be used to compare a facility’s energy use to 
that of other similar facilities or to national or international best 
practice energy use levels. Canada‘s Office of Energy Efficiency 
has benchmarked the energy use of ammonia, cement, fertiliser,

15 http://www1.eere.energy.gov/industry/bestpractices/case_studies.html
16 http://www1.eere.energy.gov/industry/bestpractices/technical.html
17 http://www.caddet.org/index.php
18 See for example, Australia’s Energy Efficiency Best Practice Guides the Neth-
erlands’ Long-Term Agreements and the UK Carbon Trust technology guides and 
similar initiatives in Canada and the United States. The Cement Sustainability 
Initiative has also published a sector-specific study for the cement industry 
(ECRA, 2009).

•

•

•

•

http://www1.eere.energy.gov/industry/bestpractices/case_studies.html
http://www1.eere.energy.gov/industry/bestpractices/technical.html
http://www.caddet.org/index.php


 �� 

food and beverage, mining, oil sands, petroleum products, pulp 
and paper, steel, textiles, and transportation manufacturing fa-
cilities.19 In the Netherlands, Benchmarking Covenants encour-
age participating industrial companies to benchmark themselves 
to their peers and to commit to becoming among the top 10% 
most energy-efficient plants in the world or one of the three 
most efficient regions (Commissie Benchmarking, 1999). The U.S. 
ENERGY STAR has developed a benchmarking tool called the 
energy performance indicator (EPI) for the cement, corn refin-
ing, and motor vehicle assembly industries that ranks a facility 
among its peers based on norms for the energy use of specific 
activities or on factors that influence energy use.20 Lawrence 
Berkeley National Laboratory has developed the BEST: Bench-
marking and Energy Saving Tool for industry to use to benchmark 
a plant‘s energy intensity against international best practice and 
to identify energy efficiency options that can be implemented. 
BEST has been developed for the cement and steel industries 
in China (Price et al., 2003) and in the California wine industry 
(Galitsky et al., 2005).

The sharing of information about energy efficiency technolo-
gies and measures between industrial organisation is a key el-
ement of the United States Environmental Protection Agency’s 
(US EPA) Energy Star for Industry programme, the second phase 
of the Dutch Long-Term Agreements (LTA-2), and the Carbon 
Trust’s work in the UK. The Energy Star for Industry programme 
convenes focus groups for a number of major industrial sec-
tors. These groups meet regularly to discuss barriers to energy 
efficiency and share energy management techniques (US EPA, 
2008b). 

Under the LTA-2 programme, knowledge networks have been 
established by SenterNovem, an agency of the Dutch Ministry 
of Economic Affairs, in the areas of bio-based business, process 
engineering, sustainable product chains, heat exchangers, sepa-
ration technology, drying processes, process intensification, and 
water technology. A website has been established for companies, 
institutions and consultants interested in sharing their knowledge 
and experience. The knowledge networks organise several meet-
ings a year that provide an opportunity for members to make 
presentations and to discuss recent developments, research find-
ings, and new applications in the network area. They maintain a 
website with surveys of the main organisations involved in the 
field as well as recent articles and other publications. They also 
support new projects, maintain contacts with similar networks 
and researchers in other countries and develop roadmaps re-
lated to the network area (SenterNovem, 2008). 

There are several measures which help reduce emissions from 
industrial energy use. As industrial energy efficiency is prominent 
among these it is often promoted via carbon reduction actions. 
The UK’s Carbon Trust is a government-funded independent  

19 http://oee.nrcan.gc.ca/industrial/technical-info/benchmarking/bench-
marking_guides.cfm?attr=24
20 See http://www.energystar.gov/index.cfm?c=in_focus.bus_industries_focus

entity set up to help businesses and the public sector to reduce 
their carbon emissions by 60% by 2050 (UK DTI, 2003). The 
Carbon Trust identifies carbon emissions reduction opportuni-
ties, provides resources and tools, provides interest-free loans 
to small and medium sized enterprises, funds a local authority 
energy financing scheme, and promotes the government’s En-
hanced Capital Allowance Scheme. It also has a venture capital 
team that invests in early-stage carbon reduction technologies 
as well as management teams that can deliver low carbon tech-
nologies (Carbon Trust, 2008).

�. Industr�al Equ�pment and System Assessment Standards

Equipment Standards

Motors are very widely used in industry. Most motors perform at 
levels well below those of the high efficiency motors available 
today. Improving motor efficiency would offer a significant op-
portunity for energy savings.

High efficiency motors cost 10 to 25% more than standard mo-
tors. But they offer motor losses 20% to 30% lower. So, depend-
ing on their hours of operation, the additional cost of a high ef-
ficiency motor can often be recovered in less than three years. 

When motors fail, they are frequently repaired rather than re-
placed. A typical industrial motor will be repaired 3 to 5 times 
over its life. The quality of the repair is the most important factor 
in maintaining the efficiency of the repaired motor. In general, 
quality repairs will reduce energy efficiency by 0.5% or less, while 
poor repairs can reduce efficiency by 3% or more. When future 
operating costs are taken into account, it is usually more cost 
effective to replace standard motors with more energy efficient 
ones rather than to repair them. Under some conditions, it can 
be more cost effective even to replace a fully functioning motor 
with a more energy efficient one (Nadel, et al., 2002). 

The adoption of minimum efficiency performance standards 
(MEPS) has been shown to be the most effective way generally 
to improve the energy efficiency of motors in industry. Where 
standards for high efficiency motors have been mandatory for 
some time, such as in the United States and Canada, high-ef-
ficiency motors make up about 70% of the current stock. Where 
they are not mandatory, such as in the European Union, more 
than 90% of all industrial motors operate at or below standard 
efficiency (Table 7). Australia’s MEPS for electric motors has also 
been shown to have helped to protect its market from a flood 
of lower efficiency imported motors from Asian suppliers (Ryan, 
et al., 2005).

System Assessment Standards

Systems, as distinct from components, can also be the source 
of very significant industrial energy inefficiencies. Providers of 
system assessment services can help industrial facilities both to 
reduce operating costs and increase reliability. 

http://oee.nrcan.gc.ca/industrial/technical-info/benchmarking/benchmarking_guides.cfm?attr=24
http://oee.nrcan.gc.ca/industrial/technical-info/benchmarking/benchmarking_guides.cfm?attr=24
http://www.energystar.gov/index.cfm?c=in_focus.bus_industries_focus
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Table 7. moTor eFFIcIency perFormance sTandards and 

The markeT peneTraTIon oF energy eFFIcIenT moTors

Source: IEA, 2007a

But it is difficult for plant personnel to easily identify quality 
services at competitive prices. The lack of market definition also 
creates challenges for the providers of quality system assessment 
services to distinguish their offerings from others that are either 
inadequate to identify energy efficiency opportunities or merely 
thinly-veiled equipment marketing approaches.

There is also very little reliable data on system performance, in 
particular on accurate operational measurements of the perfor-
mance of motor, steam, and process heating systems. Measuring 
the energy efficiency of components (motors, furnaces, boilers) 
is reasonably straightforward and well documented, although the 
treatment of some losses in the measurement process for motors 
is inconsistent and the efficacy of testing techniques for installed 
boilers and furnaces can vary substantially. But the measurement 
of system energy efficiencies, where most of the energy efficiency 
potential exists, is far less well developed. 

Few industrial facilities can quantify the energy efficiency of mo-
tor, steam, or process heating systems without the assistance of 
a systems expert. Even system experts can fail to identify large 
savings potentials if variations in loading patterns are not ad-
equately considered in the assessment measurement plan. And 
even where permanently installed instruments such as flow me-
ters and pressure gauges are present, they are often non-func-
tioning or inaccurate. It is not uncommon to find orifice plates 
or other devices designed to measure flow actually restricting 
flow as they age.

A large pool of expert knowledge exists on the most effective 
way to conduct energy efficiency assessments of industrial sys-

tems such as compressed air, fan, pump, mo-
tor/drive, process heating, and steam systems. 
A body of literature, primarily from the United 
States, UK and Canada, has been developed 
in the past fifteen years to identify these best 
practices. These assessment techniques have 
been further refined in recent years in the 
United States. Best practices that contribute 
to system optimisation are system specific, but 
generally include:

evaluating work requirements and matching 
system supply to them;

eliminating or reconfiguring inefficient uses 
and practices such as throttling or open 
blowing; 

changing or supplementing existing equip-
ment (motors, fans, pumps, boilers, com-
pressors) better to match work require-
ments and increase operating efficiency;

applying sophisticated control strategies and speed control 
devices that allow greater flexibility to match supply with 
demand; 

identifying and correcting maintenance problems; and 

upgrading and documenting regular maintenance  
practices.

The system assessment standards define, on the basis of current 
expert knowledge and techniques, a common framework for as-
sessing the energy efficiency of industrial systems. This will help 
define the market both for users and for the providers of these 
services. By establishing minimum requirements and providing 
guidance on questions of scope, measurement, and reporting, 
these standards will provide assurance to plant managers, finan-
ciers, and other non-technical decision-makers that a particular 
assessment represents a recognised threshold for accuracy and 
completeness. The system assessment standards will also assist 
in training graduate engineers and others who want to increase 
their skills in optimising the energy efficiency of industrial sys-
tems (Sheaffer and McKane, 2008).

To assist industrial firms in identifying individuals with the neces-
sary skills properly to apply the system assessment standards, the 
United States initiative will also include the creation of a profes-
sional credential for Certified Practitioners in each system type. 
This programme will be administered by an organisation with 
experience in managing these types of professional technical 
credentials and is expected to become available in late 2010.

•

•

•

•

•

•



 �� 

�. Cert�ficat�on and Labell�ng of  
Energy Effic�ency Performance

The US DOE has been developing and offering an extensive array 
of technical training and publications since 1993 to assist indus-
trial facilities in becoming more energy efficient. Although the 
United States has had energy management standard since 2000, 
participation in the standard has not been widespread (McKane 
et al, 2007). In 2007, the US DOE supported the formation of the 
Superior Energy Performance (SEP) partnership, a collaboration 
of industry, government, and non-profit organisations that seeks 
to improve the energy intensity of manufacturing through a se-
ries of initiatives, most notably, by developing a market-based 
Plant Certification programme.

Figure 5. Proposed Plant Certification Framework 
Source: USDOE, 2008b21

Another programme that focuses on the certification of energy 
management systems is the Programme for Improving Energy 
Efficiency in Energy Intensive Industries (PFE), managed by the 
Swedish Energy Agency (SEA). This programme offers reduced 
taxes for companies that introduce and secure certification of a 
standardised energy management system and undertake electri-
cal energy efficiency improvements (Björkman, 2008). The pro-
gramme requires a five-year initial commitment, with a require-
ment to report the achievement of specific milestones by the 
end of two years, as follows:

implementation of the energy management standard that is 
certified by an accredited certification body; 

completion of an in-depth energy audit and analysis to 
baseline use and identify improvement opportunities. A list 
of measures identified in the energy audit with a payback of 
three years or less must be submitted to the SEA;

establish procurement procedures that favour energy ef-
ficient equipment; and

establish procedures for project planning and implementa-
tion.

21 http://www.superiorenergyperformance.net/pdfs/Plant_Certification_Stra-
tegicPlan_9_22_08.pdf

•
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By the end of five years, the company must implement the list-
ed measures, demonstrate continued application of the energy 
management standard and procurement procedures, and assess 
the effects of project planning procedures. As of May 2009, 124 
companies had signed up to participate in PFE, representing ap-
proximately 50% of all Sweden’s industrial electricity use. 
 
�. Demand S�de Management

Energy users do not demand energy at the same time each day 
nor each season of the year (More heating may be required in 
winter, cooling in summer, lighting at night, etc.). By managing 
the “demand-side” the profile of energy use can be changed. Var-
ious Demand Side Management (DSM) options exist. Sometimes 
the demand for energy can be shifted, with so called “load shift-
ing” measures. Peak demand can be changed by, amongst other 
things, improving the efficiency of appliances that contribute to 
peak demand.   

The energy supplier may have various motivations for implement-
ing DSM, such as providing services at a lower cost, increasing 
his market share, reaching more customers without expanding 
his supply infrastructure, and mitigating the need to build more 
plant consequently limiting the cost of increases of supply.   

By changing the load profile of consumers, to one that is flatter, 
utilities get to run their supply infrastructure more during the 
year. The higher utilization of this infrastructure, the lower the 
per-unit cost of supply.

In recent decades Utilities (electric, gas and others) or ESCOs 
have been running DSM programs. A key element of these pro-
grams has been the deployment of energy efficiency measures. 
These programs can be voluntary or legislated.  

�. Ut�l�ty Programmes

Many utility companies, especially those whose profits have 
been decoupled from sales and/or who have dedicated fund-
ing for energy efficiency through a public benefits charge, have 
demand-side management programmes for industry. In the 
United States, 18 states have energy efficiency programmes 
funded through public benefits charges (Kushler et al., 2004). 
Such programmes are based on the ability of utilities to provide 
the financial, organisational, and technical resources needed to 
implement energy efficiency investments. In some cases, utilities 
can collect the repayment of loans for energy efficiency invest-
ments through electricity bills (Taylor et al., 2008). Utility-based 
industrial energy efficiency programmes typically include en-
ergy assessments, payments for large energy efficiency projects 
through standard offer programmes, and rebate programmes for 
less complex measures (see Box 3) (China-US Energy Efficiency 
Alliance, 2008).

http://www.superiorenergyperformance.net/pdfs/Plant_Certification_StrategicPlan_9_22_08.pdf
http://www.superiorenergyperformance.net/pdfs/Plant_Certification_StrategicPlan_9_22_08.pdf


 �� 

box 3: prImary elemenTs oF uTIlITy-based IndusTrIal 

energy eFFIcIency programmes

Standard offer programmes offer to purchase energy savings 
from a list of pre-approved measures at a fixed price for 
each unit of energy avoided. Contractors and facility own-
ers can develop projects that conform to the programme re-
quirements. The offer price can vary by measure type, region, 
size of project, or any other parameter that helps to improve 
the programme’s potential to succeed. Standard offer pro-
grammes can also accept customised measures not on the 
pre-approved list. Project developers submit a description 
of the measure with estimated savings and costs, and the 
programme manager calculates an offer price specific to 
the proposal. Standard offer programmes leverage existing 
contractor or distributor relationships and facility owners’ 
knowledge about their own operations. 
Energy audit programmes provide technical experts to as-
sess energy efficiency opportunities in facilities within a tar-
get market. The audit results in a report submitted to the 
facility that describes how energy is currently being used, 
investigates promising energy efficiency measures, and rec-
ommends measures that will result in cost-effective savings 
while maintaining or improving service levels. Audits are usu-
ally linked to an implementation programme (rebate, stan-
dard offer, etc.) so that the recommended measures can be 
installed. Audit programmes also serve to educate the facility 
operations staff and increase awareness of the demand side 
management portfolio. 
Rebate programmes operate by offering cash to offset the 
purchase of a high-efficiency device such as a motor or refrig-
erator. The cash is usually paid directly to the purchaser, who 
submits a proof-of-purchase receipt. The cash can also be 
paid to wholesalers and distribution centers, typically requir-
ing proof-of-sale to a retail customer. Rebate programmes 
are simple to deploy and operate, and their immediate avail-
ability helps to promote relatively simple energy efficiency 
opportunities that might otherwise be overlooked. But they 
do not generally result in comprehensive projects. 
Excerpted from China-US Energy Efficiency Alliance (200�)

�. Energy Serv�ce Compan�es

ESCOs are entities that provide services to end-users related to 
the development, installation, and financing of energy efficiency 
improvements. They help to overcome informational, technical, 
and financial barriers by providing skilled personnel and identi-
fying financing options for the facility owner. ESCO projects are 
usually performance based and often use an energy performance 
contract (EPC) in which the performance of an energy efficiency 
investment in the client’s facilities is usually guaranteed in some 
way by the ESCO and creates financial consequences for it (Tay-
lor et al., 2008). 

There are two primary financing models for ESCOs. In the shared 
savings model, the ESCO undertakes all aspects of the project, 
including its financing, and shares in the value of the energy sav-
ings over a designated time period. In the guaranteed savings 
model, the ESCO undertakes all aspects of the project except 
the financing, although it may assist in arranging finance, and 
provides a guarantee to the client of a certain level of energy 
savings over a designated time period (see Figure 6).

Figure 6. Shared Savings and Guaranteed Savings Energy Performance 
Contract Models. 
Source: Taylor et al., 2008

A 2002 survey identified 38 countries with ESCOs, many of which 
were created in the 1980s and 1990s. The ESCOs typically fo-
cused on the commercial, industrial, and municipal sectors (Vine, 
2005). In the United States, the ESCO industry is relatively mature 
but has had limited impact on the industrial sector. A database 
of almost 1,500 energy efficiency projects indicates that ESCO 
revenues had grown at an average rate of 24% during the 1990s 
and were between USD 1.8 and 2.1 billion in 2001 (Goldman et 
al., 2002). But few ESCOs in the United States have penetrated 
the market in industrial applications. Rather, they tend to con-
centrate on measures such as lighting and heating, ventilating, 
and air conditioning in commercial buildings. This misses most 
of the much larger energy savings that are likely to be available 
at industrial sites. 

In recent years, suppliers of industrial system equipment have be-
gun providing value added services that may include everything 
from sophisticated controls, drives, valves, treatment equipment, 
filters, drains, etc. to complete management of the industrial 
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system as an outsourced provider. Their success appears to be 
attributable to their specialised level of systems skill and famil-
iarity with their industrial customers’ plant operations and needs 
(Elliott, 2002, IEA 2007a).

The World Bank’s GEF introduced the ESCO concept to China in 
1997 through three demonstration ESCOs in Beijing, Liaoning, and 
Shandong which were funded jointly by a GEF grant, an Interna-
tional Bank for Reconstruction and Development (IBRD) loan, 
and financing from the EU. At the end of 2006, the three ESCOs 
participating in the China Energy Conservation Project (CECP) 
had undertaken about 350 energy performance contracting proj-
ects, representing investments of about USD 170 million, mostly 
for building renovation, boiler/cogeneration, kiln/furnace, and 
waste heat/gas recovery projects. The Second CECP, designed 
to increase China’s ESCO business, was initiated in 2003 with 
additional GEF grant funding. This project is focused on develop-
ment of a national loan guarantee programme to assist ESCOs in 
obtaining loans from local banks (Taylor et al., 2008). China now 
has a large ESCO industry, with an estimated 212 ESCOs involved 
in contracts valued at RMB 1.89 billion (USD 277 million) in 2006 
(Zhao, 2007).

It should however be noted that the success of ESCOs has often 
been constrained to particular types of end user and varies by 
country, making general replication not straightforward. Many 
focus on buildings, HVAC and refrigeration services, or specialize 
in energy intensive industry (Motiva, 2005). It is often difficult for 
ESCOs in markets or settings where energy efficiency practices 
are not common or the potential for reducing costs by energy 
management is not known or is unfamiliar. The service being 
supplied by the ESCO is regularly treated with suspicion. So too 
are the (novel) financing structures required to support the ser-
vices provided. This leads to high perceived risk. That is often 
compounded where there is the added perception that ESCO 
services may interfere with the energy used for production, and 
therefore may interfere in an unwanted way with that industry’s 
output.

�0. F�nanc�ng Mechan�sms and Incent�ves for Industr�al  
Energy Effic�ency Investments

The following section focuses on international bodies and fi-
nance. In general, industrial energy efficiency projects find it dif-
ficult to access capital, even in carbon finance markets such as 
the Clean Development Mechanism (CDM) and other project 
based emissions trading markets. Energy efficiency projects are 
often small and dispersed, creating larger transaction costs than 
more traditional investments in energy supply. Investors and fi-
nanciers often do not have an adequate understanding of the 
potential financial returns from such investments and, along with 
project managers at industrial facilities, do not have adequate 
training in the preparation of industrial energy efficiency project 
loan documents. In addition, the risk associated with assessing 
and securitising the revenues generated through energy savings 
needs to be reduced. Although the returns associated with en-

ergy efficiency projects may be high, their volumes can be low 
and thus less attractive than larger investments. 

A number of financing mechanisms and incentives have been de-
veloped to overcome barriers and to promote the adoption of 
industrial energy efficiency opportunities. The CDM was designed 
specifically to promote sustainable development and cost-effec-
tive climate change mitigation in developing countries and transi-
tion economies. Energy efficiency projects can promote sustain-
able development as well as reduce GHG emissions. But some 
methodological and CDM-process related challenges will have 
to be addressed if end-use energy efficiency projects are to be 
given proper credit. The World Bank and many UN agencies have 
also established energy efficiency financing projects. In addition, 
a number of governments have promoted investment in industrial 
energy efficiency through various financial instruments such as 
taxes, subsidies, and programmes that improve access to capital.

Clean Development Mechanism Financing and demand side effi-
ciency projects in industry
 
To date, the CDM has not catalysed significant investment in 
industrial end-use energy efficiency projects, although some 
progress has been made following various efforts to address the 
problem.22 As of 1 October 2009, only 3% of the 1834 registered 
CDM projects were described as addressing industrial energy ef-
ficiency.23 Another 7% fell under the general category of “energy 
efficiency, own generation”; these may include some industrial 
energy efficiency projects. And another 1% fell under the cement 
sector (Fenhann, 2009). Other energy efficiency categories play 
a minor role, with energy efficiency supply projects forming only 
1% to the total, and energy efficiency in households and in ser-
vices being far below 1%. 

The CDM project-based framework, in which each project is sub-
ject to stringent and complex baseline, additionality, and moni-
toring requirements, is not well suited to energy efficiency proj-
ects. Transaction and carbon credit development costs tend to be 
the same whether a project is large or small. As the majority of 
energy efficiency projects generate only small or medium scale 
emission reductions, they are not developed (Tiktinsky, 2008). 
Industrial energy efficiency projects also typically have a favour-
able rate of return, making it difficult to meet the CDM addition-
ality requirements. It can also be cumbersome to quantify emis-
sions reductions for small, dispersed actions implemented under 
industrial energy efficiency programmes. And the approved proj-
ect methodologies do not particularly suit the circumstances of 
those energy efficiency programmes that are likely to have the 
greatest impact (Arquit-Niederberger, 2007). 

Recognising the low number of approved demand-side energy 
efficiency methodologies and projects, the CDM Executive Board 
commissioned a study to provide recommendations to address 

22 http://www.unido.org/index.php?id=o61189
23 http://cdmpipeline.org/

http://www.unido.org/index.php?id=o61189
http://www.superiorenergyperformance.net/pdfs/Plant_Certification_StrategicPlan_9_22_08.pdf


 �� 

the barriers faced by these projects. The study proposed the 
development of a number of energy efficiency tools and pro-
vided guidance on energy efficiency methodologies. The pro-
posed tools include a tool on baseline load-efficiency function 
and a tool on energy benchmarking. Guidance will be provided 
related to best practices for sampling and surveys for energy ef-
ficiency project activities and the determination of equipment 
lifetime. In addition, although the CDM Executive Board views 
the CDM Programme of Activities (PoAs) as a means to acceler-
ate energy efficiency (Rajhansa, 2008), methodologies are still 
lacking. Their development is difficult, time-consuming, and will 
probably require excessive monitoring and baselining (Tiktinsky, 
2008). In order to increase the uptake of energy efficiency im-
provements through the CDM, there would need to be less focus 
on project-by-project approaches, and more use of benchmarks 
for additionality testing. The designated operational entities need 
to be strengthened and capacity needs to be built among the 
CDM participants (Rajhansa, 2008).

Drawing on the lessons outlined above, UNIDO has developed 
an outline proposal for mainstreaming industrial energy effi-
ciency with a view specifically to delivering CO2 reductions and 
addressing the need for capacity building. This proposal is set out 
in Appendix B to this paper.

Financing for Developing Countries and Countries in Transition

As the financial mechanism of the UN Framework Convention on 
Climate Change (UNFCCC), the World Bank’s GEF provides sup-
port for climate change and industrial energy efficiency projects. 
The GEF-4 climate change strategy includes a programme to 
promote industrial energy efficiency. Most of these projects are 
implemented with the UN Development Programme (UNDP), 
World Bank, and UNIDO. UNDP’s approach includes capacity 
building, developing policies and regulations, implementing vol-
untary agreements, technology demonstration, encouraging the 
setting up of ESCOs, and creating revolving funds. The World 
Bank Group’s International Finance Corporation (IFC) focuses 
on energy service companies (ESCOs), partial risk guarantees, 
revolving funds, on-lending, and technical assistance. UNIDO 
works in the areas of energy management standards, system 
optimisation, demonstration projects, the training of enterprise 
energy managers, and benchmarking (Zhang, 2008). 

The IFC provides loans, equity, structured finance and risk man-
agement products, and advisory services to build the private sec-
tor in developing countries. The IFC has a programme to train 
their investment officers around the world in the development 
of energy efficiency projects (Shah, 2008), as well as to provide 
marketing, engineering, project development, and equipment fi-
nancing services to banks, project developers, and suppliers of 
energy efficiency products and services. 

The IFC’s China Utility-based Energy Efficiency Programme 
(CHUEE) provides a sustainable financing mechanism for energy 
efficiency investments by establishing a risk-sharing fund with 

the Industrial Bank of China (IBC), which in turn provides energy 
efficiency loans. During the first phase of this programme, IFC 
provided up to USD 25 million to IBC which then provided USD 
126 million in financing for 46 energy efficiency and GHG mitiga-
tion projects, mostly for small and medium enterprises to retrofit 
industrial boilers, recover waste heat for cogeneration, reduce 
electricity use and optimise overall industrial energy use. For the 
second phase of the project, IFC will provide USD 100 million 
for risk-sharing to the IBC, which in turn will provide USD 210 
million in energy efficiency loans (IFC, 2008).

The UN Environment Programme (UNEP) set up a World Bank-
Energy Sector Management Assistance Programme (ESMAP) 
multi-year technical assistance project on “Developing Financial 
Intermediation Mechanisms for Energy Efficiency Projects in Bra-
zil, China, and India” (also known as the Three Country Energy 
Efficiency Project). This was funded by the UNF and ESMAP. The 
goal of this project was to generate innovative ideas and ap-
proaches for energy efficiency financing schemes. Such financ-
ing schemes included loan financing schemes and partial loan 
guarantee schemes, ESCO or third party financing, and utility 
demand-side management programmes. The major conclusion 
from the Three Country Energy Efficiency Project is that the in-
stitutional framework and customised solutions are the keys to 
success (Monari, 2008; Taylor et al., 2008). 

The United Nations Economic Commission for Europe (UNECE) 
has initiated a new programme on Financing Energy Efficiency 
Investments for Climate Change Mitigation to assist Southeast 
European and Eastern Europe, Caucasus and Central Asia (EEC-
CA) countries to enhance their energy efficiency, reduce fuel 
poverty from economic transition, and meet international envi-
ronmental treaty obligations under the UNFCCC and the UNECE. 
The programme will:

provide a pipeline of new and existing projects for public 
private partnership investment funds that can provide up 
to USD 500 million of debt or equity or both to project 
sponsors; 

establish a network of selected municipalities linked with 
international partners to transfer information on policy re-
forms, financing and energy management; 

initiate case study investment projects in renewable energy 
technologies, electric power and clean coal technologies; 

develop the skills of the private and public sectors at the 
local level to identify, develop and implement energy ef-
ficiency and renewable energy investment projects; 

provide assistance to municipal authorities and national 
administrations to introduce economic, institutional and 
regulatory reforms needed to support these investment 
projects; and

•

•

•

•

•
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provide opportunities for banks and commercial companies 
to invest in these projects through professionally managed 
investment funds. 

The goal of the programme is to promote a self-sustaining in-
vestment environment for cost-effective energy efficiency proj-
ects for carbon emissions trading under the UNFCCC Kyoto Pro-
tocol (Sambucini, 2008).

Developed Country Experiences with Industrial Energy Efficiency 
Financing Mechanisms and Incentives 

Integrated policies that combine a variety of industrial energy 
efficiency financing mechanisms and incentives in a national-
level energy or GHG emissions mitigation programme are found 
in a number of countries.24 These policies operate either through 
increasing the costs associated with energy use to stimulate en-
ergy efficiency or by reducing the costs associated with energy 
efficiency investments. 

Incentives for investing in energy efficiency technologies and 
measures include targeted grants or subsidies, tax relief, and 
loans for investments in energy efficiency. Grants or subsidies are 
public funds given directly to the party implementing an energy 
efficiency project. A recent survey found that 28 countries pro-
vide some sort of grant or subsidy for industrial energy efficiency 
projects (WEC, 2004). In Denmark, energy-intensive industries 
and companies participating in voluntary agreements were given 
priority in the distribution of grants and subsidies (DEA, 2000). 
The Netherland’s BSET Programme covered up to 25% of the 
costs for specific energy efficiency technologies adopted by small 
or medium sized industrial enterprises (Kræmer et al., 1997).

Energy efficiency loans can be subsidised by public funding or 
can be offered at interest rates below market rates. Innovative 
loan mechanisms include energy performance contracts through 
ESCOs, guarantee funds, revolving funds, and the use of venture 
capital. Many countries have guarantee funds, but these national 
funds are generally not adequate to support financing for energy 
efficiency projects and most of them have ceilings on the guar-
antees. With revolving funds, the reimbursement of the loans is 
recycled back into the fund to support new projects. These funds 
generally require public or national subsidisation of interest rates 
or of the principal investment.

Tax relief for the purchase of energy-efficient technologies can 
be provide through accelerated depreciation (where purchasers 
of qualifying equipment can depreciate the equipment cost more 
rapidly than standard equipment), tax reduction (where purchas-
ers can deduct a percentage of the investment cost associated 
with the equipment from annual profits), or tax exemptions 
(where purchasers are exempt from paying customs taxes on im-
ported energy-efficient equipment) (Price et al., 2005). 

24 For additional information, see Galitsky et al., 2004.

• In Canada, taxpayers are allowed an accelerated write-off of 30% 
for specified energy efficiency and renewable energy equipment 
instead of the standard annual rates of 4% to 20% (Canada, 
DoF, 2004; Government of Canada, 1998). A programme in The 
Netherlands allows an investor more rapidly to depreciate its 
investment in environmentally-friendly machinery (IISD, 1994; 
SenterNovem, 2005a). 

Japan’s Energy Conservation and Recycling Assistance Law pro-
vides a corporate tax rebate of 7% of the purchase price of ener-
gy-efficient equipment for small and medium sized firms (WEC, 
2001). In South Korea, a 5% income tax credit is available for 
energy efficiency investments such as the replacement of old 
industrial kilns, boilers, and furnaces (UNESCAP, 2000). In The 
Netherlands, a percentage of the annual investment costs of en-
ergy-saving equipment can be deducted from profits in the cal-
endar year in which the equipment was procured, up to a maxi-
mum of EUR 107 million. This was originally 40% and has now 
been raised to 55% (Aalbers, et al., 2004; SenterNovem 2005b). 
The UK’s Enhanced Capital Allowance Scheme allows businesses 
to claim 100% first-year tax relief on their spending on energy 
saving technologies specified in an Energy Technology List (HM 
Revenue & Customs, n.d.; Carbon Trust, 2005). 

In Sweden, companies that carry out an energy audit of their 
facilities, apply an energy management system, establish and 
apply routines for purchasing and planning, and carry out en-
ergy efficiency measures through Sweden’s PFE programme 
are exempted from the electricity tax of EUR 0.5/MWh. Based 
on improvements planned for implementation by 2009 in 98 
Swedish companies, tax exemptions of about €17 million will be 
realised by these companies through their participation in this 
programme (Swedish Energy Agency, 2007).
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IV. Industr�al Energy  
Effic�ency �n the  

Post-�0�� Framework:  
Bal� Act�on Plan  

Recommendat�ons

Although much has been achieved in mobilising the international 
effort to fight climate change under the UNFCCC and the Kyoto 
Protocol, current commitments and efforts have fallen short of 
the expectation of significant GHG emissions reductions. This is 
especially so in respect of the implementation of energy efficien-
cy measures. These represent some of the most cost-effective, 
least-polluting, and readily available options for climate change 
mitigation. 

The Bali Action Plan provides the principal framework for post-
2012 activities to mitigate climate change. It focuses on a shared 
vision for long-term cooperative action and on enhancing action 
on mitigation, on adaptation, on supporting technology develop-
ment and transfer and on the provision of financial resources 
and investment. For industrialised countries, the Bali Action 
Plan calls for measurable, reportable and verifiable nationally 
appropriate mitigation commitments or actions. These should 
include quantified emission limitation and reduction objectives. 
It also calls upon developing countries to undertake nation-
ally appropriate mitigation actions in the context of sustainable 
development, supported and enabled by technology, financing 
and capacity-building, in a measurable, reportable and verifiable 
manner (UNFCCC, 2007). 

It has been estimated that the investment in energy efficiency of 
as little as 1.6% of current global fixed capital investment each 
year to 2020 would produce an average return of 17% a year. 
This investment of USD 170 billion a year would produce up to 
USD 900 billion a year in energy cost savings by 2020 (Farrell 
and Remes, 2008). 

The opportunity is enormous. But, as described above, the ob-
stacles to realising that opportunity are also substantial. The post 
Kyoto agreements need to reinforce the embedding of policies, 
programmes and measures to enhance the adoption of energy 
efficiency measures in the industrial sector if industry is to maxi-
mise its potential for achieving cost-effective mitigation. Mecha-
nisms to ensure sufficient human, institutional, and financial re-
sources will have to be established and/or further strengthened 
in order to provide the fundamental underpinnings for all of 
these efforts. 

Given the importance of capacity building and the spreading of 
good practice messages and lessons more widely, institutional 
and policy-based approaches will also have a critical role to 
play (Sarkar, 2008). This is particularly the case in developing, 

newly-industrialised economies and economies in transition. The 
capability of the private sector to make profitable investments in 
industrial energy efficiency projects also needs to be strength-
ened. And the active involvement and participation of citizens in 
public and private industrial energy efficiency programmes needs 
also to be promoted. At a strategic level, the aim should be to fo-
cus on development of the necessary energy efficiency strategies, 
policies, and programmes which will overcome both the hard 
(technology, financing) and soft (awareness, capacity) barriers 
to changing the habitual and investment behaviour of industrial 
end-users (Arquit-Niederberger, 2008a).

A. Defin�ng a shared v�s�on for global act�on  
on energy effic�ency 

Against the background of the foregoing analysis, this section 
outlines a framework of policies and measures designed to ac-
celerate the realisation of energy efficiency potentials. It focuses 
particularly on industrial efficiency. It sets out a range of mea-
sures that would support this aim, and proposes priority actions 
to be taken immediately in order to stimulate rapid progress 
within an ambitious and shared vision for the contribution that 
energy efficiency can make to mitigating climate change. 

The recommendations in this section are based on the proceed-
ings of an Expert Group Meeting that was organised by UNIDO 
and the International Atomic Energy Agency (IAEA), in coopera-
tion with Lawrence Berkeley National Laboratory (LBNL), the 
World Bank and other organisations25. The recommendations 
are intended to set out steps that can be taken, particularly in 
the UNFCCC process but also elsewhere, to deploy policies and 
measures to promote a lower-carbon and more energy efficient 
industry. With this in mind, the recommendations are listed in 
terms of the Bali Action Plan framework of a shared vision, ca-
pacity building, mitigation, technology and financing.

Industrial energy efficiency is part of the shared vision for long-
term cooperative action 

Improved industrial energy efficiency offers the lowest cost and 
largest impact route to significant GHG emission reductions. It 
can also, given sufficient will, be achieved more quickly than 
many other options and with minimum disruption to ongoing 
business. And by reducing energy requirements per unit of in-
dustrial output, industrial energy efficiency can also help reduce 
energy imports, improve energy security, and improve producer 
competitiveness. 

Improving energy efficiency therefore offers a mitigation oppor-
tunity which aligns particularly well with other national develop-
ment goals. There is accordingly a strong case for post Kyoto 
agreements (PKAs) and negotiations to promote its large scale 
uptake urgently so as to help accelerate national development at 
the same time as reducing the carbon intensity of an economy.

25 For details please see http://www.unido.org/index.php?id=7572.

http://www.unido.org/index.php?id=7572
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Governments have both the power and the duty to set a lead in 
establishing frameworks for a step change in efforts to improve 
industrial energy efficiency. The European Union and the State 
of California have both recognised this in setting out action plans 
to address the barriers to the achievement of better energy ef-
ficiency performance. 

These principles need to be spread more widely. As a prior-
ity measure to promote the integration of energy and climate 
change policies, National Energy Efficiency Action Plans (NEE-
APs) could be developed to set ambitious, achievable national 
energy efficiency goals or targets for the industrial sector. This 
would do much to help attract the high-level attention and re-
sources needed to produce meaningful action. To be most effec-
tive, such national plans should be developed as a collaborative 
effort between various levels of government and the private sec-
tor. They should set out programmatic objectives and implemen-
tation plans, establish near-term milestones as well as longer 
term goals, include internationally comparable data collection 
methodologies and metrics based on IEA and other guidelines, 
and commit to the regular reporting of progress on the imple-
mentation of energy efficiency policies (UNF, 2007).

B. The Imperat�ve of Capac�ty Bu�ld�ng

If the global economy is to capture the full potential of energy 
efficiency savings, the capacity to identify and deliver energy ef-
ficiency improvements needs to be built.

Such capacity building should aim to identify and transfer the 
lessons learned from successful industrial energy efficiency poli-
cies and programmes, together with information on best practice 
technologies and measures that can be applied in the industrial 
sector. More needs to be done to capture this information, in 
particular in terms of the full costs and benefits of effective in-
dustrial energy efficiency programmes, and to communicate this 
to member states. 

Capacity also needs to be built in the skills and knowledge 
needed to develop and use mechanisms and tools for country-
specific policy assessments. This includes indicators to measure 
the effects of policy change, information on successful delivery 
mechanisms, and skills in monitoring, reporting, verification, and 
evaluation. An important component of this is the building of 
national institutions that can effectively roll out appropriate in-
dustrial energy efficiency policies and measures. 

C. M�t�gat�on

There is a need for better information for governments and indus-
try on what has been found to work well, on achievements and 
on costs and benefits26. It is important that such an information 

26 It is also important that the information base clearly documents any failures 
of programmes so as to avoid the replication of pitfalls or mistakes. Such an 
analysis should also include an assessment of possible rebound effects.

base can be added to easily, and that it is widely accessible. 
Successful policies and measures may be situation-specific, de-
pending on region or on levels of economic development. De-
veloping countries may face different issues and objectives than 
more developed countries. For example, they may have particu-
lar needs for increased energy access or increases in supply, they 
may need to address issues of non-cost reflective energy pricing 
or they may need to focus their attention particularly on small 
and medium sized enterprises. The information base needs to 
be able to reflect such dimensions. Assessments also need to be 
made of the scalability, transferability (from one country/region 
to another, from one industry to another, or from one plant to 
another) and full costs of individual policies and measures. Such 
an assessment is necessary to enable technical mitigation sce-
narios (such as marginal abatement cost curves) to be turned 
into action plans with firm commitments. 

Addressing market imperfections and barriers to the widespread 
uptake of high-efficiency equipment, systems and practices that 
promote energy conservation will require political will, cost 
money and take time. Marginal abatement cost curves for end-
use efficiency technologies should be supplemented by estimates 
of the cost of implementing the technology, something which is 
often overlooked in current analyses. 

Future PKAs should give entities the flexibility to adopt the most 
appropriate policies to suit their mitigation and development 
goals, as long as all policies and measures include appropriate, 
robust and objective mechanisms to measure, report and verify 
GHG reductions. In this regard, the ISO in cooperation with UNI-
DO and 35 participating countries has initiated the development 
of an energy management standard which includes requirements 
for measuring improvements in energy intensity against a base-
line.27

Energy auditing, monitoring and verification, and minimum 
equipment and performance standards are basic tools in the en-
ergy efficiency armoury for delivering energy use and GHG emis-
sion reductions. Future PKAs should focus on the development 
of environments that enable the adoption of these tools. The 
PKA negotiations must make reporting against a set of industrial 
energy efficiency indicators an essential activity as a means of 
stimulating and acknowledging better performance.

The CDM could help stimulate GHG mitigation by encouraging 
energy efficiency advances in developing countries. But it has not 
yet delivered much in terms of demand-side energy efficiency, 
despite the potential. It is important to understand the reasons 
for the lack of energy efficiency projects in CDM and to develop 
remedies.

27 ISO 50001- Energy management http://www.iso.org/iso/pressrelease?refid=
Ref1157, http://www.unido.org/index.php?id=7881&tx_ttnews[tt_news]=220&cH
ash=a9b4b0eae2

http://www.iso.org/iso/pressrelease?refid=Ref1157
http://www.iso.org/iso/pressrelease?refid=Ref1157
http://www.unido.org/index.php?id=7881&tx_ttnews[tt_news]=220&cHash=a9b4b0eae2
http://www.unido.org/index.php?id=7881&tx_ttnews[tt_news]=220&cHash=a9b4b0eae2
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D. Technology

The systematic identification of proprietary technologies and 
processes that have significant energy-savings potential needs to 
be institutionalised. The task could also extend to exploring op-
tions to facilitate the wider deployment of such technologies in 
developing and transition economies. Industry energy efficiency 
indicators should also include aspects relating to the rate of 
adoption of efficient technologies. 

E. F�nanc�ng

Changes in end-use technologies have contributed significantly 
to energy savings. But investment in energy efficiency technology 
research and development (R&D) has been limited. More R&D 
needs to be funded in this field. 

More widely, investment will be needed in the range of measures 
described above if the global economy is to make the most of 
the potential of industrial energy efficiency. A detailed assess-
ment of financing requirements needs to be undertaken con-
sidering different scenarios of industrial policy and technology 
deployment. This should include the full costs of institution and 
human capacity building, programme costs, technology costs, 
the costs of addressing market imperfections and barriers to the 
widespread uptake of relatively smaller and dispersed energy ef-
ficiency measures, as well as other transaction costs. This work 
could form a supplement to the UNFCCC 2007 report “Invest-
ment and Financial Flows to Address Climate Change” and/or 
contribute to the future work of this topic. 

Based on lessons learned from programmes such as the UK’s 
Climate Change Agreements (CCAs)28 and other proposed sec-
toral mechanisms, methods to include industrial energy efficien-
cy programmes within carbon trading or fiscal regimes should 
be given serious consideration. Notwithstanding the low uptake 
of industrial energy efficiency projects within the CDM, carbon 
finance could contribute to providing an additional revenue 
stream which could be targeted at incentivising the delivery of 
more energy efficiency programmes. 

It is critical to address the barriers to end-use efficiency under 
the CDM in the discussions on possible CDM reforms29. CDM 
rules and methodologies that recognise the specificity of energy 
efficiency activities and programmes are needed. Suggestions for 
such a proposal are included in Appendix A. 

28 See: http://www.defra.gov.uk/environment/climatechange/uk/business/
crc/index.htm.
29 For the list of proposed reform measures, please see FCCC/KP/AWG/2008/
L.12.

V. Conclus�ons
There is very significant scope to improve energy efficiency in, 
and reduce GHG emissions from, industrial facilities. Captur-
ing such opportunities is essential if the world is to achieve the 
reductions in global greenhouse gas emissions of 50 per cent 
or more by 2050 that are necessary to avoid exceeding the 2°C 
threshold and to stabilise GHG concentrations between 450 and 
550 ppm. Yet energy efficiency policies and measures are not 
being implemented at anywhere near their potential and neces-
sary levels. This is due to a range of barriers that prevent their 
adoption.

Effective industrial sector policies and programmes have demon-
strated the more effective adoption of energy-efficient practices 
and technologies by overcoming informational, institutional, 
policy, regulatory, price, market-related and other barriers. Given 
the urgency of the climate challenge, it is important to identify 
and replicate where appropriate the key features of the most 
successful policies and programmes. Short term measures to re-
duce energy use have the potential significantly to reduce the 
longer term cost of mitigating global climate change. A failure 
to seize these opportunities will result in much higher costs in 
the longer term.

Overall, the key message is that energy efficiency – and especially 
industrial energy efficiency in many countries where infrastruc-
ture development is driving energy use – can make a significant 
contribution to reducing energy-related GHG emissions. It is a 
relatively cheap option with the potential to produce rapid, large 
scale benefits. It should be viewed as the first fuel of choice in 
the creation of global low-carbon energy system.

Only a handful of Annex 1 countries have strong and compre-
hensive industrial energy efficiency policies and measures in 
place. Successful experiences from these countries demonstrate 
the importance of raising awareness of management attention; 
establishing ambitious, yet achievable, targets; the adoption of 
energy management standards and implementation of energy 
management systems; and all of these underpinned by appro-
priate institutional support. Essential elements of a successful 
industrial energy efficiency policy include: support to provide 
capacity building for energy management and facility systems 
optimisation; energy audits and assessments; benchmarking; and 
information-sharing. 

http://www.defra.gov.uk/environment/climatechange/uk/business/crc/index.htm
http://www.defra.gov.uk/environment/climatechange/uk/business/crc/index.htm
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VI. Recommendat�ons
W�th th�s �n m�nd, a systemat�c rev�ew of ex�st�ng successful 
and potent�al �ndustr�al energy effic�ency pol�c�es and mea-
sures should be comp�led and documented, �nclud�ng the�r 
full costs and benefits. These pol�c�es should be assessed for 
the�r scalab�l�ty and for the�r transferab�l�ty from one coun-
try/reg�on to another, from one �ndustry to another, or from 
one plant to another. Th�s dataset should be made publ�cly 
ava�lable to help governments dec�de for themselves the 
market and pol�cy �n�t�at�ves, �nclud�ng br�ng�ng energy ef-
fic�ency w�th�n carbon trad�ng or fiscal reg�mes, they may 
w�sh to take to �mprove energy effic�ency.

Industrial energy prices are currently subsidized in many parts 
of the world. Cheap energy masks inefficiency and disincentives 
efforts to make improvements. As a first step, if industrial energy 
efficiency is to be driven as it should be by market stimuli, sub-
s�d�es must be removed. And, as far as poss�ble, governments 
should put mechan�sms �n place fully to carry the cost of the 
short and long term env�ronmental �mpacts of energy use 
�nto the market. 
 
The new international energy management standard, ISO 50001, 
is expected to have far-reaching effects on the energy efficiency 
of industry when it is published at the end of 2010. This will 
be especially true in developing countries and emerging econo-
mies. Business interest, especially from companies operating in 
international markets, suggests that it will become a significant 
factor in international trade, as ISO 9001 has been. Globally, the 
need for energy management experts qualified to implement the 
standard is expected to increase very rapidly. In order to rise 
to this challenge, efforts need to begin as soon as possible to 
develop a cadre of experts with the requisite skills. UNIDO, and 
others, are already working with several countries and regions to 
initiate this capacity building effort, but a much broader effort is 
urgently needed. 

The adoption of mandatory industrial equipment minimum en-
ergy performance standards is an effective means of increasing 
the market penetration of more efficient equipment. System as-
sessment standards can provide a common framework for con-
ducting assessments of industrial systems, where large energy ef-
ficiency potentials exist. The formal and objective certification of 
plant energy efficiency performance can provide a standardised 
approach for identifying, developing, documenting, and reporting 
energy efficiency progress in industrial facilities. It also provides a 
framework for continuous improvement.

It is recommended that Nat�onal Energy Effic�ency Act�on 
Plans be developed that set ambitious, achievable national en-
ergy efficiency goals or targets for the industrial sector. These 
should be based on studies which fully document the costs 
and benefits of the adoption of energy efficiency technologies, 
practices, and measures. All countr�es should be requ�red to 

prov�de �n the�r Nat�onal Commun�cat�ons report�ng to the 
UNFCCC an assessment of the potent�al for ach�ev�ng further 
energy effic�ency �mprovements and a descr�pt�on of the�r 
ex�st�ng pol�c�es.

It is common practice to use technology cost-curves to assess 
industrial energy efficiency potentials. But at present these 
curves are misleading. They indicate the cost and benefits of the 
direct costs of introducing new technologies. But they do not 
include either the costs incurred to build the institutions needed 
to implement industrial energy efficiency policies and measures 
or the cost of the policies and measures themselves. These costs 
are particularly important for developing countries where mar-
kets and institutions may not be as developed as their developed 
country counterparts. It �s recommended that m�t�gat�on cost 
curve methodolog�es be developed that account not only 
for the d�rect costs, but also programmat�c, �nst�tut�onal and 
other transact�on costs. 

It is further recommended that propr�etary energy effic�ency 
technolog�es and processes that have s�gn�ficant energy-sav-
�ngs potent�al should be systemat�cally �dent�fied and that 
opt�ons to fac�l�tate the w�der deployment of these tech-
nolog�es �n develop�ng countr�es and trans�t�on econom�es 
should be explored. More attention should be focused on sys-
tems approaches and energy intensive industry sectors such as 
cement, iron and steel, chemicals, petroleum refining, pulp and 
paper, and food processing textiles. And increased investment of 
R&D funds for energy efficient end-use technologies should be 
encouraged and facilitated.

It is clear that, although the CDM has been generally successful 
in delivering investment projects in several sectors particularly in 
renewable energy, there is room for improvement with respect 
to the inclusion of end-use efficiency projects in industry. It has 
not yet provided the required framework or incentives to spur 
significant investments in additional technologies and measures 
in end-use efficiency in industrial facilities in non-Annex 1 coun-
tries. The CDM could be expanded and reformed (as described 
above, see also Wara and Victor, 2008; Arquit-Niederberger, 
2008b), new offset mechanisms based on sectoral approaches 
could be developed (as detailed in Appendix A), or sectoral ap-
proaches that focus on establishing agreements in specific indus-
trial sectors could be pursued (see AWGLCA, 2008; Bodansky, 
2007; Bradley et al., 2007; Schmidt, 2008). 

Given the range of well documented distortions that can arise 
with tradable emission reduction schemes, two alternative ap-
proaches are being explored beyond strict offset programmes 
such as the CDM, the development of a Climate Fund, and a pro-
gramme to fund infrastructure development deals in non-Annex 
1 countries. The Climate Fund would accept funding donations 
from developed country governments and private firms to invest 
in particular projects and technologies ranked according to their 
GHG mitigation potential. The infrastructure development deals 
proposal focuses on investments to make large-scale shifts in 
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infrastructure, such as moving away from coal-fired power gen-
eration to more use of natural gas in China. Both proposed ap-
proaches could be used as a complement to a reformed CDM 
(Wara and Victor, 2008).

One proposal – in this case framed in the context of China, but 
applicable in other contexts – calls for establishment of a fund 
to support the transfer of expertise from industrialised coun-
tries and partial funding for counterpart Chinese activities (see 
Appendix B). The fund would provide knowledge and capacity 
to develop and implement policies and programmes cost-effec-
tively to promote energy efficiency and reduce GHG emissions. 
The fund would also be used to strengthen the capability of the 
private sector to make profitable investments in industrial energy 
efficiency and GHG mitigation projects. The activities funded by 
this effort must be derived from the needs of, and have the full 
commitment of, the non-Annex 1 country (Levine, 2008). Such a 
programme could be funded through a small surcharge of 0.5% 
to 1% on energy sales, as is done in several U.S. states including 
California, South Korea, and Switzerland (UNF, 2007). 

Whatever approach or approaches may be adopted in future, �t 
�s essent�al that proper support �s g�ven to the urgent need 
for capac�ty bu�ld�ng �n, and �nformat�on shar�ng w�th, devel-
op�ng countr�es �n the field of �ndustr�al energy effic�ency. 
Th�s should be a strong focus of the post-�0�� agreements. 

New approaches are needed that address deficiencies in the cur-
rent approaches, draw from successful policies and programmes, 
and promote new avenues of international cooperation if the 
significant levels of industrial energy efficiency and GHG miti-
gation that are potentially available are to be captured. Only 
with such approaches can the potential for significant energy 
efficiency improvements and GHG emissions reductions from the 
industrial sector be achieved. 
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Acronyms

ANSI  American National Standards Institute
ASME  American Society of Mechanical Engineers
AWGLCA  Ad Hoc Working Group on Long-Term 
  Cooperative Action
BAU  business-as-usual
BEST  Benchmarking and Energy-Saving Tool
CADDET   Centre for Analysis and Dissemination 
  of Demonstrated Energy Technologies
CCA  Climate Change Agreement
CDM  Clean Development Mechanism
CHUEE  China Utility-based Energy Efficiency 
  Programme
CNIS  China National Institute of Standardisation
CO2  carbon dioxide
CMP  Conference of the Parties serving as 
  Meeting of the Parties
COP  Conference of the Parties
DEFRA  Department of Environment, Food, and 
  Rural Affairs (UK)
DSM  Demand-Side Management
EEC  European Economic Community
EGM  Expert Group Meeting
EJ  exajoules
EPC  energy performance contract
EPI  energy performance indicator
ESCO  energy service company
ESCWA  United Nations Economic and Social 
  Commission for Western Asia
ETS  emissions trading scheme
EU  European Union
EUR  Euro
GDP  gross domestic product
GEF  Global Environmental Facility
GHG  greenhouse gas
Gt  gigatonnes
HFC-23  Trifiluoromethane
IAC  Industrial Assessment Center
IAEA  International Atomic Energy Agency
IBRD   International Bank for Reconstruction 
  and Development 
IEA  International Energy Agency
IEAP  International Energy Audit Programme
IFC  International Finance Corporation
IPCC  Intergovernmental Panel on Climate Change
ISO  International Organisation for Standardisation
ITP  Industrial Technologies Programme
kW  kilowatt
kWh  kilowatt-hour
LBNL  Lawrence Berkeley National Laboratory
LTA  Long-Term Agreement
MEPS  minimum efficiency performance standards
MOP  Meeting of the Parties
MSE  management standard for energy
Mtce  million tons of coal equivalent

M&V  monitoring & verification
NDRC  National Development and Reform 
  Commission (China)
NGOs  non-government organisations
NIST  National Institute of Standards and 
  Technology
PAMs  policies and measures
PFE  Programme for Improving Energy 
  Efficiency in Energy Intensive Industries
PKAs  Post-Kyoto Agreements
ppm  parts per million
R&D  research & development
SME  small and medium enterprises
TBtu  trillion British thermal units
UK  United Kingdom
UN  United Nations
UNDP  United Nations Development Programme
UNEP  United Nations Environment Programme
UN ECE  United Nations Economic Commission 
  for Europe
UNESCAP United Nations Economic and Social 
  Commission for Asia and the Pacific
UNF  United Nations Foundation
UNFCCC  United National Framework Convention 
  on Climate Change
UNIDO  United Nations Industrial Development 
  Organisation
US   United States
USD  United States dollar
US DOE  United States Department of Energy
US EPA  United States Environmental 
  Protection Agency
VISA  Voluntary International Sectoral Agreement



 �� 

References

Aalbers, R.F.T., de Groot, H.L.F, and Vollebergh, H.R.J., 2004. Ef-
fectiveness of Subsidising Energy Saving Technologies: Evidence 
from Dutch Panel Data, 6th IAEE European Energy Conference 
on Modelling in Energy Economics and Policy.

Ademe, 2002. Topic Report on Auditors’ Tools. http://www.ener-
gyagency.at/publ/pdf/audit_tools.pdf

Arquit-Niederberger, A., 2007. “End-Use Energy Efficiency – With 
or Without the CDM,” Presentation at the UNFCCC Joint Coor-
dination Workshop.

Arquit-Niederberger, A., 2008a. “Prioritising Industrial Energy 
Efficiency as Key Mitigation Opportunity,” Presentation at the 
UN-Energy Expert Group Meeting on Advancing Industrial En-
ergy Efficiency in the Post-2012 Framework, Washington, DC, 
September 22-23, 2008.

Arquit-Niederberger, A., 2008b. Scaling Up Energy Efficiency 
under the CDM. San Francisco: Policy Solutions. http://www.
policy-solutions.com/Publications%20pdf/UNEP%20Reformed
CDM%202008.pdf

Ad Hoc Working Group on Long-Term Cooperative Action (AW-
GLCA), 2008. Report on the workshop on cooperative sectoral 
approaches and sector-specific actions, in order to enhance im-
plementation of Article 4, paragraph 1 (c), of the Convention, 25 
August 2008. 

Barker, T., Ekins, P., and Foxon, T., 2007. “Macroeconomic effects 
of efficiency policies for energy-intensive industries: The Case of 
the UK Climate Change Agreements, 2000–2010,” Energy Eco-
nomics 29 (2007) 760–778.

Bernstein, L., 2008. “Why Climate Policy Needs Industrial Energy 
Efficiency,” Presentation at the UN-Energy Expert Group Meet-
ing on Advancing Industrial Energy Efficiency in the Post-2012 
Framework, Washington, DC, September 22-23, 2008.

Bernstein, L., J. Roy, K. C. Delhotal, J. Harnisch, R. Matsuhashi, L. 
Price, K. Tanaka, E. Worrell, F. Yamba, Z. Fengqi, 2007. “Industry” 
in Climate Change 2007: Mitigation. Contribution of Working 
Group III to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [B. Metz, O.R. Davidson, P.R. 
Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA.

Björkman, T., 2008. Programme for Improving Energy Efficiency 
in Energy-Intensive Industries (PFE). Kungsgatan, Sweden: Swed-
ish Energy Agency. 

Bodansky, D., 2007. International Sectoral Agreements in a Post-
2012 Framework: A Working Paper. Arlington, VA: Pew Center 
on Global Climate Change. http://www.pewclimate.org/docUp-

loads/International%20Sectoral%20Aggreements%20in%20a%2
0Post-2012%20Climate%20Framework.pdf

BP, 2003. Defining Our Path: Sustainability Report 2003. London: 
BP. www.bp.com/liveassets/bp_internet/globalbp/STAGING/
global_assets/downloads/B/BP_Sustainability_Report_2003.pdf

BP, 2005. Making Energy More: Sustainability Report 2005. Lon-
don: BP. www.bp.com/liveassets/bp_internet/globalbp/STAG-
ING/global_assets/downloads/S/bp_sustainability_report_
2.pdf

Bradley, R., Staley, B.C., Herzog, T., Pershing, J., Baumert, K., 2007, 
Slicing the Pie: Sector-Based Approaches to International Cli-
mate Agreements. Washington DC: World Resources Institute. 
http://pdf.wri.org/slicing-the-pie.pdf

Canada, Department of Finance (DoF), 2004. Background In-
formation: Class 43.1 (Income Tax Regulations). http://www.fin.
gc.ca/activty/consult/class431-2e.html

Carbon Trust, 2005. The Enhanced Capital Allowance Scheme: 
Products and Claims. http://www.carbontrust.co.uk/energy/tak-
ingaction/eca.htm

Carbon Trust, 2008. http://www.carbontrust.co.uk/default.ct

Chan, D.Y., Yang, K-H., Hsu, C-H., Chien, M-S, and Hong, G-B., 
2007. “Current Situation of Energy Conservation in High En-
ergy-Consuming Industries in Taiwan,” Energy Policy 35 (2007) 
202–209.

China-U.S. Energy Efficiency Alliance, 2008. DSM Program Pro-
cedures Manual
Volume I – Industrial Energy Efficiency Program. San Francisco: 
China-U.S. Energy Efficiency Alliance.

Commissie Benchmarking, 1999. Energy Efficiency Benchmark-
ing Covenant. http://www.benchmarking-energie.nl/pdf_files/
covteng.pdf

Compressed Air Challenge and the US Department of Energy 
(CAC/U.S. DOE), 2003. Improving Compressed Air System Per-
formance: A Sourcebook for Industry, prepared by Lawrence 
Berkeley National Laboratory and Resource Dynamics Corpora-
tion, Washington, DC DOE/GO-102003-1822. 
http://www1.eere.energy.gov/industry/bestpractices/techpubs_
compressed_air.html

Danish Energy Agency (DEA), 2000. Green Taxes for Trade and 
Industry – Description and Evaluation. http://www.ens.dk/graph-
ics/Publikationer/Energibesparelser_UK/Green-tax-uk-rap.PDF

http://www.energyagency.at/publ/pdf/audit_tools.pdf
http://www.energyagency.at/publ/pdf/audit_tools.pdf
http://www.policy-solutions.com/Publications%20pdf/UNEP%20ReformedCDM%202008.pdf
http://www.policy-solutions.com/Publications%20pdf/UNEP%20ReformedCDM%202008.pdf
http://www.policy-solutions.com/Publications%20pdf/UNEP%20ReformedCDM%202008.pdf
http://www.pewclimate.org/docUploads/International%20Sectoral%20Aggreements%20in%20a%20Post-2012%20Climate%20Framework.pdf
http://www.pewclimate.org/docUploads/International%20Sectoral%20Aggreements%20in%20a%20Post-2012%20Climate%20Framework.pdf
http://www.pewclimate.org/docUploads/International%20Sectoral%20Aggreements%20in%20a%20Post-2012%20Climate%20Framework.pdf
www.bp.com/liveassets/bp_internet/globalbp/STAGING/global_assets/downloads/B/BP_Sustainability_Report_2003.pdf 
www.bp.com/liveassets/bp_internet/globalbp/STAGING/global_assets/downloads/B/BP_Sustainability_Report_2003.pdf 
www.bp.com/liveassets/bp_internet/globalbp/STAGING/global_assets/downloads/S/bp_sustainability_report_2.pdf
www.bp.com/liveassets/bp_internet/globalbp/STAGING/global_assets/downloads/S/bp_sustainability_report_2.pdf
www.bp.com/liveassets/bp_internet/globalbp/STAGING/global_assets/downloads/S/bp_sustainability_report_2.pdf
http://pdf.wri.org/slicing-the-pie.pdf
http://www.fin.gc.ca/activty/consult/class431-2e.html
http://www.fin.gc.ca/activty/consult/class431-2e.html
http://www.carbontrust.co.uk/energy/takingaction/eca.htm
http://www.carbontrust.co.uk/energy/takingaction/eca.htm
http://www.carbontrust.co.uk/default.ct
http://www.benchmarking-energie.nl/pdf_files/covteng.pdf
http://www.benchmarking-energie.nl/pdf_files/covteng.pdf
http://www1.eere.energy.gov/industry/bestpractices/techpubs_compressed_air.html
http://www1.eere.energy.gov/industry/bestpractices/techpubs_compressed_air.html
http://www.ens.dk/graphics/Publikationer/Energibesparelser_UK/Green-tax-uk-rap.PDF
http://www.ens.dk/graphics/Publikationer/Energibesparelser_UK/Green-tax-uk-rap.PDF


 �0 

Department of Environment, Food, and Rural Affairs (DEFRA), 
2004. Climate Change Agreements: The Climate Change Levy. 
http://www.decc.gov.uk/en/content/cms/what_we_do/
change_energy/tackling_clima/ccas/cc_levy/cc_levy.aspx

Department of Environment, Food, and Rural Affairs (DEFRA), 
2005a. UK Emissions Trading Scheme. 
http://www.decc.gov.uk/en/content/cms/what_we_do/
change_energy/tackling_clima/emissions/emissions.aspx

Department of Environment, Food, and Rural Affairs (DEFRA), 
2005b. News Release: Industry Beats CO2 Reduction Targets. 21 
July 2005. 

Department of Environment, Food, and Rural Affairs (DEFRA), 
2006. Climate Change: The UK Programme. 
h t tp ://www.o f f i c i a l -document s . gov. uk/document/
cm67/6764/6764.pdf

Department of Environment, Food, and Rural Affairs (DEFRA), 
2007. Climate Change Agreements: Results of the Third Target 
Period Assessment. http://www.decc.gov.uk/media/viewfile.
ashx?filepath=what%20we%20do/global%20climate%20change
%20and%20energy/tackling%20climate%20change/ccas/caa_
analysis/cca-jul07.pdf&filetype=4

DuPont, 2002. Sustainable Growth: 2002 Progress Report. Wilm-
ington: DuPont. 

Elliott, R. N., 2002. Vendors as Industrial Energy Service Provid-
ers, Washington, DC. American Council for an Energy Efficient 
Economy. http://www.aceee.org/industry/vendors.pdf

Ezban, R., Tang, E., and Togeby, M., 1994. “The Danish CO2-Tax 
Scheme,” in International Energy Agency, Conference Proceedings 
– Industrial Energy Efficiency: Policies and Programs, Washington 
DC, 26-27 May, 1994.

Farrell, D., and J.K. Remes, 2008. “How the World Should Invest in 
Energy Efficiency,” The McKinsey Quarterly, July 2008.

Fenhan, J., 2009. CDM Pipeline as of 1 October 2009. Roskilde, 
Denmark: UN RISOE Centre Energy, Climate, and Sustainable 
Development. 
http://cdmpipeline.org/

Foster, G.G., 2006. “Dow Wins Award for Energy Efficiency Lead-
ership,” http://news.dow.com/dow_news/corporate/2006/
20060511d.htm

Fridley, D., Aden, N., Zhou, N., and Lin, J., 2007. Impacts of China’s 
Current Appliance and Labeling Program to 2020. Berkeley, CA: 
Lawrence Berkeley National Laboratory (LBNL-62802).

Future Energy Solutions, AEA Technology, 2005. Climate Change 
Agreements – Results of the Second Target Period Assessment. 

Version 1. http://www.decc.gov.uk/media/viewfile.ashx?filepath
=what%20we%20do/global%20climate%20change%20and%20
energy/tackling%20climate%20change/ccas/caa_analysis/cca-
jul05.pdf&filetype=4

Galitsky, C., Price, L., Worrell, E., 2004. Energy-efficiency programs 
and policies in the industrial sector in industrialized countries. 
Berkeley, CA: Lawrence Berkeley National Laboratory (LBNL-
54068).

Galitsky, C., Worrell, E., Healy, P., Zechiel, S., 2005. Benchmarking 
and Self-Assessment in the Wine Industry. Berkeley, CA: Lawrence 
Berkeley National Laboratory (LBNL-59957).

Gielen, D., 2009. Indicators and benchmarking: Issues and recent 
developments. http://www.iea.org/Textbase/work/2009/stan-
dards/Gielen.pdf

GNR, 2009. Getting the numbers right. Benchmarking database. 
Cement Sustainability Initiative, Geneva.

Goldman, C., Osborn, J., Hopper, N., Singer, T., 2002. Market trends 
in the US ESCO Industry: Results from the NAESCO Database 
Project. Berkeley, CA: Lawrence Berkeley National Laboratory 
(LBNL-49601). 

Government of Canada, 1998. Tax Incentives for Business Invest-
ments in Energy Conservation and Renewable Energy.

HM Revenue & Customs, n.d. ECA – 100% Enhanced Capital Al-
lowances for Energy-Saving Investments. 
http://www.eca.gov.uk/etl

Howells, M., and Laitner, J., 2003. “A Technical Framework for 
Industrial Greenhouse Gas Mitigation in Developing Countries,” 
Proceedings of the American Council for an Energy-Efficient Econ-
omy’s 2003 Summer Study on Industrial Energy Efficiency. Wash-
ington, DC: ACEEE. 

Intergovernmental Panel on Climate Change (IPCC), 2000. 
Methodological and Technological Issues in Technology Trans-
fer. Special Report of the Intergovernmental Panel on Climate 
Change (IPCC) [B. Metz, et al.] Cambridge, UK: Cambridge Uni-
versity Press.

Intergovernmental Panel on Climate Change (IPCC), 2007. Sum-
mary for Policymakers. In: Climate Change 2007: mitigation. Con-
tribution of Working Group III to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change [B. Metz, O.R. 
Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)]. Cambridge, UK 
and New York, NY: Cambridge University Press.

International Energy Agency (IEA), 2007a. Tracking Industrial En-
ergy Efficiency and CO2 Emissions. Paris: IEA.

http://www.decc.gov.uk/en/content/cms/what_we_do/change_energy/tackling_clima/ccas/cc_levy/cc_levy.aspx
http://www.decc.gov.uk/en/content/cms/what_we_do/change_energy/tackling_clima/ccas/cc_levy/cc_levy.aspx
http://www.decc.gov.uk/en/content/cms/what_we_do/change_energy/tackling_clima/emissions/emissions.aspx
http://www.decc.gov.uk/en/content/cms/what_we_do/change_energy/tackling_clima/emissions/emissions.aspx
http://www.official-documents.gov.uk/document/cm67/6764/6764.pdf
http://www.official-documents.gov.uk/document/cm67/6764/6764.pdf
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what%20we%20do/global%20climate%20change%20and%20energy/tackling%20climate%20change/ccas/caa_analysis/cca-jul07.pdf&filetype=4
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what%20we%20do/global%20climate%20change%20and%20energy/tackling%20climate%20change/ccas/caa_analysis/cca-jul07.pdf&filetype=4
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what%20we%20do/global%20climate%20change%20and%20energy/tackling%20climate%20change/ccas/caa_analysis/cca-jul07.pdf&filetype=4
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what%20we%20do/global%20climate%20change%20and%20energy/tackling%20climate%20change/ccas/caa_analysis/cca-jul07.pdf&filetype=4
http://www.aceee.org/industry/vendors.pdf
http://www.superiorenergyperformance.net/pdfs/Plant_Certification_StrategicPlan_9_22_08.pdf
http://news.dow.com/dow_news/corporate/2006/20060511d.htm
http://news.dow.com/dow_news/corporate/2006/20060511d.htm
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what%20we%20do/global%20climate%20change%20and%20energy/tackling%20climate%20change/ccas/caa_analysis/cca-jul07.pdf&filetype=4
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what%20we%20do/global%20climate%20change%20and%20energy/tackling%20climate%20change/ccas/caa_analysis/cca-jul07.pdf&filetype=4
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what%20we%20do/global%20climate%20change%20and%20energy/tackling%20climate%20change/ccas/caa_analysis/cca-jul07.pdf&filetype=4
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what%20we%20do/global%20climate%20change%20and%20energy/tackling%20climate%20change/ccas/caa_analysis/cca-jul07.pdf&filetype=4
http://www.iea.org/Textbase/work/2009/standards/Gielen.pdf
http://www.iea.org/Textbase/work/2009/standards/Gielen.pdf
http://www.eca.gov.uk/etl


 �� 

International Energy Agency (IEA), 2007b. World Energy Outlook 
2007. Paris: IEA.

International Energy Agency (IEA), 2007c. Recent Analysis into In-
dicators for Industrial Energy Efficiency and CO2 Emissions. Paris: 
IEA.

International Energy Agency (IEA), 2008a. Energy Technology Per-
spectives 200�: Scenarios and Strategies to 2050. Paris: IEA.

International Energy Agency (IEA), 2008b. World Energy Outlook 
WEO Policy Database. Paris: IEA. http://www.iea.org/Textbase/
pm/?mode=weo

International Energy Agency (IEA), 2008c. Energy Efficiency Poli-
cies and Measures. Paris: IEA. http://www.iea.org/textbase/pm/
index_effi.asp

International Energy Agency (IEA), 2008d. Energy Efficiency Poli-
cy Recommendations. Worldwide Implementation Now. Paris: IEA. 
http://www.iea.org/papers/2008/cd_energy_efficiency_policy/
index_EnergyEfficiencyPolicy_2008.pdf

International Energy Agency (IEA), 2009. Energy Technology Tran-
sitions for Industry. Paris: IEA.

International Fertiliser Industry Association (IFA), 2009. Bench-
marking of Ammonia plants, personal communication.

International Finance Corporation (IFC), 2008. “Industrial Bank 
and IFC Collaborate to Expand Energy Efficiency Loans and Cut 
Greenhouse Gas Emissions in China,” http://www.ifc.org/ifcext/
chuee.nsf/Content/Pressrelease3

International Institute for Sustainable Development (IISD), 1994. 
Accelerated Depreciation of Environmental Investments in the 
Netherlands. http://www.iisd.org/greenbud/acceler.htm

International Organisation for Standardisation (ISO), 2008. ISO 
Management System Standard for Energy, Geneva: International 
Organisation for Standardisation.
http://www.iso.org/iso/energy_management_system_standard; 
http://www.iso.org/iso/pressrelease?refid=Ref1157

Kan, F., 2008. “Top-1000 Enterprises Energy Saving Project in 
China,” Presentation at the UN-Energy Expert Group Meeting on 
Advancing Industrial Energy Efficiency in the Post-2012 Frame-
work, Washington, DC, September 22-23, 2008.

Kirai, P., 2008. “Energy Efficiency Policy and Climate Change: The 
GEF-KAM Project from Kenya,” Presentation at the UN-Energy 
Expert Group Meeting on Advancing Industrial Energy Efficiency 
in the Post-2012 Framework, Washington, DC, September 22-23, 
2008. 

Knapp, R., 2009. Aluminium. International Aluminium Institute. 
http://www.iea.org/Textbase/work/2009/industry_expert/
knapp.pdf

Kræmer, T. Pipi and L. Stjernström, 1997. Energy Policy Instru-
ments – Description of Selected Countries. 

Kushler, M., York, D., and Witte, P., 2004. Five Years. In: An Exami-
nation of the First Half-Decade of Public Benefits Energy Efficiency 
Policies. Washington DC: American Council for an Energy-Effi-
cient Economy (Report No U041). http://www.aceee.org/pubs/
u041.pdf

Lahti Declaration, 2006. Lahti Declaration on the Promotion of 
Energy Efficiency and Renewable Energy through Energy Auditing. 
13 September 2006. http://www.audit06.fi/news/press-releas-
es/2006-09-13-000.html

Laitner, J., 2008. Testimony of John A. „Skip“ Laitner, Director of 
Economic Analysis, American Council for an Energy-Efficient 
Economy (ACEEE), Before the United States Senate Committee 
on Energy & Natural Resources, A Hearing To Review the Status of 
Existing Federal Programs Targeted at Reducing Gasoline Demand 
in the Near Term and to Discuss Additional Proposals for Near Term 
Gasoline Demand Reductions, July 23, 2008. http://energy.senate.
gov/public/_files/LaitnerTestimony072308.doc

Levine, M.D., 2008. “Testimony before the U.S.-China Economic 
and Security Review Commission,” Hearing on China’s Energy Poli-
cies and their Environmental Impacts, August 13, 2008.

McFarland, M., 2005. Statement of Mack McFarland, Ph.D., Global 
Environmental Manager, DuPont Fluoroproducts, E.I. DuPont de 
Nemours and Company, Inc. before the Committee on Science, 
US House of Representatives, June 8, 2005.

McKane, A., Price, L., and de la Rue du Can, S., 2007. Policies 
for Promoting Industrial Energy Efficiency in Developing Coun-
tries and Transition Economies. Vienna: United Nations Industrial 
Development Organisation. (LBNL- 63134). http://ies.lbl.gov/
iespubs/63134.pdf

McKinsey, 2009. Pathways to a Low-Carbon Economy. Ver-
sion 2 of the Global Greenhouse Gas Abatement Cost Curve. 
McKinsey&Company.

Mollet, J., 2008. “Encouraging Massive Take-Up of Industrial 
Energy Efficiency,” Presentation at the UN-Energy Expert Group 
Meeting on Advancing Industrial Energy Efficiency in the Post-2012 
Framework, Washington, DC, September 22-23, 2008.

Monari, L., 2008. “Energy Efficiency in Industry: Experience, Op-
portunities and Actions,” Presentation at the UN-Energy Expert 
Group Meeting on Advancing Industrial Energy Efficiency in the 
Post-2012 Framework, Washington, DC, September 22-23, 2008.

http://www.iea.org/Textbase/pm/?mode=weo
http://www.iea.org/Textbase/pm/?mode=weo
http://www.iea.org/textbase/pm/index_effi.asp
http://www.iea.org/textbase/pm/index_effi.asp
http://www.iea.org/papers/2008/cd_energy_efficiency_policy/index_EnergyEfficiencyPolicy_2008.pdf
http://www.iea.org/papers/2008/cd_energy_efficiency_policy/index_EnergyEfficiencyPolicy_2008.pdf
http://www.ifc.org/ifcext/chuee.nsf/Content/Pressrelease3
http://www.ifc.org/ifcext/chuee.nsf/Content/Pressrelease3
http://www.iisd.org/greenbud/acceler.htm
http://www.iso.org/iso/energy_management_system_standard
http://www.iso.org/iso/pressrelease?refid=Ref1157
http://www.iea.org/Textbase/work/2009/industry_expert/knapp.pdf
http://www.iea.org/Textbase/work/2009/industry_expert/knapp.pdf
http://www.aceee.org/pubs/u041.pdf
http://www.aceee.org/pubs/u041.pdf
http://www.audit06.fi/news/press-releases/2006-09-13-000.html
http://www.audit06.fi/news/press-releases/2006-09-13-000.html
http://energy.senate.gov/public/_files/LaitnerTestimony072308.doc
http://energy.senate.gov/public/_files/LaitnerTestimony072308.doc
http://ies.lbl.gov/iespubs/63134.pdf
http://ies.lbl.gov/iespubs/63134.pdf


 �� 

Motiva, 2005. International Review of ESCO activities. 
http://www.esprojects.net/attachment/f884d384a217c98c4bfa4
9875a2f02d9/fe7f2590ded40d75fe90800909f5671a/Internation
al+Review+of+ESCO-activities+08_2005.pdf

Nadel, S., Elliott, R.N., Shepherd, M., Greenberg, S., Katz, G., and 
Almeida, A., 2002. Energy-Efficient Motor Systems: A Handbook 
on Technology, Program, and Policy Opportunities. Second Edi-
tion, Washington, DC: American Council for an Energy-Efficient 
Economy.

National Development and Reform Commission (NDRC), 2006. 
Notice of Issuance of the Thousand Enterprise Energy Saving Action 
Implementation Plan. NDRC Environmental and Resource Plan-
ning Office #571.

Nuijen, W., 2002. “Energy Auditing, Assessments, and Energy Plans 
in The Netherlands,” Presentation at the Workshop on Voluntary 
Agreements for China’s Industrial Sector: Integrating International 
Experiences into Designing a Pilot Program, February 25-27, 2002, 
http://ies.lbl.gov/iespubs/energyaudits.pdf

Pender, M., 2004. “UK Climate Change Agreements,” Presentation 
at the Workshop on Industrial Tax and Fiscal Policies to Promote 
Energy Efficiency. Beijing. 24 May 2005. 

Pender, M., 2008. “UK Climate Change Programme: Business and 
Public Sector Economic Instruments,” Presentation at the UN-Energy 
Expert Group Meeting on Advancing Industrial Energy Efficiency in the 
Post-2012 Framework, Washington, DC, September 22-23, 2008.

Price, L., 2005. “Voluntary Agreements for Energy Efficiency or 
Greenhouse Gas Emissions Reduction in Industry: An Assessment 
of Programs Around the World,” Proceedings of the 2005 ACEEE 
Summer Study on Energy Efficiency in Industry. Washington, DC: 
American Council for An Energy-Efficient Economy. http://ies.
lbl.gov/iespubs/58138.pdf

Price, L, Worrell, E., Sinton, J., and Jiang, Y., 2003. “Voluntary Agree-
ments for Increasing Energy efficiency in Industry: Case Study of a 
Pilot Project with the Steel Industry in Shandong Province, China,” 
Proceedings of the 2003 ACEEE Summer Study on Energy Efficiency 
in Industry. Washington, DC: American Council for an Energy-Effi-
cient Economy (LBNL-52715). http://china.lbl.gov/sites/china.lbl.
gov/files/VAs.Industry.Shandong.ACEEE_.2003.doc

Price, L., Galitsky, C., Sinton, J., Worrell, E., Graus, W., 2005. Tax 
and Fiscal Policies for Promotion of Industrial Energy Efficiency: 
A Survey of International Experience. Berkeley, CA: Lawrence 
Berkeley National Laboratory (LBNL-58128). http://ies.lbl.gov/
iespubs/58128.pdf

Price, L., Galitsky, C., Kramer, K.J., and McKane, A., 2008a. In-
ternational Experience with Key Program Elements of Industrial 
Energy Efficiency or Greenhouse Gas Emissions Reduction Tar-
get-Setting Programs. Berkeley, CA: Lawrence Berkeley National

Laboratory (LBNL-63807).

Price, L., Wang, X., Jiang, Y., 2008b. China‘s Top-1000 Energy-
Consuming Enterprises Program: Reducing Energy Consumption 
of the 1000 Largest Industrial Enterprises in China, Berkeley, CA: 
Lawrence Berkeley National Laboratory (LBNL-519E). http://ies.
lbl.gov/iespubs/LBNL-519E.pdf

Price, L., Wangb, X., & Yunc, J., Article in Press. The challenge of 
reducing energy consumption of the Top-1000 largest industrial 
enterprises in China. Energy Policy.

Rajhansa, K., 2008. “Enabling Environment for CDM Energy Effi-
ciency Methodologies (CDM-EB’s Initiative),” Presentation at the 
UN-Energy Expert Group Meeting on Advancing Industrial Energy 
Efficiency in the Post-2012 Framework, Washington, DC, Septem-
ber 22-23, 2008.

Ryan, P., Holt, S., and Watkins, B., 2005. “Motor MEPS in Austra-
lia: Future Directions and Lessons,” Proceedings of EEMODS 05, 
Heidelberg, Germany. 

Sambucini, G., 2008. “Financing Energy Efficiency Investments for 
Climate Change Mitigation in South, Eastern Europe and Central 
Asia,” Presentation at the UN-Energy Expert Group Meeting on 
Advancing Industrial Energy Efficiency in the Post-2012 Framework, 
Washington, DC, September 22-23, 2008.

Sarkar, A., 2008. “How to Make Industrial Energy Efficiency Work 
for Climate Change Mitigation: Post 2012 Strategies,” Presenta-
tion at the UN-Energy Expert Group Meeting on Advancing Indus-
trial Energy Efficiency in the Post-2012 Framework, Washington, 
DC, September 22-23, 2008.

Saygin, D., Patel, M., Tam, C. and Gielen, D., 2009. Chemical and 
Petrochemical sector. Potential of best practice technology and 
other measures for improving energy efficiency. International 
Energy Agency (IEA). http://www.iea.org/papers/2009/chemi-
cal_petrochemical_sector.pdf

SenterNovem, 2005a. MIA and Vamil: Tax Relief for Investments 
in Environmental Friendly Machinery. http://www.senternovem.
nl/vamil_mia/English.asp

SenterNovem 2005b. EIA: Tax Relief for Investments in Energy-
saving Equipment and Sustainable Energy. http://www.senter-
novem.nl/eia/eia_energy_investment_allowance.asp

SenterNovem, 2008. Knowledge Networks. The Hague: The 
Netherlands, http://www.senternovem.nl/knowledge_net-
works/index.asp

Shah, J., 2008. “Industrial Audits and Financial Products,” Presen-
tation at the UN-Energy Expert Group Meeting on Advancing In-
dustrial Energy Efficiency in the Post-2012 Framework, Washington, 
DC, September 22-23, 2008.

http://www.esprojects.net/attachment/f884d384a217c98c4bfa49875a2f02d9/fe7f2590ded40d75fe90800909f5671a/International+Review+of+ESCO-activities+08_2005.pdf
http://www.esprojects.net/attachment/f884d384a217c98c4bfa49875a2f02d9/fe7f2590ded40d75fe90800909f5671a/International+Review+of+ESCO-activities+08_2005.pdf
http://www.esprojects.net/attachment/f884d384a217c98c4bfa49875a2f02d9/fe7f2590ded40d75fe90800909f5671a/International+Review+of+ESCO-activities+08_2005.pdf
http://ies.lbl.gov/iespubs/energyaudits.pdf
http://ies.lbl.gov/iespubs/58138.pdf
http://ies.lbl.gov/iespubs/58138.pdf
http://china.lbl.gov/sites/china.lbl.gov/files/VAs.Industry.Shandong.ACEEE_.2003.doc
http://china.lbl.gov/sites/china.lbl.gov/files/VAs.Industry.Shandong.ACEEE_.2003.doc
http://ies.lbl.gov/iespubs/58128.pdf
http://ies.lbl.gov/iespubs/58128.pdf
http://ies.lbl.gov/iespubs/LBNL-519E.pdf
http://ies.lbl.gov/iespubs/LBNL-519E.pdf
http://www.iea.org/papers/2009/chemical_petrochemical_sector.pdf
http://www.iea.org/papers/2009/chemical_petrochemical_sector.pdf
http://www.senternovem.nl/vamil_mia/English.asp
http://www.senternovem.nl/vamil_mia/English.asp
http://www.senternovem.nl/eia/eia_energy_investment_allowance.asp
http://www.senternovem.nl/eia/eia_energy_investment_allowance.asp
http://www.senternovem.nl/knowledge_networks/index.asp
http://www.senternovem.nl/knowledge_networks/index.asp


 �� 

Sheaffer, P. and A. McKane. 2008. “System Assessment Standards: 
Defining the Market for Assessment Services,” Proceedings of the 
Industrial Energy Technology Conference, New Orleans, LA, May 
7-8, 2008.

Solomon, 2005. Steamcracker benchmark results. Cited by Leuckx 
(2008) http://ec.europa.eu/enterprise/chemicals/hlg/doc_
2008/14leuckx_sectoral.pdf

Swedish Energy Agency, 2007. Two Years with PFE: The First Pub-
lished Results from the Swedish LTA Programme for Improving En-
ergy Efficiency in Industry. Eskilstuna, Sweden: SEA. http://ies.lbl.
gov/iespubs/PFE.2007.pdf

Taylor, R., Govindarajalu, C., Levin, J., Meyer, A.S., and Ward, W.A., 
2008. Financing Energy Efficiency: Lessons from Brazil, China, In-
dia and Beyond. Washington DC: World Bank.

Tiktinsky, T., 2008. “Carbon Markets and Energy Efficiency: Post 
2012 Strategies.” Presentation at the UN-Energy Expert Group 
Meeting on Advancing Industrial Energy Efficiency in the Post-2012 
Framework, Washington, DC, September 22-23, 2008.

UK Department of Trade and Industry (DTI), 2003. Our Energy 
Future: Creating a Low Carbon Economy. http://www.berr.gov.uk/
files/file10719.pdf

United Nations Economic and Social Commission for Asia and 
the Pacific (UNESCAP), 2000. Promotion of Energy Efficiency in 
Industry and Financing of Investments. http://www.unescap.org/
esd/energy/publications/finance/index.html

United Nations Foundation (UNF), Expert Group on Energy Ef-
ficiency, 2007. Realising the Potential of Energy Efficiency: Targets, 
Policies, and Measures for G� Countries. Washington, DC: United 
Nations Foundation.

United Nations Framework Convention on Climate Change (UN-
FCCC), 2007. Revised draft decision -/CP.13. Ad Hoc Working 
Group on Long-term Cooperative Action under the Convention. 
http://unfccc.int/files/meetings/cop_13/application/pdf/cp_
bali_act_p.pdf

United States, Department of Energy (U.S.DOE), 2008a. Quick 
PEP Software Tool. Washington, DC: U.S. DOE.
http://www1.eere.energy.gov/industry/bestpractices/software_
quickpep.html

United States, Department of Energy (U.S.DOE), 2008b. ANSI-
Accredited Plant Energy efficiency Certification Program Plan. 
Washington, DC: U.S. DOE.
http://www.superiorenergyperformance.net/

United States, Environmental Protection Agency (U.S.EPA), 
2008a. Climate Leaders. 
http://www.epa.gov/stateply/index.html

United States, Environmental Protection Agency (U.S.EPA), 
2008b. Energy Star for Industry. http://www.energystar.gov/index.
cfm?c=industry.bus_industry

Väisänen, H., et al., 2003. AUDIT II - Guidebook for En-
ergy Audit Programme Developers. http://www.esprojects.
net/attachment/f884d384a217c98c4bfa49875a2f02d9/
7fed7ce4a7eb6430720ebf8e96d6436f/GB_Printversion.pdf

Vine, E., 2005. “An International Survey of the Energy Service 
Eompany (ESCO) Industry,“ Energy Policy, Volume 33, Issue 5, 
March 2005, 691-704. 

Wara, M. and Victor, D., 2008. A Realistic Policy on International 
Carbon Offsets. PESD Working Paper # 74. http://iis-db.stanford.
edu/pubs/22157/WP74_final_final.pdf

Williams, R., McKane, A., Zou, G., Nadel, S., Peters, J., and Tut-
terow, V. 2005. “The Chinese Motor System Optimisation Experi-
ence: Developing a Template for a National Program,” Proceed-
ings of EEMODS 05, Heidelberg, Germany September 5-8, 2005. 
(LBNL-58504).

Winkler, H., Howells, M., & Baumert K., 2007. Sustainable devel-
opment policies and measures: institutional issues and electrical 
efficiency in South Africa. Climate Policy, Volume 7, 212–229

Winkler, H., Höhne, K., & Den Elzen, M., 2008. Methods for quan-
tifying the benefits of sustainable development policies and 
measures (SD-PAMs). Climate Policy, Volume 8, 119-134.

World Energy Council (WEC), 2001. Japan: Extract from the Sur-
vey of Energy Resources. London: WEC. http://www.worldenergy.
org/wec-geis/edc/countries/Japan.asp#top

Worrell, E., and Biermans, G., 2005. Move over! Stock Turnover, Ret-
rofit and Industrial Energy Efficiency. Energy Policy, 33, pp. 949-962.

Worrell, E. and Galitsky, C., 2005. Energy Efficiency Improvement 
and Cost Saving Opportunities for Petroleum Refineries: An EN-
ERGY STAR Guide for Energy and Plant Managers. Berkeley, CA: 
Lawrence Berkeley National Laboratory (LBNL-56183) http://
www.energystar.gov/ia/business/industry/ES_Petroleum_En-
ergy_Guide.pdf

Zhang, Z., 2008. “Financing Industrial Energy Efficiency: The GEF 
Experience,” Presentation at the UN-Energy Expert Group Meeting 
on Advancing Industrial Energy Efficiency in the Post-2012 Frame-
work, Washington, DC, September 22-23, 2008.

Zhao, M., 2007. “EMCA and ESCO Industry Development in Chi-
na” Presentation at the CTI Joint Seminar: Successful Cases of 
Technology Transfer in Asian Countries, 7-8th March, 2007, New 
Delhi, India.

http://ec.europa.eu/enterprise/chemicals/hlg/doc_2008/14leuckx_sectoral.pdf
http://ec.europa.eu/enterprise/chemicals/hlg/doc_2008/14leuckx_sectoral.pdf
http://ies.lbl.gov/iespubs/PFE.2007.pdf
http://ies.lbl.gov/iespubs/PFE.2007.pdf
http://www.berr.gov.uk/files/file10719.pdf
http://www.berr.gov.uk/files/file10719.pdf
http://www.unescap.org/esd/energy/publications/finance/index.html
http://www.unescap.org/esd/energy/publications/finance/index.html
http://unfccc.int/files/meetings/cop_13/application/pdf/cp_bali_act_p.pdf
http://unfccc.int/files/meetings/cop_13/application/pdf/cp_bali_act_p.pdf
http://www1.eere.energy.gov/industry/bestpractices/software_quickpep.html
http://www1.eere.energy.gov/industry/bestpractices/software_quickpep.html
http://www.superiorenergyperformance.net/
http://www.epa.gov/stateply/index.html
http://www.energystar.gov/index.cfm?c=industry.bus_industry
http://www.energystar.gov/index.cfm?c=industry.bus_industry
http://www.esprojects.net/attachment/f884d384a217c98c4bfa49875a2f02d9/7fed7ce4a7eb6430720ebf8e96d6436f/GB_Printversion.pdf
http://www.esprojects.net/attachment/f884d384a217c98c4bfa49875a2f02d9/7fed7ce4a7eb6430720ebf8e96d6436f/GB_Printversion.pdf
http://www.esprojects.net/attachment/f884d384a217c98c4bfa49875a2f02d9/7fed7ce4a7eb6430720ebf8e96d6436f/GB_Printversion.pdf
http://iis-db.stanford.edu/pubs/22157/WP74_final_final.pdf
http://iis-db.stanford.edu/pubs/22157/WP74_final_final.pdf
http://www.worldenergy.org/wec-geis/edc/countries/Japan.asp#top
http://www.worldenergy.org/wec-geis/edc/countries/Japan.asp#top
http://www.energystar.gov/ia/business/industry/ES_Petroleum_Energy_Guide.pdf
http://www.energystar.gov/ia/business/industry/ES_Petroleum_Energy_Guide.pdf
http://www.energystar.gov/ia/business/industry/ES_Petroleum_Energy_Guide.pdf


 �� 

Append�x A. Voluntary Internat�onal Sectoral 
Agreement (VISA): A PROPOSAL

The Bali Action Plan outlines the key challenges to be addressed 
in the post-Kyoto agreement. These will be negotiated in Copen-
hagen in 2009. They relate to technology transfer; measurable 
and reportable mitigation commitments; and actions, policies 
and measures that have to be adopted to curb the GHG emis-
sions in the short-term and then drastically reduce them. The aim 
is to achieve emissions levels that will stabilise human effects on 
the changing climate. The Bali Action plan makes specific calls 
for “cooperative and sectoral approaches and sector-specific ac-
tions” to enhance the implementation of the Convention. 

Sectoral approaches (SA) are being addressed in the work of 
two Ad Hoc Working Groups (AWGs). These groups form the 
negotiation tracks for the post-2012 climate agreement. Several 
workshops have been held by the two AWGs focusing on some 
of the most difficult issues in the negotiations. Those issues in-
cluded SAs and gave Parties an opportunity to express their views 
and concerns. The issue of SAs has generated a complex debate, 
with sensitivities and differences of opinion on how they should 
be realised. 

SAs represent a new set of options and a potential multi-di-
mensional vehicle that can enhance GHG mitigation. This is 
particularly so in the context of formulating national mitigation 
strategies that are compatible with the national sustainable de-
velopment priorities. A functional SA could help generate global 
GHG mitigation benefits without compromising national devel-
opment. 

Although experience of SAs, including voluntary sectoral agree-
ments (VAs) is relatively widespread, SAs have appeared as an 
issue only relatively recently in the international climate policy 
debate. Some models of sectoral approaches, including in the 
field of industrial energy efficiency, have been in place for years 
and have already contributed to quantified GHG mitigation. 
Building on the successful experience of VAs, the objective of the 
proposal in this document is to develop an international sectoral 
mechanism that will support the generation of emission reduc-
tions from industrial energy efficiency.

The Bali Action Plan emphasises the importance of “various ap-
proaches, including opportunities for using markets, in order to 
enhance the cost-effectiveness and promote mitigation actions 
bearing in mind different circumstances in developing countries”. 
The proposal outlined below is in line with this call for new mar-
ket-based mechanisms that could support mitigation and sus-
tainable development in a similar way to CDM. The proposal is 
based on the VA model and is tailored to the specific needs of 
industry in order to provide the necessary flexibility and incen-
tives, as well as the capacity building, that are needed in order 
to encourage greater action on energy efficiency in the industrial 
sector and cost-effective mitigation of climate change. 

Introduction

The proposed Voluntary International Sectoral Agreement (VISA) 
is a GHG mitigation mechanism aimed at realising CO2 offsets 
from industrial energy efficiency programs within Non-Annex 1 
countries. Those offsets can be sold to and bought from an in-
ternational fund. The fund will be overseen by the UNFCCC, but 
may exist within one or several other bodies.

In this proposal there are five significant actors: (1) the group of 
Annex 1 countries, (2) individual Non-Annex 1 governments, (3) 
individual national industries of those non-annex1 countries and 
(4) a group within the UNFCCC which administers sign up to and 
technical services of the VISA, and (5) the VISA fund.

Operation

A Non-Annex 1 government signs up to the VISA, after which it 
becomes eligible to sell CO2 offsets at a fixed rate for two years 
to the VISA fund. It acquires offsets from agreements with indus-
tries within its borders and it also owns those offsets. As a signa-
tory to VISA, it must produce auditable sector GHG baselines and 
offer industries the opportunity to engage in an agreement based 
on these baselines. The agreement is to meet a GHG target which 
results in the sector baseline being maintained or bettered over a 
given period. If that agreement between the industry and govern-
ment is bettered (i.e. emissions from industry are lower than the 
quantity agreed to), then industry will receive revenue based on 
the CO2 offsets generated. The revenue is to be received via an 
agreed effective instrument such as a tax break.30 If compliance 
with an agreed target is not met, then the industry involved is 
penalised. Independent auditing of the industrial savings will be 
mandated by the national government, while national baselines 
and government-industry agreements (including audits of their 
performance) will in turn be audited via the VISA fund admin-
istration. Should the government not meet the criteria, it will 
not be able to sell CO2 off-sets. The national government’s CO2 
offsets will comprise the total offsets generated through govern-
ment-industry agreements during that year.

The VISA fund will sell CO2 emissions offsets on the open mar-
ket. The VISA fund administration will purchase qualifying offsets 
from Non-Annex-1 signatories, based on a common price. The 
price is set so as to cover the costs of its operation as well as 
the administration and related services. While activities will be 
managed and audited by the VISA administration, it is envisaged 
that the VISA fund itself could be flexibly constituted. It could 
be jointly housed by several organs such as the GEF, World Bank 
and others. Further, with agreement of the VISA administration, 
extra funds deposited into the VISA fund could be channelled to 
VISA administration services and activities. This may be particu-
larly important while the fund is being initially capitalised. 

30 Note that the level of reimbursement to (and penalty from) the industry for 
the CO2 offsets would be flexibly negotiated between the government and the 
industry concerned. Note also that industry reductions due to CDM, would not 
be eligible to receive reimbursements.
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The VISA administration will coordinate at least four services to 
national governments. (1) The first service is for Non-Annex-1 
countries with an interest in taking part in the VISA scheme. It 
will provide an analysis of instuitional requirements – includ-
ing scenarios of costs and benefits of joining the VISA. This will 
not include obligations, and for different scenarios of industrial 
mitigation, potential development benefits of joining the VISA 
scheme will be highlighted. (2) The second service is that VISA 
will provide funding to cover the institutional start up costs and 
institutional capacity building needed to take part in the scheme. 
The latter will be undertaken with a national commitment to 
take part in the program31. (3) The third service will be to oversee 
the auditing of Non-An-
nex-1 signatories’ par-
ticipation to the VISA in 
order to establish that 
the claimed GHG savings 
are genuine. (4) Fourthly 
it will administer the pur-
chasing and sales of CO2 
offsets, and other activi-
ties decided by the COP. 

These activities shall be 
funded from the CO2 
revenues accrued by the 
VISA fund from offset 
sales from buying CO2 
offsets from national 
governments at an agreed 
rate, and then reselling 
them onto the international market. Other activities could also 
be included in the VISA fund, depending on agreement at the 
COP. These will include barrier removal.

A macro-economic analysis should be undertaken at a country 
level to review the development benefits of the programme. The 
latter will be highlighted as a driver for developing country par-
ticipation.

It is envisaged that the VISA fund and its administration will be 
reviewed annually as well as the offset purchase price. It is also 
envisaged that the VISA fund should be self financing. Profits will 
simply be offset by agreeing to higher purchasing costs of CO2 
from signatory countries in subsequent years.

It is envisaged that national governments will recoup their costs 
from the difference between sales to the VISA and rebates to 
local industries. Further, as per the UK CCAs, industries could be 
authorised to trade offsets internally. However, the modalities 
of any such mechanisms would be for national governments to 
determine. Only the Non-Annex-1 country governments can sell 
offsets to the VISA fund.

31 i.e. to develop sectoral baselines and offer industry an opportunity to meet 
or better them.

The commitment period for the negotiated agreements will be 
agreed via the COP/MOP. Initially periods of 2, 5 and 10 years are 
envisaged in order to enable flexibility to allow for uncertainty 
and to capture a wide range of industrial energy efficiency miti-
gation measures, ranging from maintenance to new equipment 
purchases. At the end of each commitment period, the baseline 
for any future negotiated agreement with the individual industry 
will be revised to be more stringent in the case that the emis-
sions target was bettered, or maintained if not. The revision of 
individual signatory industry baselines will also need to take cog-
nisance of any national sectoral baseline revision.

National non-annex 1 governments

Can receive a free non-obligatory assessment of the cost 
and benefits of joining the VISA (funded by the VISA fund)

On signing, it:

Can receive funding for the programme “Start-up” and 
baseline analysis (note that the baseline must be at 
least equal to business-as-usual (BAU) expectations).

Determines auditable sector baselines or targets 
(which are to be revised bi-annually).

Offers negotiated agreements to industry, with no 
obligation to “sign industry up”. Thus the country is 
under no-obligation to reduce emissions or force in-
dustry to “sign up” to meeting specific targets.

Sells CO2 reductions to the VISA fund based on sec-
tor negotiations

Reimburses industry at a negotiated level for their 
offsets over the baseline (or penalises local industry 
if baseline targets were not met.)

•

•











Figure 7. Summaries of the activity of each actor and notes on the Industry Agreements
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Commissions an independent audit of the savings and 
broad macro economic impact of the programme

This approach allows flexible target setting as the baseline 
chosen by the country could be more stringent than the 
BAU.

Non-annex 1 Industry

Can sign up and then negotiate a target (either hard or 
based on intensity) together with refund/penalty rate

Reductions are reimbursed as a tax credit or other appro-
priate instrument

Sign up is voluntary, but once signed is binding with non-
compliance is penalised

Agreements and performance of those agreements will be 
auditable

VISA fund administration

Within the UNFCCC, activities to be reviewed by the COP 
annually

Apart from start up funds, will be self financing

Will sell offsets at the minimum price or at market rates

Will determine the purchasing price of offsets from non-
annex 1 countries to cover operational costs (this will be 
revised bi-annually)

Will purchase all offsets provided they meet compliance 
rules

Will audit non-annex 1 country performance

Will provide a non-obligatory service estimating the costs 
and benefits of a non-annex 1 country on request, should it 
wish to join the programme

Will provide an obligatory service providing start up costs 
and assistance with sectoral baseline development

Baseline assessment must be verified as being at least 
equal to BAU expectations

Will provide a range of services to promote barrier removal 
depending on the agreement of the COP/MOP with an aim 
to improve the performance and generation of CO2 off-
sets.

Similar services can also be arranged on an ad-hoc basis 
based on deposits into the VISA fund by donors.



•

•

•

•

•

•

•

•

•

•

•

•

•



•

•

The Industry-Non-Annex-1 Sector Agreements:

Note also that while the agreement with industry is based 
on the sector baseline, the aim is to improve on the over-
all sector baseline. Thus if the specific industry within this 
sector is expected to better the sector baseline under BAU 
practices, its negotiated agreement will be more stringent 
than the sector baseline and at least equal its the BAU 
emissions expected from that industry.

Note also that the detail and definition of the “sector” for 
which the baselines are drawn up are flexible, but should 
provide enough detail to assess whether offsets would re-
sult in an improved average emissions level.

The agreements themselves will be either based on fixed 
GHG emissions targets or on intensity targets and these will 
be revised at the end/beginning of each agreement.

All agreements will reviewed annually, indicated the annual 
quantities of CO2 offset available to the host country for 
sale. 

•

•

•

•
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Append�x B. Capac�ty-Bu�ld�ng Fund Proposal

This proposal, to provide support to China in the form of exper-
tise from industrialised countries and partial funding for coun-
terpart Chinese activities, is based on experience to date with a 
number of capacity-building programmes.

An example of the type of programme envisioned under this fund 
is the multi-year training programme between Lawrence Berke-
ley National Laboratory (LBNL) and China’s National Institute of 
Standardisation (CNIS) in which LBNL provided assistance to the 
Chinese in drafting and implementing appliance energy efficien-
cy standards beginning in the early 1990s based on LBNL’s ex-
perience developing such standards for the U.S.32 The assistance 
consisted of training Chinese government officials and research-
ers to analyse standards for refrigerators. In return, the Chinese 
government committed to issuing energy efficiency standards for 
refrigerators 18 months after the training was initiated. The train-
ing consisted of the use of a computer model to simulate the 
performance of refrigerators, analysis of the economic impacts 
of standards, determination of the standard levels, use of com-
plex tools to assess the standards, and measurement of appli-
ance performance through refrigerator test procedures. 

Following the training, the Chinese team established refrigera-
tor efficiency standards in China which are strengthened every 5 
years. Training was then carried out for the analysis of standards 
for other household products. As the Chinese government recog-
nised the substantial benefits of the standards, they institution-
alised the programmes within the government. Over a period of 
about a decade, the programme was successful in transferring 
the full capabilities of performing in-depth policy analyses on 
appliance energy efficiency standards, labeling programmes, and 
test procedures. 

Appliance standards in China are estimated to save between 96 
and 120 million metric tons of CO2 per year in 2020. Cumula-
tively, they will reduce CO2 emissions between 1 and 2 billion 
metric tons over the coming twenty years (Fridley et al., 2007; 
Levine and Aden, 2008). Valued at US$20/metric ton, 2 billion 
metric tons is US$40 billion, with a present value of ~US$15 bil-
lion depending on assumptions about discount rates and future 
values of CO2. The cost of the appliance standards training 
programme was less than US$5 million, spread over a decade 
(Levine, forthcoming). 

32 Similar policy development or training programmes include the UNIDO 
China Motor System Energy Conservation Programme (described above in 
Section III.B.3) and the Shandong Province Energy Efficiency Agreement Pro-
gramme/Top-1000 Programme in China (Price et al., 2003; Price et al., 2008).






