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Industrial energy and material efficiency: What role
for policies?

Mohan Peck and Ralph Chipman*

This chapter is divided into two parts which explore the role for policies in
promoting industrial energy and material efficiency. Economic and environ-
mental pressures for energy and material efficiency have been increasing in
the past few decades, resulting in noticeable advances in process and product
design and in making waste more recyclable and reusable.

According to the World Energy Council, energy efficiency has a broad-
er meaning than mere technological efficiency of equipment; it encompasses
all changes that result in decreasing the amount of energy used to produce
one unit of economic output (e.g. the energy used per unit of GDP) or to
achieve a given level of comfort. Energy efficiency is associated with econom-
ic efficiency and includes technological, organizational and behavioural
changes.1 The importance of energy intensity of national economies as an
indicator of sustainable development was agreed in Agenda 21, which states
that “reducing the amount of energy and materials used per unit in the pro-
duction of goods and services can contribute both to the alleviation of envi-
ronmental stress and to greater economic and industrial productivity and
competitiveness.”

Material efficiency in industrial production, on the other hand, can be
defined as the amount of a particular material needed to produce a particu-
lar product. Material efficiency can be improved either by reducing the
amount of the material contained in the final product (“lightweighting”), or
by reducing the amount of material that enters the production process but
ends up in the waste stream. In a slightly broader sense, taking into account
the industrial production-consumption cycle, material efficiency can refer to
the amount of virgin natural resources required for producing a given
amount of product, with recycling of post-consumption waste material back
into production contributing to material efficiency. Three components of
material efficiency can therefore be identified: lightweighting in the produc-
tion process; waste reduction in the production process; and recycling of
material in the production-consumption cycle.

Public policies have generally focused on the third of these, recycling,
with improvements in material efficiency within industrial production,
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either through lightweighting or waste reduction, generally left to industry.
The discussion here will therefore focus on policies promoting recycling. 

A. Energy efficiency in industry

Energy efficiency is rising toward the top of many national agendas for a
number of compelling reasons that are economic, environmental and inter-
governmental in nature. As many industries are energy-intensive, this is
resulting in new impetus to industrial energy efficiency policies. The eco-
nomic reasons are quite clear. Most important has been the rise in energy
prices from 2005-2006 and their likely continuation at a high level.
Increasing concerns over energy security (reliability of supply) are a second
factor. Energy supply in many countries increasingly depends on imported
oil and gas, and supply is being constrained by geopolitical events while glob-
al economic growth is resulting in greater energy demand. Additionally, in
many developing countries energy efficiency is also a way to alleviate the
investment costs for expanding energy supply infrastructure in the face of
tight fiscal constraints.

Environmental pressures are also exerting influence. There is now the
need to reduce greenhouse gas emissions to meet commitments under glob-
al environment agreements, particularly for Annex 1 signatories to the Kyoto
Protocol. In the European Union and in other countries, cap and trade car-
bon dioxide (CO2) emission trading schemes are now in place, compelling
them to reduce greenhouse gas (GHG) emissions, and the focus is often on
energy-intensive industries. Moreover, environmental directives in major
markets are influencing global industrial supply chains. For example, the
European Union’s Directive for Energy-using Products (EuP) encompasses
the entire life cycle of a product: design, manufacturing, use and disposal,
and sets legal requirements for energy use of manufactured products.

Finally, energy efficiency has recently been high on the intergovernmen-
tal agenda, where it was a main topic of discussion in the G8 meetings at
both Gleneagles and St. Petersburg. Energy efficiency and industrial devel-
opment are also currently on the agenda of the 14th and 15th sessions of the
United Nations Commission on Sustainable Development, which will result
in recommendations for international action. Industrial energy efficiency
also figures prominently in the “Marrakech Process” on sustainable con-
sumption and production. 

Industry is the largest energy end-use sector in the world today and con-
sumed 30 per cent of delivered energy in OECD countries in 2003.2

Moreover, energy use in the industrial sector is forecast to grow an average of
2.4 per cent per year through 2030 – 3.2 per cent in developing countries
and 1.2 per cent in developed countries.3

A wide variety of energy efficiency policies, programmes, products, serv-
ices and delivery mechanisms have been implemented by countries in efforts
to improve energy efficiency in industry. Results in developed countries due
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to such efforts have been significant. For example, while the manufacturing
output of the OECD countries has doubled since the 1970s, the amount of
energy used in manufacturing has not changed (World Energy Council,
2004). While it is true that most of those gains were achieved between 1973
and 1986 as a response to high oil prices, many opportunities for significant
energy savings continue to exist. 

Energy efficiency efforts have been shown to be more likely to succeed
if a supportive framework of policies and regulatory environment exists. This
framework may include: overall energy policy; power sector reform; energy
efficiency policies, laws and targets; the establishment of energy efficiency
agencies within governments; utility demand-side management programs;
negotiated agreements with industry; support and promotion of energy
audits; and energy efficiency standards, codes, testing, certification and
labelling. 

1. Trends in industrial energy intensity

Energy efficiency is a main determining factor of industrial energy intensity,
but another important factor is structural change in the economy (such as
growth of the service sector). At the world level, there has been a continuous
decline in primary energy intensity.  Global energy intensity is expected to
decline at a rate of between 1.5 - 1.9 per cent per annum between 2003 and
2030, depending on economic growth.4 As shown in Figure 1, there is con-
siderable regional variation in industrial energy intensity. The clear trend has
been a continuous decline in industrial energy intensity with significant
strides made in China and North America. The exceptions are the Middle
East and Africa where energy intensities are still climbing.

Figure 2 highlights energy use and trends in energy-intensive industries
in the EU-15. Primary metals, non-metallic minerals and chemicals, as the
largest energy-consuming sectors, have over the past decade been the focus of
negotiated agreements to achieve energy efficiency and, as a result, significant
progress has been made in reducing their energy intensities. Other sectors
such as paper, food and textiles show minor increases in the amount of ener-
gy required for a unit of output. 

2. Market-based measures for energy efficiency

During the past decade, liberalization of energy markets, as a process, was
initiated in the Australia, Canada, United Kingdom and United States. The
EU established rules to liberalize its electricity market, which became opera-
tional in 1999, and liberalization of the natural gas market is now being
phased-in over time. Liberalization of the energy markets in developing
countries and economies in transition has taken place in a number of coun-
tries under World Bank structural adjustment programmes, one of the main
objectives being to attract private capital to expand and improve the sector.5
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The change from vertically integrated, monopolistic sectors to compet-
itive markets has also changed the way governments intervene in the energy
sector. Instead of regulating monopolies, governments are now in the process
of introducing a range of market-based measures. A number of these meas-
ures promote energy efficiency either directly or indirectly (for example
through reduction of greenhouse gases).

Tax and fiscal policies encourage investment in energy efficient equip-
ment by increasing the cost of energy or reducing the cost of investments.
Main targets for these policies are energy-intensive industries, energy service
companies and equipment vendors. Such incentive programmes typically
have short-term objectives of increasing energy efficiency by 10 per cent and
long-term objectives as high as 25 per cent as compared to a baseline year.
For example, fiscal incentives in Japan encourage the acquisition of energy
efficient equipment. The Energy Conservation Law enacted in 1993 intro-
duced several special tax measures related to energy efficient equipment.
These included: a corporate tax rebate equivalent to 7 per cent of the pur-
chase price; and accelerated tax depreciation for new equipment yielding at
least a 5 per cent energy savings. As a result of the incentives, investment in
energy efficient products increased by US$4 billion per year for several years
during the 1990s (Price et al., 2005).

2.1 Taxes and charges

Energy or energy-related CO2 taxes have the advantages that they reduce
demand for the taxed product, they increase public revenues and they reduce
pollution and its related impacts. These taxes have the disadvantage that they
may negatively affect the competitiveness of an industry. Such taxes were first

Case Study on Economic Incentives: China

Price reform in China has increased economic incentives for conserva-
tion. In 1994, except for coal used for power generation, all price subsi-
dies for coal were withdrawn. In 1998, for the first time, domestic crude
oil prices were allowed to float with international oil prices. Controls on
the prices of oil products were removed in 2000. Prices rose substantial-
ly once these subsidies were lifted and, as economists would expect, ener-
gy-intensive industries reduced consumption of these resources. As an
example, energy prices in the iron and steel industry increased by a fac-
tor of three between 1986 and 1995. Forced to pay the full cost of their
energy inputs, firms responded by finding ways to conserve energy and
reduce energy expenditures. Over this ten-year period, the iron and steel
industry realized energy savings of 15 Mtoe and avoided an estimated
3.87 billion Yuan in energy expenditures (World Energy Council,
2004).
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introduced in the 1990s in Europe and are now in practice throughout the
EU.

Pollution levies are imposed by a wide number of countries for violations
of pollution emission standards that are often associated with energy use.
Such levies are usually imposed on energy-intensive industries and levels of
penalties for offences have been rising over time. Efforts are often made to
balance the social and economic benefits of the services violators produce
with the environmental harm. Countries have developed systems with both
civil and criminal penalties. Civil penalties have the advantage that it is only
necessary to show that a violation of regulations has occurred, and no lengthy
judicial hearings are required; consequently, the majority of penalties
imposed come as a result of civil actions. Penalties for pollution levies can
range from warning notices or small fines issued in field actions, to substan-
tial administrative penalties, to legal settlements requiring payments of large
sums and requirements to install pollution mitigation equipment (see table
1). For example, several manufacturers of diesel engines were jointly penal-
ized over US$1 billion for installing special computer chips that allowed their
engines to pass laboratory inspections when in conditions of actual operation
they exceeded the emissions standards.6

Restructuring of public electric utilities in the 1990s introduced compe-
tition but also reduced incentives for demand-side management pro-
grammes. To regain the benefits of DSM programmes, public benefits charges
were introduced whereby a fee is imposed on electricity distributed to all
users. Most experience has been in the United States where 25 states current-
ly have energy efficiency programmes funded by public benefits charges. But
other countries, such as the UK, Australia, Norway, and Sweden, found the
same underinvestment in energy efficiency after deregulation and developed
similar programs funded through general revenues or through charges on
energy consumption.  In the US, as of 2005 these funds have financed over
US$900 million of spending on energy efficiency programmes leading to

UK Climate Change Levy

Established in 2001 with an environmental goal of reducing CO2 emis-
sions by 2 Mt per year, this is a levy on the sales of electricity, coal, nat-
ural gas, and liquefied petroleum gas to the business and public sectors.
The levy adds 15 per cent to typical energy bills for the business and
public sectors, but companies that meet negotiated energy efficiency
improvement targets receive an 80 per cent levy discount. The revenues
collected contribute in part to government support for energy efficiency
measures and energy-saving technologies. The levy is not set in relation
to carbon content of various fuels (Oikonomou and Patel, 2004). 



338 Industrial Development for the 21st Century

average annual reductions in power demand of 0.4 per cent and a total
reduction in demand of over 1,000 MegaWatts (MW) (Price et al., 2005)

2.2 Financial incentives

A range of incentive measures may aim at reducing costs associated with
increasing energy efficiency, including subsidies or grants for energy efficien-
cy investments, tax relief for purchase of energy efficient equipment or for
participation in negotiated agreements, subsidies for energy audits, and loans
or guarantee funds for energy efficiency projects.

Subsidies or grants for the purchase of energy efficient equipment are the
most widespread fiscal incentive in use today. Subsidies and grants are par-
ticularly useful to encourage energy efficiency investments in developing
country environments where perceived risks may be higher and where com-
petition with infrastructure projects may put energy efficiency projects at a
disadvantage. They also effectively stimulate energy efficiency measures in
countries where energy prices do not reflect the real costs of energy and are
too low to allow financial benefits to accrue to energy projects through ener-
gy savings. To make a subsidy programme more effective, care should be
given to avoid free riders (those companies that would have upgraded their
equipment even without a subsidy) and to reduce transaction costs.

One market-based approach to energy efficiency is the development of
an energy service company (ESCO) industry. An ESCO is a company that is
engaged in developing, implementing and financing performance-based
projects that seek to improve energy efficiency or reduce electricity loads of
facilities owned or operated by customers. ESCOs are promoting energy effi-
ciency around the world but particularly in countries experiencing increased
competition and privatization in the electric utility business, as well as in
other sectors undergoing liberalization, e.g., heat production in Central and
Eastern Europe. Since ESCO remuneration is often tied to the level of ener-
gy savings, it makes good business sense for them to target energy intensive
industries. 

Energy audits of industrial enterprises are key to assessing the potential
for energy savings and for identifying energy efficiency measures that could
be employed. Energy audits of industrial enterprises are often subsidized or

Public Benefits Charge in New York

New York’s Energy and Research Development Authority (NYSERDA)
provides a number of energy efficiency related services to the industrial
sector using funding from a public benefits charge. Services include 50
per cent cost-shared on-site engineering studies, an ESCO-administered
industrial performance programme, and a loan fund that provides inter-
est rate reductions on energy efficiency investment projects.
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provided free of charge to encourage participation and to facilitate the adop-
tion of modern energy efficient technologies. For example, in France
ADEME provides a subsidy of 50 per cent for audits conducted on Industrial
sites. About 75 per cent of the companies that received the subsidy stated
that they made investments immediately after the audit. The subsidy pro-
gramme cost the public about € 76 per toe saved and yielded investments
with an average cost of € 570 per toe savings per annum, which yields a sav-
ings of approximately € 1500 for every toe saved at 2006 oil prices. In some
countries, regular audits are mandatory for large energy consumers. In
Portugal, Thailand and Tunisia, audits are mandatory for buildings and large
factories using over 1000 toe per year. According to the World Energy
Council, subsidies generally cover 40-100 per cent of the cost of an energy
audit. The Korea Energy Management Corporation performs approximately
2000 energy audits every five years and roughly 80 per cent of the audits are
performed for free. A sample of eight audits in the industrial sector required
an investment of US$48.65 million and yielded energy savings of 198,604
toe annually. This amounted to annual cost savings of US$37.33 million
with an average pay back period of 1.3 years (World Energy Council, 2004).

In many countries, financing of energy efficiency investments is made
possible via a combination of soft public loans and innovative private financ-
ing, aimed at increasing the involvement of private capital. Such innovative
financing instruments include ESCO funding, guarantee funds, revolving
funds and venture capital. ESCOs sometimes use a shared savings approach
in which the ESCO guarantees the energy savings of the project and secures
the needed upfront financing. Guarantee funds provide a repayment guaran-
tee to banks granting loans for energy efficiency projects and thus cover the
associated credit risk. This is particularly useful in developing countries
where financial institutions have little experience in making loans to often
asset-free energy efficiency projects.

France, Hungary, Brazil and China have established loan guarantee funds
for energy efficiency projects. The guarantee fund set up in France is direct-
ed to energy efficiency projects of small and medium-size companies (SMEs)
which typically have trouble financing energy efficiency due to the small size
of their projects. The national guarantee fund covers 40 per cent of the risk,
the French Agency for Environment and Energy Management (ADEME)
covers an additional 30 per cent of the risk, and a national bank supporting
SME growth provides soft lending terms. This fund guarantees up to € 242
million for loans to the private sector. Its goal is to provide SMEs with the
option to obtain loans for energy efficiency and renewable energy invest-
ments.7

Taxes and fiscal incentives promoting industrial energy efficiency in
selected countries are summarized in table 2.

One of the most significant co-benefits of energy efficiency is its contri-
bution to GHG emission mitigation. Carbon dioxide emission trading schemes
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are now in place both within the EU and among signatories of the Kyoto
Protocol. While designed with environmental goals, these market mecha-
nisms also provide incentives for energy efficiency.  The EU Emission
Trading Scheme (EU ETS) will cover about one-half of the EU-25’s total
CO2 emissions by 2010, including all the energy intensive industries. While
significant energy efficiency gains are expected as a result of the EU ETS,
greater gains could be realized if there was tighter and more consistent target
setting. International commitment to post-2012 Kyoto targets is also need-
ed. The Clean Development Mechanism within the Kyoto Protocol sup-
ports, among other things, energy efficiency projects that can certify emis-
sion reductions with an approved methodology. The first such projects are
now being piloted. 

White certificate programmes for energy efficiency are being imple-
mented in Italy, the UK, France, Belgium and New South Wales, Australia.
In these programmes electricity and gas utilities are required to promote
energy efficiency among end-users and to show that they have saved an
amount of energy that is a percentage of the energy they distribute. That
amount of energy saved is certified through “white certificates”. These cer-
tificates can then be traded, with those parties that do not meet their energy
saving targets having to purchase certificates in the market (Farinelli et al.,
2005). The white certificate program in Italy was launched in January 2005.
Figure 3 shows the energy savings targets and projected evolution of energy
savings over the first 5-year compliance period in Italy with respect to the
electricity sector due to white certificates. During this phase of the pro-
gramme, 3 million tons of oil equivalent (Mtoe) of cumulative primary ener-
gy savings are projected to be realised, of which 1.6 Mtoe by electricity dis-
tributors and 1.3 Mtoe by natural gas distributors (Bertoldi and Rezessy,
2006). 

3. Policies for industrial energy efficiency

Figure 4 depicts the various energy efficiency policies employed by over sixty
countries8 and identifies the percentage of countries that use a particular pol-
icy. The survey was conducted in 2004 by the World Energy Council and the
French Agency for Environment and Energy Management. The chart does
not indicate the effectiveness of those policies, their impact, or whether the
targets or stipulations of those policies were ambitious or lax. 

Negotiated agreements between government and industry to improve
energy efficiency are playing a significant role in both developed and devel-
oping countries (see table 3). While most programmes are voluntary, they
generally provide either incentives and/or penalties to encourage participa-
tion by companies. Typically, companies or industry associations set targets
for reducing energy use or greenhouse gas emissions in exchange for govern-
ment support, such as financial incentives, publicity, or relief from other
environmental or tax obligations. Negotiated agreements may be categorized
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in three ways: 1) those that are entirely voluntary; 2) those that have implied
threats of regulation or taxation; and 3) those with a mix of incentives and
penalties for non-compliance. As voluntary programmes have few incentives
and lack penalties, they tend to have less participation by industry and results
are usually small improvements on business-as-usual. Programmes with
implied future threats of regulation or taxation promise easy environmental
permitting, relief from regulations, and avoidance of energy or GHG emis-
sions taxes in return for participation. As a result these negotiated agreements
have been more successful; for example, the Netherlands achieved an indus-
trial energy efficiency improvement of 22.3 per cent between 1989 and
2000. Programmes with a mix of incentives along with penalties for non-
compliance achieved both wide participation and strong results.
Participation by industrial enterprises in these agreements is generally high,
representing about 90 per cent of industrial GHG emissions in Canada,
Denmark, New Zealand, Switzerland and UK.9

Higher levels of end-use energy efficiency can allow deferral of a part of
the investment needed to meet growing energy demand. While electric util-
ities in developed countries have been implementing demand-side manage-
ment (DSM) programmes aggressively during the past 25 years, the electricity
sectors in developing countries have had little exposure to the DSM process.
Until the early 1990s, subsidized energy prices, non-competitive end-use
markets, lack of sufficient DSM knowledge and expertise, and the absence of
adequate regulatory and institutional support were the primary factors limit-
ing DSM activities in developing countries. However, as increasing numbers
of these countries adopt pricing schemes that reflect actual costs in their elec-
tricity sectors, the incentives are likely to increase for realizing energy and
capacity savings through DSM.

Negotiated Agreements in The Netherlands

Under a new Long Term Agreement entitled “The Covenant on
Benchmarking Energy Efficiency”, industrial enterprises commit to
achieving “best of class” energy efficiency amongst comparable compa-
nies by 2012. This level is determined as being 90 per cent as efficient as
the best performing enterprise. Implementation begins in 2006 and if a
company is not in the best of class by 2008 it has the option to make
additional energy efficiency improvements or make trade-offs using the
Kyoto mechanisms (Rezessy, Bertoldi and Persson, 2005).
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Energy performance standards and labels: Electricity consumption is rising
worldwide every year as people gain access to electricity and become increas-
ingly dependent on electrical equipment. In industry, electricity motors
power pumps, compressors, fans and a wide variety of machinery. One of the
most cost-effective and proven methods for increasing energy efficiency at
industrial enterprises is to establish energy efficiency standards for industrial
motors. Currently, minimum energy performance standards for motors have
been adopted in 30 countries. According to a study by the European Copper
Institute, European industry could save over 200 billion kilowatt hours
(kWh) of electricity per year by using more energy-efficient electrical motor
systems. Research by the EU's motor challenge programme found that
industry across the EU-25 could save € 10 billion per year on its electricity
bills plus a similar amount from reduced maintenance. Carbon dioxide emis-
sions would be reduced by 100 million tonnes per year, equivalent to one
quarter of the EU-15's Kyoto commitment.10 Labelling of efficient motors
has been shown to boost their sales. At present 26 countries use a labelling
scheme to help industrial purchasers identify energy efficient motors.
Examples of labels for energy efficient motors from four countries are shown
in figure 5.

Benchmarking provides a means to compare the energy use within one
company or plant to that of other similar facilities producing similar products.
Benchmarking can be used to compare plants, processes or systems. For exam-
ple, systems such as compressed air systems can be benchmarked to evaluate
energy efficiency, such as Germany’s REN Strom programme. Benchmarks are
typically employed as part of negotiated agreements and are supplied to all par-
ticipating companies. Those companies participating in the negotiated agree-
ment then agree to achieve the efficiency level of the top 10 per cent of plants.

Case Study on Demand Side Management: Thailand

In Thailand, the national utility’s DSM program, supported by a GEF
project, has exceeded targets, with a 566-MW peak load reduction and
3,140 GWh annual energy savings. The utility created a dedicated DSM
office that now has a staff of 375 people. The DSM office is implement-
ing 13 different energy efficiency programs for refrigerators, air condi-
tioners, green buildings, industrial cost reduction, industrial ESCO
development, motors, compact fluorescent lamps, street lighting, ther-
mal storage, stand-by generation, interruptible loads, time-of-use tariffs,
and public awareness campaigns. The private sector has been engaged,
through workshops with distributors and retailers to encourage sale of
high-efficiency refrigerators and air conditioners, and through negotia-
tions with manufacturers to produce high-efficiency equipment (Singh
and Mulholland, 2000).
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Monitoring and targeting (M&T) is a tool that often provides useful
information when implementing other energy efficiency measures, thus
making them more effective. It also ensures accountability by providing feed-
back on performance improvement measures that have been implemented,
assessing energy savings achieved. It can also be an effective tool to change
corporate thinking about energy saving at all levels from corporate manage-
ment to operational staff and, as such, can lock in efficiency gains through a
strategy that influences corporate culture and promotes behaviour modifica-
tion. M&T has a long history in the UK, which launched a national pro-
gramme in 1980. Over 50 industry sector studies have demonstrated the
benefits of monitoring and targeting. These benefits include:

• Energy savings of 5 to 15 per cent with similar reductions in emissions
of CO2 and other pollutants;

• Coordination of energy management policy through targeting of initia-
tives that achieve the maximum benefit;

• Assisting with financing for energy efficiency projects, through determi-
nation of baseline energy use levels for energy efficiency project pro-
posals, and verification of savings (critical for performance contract-
ing by ESCOs);

• Improved product and service costing, through better understanding of
the energy content of products and services;

• Improved budgeting, by providing improved data for the accurate pro-
jection of future energy use.

Apart from the UK, the World Bank and others have supported activi-
ties that apply the M&T approach in improving energy efficiency in the
industrial sector in Brazil, Peru, Colombia, and Slovakia. A recent European
Commission Green Paper on energy has set a target of reducing EU energy
consumption by 20 per cent compared to projections for 2020. 

Benchmarking Tool

The Lawrence Berkeley National Laboratory in the US has produced a
Benchmarking and Energy-Saving Tool (BEST) that compares each
process used at a plant with world best practice. The software allows
industrial users to select from a broad array of energy-efficiency tech-
nologies and measures that could be implemented. The software tool is
process-related and includes motor systems, boilers, steam distribution
and cogeneration, among other things. Apart from characterizing the
energy savings, the software also captures non-energy benefits such as
reduced emissions, reduced water use, increased productivity, etc.11 
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Websites for industrial energy efficiency are proliferating rapidly and con-
tain tools, guidebooks, information and links on energy efficiency pro-
grammes, policies, technologies, financing and technical assistance. The EU’s
CORDIS website provides access to information on available support pro-
grammes, databases and reports, while its ManagEnergy website has similar
tools and includes links to over 400 energy agencies, events and partner
searching capabilities. Sweden’s STEM website includes a calendar of energy
efficiency events online (Galitsky, Price and Worrell, 2004).

An overview of industrial sector energy efficiency program products and
services of industrialized countries is presented in table 4.

Market transformation policies and programmes for energy efficiency have
been widely employed by industrialized countries and in recent years are
being increasingly adopted by developing countries and economies in transi-
tion. Market transformation programmes for energy efficiency a) intervene
strategically in the market, b) create long-lasting changes in the structure or
functioning of the market, and c) lead to widespread adoption of energy effi-
cient products, services and practices. Market transformation efforts that
have been employed to “push” technology innovation include a range of
measures such as promoting technology transfer for domestic manufactur-
ing, adopting minimum energy performance standards for energy consum-
ing equipment, developing voluntary agreements with manufacturers, devel-
oping new lines of distribution through electric utilities or retailers, and
arranging soft financing terms for manufacturers. Other efforts have been
designed to “pull” the market; these have included helping consumers to
make informed purchase decisions through media campaigns or point-of-
purchase aids such as energy efficiency labelling, lowering prices via subsidy
or rebate, encouraging bulk purchase/procurement, establishing buy-back or
recycling programmes, and providing financing of purchases through banks
or utility bills. To date, a host of market transformation initiatives have been
implemented in a number of countries that targeted residential appliances
(e.g., lighting, refrigerators, and air conditioners), commercial buildings,
industrial sectors, and government facilities.

M&T Case Study: Unilever Canada

In the late 1990s, Unilever Canada analyzed several alternatives in a bid
to reduce the utility bills at one of its facilities. A study concluded that
an in-house monitoring and targeting (M&T) program could bring a
potential saving of US$700,000 per annum - US$260,000 from techni-
cal projects and US$440,000 from operational efficiency improvements.
The M&T program was implemented in 2001 and the actual results
exceeded initial projections with a year-end total energy savings of
US$1million.12
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4. Policies for supply-side efficiency in energy industries

Both developed and developing countries have pursued regulatory reform
and liberalization of the electric power industry. They have done so in the
expectation that such reform and restructuring could yield important bene-
fits, namely improving economic efficiency, lowering costs and consumer
prices and stimulating economic growth and competitiveness. These expec-
tations have to some extent been realized. For example, in some formerly
public-owned companies, labour productivity has improved by up to 60 per
cent and generating costs in some cases have declined by 40 per cent. In
other countries, availability of generating plants has improved significantly
(from 60 per cent to 87 per cent), customer outages have been reduced, dis-

Market Transformation of China’s Refrigerator Industry

A project funded by UNDP/GEF and implemented by China’s
Environmental Protection Administration in cooperation with
UN/DESA has succeeded in transforming the Chinese refrigerator mar-
ket. China has the world’s largest refrigerator industry but, prior to the
project, the average refrigerator consumed up to 2.5 kWh a day (com-
pared to 1.5 kWh a day in Europe).

Project partners worked with 16 refrigerator manufacturers to help
build capacity for research and design of energy efficient refrigerators.
New government regulations were also researched and implemented that
changed the rules of the market and forced manufacturers to make tech-
nology upgrades. In addition, innovative incentive programs were intro-
duced for manufacturers and retailers in order to spur competition.

The project obtained commitments from each participating refrig-
erator manufacturer to design one new top-rated equivalent refrigerator
(that consumes less than 55 per cent of the average current energy use);
improve the efficiency of the average refrigerator by at least 10 per cent;
and invest at least 10 per cent of their advertising budgets to promote
energy efficient refrigerators.  

A US$3 million national consumer education campaign raised
awareness of the benefits of energy efficient refrigerators in terms of lower
operating costs and mitigation of environmental impacts. The advertising
campaign directed to television, radio and print media was highly suc-
cessful and won two national awards for excellence in advertising. 

As a result of the above measures which all came together in 2005,
the overall project goal of 20 million refrigerators sold yielding lifetime
product emission reductions of 100 million tons of CO2 and energy sav-
ings of 66 billion kWh was not only met but doubled (UN-DESA,
forthcoming). 
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tribution company productivity has improved, and prices have been reduced
by 13-20 per cent in electricity markets (OECD, 2000). Wider economic
benefits are also possible, given that electricity is an input to almost all pro-
ductive activities. However, the impact of market liberalization on long-term
investments in generating capacity is not yet fully clear, particularly in devel-
oping countries.  

The improvement in efficiency after privatization of four South
American distribution companies is summarized in Table 5. These improve-
ments were measured in terms of the change in performance between the
date of privatization and a point in time approximately five years later (ten
years in the case of Chile). The four companies showed substantial improve-
ments in performance according to all the indicators. These improvements
show the benefit of having private management focus on commercial per-
formance, which has been a major weakness of state-owned utilities.

Another area of significant potential energy savings in the electricity sec-
tor lies in the reduction of transmission and distribution losses, which in
many developing countries are high due to technical and non-technical loss-
es. For example, at the end of 2005, India had 122,275 MW of installed
capacity but only 66 per cent of that capacity was available due to inefficient
transmission and distribution.13 The result was frequent power shortages and
load shedding. Although the generating capacity is set to increase, the trans-
mission and distribution sector remains congested and inadequate with loss-
es amounting to approximately 25 per cent, compared to less than 15 per
cent which is an acceptable rate in most developing countries14 and approxi-
mately 5 per cent in developed countries. Countries facing a similar chal-

Case Study on Electricity Market Reform: Colombia

Colombia undertook a “middle of the road” approach to electricity sec-
tor reform beginning in 1994 which continues today. In 1994, 100 per
cent of the electricity sector was publicly owned but it suffered from
inadequate capitalization and inability to attract investment. In 2005, 55
per cent of the generation capacity and 50 per cent of the distribution
capacity is in private hands. The sector is efficient and transparent, sys-
tem availability and reliability have markedly improved, and electricity
losses have been reduced. There still remains a challenge of rural electri-
fication (30 per cent of the population still has no access). The regulato-
ry authority has significantly changed the “rules of the game” but it has
only limited independence. Privatization has resulted in the participa-
tion of 37 private companies valued at US$2 billion. Tariffs are compet-
itively priced but competition is affected by cross-subsidies. Since 2003,
operations have yielded a financial surplus (Herz, 2005).
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lenge to that posed in India might consider a number of possible solutions,
including:

- Attracting further investment for transmission infrastructure
through easing licensing requirements for entering the transmission and
distribution business.15

- Strengthening metering, billing and enforcement efforts as a means
of reducing the high level of electricity theft.
- Introducing availability based tariffs to improve grid discipline and
reduce transmission losses.
- Promoting distributed generation to both industrial parks and
remote locations to avoid transmission losses.
- Raising consumer awareness regarding practical energy conservation
measures and the benefits of choosing energy efficient appliances.
- Increasing the percentage of renewable sources in the energy mix to
provide more options for decentralized generation and to reduce emis-
sions.16

Combined heat and power, or cogeneration, represents another clean ener-
gy path for industry. Worldwide, 65 per cent of fuel energy consumed in
electricity generation is lost as waste heat. Building or adapting power plants
for cogeneration of electricity and heat can reduce those losses to 20-30 per
cent. After generating electricity, the waste heat can be recovered and then
used for, among other things, process steam, space heating, air conditioning,
water cooling and product drying. Alternatively, clustering of industrial
enterprises in industrial parks facilitates opportunities for cogeneration of
electricity using waste heat from industrial processes. Auto-production of
electricity by industry has the co-benefit of reducing peak load on the elec-
tricity network. Installed cogeneration capacity in 2004 amounted to 6,926
GW and has been growing at between 2.5 to 3.0 per cent annually.17 The
share of cogeneration in global electricity generation is just over 7 per cent,
despite its enormous potential. Furthermore, most industrial cogeneration is
on-site and thus avoids transmission losses, reduces energy costs and securi-
ty vulnerabilities, and improves reliability and power quality. By significant-
ly reducing the environmental footprint of industry, cogeneration plays a
central role in enhancing corporate environmental responsibility. While sig-
nificant potential for expansion of cogeneration capacity exists, it is typical-
ly constrained by outdated framework policies for the electricity sector and
by electric utilities that perceive cogeneration as a threat to their sales of elec-
tricity and, therefore, their revenue. The extent of cogeneration in selected
countries is shown in Figure 6. 
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The petroleum refining industry provides fuel to practically every eco-
nomic sector with the largest shares going to the transport sector and chem-
ical industry. Refineries themselves are large consumers of energy with
approximately 50 per cent of operating costs attributable to energy needs.
The United States accounts for about one quarter of all refinery capacity in
the world and this industry is the largest industrial energy user in the coun-
try. Competitive benchmarking data indicates that most petroleum refiner-
ies can economically improve energy efficiency by 10-20 per cent. A number
of refining companies have adopted energy management programmes that
are yielding significant results. BP has implemented a GHG emission reduc-
tion programme that reduced its global emissions to 10 per cent below 1990
levels after just five years. ExxonMobil identified over 200 best practices for
processes and equipment that are reducing energy use by 15 per cent. All the
refineries operating in the Netherlands participated in Long Term Voluntary
Agreements that concluded in 2000 and achieved a total energy efficiency
improvement of 17 per cent. 

5. Conclusions: Policies for promoting energy efficiency

It seems clear that the new drivers for industrial energy efficiency – in par-
ticular, higher energy prices and concerns about climate change – are going
to remain with us for some time. The eco-design of more energy efficient
industrial products that is being mandated by environmental directives in
major markets will only become more stringent over time.

While there is broad experience and history of innovation in industrial
energy efficiency policies in developed countries, there remains much poten-
tial for further improvement. Moreover, while some developing countries
have shown notable improvements in energy efficiency, there is an urgent
need for wider diffusion of industrial energy efficiency policies and applica-
tion of technologies in developing countries.

Power plants and water use

Conventional electric power plants require large amounts of water for
cooling. Half the water used is evaporated in the cooling process and the
other half is discharged into waterways, often at higher temperatures or
in a degraded state. For example, in the United States 39 per cent of
available freshwater is used in power supply, 39 per cent for irrigation in
agriculture, while only 14 per cent is consumed by public water supply
and 6 per cent by industry. Since cogeneration systems do not require
water for cooling, they save water and avoid environmental impacts to
natural bodies of water.18
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B. Material efficiency in industry

In the broadest sense, the material intensity of an economy can be defined as
the total quantity of all raw materials consumed relative to total production,
e.g. tons of raw materials consumed per unit of GDP. This broad concept was
developed as a parallel to the concept of overall energy intensity of an econ-
omy. The quantity of material consumed is measured as “resource flows” or
“total material requirement”, a concept pioneered by the World Resources
Institute (WRI).19 This work will be briefly reviewed below.

Reducing the environmental impact of industrial production and mov-
ing toward sustainability can also be achieved by changing the materials used,
replacing toxic materials or non-renewable resources for example. However,
material substitution would need to be analyzed in different and more com-
plex terms, particularly regarding the specific environmental impacts of dif-
ferent materials, so this issue will not be addressed here. 

The analysis here will not cover material efficiency in agriculture or fish-
eries, as they are generally considered outside the industrial sector. Similarly,
forestry will not be covered generally, although paper will be covered as it is
an important industry and central to recycling programmes. Water efficien-
cy will only be covered briefly as it relates to industrial consumption. 

1. Benefits of increasing material efficiency

There are a number of benefits of increasing material efficiency. First, natu-
ral resources are conserved, ensuring both that they will be available for
future generations and that use of the most accessible and lowest-cost
resources will be extended, reducing the cost of production and improving
the standard of living. While scarcity of natural resources, other than water
and energy, does not appear to impose a substantial restraint on develop-
ment, conserving those resources does provide benefits.

Second, reducing the demand for raw materials will reduce the impacts
of raw material extraction, including both environmental and social impacts.
The environmental impacts of mining and primary processing, in particular,
can be severe, including water pollution, air pollution and land degradation.
Environmental regulation of mining and primary processing has often been
less effective than regulation of large-scale industry and the energy sector, in
part because mining enterprises tend to be small, in some cases consisting of
one mine, so that enterprises can disappear or declare bankruptcy after
deposits are depleted, leaving the damage to be cleaned up by others.20 In the
United States, for example, many of the largest Superfund toxic waste sites
are metal mines, and mining operations produce a large share of industrial
toxic releases. The costs of these environmental impacts are not reflected in
market prices of raw materials. Analyses have generally found that the envi-
ronmental impacts of recycling materials are substantially less than the
impacts of extracting the same raw materials. The impacts of raw material
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extraction will not be examined here, other than to note that increasing
material efficiency will reduce such impacts.

Third, energy will be conserved and greenhouse gas emissions reduced.
As indicated in the consideration of energy efficiency above, the metals sec-
tor in particular is very energy intensive. Recycling of materials can save most
of the energy required for refining and processing. Typical energy savings
from recycling relative to raw material extraction are estimated at: alumini-
um 95 per cent, iron and steel 74 per cent, plastic 80 per cent, paper 64 per
cent and glass about 10 per cent.21

Fourth, increasing material efficiency will reduce the amount of waste
material going to landfills or incineration, reducing land use, water and air
pollution and other negative impacts from waste handling. Industrial pro-
duction and consumption are involved in almost all solid waste disposal in
developed countries, whether through wastes from extraction of industrial
raw materials, wastes from industry, or household or office waste of industri-
al products. In the United Kingdom, industrial production and consump-
tion account directly for almost one-third of solid waste, with mining and
quarrying, and construction and demolition accounting about equally for
most of the remaining two-thirds. Within the 33 per cent due directly to
industrial production and consumption, 14 per cent is directly from indus-
try, 10 per cent is from commercial sources, and 9 per cent is household
waste. Only the 5 per cent of solid waste due to dredging, and a few per cent
due to household yard waste (leaves and grass) and food waste would be
independent of industrial production. Agricultural residues are generally not
included in solid waste statistics, nor are livestock wastes, which are consid-
ered liquid waste.22

Fifth, and finally, improved collection and recycling of waste, particular-
ly drink containers and plastic bags, could reduce the amount of litter clut-
tering land and water and in some cases clogging drainage systems. In fact,
the desire to reduce litter for aesthetic reasons has been a major driving force
behind municipal recycling schemes in many areas. 

2. Resource scarcity

Scarcity of natural resources other than water and energy, as noted above,
does not appear to be a critical problem for development. Deposits of most
mineral resources are fairly abundant relative to demand. As the richest and
most accessible deposits have been gradually depleted, improvements in
extraction and processing technology have reduced extraction costs, and
prices of raw materials have generally trended downwards in recent decades,
with short-term fluctuations due to cycles of supply and demand. As a result,
there has been little economic pressure for increasing material efficiency.

Since 2004, however, prices of metals have increased substantially, with
the IMF metals index increasing to almost three times the 2002 level. This
increase in prices has been primarily due to high growth in demand, largely
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from China. Prices are expected to decline over the next few years as new
extraction and refining capacity comes on line in response to high prices.
Energy prices are considered more likely to remain high, and since material
extraction and refining tends to be energy intensive, particularly for metals,
raw material prices are likely to remain somewhat above the prices of recent
decades (IMF, 2006). As a result, there is likely to be strong short-term pres-
sure for increased material efficiency and recycling, and more modest long-
term pressure.

3. Total material consumption

From an economy-wide perspective, material intensity is measured and mon-
itored through material flow accounting (MFA), a concept developed by the
World Resources Institute and elaborated in detail by Eurostat, including the
development of a statistical database (Eurostat, 2001). 

According to the Eurostat database, overall material consumption,
including fossil fuels but excluding water, in the EU-15 amounted to 15.7
tonnes per capita in 2002. In broad categories, this includes, per capita, 7.0
tonnes of construction minerals (sand, gravel, crushed stone), 4.0 tonnes of
biomass (food, fodder and wood), 3.7 tonnes of fossil fuels, and 1.0 tonnes
of industrial ores and metals. Over the period 1970-2000, this broad meas-
ure of material consumption grew closely with economic growth in the
lower-income countries of the EU-15 (Spain, Portugal, Greece, Ireland,
Italy), keeping material intensity fairly constant relative to GDP, while in the
richer countries (Sweden, UK, Netherlands, Belgium, Germany), economic
growth has been largely “de-coupled” from total material consumption, lead-
ing to a steady reduction in material intensity per unit of GDP. In the UK,
Sweden, and particularly Germany, total material consumption has declined
over the period. This de-coupling of material consumption from economic
growth appears to occur between a GDP per capita of about US$20,000 and
US$30,000 (Weisz et al., 2005, pp.19-22).

Analyses to date of total material flows have aggregated mass flows with-
out taking into account the specific environmental impacts of particular
flows, due in part to lack of data and techniques for such analysis. A more
detailed system of MFA accounts for policy development might take into
account both large flows – usually with low specific environmental impacts
– and small flows with large impacts, such as heavy metals and hazardous
chemicals. Such an analysis has been proposed but would need to include
hundreds of different materials and would be a complex undertaking
(Eisenmenger, Fischer-Kowalski and Weisz, 2006). 

There have been few if any policy efforts focusing on reducing aggregate
material flows as such, in part because no single policy could address this
broad aggregate, and in part because the different material flows have very
different impacts on sustainability and the environment, and policies gener-
ally focus on more specific problems. 
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The main direct driver of overall industrial material efficiency is raw
material prices, but general policy measures such as taxes on raw materials to
increase prices (other than on fossil fuels) have not generally been used to
reduce consumption or increase material efficiency. One exception to this is
taxes on construction aggregate in a few countries intended to promote recy-
cling of those materials and reduce landfill. Increased charges for logging on
public land, or restrictions on such logging, could increase prices of wood
and promote efficiency in wood and paper use, but there has been little use
of such instruments for these purposes.

4. Lightweighting

The simplest and most direct form of improving material efficiency in indus-
try is reducing the amount of material that goes into a product, or “light-
weighting”. The average weight of aluminium cans in the United States has
decreased from 20.6g in 1972 to 15.6g today, a reduction of 24 per cent.
Glass bottles are now about 25 per cent lighter than they were in 1984.
Plastic soft drink bottles made of polyethylene terephthalate (PET) had an
average weight of 67g in 1984 and 48g in 2000. Plastic milk jugs made of
high density polyethylene (HDPE) weighed 120g in the mid-1960s and 65g
in 2000. The thickness of the most common plastic grocery bag has been
reduced from 30 microns to 18 microns (Rathje and Murphy, 2001, p.101).
This industrial lightweighting has contributed substantially to improving
material efficiency in the last few decades and to stabilizing, but not reduc-
ing, total material requirements. 

However, there is probably limited scope for much more lightweighting
(distinct from material substitution) in most products, perhaps with the
exception of electronics, a modest but growing component of waste (consid-
ered below). With respect to material efficiency, increased recycling general-
ly appears to offer the greatest potential for further progress, with material
substitution contributing to eco-efficiency. In addition, industrial light-
weighting is driven, at least directly, by internal production economics, pro-
duction technologies, and raw material prices, with limited influence from
public policies. Lightweighting will therefore not be analyzed in detail here.

5. Recycling

Recycling of waste materials back into industrial production, as noted above,
not only reduces requirements for the extraction and processing of virgin
natural resources, but also saves much of the energy consumed by extraction
and processing, and reduces the amount of waste going to landfills or incin-
eration. It is therefore an important contributor to material efficiency, in
terms of natural resource requirements, and the component that has been the
main focus of public policy.
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Recycling is generally more cost-effective for waste from industry and
business than for household waste, as industrial and commercial activities
generally produce large volumes of relatively uniform waste. Collection and
recycling of household waste is less cost-effective because of the high costs of
collecting and sorting mixed wastes in relatively low volumes, particularly
considering that most households, to a greater or lesser extent, contaminate
recyclables with non-recyclable material and throw out recyclables with the
general garbage. In the United Kingdom, while recycling of household waste
amounted to 6.3 million tonnes in 2003 (22 per cent of household waste),
industrial and commercial recycling amounted to 30.7 million tonnes (45
per cent of total industrial and commercial waste).23

Economic analyses of municipal recycling of household waste indicate
that recycling is often more expensive than landfill disposal (usually exclud-
ing externalities), particularly where inexpensive land is available, as in most
parts of the United States. Recycling is most cost-effective for aluminium,
other metals and paper, and is least cost-effective for plastics and glass.
Assessing the costs and benefits of household waste recycling, including all
externalities, is rather complex, and different analyses come to different con-
clusions. Nonetheless, it seems fairly clear that recycling of household waste
does reduce consumption of virgin raw materials and thus contributes to
material efficiency. 

Demand, and therefore prices, for many recycled materials have been
low, particularly for the mixed recyclables derived from household waste.
This is in part because industries are reluctant to invest in production sys-
tems using recycled material, which often differ significantly from systems
using virgin raw materials because of uncertainties about availability and
price of recycled material and variability in the characteristics of the materi-
al. Recycling paper, for example, requires processes for removing ink, staples
and other artificial contaminants, but not for removing lignin and other nat-
ural contaminants of pulpwood.

It should be noted that household waste recycling is a traditional as well
as a recent phenomenon, with a historical gap between the two. In the indus-
trialized countries, until the early to mid-twentieth century, small-scale and
informal commercial collection of municipal waste for reuse and recycling
(e.g. “rag and bone men” in the United States), was common, sometimes as
barter exchange. There were specialized collectors and recyclers for rags, used
clothing, paper, scrap metal, and food waste – particularly bones and fat – as
well as used but still usable household goods. Industry, both large and small,
commonly used recycled materials as inputs. Then, in the early twentieth
century, rising wages and standards of living, health and safety concerns,
declining prices of virgin raw materials, and new technologies of mass pro-
duction gradually reduced demand for most recycled materials, and collec-
tion of household waste for recycling largely disappeared (Strasser, 1999).
Informal waste scavenging and recycling are still common in developing
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countries, where formal municipal waste collection and disposal systems are
very limited. However, modern systems are gradually being introduced,
reducing traditional recycling, for better or worse. 

While traditional informal scavenging has declined and environmental
recycling of household waste has increased over the 20th century, commer-
cial scrap recycling has continued, sometimes in competition with municipal
recycling. In the United States, member enterprises of the Institute of Scrap
Recycling Industries (ISRI), operating on a purely commercial basis, recycle
over 130 million tons of material per year, compared to 79 million tons of
household waste recycling.24

Reducing solid waste and littering were the main political drivers of the
introduction of modern municipal recycling programmes in the 1970s. In
the United States, it was estimated that by 1990, there were more than 140
laws related to recycling in 38 states (Rathje and Murphy, 2001, p.200). By
2006, some 9000 communities had introduced collection of separated
household waste for recycling, alongside general waste collection, up from
one in the 1970s. Some states have now achieved municipal waste recovery
rates of about 50 per cent.25 Figure 7 shows the components of municipal
solid waste in the United States, amounting to a total of 245 million tons in
2005. Figure 8 shows the recycling rates for various components – using dif-
ferent categories than figure 7.26

In the United Kingdom, where modern household recycling began a lit-
tle later, recycling, including composting, increased from 11 kg per capita per
year in 1991 to 113 kg in 2004 (figure 9). Over the same period, total annu-
al household waste per capita, including recycled waste, increased from 428
kg to 517 kg. Recycling thus accounted for 22 per cent of total municipal
waste by 2004. As a result, unrecycled waste declined from a peak of 456 kg
per capita in 2001 to 404 kg in 2004.27

In OECD countries, all of which now have a variety of recycling pro-
grammes, municipal waste recycling rates are increasing and now average
over 80 per cent for metals, 40-55 per cent for paper and cardboard, and 35-
40 per cent for glass (de Tilly, 2004). Recycling of municipal solid waste,
including composting of organic waste, in the EU-15 varies from 4 per cent
in Portugal to 64 per cent in the Netherlands. The remainder of the waste
goes to either landfill or incineration, with incineration, generally with ener-
gy generation, dominating in the Netherlands, Denmark, Sweden, Belgium
and Germany, as well as Japan, and landfill in most of the other European
countries, as well as in the United States and Canada.28

Also affecting industrial material efficiency are product and packaging
take-back requirements, also known as “extended producer responsibility”,
which make industry responsible for their associated waste products, includ-
ing end-of-life products. These requirements, recently introduced in Europe
and Japan (see below), in addition to providing recycled material to the orig-
inating industry at no charge beyond that of meeting the take-back require-
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ments, also provide an incentive to design the products to reduce the amount
of waste and facilitate recycling. These policies appear to be fairly effective in
increasing recycling and, in the case of packaging at least, in reducing waste
generation rates. It is still too early to assess their effectiveness in reducing
waste generation and recycling through product design.

Charges and restrictions on waste disposal can also promote industrial
recycling by increasing the cost of disposal and thus making recycling more
economically attractive. In many places in the United States, for example, it
is illegal to dispose of automobile lead-acid batteries in landfills. Such batter-
ies must be returned to dealers, making it economical to recover the lead for
use in new batteries.

To reduce waste generation and promote recycling generally, particular-
ly from industry and business which pay directly and volumetrically for waste
disposal, Denmark in 1987 introduced a landfill tax, which has gradually
increased to € 50 per tonne, roughly doubling the cost of landfill disposal.
Lower taxes are charged on incineration, particularly for incineration with
energy recovery, as that is the preferred option for final disposal in Denmark.
As a result of this and other measures, reuse and recycling of waste in
Denmark increased from 21 per cent in 1985 to 60 per cent in 2000. The
Netherlands also has a high landfill tax, which was increased in 2000 to € 70
per tonne (OECD, 2003). 

In the Republic of Korea, following the introduction of a Volume-based
Waste Fee System and a Waste Deposit-Refund System, an Extended
Producer Responsibility system was introduced in 2003, covering TVs,
refrigerators, air conditioners, tires, lubricating oil, metal cans, glass bottles,
paper packaging and plastic packaging material. Responsibility was subse-
quently expanded to cover fluorescent light bulbs and packaging film, and
responsibility for electronic products is planned. Under the system, the
Ministry of the Environment sets annual recycling obligations for each prod-
uct and each producer or importer. The producers and importers than sub-
mit annual recycling plans and progress reports, and fines are imposed if the
obligations are not met.29

The growth of recycling programmes in recent decades has, in some
cases, created a glut of recycled materials that exceed industrial demand, even
if they are free. Indeed, for most materials, recycling of material back to
industry is limited by demand more than supply. In 1987, when the state of
New Jersey in the United States introduced requirements for municipal recy-
cling, the collection rate for newspapers increased from 50 per cent to 62 per
cent, and the price of used newsprint fell from US$45 per ton to minus
US$25 per ton, i.e. the collectors had to pay to get rid of it (Rathje and
Murphy, 2001, p.206). To increase demand, and therefore prices, for recy-
cled material, and to encourage the introduction of technologies using recy-
cled material as input, some communities have passed laws requiring govern-
ment offices, and in some cases private businesses, to buy products such as



356 Industrial Development for the 21st Century

paper with a certain proportion of recycled material. These measures, how-
ever, have been difficult to administer and enforce. The fact that waste col-
lection and recycling is commonly the responsibility of municipal authorities
rather than national governments can make it difficult to develop national
policies or build national markets.

5.1 Metals 

Recycling of metals, unlike many other types of recycling, has a long and
continuous history as a commercial business, to which modern municipal
recycling of household waste makes a modest contribution. And metal recy-
cling makes a major contribution to material efficiency in industry, as well as
to energy efficiency. In the United Kingdom, the contribution of recycled
metal to total production is: lead 74 per cent, steel 42 per cent, aluminium
39 per cent, copper 32 per cent and zinc 20 per cent. Energy savings from
the use of recycled metals were about: aluminium 95 per cent, copper 85 per
cent, steel 68 per cent, lead and zinc 60 per cent.30

In the United States, the volume of metal scrap recycling, like metal pro-
duction, is dominated by iron and steel, with about 78 million tons recycled,
compared with 2.5 million tons of aluminium, 1.5 million tons of copper,
and 1.3 million tons of lead.31

In the United States in 2005, the 78 million tons of scrap iron and steel
recovered for recycling, represent 76 per cent of domestic production (103
million tons). Most of the recycled scrap was used domestically, but an
increasing share, about 17 per cent, was exported, with China as the largest
importer. The recycling rate of 76 per cent was up from about 65 per cent in
the late 1990s. The major components of scrap steel are vehicles (almost 100
per cent recycled), construction beams (97 per cent recycled), appliances (90
per cent recycled), construction rebars (65 per cent recycled), as well as rail
components, machinery and other large items. Municipal solid waste recy-
cling contributed 14 million tons to recycled steel in 2005. A modest but sig-
nificant growth component of this was steel cans, with the recycling rate
increasing from 15 per cent in 1998 to 65 per cent in 2005.33 The interna-
tional price of high-grade scrap steel has increased in the last few years to
US$300-US$400 per ton in 2006, up from US$100-US$200 a few years
ago. The price of basic finished steel products, such as wire rods and rebars,
is now about US$400 to US$500 per ton, indicating that a major share of
the cost of steel is in mining and refining.  The recent price increases have
substantially increased the profitability of scrap steel recycling. The increased
recycling over the last decade has reduced United States demand for iron ore,
as the trends in production and consumption have been generally flat.

Scrap steel is the input for steel-making in the electric arc furnace (55
per cent of steel production in the United States), while iron ore, along with
some scrap, is used in the blast furnace and basic oxygen furnace (45 per cent
of steel production). Steel production from scrap in the electric arc furnace
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requires about one-third of the energy required for steel production from
iron ore in a blast furnace, reduces air pollution by 85 per cent and water use
by 40 per cent. 

Aluminium production, including both primary production from baux-
ite and secondary production from recycled scrap, increased from 16 million
metric tons globally in 1976 to 43 million tons in 2005. Aluminium produc-
tion from recycled material increased from 2.8 million tons to 13 million
tons over the same period, increasing from less than 18 per cent of total alu-
minium production to about 30 per cent. This represented a reduction in the
increase in bauxite mining and refining by about 40 per cent. Recycling of
aluminium generally provides greater economic benefits than other materi-
als, as primary production from bauxite is highly energy intensive, while alu-
minium production from scrap can be accomplished with as little as 5 per
cent of the energy input. The capital cost of an aluminium recycling plant is
about one tenth the cost of a bauxite smelter complex.34

In the United States, which accounts for almost half of recycled alumini-
um, 59 per cent of recycled aluminium was manufacturing scrap recycled
within the industry, with 41 per cent coming from post-consumer recycling.
About half of the post-consumer recycling consisted of used beverage cans,
about 60 per cent of which were recycled, mostly for making new cans. The
average aluminium can now contains more than 50 per cent recycled alu-
minium. 

In the United Kingdom, recycling of aluminium cans increased greatly
in the 1990s as a result of recycling programmes, from 1,200 tonnes (2 per
cent of aluminium can production) in 1990 to 34,400 tonnes (40 per cent)
in 2001. Over the same period, the weight of the average aluminium can was
reduced from 18.5g to 15.5g (a 16 per cent reduction), making an addition-
al smaller contribution to overall material efficiency. Total consumption of
virgin aluminium for beverage cans was reduced slightly, as total production
almost doubled, and would have more than doubled had plastic bottles not
increased their share of the beverage container market. The recycling rate for
other aluminium packaging, mostly aluminium foil, is lower, resulting in an
overall aluminium recycling rate of 24 per cent. In addition to recycling into
beverage cans, recycled aluminium is used for making lightweight vehicle
components. Aluminium recycling in the United Kingdom is lower than in
other industrialized countries, largely due to lower rates of household waste
recycling.35

From 1970 to 2003, the price of aluminium in real terms fluctuated,
with an overall downward trend to less than US$1,500 per tonne. As noted
above, the increase in recycling during that period, while profitable, was driv-
en more by the desire to reduce waste and litter through deposit-return
schemes and household recycling programmes than by shortage of bauxite or
high prices for aluminium. Since 2004, the price of aluminium has increased
to about US$2,600 per tonne, providing increased incentives for recycling.36
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Global copper consumption has been increasing steadily, from about 15
million tonnes in 1993 to 20 million tonnes in 2005. The share of recycled
scrap, about 30 per cent in 2005, has fluctuated between 30 per cent and 40
per cent since 1970. In absolute terms, recycling of copper scrap increased
steadily until 1995 to 6.5 million tonnes, and has since fluctuated in the
range of 6 to 6.5 million tonnes. In the United States, about half of the cop-
per consumed is used in buildings, particularly for wiring, with the other half
used in electrical and electronic equipment, transportation equipment, and
machinery. There is little copper in ordinary household waste. Copper prod-
ucts such as building wiring can have a lifetime of decades in use, limiting
the availability of scrap.37 The overall trend of copper prices from 1970 to
2000 was downward, with the price falling by about half in real terms
between 1970 and the late 1990s. Fluctuations in copper prices have tended
to be reflected in fluctuations in recycling rates, with recycling rates declin-
ing when copper prices fall (Chipman, and Dzioubinski, 1999). However,
since 2002, the price of copper has more than quadrupled, from about
US$1,500 per tonne to almost US$7,000 per tonne. The scrap price has also
increased, substantially increasing the incentive for copper recovery and recy-
cling.

Total world production and consumption of lead has been increasing
steadily in recent years, with recycling increasing and primary production
declining, in both absolute and relative terms. Recycled lead increased from
under 30 per cent of the total in 1976 to almost 60 per cent in 2003.
Recycled lead is mostly post-consumer recycled from lead-acid vehicle bat-
teries, which account for about 60 per cent of global lead consumption.
Lead-acid batteries account for almost 90 per cent of the lead used and recy-
cled in the United States, where many other uses of lead, such as paint and
leaded gasoline, have been banned. Most states legally require recycling of
lead-acid batteries and prohibit disposal in landfill. Over 90 per cent of lead-
acid batteries from motor vehicles are recycled in the United States, Canada,
the United Kingdom and other OECD countries. The energy required for
processing recycled lead is about one quarter that for primary lead.38

Mining subsidies, often implicit, reduce the cost of mining and the eco-
nomic incentives for metal recycling. In the United States, for example, an
1872 law still in effect allows hard rock mining enterprises (but not coal, oil
or gas enterprises) to buy public land for US$5 per acre and not pay any pro-
duction royalties to the government. Relative to actual land values, this
amounts to an implicit subsidy of about US$500 million per year.39 In addi-
tion, the lack of guarantees for clean-up costs often leaves those costs to the
public. The cost of cleaning up some 550,000 abandoned hard rock mining
sites in the United States is estimated to be in the range of US$32 billion to
US$72 billion.40 Ensuring that the prices of metal reflect the full costs of
mining, including externalities, would increase incentives for recycling.
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5.2 Paper and packaging

The United States in 2005 consumed 100 million tons of paper (including
cardboard), with 51 million tons (51 per cent) recovered for recycling, up
from 92 million tons consumed and 35 million tons (39 per cent) recovered
in 1993. The volume of waste paper going to landfill declined from 47 mil-
lion tons in 1987 to 38 million tons in 2003. Unlike metals, most recycled
paper derives from municipal solid waste. Two-thirds of the paper recovered
goes back to paper mills, providing 37 per cent of the paper industry’s fibre
requirements. It is estimated that each ton of paper recycled conserves rough-
ly 17 trees.41

Two-thirds of that recycled paper is used for making cardboard (includ-
ing both smooth paperboard and corrugated packaging), with most of the
rest going into tissue, sanitary paper and newsprint. Cardboard generally has
a high recycled content, newsprint and tissue have variable amounts, and
most high quality printing and writing paper has relatively low recycled con-
tent. As a result of this “downgrading” of recycled paper, due to damage to
the pulp fibres in the recycling process as well as to contamination of the col-
lected paper, it is estimated that the maximum overall recycled content of
paper and cardboard would be 70-80 per cent. Most of the recovered paper
not used by paper mills in the United States was exported, with little going
to incineration or landfill. As a result of the increased recycling, paper indus-
try requirements for virgin fibre, and the amount of waste paper and card-
board sent to landfills, have been fairly constant, despite steadily increasing
total production.42

Germany, in 1991, began a programme to reduce and recycle packaging
waste, including product and transport packaging, through a Packaging
Ordinance that requires manufacturers to pay the cost of recycling the pack-
aging from their products and to achieve a recycling rate of 60-75 per cent,
depending on the material. While some companies developed schemes to
comply with the Ordinance on their own, many manufacturers joined forces
with retail firms and waste collection companies in the German Dual System
or Green Dot system in order to reduce costs through economies of scale.
Participating manufacturers place a green dot on their packaging and pay the
waste collection companies for the green dot packaging they collect for recy-
cling. Packaging recycling in Germany is thus a national programme, rather
than a municipal programme as elsewhere. As a result, packaging in
Germany declined from about 96 kg per person per year in 1991 to 77 kg in
2002, a reduction of about 20 per cent. Of over 6 million tonnes of packag-
ing waste collected, some 5.3 million tonnes went back to industry for reuse,
an 84 per cent recycling rate.43 At the same time, the printing industry in
Germany, in order to avoid regulation, adopted a voluntary quota for the
recycling of printing paper, with the quota increasing from 53 per cent in
1994 to 60 per cent in 2000. 
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The Green Dot programme has been expanded to the European level in
response to the 1994 European Packaging Directive and is now operational
in 25 European countries with some 130,000 participating enterprises.
Participating waste collection programmes are organized in the Packaging
Recovery Organization Europe (PRO-Europe). For goods imported from
outside Europe, the European importer is responsible for meeting the
requirements. As a result, the paper recycling rate in Europe has increased to
55 per cent in 2005, up from 38 million tonnes in 1998 to 46 million
tonnes, accounting for over half of the paper produced.44

In Japan, efforts to increase corporate responsibility for waste recovery
since the mid-1990s have increased paper recovery and reuse rates from
about 50 per cent in 1993 to about 67 per cent in 2003 (Bowyer, et al.,
2005).

Recycling requirements for paper increase the amount of material avail-
able for reuse and reduce its cost, making it more attractive to paper produc-
ers. However, increasing recycling requirements in Germany, as in other
places, resulted in an initial rapid increase in volumes of recovered paper,
which reduced the market price of recovered paper to below zero, i.e. recy-
clers had to pay producers to accept recovered paper in order to dispose of all
of the available supply. Subsequently, the high availability and low price of
recovered paper induced producers to invest in production facilities designed
for recycled material, which raised prices again (Baumgärtner and Winkler,
2003). In order to increase the market for recycled paper as well as reduce the
impact of government paper consumption, the United States Government
requires that the paper it procures have at least 30 per cent recycled content.
California requires that at least 50 per cent of the newsprint used by each
printer and publisher must contain at least 40 per cent post-consumer recy-
cled fibre. In Wisconsin, newspapers are required to use newsprint with a
least 35 per cent recycled content. Procurement policies of many private
companies also specify recycled content for paper and packaging. These
policies have encouraged companies to invested in systems for recycling
paper, increasing the demand and price for recovered paper, and making
recycling more economical. 

The economic incentive for paper recycling is undermined by subsidiza-
tion of timber extraction. The United States Forest Service spends about
US$34 million per year on building, maintaining and subsidizing roads in
national forests, which are used without charge by logging companies.
Charging industry for these services would increase the price of virgin tim-
ber and paper made from it, increasing the demand for recovered paper.45

The cost of paper and other wood products also depends on the price
wood harvesters pay for the right to harvest the wood, sometimes called
“stumpage fees”. In the United States, most harvested timber comes from
private land, with prices set by supply and demand, but a significant share of
wood comes from public land. In recent years, environmental concerns have
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reduced or stopped timber sales from public lands, reducing supply and
increasing prices, particularly for construction lumber. 

It should also be noted that waste paper products contribute to energy
recovery from incineration of municipal solid waste, replacing fossil-fuel
energy generation. As renewable biomass energy, it also reduces net emissions
of greenhouse gases. In some circumstances, using waste paper as an energy
source may be more sustainable than recycling. Logging residues are also
burned for process heat in paper production, and increasingly for district
heating and power generation through combined heat and power (CHP) sys-
tems, reducing fossil fuel consumption. In Finland, wood fuels, mostly from
logging residues, provide 21 per cent of total primary energy. This can also
be considered as an increase in material efficiency in forest industries, includ-
ing pulp and paper (UNEP, 2006). 

More general questions of sustainable forest management and forest pro-
ductivity, deforestation, timber trade, “industrial” tree farming, biodiversity,
carbon sequestration and other such questions, all of which affect timber
prices, will not be addressed here, as they are more part of discussions on for-
est management than industrial efficiency. 

5.3 Beverage containers

In the United States, a deposit-return system was introduced in the state of
Oregon in 1972, with a 5 cent deposit required on all bottles and cans of beer
and carbonated soft drinks. As a result, over 90 per cent of the beverage con-
tainers covered were returned, although the rate gradually declined to 82 per
cent in 2002, in part due to increasing consumption in public places where
recycling was less convenient. In states without such “bottle bills”, about 30
per cent of beverage containers are recycled. In addition, the share of road-
side litter consisting of beverage containers in Oregon declined from 40 per
cent to 10 per cent, which was a primary purpose of the law.46 Ten other
states have since introduced bottle bills. Other countries with deposit-return
systems for various kinds of beverage containers include Canada (1970),
Netherlands (1974), Finland (mid-1970s), Sweden (1984), Denmark
(1989), Switzerland (1990), Austria (1990) and Kiribati (2004).47

Some countries have other charges or restrictions, in some cases in addi-
tion to deposits, on various types of beverage containers. In Finland a system
of taxes, together with deposits, ensures that 81 per cent of beer and soft
drinks are sold in refillable glass or PET bottles, with most of the rest recy-
cled in other ways. Norway has a tax on all packaging, including non-refill-
able beverage containers, with partial exemption depending on recycling
rates.  In Denmark, domestic beer and soft drinks must be sold in refillable
glass or plastic bottles, with standardized beer bottles allowing reuse without
sorting by brand. The German Ordinance on Packaging Waste (1993)
requires that at least 72 per cent of most beverages be sold in refillable bot-
tles. Sweden required (1984/1994) that aluminium cans and PET bottles
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must achieve 90 per cent recycling or face a ban, leading to the adoption by
bottlers of standard bottles to facilitate reuse.48

5.4 Plastics

Some plastics, notably PET (polyethylene terephthalate) and HDPE (high
density polyethylene), both of which are used for bottles and other contain-
ers, can be reused by the plastics industry and are included in many munic-
ipal recycling schemes. Recycling plastic, compared to virgin plastic produc-
tion from natural gas or petroleum feedstock, reduces energy and water con-
sumption by 70-80 per cent, including conservation of the chemical feed-
stock in their production, and substantially reduces air pollution.49 Globally
about 4 per cent of oil and gas is used as feedstock for plastics production,
and another 4 per cent (equivalent) is used for energy for plastics processing. 

In the United Kingdom, a total of 4.7 million tonnes of plastics are con-
sumed annually, 35 per cent of which consists of bottles, containers and
other packaging, with building and construction accounting for another 23
per cent. About 3 million tons is disposed of as waste, of which about 7 per
cent is recycled. Some 24,000 tons of plastic bottles are recycled, amounting
to 5.5 per cent of the bottles sold.50

In the United States in 2004, some 500,000 tons of PET bottles were
collected, representing about 20 per cent of PET bottle production. The vol-
ume collected has increased slightly in recent years, but the recycling share
has declined from 40 per cent in 1995 to 20 per cent in 2002, apparently
because people are consuming more drinks in small containers away from
home (Royte, 2005, p.177). In Europe, 665,000 tons of PET bottles were
collected in 2004, representing a 30 per cent collection rate. 

Used PET can be recycled into new plastic bottles – Coke and Pepsi
have committed to using 10 per cent recycled material in their PET bottles
– as well as for fibrefill for winter coats and sleeping bags, polyester carpet-
ing, fleece jackets, or plastic strapping. One-third of the used PET collected
in the United States is exported to China, with the amount doubling
between 1995 and 2004. Clean recycled PET flakes now (November 2006)
fetch US$600-US$700 per tonne on the international market, providing a
strong incentive for recycling. In the German Green Dot packaging recycling
programme, reuse of recovered plastic by industry has increased from 51 per
cent of the recovered plastic in 2001 to 63 per cent in 2005 (Schedler, 2006).

In the United States in 2002, about 2 million tons of HDPE bottles and
containers were used, with 370,000 tons recycled, for a recycling rate of
about 20 per cent. This was a dramatic increase from 40,000 tons recycled
(a 5 per cent rate) in 1990. Recycled HDPE is used in the production of bot-
tles (28 per cent), plastic film (17 per cent), pipes (15 per cent), shipping pal-
lets (14 per cent), and plastic lumber (11 per cent), with the remaining 15
per cent going to other uses or exported, mostly to Asia. Recycled HDPE
thus replaces both petroleum and wood in production. The increase in recy-



363Industrial energy and material efficiency

cling since 1990 has been accompanied by longer-term light-weighting of
HDPE bottles, with the weight of a one gallon milk container, for example,
declining from 95g in the 1970s to 60g in 2000.51

Recycling of HDPE from municipal solid waste, like most plastics, is not
generally profitable, as the cost of collecting household HDPE is about
US$1000-US$1400 per ton, with processing costs of about US$120 to
US$250 per ton, while used HDPE currently (November 2006) fetches
about US$200-US$400 per ton on the international market, depending on
quality.52

While the tonnage of PET and HDPE recycled has increased rapidly, it
has been from a low base and is not keeping up with the rapid increase in
total PET and HDPE production and consumption. Plastic recycling is
therefore not reducing in absolute terms the amount of petroleum and ener-
gy consumed in its production. On the other hand, the increase in PET and
HDPE production and consumption has, in part, replaced the use of glass,
paper cartons and other plastics, so a full examination of the evolving impact
of PET and HDPE would need to take into account the impact of substitu-
tion as well as the impact of recycling. It should also be noted that waste plas-
tics contribute to energy recovery from waste incineration.

Some countries have also adopted policies to reduce the use of plastic
bags. In response to such bags littering the landscape and clogging drains,
South Africa has banned bags under 80 microns thick (standard supermarket
bags are 18 microns), Bangladesh and Taiwan (province of China) have
banned free distribution of bags by stores, and Ireland has imposed a 15 cent
charge for each bag (Royte, 2005, p.193). 

The recycling rate for plastics remains very low relative to other materi-
als, providing a large potential for substantial increases in material efficiency,
with benefits for reducing energy consumption, waste, air pollution and
greenhouse gas emissions. 

5.5 Glass

Recycled glass, which is collected in some municipal recycling programmes
in the United States and not in others, is used to make new bottles, for fibre-
glass, and for road construction aggregate. The inclusion of some recycled
glass reduces the energy required for glass-making. In general, however, the
benefits of improving material efficiency in glass production are less than
those for other materials. Waste is reduced, but the energy saved is small, and
the raw material, sand, is abundant and cheap everywhere (Royte, 2005,
p.266).

5.6 Electronic waste

Computers and other electronic equipment, which contain lead, mercury,
chromium, cadmium, barium, beryllium, PVCs, brominated flame retar-
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dants and other toxic elements as well as plastic, copper, glass and other
materials, are of growing concern with respect to waste. In the United States,
the volume of e-waste entering the waste stream is uncertain, with estimates
ranging from 1-4 per cent of municipal solid waste. It is estimated that about
70 per cent of the heavy metals in landfills come from electronic waste, and
Silicon Valley in California has become seriously contaminated with toxic
waste from electronics production. Observations indicate that the amount of
electronic equipment, particularly computers, that is discarded is much less
than the numbers being replaced by consumers, suggesting that most house-
holds are storing old computers and other electronic devices, and that the
quantity entering the waste stream will soon increase rapidly. A large quan-
tity of discarded computers and other electronic products from the United
States, Japan and the Republic of Korea is exported to China and other
developing countries in Asia for recycling, often under unsafe conditions.53

To reduce electronic waste going to landfills and incinerators, the
European Union in 2003 adopted a Waste Electrical and Electronic
Equipment (WEEE) Directive requiring industry, starting in August 2005,
to take responsibility for recovering and recycling electronic waste without
charge to consumers. On products sold before 2005, the costs of collection
and recycling are to be shared by all producers, while for later products, pro-
ducers will be responsible for collecting and recycling their own products.
This is intended not only to promote recycling, but also as an incentive to
producers to design products to reduce waste and facilitate recycling.54 In the
Netherlands, Norway, Sweden and Switzerland, the purchase price of some
electronic items includes an advance disposal fee to fund recycling. 

Japan, as part of its Basic Plan for a Recycling Society, has been develop-
ing legal requirements for recycling. The 1998 Home Appliance Recycling
Law came into effect in 2001. By 2003, collection of used air conditioners,
TV sets, refrigerators and washing machines had increased by about 20 per
cent, metals were recovered for recycling, and CFCs (ozone depleting sub-
stances and greenhouse gases) were recovered for disposal. 

In the United States, the Environmental Protection Agency (EPA) esti-
mates that electronic waste amounts to 2.5 million tons per year, of which
about 10 per cent is recycled. National law regulates disposal of electronic
equipment by businesses and government agencies, but only six states require
recycling of electronic equipment by households. A growing number of
municipalities are taking action to ban the disposal of electronic equipment
in landfills, but without adequate infrastructure for recycling.55

Recycling of electronic products can include recovery of gold, platinum,
silver, copper and steel, as well as plastic and glass, although little such recov-
ery is now done. Usable electronic components can be recovered by disas-
sembly, plastic and steel can be recovered by mechanical shredding, and
other metals can be recovered by incineration and/or chemical extraction. In
China, copper wire is recovered by burning the plastic covering, while acid
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baths are used to recover precious metals, but under very unsafe conditions.
Electronic products can be considered as ores in that circuit boards contain
much higher concentrations of gold, copper and other metals than natural
ores, and fewer polluting contaminants. However, recovering these materials
is not currently economical. Recycling of these materials could be encour-
aged by simple design changes to facilitate component extraction and mate-
rial recovery.56

5.7  Automotive waste

The EU has adopted a Directive on End-of-Life Vehicles to reduce waste
going to landfills and promote recycling. By 2007, 85 per cent by weight of
every new vehicle must be made from recyclable components, up from the
75 per cent metal that is now recyclable.57

In 1995, the Danish government entered into an agreement with a num-
ber of organizations on a take-back scheme for used tires, with a goal of recy-
cling 80 per cent of scrap tires. Previously most scrap tires ended up in land-
fills. A consumer charge of about US$1 per tire on purchase is used to sub-
sidize enterprises that collect tires and convert them into rubber granulate. In
1999, the take-back rate reached 87 per cent.58

5.8  Construction and demolition waste

The building sector accounts for a large amount of waste (mostly concrete
and bricks from demolition), accounting for an estimated 10 per cent to 44
per cent of total solid waste in various OECD countries. As it is difficult to
reduce the amount of material in buildings without reducing performance,
the potential for waste reduction is mainly from recycling materials.
Currently the estimated recycling rate ranges from 5 per cent to 90 per cent
in various OECD countries, with much of the waste going to engineering fill
or road foundation, where the quality of the material is less important than
in the case of building materials. The annual volume of waste generated by
demolition also depends on the lifetimes of buildings before replacement,
with average lifetimes of commercial buildings in OECD countries ranging
from 31 years in the United States to 62 years in the United Kingdom.

To reduce the volume of demolition waste going to landfill or incinera-
tion, some OECD countries have imposed mandatory separation of demoli-
tion waste and restrictions on the disposal of recyclable construction materi-
al to landfills. In some cases, demolition contractors must get disposal plans
approved before demolition can begin, which also helps to protect against
illegal dumping. These measures are often in addition to general landfill taxes
and virgin material taxes (e.g. aggregate taxes), which increase the economic
incentive for recycling. In Denmark and the Netherlands, both of which have
had, since 1997, strict limitations on the disposal of recyclable demolition
waste in landfills, landfill taxes, permission requirements for demolition, and
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other incentives for recycling, 90 per cent of demolition waste is recycled. In
Japan, the Construction Recycling Act came into effect in 2002, requiring
the sorting of debris from demolition to facilitate recycling of stone debris
for road and building construction, and reuse of lumber for particle board,
paper or energy generation.59

Builders, however, are often hesitant to use recycled materials due to
concerns over quality. Furthermore, due to low levels of recycling, recycled
materials are often less conveniently available than virgin material available
through construction supply houses, and transport costs are relatively high
for low-cost construction materials. As part of efforts to address this prob-
lem, the United Kingdom, in 1998, established an internet-based Material
Information Waste Exchange to allow contractors with unwanted materials
or wastes to find others who could use them. 

5.9 Water

In considering industrial water efficiency, it is important to distinguish
between water withdrawals and water consumption, although the terms are
often used interchangeably. Commonly used figures indicate that in devel-
oped countries, industry, including power-generating plants, accounts for 59
per cent of water withdrawals. Most of this water, however, is used by power
plants, which use it for cooling purposes and then return it to watercourses
slightly warmer, but available for other use downstream. Actual consumption
of water, with evaporation ultimately making it unavailable for further use,
is much lower.

In the United States, power plants account for 39 per cent of total water
withdrawals (131 billion gallons per day), but only 3 per cent of that (3.5
billion gallons per day) is actually consumed, amounting to 4 per cent of
total water consumption. Industry and mining, excluding power plants,
account for 8 per cent of withdrawals (28 billion gpd) and 5 per cent of
water consumption (4.5 billion gpd). Domestic and commercial uses
account for 10 per cent of withdrawals (34 million gpd) and 7 per cent of
consumption. Agriculture (as well as livestock and landscape watering) actu-
ally consume most of the water withdrawn for those purposes.60 The major
problem with industrial water use in relation to sustainable development is
not water consumption in this sense, but pollution of the water that is used
and returned to watercourses. In other words, water quality is more impor-
tant than water efficiency.

In the United States, since the 1970s, there have been large increases in
water efficiency in terms of production per unit of water withdrawn, partic-
ularly in the industrial sector. Total water withdrawals by non-agricultural
businesses, including the mining, industrial and commercial sectors, but
excluding power plants, declined by 38 per cent from 1970 to 1995, from
about 45 billion gallons per day to about 31 billion, while output increased
by 69 per cent. From 1980 to 1995, reductions of about 10 per cent were
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achieved in the much larger water withdrawals for thermal-electric power
plant cooling and for agricultural irrigation. These reductions in absolute
volume are substantially larger when calculated on a per capita basis or per
unit of GDP (Hawken, Lovins, and Lovins, 2000, pp.216-217, 225). 

Improving water efficiency in industry through reducing withdrawals is
generally achieved by recycling water within the facility, with pollution treat-
ment as necessary to make the water reusable. While reducing water with-
drawals and reducing pollution, it also reduces the water returned to water-
courses by about the same amount, and thus does not make any more water
available to other users downstream. In the case of cooling water, the only
effect is to reduce the warming of the watercourse from which the water is
withdrawn and to which it is returned. 

The recycling of water and reduction in water withdrawals by industry
in recent years has generally been in response to public policy measures lim-
iting the discharge of polluted water. Rather than treating water to public
standards and discharging it, industry has found it more economical to recy-
cle the used water, treating it sufficiently to meet internal water quality
requirements. Where industry pays for water from municipal water systems,
a reduction in water withdrawals also saves money for the enterprise, so
increasing water prices will also promote water efficiency in this sense.

Pulp and paper mills have been heavy users and polluters of water. As an
example of more efficient water use, a German manufacturer of paper prod-
ucts for packaging was able to reduce water withdrawals by over 90 per cent
by treating and recycling wastewater, withdrawing only enough new water to
compensate for evaporation and the water content of the paper products.
The resulting water withdrawals were 15 to 20 times less than the recent
German norm (Hawken, Lovins, and Lovins, 2000, p. 225).

Reducing water withdrawals can be particularly important in urban
areas in dry regions where competition for clean freshwater is particularly
intense. In India, water withdrawals for the Bhilai Steel Plant in Madhya
Pradesh State, which suffers severe water scarcity, were reduced from 17,000
m3/hr to 3000 m3/hr, or from 52 m3 per ton of steel to 10 m3 per ton,
through a water conservation project undertaken in response to drought con-
ditions in 1988. This was achieved through rainwater harvesting, treatment
and recycling of wastewater, reduction in water leakage, improved operation
and maintenance of the pumping system, and reducing water use in land-
scaping. The water conservation measures required improved water quality
monitoring and treatment to meet water quality requirements for process
water and waste water discharge (UNEP, 1998a).

In some cases, reducing water withdrawals and pollution discharges can
be combined with measures to recover useful material from process water,
thus increasing material efficiency. In Concepción, Chile, for example, fish
processing companies that produced fishmeal were a major source of organ-
ic water pollution going into the sea. Faced with impending effluent regula-
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tions, the Fisheries Association of 16 companies found that the fish wastes in
the effluent could profitably be recovered, increasing fishmeal production
while reducing water withdrawals and pollution. Improved pumps reduced
losses in pumping fish from ship to shore, while substantially reducing water
use and damage to the fish. Screens captured fish particles from the effluent
and returned them into the fish processing system, further reducing fish loss-
es and pollution. The new system reduced organic pollution (chemical oxy-
gen demand) by 85 per cent while increasing productivity and reducing
water withdrawals, such that the investment paid for itself within two years.
In urban coastal situations such as this, where water is withdrawn from
municipal water supplies and discharged to the sea, reducing water with-
drawals can increase the amount of freshwater available for other uses
(United Nations, 1999, p.34). 

Use of wastewater for industrial purposes that do not require water of
drinking quality can increase the availability of clean water for uses which
require the highest quality. In Chennai (formerly Madras), India, which suf-
fers from severe and increasing water scarcity, Madras Fertilizers Ltd. has
switched from using potable groundwater that can be used for other munic-
ipal purposes to partially treated municipal wastewater, which the company
treats further. The company uses about 20 million litres/day, about two-
thirds for cooling and one-third for process water and general uses. The com-
pany installed advanced wastewater treatment technologies to remove bio-
logical oxygen demand (BOD), hardness and ammonia, together with
reverse osmosis to remove dissolved solids to ensure adequate water quality.
This has freed about 14 million litres/day of drinking water for use in
Chennai (UNEP, 1998b). 

In general, as noted above, the primary issue concerning industrial water
use is water quality rather than water efficiency. As the issue of freshwater
management and water quality protection is a very broad issue beyond the
scope of this chapter, it will not be considered further here. 

6. Conclusions: Policies for promoting material efficiency

As indicated above, a variety of public policies have been used effectively in
many countries, most often in developed countries, to promote material effi-
ciency. These policies include legal and regulatory requirements, taxes and
charges, other economic incentives, and supportive public services. 

The broadest and best known set of policies for promoting material effi-
ciency in the production-consumption cycle is to promote recycling of used
or waste material back into the industrial production system. While recycling
of industrial metal, and to a lesser extent paper and plastic, has long been a
profitable commercial activity without policy support, this commercial recy-
cling has, since the 1970s, been supplemented by policy-driven municipal
waste recycling, which has made a modest contribution to metal recycling,
and a much larger contribution to paper recycling.
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Since the 1970s, many communities have set up recycling programmes
as part of household waste collection services. Households are required to
separate recyclable material, most often cans, bottles, paper and yard waste,
from other household waste. The municipality collects the material for recy-
cling, usually does further sorting, and sells the saleable material to commer-
cial recyclers who sell it to industry. Household separation is often legally
mandatory and households can be fined for putting recyclables in the regu-
lar waste, but enforcement is difficult and voluntary participation is general-
ly good although imperfect. 

Some communities, in the United States, Republic of Korea and other
countries, have introduced financial incentives for waste reduction and recy-
cling through volume-based waste collection charges (“pay-as-you-throw”)
that exclude recycled material. Households may pay for collection of a cer-
tain volume of waste on a regular basis, or may buy pre-paid bags or tags for
their waste. A few programmes are weight-based but these are more compli-
cated to manage. Recyclable material is placed in separate containers for
which there is no charge. They appear to be effective in increasing recycling,
but their effect on waste reduction is unclear. As they are mostly volume-
based, they tend to increase household waste compaction more than reduc-
tion.

Deposit-return systems for beverage containers were among the earliest
policy-driven recycling efforts. Those systems have been very effective, great-
ly increasing the recycling of containers, often up to rates of around 90 per
cent. In various countries, such schemes have applied to various types of con-
tainers (cans, glass bottles, plastic bottles), and various types of beverages
(soft drinks, beer, water, milk, wine). The deposits have ranged from about
US$.05 to US$.50. They require arrangements for collection and return of
deposits and handling of returned containers, a burden imposed on retailers,
wholesalers and bottlers, leading to opposition to such systems. In addition
to promoting recycling, such schemes can provide some income for informal
scavengers, who can make a substantial contribution to the effectiveness of
the system. 

In some cases, such as in Denmark, deposit-return schemes have been
complemented and supported by requirements for the use of refillable glass
or plastic bottles. Such containers may be heavier and stronger than non-
refillable containers to survive the rigours of recycling, and hence will con-
serve raw materials only if they are effectively recycled. Again, such require-
ments have sometimes aroused the opposition of bottle manufacturers, bot-
tlers, distributors and retailers who have to fund and manage the system. 

In most cases, the deposit-return scheme, including specification of the con-
tainers covered, deposit amounts and other arrangements, is mandated by pub-
lic policy. In some cases, however, as in extended producer responsibility systems,
public policy establishes general requirements for recovery and allows indus-
try to set up the mechanisms, which may include deposit-return mechanisms.
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While most deposit-return schemes have applied to beverage containers,
they have also been used for lead-acid batteries in Germany and in some
states of the United States, for old cars in Norway and Sweden, for appliances
and tires in the Republic of Korea, and for pesticide containers in the United
States (state of Maine).

Landfill taxes have been used in some countries to increase the price of
waste disposal and provide an economic incentive for recycling. These are
effective more for businesses and industries that pay directly for waste dispos-
al than for households. They may be particularly effective for demolition
debris, which involves a large volume of waste. Landfill taxes have been used
in Denmark, Netherlands and the United Kingdom to substantially increase
the cost of disposal to landfill. Denmark and the Netherlands, as well as
Japan, also have regulatory restrictions on the disposal of demolition debris
to landfill in order to promote recycling of construction material for roads
and buildings. The United Kingdom has an “aggregate tax” to reduce quar-
rying of construction aggregate and promote recycling.

Bans on disposal to landfills are used as policies to compel recycling. In
the United States, many communities ban disposal of lead-acid batteries to
landfills and require their recycling. In many cases, almost 100 per cent of
lead-acid batteries are recycled.

Extended producer responsibility (EPR) requirements have been used in
a number of countries, in particular in the EU and Japan, as an effective
means to promote recycling of a variety of materials and products, including
packaging, old vehicles, electronics, appliances and batteries. In contrast to
municipal recycling programmes, extended producer responsibility puts the
cost and management responsibility for collection and recycling on industry,
although some programmes also provide for government involvement and
support. EPR also provides an incentive for industry to design products to
be more recyclable, although its effectiveness for this purpose is unclear.

Increasing recycling means not only increasing the supply of recovered
material, but also increasing the demand from industry. In the United States,
ten state governments have established mandatory recycled-content require-
ments for products produced in or imported into the state, including
newsprint, trash bags, glass and plastic containers and fibreglass. In Belgium,
disposable beverage containers are subject to a tax unless they have 50 per
cent or more recycled content.  

Public procurement also provides a public mechanism for promoting
recycling by increasing demand for recycled material. The United States
Federal Government and many local authorities require procurement of
recycled-content paper for themselves and contractors, as well as more gen-
eral recycled-content requirements for other procurement. To assist govern-
ment procurement agents, the US Environmental Protection Agency has
developed standards for recycled content for a range of products and lists of
products meeting those standards. Such requirements for government pro-
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curement not only increase demand directly, but also provide a model and
incentive for procurement requirements by industry, other institutions and
households. Making government standards and databases publicly available
also helps other institutional consumers in buying recycled products. This
increases demand for recycled material, which raises prices, which encourages
commercial recycling and helps pay for municipal recycling.

Governments can also intervene in some cases to increase the prices of
raw materials, thus increasing the economic incentive for industrial material
efficiency and recycling. In many countries, for example, wood comes in part
from national forests, and policies controlling access to those public resources
can increase the price of wood products, including paper. Restricting logging
on public land, reducing government support for logging operations, or
increasing “stumpage fees” will tend to increase the cost of virgin paper and
other wood products. 

Stronger environmental laws on mining, including requirements for
remediation of the land after mining is exhausted, with financial guarantees
to cover the costs of environmental damage and clean-up, would internalize
the environmental costs of mining, raise the price of minerals, and promote
material efficiency and recycling.

Finally, governments can facilitate industrial recycling by promoting
waste exchanges and industrial ecology that link industries producing a cer-
tain type of waste product with other industries that can use those waste
products as inputs.
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Figure 1. Regional variation in industrial energy intensity 
[Kg oil equivalent/industrial output (1995 US $ ppp)]
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Figure 5. Energy efficiency labels for motors from China, Colombia, Singapore and Thailand,
respectively.
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Figure 6. Extent of cogeneration in selected countries in 2004
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Figure 7. Municipal solid waste (United States, 2005)
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Figure 9. Household waste recycling, UK

Table 1.  
Pollution levies in selected countries

Country
Administrative/
civil penalties

Criminal
penalties Remarks

Australia X Currently under review

Austria X X Fines depend on income of violator

Czech Rep. X
In addition to fi nes and imprisonment, 
other sanctions may be imposed

Denmark X X Civil penalties are under consideration

Finland X Fines set according to discretion of court

France X Fines doubled for repeat off enses

Germany X X In corporate cases, managers may be imprisoned

Greece X X

Hungary X Imprisonment is typically applied

Ireland X X Fines unlimited under some statutes

Portugal X X

Slovakia X X Fines doubled for repeat off ences

Spain X

Netherlands X X Civil penalties are under consideration

UK X X Civil penalties are under consideration

USA X X
Fines vary depending on statute; 
doubled for repeat off ences

Source: adapted from Price et al. (2005).
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Table 2.
Taxes and fi scal incentives promoting 

industrial energy effi  ciency in selected countries

Taxes or Fees Fiscal Incentives

Country
Energy
or CO2

tax
Pollution

levy

Public 
benefi ts 
charge

Subsidies 
or grants

Subsidized 
audits

Soft public 
loans

Innovative 
private 
funds

Technology 
tax relief

OECD

Australia A/C X X X E EX

Austria X A/C, CR X X E

Canada X E, RF AD

Denmark X CR X X

Finland X CR X X E

Fraance X CR X X GF, IF

Germany X AC, CR X X X E, IF EX, R

Hungary CR X X X E, GF

Italy X X X E R

Japan X X X E AD, R

Korea X X E R

Mexico X X X E, IF

Netherlands X CR X X AD, R

UK X CR X X X E, VC R

USA A/C, CR X X X X E EX

Non-OECD

Brazil X GF, RF R

Egypt X X E R

Indonesia X

Jordan X X X E R

Philippines X X E R

Thailand X X X E, RF

Tunisia X X E

Sources:  World Energy Council 2004, Energy Effi  ciency: A Worldwide Review — Indicators, Policies, Evaluation, London; Galitsky, Price and 
Worrell (2004). 
Obs.:  X = program exists;  A/C = administrative/civil penalties;  CR = criminal penalties;  E = ESCOs;  GF = guarantee fund;  RF = revolving 
fund;  VC = venture capital;  AD = accelerated depreciation;  R = reduction;  EX = exemption.



378 Industrial Development for the 21st Century

Table 3. 
Selected voluntary/negotiated agreements with industry

Country Agreement
Program 

years

Incentives Penalties
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Completely voluntary

Australia Greenhouse Challenge 1996-
present

X X X

China 
(Taipei)

Energy Auditing 
Programme

2002-
2020

X X X X

Finland Promotion of Energy 
Conservation in Industry

1997-
present

X X X X X

Korea, 
Rep.

Energy Conserva-
tion & Reduction of 
GHG Emissions

1998-
present

X X X X

USA Climate Vision 2003-
present

X X X X

With threat of regulations or taxes

France AERES Negotiated 
Agreements

2002-
present

X X X X

Germany Agreement on 
Climate Protection

2000-
2012

X X

Japan Keidanren Voluntary 
Action Plan on the 
Environment

1997-
present

X

Nether-
lands

Benchmarking 
Covenants

2001-
2012

X X X X X

Energy/GHG taxes or regulations

Canada Large Final Emit-
ters Programme

2003-
2012

X X X X X X X

Denmark Industrial Energy 
Effi  ciency

1993-
present

X X X X X X

New 
Zealand

Negotiated Green-
house Agreements

2003-
2012

X X X

Switzer-
land

CO2 Law Volun-
tary Measures

2000-
2012

X X X

UK Climate Change 
Agreements

2001-
2013

X X X X X X X X

Source: Price (2005).
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Table 4. 
Overview of industrial sector energy effi  ciency program 

products and services of industrialized countries

Au
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Ja
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n

Ne
th
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s

No
rw

ay

Sw
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en

Sw
itz

er
la

nd

UK US
A

Audits/assessments X X X X X

Benchmarking X X X X X

Case studies X X X X X X X X X

Demonstration: 
commercialized technologies

X X X X X X X

Demonstration: 
emerging technologies

X X X X X X

Energy awareness 
promotion materials

X X X X X X X X X

Fact sheets X X X X X X

Industry profi les X X X X X

Reports/guidebooks X X X X X X X X X X X

Tools and software X X X X X X X X X

Verifi cation X X X X X X X X

Visions/roadmaps X X X X X X

Source: Galitsky, Price and Worrell (2004).

Table 5.
Improvement in performance of four South American 

electricity distribution companies

Performance
criteria

Peru
Luz Del Sur

Argentina
Edesur

Argentina
Edenor

Chile
Chilectra

Year privatized 1994 1992 1992 1987

Energy sales (GWh/y) +19% +79% +82% +26%

Reduction in energy losses -50% -68% -63% -70%

No. of employees -43% -60% -63% -9%

Customers/employee +135% +180% +215% +37%

Net receivables (days) -27% -38% n/a -68%

Provisions for bad debts, % of sales -65% -35% n/a -88%

Source: Bacon and Besant-Jones (2001).
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