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Abstract
There is growing awareness that the cement industry is a significant contributor to global carbon dioxide (CO2) emissions. It is expected

that this industry will come under increasing regulatory pressures to reduce its emissions and contribute more aggressively to mitigating

global warming. It is important that the industry’s stakeholders become more familiar with greenhouse gas (GHG) emission and associated

global warming issues, along with emerging policies that may affect the future of the industry. This paper discusses climate change, the current

and proposed actions for mitigating its effects, and the implications of such actions for the cement industry. International negotiations on

climate change are summarized and mechanisms available under the Kyoto Protocol for reducing greenhouse gas emissions are explained.

The paper examines some of the traditional and emerging policy instruments for greenhouse gas emissions and analyses their merits and

drawbacks. The applicability, effectiveness and potential impact of these policy instruments for the global cement industry in general and the

Canadian cement industry in particular are discussed with recommendations for possible courses of action.
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1. Introduction

Climate change is defined as a long-term shift or

alteration in the climate of a specific location, region or the

entire planet. The earth’s climate has varied significantly

over its geological past. There have been ice ages when the

global mean temperature was about 5 8C lower than its

present value, and interglacial periods when the mean

temperature was about one degree warmer than the current

value. These variations have been caused by solar changes,

volcanic emissions and greenhouse gases (GHGs) (McBean

et al., 2001). The concentration of carbon dioxide (CO2), a

major greenhouse gas, in the atmosphere has fluctuated

between 180 and 310 ppm during the last 400,000 years

(Petit et al., 1999). However, over the last two centuries, the

atmospheric CO2 concentration rose from about 280 ppm at

the start of the industrial revolution to 368 ppm at the start of

this century (McBean et al., 2001). This high level of CO2
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concentration is believed to be largely responsible for

human-induced climatic change. Scientists have gathered

compelling evidence to state unequivocally that ‘‘there is

new and stronger evidence that most of the warming

observed over the last 50 years is attributable to human

activities’’ (IPCC, 2001). The scientific community is also in

broad agreement that the global mean temperature is likely

to rise by 1.4–5.8 8C over the next 100 years.

The threat of global warming has received growing

attention in recent years. International efforts to address this

issue started at the United Nations (UN) Conference on the

Human Environment in 1972 (Anderson, 2001) and reached

an important milestone with the signing of the Kyoto

Protocol in 1997. Under the Kyoto Protocol, industrialized

nations made binding commitments to reduce their green-

house gas emissions by 5.2% below 1990 levels around year

2008–2012.

The cement industry is one of the major industrial

emitters of greenhouse gases, particularly CO2 (Mehta,

2002). Cement production is an energy-intensive process

and each tonne of portland cement produced releases
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Fig. 1. Global GHG emissions (CO2eq.) in year 2000 and contribution of cement production (data from Humphreys and Mahasenan, 2002).
approximately 1 tonne of CO2 (Worrell et al., 2001). Most

CO2 emissions from cement manufacture originate from

burning fossil fuels and de-carbonization of limestone

(Fig. 1). Although the GHG intensity of the Canadian

economy has improved, the country’s total GHG emissions

are still rising due to the growth of the economy. GHG

emissions of the Canadian cement industry have also been

following a similar trend and remained at about 1.3% of the

total country emissions (Fig. 2). To meet its Kyoto Protocol

target, Canada must reduce its yearly GHG emissions by 240

mega tonnes from the projected ‘business-as-usual’ emis-

sions level in 2010 (Government of Canada, 2002). Like

other major industrial emitters, the cement industry is likely

to come under regulatory pressures for reducing its GHG

emissions in order to meet this target.

This article discusses the various climate change policy

instruments relevant to the cement industry. International

climate change negotiations leading to the Kyoto Protocol

are summarized along with the mechanisms of this Protocol.

Different policy instruments that are currently being applied
Fig. 2. Total GHG emissions of canada and cement industry (left axis: GHG emiss

Canada), data from Environment Canada (2003).
or advocated for future climate change action are examined.

A discussion of these policy instruments should clarify their

possible implications for the cement industry in the context

of climate change debate.
2. History of climate change action

The link between CO2 concentration in the atmosphere

and earth’s temperature was first drawn by famous French

mathematician Jean-Baptiste-Joseph Fourier in 1824

(McBean et al., 2001), but it was not until 1958 that

scientific measurements showed that the atmospheric CO2

concentrations were steadily rising. During the 1970s the

possibility of human-induced climate change started to

attract serious attention. In 1972, the first United Nations

Conference on the Human Environment addressed envir-

onmental issues such as air and water pollution and

identified climate change as a pressing issue (Anderson,

2001).
ions of the canadian cement industry and right axis: total GHG emissions of
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2.1. Early climate change negotiations

CO2 emissions were the major topic of the First World

Climate Conference organized by the World Meteorological

Organization (WMO) and other UN agencies in 1979

(WMO, 1979). In 1985, another conference was held at

Villach, Austria under the auspices of WMO to discuss the

state of scientific information on climate change. This

conference demonstrated a growing consensus that the

earth’s climate is being affected by human activities and was

the first to call for policies to respond to climate change

(WMO, 1986). Three years later, Toronto, Canada hosted an

unofficial conference on the changing atmosphere. Scientists

and politicians from 48 countries attending the conference

endorsed a statement calling for a 20% reduction in CO2

emissions from 1988 levels by 2005. Although conference

delegates considered this target to be moderate and

achievable, both the target and timeframe were considered

too aggressive by policy makers (Coleman, 2002). During the

same year, the UN General Assembly gave approval to the

establishment of an Intergovernmental Panel on Climate

Change (IPCC). IPCC’s mandate was to provide an expert

review of scientific knowledge on climate change. The first

assessment report of the IPCC, published in 1990, contained

four possible scenarios of global temperature rise (IPCC,

1990). The report indicated a broad agreement that human

activities were causing climate change, but uncertainties

about climate change science still existed. Thus, it failed to

persuade policy makers to take immediate action (Coleman,

2002). Another development during 1990 was that an

agreement was reached during the Second World Climate

Conference to negotiate a framework treaty.

2.2. U.N. framework convention on climate change

(UNFCCC)

Text for the UNFCCC was developed by an Intergovern-

mental Climate Negotiating Committee during five sessions

held between February 1991 and May 1992 (Coleman, 2002).

More than 150 states signed the UNFCCC at the UN

Conference on Environment and Development (the ‘‘Earth

Summit’’) held at Rio de Janeiro, Brazil in June 1992. Under

the UNFCCC, developed countries agreed to a non-binding

commitment of reducing GHG emissions to 1990 levels by the

year 2000. The Convention also called upon the signatories to

periodically report their emissions and steps being taken for

stabilizing those emissions. The UNFCCC was hailed as a

major diplomatic achievement, but it failed to inspire any

purposeful action by developed nations for achieving the

convention’s targets, though it held out a promise that such

targets could be achieved in the future (Coleman, 2002).

2.3. The Kyoto Protocol

To assess progress towards the goals of the UNFCCC, a

committee of the signatories to the treaty was formed (called
conference of the parties, CoP). The first CoP meeting was

held in 1995 and noted that progress was very modest, and

hence it was agreed to set up specific targets for emissions

limits within certain time frames for industrialized

countries. It also set a deadline for negotiations and agreed

to drafting a treaty during the third CoP to be held 2 years

later in Kyoto, Japan. Meanwhile, the IPCC released its

second assessment report during the same year and

concluded that ‘‘the balance of evidence suggests a

discernable human influence on global climate.’’ (IPCC,

1996). The third CoP was held in 1997 at Kyoto, Japan and

was attended by representatives of nearly 170 countries. The

conference started with deep divisions about the future

course of action. The Europeans wanted deep cuts in

emissions, while the United States was not ready to go below

the 1990 levels. Towards the end of the conference, however,

a consensus was reached that emissions from all indus-

trialized countries together would be reduced by 5.2% below

the 1990 levels by the year 2012 (Anderson, 2001). The

European Union (EU) was to reduce its emissions by 8%,

and the United States by 7% below 1990 emission levels,

and Canada committed to a 6% reduction.

Due to the complexity of negotiations, certain details

were left as ‘unfinished business’ to be fleshed out later such

as the authority responsible for measuring and verifying the

emissions of countries was not mentioned, nor were possible

sanctions against countries failing to meet their commit-

ments. Article 25 of the Protocol requires ratification by at

least 55 countries, which together shall represent at least

55% of the 1990 GHG emissions of the industrialized

countries (UNFCCC, 2003a). At present, the industrialized

countries that ratified the Protocol constitute only 44.2% of

the 1990 emissions (UNFCCC, 2003a). Since the United

States has already refused to ratify, ratification by the

Russian Federation is necessary for the Protocol to take

effect. Only recently the Russian parliament has approved

the ratification of the Kyoto Protocol, paving the way for it to

come into force.
3. The Kyoto Protocol mechanisms

The Kyoto Protocol introduced three international

market-based instruments through which reduction in

GHG emissions could be achieved: clean development

mechanism (CDM), joint implementation (JI), and emis-

sions trading (ET) (UNFCCC, 2003b). Allowing trading of

GHG emission permits globally, these instruments enable

countries to reduce emissions or enhance ‘carbon sinks’ at

lower costs. Though different estimates exist, Janssen (2003)

expects the value of the global market that can emerge for

these transactions to be in the tens of billions of USD

annually. Ambiguities of the flexible mechanisms in the

original protocol were addressed in 2001 when the

Marrakech Accords were adopted at the seventh CoP in

Morocco (UNFCCC, 2003b). These accords stipulate that



R. Rehan, M. Nehdi / Environmental Science & Policy 8 (2005) 105–114108
there will be no quantitative limits on the extent to which

these instruments could be utilized, yet Annex I countries

have to ensure that domestic measures should constitute a

significant portion of their efforts. Annex I countries are the

industrialized countries that have binding targets under the

Kyoto Protocol and include countries that were members of

the Organization for Economic Co-operation and Develop-

ment in 1992 plus countries with economies in transition

(EITs), including those of the former Soviet Union and

eastern Europe.

Recognizing that climate change is a global problem and

emission reductions are desirable regardless of the place

where these are made, the Kyoto Protocol has envisaged

three market-based mechanisms: clean development

mechanism, joint implementation and emissions trading.

3.1. Clean development mechanism

Article 12 of the Kyoto Protocol provides for the clean

development mechanism. Through the CDM, countries with

emission targets can invest in emission control projects in

developing countries with no targets, thus earning credits for

the reductions in GHG emissions in the host country. These

certified emission reductions (CERs) could then be applied

to meet the investor country’s own emission targets. To

guide and oversee practical arrangements of the CDM, a

CDM executive board was elected during CoP 7. The CDM

has potential benefits for both investor as well as host

countries. For an investor country, such benefits could be

follow-up exports of goods, services and ancillary products

to the host country, while a host country would benefit from

the inward investments and technology transfer (See, 2001).

On the other hand, CDM projects could have more

transaction costs due to additional requirements of valida-

tion, verification and certification (Janssen, 2003).

Prospects for the cement industry under the CDM are

promising. Developing countries are major producers of

cement. For instance in 2001, China produced about 626

million tonnes of cement (37% of the world’s production)

while India produced about 100 million tonnes (van Oss,

2001). Both the countries have no emission targets under the

Protocol, and both are expected to increase their cement

production significantly in the future. Since major reduc-

tions in GHG emissions of cement manufacturing are

possible through the use of blended cements, large amounts

of emission credits could be earned by investing in the

cement industry of such developing countries. China and

India also happen to be the countries with the largest

resources of by-products that can be used as supplementary

cementing materials.

3.2. Joint implementation

Article 6 of the Kyoto Protocol allows countries with

emission targets to implement projects in other countries

(having emission targets too) for reducing GHG emissions
and increasing carbon sinks (UNFCCC, 2003b). This

mechanism is known as the joint implementation. The

resulting emission reduction units (ERUs) can be counted

towards meeting the investing country’s targets and are

subtracted from the host country’s assigned amount. JI

projects are conditional upon the approval of all parties

involved and shall result in benefits that are additional to any

that would have occurred without the JI project.

3.3. Emissions trading

Annex I countries that are able to reduce emissions at

lower costs could trade their assigned amount units (AAUs)

with other Annex I countries having higher abatement costs.

Such emissions trading is covered by Article 17 of the

Protocol and is designed for reducing the overall cost of

climate change mitigation (UNFCCC, 2003b). However,

each Annex I country is obliged to hold 90% of its AAUs at

all times, so that no country will be unable to meet its own

target by ‘overselling’ its AAUs. It may be that signatory

parties to the Kyoto Protocol are national governments who

have to fulfill the obligations of emission reductions agreed

upon. The governments in turn will set limits to CO2

emissions on their energy intensive companies. Hence

participation in the Protocol’s mechanisms can be both at the

governmental level as well as companies’ level (for meeting

the targets set for them by their governments). One example

of governmental level participation is Canada’s intended

purchase of a minimum of 10 mega tonnes of international

permits (Government of Canada, 2002).

Without waiting for the Kyoto Protocol to come into

force, the European Union has moved ahead in establishing

the first international trading system for CO2 emissions in

the world. This European Emission Trading Scheme (ETS)

will start functioning in January 2005 and currently covers a

total of more than 12,000 industrial installations including

the cement manufacturing industry and others. As men-

tioned above, the emissions reduction target for the EU

under the Kyoto Protocol is 8% below the 1990 levels. This

overall target for the EU has been further distributed among

the member states under the Burden Sharing Agreement

with variations ranging from a stipulated 21% decrease in

emissions for Germany to a 27% increase allowed for

emissions in Portugal (Vesterdal and Svendsen, 2004). The

ETS proposes that member states allocate emission

allowances to their industrial plants while ensuring that

these allocations allow them to meet their Kyoto targets.

These allowances can then be sold or purchased. The

allowances will be traded in a free market environment

allowing prices to be determined by demand and supply. The

EU Commission expects that the ETS will help in achieving

the Kyoto targets at the least cost.

The Government of Canada (2002) estimates that the

price of emission credits would be around 6–10 CAD per

metric tonne of CO2 in 2010. Canadian companies are

making investments in projects that are likely to qualify
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Fig. 3. Continuum of policy instruments according to degree of compulsoriness (adopted from Jaccard et al., 2002).
under the CDM and JI. The Government of Canada is

facilitating such participation by creating a clean develop-

ment mechanism and joint implementation office. It has also

invested CAD 15 million in the World Bank Prototype

Carbon Fund, and thereby expects to receive 2 mega tonnes

of carbon credits (Government of Canada, 2002).
4. Policy instruments for climate change mitigation

Several policy instruments are available for reducing

GHG emissions, varying by their degree of effectiveness,

acceptance by stakeholders and economic efficiency.

Jaccard et al. (2002) posit that policy instruments can be

arranged along a continuum in terms of their degree of

compulsoriness (Fig. 3). Traditional policy instruments are

at or near the ends of the continuum, while emerging market-

based instruments lie in the middle of the continuum.

4.1. Non-compulsory policy instruments

The left side of the policy continuum in Fig. 3 represents

fully non-compulsory policies; policies under which

participants suffer no adverse consequences for not taking

action and have no significant financial incentives to take

action. Governments seek to influence the decisions of firms

and households by either convincing them that actions that

improve the environment will also result in financial gains,

or sometimes exhorting them to take action for moral rather

than financial reasons. Tools available for pursuing such

policies usually include research and development (R&D),

advertising, labeling, certifying, providing demonstration

projects, etc. Practices such as green marketing, eco-labeling

or even environmentally motivated consumer boycotts are

often the result of such policies (Jaccard et al., 2002).

One example of such voluntary measures is the cement

sustainability initiative (CSI). CSI began in 1999 under the

auspices of the World Business Council for Sustainable

Development. Currently it is being sponsored by 13 cement

companies representing more than half the worldwide

cement industry excluding China. The program commis-

sioned an independent research to study the major

sustainability issues facing the cement industry whose

reports were completed in 2002 (available at www.wbcsdce-

ment.org). Climate change was one of the themes for this
research study and the recommendations included establish-

ment of corporate carbon management programs, setting of

company-specific and industry-wide medium-term CO2

reduction targets and initiation of long-term product and

process innovation (WBCSD, 2002). The sponsoring

companies of CSI also developed an agenda for action

(WBCSD, 2002) that identified six key areas for a work

program until 2007, towards the goal of sustainable

development. The agenda’s commitments have to be met

through both joint projects as well as individual actions on

company level. CSI has also established a task force for

climate protection. This task force created a CO2 Account-

ing Protocol in cooperation with the World Resources

Institute and is charged with continually reviewing and

improving it. Being a voluntary measure, CSI does not

prescribe any fixed emission reduction targets or timetables

for its participants. However, it does require development of

individual climate change mitigation strategies and publish-

ing targets and progress by 2006. It also helps in capacity

building of cement companies for achieving meaningful

reductions in CO2 emissions.

The Government of Canada (2002) expects to achieve 10

mega tonnes of annual GHG emission reductions through its

existing and future R&D investments. R&D investment by the

government is particularly relevant to the construction

industry. Seaden (1996) reports that the North American

construction industry is marketing products that are techno-

logically less than optimal. He argues that the reasons for

under-investment in R&D in the construction industry

include lack of competition from alternative products, very

high inter-firm competition, low margins of profit, and low

expectations of return on investment in research. Returns to the

private sector on R&D investment in the construction industry

are usually low, while at the same time the societal benefits

from such investment are large (Seaden, 1996). Thus,

construction-related research is usually undertaken at publicly

funded universities and research institutes with high spillover

benefits. For example, R&D efforts to develop cost-effective

and more efficient chemical accelerators, air-entraining

admixtures and superplasticizers, can increase the market

share for blended cements and concretes containing supple-

mentary cementitious materials (SCMs), resulting in reduced

CO2 emissions. In the medium and long-term, R&D efforts to

develop new kiln concepts such as fluidized bed combustion

and plasma arc furnaces might also reduce the energy

http://www.wbcsdcement.org/
http://www.wbcsdcement.org/
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Fig. 4. GHG intensity of Canadian cement industry (data from Environment Canada, 2003 and Statistics Canada, 2003).
consumption of cement manufacturing and the associated CO2

emissions (Battelle, 2002a).

Eco-labeling and consumer boycotts have been effective in

some environmental campaigns such as recycling, conserva-

tion of endangered species, and against products containing

ozone-depleting chemicals. However, such efforts have not

yet been effective in climate protection. In spite of the growing

scientific evidence of global warming and its potential

impacts, consumer preferences have not changed enough to

make a significant dent in the rising pattern of GHG

emissions. For example ALSEN, a German cement manu-

facturing company, faced difficulties in marketing its blended

slag cement to cost conscious customers (Battelle, 2002b).

Slag cement causes lower CO2 emissions per unit of product,

utilizes an industrial waste, and usually has better durability

characteristics than that of ordinary portland cement. Since in

this case environmentally friendly measures of the cement

producer were thwarted by the preferences of its consumers, it

exemplifies the inadequacy of voluntary measures alone and

the need for promoting such initiatives with other policy

instruments, for example, such as those discussed in Sections

4.3 and 4.5 below.

As mentioned earlier, another form of non-compulsory

policies is encouraging firms to undertake voluntary

measures for reducing their emissions. Two such initiatives

are mentioned here. For example, Canada’s Climate Change

Voluntary Challenge and Registry Program (VCR Inc.) was

established in 1997 to encourage voluntary action by large

companies for reducing their GHG emissions through

documenting action plans and best practices and achieve-

ments. To date, 1076 organizations have registered at VCR

Inc., including seven cement manufacturers (VCR, 2003).

Another industry–government partnership that promotes

action to reduce GHG emissions is the Canadian Industry

Program for Energy Conservation (CIPEC). At the CIPEC

forum, industries set voluntary targets and work with

governments for improving energy efficiency. Companies

under the CIPEC umbrella averaged an energy intensity

improvement of 2% per year between 1990 and 1999

(Government of Canada, 2002).
As shown in Fig. 4, GHG intensities for Canadian cement

manufacturing have declined since 1990. However, the

process related GHG intensity has remained almost constant

since 1992, while the energy use GHG intensity has

decreased very little. Thus, with increased consumption, the

total CO2 emissions of the Canadian cement industry

actually rose by about 6% above the 1990 level, while to

meet its Kyoto Protocol’s target, Canada may require its

industries to make significant reductions below the 1990

levels. The energy intensity of the Canadian cement industry

is around 4.95 MJ/kg of clinker (Humphreys and Mahase-

nan, 2002). Only the US (5.5 MJ/kg clinker) and the former

Soviet Union and other eastern European countries

(5.42 MJ/kg clinker) have higher energy intensities. The

potential for improvement is significant since the Japanese

cement industry has almost 40% lower energy intensity at

3.1 MJ/kg clinker (Humphreys and Mahasenan, 2002).

Clearly, voluntary measures alone are not sufficient to bring

about meaningful reductions in GHG emissions. Such

measures have provided mixed results; in the US they have

been largely ineffective, while in Germany they resulted in

some progress for the cement industry even though the

response to green products was not encouraging (Hum-

phreys and Mahasenan, 2002).

Another non-compulsory policy instrument is govern-

ment leading by example to demonstrate feasibility and

convince others to take similar actions and/or form

partnerships. The government takes action in a non-coercive

fashion and limits its role to a facilitator and information

provider. The Government of Canada (2002) lists several

measures being undertaken at the federal and provincial

levels for demonstrating leadership in climate change

mitigation. These include increasing the proportion of

low-emission vehicles in government fleets, purchasing

equipment that meets energy efficient standards, and being

the first purchaser of next generation power technologies and

clean energy resources. The same spirit of removing market

barriers to emerging energy technologies can be applied in

construction of governmental facilities using eco-friendly

construction materials, systems, and technologies.
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4.2. Command-and-control regulations

The right side of the policy continuum (Fig. 3) represents

fully compulsory policies. Such policies, known as the

command-and-control (C&C) regulations, specify needed

courses of action and carry penalties in case of non-

compliance (Jaccard et al., 2002). Emission limits, prohibi-

tion on production and use of certain chemicals, and

technology requirements are examples of C&C regulations.

Possible applications of these regulations to the cement

industry include technology requirements such as conver-

sion from energy intensive wet process kilns to more

efficient dry kilns, use of certain fuels, limits on emissions

other than CO2 to improve air quality, etc.

Command-and-control regulations are uniformly applied

to all participants (here cement producers) regardless of cost

differences of pollution abatement between different firms,

sectors, or locations. Such measures usually draw criticism

because they are inherently inflexible and economically

inefficient. Insensitive to differences in marginal abatement

costs, emission limits are applied across the board, even

when some participants can achieve more at lower costs

(Jaccard et al., 2002). When a participant achieves the

prescribed criteria, it has little incentive to improve further

hence innovation is stifled. Despite these flaws, regulators

usually prefer C&C regulations for environmental protec-

tion because they effectively impose emission or effluent

limits, particularly for toxic substances. These measures are

usually very unpopular, and regulators are perceived as

coercive and intrusive by the industry (Jaccard et al., 2002).

4.3. Financial incentives

Participants are provided with financial incentives in the

form of grants, subsidies, and/or tax credits for taking action

to protect the environment. These incentives are not

compulsory and participants have the option of not taking

any action (Jaccard et al., 2002). But unlike non-compulsory

measures, financial incentives do not lie on the extreme left

of the policy continuum and are placed a bit to the right from

non-compulsory measures (Fig. 3). Examples of such

policies include Ontario’s intention to exempt bio-diesel

from the 14.3 cent/l provincial tax, encouraging multi-

occupant vehicle use, giving traffic priority to public transit,

financial incentives for making buildings more energy

efficient, etc. (Government of Canada, 2002).

Governments can significantly reduce GHG emissions of

the cement industry for instance by subsidizing projects

using concrete containing high volumes of SCMs. Muni-

cipal governments can be encouraged to use green building

materials through federal and/or provincial grants for

infrastructure projects. Some of the negative effects

associated with using green construction materials such as

blended cements include resistance of industry to adopting

new technologies, limited availability of local products

having adequate quality, possible need to adjust current
construction practices to new materials, set retarding effects,

etc. Some of these perceived negative effects could be

avoided using training and certification programs, special

chemical admixtures, etc. (Obla et al., 2003). However, the

associated costs can inhibit the development and use of such

practices and/or admixtures. Governments can encourage

the use of green construction materials by the consumers

using financial incentives to offset such cost increases.

4.4. Environmental taxes

Environmental taxes lie next to C&C regulations in the

policy continuum (Fig. 3). Taxes may not necessarily lead to

remedial actions but are close to the compulsory end of the

policy continuum because one has either to take action to

reduce environmental damage or pay a tax (Jaccard et al.,

2002). There are usually suspicions that these taxes are

imposed to generate additional revenue for the government

and not for genuine public policy goals. One example is the

4.3 cents a gallon energy tax imposed on gasoline in the

United States during 1993 (Anderson, 2001). It is usually a

difficult task for regulators to fix a fair price of an

environmental tax. The goal is that it should be low enough

to avoid adverse equity impacts among different market

players (cement producers in the current context) or regions,

yet high enough to motivate action for reducing damage to

the environment. Since environmental taxes are often

perceived as coercive measures by the government, they

have little popularity and acceptability. It might be of

interest to note that besides other reasons, the possibility of

imposition of such taxes motivated the CSI initiative

(WBSCD, 2002).

4.5. Market-oriented regulations

Market-oriented regulations have recently emerged as

promising new policy instruments that have a certain degree

of compulsoriness and considerable flexibility for con-

sumers and firms; they can be placed at the middle of the

policy continuum (Fig. 3). An aggregate target emission or

level of technology market penetration is set for the

regulated entities, and compliance is made compulsory

through financial and/or legal sanctions. For some partici-

pants it will be feasible to do more than their share of the

target, and are then paid by others for whom it will be more

costly to meet their own targets (Jaccard et al., 2002). Some

noteworthy features of this instrument include more

certainty and minimal total cost in achieving environmental

targets, and incentives for innovation.

The cap-and-trade permit system is a well-known

example of market-based regulations. A total emission

limit, or cap, is set for the regulated entity, and individual

participants are then allocated shares of emission limits as

permits. Methods of share allocation can be based on

historical levels (also called grand-fathering), auctions, or a

combination of the two. These permits are tradable like any
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property right. The US sulfur permit-trading policy is an

application of the cap-and-trade permit regulation. Starting

in 1990, this program has achieved substantial reductions in

sulfur emissions from specified electricity generation plants

in the US at significantly lower costs than anticipated

(Jaccard et al., 2002). The cement industry is one of the

proposed sectors to be included in emissions trading in

Canada (Government of Canada, 2002). Based on a price of

10 CAD per tonne of carbon and 85% free permit allocation,

the Government of Canada (2002) estimates that cost

impacts under the emissions trading for the coal-fired power

generation and cement industries could be significant.

However, the cement industry has a significant potential for

decreasing its energy intensity as well as process emissions.

Thus, instead of paying under the emissions trading, it can

better benefit by generating surplus emission permits and

selling them on the market.

Inspired by the success of the sulfur-permit trading

policy, two new policy tools have recently emerged: the

renewable portfolio standard (RPS) in electricity generation

and the vehicle emission standard (VES) in the automobile

sector (Jaccard et al., 2002). The RPS requires electricity

providers to guarantee that a minimum percentage of their

electricity is produced using renewable energy. They can

either choose to generate renewable energy themselves or

purchase credits from a renewable electricity provider. This

model has several interesting implications for the cement

industry. More than half (52%) of the fuel used by the

Canadian cement industry is coal, followed by natural gas

(22%) and smaller shares for other fuels. Coal is highly

carbon intensive; it releases about 95 kg of CO2/GJ of fuel

combusted as compared to 55 kg for natural gas (Humphreys

and Mahasenan, 2002). Clean or alternative fuels, including

scrap tires, biomass, sewage sludge, municipal solid waste,

etc., can be used thus reducing the use of fossil fuels. Even

though these wastes may themselves release amounts of

CO2, they are being valorized instead of being burnt at

incinerators. Bio-derived fuels such as wood wastes, waste

paper and agricultural by-products are designated as net-

zero CO2 fuels because on a life cycle basis they would emit

only that CO2 that was originally taken up by plants during

their growth process. The United Kingdom has exempted

alternative fuels used by the cement industry from its energy

tax (Humphreys and Mahasenan, 2002). Following the

model of RPS, the cement industry can be required to

guarantee that a certain share of its fuel use consists of less

carbon intensive fuels.

The vehicle emission standard model, which originated in

California to improve air quality (Jaccard et al., 2002), also

has possible applications for the cement and concrete

industry. It requires that a minimum percentage of vehicle

sales be in each low or zero emission categories. The policy

has a flexibility provision allowing trade between manu-

facturers so that the total average target can be met even if

some individual manufacturers fall short of their own

targets. A similar approach could be adopted for ensuring a
minimum market share for blended cements and concretes

containing SCMs. Obla et al. (2003) suggest that it is not

feasible to use 50%-plus fly ash concrete in all construction

situations and for some applications only 15% fly ash could

be used as partial replacement of cement. Variation in

materials, applications, environments and construction

requirements has been listed as the limitations on wider

use of 50%-plus fly ash concrete. Guaranteeing a certain

market share for such concretes would not only reduce CO2

emissions in the near-term, but should also spur innovation

in construction practices and complementary products to

remove barriers for increased market share in the long-term.
5. Advanced CO2 management approaches

5.1. Carbon dioxide capture and storage

In this approach, CO2 generated in industrial processes is

captured before being emitted to the atmosphere. The

captured CO2 can then be injected deep underground, such

as in oil and gas reservoirs, coal beds, or deep aquifers.

Currently the process of capturing CO2 is generally not

economically feasible. Humphreys and Mahasenan (2002)

cite one such system that operates for a cost of 25 USD per

metric tonnes of carbon. Such estimates are based on

capturing CO2 from the flue gases of coal-fired power

stations that typically contain 12–15% CO2. It might be less

costly to design equipment for cement plants where the flue

gases contain approximately 30% CO2 (Humphreys and

Mahasenan, 2002). The Government of Canada (2002) is

considering the establishment of a CO2 capture and storage

pipeline system. The cement industry may benefit from such

measures on account of the higher concentration of CO2 in

its flue gases.

5.2. Carbon dioxide sinks

A CO2 ‘sink’ is a process that removes CO2 from the

atmosphere and stores it. Much of the CO2 being released is

absorbed by oceans. The total capacity of oceans for

absorbing CO2 in a changing climate is under investigation

(IPCC, 2001). Other CO2 sinks include forests and

agricultural soils wherein plants assimilate CO2 through

the process of photosynthesis. CO2 from the atmosphere

penetrates concrete and reacts with calcium hydroxide in the

presence of moisture to form calcium carbonate, a process

called carbonation. Thus, concrete could serve as a sink for

CO2 sequestration. The extent of carbonation depends upon

different variables such as permeability of the concrete

cover, relative humidity, CO2 concentration in the air, and

temperature. Research should be undertaken to determine

how much CO2 can be absorbed by various structures under

differing environmental conditions. These amounts could

then be used as offsets in determining the net releases of CO2

from cement production. This will, however, entail
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development of a mechanism whereby the consumers are

compensated by the cement producers (through subsidized

rates, etc.) for their particular use of cement and hence the

amount of CO2 that is sequestered. It should be noted though

that even in the event of complete carbonation of concrete; it

could only sequester the CO2 emitted from de-carbonization

of limestone (about 50% of total emission) and cannot

accommodate that from energy related processes in its

manufacturing, transportation, etc.
6. Concluding remarks

The issue of GHG emissions, climate change, and

development of related policies has been discussed in this

article. The continuum of policy instruments that can apply

to the cement industry has been examined to guide strategic

planning for addressing such policies in the future. It has

become evident to policy makers that the challenge of

climate change cannot be addressed by any single policy

instrument. Various policy tools have their own merits as

well as drawbacks. The best course of action would be to

adopt a balanced combination of policies considering the

available opportunities and barriers to the various economic

agents in the society. Although voluntary policy measures

receive greater acceptability, thus far they have not yielded

results that are sufficient for mitigating climate change. It

has been argued that progress, if any, reported under

voluntary policy measures would have occurred anyway and

does not indicate the existence of proactive measures or

serious efforts towards mitigating climate change. The

cement industry generally has not been able to fully exploit

the opportunities available to it for reducing its burden of

CO2 emissions. However, not only cement producers, but

also governments, regulators and consumers have to play

important roles for emission reductions. It is recommended

that the use of blended cements with high volumes of SCMs

and/or the development of low CO2 emission cements be

supported by governments and cement producers with

incentives to offset cost increases or delayed construction

schedules resulting from low early age strengths. Govern-

ments need to increase R&D investments in commercializ-

ing new kiln types, development of economic and effective

complementary products for concrete made with blended

cements, and improvements in construction practices. Such

measures are likely to prove valuable in reducing GHG

emissions of the cement industry.

Governments can also lead by example when using low

GHG emission construction materials in building facilities

and providing grants for infrastructure projects that use these

materials. In order to reduce market barriers to these and

other innovative construction materials, a certain minimum

market share can be guaranteed for them following the

model of the VES. Cement manufacturers can be induced to

increase the use of alternative or other carbon efficient fuels

by mandating a minimum share of such fuels following the
RPS model. By taking bold and innovative actions, the

cement industry may not only be able to meet its own targets

under the Kyoto Protocol, but can exceed them and generate

profit from selling carbon permits.
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