Sector-based Approaches Case Study: Mexico

The Cement Industry

This portion of the case study focuses on Mexiceiment industry and the potential for,
as well as the implications of, implementing a setiased approach to reducing the
sector’s carbon footprint under a post-2012 inteéonal agreement to limit greenhouse
gas (GHG) emissions. In addition to providing diigtal context on cement production

in Mexico, the sections below provide an overvidwhe sector, present and discuss the
data available for conducting a thorough analysgectoral approaches, and present
preliminary findings with regard to the effects aftectiveness of alternative agreements
that could be negotiated to address GHG emissions Mexico’s cement industry.

A. Sector Overview

This section presents a brief history of cementipetion and use in Mexico, a synopsis
of the current structure of the sector, and sone&draund on technologies and
emissions at the sector level.

1. Background

The first cement plant was constructed in Mexic@906, just four years after cement
was first authorized for use by the country’s cargton industry (Orta, 2005; CEMEX,
2008) From the time of its introduction through the ed340s, Mexico’s cement
industry evolved at a moderate pace providing areesingly important input for the
nation’s construction industry. Starting in 194gending on public infrastructure in
Mexico increased significantly and the cement itgusntered into a period of rapid and
sustained growth. By 1990, annual output reacleaaly 24 million metric tons of gray
cement (Heydari, 1995).

The sector continued to grow through the early $%8thieving a total annual output of
nearly 30 million metric tons of product by thes#oof 1994. However, by 1995, the
financial crisis that enveloped the Mexican econdaty in the previous year along with
the application of antidumping duties imposed by tmited States on cement imported
from Mexico (Orta, 2005) took a heavy toll on tleet®r and annual production fell some
19% to just under 24 million metric tons (Doan, P9

In pace with the macroeconomic recovery of the Maxieconomy, the cement industry
also gradually recovered and by the end of thedkegaroduction levels had nearly
returned to pre-recessions levels reaching 29.Momimnetric tons by the close of 1999
(see table Al.1 below).
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Cement Production in Mexico
Millions of metric tons
Year Output
1990 23.8
1991 25.1
1992 26.9
1993 27.1
1994 29.7
1995 23.9
1996 25.4
1997 27.5
1998 27.7
1999 29.4

Sources: USGS 1996, 2000 and 2002
2. Current Industry Structure and Outlook

Mexico is home to a modern and highly efficient eetnindustry that is on a par with
those found in the leading countries around thddvoFhis section provides an
introduction to the key industry players in Mexis@ement sector, a discussion of their
domestic and international markets, recent dataroduction and capacity levels, and a
summary of the major domestic and internationaleds shaping the industry’s outlook.

a. Manufacturers

Six manufacturers comprise Mexico’s cement industrny2006, this group of firms
operated 31 cement plants located in 15 statesamagerating capacity of 56.5 million
metric tons of output per year, and had a projecsgrhcity for 2010 of 63.7 million
metric tons annually. In 2007, Mexico’s cementdueers had a combined output of
38.8 million tons of cement valued at approxima8y8 billion (IBS, 2008}.

Mexico’s leading cement company is internationahgiCEMEX, which is the direct
owner of 15 plants and has a minority ownershipradt in 3 others. Headquartered in
the state of Nuevo Leon, CEMEX supplies a 48% shaMexico’s domestic cement
market. CEMEX also owns 211 concrete plants, 6@ Histribution centers, and 8
maritime centers in Mexico (Orta, 2005).

The second largest producer in Mexico is Holcim-#qma Prior to its acquisition by
Holcim, Apasco was an independent company thatfetasded in 1928 in the state of
Mexico (Orta, 2005). Holcim-Apasco currently owisement plants with an installed
capacity of 11.3 million metric tons per year. T also owns 23 distribution centers,

! Note that the value expressed is in terms of EOHags—the typical form in which cement is sold in
Mexico.
|
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4 maritime terminals, and has a network of rougiy thousand distributors (Holcim-
Apasco, 2008).

Cooperativa La Cruz Azul, which is also known asn€etos Cruz Azul, is Mexico’s

third largest manafucturer of cement. As its naunggests the company is organized as a
cooperative society. It began operations in 1€¥a, 2005). Today it owns 3 cement
plants and supplies 16% of the domestic markegtalied capacity in 2007 was 8.3

million metric tons per annum (IBS, 2008).

The fourth largest cement producer in Mexico is €etos Moctezuma. Headquartered
in the state of Morelos, the firm owns two cemdanis with a combined annual capacity
of 5.1 million metric tons (IBS, 2008).

Grupo Cementos Chihuahua (GCC Cemento) suppliesf4be domestic market from
production at the firm’s three plants, all of whigte located in the state of Chihuahua.
GCC Cemento has a total capacity of 4 million negtvns per annum (IBS, 2008).

LaFarge Cementos is the sixth and final manufactarthe Mexican cement industry.
The company entered the market in 1999 with theliaitipn of a cement plant in Vito.

In 2003, LaFarge Cementos announced plans to cahstmew €78.9 million state of the
art plant in Tula, near Mexico City. The plant Bagproduction in the spring of 2006.
Their two plants give LaFarge Cemento a 0.6 milimm annual capacity (LaFarge,
2006).

The following table summarizes some of the basta daailable on each compahy.

Mexico’s Cement Manufacturers
Domestic | Number Current Expected
Company Name Market | of Plants| Capacity Capacity
Share 2008 2010

CEMEX Mexico 48% 15 27.2 MMT| 33.1 MMT
Holcim-Apasco 22% 6 11.3 MMT| 11.3 MMT
Cementos Cruz Azul 16% 3 8.3 MMT 8.3 MMT
Cementos Moctezuma 9% 2 51 MMT 6.4 MMT
GCC Cemento 4% 3 4.0 MMT| 4.0 MMT
LaFarge Cementos 1% 2 0.6 MMT 0.6 MMT
Totals| 100% 31 56.5 MMT| 63.7 MMT

Source: IBS, 2008

% In March of 2007, Cruz Azul completed constructadntheir Pueblo plant. It is estimated that cement
production capacity is 1 million tons per year;information is available on this facility at thisne.

—
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b. Domestic and International Markets

Approximately 80% of the cement consumed in Mexscpurchased in 50 kilo bags.
The formal residential construction sector accotmtsround 48% of all cement
purchases, the informal (do-it-yourself) sectorstones 32%, and the remaining 20% is
sold in bulk to large construction companies (O2@0)5). Grey cement accounts for the
overwhelming majority of sales with a 94% sharéhef market. Mortar cement (5%)
and white cement (1%) are much less favored in bexi

The northern region of the country has traditionhien the largest consumer of cement,
accounting for 48% of sales mainly for use in isfracture construction projects,
housing and office complexes, and other construodivities. Central Mexico is also a
relatively strong market for domestic producersawldver, the primary use differs
somewhat in that the main source of demand is fronstruction of new buildings such
as hotels and office complexes. The relativelysiopace of economic growth in
southern Mexico accounts for the lower share (1@26omestic cement sales in the
south (Orta, 2005).

c. Outlook

According to a May 2008 assessment by InternatiBoainess Strategies, demand for
cement produced in Mexico is expected to grow alave average annual rate over the
next 4 to 5 years. One of the main sources ofgitus/th is expected to be increased
exports, especially to the United States and Canduatable below shows destinations
for Mexico’s cement exports in 2007.

Mexico’s Cement Exports — 2007
Destination Country Share Volume
United States 59.4 % 1.3 MMT
Dominican Republic 22.6% 0.5 MMT
Spain 7.7% 0.17 MMT
Guatemala 2.9% 0.06 MMT
El Salvador 2.1% 0.05 MMT
Venezuela 1.3% 0.03 MMT
Belize 1.1% 0.02 MMT
Other 2.9% 0.06 MMT

Source: IBS, 2008

A second and more important potential source ofvgrdor the cement industry is
Mexico’s recently announced National InfrastructBregram (NIP). The NIP is a
national program initiated by President Felipe €eda’s administration in July 2007.
The program includes plans for upgrades to a vadge of existing structures as well as
for construction of new facilities. Planned prageimclude 100 roadway construction
projects, further development and new investmenits3imarine facilities, 3 new airports,
and expansion of 31 that are already in place (DZDO8a). All of these projects are

—
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expected to require significant inputs from the eamndustry. In anticipation of
additional demand associated with the NIP, Mexicement manufacturers have
announced plans to invest more than €1.32 billonew plants and upgrades to existing
plants (DOC, 2008b).

The table below presents recent data on produoficement from 2000 through 2005.

Cement Production 2000-2005
Million metric tons
Year Output
2000 31.7
2001 30.0
2002 31.1
2003 33.4
2004 35.0
2005 37.5

Sources: USGS 2002 and 2006
3. Technologies in Place

Mexico’s cement industry is among the most modewhefficient in the world today.

All of the 50 kilns operating in the country’s 3&maent plants are dry-process. The last
of the less efficient wet process kilns was takehad service within the past two years.
Mexico’s cement manufacturers are also using eneffggiency enhancing technologies
such as preheaters and precalciners in many offtwlities. Moreover, a number of
plants make use of some forms of low carbon altermduels.

4. GHG Emissions

Carbon dioxide is released during the productioocemhent from three sources—process
emissions related to the conversion of raw matendb clinker, combustion related
emissions caused by burning fuels in cement kand, indirect emissions associated with
electric power used to operate equipment suchiadegs and electric motors. Between
1992 and 2003, emissions of €y the cement industry in Mexico increased roughly
25% (Marland et al, 2006). This compares with arlyel08% increase in cement sector
emissions from all developing countries during $enhe time frame and a 34% increase
in U.S. cement industry emissions. The relatigbyv growth of emissions from
Mexico’s cement sector is an indication of the higlerall efficiency of the sector.

B. Data Collection and Related Issues
Data collection efforts undertaken for this anayesie described below. For purposes of

this analysis, ICF first identified the ideal sétlata that would be required for
developing plant level energy and emissions esémfdr the Mexican cement industry

—
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for the latest historical year and for future yeatowever, due to a severe time
constraint coupled with limited access to proprietaformation, ICF was able to obtain
only a subset of the desired data. Sources amldloit were available are described
below in Subsection 2. ICF’s approach to addrgsgata gaps is presented in
Subsection 3 and Subsection 4 provides a summahedadpproaches ICF used to
address missing data.

1. Ideal Data Inputs

A key activity in developing the results presentethis section involved developing
sufficient pertinent data to construct the analysBse first activity undertaken was to
define the “ideal” set of data for conducting amlgsis of a sector-based approach. The
ideal set of data are sub-plant level (i.e., uewel) data both on actual historical and on
planned future estimates. The list of data elemiatiscomprises this “ideal” set is
provided in Table B.1.1 below.

Table B.1.1. Ideal Set of Data Inputs

Plant-level Data

Plant name, plant identification (ID) Number (ifpdigable), plant Location (city and
region), parent company, type of plant (integratkeht or only grinding mill), plant
production capacity by product type (i.e., clinked cement), types of cement produced
(e.g., Portland cement, white cement, and masameat) and their relative shares
(latest year for which the data are available)raye annual capacity utilization factor,
types and amounts of fuels used by fuel type, amnaiuclinker produced annually (or fg
the latest year), amount of cement kiln dust (CigBperated annually, amount of CKD
recycled and discarded, amount of conventionaladiednative fuels consumed by fuel
type, annual production; quantities of raw materisded by type of raw material and
their carbon contents, carbon contents of fueld byetype of fuel.

=

Unit-level (sub-plant level) Data

Number of production units in a plant, unit nanfeiven and if this corresponds to ong
of multiple units in a plant), Unit ID, type of ptaction unit (kiln or grinding mill), the

last year of modernization, the unit operatingustaproduction capacity (i.e., clinker

production and mill grinding capacity), the typetethnology (i.e., dry kiln, wet kiln, dry
kiln with preheater, dry kiln with calciner, etcamount of clinker produced annually,
amount of cement kiln dust (CKD) generated, amadi@KD recycled and discarded,
type of grinding technology used, amount of conieral and alternative fuels consumed
by fuel type, average annual capacity utilizatiactér by production unit (typical or for
the latest year), annual production by productioin (i.e., amount of clinker and cement
produced, by type of unit, for the latest yearamfities of raw materials used by type of
raw material and their carbon contents, carbonertdstof fuels used by type of fuel

U
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Regional and National Data

Clinker and cement production capacity, by techgyliype, and by region; amount of
clinker and cement produced by technology typelandcegion; amount of fuels
consumed in the cement industry by fuel type, bhnelogy type and by region; average
annual capacity utilization factor, by technologge and by region; carbon contents o
fuels used.

Other Data

Data on all the relevant variables of interest frathmer studies; historic and future and
plant level / unit level estimates; projectionshes regional and national level for cement
industry variables; national data on reported eimss national and sectoral programs
for cement industry; cement industry standardsragdlatory requirements

2. Available Data and Sources

Data and information for the cement industry in Mexare available from a wide variety
of sources including cement companies, industrygsppublic agencies, and private
research firms. Generally, sector-wide informaimprovided by the industry groups
and public agencies while company and plant-speitiformation is provided by cement
companies and private research firms. Company-{&@e emissions, and in some cases
plant-level CQ emissions, are available for some years througpigdprivate

greenhouse gas reporting partnerships.

Data collection activities for this project werefsed on gathering plant-specific
information from both public and private sourc@$ere is no universal database that
provides detailed plant-level information. There &avo cement directories available for
purchase that provide limited plant-level informatsuch as plant location, fuel type,
number of kilns, clinker capacity, and cement cépac

Plant-level information for CEMEX plants was ob&ihfrom a data file that CEMEX
submitted to the United Nations Framework Conventa Climate Change (UNFCCC)
CDM Executive Board for a CDM project (#1356) CEMIpkoposed for its fifteen
plants (CEMEX, 2008). The data are very detailed iaclude clinker production,
cement production, and fuel consumption for prodg@0-R Type of blended cement.

National and sector-wide information was also atéld. Sectoral fuel consumption data
by fuel type were collected for the cement secial f@r the electric power sector.
National and sector-wide information was used ims@ases as reference to ensure that
bottom-up calculations were consistent and, in soases, to estimate plant level data.
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Sources of Data

The data for this work were collected from a variet sources. The following provides
a brief description of all of the key informatioousces from which ICF developed
inputs.

(i) Camara Nacional del Cemento (CANACEM)

The National Cement Chamber is an industry grouppresed of the six cement
companies that currently operate in Mexico. Thar@ber’'s Web site offers some
sector-wide data.

Relevant data include:

= Number of plants operating in Mexico, by companyr{ent)
= Total cement production in Mexico (2000-2007)
= Total cement consumption in Mexico (2000-2005)

(i) Secretaria de Energia (SENER)

The Secretary of Energy is an agency within the ivxgovernment that regulates and
monitors energy production in Mexico. The agen&yeb site offers a wide range of
statistics related to energy use, including comgmslve data on electricity generation
and distribution.

Relevant data include:

= Fuel consumption for electricity generation in Maxsorted by quantities of fuel
oil, diesel, coal, and natural gas consumed (162®007).

(iif) United States Geological Survey — Mexico 2006

Each year the USGS publishes a Minerals Yearbookl&xico that contains a
gualitative information section as well as ovepatiduction and capacity information for
metals, minerals, and related products.

Relevant data obtained from this source include:

Total cement production (2002-2006)

Structure of cement industry (2006)

Location of main cement facilities (2006)

Total production capacity for each cement compa20p6)
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(iv) Cement Americas’ North American Cement Dirgcto 2008

Each year the Cement Americas magazine publishesth American Cement Directory
that lists all cement plants in North America alavith key information for each plant.
The level of detail provided varies based on thegany, and there is very little plant-
specific information for CEMEX plants.

Relevant data included plant level data for thiofaing variables for 2007:

Type of process (wet vs. dry)
Number of kilns

Type of fuel burned

Type of cement produced
Clinker capacity

Cement capacity

(v) Programa GEI Mexico

GEI Mexico is a voluntary program that encouragasanies in Mexico to report their
greenhouse gas emissions to the Mexican governmestiurn for technical support with
monitoring and reporting emissions.

The program is coordinated by the Secretary of tBnment and Natural Resources
(SEMARNAT) and the Commission of Studies of thev&® Sector for Sustainable
Development (CESPEDES). Technical support is pexvioy the World-Resources
Institute (WRI) and World Business Council for Saisaible Development (WBCSD).
Every cement company in Mexico other than Lafargeigipates in the program and
each reported both direct and indirect emission2®95 and 2006. Most companies also
reported historical emissions and production data.
(vi) Secretaria de Medio Ambiente y Recursos N&argSEMARNAT)
The Secretary of Environment and National Resoumta@satains the Pollutant Release
and Transfer Database, which provides 2004 @®@issions for 21 cement plants in
Mexico.
Relevant data included:

= Plant-level CQemissions for 21 plants
(vii) CEMEX Project Design Document for Clean Deyghent Mechanism

In 2007, CEMEX submitted a Project Design Documerihe Clean Development
Mechanism Executive Board for project 1356: “Redgdihe Average Clinker Content in
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Cement at CEMEX Mexico Operations& spreadsheet accompanied the Project Design
Document that included a plethora of detailed planel information for all CEMEX

plants. There was also clinker factor informationcement plants in Mexico owned by
other cement companies.

Relevant information included:

= Estimated clinker factor and production of typec&dnent for cement companies
other than CEMEX (2007)

= Actual clinker factor and type 30 production forl@EX plants (2006)

= Forecasts for type 30 cement production at CEMEX{sl (2008-2017)

= Emission factors for electricity consumption, fb$sel consumption,
calcinations, clinker production, and cement praiducfor each CEMEX plant

= Fuel consumption for CEMEX plants by fuel type (8D0

3. Data Gaps and Implications

Plant and unit-level data were unavailable for ssweariables of interest, including
annual clinker and cement production or capacitization factor, and number of
production units, by their unit type and the typel amount of fuels used, by technology
and/or unit type. These data gaps required IGlet@lop average plant level estimates,
based on historic regional and known plant-levidrimation. A variety of assumptions
about specific plants, their fuel use, and emissigare made by the analysts developing
the emission estimates and the marginal abateroshtoalysis.

4. Efforts to Address Data Gaps

As noted above, for many variables, plant levehdetre not available. Therefore, ICF
estimated plant level data using information thaswavailable. For example, to allocate
company-level production estimates to plants, I6&duthe available data on plant level
production capacity to allocate the production lggreportionately. Underlying this
methodology is the implicit assumption that theazagy utilization factor is the same for
all plants owned by a company. For 2006, and feiftiture years, energy consumption
and CQ emissions were calculated by applying the natienakgy intensity and the
national fuel mix in Mexico’s cement industry fa@@. Alternative fuel consumption
was assumed to be 1.5 percent of national fuelwwopson in the cement industry in
2006 and beyond.

Direct and indirect C@emissions and other data reported by individuades#

companies to thBrograma GEI Mexicdor 2006 were used to adjust plant level
production, fuel consumption, and emissions.
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These assumptions led to development of plant-lestéinates that are representative,
rather than plant-specific. Therefore, these esémmust be used cautiously. Also, these
data estimates require additional benchmarkingogadity assurance.

C. BAU Estimates of Key Parameters to 2025

In Mexico, there were 31 cement plafitsyned by six cement companies in 2006, the
base-historical year used for these projections.d€veloped draft estimates of
production, energy consumption, and £&issions at the plant level for the Mexican
cement industry through 2025. The national legéhgates for 2006 and for the forecast
years 2010, 2015, 2020 and 2025 are presentecbied€.1.1 through C.4.1 below.

1. Production Estimates

National cement production data for 2006 and 208/ ewbtained from CANACEM,
Mexico’s national chamber of cement industior the years 2008 through 2025, the
cement production was assumed to grow at the aenaigual growth rate of 2.89
percent, which was the average annual growth naterment production in Mexico
between 2000 and 2007 based on CANACEM estimatdde™C.1.1 presents national
cement projections estimates through 2025.

Table C.1.1. Draft Estimates of Cement Productionn Mexico (2006-2025)

Year Cement Production (million tonnes)
2006 37.90
2010 42.31
2015 48.88
2020 56.47
2025 65.24

Notes:

(1) 2006 datum correspond to the actual histoticnese for the same year and the estimates foreimainder of the
years in this table were developed based on averaggal historic growth rates between 2000 and 220Y0
projection was developed based on 2.89 percentahgnowth over 2007 historic production estimate.

Source:

(a) CANACEM (official industry group), http://mwwwanacem.org.mx/canacem_eng/la_industria_del_cenngmto.
(b) ICF calculations

3 In March of 2007, CYCNA completed construction leéit Pueblo plant. It is estimated that cement
production capacity is 1 million tons per year, thdre is no actual production data available. &toze
information on this facility was not used in dev@lg projections presented in this section.

* Camara Nacional del CimentoANACEM),
http://www.canacem.org.mx/canacem_eng/la_industeh cemento.htm
O
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2. Energy Consumption by Type

Energy consumption in the cement industry incluides combustion related energy
consumption and electricity consumption. Fuel costion includes both fossil fuels and
alternative fuels.

In the cement industry, fuels are consumed by tins kor clinker production. Quantity
of fuels consumed for clinker production was calted for each year (from 2006
through 2025) by multiplying clinker production atie fuel consumption intensity per
ton of clinker estimate of 3,515 MJ per ton of kén This fuel consumption intensity for
clinker production was the weighted average 20@8aye fuel consumption intensity
reported by CEMEX for all its 15 plants in its CDMoject description for project
number 1356.

Clinker production was estimated based on cememiyation by assuming that the
national average clinker to cement ratio in 2006 .2 percent, which was the
weighted average clinker factor (i.e.. clinker ément ratio) reported by CEMEX for all
its 15 plants in 2006 in their CDM project desaoptfor project number 1356.

The clinker to cement ratio as well as the fuelstonption intensity was assumed to
remain unchanged at 2006-level throughout the &stegeriod ending in 2025.

Electricity consumption was calculated by multiplyithe cement production and the
average electricity consumption per unit of cenpgntiuction estimate for CEMEX
plants in 2006. The electricity consumed by theCEMEX-cement plants were
calculated by dividing the total indirect emissidasthe 15 cement plants in 2006
reported the CDM project #1356 by the average G@hsity of grid electricity reported
by one or more cement companies to the Mexico’antary GHG reporting program,
Programa GEI Mexicg The average electricity consumption per unit efieat in 2006
was calculated for CEMEX by dividing the total elémty consumption for the 15
cement plants by the 15 plants’ total cement probdoc The electricity consumption
intensity (i.e., electricity consumed per unit eheent production) was assumed to
remain constant from 2006 through 2025.

Table C.2.1 illustrates the draft estimates oftthal fuel and electricity energy
consumption in the Mexican cement industry from@@@rough 2025. The table
indicates that electricity consumption accountsatoout 13 percent of the total annual
energy consumption in the Mexico’s cement industry.

® The Mexico’s voluntary GHG reporting prograRtograma GEI Mexicpis jointly sponsored by
Ministry of Environment and Natural Resources, erld Resources Institute (WRI), the World Business
Council for Sustainable Development ( WBCSD) arelBlusiness Coordinating Council (CCE).

—
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Table C.2.1. Draft Estimates of Energy Consumptioin the Cement Industry in
Mexico (2006-2025)

Total Energy
Total Fuel Electricity Consumption Consumption, including

Year | Consumption (TJ) (TJ) Electricity (TJ)
2006 105,451 15,928 121,379
2010 117,722 17,782 135,504
2015 136,004 20,543 156,548
2020 157,126 23,734 180,860
2025 181,528 27,419 208,947

Notes:

(1) Total Fuel Consumption includes consumptiorarventional and alternative fuels combusted om-sit

(2) Fuel consumption includes 1.5% of alternativel §hare, which was assumed based on availalde dat
Source:

(a) CEMEX spreadsheet that accompanied CEMEX'arClevelopment Mechanism (CDM) Project Description
submission for project #1356

(b) ICF International Calculations

In calculating the fuel projections through 2025yas assumed that the future fuel mix

in the Mexican cement industry through 2025 witheen the same as the 2006-fuel mix.
Table C.2.2 illustrates the 2006-fuel mix for thndiee Mexican cement industry and for
the 15 CEMEX plants in Mexico. The table indicatest petroleum coke accounts for
most of the energy consumed by the CEMEX plan0id6. The alternative fuels share
for the entire Mexican cement industry was assutodxzk 1.5 percent based on nearly the
same share of alternative fuels consumed by tHeEIMEX-cement plants in 2006.

Table C.2.2. 2006-Fuel Mix in Cement Industry in M&ico

Fuel Share-CEMEX Fuel Share-Mexican
Fuel Type plants Cement Industry

Coal 0.0% 4.7%
Petroleum Coke 90.6% 61.5%
Diesel Oil 0.1% 0.2%
Residual Fuel Oil 5.2% 26.3%
Dry Natural Gas 1.8% 5.8%
Other Liquid Fuels 0.9% 0.0%
Alternative Fuels 1.4% 1.5%

Total 100.0% 100.0%

Notes:

(i) The alternative fuels share of 1.5% for the eafrindustry has been assumed. The other fuel sistirsates were
calculated from Mexico’s Secretariat of Energy' € ER'’S) estimates of fuel consumption for the cenieeustry in
2006, after including the 1.5 percent of alterrafivels.

Source:

(a) CEMEX spreadsheet that accompanied CEMEX'srDEvelopment Mechanism (CDM) Project Description
submission for project #1356

(b) “Balance National De Energia 2006,” SecretasfdEnergy (SENER), Mexico.

3. CG Emissions
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CO, emissions from cement manufacturing comprisegif@ct emissions from on-site
fuel consumption and chemical reactions duringtla@ufacturing process, and (ii)
indirect emissions from electricity consumption émrerating machinery, such as for
finish grinding of cement using clinker and othddiives. Methodologies adopted for
estimating these emissions are described below.

Process-related CO2 emissionere estimated for each year (from 2006 throug?b20

by multiplying the respective years’ clinker protian estimates by the CO2 intensity for
clinker production (i.e., 0.5283 tonne of CO2 parte of clinker) reported by CEMEX
for all its 15 plants for 2006 in their CDM projesescription for project number 1356.
CEMEX calculated its process-related CO2 intensélyton of clinker based on the
methodology prescribed by the WBSCD and it is shghigher than the IPCC Tier 2
default CO2 emission factor of 0.5203 per tonnelioker.

Combustion related CO2 emissionsre calculated for each year from 2006 through
2025 by multiplying the fuel consumption estimaiethe respective year and the CO2
intensity per unit of fuel consumption.

CO2 intensity of fuel consumptievas calculated for CEMEX plants and for non-
CEMEX plants separately. For CEMEX plants, the &g average 2006-CO2 intensity
was calculated using the plant level fuel consuomphiy fuel type and the associated
CO2 emissions reported by CEMEX for all its 15 pdain 2006 in its description of the
CDM project # 1356. For the non-CEMEX plants’ faehsumption, Mexico’s cement
sector’s average CO2 intensity in 2006 was assumed.

The average sector-wide CO2 intensity for 2006 eedsulated as follows: CO2
emissions were calculated for the entire cementstrgl in 2006 based on the Mexico’s
Secretariat of Energy (SENER)-reported fuel congionpby fuel type, data for 2006,
after adding consumption of tires to account feeralative fuel consumption. It was
assumed that consumption of tires (as alternatigf ficcounted for 1.5 percent of the
total traditional fuel consumption in 2006. The C@&nsity per ton of cement was
calculated by dividing the total CO2 emissions froement sector fuel consumption in
2006 by the total national cement production in@0The fuel consumption intensity
estimates were assumed to remain unchanged for GEMH non-CEMEX fuel
consumption from 2006 through 2025.

Direct CO2 emissions were calculated as the supnamfess and combustion related CO2
emissions.

Indirect CO2 emissions were calculated by multipdythe electricity consumption by the
CO2 intensity of purchased electricity, which wagarted by cement companies to the
Mexico’s voluntary GHG reporting programrograma GEI Mexicpas the CO2

intensity of grid electricity in 2006. The CO2 insaty of grid electricity (0.5283 tonne of
CO2 per MWh) was assumed to remain constant frodé #rough 2025.
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Total CO2 emissions were calculated by adding tlaad indirect CO2 emissions. Table
C.3.1 indicates that, as expected, the total @0issions from cement manufacturing in
Mexico are also projected to grow at the sameasateement production.

Table C.3.1. Draft Estimates of CQ Emissions from the Cement Industry in Mexico
(2006-2025)

Total
Combustion Indirect
Total Process Emissions Emissions Total
Emissions (million (million Emissions

(million tonnes tonnes of tonnes of | (million tonnes
Year of CO2) CO2) CO2) of CO2)
2006 15.85 9.80 2.34 27.99
2010 17.69 10.94 2.61 31.25
2015 20.44 12.64 3.01 36.10
2020 23.62 14.61 3.48 41.71
2025 27.28 16.87 4.02 48.18

Source:

(@) CANACEM, http://www.canacem.org.mx/canacem_knghdustria_del_cemento.htm

(b) CEMEX spreadsheet that accompanied CEMEX'srOBsvelopment Mechanism (CDM) Project Description
submission for project #1356

(c) CO2 intensity of grid electricity estimate 2006 submitted by Mexico's cement companies to desivoluntary
GHG Reporting Progran®rograma GEI Mexico

(d) ICF International Calculations

4. Energy and Emissions Intensity

Table C.4.1 presents the estimates of energy arssiems intensity in the Mexican
cement industry. During the period, 2006 throug@2Mowever, as noted above, both
the energy intensity and the fuel mix are assuroedrhain unchanged during the
forecast years.

Table C.4.1 Draft Estimates of Energy and Emissionktensity in the Mexican
Cement Industry (2006-2025)

Direct Energy | Total Energy Direct Total
Intensity (MJ | Intensity (MJ Emission Emission
per tonne of per tonne of Intensity Intensity
cement) cement) (tonne CO2 | (tonne CO2
per tonne of | per tonne of
Year cement) cement)
2006-2025 2,782 3,203 0.677 0.739

Notes:

(1) Total Energy Intensity includes emissions froaicinations (i.e., process-related) and fuel costibn and the
emissions attributable to generation of electricitmsumed in the cement industry.

Source:

[ ——
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(a) CANACEM (official industry group), http://wwwamacem.org.mx/canacem_eng/la_industria_del_cenmémto.
(b) CEMEX spreadsheet that accompanied CEMEX'srOBsvelopment Mechanism (CDM) Project Description
submission for project #1356

(c) CO2 intensity of grid electricity data for 2086bmitted by Mexico's cement companies to Mexieolantary
GHG Reporting Program, Programa GEI Mexico.

(d) ICF International Calculations

5. Changes in Industry Structure

Mexican cement industry has relatively low energgsumption per ton of clinker
produced compared to other regions of the worlt wie exception of Europe and Japan
(IEA 2007)° However, energy and emission intensities per farement produced have
increased in Mexico during recent years. While argénergy intensity can be attributed
to higher than the required proportion of clinkeed in cement production, higher
emission intensity can also be attributed to fuetching to higher carbon petroleum
coke consumption from residual oil and other losatbon fuel consumption. In the
BAU scenario calculations, it is assumed that thed ix as well as clinker to cement
factor will remain constant at the 2006-level tlgh2025. Similarly, the Mexican
electricity sector’s fuel mix and energy intengiyhich together influence the CO2
intensity of purchased electricity in the cemermtag are also assumed to remain
unchanged during the forecast years.

D. Analysis of Potential Mitigation Options
1. Methodology

This section presents the methodology used to karishe marginal abatement cost
curve for the cement industry in Mexico.

a. Analytical Approach to Developing Abatement flypCurves

Once baselines emissions were projected, commigraiailable and emerging
technologies, processes, and other options forcregulGHG emissions within Mexico
were evaluated. These options were examined irstefrtheir costs and GHG emission
reduction potential, as well as the feasibility &md barriers to implementation.

The focus of ICF’s efforts to develop the abatensaimiply curve was on technologies
and measures that could be applied directly to a¢p@duction within Mexico. Thus,
the measures assessed were limited to cementisgeciinology options. For example,
installation of electricity-saving technologiessisamined; however, the option of
constructing a renewable energy power plant (a.gind farm) to reduce emissions at
Mexican plants was not considered.

The GHG emission reduction benefit of any reductemhnology or practice depends on
several factors, including the level of abatemdnataaly in place (e.g., residual emissions
cannot be abated using the same technology), réenstof emissions addressed by the

® “Tracking Industrial Energy Efficiency and CO2 Esions,” International Energy Agency, 2007.

—
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option as a portion of total emissions from therseuthe efficiency of the option, the
adoption of the option by the industry, other opsichat might be in place, and the
option’s impacts on other GHG emissions from th&rse. For each mitigation option
identified, it was necessary to determine:

= the fraction of total source category emissions ¢bald be addressed by the option,
or the option’s applicability, for the most recgetar for which emissions data are
available; and

= the reduction efficiency, or technical effectivenesf the option, defined as the
percent of applicable emissions that can be abated.

The total abatement potential of any particular Géfdssion abatement practice or
technology is calculated as the product of its igppility and its effectiveness. However,
for this analysis it is assumed that each optionusually exclusive, and thus costs are
evaluated assuming that a particular mitigationomptloes not overlap with any other
options. For example, while cement plants couldi@mgnt both energy saving process
changes and use alternative fuels to reduce th®mcantensity of clinker production, the
effect of the interaction of these two optionsos tomplex to model in this analysis.
Table D.1.1 summarizes the key parametric datanthatcollected to characterize each
mitigation option.
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Table D.1.1: Technical and Economic Characteristicef Abatement Options

Characteristics of

Abatement Options Unit Definition

Applicability (A) % Percent of the total emissicinem a particular
emission source (e.g., a cement kiln) to which a
given option can be potentially applied.

Technical Effectiveness (E) % Percent of emisstbascan be abated by a
given option relative to the total emissions to
which this option can be applied.

Abatement Potential (AP) % Percent of emissionsdha be reduced at the
source by a given option (i.e., the product of A
and E).

Option Lifetime (T) Years Average technical lifetnof an option.

Depreciation Period (DP) Years The period over Wiuapital is depreciated.

Lag Time (N) Years The amount of time before anawpis

operational (i.e., no emission reductions,
recurring costs, or revenue are incurred).

Emission Reduction (ER) tGeq. Absolute amount of emissions reduced by an
option (as modeled) in a given year.
ER is estimated for each source by multiplying
the baseline emissions in a selected year by the
abatement potential, AP.

Capital Cost (CC) € Total fixed capital cost ofayatement option.

Recurring Cost (RC) € Annual operating and maimeaacosts
(including reductions in costs resulting from
the option).

Revenue (R) € Revenues generated from abatemeoi opt

activities and savings, such as reduced fuel
costs that are associated with the option.

Following the definition of each option, the ma@iabatement costs in terms of cost per
unit of emissions reduced (i.e., 2006 Euros perimiinne CQ@-equivalent emission
reduction) was calculated. As described above, gatipation option is characterized by
its capital and operation and maintenance cos$$,sawings or revenues, efficiencies and
other parameters. Using these parameters, Equitias used to calculate the net
specific abatement cost or “breakeven” price.

The term breakeven price represents the price ®huogiric ton of carbon dioxide at
which an entity (i.e., plant or manufacturer) wobklfinancially indifferent as to whether
or not to implement an option. At a breakeven pateero, an entity can install a retrofit
or use an alternative gas for an amount exactlglgquhe energy or other savings or
revenues that would be realized. At negative breakerices, entities will implement
mitigation options cost-effectively (i.e., realizet savings) while simultaneously
reducing emissions.

At positive breakeven prices, an entity might aciyisider an option worthwhile if some
external value were “attached” to the emission cédas. This value might be in the
form of tax relief, rebates, or other governmeriex@d incentives, or it might be

—
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associated with emission reductions through théiGgin of regulations limiting
emissions of the gases studied (for example, bgdable allowance market).

Breakeven prices are determined using a discowatsla-flow analysis where the
revenues or cost savings are equal to the costsrélationship is demonstrated in the
equation below. (All prices are in 2006 Euros.)ivas discount rates (i.e., interest rate
or cost of capital) and tax rate scenarios canppéet.

1 CCxTRZ®E( 1 \_ Ryl 1
[(PXxER@-TR)+ R(l—TR)]xt;l(l+ o) =5 ;( o DR)t] =CC+RC( TR);;,[(H DR)J

(Equation 1)

P = the breakeven price of the abatement optia@@EEQ.);
ER = the emissions reduction achieved by the aleteoption (tCGEQ.);
TR = the business tax rate (%);

R = the extra revenue generated by the abatem&ahpp.g., from energy savings,
input savings, or extra cement production (€);

n = the time lag before the abatement option exaonal (years);

t = the project lifetime (years);

DR = the selected discount rate (%);

CC= the one-time capital cost of the abatemenoo€);

DP = the depreciation period (years); and

RC = the recurring (O&M) cost or saving of the opt(€/year).

Assuming that the emission reduction (ER), the maog costs (RC), and the revenue
generated (R) remain constant on an annual bhsis,tis possible to solve for the
breakeven price as indicated below in Equatiord2géed from U.S. EPA (2006) by ICF
International)’. The breakeven price is for implementing the abate technology in a
given year with the cost and other characterigiash as the operating life) as defined in
Table D.1.1 above.

DP T
Pzg_%+ = 1 {CCEJXPTRXZ 1 ;Rt}/ER(l_TR)Z 1 ERt
ERQL-TR Y = 1+DR) & (L+DR)

& (L+DR)'

(Equation 2)

" Adapted from work performed by ICF International USEPA’s recent report entitlélobal Mitigation
of Non-CQ Greenhouse Gas€EPA Report 430-R-06-005).

—
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An abatement supply curve or marginal abatemeritazose relates the cost per
additional (or “marginal”) unit of emission redumtis to the total quantity of reductions.
The abatement supply curve for Mexico’s cementsagas compiled by rank-ordering
individual options by specific abatement costs egped in 2006Euros/tGEq. The
emissions abatement supply curve was created bpgdne mitigation options from
least to most cost, calculating the summation efiticremental emission reductions, and
plotting the cost versus the cumulative reductionderive the abatement supply curve.
The abatement supply curves generated for thiysisare based on the use of
discounted cash flow analysis from the perspeatbe owner/operator of the facility
(i.e., cement manufacturers). Consequently, ouyaiseexcludes government costs for
implementation of Mexican policies.

b. Conversion of Cost Data from International fasties

The cost estimates for technologies applied inahelysis were based on published data
sources and industry experts. Some of these sounw&porate price data from the
United States and other international sources.edtirMexican-specific, cost data was
applied where possible, but if this data was nailable, then international data was used
and converted into 2006 Euros. The conversiongg®mvolved converting data to 2006
Euros, based on European Central Bank (ECB) hamadnndex of consumer prices
data rebased to 2006, available from the ECB (EQ&a). The actual conversion
factors used for this analysis are shown in TableD

Table D.1.2: Harmonized Index of Consumer Prices @nhversion Factors

Year CPI Conversion Factor
2004 0.958
2005 0.978
2006 1.000
2007 1.022
2008 1.049

Source: ECB (2008a)

In addition, some values were converted to USD ftencurrency of the initial cost
estimates, and subsequently to Euros. Exchange uaéal for this analysis are based on
average 2008 daily rates through September. Thes® obtained from the ECB (2008b)
and from the U.S. Federal Reserve (2008) for theedrStates, Brazil, and Mexico. The
conversion factors used for this analysis are shoslow.

Table D.1.3: Exchange Rate Conversion Factors

Currency Average Exchange Rate
2008 USD to Euros 1.52
2008 Real to USD 1.69
2008 Pesos to USD 1052

Sources.ECB (2008b) andU.S. Federal Reserve (2008)
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c. Data Sources and Limitations in Scope of Study

This study relies on publicly available data toreluéerize the mitigation options in terms
of capital and operation and maintenance costabatement potential. ICF obtained
activity data (e.qg., electricity consumed, clinkeoduction) from a variety of sources,
including CDM project documents from Mexican cememinpanies. Where possible,
ICF also obtained Mexico specific data on priceddels, electricity, and transportation
costs. A detailed description of the inputs usethe creation of the marginal abatement
cost curves is provided at the end of this casgystu

Some mitigation options were not evaluated in stugly due to data limitations and the
complexities in modeling the underlying proces3éss analysis also only focuses on
technology options and does not model policy oul&gry initiatives. In addition, this
study does not address life-cycle emissions, sat¢heaemissions associated with
transporting blending agents from their source ¢emment plant.

2. Technologies Evaluated

The mitigation options included in this analysib fiato four main categories including
process changes, alternative fuels, blended cepaardsiln conversions; individual
options are described under each category. TWiislnot exhaustive of all types of €O
mitigation projects; only options that resultedhidecrease in emissions within the
boundary of the plant were considered. Optionsifipally excluded from this analysis
include alternative raw materials, renewable en@rgyects, and waste heat capture
systems.

a. Process Changes

One of the strategies for the mitigation of GHG &s1ans is through the improvement of
energy efficiency by reducing the consumption eteicity. There are various
technologies and measures for reducing electricignsity during the production of
cement, such as opting for more efficient technekgor making optimum use of the
present equipment. The four process changes dgdlt@reduce kWh per ton of cement
produced include high-efficiency grinding technoégg high-efficiency motors,
adjustable speed drives, and high-efficiency dissi

High Efficiency Grinding Technologies

In general, the energy efficiency of ball mills dse finish grinding is relatively low.
Installation of roller presses and roller mills,combination with ball mills can
significantly reduce power consumption at the finisill.

High Efficiency Motors

In a typical plant there are hundreds of electratars of different sizes that are used to
drive fans, rotate the kilns, transport materiafg] propel the grinding of raw material.
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Installing higher efficiency motors will increadeetenergy efficiency of a cement plant
by decreasing the energy required to power indadiguotors.

Adjustable Speed Drives

During the cement production process, the drivesgme a great amount of energy. To
improve the energy efficiency of the drive systanplant must increase the efficiency of
the motors (see above) or reduce energy lossasgihecreased throttling or installation
of adjustable speed drives. Since most motorfixad speed, but often operate at partial
or variable load, adjustable speed drives can aggi@nergy use.

High Efficiency Classifiers

Classifiers (also known as separators) sort anaragpfine particles from the larger
particles; large particles are sent again to tHe 8tandard classifiers may not have a
sophisticated sorting mechanism, sending largesant fine particles back to the mill,
lengthening the grinding process and using extragpan the grinding mill. High
efficiency classifiers reduce over-grinding by moleanly separating the materials. In
addition to providing an energy benefit, high a#fitcy classifiers improve product
quality.

b. Alternative Fuels

Alternative low carbon fuels can be substitutedafqrortion of the fossil fuels used in
cement kilns, thereby reducing direct £gmissions from the planthe reduction of C®
emissions is dependent upon the heat content abhdrcaontent of the alternative fuels
selected. For example: used tires have a heagmioihiat is slightly lower than petroleum
coke, but used tires emit approximately 15% lesstG&n petroleum coke on a per-ton
basis. Therefore, even though the plant will nieelourn more tons of tires than
petroleum coke to obtain the same amount of endingye will be a net C{Oemission
savings. The alternative fuels considered for diniglysis include scrap tires, wood
waste, agricultural residues, dried sewage sluglgstics, used oil, petroleum refinery
waste, and landfill gas.

c. Blended Cements

Blending agents can replace some portion of thkefiin cement, thereby reducing the
guantity of clinker needed to produce a ton of cetmdhe use of blended cements
depends largely on the additives that are avail@sevell as the environmental and other
regulations in force. For this option, ICF assurttedblending materials include coal fly
ash and blast furnace slag. Reducing the clirdeof (percent of clinker in the final
product) through the use of blending agents allth@scement plant to produce more tons
of cement per ton of clinker produced. In otherdgwhen using blending agents, a
plant’s production can increase while clinker prctttun is held constant. Therefore, the
use of coal fly ash and blast furnace slag redtie€Q emissions intensity of a ton of
cement.
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d. Kiln Conversions

One of the most significant ways to improve enegtiiciency in the cement sector is
upgrading to more efficient kilns. Very few (ifygnwet kilns exist in the Mexican
cement sector today, therefore conversion of wetydilns was not considered during
this analysis. There are, however, efficiency iovements available by converting dry
process kilns to preheater/precalciner kilns, aveeoting long dry kilns to % stage
preheater/precalciner kilns that can also provigeificant energy savings.

3. Marginal Abatement Cost Curve and Maximum Emis&eduction Potential

The graphs and tables below present the resul@F$ analysis of the marginal cost of
abating cement sector emissions in Mexico.

Results for 2015 indicate that a maximum of 3.01 MBD2Eq could be reduced if all of
the potential options are adopted.

Marginal Abatement Supply Curve for Mexico in 2015
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Marginal Abatement Supply Curve for Mexico in 2015

Abatement Supply Curve Schedule of Options for Mexi co in 2015 (at a 10% discount rate & 30% tax rate)
Achievable Emission

Emissions Mitigation Option Name Country Reductions Breakeven Cost

(MMTCO2Eq.) Cum. Red.  (2006€ / tCO2EQ.)
Process Change: Motors/Drivers Mexico 0.00 0.00 (€ 57.06)
Blended Cements: Coal Fly Ash Mexico 0.29 0.29 (€57.01)
Blended Cements: Blast Furnace Slag Mexico 0.29 0.59 (€ 56.99)
Process Change: Speed Drives Mexico 0.00 0.59 (€ 36.62)
Process Change: Grinding Technologies Mexico 0.15 0.74 (€ 32.26)
Alternative Fuel Use: Dried Sewage Sludge  Mexico 0.36 1.10 €6.34
Process Change: Classifiers Mexico 0.04 1.13 €11.83
Alternative Fuel Use: Wood Waste Mexico 0.36 1.49 €16.95

—
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Alternative Fuel Use: Agricultural Residues Mexico 0.36 1.85 €20.84
Alternative Fuel Use: Plastics Mexico 0.10 1.95 €34.36
Kiln Conversions: Conversions from Long Mexico 0.69 2.64 €54.47
Dry to 3/4 Stage Dry

Alternative Fuel Use: Scrap Tires Mexico 0.04 2.68 € 60.57
Kiln Conversions: Conversions from Dry to Mexico 0.33 3.01 €63.38

Preheater/Precalciner

The analysis of abatement potential for 2020 isgméed in the following graph and
table. The results indicate that a maximum of 3M8TCO2Eq emissions could be
reduced by Mexico’s cement sector assuming thabvalilable technologies are adopted.

Marginal Abatement Supply Curve for Mexico in 2020
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Marginal Abatement Supply Curve for Mexico in 2020

Abatement Supply Curve Schedule of Options for Mexi  co in 2020 (at a 10% discount rate & 30% tax rate)
Achievable Emission

Emissions Mitigation Option Name Country Reductions Breakeven Cost
(MMTCO2Eq.) Cum. Red.  (2006€ / tCO2EQ.)
Process Change: Motors/Drivers Mexico 0.00 0.00 (€ 57.06)
Blended Cements: Coal Fly Ash Mexico 0.34 0.34 (€57.01)
Blended Cements: Blast Furnace Slag Mexico 0.34 0.68 (€ 56.99)
Process Change: Speed Drives Mexico 0.00 0.68 (€ 36.62)
Process Change: Grinding Technologies Mexico 0.18 0.85 (€ 32.26)
Alternative Fuel Use: Dried Sewage Sludge  Mexico 0.41 1.27 €6.34
Process Change: Classifiers Mexico 0.04 1.31 €11.83
Alternative Fuel Use: Wood Waste Mexico 0.41 1.72 €16.95
Alternative Fuel Use: Agricultural Residues Mexico 0.41 2.14 €20.84
Alternative Fuel Use: Plastics Mexico 0.12 2.25 €34.36
Kiln Conversions: Conversions from Long Mexico 0.80 3.05 €54.47
Dry to 3/4 Stage Dry
Alternative Fuel Use: Scrap Tires Mexico 0.05 3.09 € 60.57
Kiln Conversions: Conversions from Dry to Mexico 0.38 3.48 €63.38

Preheater/Precalciner

[ ——
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4. Barriers to Achieving Maximum Reductions

The analyses presented above have focused ontémipbfor reducing GHG emissions
from the manufacture of cement from purely a techinperspective. The estimated
emission reductions are thus the maximum achieuaider ideal circumstances. In
other words, the analyses were constructed undantplicit assumption that all of the
underlying conditions required for full and sucdakdeployment of the abatement
options are satisfied. In reality, numerous basreuld exist that will limit the overall
applicability of the abatement options describe8aation D.2. The discussion below
identifies four broad categories of barriers toddeption of emission reducing
technologies by the cement sector in Mexico.

a. Input Supply Barriers

Many of the mitigation options analyzed in thisdstinave associated supply issues.
Specifically, there are a number of possible suphpbin barriers related to the

availability of the different types of alternatifigels and the materials that are suitable for
use in blended cement.

Several of the materials that can be used as atteerfuels, such as plastics, sewage
sludge, and wood waste, require uniqgue materialdlivg systems to make them
accessible to the cement industry. That is, egof 6f material needs a system of
collection, initial processing, delivery, and sweahat is tailored specifically for that
material. For example, before sewage sludge carsée as a fuel, it must first be treated
for pathogens, then dried, transported to a mahwfacs facility, and stored in a manner
that prevents re-hydration. With the exceptioprviding on-site storage facilities,
these activities are not likely to be undertakercéynent manufacturers. Preparing and
handling sewage sludge requires expertise and m@umpthat is not available to the
typical cement plant. Likewise, for waste plastic be used as a fuel by cement
manufacturers the materials must first be colle@teh initial users (households and
businesses), sorted to remove materials, suchlggim®d Chloride (PVC), that contain
vinyl chlorine—a known carcinogen—and finally shded to produce a material that can
be fed into a cement kiln. Again the activitiegugment, and expertise needed to
convert waste plastics into a viable fuel souraectonent kilns are quite different from
those that are accessible at the typical cement.plEhese two examples illustrate the
need for upstream materials handling capabilitiesHtities that are most likely not
members of the cement sector.

Another form of supply constraint relates to thealion specific nature of some types of
alternative fuels. For example, used tires aryrealy a cost-effective alternative fuel

in areas where a supply of scrap tires is fourndase proximity to the plants that will

use them. In Mexico, the main region where thigsus is in the north near the U.S.
border. For cement plants in central and espgarakbouthern areas of Mexico, access to
this potential fuel source is much more limited.

—

INTERNATIONAL 25



Sector-based Approaches Case Study: Mexico

In addition to alternative fuel supply chain barsighere are also issues associated with
the quality of cement produced using alternativedfu For example, scrap tires often
contain significant amounts of zinc in the stedtdased in radial tires. If the belts are
not removed during shredding, zinc can be absdogedinker during processing. If too
much zinc is absorbed cement made from zinc comiaed clinker will harden too
quickly and would not be suitable for most uses.

b. Informational Barriers

The cement industry’s adoption of alternative fusld be further stimulated by access
to some basic research into the effects of usitegredtive fuels in the clinker production
process. Determining how various substances fauatternative fuels will ultimately
affect the quality of the final product and/or aantng operations at facilities that adopt
alternative fuels, is a complex process that reguxpert knowledge about the
properties of the materials that comprise altevedtiels. This type of expertise and the
associated research efforts are not readily avaitatthe cement industry. Limited
access to sound information on the impacts ofratére fuels on product quality acts as
a barrier to more widespread use of these substate noted above, using tires as an
energy source brings with it a risk that the clingeoduced will be adversely affected by
the absorption of zinc. What is not clear is tkaot mix of scrap tires and other fuels
that can be used without risking excessive amaofregc in the final product. Research
is needed to understand the conditions under wihreh can be safely used as a substitute
for more traditional fuels.

Likewise, additional information is needed regagdihe use of blending materials in
producing cement. Blast furnace slag and fly astcarrently mixed with clinker to
create blended cements. However, these materelsoh available at cost-effective
prices in many locations. Additional researchasdted to identify other potential
blending materials and to assess the implicatibnsiog these materials for the quality
of the final product.

c. Financial Barriers

There is no evidence suggesting that financialiéa@rare inhibiting adoption of GHG
mitigation options within the cement industry per Mexico has a flexible trade policy
including NAFTA that allows imports from Canada a&hd United States to enter
Mexico duty free. Moreover, all of the major cerheompanies operating in Mexico are
well capitalized and have access to formal creditkets.

Financial barriers might however be an issue afigahe potential supply of alternative
fuels. Many of the activities associated with gatiag a supply of alternative fuels, such
as scrap tires, wood and agricultural waste, sewhgige, etc., are ones that will best be
done by firms other than the major cement produdaryshe extent that it is difficult for
small firms in these supply side industries to wbtanding to purchase equipment

—
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and/or to cover other types of costs, financiatibes will limit the ability of cement
producers to achieve their maximum emission redogiotential.

d. Regulatory Barriers

Most cement plants in Mexico are currently authexstizo use scrap tires and other waste
materials for fuel. However, there are some paaeanvironmental issues associated
with the burning of these materials in cement kilk®r example, cement kiln dust
(CKD), which is a fine matter produced during corstien and transported by the flow
of hot gases within a kiln, can contain a varidtgubstances that are hazardous to
human health. Some examples of materials fou@KiB include arsenic, dioxin,

furans, lead, and chlorine. The concentratioredla#f these substances can be increased
by the use of some types of alternative fuels.mlimmize adverse impacts on human
health, regulations are used to restrict the qtyaotisome alternative fuels that can be
burned in processing clinker. The closer are mastufing facilities to large population
centers, the more likely it is that regulations @ready in place and/or that restrictions
could be tightened or implemented in the future.

E. Public and Private Policy Options

The research conducted for this case study anc#udts of the analyses suggest several
opportunities for public and private sector initras that could stimulate additional or
more rapid adoption of emission abatement optioridexico’s cement industry. The
following briefly describes two types of cooperatefforts that industry and government
could undertake and a public sector option thatcdcba used to support firms that could
supply alternative fuels to the cement industry.

a. Industry-Government Research Partnerships

Public-private partnerships focused on researcttingl specifically to materials available
in Mexico could provide valuable information foretkement industry.

1. Alternative Fuels Research

Many of the materials that are recommended asaltiee fuels for cement kilns have
properties that are well known and materials hawgdtirocedures that are well developed.
Scrap tires, sewage sludge, and wood wastes dugl@ttin this group. Less is known
about other types of materials, such as many fafagricultural wastes. A joint
government-industry research program might helpnote more widespread use of these
materials by providing a better understanding efrtproperties, handling requirements,
and availability.

2. Materials for Producing Blended Cements
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Another potentially fruitful area of research tbatlld be undertaken jointly by the
government and cement manufacturers is identifgimgdy testing possible alternative
substances for use in blended cements. Accegsdslf and blast furnace slag, which
are often used in blended cements, is very limatedl highly location specific in Mexico.
If suitable waste or raw materials can be iderdifthese might allow cement producers
to increase their production of cement with lowents of clinker and thus lower
emissions of C@

In addition, research is needed to improve uporblbeding process so that the clinker
fraction can be decreased without compromisingsthectural integrity of the final
cement product. Joint research efforts by indusstiy government could provide
valuable results in this area that will allow iresed use of blending materials and a
related reduction in emissions associated wittptbeuction of clinker.

b. Government Policies

An area where government support could be espggiedductive is in providing support
to the further development of a system that ensarediable supply of alternative fuels
for use by cement manufacturers. Even if altevediiels cost less than the fuels they
are currently using, cement manufacturers willfimat alternatives more attractive unless
they are assured about the quality of the altereatand reliability of supply. Moreover,
because most of the activities, expertise, andaagmuipment required to supply
alternative fuels for cement production are noselg related to the functions, skills, and
equipment needed to operate the typical cement,plaare is a role for small to medium
sized firms that are not part of the cement ingustbecome alternative fuel suppliers.
A government sponsored support program that hefiadl and medium sized enterprises
get started could be key to encouraging new fimrenter the alternative fuels market
and to encouraging cement manufacturers to contriitistart-up firms to supply
alternative fuels.

Other government policies that could be implememteshcourage emission reductions
by the cement industry include:

1. Establishing a deposit-refund system applicablereolucts purchased in plastic
containers. This would have the effect of incnegshe quantity of scrap plastic
available for use as an alternative fuel.

2. Imposing “tipping fees” at landfills that apply sjfecally to disposal of materials—
e.g., plastics, wood waste, etc.—that can be usadternative fuels.

3. Removing any price distorting policies, such assglibs and concessionary taxes,
that reduce the price of fossil fuel relative teealative fuels.
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F. Observations and Insights

The six manufacturers and 31 plants that comprisgid’s cement industry have
already made significant strides toward maximizngrgy efficiency and thereby
reducing the sector’s carbon footprint. The datdogred for this preliminary assessment
indicate that there are no energy intensive weskilperating in Mexico and that most
plants are already using preheaters and precadcifidre data also indicate that cement
manufacturers are producing blended cements andtheast some plants are using
alternative fuels to fire their kilns.

To some extent, time constraints associated wiieldeing this interim report, have
prevented an exhaustive assessment of emissioanadial opportunities in Mexico’s
cement sector. However, a more important congtaarihe analyses is limited access to
much of the data needed to produce a definitivertegn emissions abatement potential
and related costs. Some critical pieces of in&drom that are needed for such a study
include a variety of types of data that are treaetighly confidential by industry

players because of potential competitive and astitimplications. To further engage the
industry’s participation in assessing the poterital sector-based strategy to be part of
a post-Kyoto international agreement on greenhgasanitigation, it will be necessary
for researchers and analysts to devise mechanmahsill assure industry players that
the information they provide on a plant by plarsibawill be protected and used only for
purposes of providing analyses that are instrudbvessessing and comparing different
approaches to an international sector-based agreeme
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This section presents a cost analysis for achie@i@@ emission reductions through the
implementation of the mitigation options descriladdve. Since each abatement option is
previously described, the remainder of this seagdncused on providing a description

of the economic assumptions for these abatemerangpt All costs reported in this
document are in the units ($, R$, and €) publighedach reference; these costs are
converted into 2006 Euros in the MAC model.

l. Process Changes
a. Cost and Emission Reduction Analysis for Highci&ncy Grinding Technologies

The following describes cost and emission inpuexus derive the final dollars per
tCO,eq for the high efficiency grinding technologiediop, the results of which are
presented in Table 4.

* One-Time Costs. One-time costs associated withallaiobn of high
efficiency grinding technologies are assumed td&b#®0 per ton of cement
capacity, based on an estimate from Worrell andtskgl (2004) and Worrell,
et al, (2008).

* Annual Costs. Operation and maintenance costs ss@nged to be equal to
5% of the one-time cost associated with this teldgy This assumption is
based on the judgment of the ICF cement sector lead

» Cost Savings. Cost savings are associated witHebeease in electricity used
per ton of cement produced. The amount of elettrgaved is multiplied by
the assumed cost of electricity, $1.1429 pesoskpén, based on the sales
statistics provided online by the Mexico Comissieederal de Electridicad
(CFE, 2008).

* Emission Reductions. Emission reductions for tlggam are associated with
the decrease in electricity used per ton of cenpeatluced. According to
Worrell and Galitsky (2004) and Worrelet al, (2008), more efficient
grinding technologies are associated with a redaocbf electricity use of
approximately 25 kWh per ton of cement. Emissi@ductions were
calculated based on the 25 kWh/ton savings, anasanmed carbon dioxide
intensity of electricity of 0.525 tCZMWh (CO, Global Solutions
International, 2007).

b. Cost and Emission Reduction Analysis for Higfidifncy Grinding Technologies

The following describes cost and emission inputsdutd derive the final dollars per
tCO,eq for the high efficiency motors option, the réswaf which are presented in Table
4. Please note that based on comments from Cemexdregaa previous report, the
applicability of this option in Mexico is zero.

* One-Time Costs. One-time costs associated withallaibn of high
efficiency motors are assumed to be $0.20 per farement capacity, based
on an estimate from Worrell and Galitsky (2004) &vidrrell, et al, (2008).
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Annual Costs. Operation and maintenance costs ss@nged to be equal to
5% of the one-time cost associated with this teldgy This assumption is
based on the judgment of the ICF cement sector lead

Cost Savings. Cost savings are associated witdebeease in electricity used
per ton of cement produced. The amount of elettrgaved is multiplied by

the assumed cost of electricity, $1.1429 pesoskipé, based on the sales
statistics provided online by the Mexico Comissieederal de Electridicad
(CFE, 2008).

Emission Reductions. Emission reductions for tlgsom are associated with
the decrease in electricity used per ton of cenpeatluced. According to
Worrell and Galitsky (2004) and Worrelet al, (2008), more efficient

grinding technologies are associated with a redaocbf electricity use of

approximately 3.2 kWh per ton of cement. Emissi@auctions were

calculated based on the 3.2 kWh/ton savings, arasanmed carbon dioxide
intensity of electricity of 0.525 tCAMWh (CO, Global Solutions

International, 2007).

c. Cost and Emission Reduction Analysis for AdjbeSpeed Drives

The following describes cost and emission inputsdusd derive the final dollars per
tCO,eq for the adjustable speed drives option, thelteestiwhich are presented in Table
4. Please note that based on comments from Cemexdregaa previous report, the
applicability of this option in Mexico is zero.

One-Time Costs. One-time costs associated withallaibn of adjustable
speed drives are assumed to be $1.00 per ton afrdezapacity, based on an
estimate from Worrell and Galitsky (2004) and Wtret al, (2008).

Annual Costs. Operation and maintenance costs ssenged to be equal to
5% of the one-time cost associated with this teldgy This assumption is
based on the judgment of the ICF cement sector lead

Cost Savings. Cost savings are associated witbebeease in electricity used
per ton of cement produced. The amount of elettriaved is multiplied by

the assumed cost of electricity, $1.1429 pesoskpén, based on the sales
statistics provided online by the Mexico Comissieederal de Electridicad
(CFE, 2008).

Emission Reductions. Emission reductions for tipsam are associated with
the decrease in electricity used per ton of cenpeatluced. According to
Worrell and Galitsky (2004) and Worrelet al, (2008), more efficient
grinding technologies are associated with a redaocbf electricity use of
approximately 7 kWh per ton of cement. Emissiaturgions were calculated
based on the 7 kWh/ton savings, and an assumedrcdrbxide intensity of
electricity of 0.525 tC@MWh (CO, Global Solutions International, 2007).

d. Cost and Emission Reduction Analysis for Highdi#ncy Classifiers
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The following describes cost and emission inputsdusd derive the final dollars per
tCOyeq for the high efficiency classifiers option, thesults of which are presented in
Table 4.

* One-Time Costs. One-time costs associated withaliabn of adjustable
speed drives are assumed to be $2.00 per ton afrtezapacity, based on an
estimate from Worrell and Galitsky (2004) and Wbyret al.,(2008).

* Annual Costs. Operation and maintenance costs ss@nged to be equal to
5% of the one-time cost associated with this teldgy This assumption is
based on the judgment of the ICF cement sector lead

» Cost Savings. Cost savings are associated witHebeease in electricity used
per ton of cement produced. The amount of elettraved is multiplied by
the assumed cost of electricity, $1.1429 pesoskpén, based on the sales
statistics provided online by the Mexico Comissieederal de Electridicad
(CFE, 2008).

* Emission Reductions. Emission reductions for tlggam are associated with
the decrease in electricity used per ton of cenpeatluced. According to
Worrell and Galitsky (2004) and Worrelet al, (2008), more efficient
grinding technologies are associated with a redacbf electricity use of
approximately 6 kWh per ton of cement. Emissiatugions were calculated
based on the 6 kWh/ton savings, and an assumedrcdibxide intensity of
electricity of 0.525 tC@MWh (CO, Global Solutions International, 2007).

[l. Alternative Fuels

a. Cost and Emission Reduction Analysis for ScriapsT

The following describes cost and emission inputsdutd derive the final dollars per
tCOeq for the scrap tires as an alternative fuel optibe results of which are presented
in Table 4.

* One-Time Costs. In order to use scrap tires faeradtive fuels,
modifications to the cement plant must be made pamchits must be obtained
prior to use. According to Blue Circle Southernn@at (J D Court and
Associates Pty Ltd., 2005) the cost of modifyingement plant for the use of
scrap tires is approximately $4 million. Additidiya another $100,000 is
assumed for expenses related to permits; $50,0@btn the permits, and
$50,000 for initial performance testing. This asption is based on the
judgment of the ICF cement sector lead.

» Annual Costs. Annual costs for using scrap tiealgernative fuels are made
up of maintenance costs, alternative fuel costsg d@ransport costs.
Maintenance costs are assumed to be equal to 5%heofone-time cost
associated with this technology. This assumptsdbased on the judgment of
the ICF cement sector lead. Scrap tires are asstimnedst €15.50 per ton,
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based on the cost of other alternative fuels (Bammass and Renewable
Energy, 2006). It is also assumed that the cemlant pvill incur the cost of
transporting the alternative fuel at an averag@adce of 501.44 kilometers, at
a cost of R$0.12 per ton. The distance traveledased upon a weighted
average for the transport capacity and trip disgtaat blending agents for
blended cements in Mexico (G@lobal Solutions International, 2007). The
cost is based on the cost associated with transgosteel slag in Brazil;
R$35.00 per ton to transport 290 km (Ecoinvest Gar2007).

» Cost Savings. Cost savings from this option are@ated with replacing the
traditional fuel (petroleum coke) with the alteimatfuel. As stated above,
the cost of scrap tires is assumed to be €15.5@perThe cost for petroleum
coke is assumed to be $58 per ton {@Dbbal Solutions International, 2007).

» Emission Reductions. Emission reductions for tugon are associated with
the use of alternative fuels with lower carbon eomtthan traditional fuels.
The carbon content of petroleum coke is assumédxsk t80%, and the carbon
content of scraptires is assumed to be 73% (SGS Climate Change
Programme, 2008). Since the alternative fuel hiasvar carbon content than
the traditional fuel it should produce an emissreduction. However, the
heat content of the fuels is also taken into actosimce in most cases,
additional quantities of the alternative fuel mhstconsumed in order to heat
at the same level as the traditional fuel. The kbeatent for petroleum coke
is assumed to be 7,775 kcal/kg and the heat cofdestrap tires is assumed
to be 7,500 kcal/kg (SGS Climate Change Program2088). Finally, a
replacement rate of 20% is assumed, meaning u@% & the current fuel
could be replaced by scrap tire consumption. @kgumption is based on the
penetration of scrap tire use in the United Statbdere some kilns have
already achieved a 20% replacement rate.

b. Cost and Emission Reduction Analysis for WoodsWa

The following describes cost and emission inputsdusd derive the final dollars per
tCO,eq for the wood waste as an alternative fuel optitve results of which are
presented in Table 4.

* One-Time Costs. In order to use wood waste as l@rnative fuel,
modifications to the cement plant must be madeutioy a materials
handling system and storage area for the alteméati®l supply. According to
a Lafarge Uganda case study (Lafarge, 2008) a la@bds approximately
$1.2 million for a 2000 ton capacity storage andvayer system.

* Annual Costs. Annual costs for using wood wastaraslternative fuel are
made up of maintenance costs, alternative fuelscamtd transport costs.
Maintenance costs are assumed to be equal to 5%eofone-time cost
associated with this technology. This assumptsobaised on the judgment of
the ICF cement sector lead. Wood waste is assumedst €15.50 per ton
(Brazil Biomass and Renewable Energy, 2006). lals assumed that the
cement plant will incur the cost of transporting thlternative fuel at an
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average distance of 501.44 kilometers, at a cosR¥3.12 per ton. The
distance traveled is based upon a weighted avdoaghe transport capacity
and trip distance of blending agents for blendechergs in Mexico (C®
Global Solutions International, 2007). The codiased on the cost associated
with transporting steel slag in Brazil; R$35.00 pen to transport 290 km
(Ecoinvest Carbon, 2007).

Cost Savings. Cost savings from this option are@sated with replacing the
traditional fuel (petroleum coke) with the alteimatfuel. As stated above,
the cost of wood waste is assumed to be €15.50tqer The cost for
petroleum coke is assumed to be $58 per ton,(@bal Solutions
International, 2007).

Emission Reductions. Emission reductions for tigon are associated with
the use of alternative fuels with lower carbon eomtthan traditional fuels.
The carbon content of petroleum coke is assumdakt®0% (SGS Climate
Change Programme, 2008), and the carbon contembad waste is assumed
to be 0%, based on the CSI Protocol (CSI, 2005hceSthe alternative fuel
has a lower carbon content than the traditional fushould produce an
emission reduction. However, the heat contenheffuels is also taken into
account, since in most cases, additional quantitigke alternative fuel must
be consumed in order to heat at the same levékasaditional fuel. The heat
content for petroleum coke is assumed to be 7,7¢/Kg and the heat
content for wood waste is assumed to be 4,000kgéBGS Climate Change
Programme, 2008). Finally, a replacement rate pftai 27% is assumed,
meaning up to 27% of the petroleum coke could lpdaced by alternative
fuels (SGS Climate Change Programme, 2008).

c. Cost and Emission Reduction Analysis for Agtictdl Residues

The following describes cost and emission inputsdusd derive the final dollars per
tCO,eq for the agricultural residues as an alterndtre¢ option, the results of which are
presented in Table 4.

INTERNATIONAL

One-Time Costs. In order to use agricultural nesgdas an alternative fuel,
modifications to the cement plant must be madeutioy a materials
handling system and storage area for the alteméati®l supply. According to
a Lafarge Uganda case study (Lafarge, 2008) a pla@bds approximately
$1.2 million for a 2000 ton capacity storage andvayer system.

Annual Costs. Annual costs for using agricultuedidues as an alternative
fuel are made up of maintenance costs, alterndiigk costs, and transport
costs. Maintenance costs are assumed to be enGé of the one-time cost
associated with this technology. This assumptsobased on the judgment of
the ICF cement sector lead. Agricultural residsi@ssumed to cost €15.50
per ton, based on the price of wood waste (Braohtass and Renewable
Energy, 2006). It is also assumed that the cemlant pvill incur the cost of

transporting the alternative fuel at an averag@adce of 501.44 kilometers, at
a cost of R$0.12 per ton. The distance traveledased upon a weighted
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average for the transport capacity and trip disgtaat blending agents for
blended cements in Mexico (G@lobal Solutions International, 2007). The
cost is based on the cost associated with transgosteel slag in Brazil;
R$35.00 per ton to transport 290 km (Ecoinvest Gar2007).

Cost Savings. Cost savings from this option are@sated with replacing the
traditional fuel (petroleum coke) with the alteimatfuel. As stated above,
the cost of agricultural residue is assumed to &30 per ton. The cost for
petroleum coke is assumed to be $58 per ton,(@bal Solutions

International, 2007).

Emission Reductions. Emission reductions for tigon are associated with
the use of alternative fuels with lower carbon eomtthan traditional fuels.
The carbon content of petroleum coke is assumdakt®0% (SGS Climate
Change Programme, 2008), and the carbon conteagrafultural residue is
assumed to be 0%, based on the CSI Protocol (GHI5)2 Since the
alternative fuel has a lower carbon content thantthditional fuel it should
produce an emission reduction. However, the hesttenit of the fuels is also
taken into account, since in most cases, additignantities of the alternative
fuel must be consumed in order to heat at the $avedas the traditional fuel.
The heat content for petroleum coke is assumedt@,B75 kcal/kg and the
heat content for agricultural residue is assumedeo3,500 kcal/kg (SGS
Climate Change Programme, 2008). Finally, a regrteant rate of up to 27%
is assumed, meaning up to 27% of the petroleum cokéd be replaced by
alternative fuels (SGS Climate Change Programm@30

d. Cost and Emission Reduction Analysis for Driestv&ge Sludge

The following describes cost and emission inputsdusd derive the final dollars per
tCOyeq for the dried sewage sludge as an alternatiecijotion, the results of which are
presented in Table 4.

INTERNATIONAL

One-Time Costs. In order to use dried sewage sladgan alternative fuel,
modifications to the cement plant must be madeutioy a materials

handling system and storage area for the altemati®l supply. According to

Blue Circle Southern Cement (J D Court and Assesidtty Ltd., 2005) the

cost of modifying a cement plant for the use ofpdires is approximately $4
million. It is assumed that modifying a plant tocammodate dried sewage
sludge would be half as expensive as scrap tines,a $2 million capitol cost

is assumed.

Annual Costs. Annual costs for using dried sewslgdge as an alternative
fuel are made up of maintenance costs, alterndiigke costs, and transport
costs. Maintenance costs are assumed to be eg&&b of the one-time cost
associated with this technology. This assumptsdbased on the judgment of
the ICF cement sector lead. Dried sewage sludgssemed to cost €15.50
per ton, based on the price of wood waste (Braohiass and Renewable
Energy, 2006). It is also assumed that the cemlant pvill incur the cost of

transporting the alternative fuel at an averag&adce of 501.44 kilometers, at
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a cost of R$0.12 per ton. The distance traveledased upon a weighted
average for the transport capacity and trip disgtaot blending agents for
blended cements in Mexico (G@lobal Solutions International, 2007). The
cost is based on the cost associated with transgosteel slag in Brazil;
R$35.00 per ton to transport 290 km (Ecoinvest Gar2007).

» Cost Savings. Cost savings from this option are@ated with replacing the
traditional fuel (petroleum coke) with the alteimatfuel. As stated above,
the cost of dried sewage sludge is assumed to B&&per ton. The cost for
petroleum coke is assumed to be $58 per ton,(@bbal Solutions
International, 2007).

» Emission Reductions. Emission reductions for tmgon are associated with
the use of alternative fuels with lower carbon eomtthan traditional fuels.
The carbon content of petroleum coke is assumdikt®0% (SGS Climate
Change Programme, 2008), and the carbon contedriexf sewage sludge is
assumed to be 0%, based on the CSI Protocol (QH5)2 Since the
alternative fuel has a lower carbon content thantthditional fuel it should
produce an emission reduction. However, the hewatieait of the fuels is also
taken into account, since in most cases, additignantities of the alternative
fuel must be consumed in order to heat at the $avedas the traditional fuel.
The heat content for petroleum coke is assumeet@,b75 kcal’kg and the
heat content for dried sewage sludge is assumdx t3,000 kcal/kg (SGS
Climate Change Programme, 2008). Finally, a regvteent rate of up to 27%
is assumed, meaning up to 27% of the petroleum cokél be replaced by
alternative fuels (SGS Climate Change Programm@g0

e. Cost and Emission Reduction Analysis for Plastic

The following describes cost and emission inputsdutd derive the final dollars per
tCO,eq for the plastics as an alternative fuel opttbme, results of which are presented in
Table 4.

* One-Time Costs. In order to use plastic as amrate fuel, modifications
to the cement plant must be made including a nasehandling system and
storage area for the alternative fuel supply. Adow to Blue Circle
Southern Cement (J D Court and Associates Pty [2d05) the cost of
modifying a cement plant for the use of scrap tiesapproximately $4
million. It is assumed that modifying a plant ttcammodate plastic would
be half as expensive as scrap tires, thus a $bmdhpitol cost is assumed.

* Annual Costs. Annual costs for using plastic askernative fuel are made
up of maintenance costs, alternative fuel costsg d@ransport costs.
Maintenance costs are assumed to be equal to 5%heofone-time cost
associated with this technology. This assumptsdbased on the judgment of
the ICF cement sector lead. Plastic is assumeodtb€15.50 per ton, based
on the price of wood waste (Brazil Biomass and Rexide Energy, 2006). It
is also assumed that the cement plant will incer ¢bst of transporting the
alternative fuel at an average distance of 501.ddmieters, at a cost of
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R$0.12 per ton. The distance traveled is based apwaeighted average for
the transport capacity and trip distance of blegdigents for blended cements
in Mexico (CQ Global Solutions International, 2007). The casbased on
the cost associated with transporting steel slaBraril; R$35.00 per ton to
transport 290 km (Ecoinvest Carbon, 2007).

Cost Savings. Cost savings from this option are@sated with replacing the
traditional fuel (petroleum coke) with the alteimatfuel. As stated above,
the cost of plastic is assumed to be €15.50 perTbe cost for petroleum
coke is assumed to be $58 per ton {@bal Solutions International, 2007).

Emission Reductions. Emission reductions for tigon are associated with
the use of alternative fuels with lower carbon eomtthan traditional fuels.
The carbon content of petroleum coke is assumdx t80%, and the carbon
content of plastic is assumed to be 48% (SGS CéinGtange Programme,
2008). Since the alternative fuel has a lower @arlcontent than the
traditional fuel it should produce an emission thn. However, the heat
content of the fuels is also taken into accoumigesiin most cases, additional
guantities of the alternative fuel must be consumeatder to heat at the same
level as the traditional fuel. The heat contemtdetroleum coke is assumed
to be 7,775 kcal/kg and the heat content for dsslage sludge is assumed to
be 5,800 kcallkg (SGS Climate Change Programme@8)200Finally, a
replacement rate of up to 27% is assumed, meanmngou27% of the
petroleum coke could be replaced by alternativésf(®@GS Climate Change
Programme, 2008).

[l Blended Cements

a. Cost and Emission Reduction Analysis for CoglA3h

The following describes cost and emission inputsdutd derive the final dollars per
tCOeq for the coal fly ash blending agent option, tbsults of which are presented in

Table 4.

INTERNATIONAL

One-Time Costs. One-time costs to initiate the petidn of blended cements
include material storage and handling facilities tfee blending agents. It is
assumed that a one-time cost of $1.5 million wil kequired to initiate
blending, based on the average cost reported bye&€éB80Q Global Solutions
International, 2007).

Annual Costs. Annual costs for using coal fly ashaa alternative fuel are
made up of maintenance costs, fly ash costs, amhd t@msport costs.
Maintenance costs are assumed to be equal to 5%heofone-time cost
associated with this technology. This assumptsobased on the judgment of
the ICF cement sector lead. Coal fly ash is asdutbecost $22.50 per ton
based on the range of $15-30 by Woretlal. (2001). It is also assumed that
the cement plant will incur the cost of transpatthe alternative fuel at an
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average distance of 501.44 kilometers, at a cosR¥3.12 per ton. The
distance traveled is based upon a weighted avdoaghe transport capacity
and trip distance of blending agents for blendechergs in Mexico (C®
Global Solutions International, 2007). The codiased on the cost associated
with transporting steel slag in Brazil; R$35.00 pen to transport 290 km
(Ecoinvest Carbon, 2007).

Cost Savings. Cost savings are associated with naredse in cement
production despite a lack of change in clinker picitbn. The baseline

clinker factor for Mexico is assumed to be 82.238¢ $he assumed clinker
factor with blending agents is 72.13%, based onstifgorting spreadsheets
provided by Cemex with their CDM application forehted cements (GO

Global Solutions International., 2007). The lovlee clinker factor, the less
clinker is required per ton of cement. Finallye thale price for one ton of
cement is assumed to be $110 (SNIC, 2008). Thease in tons of cement
produced along with the price per ton of cementised to calculate cost
savings.

Emission Reductions. Emission reductions for tipsam are associated with
the decrease in clinker needed to produce a tooeofent. The specific
emission factor associated with a ton of cememtssumed to be 0.676 tons
COy/ton of blended cement. This is based on the stipgospreadsheets
submitted with CDM project 1356 (GOGlobal Solutions International,
2007). In order to calculate emission reductioteg emission factor is
multiplied by the additional tons of cement prodiicdue to the use of
blending agents.

b. Cost and Emission Reduction Analysis for Blastngce Slag

The following describes cost and emission inputsdutd derive the final dollars per
tCO,eq for the blast furnace slag blending agent optioa results of which are presented
in Table 4.

INTERNATIONAL

One-Time Costs. One-time costs to initiate the petidn of blended cements
include material storage and handling facilities tfte blending agents. It is
assumed that a One-time cost of $1.5 million wi#l kequired to initiate
blending, based on the average cost reported bye&€éB80Q Global Solutions
International, 2007).

Annual Costs. Annual costs for using blast furnslegy as an alternative fuel
are made up of maintenance costs, slag costs, lagdtransport costs.
Maintenance costs are assumed to be equal to 5%heofone-time cost
associated with this technology. This assumptsdbased on the judgment of
the ICF cement sector lead. Blast furnace slagpssimed to cost $22.59 per
ton per ton based on the cost of SICARTSA'’s slagt(Dorske Veritas
Certification, 2007). It is also assumed that tleenent plant will incur the
cost of transporting the alternative fuel at anrage distance of 501.44
kilometers, at a cost of R$0.12 per ton. The distaraveled is based upon a
weighted average for the transport capacity amgl distance of blending
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agents for blended cements in Mexico ¢O@lobal Solutions International,
2007). The cost is based on the cost associatidiransporting steel slag in
Brazil; R$35.00 per ton to transport 290 km (EcestvCarbon, 2007).

Cost Savings. Cost savings are associated with narease in cement
production despite a lack of change in clinker picitbn. The baseline

clinker factor for Mexico is assumed to be 82.2386 the assumed clinker
factor with blending agents is 72.13%, based onstigorting spreadsheets
provided by Cemex with their CDM application forebtled cements (GO

Global Solutions International., 2007). The lowlee clinker factor, the less
clinker is required per ton of cement. Finallye thale price for one ton of
cement is assumed to be $110 (SNIC, 2008). Thease in tons of cement
produced along with the price per ton of cementsed to calculate cost
savings.

Emission Reductions. Emission reductions for tlmsom are associated with
the decrease in clinker needed to produce a tooeofent. The specific
emission factor associated with a ton of cememtssumed to be 0.676 tons
COy/ton of blended cement. This is based on the stipgospreadsheets
submitted with CDM project 1356 (GOGlobal Solutions International,
2007). In order to calculate emission reductiotig emission factor is
multiplied by the additional tons of cement prodiicdue to the use of
blending agents.

IV. Kiln Conversions

a. Cost and Emission Reduction Analysis for ConngrDry Process Kilns to
Preheater/Precalciner Kilns

The following describes cost and emission inputsdusd derive the final dollars per
tCOeq for the converting dry process kilns to prehd@atecalciner kilns option, the
results of which are presented in Table 4.

INTERNATIONAL

One-Time Costs. One-time costs associated witharsion to a dry process
preheater/precalciner kiln is assumed to be $18er@on of cement capacity,
based on an estimate from Worrell and Galitsky 206nhd Worrell,et al,
(2008).

Annual Costs. Operation and maintenance costs ssenged to be equal to
5% of the one-time cost associated with this teldgy This assumption is
based on the judgment of the ICF cement sector lead

Cost Savings. Cost savings are associated with dberease in fuel
consumption per ton of cement produced. The amofinfiuel saved is
multiplied by the assumed cost of the fuel, $58tpar(CQ Global Solutions
International, 2007), to obtain the total savings.
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Emission Reductions. Emission reductions for tlpsom are associated with
the decrease in fuel consumption per ton of clinkeccording to Worrell and

Galitsky (2004) and Worrell, et al, (2008), conversion to a
preheater/precalciner kiln will provide a fuel says of 0.43 GJ/ton of clinker.
For this calculation it is assumed that the killuseng petroleum coke, with a
carbon content of 90%, and a heat content of 7k€&kg (SGS Climate

Change Programme, 2008).

b. Cost and Emission Reduction Analysis for Conmgriong Dry Kilns to % Stage Dry

Kilns

The following describes cost and emission inputsdusd derive the final dollars per
tCO,eq for the converting long dry kilns to % stage kitgs option, the results of which
are presented in Table 4.

INTERNATIONAL

One-Time Costs. One-time costs associated withersion of a long dry kiln
to a % stage dry kiln is assumed to be $34.50 @erof cement capacity,
based on an estimate from Worrell and Galitsky 206nhd Worrell,et al,
(2008).

Annual Costs. Operation and maintenance costs ss@nged to be equal to
5% of the one-time cost associated with this teldgy This assumption is
based on the judgment of the ICF cement sector lead

Cost Savings. Cost savings are associated with dberease in fuel
consumption per ton of cement produced. The amofinfiuel saved is
multiplied by the assumed cost of the fuel, $58tpar(CQ Global Solutions
International, 2007), to obtain the total savings.

Emission Reductions. Emission reductions for tipsam are associated with
the decrease in fuel consumption per ton of clinkeccording to Worrell and

Galitsky (2004) and Worrell, et al, (2008), conversion to a
preheater/precalciner kiln will provide a fuel says of 0.9 GJ/ton of clinker.
For this calculation it is assumed that the killuseng petroleum coke, with a
carbon content of 90%, and a heat content of 7k€&kg (SGS Climate

Change Programme, 2008).
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INTERNATIONAL

Table 4: Characteristics of Mitigation Options Reducing CQ Emissions from the Cement Sector

Technical v Capital Cost Al Annual - PE Price
Abatement Option Effectiveness /PP (%) y (2006 €) Cost Revenue  (2006€/
(%) 2006€ (2006€) tCO.Eq.)

Grinding Technologies 19.8% 2.1% €2,631,578 €136,006 € 1,001,039 (€32.26)
Motors/Drivers 2.5% 0.0% € 130,428 € 6,800 € 128,133 (€ 57.06)
Speed Drives 5.5% 0.0% € 1,304,283 € 34,001 € 280,291 (€ 36.62)
Classifiers 4.8% 2.1% € 986,842 €68,003 € 240,249 €11.83
Scrap Tires 3.3% 3.3% €22,498,887 € 306,420 € 919,853 (€ 60.57)
Wood Waste 27.0% 3.7% €1,315,789  €981,200 € 732,647 €16.95
Agricultural Residues 27.0% 3.7% €713,667 €1,116,167  €659,911 €20.84
Dried Sewage Sludge 27.0% 3.7% €986,842 €607,032  €950,857 (€6.34)
Plastics 7.5% 3.7% €789,473  €718,729 € 890,661 € 34.36
Coal Fly Ash 14.0% 5.8% €652,141 €2,837,704 € 3,852,083 (€57.01)
Dry to Preheater/Precalciner 12.5% 7.3% €12,195,048 €635,827  €714,925 €63.38
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