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Abstract
Carbon dioxide (CO2) embodied in cement is the main source of CO2 emissions associated with
the production of concrete.  Fly ash used directly to replace cement in concrete, provided it can be
done without a negative impact on product performance, reduces the CO2 burden of the concrete
by approximately 1% for each 1% of the cement that is replaced.

Statistics Canada estimates 608,995 tonnes or 14.8% of fly ash production was used in cement
and concrete in 1995.  Of this total, 234,220 tonnes were used as raw material in cement
manufacture and 374,775 tonnes were used in concrete.  This represents, approximately, an 8%
replacement of cement in concrete.

The paper projects to the year 2010 the quantities of fly ash available for use in concrete in
Canada and estimates the potential reduction of CO2 emissions associated with concrete
production in the following scenarios:

• Base case: fly ash continues to replace about 8% of cement in concrete,
• Scenario 1: fly ash replaces 20% of cement in concrete starting in 2000,
• Scenario 2: fly ash replaces 40% of cement in concrete starting in 2000,
• Scenario 3: fly ash replaces 60% of cement  in concrete starting in 2000.

 
 The paper presents the results of these projections, and demonstrates that under Scenario 3, very
substantial CO2 emission reductions, from 283,000 tonnes in 1996 up to 2.8 million tonnes by
year 2000 and almost 3.6 million tonnes by year 2010 could be achieved, contributing
substantially to Canada’s efforts to reduce greenhouse gas emissions under the Kyoto protocol.
 
 Major opportunities for achieving CO2 emission reductions by replacing cement in concrete with
fly ash exist in Quebec, Ontario, Alberta and British Columbia.
 

 Key Words
 concrete, cement replacement, fly ash, supplementary cementing materials, carbon dioxide
emissions, CO2 emissions, greenhouse gas emissions, emissions reduction
 



 George J. Venta, is a registered professional engineer, with over 25 years of experience in applied research and
development with some leading building materials manufacturers and consulting firms in Canada and the U.S.A.
He is a founder and president of VENTA, GLASER & ASSOCIATES, consultants specializing in cement, gypsum and
supplementary cementing materials, their reinforcement and processing, environmental impact, performance and
durability in construction applications.  He is a member of ACI, ASTM and A&WMA, with over 40 publications
and conference presentations.
 

 Objective
 An objective of the work discussed here and reported in more detail in a recent study prepared for
CANMET, was to develop estimates of potential carbon dioxide (CO2) emissions reduction
through increased utilization of fly ash in concrete in Canada (1).  An inventory, on a regional
basis, of fly ash economically accessible to Canadian cement and concrete producers was
prepared.  The inventory includes current tonnages, and a projection to 2010.  An estimate of the
potential replacement of cement by fly ash in Canada, including the effect of widespread use of
CANMET-developed high volume fly ash concrete (displacing 60% of cement with fly ash in bulk
concrete use and in structural applications and concrete pavements where possible) was
developed, and its impact on CO2 emissions reductions estimated.

 Background
 CO2 embodied in cement is the main source of CO2 emissions associated with the production of
concrete.  In the context of achieving a decrease in greenhouse gas emissions and possibly
meeting specific future Canadian emission targets, reduction of the greenhouse gas emissions
associated with concrete production offers a major opportunity, provided this can be done
without affecting the required performance of the concrete.  The major greenhouse gas associated
with concrete production is CO2 embodied in the cement used as a binder in concrete.  Reduction
of the CO2 burden can be achieved by modifying the cement or modifying the concrete.  Over the
past 25 years, the Canadian cement industry has made extensive progress in improving its energy
efficiency and related fuel CO2 emissions (2).
 
 When fly ash is used as a raw mix component in cement manufacturing it does not significantly
reduce the CO2 emissions associated with cement production because the fly ash is pyroprocessed
with the other raw materials.  Fly ash used directly to replace cement in concrete, provided it can
be done without a negative impact on product performance, reduces the CO2 burden of the
concrete by approximately 1% for each 1% of the cement that is replaced.  This paper focuses on
the opportunities arising from the addition of fly ash to concrete.
 
 Modifying the binder in concrete, while retaining or enhancing its performance, can be achieved
by replacing some of the cement with fly ash.  This reduces the CO2 associated with concrete
products.  Concrete usually contains between 10 and 15% cement by weight, and the CO2

embodied in this cement becomes part of the CO2 emissions associated with concrete production.
When fly ash is used to replace cement in concrete there is a decrease of approximately 0.9% in
CO2 emissions per unit of concrete for each  1% of cement that is replaced.  Emissions from
aggregate extraction, transportation and energy used in the concrete plant, being independent of
the amount of cement or fly ash in the mix, do not decrease.



 The extent to which fly ash can and will be used to replace cement depends on:
 

• R & D to assure the performance of the concrete,
• demonstration of the performance of the concrete under field conditions,
• availability of suitable fly ash,
• economics,
• specifications and standards,
• market based incentives.

 
 The total quantities of fly ash that could be used in Canada, and thus the CO2 reduction that could
be achieved, are a function of the levels of replacement of the cement in concrete with fly ash.
CANMET has addressed the technical question of the levels of fly ash that are technically feasible.
As shown, the availability of fly ash, the demand for concrete and the projected reduction of CO2

emissions that could be realized are not in conflict (1).

 Methodology
 Fly ash inventories were developed, based on the production of fly ash from coal-fired electric
power generating stations.  Ash from other industrial or commercial sources was not included.
Canadian data on fly ash production come from published reports, contact with the individual
utilities and the Canadian Electrical Association.  In cases where recent data is not available,
extrapolations are made from earlier reports.  Statistics of fly ash use in the cement and concrete
industry are taken from Statistics Canada sources.  Projections of fly ash production were based
on National Energy Board (NEB) forecasts.  The projection of consumption of cement and
concrete assume that their consumption will grow at the same rate as GDP.
 
 Fly ash inventories available to the Canadian concrete industry include not only ash produced in
Canada, but also ash coming from U.S. power stations close to the border, especially in the areas
served by the Canadian cement industry.  The long term average annual growth rate of GDP is
assumed to be 2.6% (3).  Projections of fly ash production in the U.S. are based on the
assumptions that GDP will grow at an average annual rate of 2.6%, that electric power demand
will grow at the same rate as GDP and that the proportion of electricity generated from coal will
not change.  U.S. fly ash data are taken from the extensive surveys of fly ash production and use
carried out by the American Coal Ash Association and the U.S. Geological Survey (4).
Information on the location and production of fly ash at utilities within economical transportation
range of the Canadian market are taken from the Keystone Coal Industry Manual (5).

 Canadian fly ash production
 Canadian inventories of fly ash and other coal combustion by-products (CCBs) are not readily
available.  At this time, there is no Canadian equivalent of the U.S.-based American Coal Ash
Association (ACAA) that collects this data on an annual basis and promotes the use of CCBs.
Therefore a model for estimating current and future Canadian ash production was developed.
This model is based on:
 

• previous estimates of Canadian CCBs production, (6)
• capacities and actual coal consumption of individual power stations,
• the rank and ash content of coal used.



The last complete year of data in “Statistical Review of Coal in Canada” listed coal consumption
for all the individual power stations in 1994 (7).  For the years 1995 and 1996 only aggregate
figures by province are available.  The total coal consumption for the 25 individual coal-burning
stations was estimated using the 1996 (8) coal consumption data.  We extrapolated 1996
consumption of various grades of coals for the stations on the basis of the 1996 breakdown for
domestic bituminous, sub-bituminous and lignite coals, as well as for import bituminous coals by
province.  Table 1 provides a summary of Canadian coal-fired power stations, their capacities and
coal consumption.  Provincial totals are also given.  Specific information on the coals used by the
individual stations, and their appropriate ash contents were used.  With some exceptions, ash
content of the coals, as reported by the earlier CEA report (6), was used.  It was assumed that
there was no substantial change in the type and source of coal used by the individual utilities.

From these numbers and the coal consumption for the individual stations, total ash production
was estimated.  The breakdown of the total ash to fly ash and bottom ash/boiler slag was
estimated on the basis of the 1983 CEA Report on Coal Ash in Canada (6), assuming that the
ratio would be the same now as it was at that time.  Overall, it appears to be 65% fly ash, 35%
bottom ash/boiler slag.  Extrapolated ash production numbers are shown in Table 1.  Our 1996
estimates are consistent with earlier data.  The estimates reflect increases in consumption in
Alberta and to a lesser degree in Saskatchewan over the past 10 to 15 years, and decreases in
Ontario, as Ontario Hydro relied more and more on nuclear power and less on coal-fired stations.
In summary, the 1983 CEA report estimated the total ash production for 1981 to be 3.668 million
metric t/year.  Their forecast for 1986 was for 5.01 million tonnes /yr.  Our Model as shown in
Table 1 yields 6.29 million tonnes of ash/yr for 1996, out of which 4.19 million tonnes /yr was fly
ash.

U.S. fly ash inventories
The key 1996 U.S. data based on the American Coal Association annual survey (6) areas follows:

Fly ash production 53,959,231 tonnes
Fly ash use 14,758,625 tonnes
Percent used 27.4%
Quantity stored 39,200,606 tonnes
Percent dry or conditioned & compacted 69.6 %
Percent ponded 30.4 %

The 30-year trend in U.S. generation of coal combustion products indicates that a strong growth
period occurred between 1966 and 1976 when the total quantity of fly ash, bottom ash and boiler
slag more than doubled, going from 27.0 to 56.3 million tonnes.  Production of fly ash between
1976 and 1993 was relatively constant averaging about 45 million tonnes per year.  Annual
production in 1994 and 1995 was close to 50 million tonnes.  In 1996 it rose to approximately 54
million tonnes in response to increased economic activity and a greater share of electricity being
generated in coal fired utilities.

It is assumed that the U.S. fly ash most accessible to Canadian concrete producers would be from
the areas near the Canadian cement manufacturers’ export terminals.  This would facilitate back



hauling fly ash along the cement distribution network thus reducing fly ash transportation cost.
Four regions are potential sources of fly ash for use in Canadian markets:

1. States bordering on Lakes Huron, Erie and Ontario which are supplied with cement by
boat from Ontario plants.  This includes Eastern Michigan, Northern Ohio, Northern
Pennsylvania and Northern New York State.

2. North East states including parts of Pennsylvania, New York and Massachusetts that
are supplied by rail from Ontario and Quebec cement plants.

3. Eastern Michigan and the parts of Illinois and Wisconsin close to Lake Michigan.
4. Washington State.

The approach to developing the regional inventories was to identify the cement distribution
terminals owned by Canadian cement producers or their parent companies in each of these
regions.  Using the Keystone Coal Manual (5), quantities of fly ash produced in 1995 within
approximately 100 miles of the relevant cement terminals in the four regions were estimated:

Region accessible to estimated annual fly ash
production [tonnes]

1. States bordering on Lakes Huron,
    Erie and Ontario

Ontario 1,493,600

2. North Eastern States Ontario, Quebec 1,239,600
3. States bordering on Lake Michigan Ontario 694,600
4. Washington State British Columbia 818,100
    Total 4,245,900

Over 4.2 million tonnes of U.S. fly ash are potentially within economical transportation distance
of Canadian markets.  Combined with the Canadian fly ash production, almost 8.5 million tonnes
of fly ash is available to the concrete producers in Canada.

Use of Fly Ash in Canada.
As far as ash utilization is concerned, reliable data is scarce.  Estimates vary from about 12% to
30% (9-11).  Statistics Canada estimates 14.5% of fly ash generated in 1995 was used in cement
and concrete production.

The 1983 CEA report (6) claimed about 32% utilization of ash production in Ontario, 14% in
Alberta and about 6.5% in Saskatchewan.  Ontario Hydro is supplying some fly ash to the
concrete industry only from its northern stations (Thunder Bay, Atikokan).  No fly ash from
Nanticoke, Lambton or Lakeview is used in concrete in Ontario, because of high and variable
carbon content.  However, some Detroit Edison fly ash is imported by the industry and used.
Both fly ash and bottom ash from Lakeview PS (128,000 tonnes and 22,000 tonnes respectively
in 1990) are used in civil engineering applications, as is bottom ash from Lambton PS (24,000
tonnes).  None of the Nanticoke ash (stored wet in lagoons) is used (12).

Statistics Canada’s data is used in this report because they are more consistent than other
estimates.  Statistics Canada reports the use of fly ash in cement and concrete in the following SIC
categories (13):



3521 Hydraulic cement industry
3541 Concrete pipe industry
3542 Structural concrete products industry
3549 Other concrete products industries
3551 Ready-mix concrete industry

The hydraulic cement industry can use fly ash as a raw material.  It is a source of silica, aluminum
and iron that are all needed in the raw mix for cement manufacturing.  Used in this way, the fly
ash does not significantly change the CO2 emissions from the process.  The cement industry can
also use fly ash to replace some of the clinker in the final product, thus  making a blended cement.
Each 1% replacement of clinker with fly ash results in approximately 1% reduction of CO2

emissions associated with the product.  Blended cements, however, are not widely produced in
Canada at present; therefore, it is assumed that all fly ash going to category 3521 is used as raw
material.

Statistics Canada 1995 data on fly ash in SIC categories 3541, 3542, 3549 and 3551 (Table 2)
indicate that of 377,000 tonnes of fly ash is used in concrete; 92% is consumed by the ready
mixed concrete industry, with only small amounts going to the other categories.  The ready-mix
industry is also the largest user of cement, accounting over the last 8 years for an average of 83%
of cement used by the concrete industries.  The trend in fly ash use in the concrete industries since
1988 is shown in Table 3.  Fly ash consumption in concrete has, over this period, ranged from
320,000 to 470,000 tonnes per year with an average of 370,000 tonnes.  The 8-year trend
indicates that the use of fly ash in concrete in 1995 was 17.6% above the 1988 level.

An estimate of the extent of replacement of cement with fly ash can be made by comparing the
relative quantities of cement and fly ash used in the concrete industries.  Using 1995 as an
example, about 10 million tonnes of cement were produced of which 37.8% was exported.  Of
total domestic cement consumption 7.5% was imported, and about 60% was used in the concrete
industries. (Table 4)  Comparing the use of fly ash and cement in the concrete industries and
assuming a 1:1 replacement rate (this rate may not always be technically possible), indicates that
fly ash, in 1995, replaced about 8% of the cement in concrete.

Fly ash utilization projections
We attempted to project to the year 2010 the quantities of fly ash that could be used in concrete
in Canada and to estimate the reduction of CO2 emissions associated with concrete production
under the following scenarios:

• Base case: fly ash continues to replace about 8% of cement in concrete,
• Scenario 1: fly ash replaces 20% of cement  in concrete starting in 2000,
• Scenario 2: fly ash replaces 40% of cement  in concrete starting in 2000,
• Scenario 3: fly ash replaces 60% of cement  in concrete starting in 2000.
 

 In the projections, a base case forecast has been made of domestic cement consumption and
consumption of cement in concrete assuming that 60% of cement production continues to be used



in concrete during the forecast period.  The availability of fly ash from Canadian and relevant U.S.
sources within economical transportation range of Canadian markets is also projected.
 
 The projections are based on the following assumptions:
 

• average annual GDP growth in Canada between 1998 and 2010 is 2.6%,
• demand for cement and thus concrete in Canada grows at the same rate as GDP,
• consumption of coal used to generate electricity follows the NEB projection,
• average annual GDP growth in the U.S. 1998-2010 is 2.5%,
• U.S. demand for electric power grows at the same rate as GDP,
• the U.S. mix of generating capacity and fuel types does not change.

 
 The projections assume linear trends but it must be understood that consumption of cement and
concrete have a strong cyclical pattern coincident with the business cycle.  Each scenario assumes
for simplicity that the increased levels of fly ash replacement occur by 2000 and remain constant
from 2000 to 2010.
 
 Coal consumption, total ash, fly ash and bottom ash/boiler slag volumes for the years 2005 and
2010 were projected based on projections for supply and demand of energy generated by the coal-
fired power stations to the year 2010 (3).  The key assumptions are: similar capacity utilization in
the future as in 1996 and ash contents equal to those in 1996.  Table 5 indicates that Canadian
cement consumption in concrete in the base case would increase to 6.7 million tonnes by 2010,
and fly ash use in concrete would rise to 0.5 million tonnes.  In the high volume fly ash scenario
(Scenario 3), fly ash consumption would reach 4.0 million tonnes.  It should be noted that the fly
ash supply exceeds demand even at such high levels of substitution

 CO2 emissions reduction
 If it assumed that replacement of 1 tonne of cement in concrete with fly ash results in 0.9 tonne
reduction of the CO2 emissions associated with the concrete, then substantial CO2 emission
reductions could be achieved.
 

 Potential CO2 emissions reductions  2000  2010
   Base Case   374,000 t  479,000 t
   Scenario 1   936,000 t  1,198,000 t
   Scenario 2   1,872,000 t  2,396,000 t
   Scenario 3   2,807,000 t  3,594,000 t

 
 Further details of possible emission reductions, depending on the scenario under consideration,
from the current status to year 2010 are shown in Table 6.  Such CO2 emissions reductions would
contribute substantially to Canada’s commitments under the Kyoto agreement and the National
Action Program on Climate Change (NAPCC).

 Fly ash availability & regional demand
 The availability of fly ash for use in concrete should not be a limiting factor as indicated in
Table 7.  This projection assumes that all fly ash could potentially be used.  The projected
available fly ash from Canadian and U.S. sources, in 2010, is 11.8 million tonnes which is



approximately 3 times greater than the fly ash demand in that year in Scenario 3.  Prince Edward
Island, Newfoundland, Quebec and British Columbia do not generate fly ash and would have to
be supplied from neighboring provinces or adjacent U.S. States.  As indicated in Table 8,
adequate supplies of fly ash should be available for these provinces.
 
 The major opportunity areas are Quebec, Ontario, Alberta and British Columbia.  A qualitative
ranking of the opportunity areas can be made on the basis of the size of the provincial economies,
the availability of fly ash and the extent to which fly ash is being used in concrete:
 

• Ontario - approximately 40% of Canadian building construction, but already a
significant level of fly ash use in concrete.

• Quebec - approximately 23% of Canadian building construction, but with a negligible
level of fly ash use in concrete.

• B.C. - approximately 12% of Canadian building construction, but with a negligible
level of fly ash use in concrete.

• Alberta - approximately 10% of Canadian building construction, a significant level of
fly ash use in concrete and with a large supply of fly ash.

 Potential market impact
 No major impact of increased fly ash use on cement and fly ash prices is anticipated.  Prices will
probably not undergo major changes in constant dollar terms.  Cement prices in Canada are set by
market forces.  Because cement is a high bulk, relatively low value material, distribution costs
result in the market being regional.  The price of cement in a region is a function of the domestic
supply/demand balance in that region and the availability of imported product.  Competition for
market share between companies is based on product quality and customer service.
 
 Cement value has been relatively stable over the last eight years, averaging about $104 per metric
ton.  Fly ash suitable for use as a supplementary cementing material is sold to the concrete
industries at a value ranging between $49 and $67 per metric ton depending on the application,
roughly 50% of that of cement. It is projected that increased use of fly ash, even under the
conditions of Scenario 3, will not result in a major change in the relationship between fly ash and
cement nor in a major change in the value of cement. This projection is based on the following
rationale:
 

• cement prices will not fall because of production and distribution costs and the fact
that dropping prices would not increase demand,

• fly ash is a by-product and supply is considerably greater than demand even in
Scenario 3, thus using larger amounts should not exert much upward pressure on
prices,

• fly ash prices will remain below cement unless it is demonstrated and accepted that
using it to replace cement produces a superior product or reduces construction costs,

• beyond a certain point fly ash cannot be substituted for cement.

 Conclusions and Recommendations.
 Substantial CO2 emission reductions, up to 2.8 million tonnes by the year 2000 and almost 3.6
million tonnes by year 2010 could be achieved, contributing substantially to Canada’s efforts to
reduce greenhouse gas emissions under the Kyoto protocol.
 



 Given that there is sufficient fly ash to support a considerably greater level of replacement of
cement in concrete and that the technology is available to ensure product performance at higher
levels of replacement, the factors which have resulted in a slow penetration of fly ash into the
cement market appear to be:
 

• market resistance,
• lack of awareness of the technology,
• lack of acceptance of the technology,
• concern about technical risk and liability.

 
 If these are accepted as the dominant factors, then the route to achieving more rapid penetration
of fly ash is by further publicizing and demonstrating the technology, particularly to those who are
not convinced of its merits and by responding to their technical concerns.  The following actions
are proposed:
 

• develop specific targets for the penetration of fly ash in the concrete market,
• identify and support selected demonstration projects,
• increase awareness of the merits of the technology,
• evaluate and implement ways of creating “market pull” for the technology,
• conduct environmental life cycle assessments of concrete containing fly ash,
• evaluate the merits and disadvantages of a regulatory requirement that plans for new

concrete highways evaluate the use of fly as a component of the concrete mix.

References
1.  M. Nisbet, G.J. Venta, “Opportunities for Increased Use of Fly Ash in Cement and Concrete

in Canada - A Study of Fly Ash Inventories Accessible to Canadian Cement and Concrete
Producers”, report prepared for CANMET / NRCAN, July 1998.

2.  G.J. Venta, E.E. Berry, “Action Plan on Climate Change”, draft prepared for Environment
Committee , Canadian Cement Council, July 1996.

3.  “Canadian Energy - Supply and Demand 1993-2010”, National Energy Board, 12/1994.
4.  Annual Survey of CCP production and Use, American Coal Ash Assoc., Silver Spring MD,

1993 & U.S. Geological Survey, Coal Combustion Products, Washington DC, 1997.
5.  Keystone Coal Industry Manual, Maclean Hunter Publishing Co., Chicago IL, 1994.
6.  E.E. Berry, R.T. Hemmings, J.S. Burns, “Coal Ash in Canada: Volume 1- Ash as a Potential

Resource,” CEA report G 195, 3/1983.
7.  Statistical Review of Coal in Canada, 1994, NRCAN 1995.
8.  Statistical Review of Coal in Canada, 1996, NRCAN 1996.
9.  O.E. Manz, Proceedings of the 10th International Ash Use Symposium, ACAA/EPRI, 1/93.
10.  L.B. Clarke, “Applications for Coal-Use Residues”, IEACR/50, London, UK, 11/92.
11.  O.E. Manz, “Worldwide Production of Coal Ash and Utilization in Concrete and Other

Products”, Fuel 1997, Volume 76, Number 8.
12.  J. Emery, “Mineral Aggregate Conservation, Reuse and Recycling”, report for the OMNR,

2/92.
13.  Statistics Canada Catalogue No. 44-250-XPB, 1995.
14.  U.S. Cement Industry Fact Sheet 15th ed., Portland Cement Association, Skokie IL, 1996.



Table 1:   Canadian coal-fired power stations, coal consumption & ash production (1996)
Utility / Station Capacity Coal Consumption Ash Content Ash Production

bitumin. sub-
bitumin.

lignite import
bitumin.

total
coal

total
ash

fly
ash

bottom
ash

MW 000 t 000 t 000 t 000 t 000 t % 000 t 000 t 000 t
NS Power Inc.
Trenton 310 737 737 13.8 102 81 20
Seaboard 90 23 23 13.8 3 3 1
Point Anconi 165 308 308 13.8 43 34 9
Point Tupper 150 335 335 13.8 46 37 9
Lingan 572 1461 1461 13.8 202 161 40

Total Nova Scotia 1287 2864 2864 395 316 79
NB Power Corp.
Grand Lake 82 86 47 133 22.5; 9.1 24 19 5
Dalhousie 286 224 122 346 22.5; 9.1 62 49 12
Belledune 440 891 891 9.1 81 65 16
Total New Brunswick 808 310 1060 1370 166 133 33

Ontario Hydro
Thunder Bay 310 728 728 12 87 70 17
Nanticoke 3900 874 33 3085 3992 11.5; 15; 9.5 399 339 60
Lakeview 1148 84 3 298 386 11.5; 15; 9.5 39 31 8
Lambton 1940 326 12 1151 1489 11.5; 15; 9.5 149 104 45
Atikokan 215 388 388 12 47 38 9

Total Ontario 7513 1284 49 1116 4534 6983 720 581 139
Manitoba Hydro
Selkirk 132 24 10 34 12; 9.5 4 3 1
Brandon 237 100 42 142 12; 9.5 16 13 3

Total Manitoba 369 124 52 176 20 16 4
SaskPower
Boundary Lk. 833 4321 4321 7.1 307 101 206
Poplar River 564 3760 3760 12.8 481 289 193
Shand 280 1638 1638 9.6 157 110 47

Total Saskatchewan 1677 9719 9719 945 500 445
TransAlta
Wabamum 548 50 2937 2987 15 448 314 134
Sundance 1991 156 9210 9366 15 1405 983 421
Keephills 766 58 3448 3506 15 526 368 158
Alberta Power
Battle River 722 61 3626 3687 11.9 439 263 176
Milner 145 12 681 693 55 381 305 76
TransAlta/Alta Power
Sheerness 760 63 3696 3759 16.3 613 245 368
Edmonton Power
Genesee 772 30 1766 1796 12.8 230 161 69

Total Alberta 5704 430 25364 25794 4041 2639 1402
Total Canada 17358 4888 25413 10959 5646 46906 6287 4185 2102



Table 2: Use of Fly Ash in Concrete in Canada (1995)

SIC Description Fly ash use
[tonnes]

Percent of total
use in concrete

3541 Concrete pipe 3230 0.86
3542 Structural concrete products 16446 4.39
3549 Other concrete products 10380 2.77
3551 Ready-mix concrete 344719 91.98

Total 376777 100.00

Table 3: Trend in Fly Ash Use in Concrete Industries [tonnes]

Cement Pipe Structural Other Ready-
mixed

Total
concrete

Total
cement

SIC
Year

3521 3541 3542 3549 3551 &
concrete

1988 26332 5051 158122 318914 318914
1989 23335 7321 225224 424535 424535
1990 11409 252281 470312 470312
1991
1992 4761 13022 230623 384008 384008
1993 5568 15003 212883 323749 323749
1994 196840 4560 12381 11396 277787 306124 502964
1995 234220 3230 16446 10380 344719 376775 608995

Table 4: Canadian cement consumption, cement consumption in concrete,
and fly ash use in cement and concrete [000 tonnes]

1996 1995 1994 1993 1992 1991 1990 1989 1988

Cement production 11050 10440 10584 9394 8598 9372 11745 12591 12350
Cement imports 575 546 501 486 518 555 650 579 949
Cement exports 3954 3360 3256 3532 2836 2682 2734 2391 3461
Domestic consumption 7671 7626 7829 6348 6280 7245 9661 10779 9838
Cement used in concrete n/a 4595 4718 4457 4584 5388 n/a 5757 5549
% cement used in concrete n/a 58.7 60.3 70.2 73.0 74.4 n/a 53.4 56.4

Fly ash used in concrete n/a 375 306 324 384 n/a 470 242 319
Fly ash used in cement n/a 234 197 n/a n/a n/a n/a n/a n/a
Total fly ash used in c&c n/a 609 503 324 384 n/a 470 242 319
% fly ash in concrete n/a 8.2 6.5 7.3 8.4 n/a n/a 4.2 5.7



Table 5: Projected consumption of fly ash [000 tonnes]

1995 1996 2000 2005 2010

Domestic cement consumption 7626 6418 8628 9762 11045
Consumption of cement in concrete 4595 3866 5199 5882 6655
Fly ash supply n/a 4185 4329 4724 5558
Fly ash consumption
                      Base Case 375 315 416 471 532
                      Scenario  1 375 315 1040 1176 1331
                      Scenario  2 375 315 2080 2353 2662
                      Scenario  3 375 315 3119 3259 3993

Table 6: Projected reduction of CO2 emissions [000 tonnes]

1995 1996 2000 2005 2010
Base Case 338 283 374 424 479
Scenario   1 338 283 936 1059 1198
Scenario   2 338 283 1872 2118 2396
Scenario   3 338 283 2807 3176 3594

Table 7: Projected availability of fly ash [000 tonnes]

1995 1996 2000 2005 2010

Canadian Sources n/a 4185 4326 4724 5558
Accessible U.S. Sources 4246 4360 4827 5488 6240
Total 8545 9153 10212 11798

Table 8: Provincial cement consumption and fly ash availability [000 tonnes]

Province Cement used in
concrete*

Available
Canadian fly ash*

Available U.S.
fly ash**

Total available
fly ash

PEI 15
Newfoundland 58
Nova Scotia 104 316 316
New Brunswick 81 133 133
Quebec 893 1240 1240
Ontario 1539 581 2189 2770
Manitoba 116 16 16
Saskatchewan 116 500 500
Alberta 375 2639 2639
British Columbia 564 818 818
notes: *   1996 data;  ** 1994 data


