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L’un des principaux éléments sur lequel s’appuie la récente politique gouvernementale en matière de gaz à
effets de serre (GES) est la réduction de l’intensité des émissions de GES. Dans cet article, nous examinons
ce projet à la lumière des tendances observées entre 1990 et 2002, et en décomposant les variations d’intensité,
grâce à un indice chaîne de Divisia, en effets de composition et en effets techniques. Nos résultats montrent
que cette politique obligerait l’industrie à changer ses façons de faire, puisqu’elle devrait effectuer des
réductions d’intensité comme jamais auparavant. Notre analyse suggère également qu’il serait difficile
d’atteindre ces objectifs uniquement grâce à des progrès technologiques.

Mots clés : intensité des émissions de gaz à effets de serre, indice chaîne de Divisia, protocole de Kyoto

A central pillar of the Canadian government’s recent greenhouse gas plan is to decrease the greenhouse gas
intensity of production. We consider the proposal in light of historical trends between 1990 and 2002 by
decomposing the change in emission intensities into composition and technique effects using a divisia index
approach. Our results demonstrate that the proposed policy would push businesses into reductions in emission
intensities that they have not previously accomplished. It would not be business as usual. Our analysis also
suggests that achieving these targets by technological improvements alone may be quite difficult.

Keywords: greenhouse gas intensity, divisia index, Kyoto Protocol

INTRODUCTION

In its Regulatory Framework for Air Emissions,
the Government of Canada (2007) has laid out a

plan to reduce greenhouse gas (GHG) emissions in
a number of pollution-intensive industrial sectors,
in addition to reducing transportation and residen-

tial emissions. It has chosen to target reductions in
GHG emission intensity rather than impose an ex-
plicit limit or cap on total emissions. Specifically,
the legislation would require targeted facilities to
reduce their GHG emissions per unit of production
by 18 percent in 2010 from their 2006 levels. A fur-
ther 2 percent cut would occur in each subsequent
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year. The policy explicitly focuses on improving the
techniques of production. Though firms’ emissions
are permitted to grow as output grows, the intention
of the policy is that efficiency gains will eventually
outweigh output growth and, thus, decrease total
emissions.

An important question is whether the current pro-
posal is feasible. This depends in part on whether it
marks a significant change from historical trends.
Herzog, Baumert, and Pershing (2006, 16) point out
that a similar proposal in the United States to re-
duce their GHG intensities by 18 percent did not
“represent a stringent policy with respect to histori-
cal trends in either total emissions or emission
intensities.” Rather, that policy more or less enforced
historical trends and so did not constitute a break
from business as usual. We ask whether the current
Canadian proposal is any different. To this end we
document the changes in emission intensity that have
taken place in Canada using publicly available data
from 1990 to 2002. We then compare the historical
performance relative to targeted performance. Our
objective is not to assess directly the government’s
objective or its regulatory approach. Rather, we wish
to evaluate the proposed reductions in intensity to
see how significant they are in terms of achieving
real reductions from business as usual. Since the
proposal focuses on technological gains, we also
want to analyze whether the targeted sectors are
likely capable of achieving these targets with im-
provements in techniques alone.

To answer these questions we first decompose
trends in GHG intensities into those that can be at-
tributed to changing industry structure (a
composition effect) and those that can be attributed
to changing techniques of production (a technique
effect). The proposed policy, however, gives credit
only for emission reductions that arise from changes
in the techniques of production. These technologi-
cal changes entail investments in energy efficiency,
investments in carbon capture, fuel switching, and
changes in the way in which firms produce their

output. The proposal is explicit in that it does not
give carbon credits as a result of reductions in out-
put driven by economic events or for moving
production off shore. Hence changes in the compo-
sition of industry structure, though such changes
may contribute to diminishing emission intensity
overall, cannot be used by regulated facilities to meet
their own emission intensity targets. Since a primary
driver of GHG emissions is combustion of fossil
fuels, we also look at the historical trends in energy
intensity. We then compare the historical record
against the proposed targets to assess whether the
proposal constitutes real change.

As a point of comparison, we also look at the
experience of the United Kingdom over the same
period for a selection of comparable industrial sec-
tors.1  The comparison is informative as both Canada
and the UK have experienced very similar overall
real economic growth, and yet GHG intensity for the
target industries in Canada fell by only 8 percent be-
tween 1990 and 2002 compared with about 18 percent
in the UK. To the extent that the UK has taken its Kyoto
commitments more seriously than Canada, we look
briefly at how the UK may have managed this.

Our results suggest that the proposed policy is
not business as usual. It would push Canadian busi-
nesses into emission reductions at a pace that they
have not previously accomplished. In fact, the data
show that both Canadian and UK businesses have
had only limited success in reducing GHG emissions
through improvements in their production processes
alone. Energy intensity in the targeted sectors has
worsened over time. Most of the observed decreases
in GHG intensity, rather, can be attributed to
changing the composition of production. In the UK,
reductions in emission intensities also appear to be
driven by fuel switching from coal to natural gas.
The ability to reduce GHG emissions by fuel switch-
ing is more limited in Canada as we do not rely
heavily on coal as an energy source. We leave open
the question whether the proposed legislation
provides sufficient incentives for targeted facilities
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to initiate the required technological improvements
to achieve significant reductions in emissions.

The remainder of the paper is structured as fol-
lows: We provide some background on the proposed
Canadian policy and compare Canada’s performance
relative to other Annex 1 countries, discuss the
divisia index decomposition approach and data
sources, present results for Canada and the UK,
analyze some simple policy scenarios to assess how
close the proposal might come to achieving Kyoto
targets, and offer concluding remarks.

BACKGROUND

Canada, when it ratified the Kyoto Protocol in 2002,
committed to reduce its total GHG emissions by 6
percent over the period 2008 to 2012 from 1990
levels. We are far from achieving that target. Table
1 compares Canada’s performance in reducing GHG
overall and in our industrial sectors to that of other
Annex 1 countries. Emission data cover 1990 to
2003 and come from the United Nations Framework
Convention on Climate Change (UNFCC). As of
2003, total GHG emissions from all sources in
Canada had risen 25 percent above 1990 levels
(UNFCC 1990–2003). Despite the fact that few
countries have achieved significant reductions in
GHG emissions, Canada’s lack of progress has been
a source of disappointment to some.

We can also compare Canada to the other coun-
tries in terms of emissions per unit of gross domestic
product (GDP). Output is measured in constant
(2000) $US and comes from the World Development
Indicators (World Bank 2009). Canada’s emission
intensity of 0.97 kilotonnes per million dollars of
output is almost twice the average for the group,
but it did fall by 17 percent over the period.

The same emissions pattern emerges in the in-
dustrial sectors, which include only manufacturing,
energy extraction, and energy production. GHG

emissions include by-product or fugitive emissions
from industrial processes and emissions from fuels
combusted by the fuel extraction and energy-
producing industries. The data do not include
changes in emissions from land use, land-use
changes, and forestry. Between 1990 and 2003, GHG
emissions from the industry and energy sectors in
Canada rose 31 percent, faster than emissions in the
economy as a whole. GHG intensity was 1.25 kt per
million dollars of output in 1990, which is higher
than the average for the group but certainly not the
highest in the sample. By 2003, industrial GHG
intensities had fallen by only 4 percent in Canada. This
rate of decrease in intensities is about average for the
sample countries with about half the countries reduc-
ing emission intensities faster than Canada. Note that
for virtually all countries, the decrease in emission
intensities in the industrial sector was much smaller
than in the economy as a whole, suggesting that re-
ductions in industrial emissions may be harder to
achieve than reductions in other areas.

The Canadian government, in response to the lack
of progress in reducing GHG emissions, has pro-
posed a new policy laid out in its Regulatory
Framework for Air Emissions (Government of
Canada 2007). One of the main elements is to tar-
get a select number of GHG-intensive industries.
The policy target is an 18 percent reduction in GHG
intensities (emissions per unit of output) from 2006
levels by 2010 with a further 2 percent cut in each
subsequent year. The industrial regulations will cover
facilities in the following sectors, which account for
about half of Canada’s GHG emissions from indus-
trial sources (Government of Canada 2007, 7):

• electricity generation produced by combustion;

• oil and gas (including upstream oil and gas,
downstream petroleum, oil sands, and natural gas
pipelines);

• forest products (including pulp and paper and
wood products);
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• smelting and refining (including aluminum,
alumina, and base metal smelting);

• iron and steel;

• some mining; and

• cement, lime, and chemicals (including fertilizers).

As the firms to be regulated share many common
characteristics, the aim is to encourage coordina-
tion and synergies between firms to make
cost-effective reductions. If in-house reductions
(such as energy efficiency measures, improved en-
ergy management systems, or investments in carbon
capture and storage or other emission-reducing tech-
nologies) cannot be cost-effectively undertaken, then
firms will have access to other credit avenues. They
can contribute to a technology fund (at $15 per tonne
of CO2 equivalent), engage in domestic emissions
trading, create offsets, or trade emissions and buy
credits under the Kyoto Protocol’s Clean Development
Mechanism. These options allow individual plants to
raise their actual GHG intensity as long as offsets lead
to an overall reduction in worldwide emissions.

The Government of Canada is not the only one
to take an intensity approach. The United Kingdom,
United States, and Argentina have also proposed
regulations to limit emission intensities (see Herzog,
Baumert, and Pershing 2006 for a review). The Bush
plan called for an 18 percent reduction in GHG
intensities from 2002 to 2012. Similarly, Alberta’s
Climate Change and Emissions Management
Amendment Act compels companies that emit more
than 100,000 tonnes of greenhouse gases a year to
reduce their emissions intensity by 12 percent start-
ing 1 July 2007 (Legislative Assembly of Alberta
2007). The targeted firms contribute about 70 per-
cent of Alberta’s industrial emissions. In fact, many
of the features in the Alberta legislation have paral-
lels in the federal proposal.

Implementing intensity targets presents some
challenges and tradeoffs. The intensity approach is

not equivalent to a cap-and-trade system or to emis-
sion taxes and may not be the most efficient
regulatory approach. For instance, Helfand (1991)
showed that intensity targets are not the least cost
approach to regulating pollution. Firms facing in-
tensity targets may tend to “dilute” emissions by
raising production above the levels for cap-and-trade
firms. This dilution forces regulators to impose
stricter intensity targets than would arise under a
cap-and-trade system alone, and so firms need to
abate more to achieve the same target. On the other
hand, Montero (2002) and Bruneau (2004) show that
innovation in, and adoption of, new technologies
may be stronger under intensity targets. The idea is
that improved technologies lower the costs of com-
plying with existing regulations, allowing firms to
raise output without necessarily raising emissions.
This output-promoting effect can be stronger under
emission intensity targets than under, say, a cap-and-
trade system. As Bruneau shows, improvements in
technology can raise total emissions even as
intensities fall. The challenge for governments
choosing the intensity approach is to ensure that
intensity targets fall quickly enough to limit total
emissions over time.

Another challenge, recognized in the proposal
and central to its implementation, is that firms will
not be given credit for shutting down production if
this is done for economic reasons or if they move
production out of Canada (Government of Canada
2007, 10). Credits can be earned only through
cleaner production. This restriction discourages
leakage of emissions to non-Kyoto signatories and
corrects a weakness inherent to emissions taxes and
cap-and-trade systems.

Another challenge with the intensity approach,
not fully laid out in the framework, is how to
measure output: by value or by quantity? For in-
stance, a fall in output prices, holding production
constant, would raise emission intensities even
though there are no changes in real activity and in
actual emissions. On the flip side, rising prices
would dilute emissions, making targets easier to

CPPv35n1p1 3/5/09, 12:02 PM5
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meet. In single-output plants, price changes are
easily accommodated by measuring output in volu-
metric terms (tonnes of steel, cubic metres of
chemicals, etc.). However, as most plants produce
multiple outputs, measuring real output requires ag-
gregating production into a common dollar value.
This requires plant-specific price deflators. Failure
to account for relative price changes could allow
firms to shift production to less emission-intensive
product lines thereby reducing average intensity
without altering actual production processes.

DECOMPOSING INTENSITY CHANGES:
METHODOLOGY AND DATA

Differences in GHG intensities and their decreases,
as documented in Table 1, can be attributed to two
primary effects (Cole and Elliott 2003; Cole, Elliott,
and Shimamoto 2005; Copeland and Taylor 2003;
Grossman and Krueger 1995). The first component
is the composition of economic activity within the
economy. Different activities use energy in differ-
ing intensities and emit GHG at different rates. For
instance, GHG emissions per dollar of pesticide,
fertilizer, and other agricultural chemical manufac-
turing are over 200 times more than that of
household appliance manufacturing (Statistics
Canada 1990–2002, Tables 153-0034 and 379-
0017). Over time, the composition of production can
shift due to exogenous demand factors or to changes
in environmental policies. All things equal, stricter
GHG regulations will tend to hurt GHG-intensive
industries more and so shift productive resources to
less GHG-intensive industries. This internal shift can
be pushed further by the forces of comparative ad-
vantage in trade (for a discussion, see Cole and
Elliott 2003; Copeland and Taylor 2003). The pro-
posed regulatory framework recognizes this effect
by allowing emissions to rise within expanding in-
dustries while denying credit to contracting
industries.

The second component, and the focus of the pro-
posed regulation, is the technique used in

production. Technique is measured as the emission
intensity of production after accounting for changes
in composition. Enterprises can alter their tech-
niques of production in two primary ways. First, they
can focus on energy, since reductions in energy use
contribute directly to reductions in GHG emissions.
For example, plants can turn to more energy-
efficient processes or invest in more energy-efficient
capital. They can also switch their energy sources
from high GHG fuels, like coal, to lower GHG fu-
els,  l ike natural gas2  or renewable energies.
Electricity producers have the greatest scope for
switching since one-third of the energy used in elec-
tricity production comes from coal (Natural
Resources Canada 2006b). Second, plants can also
alter production processes that directly contribute
to GHGs or abate emissions.3  For instance,
Timilsina, Naini, and Walden (2006, 40) report that
14 percent of Alberta’s total GHG emissions in 2003
came from fugitive emissions in the production,
processing, transmission, storage, and delivery of
oil and gas. For Canada as a whole in 2004, 73 per-
cent of total GHG emissions in industry came from
combustion of fossil fuels and another 9 percent
from fugitive emissions (Natural Resources Canada
2006a). The remaining 18 percent of industrial GHG
emissions came from processing.

How quickly firms alter techniques of produc-
tion depends on the strength of the incentives facing
plants and the ease with which they can alter be-
haviour, processes, and capital stocks. However,
whether the proposed binding targets provide a
strong enough incentive for firms to engage in
process innovation is uncertain. The business re-
sponse depends in part upon whether the proposed
policy significantly strengthens current incentives
to improve energy efficiency. If the proposal is strin-
gent, then plants may want to innovate at a faster
pace. If the proposal is weak, then plants can take a
more business-as-usual approach.

To identify how much of the observed recent
changes in emission intensity can be attributed to
changes in techniques, we use the divisia index

CPPv35n1p1 3/5/09, 12:02 PM6
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methodology described in Cole, Elliott ,  and
Shimamoto (2005, 62-3) to decompose the changes
in GHG intensity into a sectoral intensity effect and
a sector mix effect.

Let Et
k  be the total emissions from sector k and

Yt
k  be its output at time t. The sectoral emission

intensity within sector k is denoted I E Yt
k

t
k

t
k= /

and the sectoral share of total production is denoted

S Y Yt
k

t
k

t= /  where Y Yt t
k

k
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=
=

∑
1

 is total industry
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Hence aggregate emission intensity is influenced
by changes in the sectoral emission intensity and
changes in product mix. Following Choi and Ang
(2003), the two effects can be separated using equa-
tion (2):
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where L is the log-mean function
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−  if a  b , L(a,b) = a if a = b.

The left-hand side of equation (2) gives us the
relative change in average intensities between time
t and time zero for the sectors under analysis. The
first part on the right-hand side is the relative change
in intensities attributed to changing sectoral
intensities, which captures changes in production
techniques that alter the GHG emissions in indi-
vidual sectors. The sectoral intensity effect is a

weighted average of these sectoral intensity changes
using sectoral shares of production as weights. For
instance, GHG intensity increased by 22 percent in
the electric power generation sector but fell by 41
percent in the pulp and paper sector (see Table 2).
Since the electric power generation sector is about
three times larger than pulp and paper, the average
sectoral intensity rises.

The second part on the right-hand side of equa-
tion (2) is the relative change in intensities attributed
to changes in the relative size of sectors. It captures
changes in the composition of industrial structure
that, holding sectoral intensities constant, alter
average intensities. The sector mix effect is a
weighted average of sectoral share changes using
sectoral intensities as weights. For instance, the oil
and gas extraction sector has grown by 42 percent
while electric power generation has grown by only
9 percent. Since emission intensities are higher in
the electric power generation sector, its relatively
slower growth will reduce average intensities.

We use sectoral data for the targeted sectors in
Canada and comparison sectors in the UK to de-
compose the total change in aggregate GHG
intensity into sectoral intensity and sector mix ef-
fects. We look at both energy intensity and GHG
intensity. Canadian data are supplied by Statistics
Canada using the North American Industry Classi-
fication System (NAICS). Statistics Canada reports
energy use (in terajoules), greenhouse gas emissions
(in kilotonnes of carbon dioxide equivalents), and
output in millions of real (1997) dollars for 117 pri-
vate and public sectors for 1990 to 2002. UK data
come from the Office for National Statistics, Envi-
ronmental Accounts. The UK data cover 76 sectors
from 1990 to 2003 and provide information on out-
put, emissions, and energy use.4

Both GHG data sets come from the UNFCC GHG
inventory reports as required under the Kyoto Pro-
tocol. Data are collected at the plant level to estimate
industry intensity and are then scaled by industry
output to get total sectoral emissions. Ideally one
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would like the raw plant-level data, but these are
confidential. The decomposition method recaptures,
to some extent, these original emission intensities,
although it cannot recapture intensities at greater
levels of disaggregation.

A feature of the decomposition approach used
here is that changes in sectoral intensity might ac-
tually capture some intrasectoral composition
effects. That is, the distribution of output within a
sector changes over time as individual plants expand
or contract. This will lead to changes in average
emissions intensity even though there may be no
changes in techniques used at the plant level. For
instance, this effect is likely to occur in the power
generation sector. Nuclear power and hydroelectric-
ity are “green” in terms of GHG emissions but, due
to aging plants and limited capacity to find new
hydropower sites, are playing a smaller role in pro-
viding energy. In Canada, these two sources
provided 14 percent of power in 1990 and only 12
percent in 2004. These changes in the composition
of power supply will be reflected in worsening sec-
tor intensities. We would also expect to see this in
the oil and gas extraction sector as production shifts
from conventional oil sources to oil sands and heavy
oil deposits. For other sectors, the direction of the
mismeasurement depends on whether less emission-
intensive plants are expanding or contracting. One
requires finer detail at the plant level over time to
account for changes in sectoral intensities due to
intrasectoral composition changes. Since 2004, the
Government of Canada has required large emitters to
report their GHG emissions by plant. However, the
inventory does not report plant-level output, and so
changes in emission intensities are not yet available.

COMPOSITION AND TECHNIQUE EFFECTS IN

GHG-INTENSTIVE SECTORS: CANADA

Table 1 showed that the Canadian industrial sector
as a whole has reduced GHG emission intensity by
about 4 percent between 1990 and 2003. We now
turn to the performance of the targeted sectors be-

tween 1990 and 2002 (see Table 2). Sectors are
ranked by the size of their GHG intensities in 1990.
Also shown are the energy intensities for 1990. One
obvious pattern that emerges is that energy-intensive
sectors are also GHG intensive. Moreover, the most
energy- and GHG-intensive industries are also very
large. For instance, electric power generation is the
largest, most polluting and, except for petroleum and
coal products manufacturing, the most energy-
intensive sector targeted by the regulations.

Between 1990 and 2002, all but two sectors ex-
panded with average real economic growth at 32
percent or 2.35 percent per annum. GHG emissions
rose by 22 percent or 1.65 percent per annum. At
the same time, virtually all of the sectors reduced
their energy and emission intensity. However, the
two largest GHG emitters, the oil and gas extrac-
tion sector and the electric power generation,
transmission and distribution sector, actually saw a
rise in both intensities over the period. In fact, the
five sectors that saw a rise in energy intensity also
saw a rise in GHG intensity. Table 2 also shows that
the sectors expanded at different rates and each had
different changes in its emission intensities. Energy
intensity decreased by 3 percent on average, and
GHG intensity decreased by 8 percent.

We decompose the average change in energy and
GHG intensities into their separate sectoral inten-
sity and sector mix effects using equation (2). The
results are plotted in Figures 1 and 2. The sectoral
intensity effect for energy shows an improvement
from 1990 to 1996 but a reversal to 2001 so that, by
2002, after accounting for sector mix effects, en-
ergy intensity was about 3 percent higher than in
1990.5  Offsetting this was a compositional shift of
6 percent toward less energy-intensive sectors. GHG
sectoral intensities improved to 1996 then worsened
through to 2001 but, by 2002, have improved by 3
percent from 1990 levels. At the same time the sec-
tor mix effect also improved by about 5 percent so
that the average GHG intensity of the targeted sec-
tors improved by a net 8 percent.

CPPv35n1p1 3/5/09, 12:02 PM9
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FIGURE 1
Energy Intensities in Targeted Sectors: Canada 1990–2002

Source: Statistics Canada (1990–2002) Table 153-0032, Table 153-0034, and Table 379-0017; and authors’
calculations.

FIGURE 2
GHG Intensities in Targeted Sectors: Canada 1990–2002

Source: Statistics Canada (1990–2002) Table 153-0032, Table 153-0034, and Table 379-0017; and authors’
calculations.
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Figure 2 shows that sectoral intensity effects in
GHG emissions exhibit a very similar pattern to that
of energy intensity but are not determined solely by
it. If energy use were the only factor determining
GHG emissions, then the two decomposition exer-
cises would generate identical results. However, the
sectoral GHG-intensity effect shows a decrease of
3 percent rather than the 3 percent increase we see
in sectoral energy intensity. This suggests that
changes in production techniques have taken place
in the targeted sectors that have led to reductions in
GHG intensities. Nonetheless, most of the observed
changes in GHG intensity can be attributed to chang-
ing composition of production.

COMPOSITION AND GHG TECHNIQUES IN

GHG-INTENSIVE SECTORS: THE UK

To evaluate the performance of Canada, we can look
at how the UK has performed over the same period
as a benchmark. We use the UK as it is the only
country that, like Canada, publishes detailed sectoral
accounts. The industrial classifications used in the
two countries are not identical but are sufficiently
close to allow us to make a meaningful comparison
of emission and energy intensities for the targeted
sectors. Though other countries also collect detailed
sectoral data, they do not make this information
publicly available and report only highly aggregated
summaries.

It is important to note that the UK has commit-
ted, under the Kyoto Protocol, to about the same
proportionate emission reductions as has Canada
but, at least in terms of its energy and industrial sec-
tors, has met its commitment by decreasing total
industrial emissions by 12 percent by 2003 (see Ta-
ble 1). This achievement can be partially explained
by the fact that industrial output in the UK rose only
9 percent over the period. Nonetheless, emission
intensities fell by 20 percent. The UK achieved this
reduction despite starting at a lower emission in-
tensity than did Canada.

Table 3 shows the sectors in the UK that parallel
the targeted sectors in Canada. We do not place much
emphasis on a direct comparison of sectors across
the countries because data were not collected for
this purpose and do not account for differences in
the relative prices of output within each economy.
For instance, energy prices may be higher in the UK
which, all else equal, lowers its pollution intensity
relative to Canada.

Overall, economic output in these sectors fell by
11 percent in real Canadian dollar terms (though it
rose by 2 percent in British pounds). In contrast to
Canada, total GHG emissions in these sectors in the
UK decreased by 20 percent while average GHG
intensity fell by 10 percent. These reductions oc-
curred despite a rise in average energy intensity of
42 percent. Table 3 also shows that average energy
intensity in the UK sectors was less than one-third
that of the comparable Canadian industries, though
this difference is partially explained by the relative
composition of industries. This intensity difference
is consistent with energy use per unit of GDP in
Canada about double that in the UK (World Re-
sources Institute 2007).

If similar sectors in the UK have been able to
achieve a 10 percent reduction in GHG intensities,
despite worsening energy intensity, is it likely that
the Canadian sectors can hope to achieve this as
well? Figures 3 and 4 show the divisia decomposi-
tion of energy intensities and GHG intensities into
their sector mix effects and sectoral intensity effects
for the UK. What is immediately apparent is that
improvements in energy intensity do not appear to
be the driving factor in reducing GHG intensities.
As illustrated, the composition of UK industry has
moved slightly toward less energy-intensive sectors.
On the other hand, the sectoral energy-intensity ef-
fect shows a spike upwards between 1990 and 1992.
Since 1992 there has been little to no change in en-
ergy intensity with the aggregate sectoral energy
intensity in 2002 about 30 percent above the 1990
levels. The UK has seen a slightly stronger shift

CPPv35n1p1 3/5/09, 12:02 PM11



12 Joel F. Bruneau and Steven J. Renzetti

CANADIAN PUBLIC POLICY – ANALYSE DE POLITIQUES, VOL. XXXV, NO. 1 2009

T A
BL

E 3
UK

 O
ut

pu
t, 

Em
is

si
on

s,
 a

nd
 In

te
ns

i ti
es

 i n
 th

e 
T a

rg
et

ed
 S

ec
to

rs
, 1

99
0–

20
03

19
90

Gr
ow

th
 to

 2
00

3 
(%

 c
ha

ng
e)

Se
ct

or
Ou

tp
ut

GH
G 

Em
is

si
on

s
En

er
gy

 In
te

ns
i ty

GH
G 

In
te

ns
i ty

Ou
tp

ut
GH

G
En

er
gy

 In
te

ns
i ty

GH
G 

In
te

ns
i ty

(k
t)

(T
J/

$C
)

(k
t/$

C)

Ce
m

en
t, 

l im
e,

 a
nd

 p
la

st
er

2,
96

5
15

,4
12

34
.0

8
5.

19
7

–3
9

–3
2

–2
12

Or
ga

ni
c 

ch
em

ic
al

s
13

,6
72

42
,5

73
5.

37
3.

11
4

–3
–8

2
21

–8
2

El
ec

tri
ci

ty
 p

ro
du

ct
io

n 
an

d 
di

st
rib

ut
io

n
68

,9
09

20
1,

19
5

36
.1

5
2.

92
0

–1
4

–9
24

6
Fe

rti
l iz

er
s

2,
66

4
5,

88
8

4.
51

2.
21

1
–4

1
–2

8
55

7
20

Co
al

 e
xt

ra
ct

io
n

11
,4

12
18

,5
94

2.
57

1.
62

9
–8

2
–7

3
30

53
Iro

n 
a n

d 
s t

e e
l

27
,2

52
29

,8
51

5.
04

1.
09

5
–5

2
–1

8
44

1
71

M
e t

a l
 o

re
s  

e x
tra

c t
io

n
22

17
14

.1
7

0.
79

3
–9

2
93

1,
08

9
2,

19
9

Co
k e

 o
v e

ns
, r

e f
in

e d
 p

e t
ro

le
um

, a
nd

 n
uc

le
a r

 fu
e l

34
,6

41
22

,5
62

4.
50

0.
65

1
–1

5
–1

3
26

7
3

Oi
l a

nd
 g

a s
 e

x t
ra

c t
io

n
36

,7
88

21
,6

72
4.

42
0.

58
9

31
13

39
–1

4
M

a n
-m

a d
e  

fib
re

s
2,

87
8

1,
55

1
8.

14
0.

53
9

–6
3

–7
9

2
–4

2
In

or
ga

ni
c  

c h
em

ic
a l

s
3,

30
2

1,
59

3
7.

38
0.

48
2

–2
27

93
30

In
du

s t
ria

l g
a s

e s
 a

nd
 d

y e
s

5,
05

2
1,

94
1

4.
14

0.
38

4
–1

2
–3

3
92

–2
5

Pl
a s

tic
s  

a n
d 

s y
nt

he
tic

 re
s i

ns
, e

tc
.

8,
70

6
1,

59
9

3.
73

0.
18

4
–1

5
10

27
28

Pu
lp

 a
nd

 p
ap

e r
26

,6
80

4,
87

6
3.

32
0.

18
3

–2
6

–1
6

16
14

Pl
a s

tic
 p

ro
du

c t
s

26
,3

05
4,

29
7

2.
83

0.
16

3
11

3
18

–8
Ru

bb
e r

 p
ro

du
c t

s
7,

50
4

1,
15

7
2.

99
0.

15
4

–1
9

–1
2

15
9

Ot
he

r m
in

in
g 

a n
d 

qu
a r

ry
in

g
8,

48
3

1,
08

0
2.

68
0.

12
7

–2
–5

–3
–4

No
n-

fe
rr

ou
s  

m
e t

a l
s

15
,6

06
1,

80
2

2.
72

0.
11

5
–5

3
83

14
4

28
8

Ot
he

r c
he

m
ic

a l
 p

ro
du

c t
s

8,
96

2
1,

01
2

2.
07

0.
11

3
–6

–4
7

–3
5

–4
4

Ph
a r

m
a c

e u
tic

a l
s

15
,5

91
1,

00
1

1.
22

0.
06

4
69

60
4

–5
Pe

s t
ic

id
e s

2,
47

7
15

9
1.

30
0.

06
4

–5
73

66
83

W
oo

d 
a n

d 
w

oo
d 

pr
od

uc
ts

13
,2

56
73

9
0.

99
0.

05
6

–3
63

1
52

8
65

6
Pa

in
ts

, v
a r

ni
s h

e s
, p

rin
tin

g 
in

k ,
 e

tc
.

6,
55

6
32

0
1.

11
0.

04
9

–1
3

–3
5

–1
1

–2
6

So
ap

 a
nd

 to
ile

t p
re

pa
ra

tio
ns

11
,4

71
53

6
1.

02
0.

04
7

–1
4

–4
7

–2
7

–3
9

Fo
re

s t
ry

1,
12

8
34

0.
61

0.
03

0
29

10
0

70
55

SU
BT

OT
AL

36
2,

28
3

38
1,

46
2

9.
91

1.
05

3
–1

1
–2

0
42

–1
0

No
te

: G
HG

 =
 g

re
e n

ho
us

e  
ga

s .
 O

ut
pu

t i
s  

m
e a

s u
re

d 
in

 m
ill

io
ns

 o
f c

on
s t

a n
t 1

99
7 

Ca
na

di
a n

 d
ol

la
rs

. E
ne

rg
y  

is
 m

e a
s u

re
d 

in
 te

ra
jo

ul
e s

 (T
J )

 a
nd

 G
HG

 e
m

is
s i

on
s  

in
 k

ilo
to

nn
e s

 o
f

CO
2 

e q
ui

v a
le

nt
.

So
ur

ce
: U

K 
Of

fic
e 

fo
r N

at
io

na
l S

ta
tis

tic
s 

(1
99

0–
20

03
). 

T a
bl

es
 1

99
0–

76
 to

 2
00

3–
76

, E
nv

ir o
nm

en
ta

l A
cc

ou
nt

s.

CPPv35n1p1 3/5/09, 12:03 PM12



Greenhouse Gas Intensity in Canada: A Look at Historical Trends 13

CANADIAN PUBLIC POLICY – ANALYSE DE POLITIQUES, VOL. XXXV, NO. 1 2009

FIGURE 3
Energy Intensities in Targeted Sectors: UK 1990–2003

Source: UK Office for National Statistics (1990–2003) Tables 1990–76 to 2003–76, Environmental Accounts; Input-
Output, UK National Accounts; and authors’ calculations.

FIGURE 4
GHG Intensities in Targeted Sectors: UK 1990–2003

Source: UK Office for National Statistics (1990–2003) Tables 1990–76 to 2003–76, Environmental Accounts; Input-
Output, UK National Accounts; and authors’ calculations.
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toward less GHG-intensive production. The sectoral
intensity effect, on the other hand, shows signifi-
cant improvement of about 25 percent from 1990 to
2003.

CAN CANADA REPLICATE THE UK
EXPERIENCE?

So how can energy intensity worsen in the UK and
yet GHG intensities improve so dramatically? A
partial answer seems to be a switch in fuel use from
a relatively heavy reliance on coal to a greater reli-
ance on natural gas. Overall, natural gas and coal
provide just over 50 percent of UK energy needs.
However, in 1990, 29 percent of the energy used
came from coal and 24 percent came from natural
gas. By 2003, only 15 percent of the energy came
from coal, while natural gas supplied 36 percent of
the energy needs. Herzog, Baumert, and Pershing
(2006, 6) report that 12 percent of the decline in
aggregate GHG emissions in the UK comes from
this changing fuel mix.

The reliance on coal and natural gas is even
higher in the targeted sectors. In 1990, coal ac-
counted for 64 percent of energy used in these
sectors with natural gas contributing another 11 per-
cent. By 2003, coal contributed 36 percent and
natural gas 39 percent of the energy needs in these
sectors. In electric power production alone, the re-
liance on coal fell from 87 percent in 1990 to 53
percent in 2004 (UK Office for National Statistics
1990–2003).

Since the GHG intensity of coal is about double
that of natural gas (Natural Resources Canada
2006b), this fuel shift would reduce GHG emissions
without requiring any net reduction in energy use.
To see this, we generate an index of the GHG inten-
sity of energy using 1990 as our base (see Figure
5). The GHG intensity of energy is calculated as the
ratio of GHG emissions per unit of energy. By 1995,
GHG emissions per unit of energy use had decreased

by over 24 percent. By 2003, each unit of energy
used emitted about 33 percent less GHG than it had
in 1990. We can compare this to the share of coal
used in energy. Taking 1990 as a base, the share of
coal used in the UK had fallen 32 percent by 1995
and 52 percent by 1999. Since 1999 there has been
no noticeable decrease in the share of coal as a fuel
source. Though the relationship between the two
series is not one-to-one, there is an obvious corre-
lation between the two.

Can Canada hope to achieve the same success by
switching fuels? In short, the answer appears to be
not likely. Coal contributes less than 11 percent of
total energy used in Canada. In fact, coal contrib-
utes only 30 percent of the energy used in electricity
generation. Non-electric production uses coal for
less than 2 percent of its energy needs (Natural Re-
sources Canada 2006b). Since 1990, the relative
share of energy sources for industry has not changed
much in Canada with natural gas, the dominant fuel
source, providing about 27 percent of energy needs.
Figure 5 shows the change in the share of coal in
Canadian energy with 1990 as the base year. Also
shown is the change in the ratio of GHG emissions
per unit of energy with the index for 1990 equal to
100. Unlike the UK, the share of coal in energy in
Canada has not changed much, nor has the relation-
ship between GHG emissions and energy use.

Though switching from coal to natural gas or to
other greener power sources may not offer much
scope for Canadian firms, this is not the only way
to reduce emission intensities. There are still proc-
ess innovations that are available and, most
importantly, improvements in energy efficiency
since most emissions derive from the combustion
of carbon fuels. The energy intensity of GDP in
Canada is about double that of the UK (World Re-
sources Institute 2007). Though some, but certainly
not all, of the difference could be attributed to dif-
ferent industrial structures, Tables 2 and 3 showed
that sectoral energy intensities are much higher in
Canada than in the UK. This suggests that there may

CPPv35n1p1 3/5/09, 12:03 PM14
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be ample opportunities for Canadian firms to im-
prove energy efficiency and so reduce GHG
emissions.

POLICY SCENARIOS

We now try to gauge the impact of the federal policy
on GHG emissions and intensity relative to histori-
cal trends within the targeted sectors. We do this by
building three scenarios that incorporate economic
growth, intensity changes, and the proposed regu-

lations (Table 4). Although the proposed regulation
is based on 2006 emission intensities, our data only
go to 2002. To capture the short four-year time frame
that the proposed policy is supposed to take effect,
we set the new target date at 2006 rather than 2010
and use 2002 as our base year. We assume that out-
put in each sector grows at the same rate from
2002–2006 as it did in the 1990–2002 period. This
could overestimate growth as the proposed regula-
tions will increase production costs and might slow
sectoral growth. On the other hand, firms may ac-
celerate growth to “dilute” emissions as a way to

FIGURE 5
Coal Versus GHG Indices: UK and Canada 1990–2002

Notes: The coal index is the share of coal in total energy use relative to 1990. The GHG index is the ratio of GHG
emissions to total energy use relative to 1990.
Source: UK Office for National Statistics (1990–2003) Tables 1990–76 to 2003–76, Environmental Accounts; Natural
Resources Canada 2006b; Statistics Canada (1990–2002) Table 153-0032, Table 153-0034, and Table 379-0017; and
authors’ calculations.
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meet intensity targets. This dilution still requires
changes in techniques to achieve reductions in in-
tensity toward the target. However, as we argue
below, the net cost of the initial regulation phase is
a relatively small share of sectoral value added and
therefore is unlikely to influence production deci-
sions too much. Exogenous demand and supply
conditions would likely remain the dominant fac-
tors influencing production.

In our first scenario, we assume a business-as-
usual (BAU) situation in which sectoral output and
GHG emissions grow between 2002 and 2006 at the
same rate as they did between 1990 and 2002. On
average, 2006 real sectoral GDP would be 11 per-
cent higher than 2002 values and 47 percent above
1990 values. This growth rate implies that GHG
emissions would rise by 9 percent or 30,000
kilotonnes in four years. This is 33 percent above
1990 levels. Emission intensity under BAU falls by
2 percent to 2.440 in the transition period. To meet
the Kyoto targets by changes in output alone would
entail a decrease in sectoral GDP of about 19 per-
cent from 2002 levels. This first scenario provides
a baseline for the remaining ones.

In our second scenario, we assume that the
government allows a one-time credit for previous
GHG reductions. The government intends to limit
credits for early action to 15,000 kilotonnes (just
under 5 percent of 2002 emissions in the regulated
sectors). Depending on how this policy is interpreted
and implemented, it is possible that a sector, based
on previous performance, will meet the new targets
without any action (at least initially). From Table 2
we see that about half of the sectors have seen de-
creases in emission intensities in excess of 18
percent since 1990. The sectors that saw a fall in
intensities account for about 27 percent of sectoral
emissions and a reduction in total emissions of about
14,000 kilotonnes between 1990 and 2002. This
decrease in emissions is just below the government’s
allowable limit for credits for early action. Hence,
the majority of emissions in the regulated sectors
will still need to be reduced so that each sector meets

its intensity target. To incorporate this one-time
credit possibility, we assume that all sectors that
have seen a rise in emission intensities between 1990
and 2002 must reduce intensities by 18 percent in
the four years. Those sectors that have seen a de-
crease in intensities between 1990 and 2002 will
have to reduce intensities by 2 percent per annum.
This 2 percent represents the target reduction that
follows the initial four-year transition phase. For
many sectors this is a slower rate than they have
experienced in the past.

Based on these assumptions, emission intensities
would fall to an average of 2.051, a weighted aver-
age decrease of 18 percent in four years. Assuming
each sector meets its intensity targets, total GHG
emissions after four years would be 8 percent be-
low the 2002 level (or 27,000 kilotonnes lower) but
still 12 percent above the 1990 levels. To meet Kyoto
targets in the four years would require an additional
fall in intensities of about another 10 percent. None-
theless, emissions are about 16 percent below BAU
(or 58,000 kilotonnes). Hence even if the credit al-
locations are generous, the proposed targets still
constrain behaviour since the largest emitters would
likely not receive any credits for past actions. Note
that for 11 sectors the target reduction of 2 percent
per annum is below their decreases under BAU and
so would allow them to sell emission permits to other
firms.

If we assume that facilities take a business-as-
usual approach and simply buy credits, then, to meet
the targets, firms would have to pay for about 60,000
kt of emissions not abated. The proposed cost per
tonne for contributions to the climate change tech-
nology fund is set at $15. Therefore, the cost of
paying for credits rather than reducing emissions is
less than $1 billion for the transition period alone
(see Table 4). This is about 0.6 percent of GDP in
the target sectors in 2002 though spread over a
number of years. Note that some sectors will gener-
ate revenues from selling GHG credits and that the
maximum impact of the proposal is above 1 percent
of sectoral value added in only three sectors. Of

CPPv35n1p1 3/5/09, 12:03 PM17
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course, facilities would undertake investments in
processing, energy efficiency, fuel switching, and
technological innovation if these cost less than $15
per tonne of GHG reduction. Overall, the implied
cost of failing to reduce emissions is relatively small,
and so it is likely that many firms will choose to
pay rather than abate. To what extent firms choose
to pay rather than abate depends on abatement op-
portunities faced by individual firms. Available
public data do not allow us to assess this.

For our third scenario, we again take 2002 as our
base year but assume that facilities are not credited
with reductions for early action. Hence every sec-
tor must individually reduce intensities by 18
percent in the four-year transition period or purchase
credits from other sectors. This policy would force
the maximal change in sectoral performance. Total
GHG emissions would fall by 12 percent in the four
years. Intensities would fall to 1.997 for an average
decrease of 21 percent. Total emissions would still
be 8 percent above 1990 levels but 19 percent be-
low BAU (or 70,000 kilotonnes). The net cost of
this scenario is still below 1 percent of sectoral GDP.

These scenarios suggest that the outcomes of the
policy could sever the linkage between economic
growth and GHG emissions; the outcomes are cer-
tainly a break from business as usual. The difference
between the second and third scenarios is less than
the allowable credit for early action and, in terms
of BAU, not much different. Hence providing cred-
its for past actions is not a significant factor in
reducing total emissions. Between 1990 and 2002
economic growth in the regulated sectors was around
32 percent while emission growth was 22 percent.
If the policy is implemented, economic growth could
continue (by assumption) while GHG emissions
would fall between 8 and 12 percent. This reduc-
tion would be significantly below BAU emission
levels. Although GHG intensities did fall 8 percent
between 1990 and 2002, implementation of the new
policy would ensure that new intensities would fall
an additional 18 to 21 percent in only four years.

This decrease in intensities is almost 7 times faster
on an annual basis than experienced in the 1990–
2002 period. Importantly, it is about 6 times more
than achieved by changes in techniques alone over
the entire 1990–2002 period. Nonetheless, imple-
mentation costs, assuming a cost of $15 per tonne
of emissions, are modest.

DISCUSSION

The Government of Canada’s proposal to limit GHG
emissions by targeted reductions in emission
intensities in selected industries does not constitute
business as usual. If the proposal is implemented,
GHG emissions in these sectors will likely, after
rising from 1990 to 2002, begin to fall. However,
the rate of decrease will still leave emissions much
higher than 1990 levels and therefore move us only
partially toward complying with our Kyoto commit-
ments. Further, the subsequent reductions in
intensities of 2 percent per annum may only just
offset real growth in these sectors since real output
averaged an annual growth rate of 2.35 percent be-
tween 1990 and 2002. In this respect the proposal is
not overly ambitious, though it does move us some-
what toward meeting our Kyoto commitments.

On the other hand, the proposal is ambitious in
that the relatively short implementation period
would force plants to reduce emission intensities at
much higher rates than previously seen in Canada,
or in many other countries for that matter. GHG in-
tensity in the targeted sectors fell by 8 percent
between 1990 and 2002 but would have to fall some-
where in the range of 18 to 21 percent in only four
years to meet the new targets. This pace is about
seven times faster than the rate of improvement in
1990–2002. However, to meet our Kyoto commit-
ments of a 6 percent decrease in GHG emissions
would require a decrease in emission intensities of
about 26 percent, which implies an acceleration in
the decrease in intensities almost ten times faster
than the historical trend.
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The sharp reduction in intensity required leads
to the possibility that facilities may not be able to
meet their intensity targets by in-house technologi-
cal improvements alone. Evidence from Canada and
the UK shows that changes in the techniques of pro-
duction between 1990 and 2002 have had only a
small impact on emission intensities. Cole, Elliott,
and Shimamoto (2005, 66) also find the same result
for CO2 emissions in Austria, France, the Nether-
lands, and the UK. A primary driver in all these
countries in reducing GHG or CO2 intensities has
been a reallocation of production to less pollution-
intensive industries. As the proposed regulations do
not provide credits for sectors that reduce output
for economic reasons, Canadian firms will not have
this avenue available to them. Plants may find even
these modest targets (relative to our Kyoto commit-
ments) difficult to meet by innovation alone as
meeting the targets would entail an acceleration in
innovation by about six times more than that
achieved over the entire 1990–2002 period. On the
other hand, past environmental regulations with re-
spect to GHG emissions in most countries have been
weak, and so firms have not been forced to alter
production techniques much. Most Organisation for
Economic Co-operation and Development countries
have much lower industrial GHG intensities than
does Canada. Whether Canadian firms can achieve
the same absolute levels of emission intensity or
reductions in intensity depends on the regulations
creating significant incentives. Given the modest
cost of paying for credits to meet the proposed obli-
gations, it remains an open question whether these
incentives are strong enough.

Thus, the proposed regulations, if implemented
and if facilities can meet the new intensity targets,
would constitute a distinct break from past emis-
sion performance. The new targets, however, do not
appear sufficient to meet our current Kyoto targets
and, given that the sectors have been growing at an
average of over 2 percent per annum, Canadian busi-
nesses are unlikely to meet these new targets in the
future.

NOTES

1 Ideally, we would like to compare the performance
in other countries as well. However, detailed sectoral data
are not readily available in other countries and therefore
decomposition for the targeted sectors is not possible.

2 According to Environment Canada (2008), the CO2
equivalence per kilowatt hour of electricity generated in
2005 is almost double for coal thermal generation com-
pared with natural gas generation (994 g CO2 eq/kWh vs
503).

3 In some cases, such as for calcination in cement and
lime production, there is no known abatement process.
Emissions from these sources, however, will be exempted
from regulations (Government of Canada 2007, 11).

4 The United Kingdom reports energy use in tonnes of
oil equivalent (TOE). These are converted to terajoules
using a conversion factor of one TOE per 41.868
terajoules. UK output is first deflated into constant UK
pounds using the Producer Price Index for Manufactur-
ing (Series PPI: 7209200000). The pounds are then
converted to constant 1997 Canadian dollars using pur-
chasing power parity (PPP) exchange rates taken from
the PENN World Tables version 6.2 (Heston, Summers,
and Aten 2006). Specific sectoral price indices are not
available until 1991 so not all intersectoral price changes
will be captured in the decomposition. However, using
1992 as a base and using sector-specific price indices does
alter the overall pattern of changes in the product mix
and sectoral intensity effects.

5 Although energy use per dollar of output has risen,
this does not necessarily mean that energy efficiency, in
an engineering sense, has worsened. In fact, Natural Re-
sources Canada (2006a) reports that energy efficiency
gains would have reduced energy use by 13 percent be-
tween 1990 and 2004.
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