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The challenge of creating a global low-carbon society is examined from the perspectives of a slow-growing

but highly developed economy (Canada) and a fast-growing developing economy (China). Both countries’ responses

are compared to a similar carbon price schedule (US$10/tCO

2

e in 2013 rising exponentially to $100 by 2050) using a
hybrid technologically explicit and behaviourally realistic model with macroeconomic feedbacks (CIMS). Then
additional measures are imposed based on the national circumstances of each country; for Canada we simulate a 50%
reduction by 2050, and stabilization for China. The scale of the challenge in all cases requires that every available option
be vigorously pursued, including energy efficiency, fuel switching, carbon capture and storage, and accelerated
development of renewables; to compensate, there are significant co-reductions of local air pollutants such as SOx and
NOx. Finally, the abatement cost schedules of China and Canada are compared, and implications considered for
carbon permit flows if the cost schedule of the rest of the developed world is assumed to be similar to that of Canada.
We found that the developed world and China could collectively reduce emissions by 50% in 2050 at a price of $175/
tCO2e, with permits flowing from the developed countries to China; while abatement costs are lower in China up to $75/t,
at higher prices reductions are less costly in the developed world. Our results indicate that a global low-carbon society
is feasible, on condition that policy makers are willing and able to impose long-term, credible policy packages with
carbon pricing policy as the core element, coupled with supplementary regulations to address market failures.

Keywords: Canada; carbon trading; China; development; endogenous technical change; hybrid model; low-carbon society;
public policy; scenario modelling; stabilization pathways

Le défi pour la création d’une société mondiale sobre en carbone est examiné selon la perspective d’une économie à
faible croissance mais fortement développée (le Canada) et une économie en développement à forte croissance (la
Chine). La réponse de ces deux pays à un même barème des prix du carbone est comparée (US$10/tCO2eq en 2013 en
croissance exponentielle jusqu’à $100 d’ici 2050), sur la base d’un modèle hybride technologiquement précis et
réaliste en comportements avec feedbacks macroéconomiques (modèle CIMS). Des mesures supplémentaires sont
ensuite imposées sur la base de circonstances nationales propres à chaque pays; pour le Canada nous simulons une
réduction de 50% d’ici 2050, et une stabilisation pour la Chine. L’ampleur du défi dans tous les cas de figure nécessite
une poursuite vigoureuse de chaque option disponible, y compris de l’efficacité énergétique, du changement de
combustibles, de la capture et stockage du carbone, et du développement accéléré des énergies renouvelables; pour
compenser, de considérables co-réductions de pollutions de l’air local sont obtenues, tels qu’en SOx et NOx.
Finalement, les barèmes des coûts de réduction pour la Chine et le Canada sont comparés, et leur incidence sur les
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1. Introduction

An international consensus is forming around the need to reduce global greenhouse gas emissions
(GHGs) by a substantial amount in order to avoid the risk of disruptive climate change. This is
anticipated to occur should the atmospheric concentration of GHGs, which is currently 380 parts
per million (ppm) and 100 ppm above its pre-industrial level, exceed 450–650 ppm.1 Experts are
debating the necessary emissions reductions, but calls for a 50% drop from today’s emissions
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approaches hybridization by the use of empirically estimated parameters to model micro-level
firm and consumer investment consumption behaviour, as well as basic macroeconomic feedbacks
that operate in response to changes in price caused by changes in the cost of producing energy
and emissions-intense goods and services. Other models, starting from the top-down CGE or
macro-econometric perspective, instead add technological detail via detailed energy supply models,
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There are several regional and national versions of the CIMS model: CIMS-Canada, CIMS-
China, CIMS-North America, and a global CIMS under construction. The two models used for
this project, CIMS-Canada and CIMS-China, are the most developed; CIMS-Canada is used
regularly by Canadian policy makers for analysis of potential energy and GHG policies, and is
therefore the most disaggregated (7 regions) and detailed. All the CIMS models disaggregate into
at least 15 separate sub-sector models (Table 1). CIMS requires an initial physical baseline output
forecast by sector for each sub-region, and inputs of baseline energy prices; for Canada this is
Natural Resources Canada’s Canada’s Energy Outlook 2006 (Natural Resources Canada, 2006), and
for China this is an update of Tu et al. (2007). Energy prices can be adjusted endogenously to
reflect policy to the extent that the market price for various energy commodities is set internally
to the geographical scope of the model (e.g. electricity prices in Canada are generally set regionally,
natural gas prices are set within a North American market with a backstop price for LNG, and
crude oil prices at the global clearing price).

3. Simulation method

We focus on three different carbon futures in this study: a Base case where no carbon restrictions
are imposed; a Carbon price scenario where there is a global price of US $10/tCO2e in 2013 rising to

TABLE 1 CIMS sub-sectors

Sector models End-uses or products of the sector modelsa

Commercial/institutional Space heating/cooling, refrigeration, cooking, hot water, plug load

Transportation Freight (marine, road and rail); Personal (intercity/urban, split into single- and

high-occupancy vehicles, public transit/walking/cycling); Off-road

Residential Space heating/cooling, refrigeration, dishwashers, freezers, ranges, clothes washers

and dryers, other

Iron and steel Slabs, blooms and billets

Pulp and paper Newsprint, linerboard, uncoated and coated paper, tissue, market pulp

Metal smelting Lead, copper, nickel, titanium, magnesium, zinc and aluminium

Chemical production Chlor-alkali, sodium chlorate, hydrogen peroxide, ammonia, methanol, polymers

Mining Open-pit, underground, potash

Industrial minerals Cement, lime, glass, bricks

Other manufacturing Edible goods, rubber, plastics, leather, textiles, clothing, wood products, furniture, printing,

machinery, transportation equipment, electrical and electronic equipment

Petroleum refining Gasoline, diesel, kerosene, naptha, aviation fuel, petroleum coke

Electricity production Electricity

Natural gas production Natural gas and natural gas liquids

Coal mining Lignite, sub-bituminous, bituminous and anthracite coal

Crude oil production Light/medium and heavy crude oil, bitumen and synthetic crude oil

a Includes space heating and cooling, pumping, compression, conveyance, hot water, steam, air displacement, and motor drive as applicable.
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435 Mt/year to 742 Mt in 2050; emissions in 2050 are still slightly above today’s levels, primarily
due to Canada’s steadily growing economy, population and oil sands industry, which will remain
globally competitive unless there are radical changes in use of transportation fuels or a collapse in
oil prices.7 When we add buildings and transport regulations to correct market failures in those
sectors, emissions drop another 168 Mt in 2050 to 574 Mt, about 15% less than today’s total, but
still far short of the LCS goal of 50% reduction from today’s levels. To meet the LCS target, we
need to double the Carbon price schedule and apply complementary regulations in transport and
buildings, which eventually reduces Canada’s 2050 emissions to 334 Mt.

Apart from deep GHG abatement, the policy simulation with the doubled carbon price also
leads to co-benefits of significant SOx and NOx abatement. SOx and NOx emissions fall because of
an accelerated switching to low- or zero-emissions electricity sources (e.g. wind) and away from
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Partnership on Clean and Development and Climate and its first Energy White Paper all indicate
that while Beijing will continuously reject any request for legally binding climate change
commitment, it is likely to adopt an intensity-based approach to lower its GHG emissions trajectory
in the future (e.g. China aims to reduce its energy intensity by 20% during the 11th five-year plan
period; 2005–2010).

While China’s attempt to enforce intensity-based measures is an important first step in the
right direction, minimizing the risk of global climate disruption will ultimately require absolute
emissions reductions from major developing countries. For instance, in the reference scenario,
while China’s GHG emissions intensity drops 79% between 2005 and 2050, China’s total GHG
emissions still increase 159%. In Figure 3, we illustrate two GHG policy simulations, the first
where China participates in the global Carbon price scenario, and the second where China
implements supplementary regulations sufficient to stabilize emissions at 2010 levels by 2050.

The Carbon price scenario results in a 31% emissions reduction in 2050, but China’s 2050 GHG
emissions under the Carbon price scenario are still 61% higher than 2005 levels, suggesting that
stronger measures may be necessary. Considering that China has already been exempted from
binding emissions reduction commitments during the Kyoto Protocol period (1990–2012), the
‘Carbon stabilization’ line in Figure 3 uses 2010 as China’s baseline year for GHG emissions
reduction. Addition of complementary regulations to the Carbon price schedule generates a 47%
emissions reduction in 2050 compared with the reference simulation, returning emissions to 2010
levels. The complementary regulations include:

■ accelerated closure of small power plants in the electricity industry
■ subsidies for renewables
■ accelerated de-commission of inefficient heavy industrial plants
■ vehicle efficiency standards
■ voluntary initiatives/public environmental campaign.

Figure 4 describes the sources of emissions reduction in the Carbon stabilization scenario. Energy
efficiency contributes more than 25% of emissions reductions in 2050, while CCS is another
significant source, representing 25% of GHG emissions reductions at the end of the modelling
period. However, due to the energy penalty imposed by CCS, some of the gains from energy
conservation are lost. Fuel switching contributes 21% of emissions reductions in 2050.
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Table 5 describes the emissions reductions by sector.

■ Similar to Canada, the energy supply sector in China also achieves the highest percentage
emissions reduction in both absolute and relative terms, lowering its emissions 61%
compared with the 2050 baseline (60% of total emissions reductions). These reductions
came primarily from fuel switching and CCS.

■ The industrial sector contributes 27% of total GHG emissions reductions in 2050. These are
from energy efficiency, fuel switching and reduced output of GHG-intensive goods.

■
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Reaching this conclusion required assembling several calculations and assumptions. The baseline
emissions for Canada and China are from CIMS, as are the abatement schedules. The developed
world baseline is calculated by multiplying the United Nations Secretariat Population Division
developed-country 2050 population forecast (1.245 billion) by an average GHG intensity of
15.0 tCO2e per capita.9 The developed-world reductions are calculated by extrapolating the
Canadian abatement schedule to the baseline 2050 developed-world emissions forecast, a debatable
assumption that is subject to further research.

An interesting finding from this exercise is that, while relative reductions costs are lower in
China up to $75/t, at higher prices reductions are relatively less costly in the developed world. A
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targets will become gradually more stringent over time, with an equivalent rise in carbon prices,
our analysis indicates that the developing world will initially provide the least cost opportunities
for emissions reduction, followed in later years by the developed countries. This dynamic
relationship argues for flexible policy instruments, for instance emissions cap-and-trade systems,
which can adapt as circumstances change. In the near future, this offers the developed world a
tremendous opportunity to meet their climate change commitments (e.g. through the Clean
Development Mechanism). In the long run, the capacity discrepancy between developed and
developing countries, their differing national priorities, and the global commons nature of climate
risks, indicate that the developed countries will probably be required to subsidize low-GHG
development initiatives in the developing world (e.g. through knowledge transfer and voluntary
assumption of relatively tighter emissions caps) while reducing their own emissions, with the
eventual goal of a global GHG emissions cap, dictated by the maximum allowable atmospheric
GHG concentration. If flexible carbon pricing policies and knowledge transfer, supplemented by
regulations to address market failure and adjusted according to the capacity and needs of the
developed and developing countries, can be effectively embedded into future developments of
the UNFCCC or similar international agreements, a window of opportunity may open for
developing countries to directly participate in the global LCS initiative.

Notes

1. For a summary of global climate change science, see the Intergovernmental Panel on Climate Change (IPCC, 2007).
2. See the Synthesis Report (IPCC, 2007) of the IPCC Fourth Assessment Report.
3. Canada’s national energy use and GHG forecast, Canada’s Energy Outlook 2006, is prepared by Natural Resources

Canada. It provides a forecast for all energy use and GHG emissions out to 2020. For 2020–2030, we have used a
forecast prepared by Informetrica Ltd., the leading Canadian economic forecasting company.

4. The reference scenario of Tu et al. (2007) only covers the period between 1995 and 2030. In this study, the coverage
of the Base case has been extended to 2050, taking China’s recent energy statistics revision into consideration.

5. We assume that China could exceed the GDP quadrupling target between 2000 and 2020. After 2020, China will
grow at a gradually slower pace, but the average annual GDP growth rate still reaches 4.8% between 2020 and 2050.

6. These regulations were developed as part of a study for the Canadian National Round Table of the Environment
and the Economy, a study designed to look at the feasibility and costs of reducing Canada’s GHG emissions by
–45%, –65% and –80% from 2005 levels by 2050 (Bataille et al., 2007a).

7. Canada’s oil sands industry is projected to grow an average of 5–7% per year to 2020 according to NRCan, after
which growth is projected to slow to 3% per year. Based on our assumptions of export demand for crude oil, we
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