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Objectives of This Presentation

• Review of CDM literature and empirical questions.

• Discuss implications of CDM projects on a set of
indicators.

• Describe data requirements for this CDM modeling
exercise.

• Discuss the dynamic aspect of economic growth, technical
progress, and baseline technologies.

• Present an analytical framework for CDM projects.

• Apply analytical framework to issues of monitoring,
verification, gaming strategy, and free rider.

• Work in progress.

Review of CDM Literature and Empirical questions.

• Baseline technologies. The definition of baseline
technology for a CDM project must be broad yet specific to
promote the adoption of clean technologies.

• Monitoring and verification of CDM projects.  A
framework with a list of criteria could be used to set up the
monitoring and verification process for the lifetime of each
approved CDM project.

• Unilateral CDM projects.  Developing countries should be
encouraged to identify CDM projects unilaterally.
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Implications of CDM projects on a set of indicators -
1

• Help developing countries to achieve sustainable
development.

Ø CDM should provide technology opportunities and
encourage developing countries to adopt a growth
strategy that is sustainable and environmentally
friendly.  It must be:

ü Economically viable and

ü attract financial investment from private sector

Implications of CDM projects on a set of indicators -
2

• Improve living standards with CDM projects.

Ø Help meet growing demand for energy services.

Ø Reduce costs of energy services.

Ø Reduce environmental impacts.

Implications of CDM projects on a set of indicators -
3

• Enhance competitive positions of clean technologies.

Ø Markets for CDM projects and the trade in CERs must
be able to attract financial resources from capital
markets in the long run.

Ø The market rate of return on CDM projects must be
competitive with conventional comparable projects.

Ø Transaction costs must be kept low; link between
CMD projects and CERs must be visible to potential
investors.
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Implications of CDM projects on a set of indicators -
4

• Advance energy efficiency; improve energy to GDP ratio.

ØA developing country participating in CDM projects
should show a decline in overall energy intensity
measured by energy to GDP ratio.

ØComparison is calculated from projected baseline vs.
the CDM technology case.

 

Implications of CDM projects on a set of indicators -
5

• Improve carbon to GDP ratio.

ØA developing country, which participates in CDM
projects, should show a decline in overall carbon
intensity, measured by energy to GDP ratio, compared
with the base-case projections. 

ØThis comparison is calculated from projected baseline
and the CDM fuel mix case.

Implications of CDM projects on a set of indicators -
6

• Raise market share of low carbon technologies.

ØA developing country participating in CDM projects
should show an increase in  the market share of carbon
free technologies.

ØThis requirement will promote the use of carbon free
technologies, yield economies of scale, and promote
learning by doing and learning by using.

ØThe long-term benefit of this requirement is that unit
cost of clean technologies will decline faster as more
countries adopt low-carbon technologies.
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Implications of CDM projects on a set of indicators -
7

• Impose additionality requirement on CDM projects and
encourage additionality to the economy as a whole.

ØReductions in emissions should be beyond any that
would occur in the absence of the certified project
activity.

ØCombining top-down with bottom-up accounting would
prevent double counting of CERs.

Data Requirements for Successful CDM Projects - 1

• The database must serve as the foundation to analyze the
relationship between

Ødemand for energy services,

Øoverall economic activities,

Ø and choice of technologies at very disaggregated level.

• Database for CDM projects must provide insights for
project monitoring, verification, and be helpful in
preventing gaming, and cheating.

• The database must be designed to provide useful
information on current as well as future patterns of energy
use.

Data Requirements for Successful CDM Projects - 2

• The proposed database will be from bottom-up and the sum
would be consistent with national total. It would consist of
data on:

ØEnergy demand by sector, and by end-use technology.

ØEnergy supply by fuel type.

ØElectric generating technologies by fuel type and by
technology.

ØStatistical methods will then be applied to the database
to establish a coherent accounting analytical framework
to ensure the consistency between the national data and
sector data.
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Dynamic Aspect of Economic Growth,
Technical Progress, and Baseline - 1

• Credible CDM projects must identify baseline technologies,
baseline energy consumption, assumed rate of technical
progress, and growth rates for energy service demand.

• Baseline for future years requires evaluation of economic
growth rate, development of domestic industries, and
competitive technologies available in the international
market and capital investment patterns.

Dynamic Aspect of Economic Growth,
Technical Progress, and Baseline - 2

• Projected demand for energy services and GDP growth.

ØEnergy consumption is driven by a set of energy service
demands (e.g., vehicle miles traveled or lumens in
lighting), which in turn is a function of GDP.

ØA set of current and projected demand for energy
services is needed to establish a reference case as the
basis for determining future energy market potentials in
a developing country.

ØSpecific energy service demand categories will be
defined, based on empirical analysis, for each of the four
major sectors: residential, commercial, industrial, and
transportation.

Dynamic Aspect of Economic Growth,
Technical Progress, and Baseline - 3

ØThe relationship between specific energy service
demands, such as heating, cooling, and plug load
appliances, and per capita income will be empirically
estimated in order to provide the basis for future
projections for these demands.

ØSimilar efforts will be devoted to the projections of
demand for energy services in industrial, commercial,
and transportation sectors.
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Dynamic Aspect of Economic Growth,
Technical Progress, and Baseline - 4

• Industrial Production Mix, Baseline Technologies, and
GDP.

Ø Industrial production mix is a function of the stage of
economic development and the growth strategy adopted
by private investor and the government.

ØA global vision of demand for manufactured goods
could provide insights on the most appropriate strategy
for industrialization and most efficient use of capital.  

Dynamic Aspect of Economic Growth,
Technical Progress, and Baseline - 5

• Key factors in establishing baseline technologies for CDM
projects.

ØEnergy efficiency data for technologies utilized in each
nation’s economy is essential to establishing of baseline
technologies.  The best available technology in a
developing country should be based on domestic
manufacturing capability first.

ØFor items requiring imports, the best available,
economically efficient, technology shall be used as the
baseline technology.

 

Dynamic Aspect of Economic Growth,
Technical Progress, and Baseline - 6

Ø In a dynamic world, the rate of technical progress for
domestic technologies should be considered in the
evaluation of CERs for projected future years.

üThe calculation of energy savings and reductions in
emissions, therefore, should be based on available
technologies in the year or years when certified
emission reductions will be generated.  
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Dynamic Aspect of Economic Growth,
Technical Progress, and Baseline - 7

Ø In the process of economic development, there will be
additions to existing capital stock as well as replacement
of existing obsolete capital stock.

üThe baseline technologies for these two types of
investment could be based on best available
economically efficient technologies.  (Especially for
modeling purpose).

üCERs given to investments for the purpose of
replacing existing obsolete capital stock could be
treated as if these investments are new.  

Dynamic Aspect of Economic Growth,
Technical Progress, and Baseline - 8

ØDisposal of obsolete capital stock should be accounted
for if it is the result of a CDM project.

üA developing country replacing existing useful
capital stock with more energy efficient technologies
will receive CERs.

üThe retired equipment should not be sold and used
again in the market place.  The effectiveness of
CDM will be drastically reduced if this condition is
not met.

An Analytical Framework for CDM - 1

• MARKAL-MACRO is the proposed framework.

• MARKAL is a dynamic linear programming model that is
run over time in 5-year intervals extending from 1995
through 2035.  It assumes perfect foresight in the
determination of fuel and technology choices.

• The model keeps track of new investments and capital
stocks between periods. It searches for a least-cost solution
dynamically over the forecast period (1995-2035) to meet
user-specified energy service demands.
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An Analytical Framework for CDM - 2

Markal Macro Demand Sectors

• End-use demand sectors include:
← Residential
← Commercial
← Industrial
← Transportation

• The choice of technologies and fuels to satisfy demand for
energy services is determined by consumer discount rate,
technology characteristics, and fuel prices.

Markal Macro Supply Sectors

Supply sectors include:
← Oil, gas, and coal production, exploration, reserve

expansion, and delivery systems
← Renewable technologies
← Petroleum refining to convert crude oil to products
← Electric generation

Supply is determined by fuel prices, demand for energy,
cost of capital, and efficiency.

An Analytical Framework for CDM - 3

Markal Macro Primary Energy Conversion Sectors

Markal has two energy conversion sectors:

• electricity generation

• petroleum refining

An Analytical Framework for CDM - 4
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Interaction between Demand and Supply

• The linkage between energy service demands and supply
technologies is established using base-year data for both
energy consumption and efficiency characteristics of the
supply technologies.

• Dividing total energy consumption into end-use sectors and
mapping energy service demand to specific technologies
avoids double counting and aggregation problems.

An Analytical Framework for CDM - 5

Technology Characteristics
  Energy Sources Used
  Efficiency
  Costs (Capital and O&M)
  Availability

Energy Source Data
  Cost  Availability

Energy Demands
  By Sector

Other Assumptions
  Long-Term Discount Rate
  System Reserve Requirements

Other Constraints
  Max. CO2 Emissions by Time Period

Dynamic LP
Optimization

Technology Mix for
Each Time Period That

Satisfies Energy
Demand Given

Constraints

An Analytical Framework for CDM - 8
Markal Technology Choice

What is the “Macro” in MARKAL-MACRO

The MACRO module is an aggregate, nested, constant
elasticity of substitution (CES) production function.

The inputs to the production function consist of capital,
labor, and energy service demands. Capital, labor, and
energy may each be substituted for the other to reduce
costs, but eventually there are diminishing returns to
substitution.

An Analytical Framework for CDM - 9
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An Analytical Framework for CDM - 10
Markal and Macro Interactions

Energy Sources
Technology Characteristics
Environmental Constraints

MARKAL

Technology Mix
Fuel Mix
Ranking of Emissions
Abatement Options

MACRO

Labor

Capital

Consumption

Investment

Useful Energy Services

Energy Payments

Apply Analytical Framework to Issues on
Monitoring, Verification, Gaming, and Free Rider - 1

• MARKAL MACRO can establish a baseline for energy
consumption, carbon emissions, technology choices, and
GDP.

• Reductions in carbon emissions can be monitored and
verified at both the aggregate level and at project level.

• The statistical and accounting approach adopted by
MARKAL model and the National Inventory can help
prevent gaming and minimize wind fall benefits.

Apply Analytical Framework to Issues on
Monitoring, Verification, Gaming, and Free Rider - 2

• MARKAL MACRO can establish a baseline for energy
consumption, carbon emissions, technology choices, and
GDP.

Ø Baseline model outputs are linked to demand for
energy services, which are a function of both GDP
and key economic indicators.

Ø MARKAL-MACRO also solve for the most
economically efficient technology choices
dynamically.
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Apply Analytical Framework to Issues on
Monitoring, Verification, Gaming, and Free Rider - 3

• Reductions in carbon emissions can be monitored and
verified at both the aggregated level and at project level.

Ø Total reductions in carbon emissions from CDM
projects in a country can be measured as a reduction
from total energy consumption or total carbon
emission.

Ø It can also be verified at the project level.

Ø The combination of top-down and bottom cross
checks the real reductions in carbon emissions.

Apply Analytical Framework to Issues on
Monitoring, Verification, Gaming, and Free Rider - 4

• The statistical and accounting approach adopted by
MARKAL model and the National Inventory can be used
to  rectify gaming and minimize wind fall.

Ø Additionality at both the national level and project
level ensures that carbon reductions are real.

Ø A dynamic and evolving process that uses projected
values and historical data will provide a platform to
correct overstatement of CERs awarded to CDM
projects.


