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The world is showing increasing concern about the threat of global warming, 
substantiated by over a decade of scientific examination.  The state of the 
environment and the consequences of climate change increasingly drive 
policy, impact consumer behavior, underlie shareholder actions, and inform 
corporate decisions.  This document is put forth by CINCS, LLC. CINCS is a 
technology services company focused on global monitoring, accounting and 
verification systems for emerging environmental markets. CINCS provides 
geo-spatial technology solutions for carbon accounting and environmental 
monitoring. 
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1.1 What is global warming? 
 

Over the last 10,000 years, Earth’s thermostat has been set to an average surface 
temperature of around 57°F. However, Earth’s average planetary temperature has been 
rising; an effect called global warming. This is attributed to the trapping of the sun’s rays inside 
Earth’s atmosphere due to a build up of “greenhouse gases”.  Greenhouse gases such as 
carbon dioxide (CO2), methane (CH4), nitrous oxides (NOx), and sulfuric oxides (SOx) form a 
pervious blanket around the Earth reaching a distance of 100km (60 miles) from its surface. 
These gases, particularly CO2, play a critical role in maintaining the complex and delicate 
balance of Earth’s thermostat and in sustaining life throughout our history. They aid the planet 
in maintaining a homeostatic surface climate by keeping a portion of the sun’s rays close to 
the Earth rather than allowing them all to escape. Greenhouse gases are a waste product of 
the fossil fuels that almost every person on the planet uses for heat, transport, and other 
energy requirements. These uses are rapidly increasing the proportion of greenhouse gases 
in the atmosphere.i As these concentrations increase and exceed Earth’s ability to control it 
within bounds, the amount of solar radiation and warmth kept close to the Earth, and hence 
temperature, also increases. 

   
 

1.2 What are the effects of global warming? 
 

The subsequent effects of global warming on earth’s climate habitability include atmospheric 
and ocean temperature rises which hinder migratory patterns of fish and mammals, raise sea 
level to affect coastal development, and put pressure on the thermohaline circulation (Fig. 1) 
that carries warm water from equatorial regions to the northern and southern latitudes. The 
influence of these forces will cause the Earth, in an attempt to stabilize conditions tolerable to 
life, to react in drastic shifts that can drive entire habitats from one end of a continent to 
another, cause species extinctions and threaten the biodiversity and ecosystem of the planet.ii 
These shifts have already caused floods and droughts in certain regions, which have left 
people starving and malnourished. Thus global warming threatens all species connected to 
and dependent upon the planet. Climate change particularly impacts the lives of the poor as 
they lack the resources the industrialized world has to deal with its ramifications. 

 
 

Figure 1: Solar Radiation and Generalized Model of Thermohaline Circulation; “Global Conveyor Belt”iii 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Scientists predict that global warming will initially expedite glacial melting and induce 

flooding in India, China and South America, cause spikes and then devastating declines in 
crop yields especially in Africa and deplete ocean and other ecosystems of homeostatic living 
conditions.  As global warming continues and even magnifies into a global temperature rise of 
3-5°C, these effects will strengthen and could include other threats such as complete flooding 



 

There is mounting evidence that 
greenhouse gas (GHG) emissions 
from human activities are contributing 
to global warming and having 
increasingly harmful effects on the 
environment.  The general 
consensus among scientists is that 
GHG concentrations are increasing 
as a result of the combustion of fossil 
fuels, industrial manufacturing, 
agricultural practices and other 
anthropogenic activities. Since the 
beginning of the industrial revolution, 
atmospheric concentrations of carbon 
dioxide have increased nearly 30%, 
methane concentrations have more 
than doubled and nitrous oxide 
concentrations have risen by about 
15%.1  These changing levels 
highlight the need for a reduction in 
the amount of GHG emissions from 
human activities.  Trends on global 
emissions over time by emission type 
and region are presented in Fig. 2. 

 

of coastal cities, entire population displacement, accelerated spreading of disease, lack of 
agricultural provisions and a number of additional catastrophic outcomes.   

 
 
1.3 How does human activity increase greenhouse gas concentrations? 

 
 

Figure 2: Global Carbon Dioxide Emissions by Type and 
Regioniv 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

1.3.1 What implications do power generation and industrial manufacturing have on 
greenhouse gas concentrations? 

 
Climate change results from greenhouse gas emissions associated with power 

production, land use, agricultural practices, transportation, industrial manufacturing, 
buildings, other energy categories, and waste management.  Of these eight source 
categories, depicted in proportion to one another in Fig. 3, power, industry and transport 
activities are cited as originating more than half of the 42 billion tons of carbon emissions 
recorded at the turn of the millennium.v  

 
 

 
Figure 3: Greenhouse Gas Emissions by Sourcevi 

 



 

 
 
 

 
1.4 What technology solutions exist to reduce greenhouse gas emissions? 

 
Industry and scientists have responded to the global warming crisis by researching 

engineering solutions. One of these is carbon sequestration, a process of storing carbon long-
term in geological formations underground, or in the oceans or in vegetation and soil, which 
would allow for the continued use of fossil fuels without emissions being released into the 
atmosphere.vii One example of carbon sequestration is sequestration in biomass, such as 
through the planting of forests which act as natural sinks for carbon. Even though this process 
remains rather simple with minimal technology requirements, monitoring the actual amounts of 
carbon dioxide sequestered through these means requires the latest, most-precise 
measurement, monitoring and verification capabilities available.viii   

Other technological solutions for mitigating greenhouse gas emissions include energy 
production via wind, hydro, solar, biomass and nuclear processes. Like wind and river flow, 
solar energy and biomass residue are also highly reliable fuel sources. However, challenges 
faced in realizing the implementation of most of these technologies are the associated costs, 
the potential side effects, and the dependence on political, public, and industry support for 
further research. 

In addition, there is increased awareness of the effects that fossil-fueled power plants have 
on the production of CO2 and other GHG emissions. Use of best practices and techniques can 
be implemented at each point in the coal fuel cycle in order to reduce emissions.  For 
example, the use of coal washing to reduce transportation and handling requirements and the 
use of coal combustion by-products as substitutes for other carbon emitting processes, such 
as cement kilns, could have significant benefits in reducing emissions.  

Increasing efficiency of power plants is also a crucial factor in reducing emissions. New 
power generation processes and clean coal technologies are being developed that emit less 
CO2 per heat input (Btu) or electricity output (kWh) than conventional technologies.ix For 
example, fluidized bed combustion (FBC) is a well-established power generation technology 
which incorporates capturing more than 90% of the sulphur before it escapes the boiler and 
prevents the formation of 70-80% of the nitrogen oxides typically emitted by conventional 
pulverized coal boilers.x Integrated coal gasification combined cycle (IGCC) processes also 
display efficiency in emission reduction, removing 95% of the sulphur from coal, capturing 



 

90% of the nitrogen produced in coal combustion, and displaying higher thermal efficiencies 
resulting in lower carbon-containing coal fuel requirements.xi Furthermore, improving fuel 
systems used by electric utilities can reduce carbon emissions by substituting lower carbon 
fuels for higher carbon fuels and pre-treating coal prior to shipment to remove impurities, 
thereby reducing transportation requirements and improving boiler efficiency when 
combusted.  

Improving and maintaining existing utility equipment by implementing best practices for firing 
and boiler equipment, a plant’s turbine cycle and heat rate, and updated instrumentation and 
control systems will help reduce emissions. In addition, since most plants operate on the 
average of 30-50% efficiency with much heat energy wasted in electricity production, 
investments in waste heat recovery systems will offset the energy consumed in local heating 
and cooling.xii In fact, cogeneration systems, or the joint production of electricity and heat 
through the use of a waste heat exchanger, can raise the efficiency of plants up to 70%. There 
also exists a market for micro-cogeneration systems to heat and produce electricity at the 
distribution level or for individual or community use. These systems have gained momentum 
in the UK and throughout the European Union.   

Along the lines of combined heat and power (CHP) systems, geothermal energy can also be 
used to produce both heat and electricity and is an inexpensive energy source. In fact, Iceland 
uses geothermal energy for 87% of the nation’s heating and hot water requirements, with 
enough energy remaining to heat sidewalks in the wintertime. A 2006 report by MIT concluded 
that it would be affordable to generate 100 gigawatts of electricity or more by 2050 in the 
United States and the world's total geothermal resources to be over 13,000 zettajoules, 
enough to provide for the world's energy needs for several millennia.xiii 

Additionally, future goals for completely eliminating fuel emissions from power plants are 
currently being implemented as President Bush of the United States announced in 2003 plans 
to build a US$1 billion, 10-year project demonstration of the world's first coal-based, zero-
emissions electricity and hydrogen power plant. The project, named FutureGen, will be the 
world’s first zero-emission fossil fuel plant and will incorporate carbon capture sequestration 
technology. Because of concerns over increasing GHG emissions from developing countries, 
South Korea and India have also joined the partnership. 

 
 

1.4.1 How does the “wedge” theory address sources and future projections of 
greenhouse gas emissions and concentrations? 

 
The wedge theory discusses how employing a combination of different technologies and 

solutions can reduce future greenhouse gas emissions to acceptable levels. The concept 
of the wedge, made up of seven components of emission reduction technologies and 
practices, was first presented formally by Robert Socolow and Stephen Pacala of 
Princeton University in 2004 and is portrayed visually in Fig. 4.  Each of the seven smaller 
wedges in this theory signifies a reduction of 1Gt of C02 over a 50-year period.  Together, 
renewable electricity and fuels, energy efficiency and conservation, fuel switching, nuclear 
fission, forests and soils, and CO2 capture and storage are theorized as being capable of 
reducing global emissions from a projected 14Gt C02 per year (under present emissions 
scenario) to 7Gt C02 per year. 

It is noted in the Stern Review: The Economics of Climate Change, 2006, that this 
“stabilization triangle” would require a strong contribution from non-energy related 
measures as part of the solutions portfolio.  Energy measures alone would require cuts 
below the current annual level of 26GtCO2, which Stern suggests implies (a) a reduced 
demand for emission-intensive goods and services; (b) that the electricity sector would 
require operation from predominantly renewables mixtures, carbon capture and storage, 



 

and nuclear power by 2050; and (c) that massive efficiency gains would be necessary in 
the transport sector which would likely remain oil-based until at least 2050.xiv 

 
 

 
 

   Figure 4: Emissions stabilization wedgexv 
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1.5 The economic impacts of air pollution and global warming 
 

1.5.1 What direct and indirect costs can result from climate change? 
 

The impacts of climate change are very broad ranging.xvi  A conservative estimate of the 
economic risks and costs from global warming is a 5% loss in global gross domestic 
product (GDP).  Taking into account a wider range of impacts, that damage total rises to 
20% and possibly greater.xvii  Without policy interventions, emitters of greenhouse gases 
have no incentive to reduce their emissions because there exists no direct market 
consequence to emitting.  In fact, maintaining the status quo of goods manufacturing and 
power production is of greater economic benefit to emitters than paying the costs 
associated with replacing or retrofitting “dirty” facilities, even after the benefits associated 
with corporate social responsibility and public image are taken into account.xviii  With the 
introduction of  fines for emitting greenhouse gases and financial gain through the trading 
of permits and environmental credit commodities, however, the economic considerations 
of emitting versus not emitting greenhouse gases shifts to favor not emitting. 

The negative economic implications of air pollution and global warming that exist today 
for partakers in US private enterprise, consumers and individuals, in a simplified manner 
include (a) increased federal and state-level utilization of tax funding for public health 
epidemics associated with air pollution; (b) heightened firmness in the extent of regulatory 
policy and amount of penalties for non-compliance; and (c) marginal costs transferred 
through supply and demand of goods and services.  When the status of public health 
wavers due to the effects of collective air pollution, and remedial measures of abatement 
and public treatment are required, the financial burden befalls the general public.  Tax 



 

contributions which would otherwise be used for the expansion of park services, upgrades 
to public transportation systems or increases in law enforcement provisions are redeemed 
for use in emergency clinics and hospitals.  

Additional costs are associated with destruction and insurance increases caused by 
hurricane, tornado, flooding and storm surges, leakage and site contamination cleanup, 
property devaluations caused by both conventional fossil fuel and some renewable energy 
generation and inhabitant and ecosystem displacement through hydroelectric dam 
flooding.  Compliance with climate change regulation also places unique financial burdens, 
at least initially, on corporate, state and federal levels. 

 
 
1.5.1 What are the costs associated with climate change regulations? 

 
Quotas and cap-and-trade frameworks are two methods of curbing greenhouse gas 

emissions.  Entities covered by regulatory frameworks face legal and financial implications 
for non-compliance.  This leads to cost-benefit analyses to determine whether changes in 
emissions-generating practices are economically more attractive than the penalties levied 
for non-compliance.  Even when compliance is the selected option, decisions must be 
made regarding whether it is more financially beneficial to act immediately to reduce 
emissions through retrofitting and purchase allowances to match the remainder of 
emissions, or pay penalties in the short term while accumulating the capital necessary to 
make large changes in production through the construction of entirely new facilities at a 
later date.   

An example of these considerations is as follows: Suppose that only two electric 
companies exist, and company A’s emissions are historically 150,000 tons annually, while 
company B’s emissions are historically 50,000 tonnes annually.  Suppose that a federal 
mandate has established that each company may only emit 100,000 tons of carbon 
dioxide annually from electricity production or face closure for non-compliance with the 
new mandate.  Company A may either purchase unused permits at US$100 per ton from 
company B to meet its cap, or, it can pay for physical changes in its operations which 
would yield fewer emissions and full compliance with the new regulations.  Company A 
must determine which option is more cost-effective.  Company A’s cost of retrofitting 
current operations to be cleaner may cost one payment of US$40M and yield 100,000 tons 
of annual emissions (which complies with current regulations), whereas purchases of 
permits from company B will cost US$10M annually through a purchase contract.  In the 
4th year, the two costs are equal, but until then the cost of purchasing from company B is 
cheaper than retrofitting, and after the 4th year, the cost of retrofitting would have been 
cheaper than purchasing from company B.  What is unknown to either company is whether 
or not the mandate will lessen, remain unchanged or even increase.  Additionally, 
company A cannot be sure that company B will not increase the price of its excess permits 
after the 4th year.  Financial risks that regulated entities will face in their decision-making 
processes can have upsides; however an initial payout is almost always necessary when 
shifting away from the status quo of operations.  Should company A choose to invest in 
retrofitting its own operations, the structural change may yield 10,000 surplus permits that 
can be sold annually to a third company entering the market with highly-polluting practices.  
Often the costs associated with regulatory compliance that a company must face are 
necessarily recovered by increases in combinations of operating efficiency, such as in the 
example mentioned above, or the transfer of costs to the consumer purchasing the 
electricity, automobile or paper products that the company produces. 

The means for mitigating emissions that contribute to climate change include five 
predominant methods, each carrying their own price tag which may or may not differ from 
the their business-as-usual fossil fuel equivalents.  They are: (a) reductions in demand for 



 

emissions-intensive goods and services; (b) efficiency gains offering opportunities to both 
save money and reduce emissions; (c) a range of low-carbon technologies already 
available but presently more expensive than fossil-fuel equivalents; (d) reducing non-fossil 
fuel emissions; and (e) carbon sequestration, or carbon capture and storage.  The 
marginal cost of abatement from present conditions forward for energy methods is 
depicted in Fig. 5.  Here, solar is depicted as an example of a mitigation means without 
surety regarding the increase or decrease of abatement with per unit cost or vice versa.  
The emissions-mitigating capacity, or abatement potential, of solar or wind farming may 
increase per unit as technology advances and lower costs per unit of abatement are 
realized.  Alternatively, wind farming or solar collection efficiency and abatement may 
decrease through a lack in technological advance or reduced resource availability. 

 
 

 
Figure 5: Illustrative marginal abatement option cost curve xix 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
2.1 What strategies exist to mitigate greenhouse gases? 

 
There are a variety of strategies to mitigate GHGs. These include a) internal abatement 

strategies such as energy efficiency improvements and fuel switching; b) the implementation 
of low carbon technologies such as renewable energy technologies; c) carbon capture and 
storage (CCS) and carbon sequestration in biomass and soil; and, d) industrial clean-up 
options for reducing non-CO2 greenhouse gases.  

 
 
2.1.1 What are some examples of improvements in energy efficiency? 
 

Internal energy efficiency projects can be implemented in a power plant at the electricity 
generation level or at the end-use or consumer level. At the electricity generation level, 
GHG emissions can be reduced by improving and maintaining existing equipment and by 
implementing best practices throughout the entire fuel cycle – including drilling, transport, 
processing, and combustion.  For example, firing equipment is often given a low priority 
within maintenance procedures and thus, contributes low efficiency to the overall operation 



 

of the power plant.xx However, ensuring that a plant’s firing equipment is reliable through 
regular maintenance, proper management and adjustments in fuel quality can produce 
reductions in GHG emissions. Aging boiler equipment can also contribute to loss of 
efficiency. Strategies to attain higher boiler efficiency include optimizing boiler design and 
benchmarking against other power plants. The potential benefit of these improvements is 
the decreased production of energy waste. Instrumentation and control systems of a 
power plant manage plant performance. These control systems can be upgraded 
continuously and proper management techniques can be internally promoted to guarantee 
the efficient operation of the plant. In addition, systems can aid with controlling 
maintenance of plant equipment which reduces costs and increases overall efficiency.  

Another method of increasing efficiency which produces significant results is 
cogeneration. Cogeneration is a combustion process which generates both electricity and 
heat by directing waste heat from electricity production towards a heat exchanger to 
produce steam. This process can achieve up to 90% efficiency.xxi 

At the end-user level, it is possible to reduce GHG emissions by focusing on increasing 
energy efficiency in the built environment. For example, in residential buildings, it is 
possible to reduce energy by installing energy efficient equipment such as 
chlorofluorescent lighting, refrigerators and washing machines or by conserving energy 
consumption through changes in behavioral practices. The amount of GHG emissions 
reduced from these strategies depends on the type of technology being used. The 
greatest energy and carbon savings are observed in improvements to lighting, air 
conditioning and heating.  

Industrial and commercial sectors also play a crucial role in energy consumption. 
Promoting energy efficient electrotechnologies reduces energy use by substituting 
electromagnetic energy produced by fossil fuels with electromagnetic, electrochemical or 
electrothermal energy produced from day-to-day industrial or commercial processes. This 
strategy increases overall efficiency and helps control energy capabilities.xxii 

 
2.1.2 What is fuel switching? 

 
Fuel switching encompasses replacing the use of a type of fuel with one that has lower 

carbon content. The carbon content of a variety of fuel types is shown in Table 1.  For 
example, burning natural gas rather than coal produces fewer metric tons of carbon 
emissions. In addition, natural gas produces far lower emissions of Sulphur Oxides (SOx) 
and Nitrogen Oxides (NOx), highly potent GHGs, than does coal.   The prospects of 
implementing fuel switching to reduce GHG emissions is promising since coal-fired plants 
which are converted to burn natural gas instead of coal for electricity will reduce emissions 
by 60% per kilowatt produced of generated electricity.xxiii Emissions from combusting oil 
are 30% lower than from coal.xxiv  

 
 
 

Table 1: Metric Tons of Carbon Emitted per Fuel Typexxv 
 

Fuel type Metric tons of carbon per BTU 
Coal 25.61 
(electricity generation) 25.71 
Natural gas 14.47 
Residual fuel oil 21.49 
Oil (electricity generation) 19.95 
Liquid petroleum gas 17.02 
Distillate fuel oil 19.95 



 

 
Natural gas prices are, however, approximately double the prices for coal and oil.  

Additionally, converting coal plants requires large capital investments for new equipment.  
These challenges can be solved with proper governmental incentives and the potential for 
earning revenue by qualifying emission savings for carbon credits.  Fuel switching also 
includes switching from a carbon to a non-carbon based fuel type.  Non-carbon based 
fuels which can be substituted for fossil fuels include biomass, solar, wind, and 
hydroelectricity. Biomass can also be blended with coal as a method of substitution.  
However, major challenges in implementing this type of fuel switching often include higher 
costs for renewable non-carbon fuels and the ability to secure energy from an intermittent 
fuel source such as solar or wind. This is discussed further in the next section. 

 
 

2.2 What are renewable energy technologies and why are they included in the energy 
mix? 

 
Renewable energy is broadly defined as energy produced from an inexhaustible source.xxvi  

There are first, second, and third generation renewable energy technologies. The first 
generation includes hydropower, biomass combustion, and geothermal power and heat.  The 
second-generation includes wind energy, solar photovoltaics and modern forms of bioenergy. 
Finally, the third-generation technologies include ocean energy and enhanced geothermal 
systems.  Renewable energy technologies are crucial to any energy portfolio since they 
produce little or no carbon emissions and, thus, lower GHG emissions significantly. Currently, 
about 13% of the world’s energy is composed of renewables with the majority being 
hydroelectric sources.xxvii However, biomass, wind, and solar technologies are being rapidly 
adopted throughout the world. 

2.2.1 What is hydropower? 
 

Hydropower refers to the process of producing electricity by capturing the energy of 
moving water as it passes through a turbine.  The flow of water forces the turbine, which is 
connected to a generator, to rotate and convert the motion of rotation into electrical 
energy. The amount of power generated from these systems depends on the force of 
water movement through the turbine unit.  Hydropower has several benefits over other 
forms of energy providers.  Electricity generated from large hydropower plants provides 
one of the lowest energy cost options and these systems generally last for more than 50 
years. Another advantage is that hydropower systems are commonly located near the 
end-users, which avoids the need for energy transportation and any concomitant energy 
losses. In addition, for small-scale hydropower systems, maintenance costs are very low.  
In order to provide proper due diligence, well developed feasibility assessments must be 
performed in order to ensure that these systems do not have harmful effects to the 
surrounding environment and ecosystem. Ill-effects can include dry rivers and damage to 
fish, flora and fauna in the area. 

 
 
2.2.2 What is biomass and how can it provide energy? 
 

Biomass refers to all vegetation grown by sunlight and in which energy is stored in the 
carbon bonds of the vegetation’s molecular structure.xxviii The chemical energy in the 
molecular structure is released when biomass is combusted in a biomass combustion 
facility.  Biomass combustion is a fully mature technology which proceeds as follows: the 
biomass is transported to the facility, it is pre-processed by sizing, drying, and blending, 
the feed is then combusted in a boiler, the hot gas generated heats water to generate high 
temperature steam.  Power is produced through a turbine driven by the steam and 



 

electricity is transmitted to the state grid or a local company.  A schematic diagram of this 
process is shown below. 

 
 

 
Figure 6: Biomass System Schematic. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The biomass combustion process is said to be carbon-neutral since the carbon stored in 
the production of the biomass is released when combusted creating a carbon cycle. 
However, the life-cycle process of biomass combustion includes expending energy related 
to the transportation of biomass to the facility and the equipment used in the combustion 
process. Despite these challenges, biomass is economically competitive and provides a 
way of increasing efficiency up to 22-37% when the biomass is gasified or liquefied for use 
as fuel.xxix  

 
 
2.2.3 How is power derived from wind? 
 

Wind power is produced by utilizing the kinetic energy from wind and transferring it to 
rotors. The mechanical energy from the rotating rotors of a wind turbine powers a 
generator which generates electricity. In most cases, the wind turbines have a control 
system which optimizes the rotor speed for efficiency purposes when connected to a main 
power grid.  Wind turbines can be placed both onshore or offshore, producing 10-3,000 
kilowatts and 3,000-15,000 kilowatts of electricity respectively. The amount of energy 
which can be extracted from the wind by a turbine is largely dependent on the wind speed 
and the diameter of the rotor. These two factors directly relate to the power rating of 
turbine units.  

Wind technology is a very reliable option for securing energy and has a life-cycle of 20 
years or more.xxx In addition, costs of project investments for wind turbines have steadily 
declined and technical reliability has increased. The principle advantage of wind 
generation over other forms of energy, is that it hardly contributes to carbon emissions, 
with only 6.5 to 15 grams of CO2 produced for every kilowatt of wind energy.  However, 
common problems with harnessing wind power include noise, aesthetics and potential 



 

ecological impacts. In addition, a main concern relates to the variability of wind speed and, 
thus, supply of energy, as well as social acceptance. 

 
 
2.2.4 How is solar energy converted to electrical energy? 
 

Solar energy can be either used through solar heating and cooling systems or 
photovoltaics.  Solar thermal collectors used for heating and cooling include technologies 
such as parabolic troughs, parabolic dishes, and solar central receivers. These systems 
generate electricity and heat from concentrated sunlight using mirrors and lenses to focus 
sunlight onto a receiver. The receiver absorbs this energy and converts the sunlight into 
heat, which is transferred into a steam generator and converted into electricity. The cost-
effectiveness of solar thermal systems, however, is low.  

Solar cells are primarily made from silicon, which is composed of a wafer containing a 
layer of phosphorus-doped (N-type) silicon on top of a layer of boron-doped (P-type) 
silicon. This semi-conducting material produces an electrical field when sunlight strikes its 
surface, which in turn produces motion or current when many solar cells or a photovoltaic 
system is connected to a generator. This technology can be used in warm or cool climates 
since sunlight can either be direct or scattered by clouds or humidity.  The main 
advantages of solar photovoltaic systems are that the maintenance and operation are 
nearly non-existent. In addition, the lifetime of these systems can be as much as 30 years. 
The supply of raw materials used in solar panel manufacturing yield high costs of 
electricity produced from solar photovoltaics compared with other renewable options, 
however, investment in research and development of solar cells in conjunction with 
effective market policies have led to cost reductions of 20% for every doubling of volume 
produced.xxxi 

 
2.2.5 What is geothermal energy? 
 

Geothermal energy transfers the heat and steam stored below the earth’s surface to a 
turbine that drives a generator to produce electricity.xxxii Underground heat sources such 
as hot water reservoirs are accessed by means of drilling through the earth’s layers. 
Because high temperature steam provides a good source of geothermal power, targeted 
areas of electricity production include hot springs and geysers.  Geothermal power plants 
can operate 24 hours per day and operate over temperatures ranging from 122-482°F (50-
250°C).xxxiii Geothermal energy production results in minimal carbon, SOx, and NOx 
emissions. Costs for this technology have dropped since the systems built in the 1970’s. 
However, the accessibility of geothermal power locations and the ability to transport this 
energy are common obstacles.  

 
 
2.2.6 What is landfill gas? 
 

Landfill gas (LFG) carbon reduction projects collect GHGs emitted from landfills, which 
can then either be sold to generate electricity by another generator or can be used at the 
landfill to generate electricity for a local area or the national grid.  Landfill gas is composed 
of approximately 50% methane (CH4), a GHG that is 21 times more potent than CO2.  
Carbon reductions are achieved by collecting the methane that would otherwise have 
been emitted from the landfill or by using the methane which is captured as a fuel source 
to offset electricity generation from a more polluting fuel source. By reducing methane and 
capturing gases at landfills, the surrounding communities are exposed to less air pollution.  
These projects generate benefits which are important for improving the living standards for 
urban people, by both preventing health issues linked to noxious gases from the landfills 



 

as well as creating access to a stable energy source that would enable private 
entrepreneurship and income diversifying schemes.  

 
 

2.3 Forms of carbon sequestration 
 
2.3.1 What is carbon capture and storage? 
 

Carbon capture and storage (CCS) is a process in which CO2 is captured from the 
atmosphere from point sources such as power plants and utilities rather than being 
released into the air. Implementing this technology in power plants has the potential to 
reduce CO2 emissions by 80-90% compared with normal operation. Although carbon 
capture is a mature technology which has been in practice since the 1970’s, carbon 
storage poses a difficult challenge since it is an unproven concept with many uncertain 
consequences of the long-term storage.  The most promising prospects for locations of 
storing carbon are deep in geological formations, sedimentary basins or in depleted oil and 
gas fields (this process is also known as geo-sequestration). Fig. 7 indicates the global 
distribution of sedimentary basins and other storage sites including highs and fold belts.  
The least useful locations for geo-sequestration are shields. 

 
 

Figure 7. Distribution of Sedimentary Basinsxxxiv 

 
 

 
 

Possibilities for storage also include injecting carbon in the oceans at depths of one 
kilometer or more. In this process, the carbon dissolves and sinks onto the ocean floor. 
However, the potential molecular reaction of carbon with water includes increased acidity 
which affects living organisms.  Another concern is the permanency with this process 



 

since water circulation of the deep oceans to the surface spans 1600 years, and thus has 
a future potential to equilibrate with the surface atmosphere. 

 
 
2.3.2 What is bio-sequestration? 
 

Vegetative carbon sequestration refers to the removal of CO2 from the atmosphere by 
agricultural and forestry practices such as photosynthesis, the absorption and subsequent 
storage of CO2 occurring in plants and organic matter. Agricultural and forestry lands that 
absorb CO2 are referred to as vegetative “sinks”.xxxv The UNFCCC defines a sink as “any 
process, activity or mechanisms which removes a greenhouse gas, an aerosol or a 
precursor of a greenhouse gas from the atmosphere”.xxxvi  In turn, through the process of 
respiration of the living biomass and the decomposition of dead organic matter in soils, 
CO2 is returned to the atmosphere. As a result, net sequestration of this type only occurs 
when the amount of photosynthesis taking place exceeds the total amount of plant and soil 
respiration. xxxvii Points of carbon storage, or pools, can take the form of “living, 
aboveground biomass (e.g., trees and shrubs), products with a long, useful life created 
from biomass (e.g., lumber), living biomass in soils (e.g., roots and microorganisms), or 
recalcitrant organic and inorganic carbon in soils and deeper subsurface 
environments”.xxxviii 

Trees make up much larger carbon reservoirs than herbaceous plants. Sequestration in 
trees occurs while a stand of trees is growing and lessens significantly as the stand 
reaches maturity. As a consequence, the non-renewed growing of trees to sequester 
carbon would result in a one-time benefit over a limited periodxxxix, while growing trees for 
an energy substitute to fossil fuels and harvesting them periodically before they mature 
leads to a continuous offset benefit.xl  Tropical forests, presently undergoing extreme 
deforestation, have a carbon sink potential of nearly eight times that of forests in mid and 
northern latitudes.  

Soils have a large potential for carbon sequestration. In fact, global carbon content in 
soils is three times larger than in plants and animals, twice the amount in the atmosphere 
and a third of the carbon found in fossil fuels. Specifically, the carbon stored in soil organic 
matter depends on the balance between the annual input of dead plant material and the 
annual loss of organic matter through decomposition. When ecosystems reach maturity, 
the carbon content in soils remains constant, although the actual amount varies among 
ecosystems.  Such variation occurs in very large amounts of carbon content in peatlands, 
where anoxia slows respiration rates, and very small amounts in hot, dry areas where 
respiration proceeds rapidly and inputs of organic matter are scarce.xli Physical 
disturbance of soils (i.e. cultivation, draining, etc) accelerates soil respiration, originating a 
carbon source, while practices aimed at increasing productivity (i.e. application of 
fertilizers) are likely to create a carbon sink.xlii 

 
 
2.3.3 What role does soil play in carbon sequestration? 
 

Soil has a characteristic of storing carbon and acts as a sink. Particularly valuable as 
sinks are soils that are used for agricultural purposes, since agricultural practices promote 
carbon sequestration by altering land-use, maximizing yield per hectare cultivated and 
maintaining more continuous vegetation cover.xliii The soil’s ability to act as a sink is 
dependent on many factors including land-use history, length of growing season, 
cloudiness, and warm temperature anomalies.xliv 

 
 

2.4 What major forms of industrial clean up exist? 



 

 
Ozone-depleting chemicals, such as chlorofluorocarbons (CFCs), used in industry to 

produce refrigerants for heating and cooling, propellants, and cleaning solvents have been 
banned since the implementation of the Montreal Protocol in 1989. Hydrochlorofluorocarbons 
(HCFCs) are now used as a substitute since these molecules have a reduced effect on ozone 
depletion.  Hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs) are also substitute 
agents for CFCs. However, they are contributors to global warming and are regulated under 
the Kyoto Protocol. Industry can help minimize emissions by setting benchmarks, 
implementing incentives for internal improvements to standards and practices, properly 
documenting safety practices and data related to emissions, retrofitting current systems and 
supporting substitutions of HFC and PFC.xlv   
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3.1 What is the Kyoto Protocol? 
 

The Kyoto Protocol is an agreement between 165 countriesi adopted on December 11th, 
1997 and entered into force on February 16th, 2005.  It stipulates that participant bodies must 
collectively achieve emissions levels at 5% below recorded levels in December of 1989 by the 
year 2012.ii  Through the Kyoto Protocol, most developed countries, excluding the United 
States and Australia, have collectively begun to counteract trends toward global warming 
while at the same time providing poor nations with additional resources and economic 
development. Developing nations are particularly ill-equipped to deal with the increase in 
extreme weather events, fluctuations in crop yields and changes in landscape and water 
availability that are the results of climate change.  Kyoto and global climate change mitigation 
efforts are particularly important to these countries.  

 
 

3.2 Who are the main participants in Kyoto?  
 

The EU, Japan and Canada are the largest participants subject to Kyoto targets. Overall, 
Kyoto organizes national governments into two categories: a developed country, classified as 
an Annex I country, or a developing country, classified as a Non-Annex I country. Currently, 
there are 160 participating governments to Kyoto. Those countries classified as Non-Annex I 
are not subject to emission targets. Annex I countries have mandatory targets and may invest 
in emission reduction projects located in  economies in transition and in developing countries 
classified as Non-Annex I. Projects in Non-Annex I countries are named Clean Development 
Mechanisms (CDM) and projects in Annex I countries are named Joint Implementation (JI). 
There are one hundred and forty eight developing countries participating as countries eligible 
for hosting Clean Development Mechanism (CDM) projects. CDM and JI projects are 
discussed further in Sections 3.4- 3.6. 

 
 

3.3 Why are not all developed nations participating in Kyoto? 
 

Due to a number of reasons, several large greenhouse gas-emitting nations have not ratified 
the Kyoto Protocol.  The United States and Australia are two such nations.  The US refused to 
take on Kyoto targets due to the resulting need to invest billions of dollars in domestic 
efficiency and technology upgrade as well as foreign forestry, agroforestry and energy 
projects.  The US is concerned about economic strain due to the costs of compliance. 
Furthermore, the US is reluctant to take part in a scheme that does not subject fast growing 
economies such as China and India to similar restrictions.  The Australian has elected not to 
join the scheme as it sees no clearly effective long-term plan for developing countries to 
mitigate their emissions significantly, and dramatic job loss in the coal industry there. 
 
 

3.4 What are the ways by which emitters can reach their targets?  
 

The Kyoto Protocol stipulates three flexible mechanisms by which Annex I emitters can 
reach their compliance targets. These are 1) Emissions Trading, 2) Clean Development 
Mechanism (CDM) and 3) Joint Implementation (JI).  In order to implement an emissions 
trading scheme, participants of Kyoto have established a cap-and-trade system which 
imposes national caps on emissions and allows for trading between countries. This allows for 
reduction of emissions at the lowest possible cost. Each participant is given a number of 
emission allowances related to its reduction target. Countries can trade and sell their 
allowances to either meet their target emission reduction if it exceeds emissions, or earn 
revenue by selling excess allowances if a country’s emissions are below their target. 



 

Carbon credits, which effectively serve 
as extra allowances, can be generated 
by implementing two project-based 
mechanisms for carbon mitigation, the 
Clean Development Mechanism (CDM) 
and Joint Implementation (JI).  The 
United Nations Framework Convention 
on Climate Change has established the 
CDM which is an arrangement under the 
Kyoto Protocol whereby industrialized 
(Annex II) countries with a ratified 
commitment to greenhouse gas 
reductions may invest in emission 
reduction or carbon sequestration 
projects in developing countries, (non-
Annex I) rather than invest in higher cost 
emission reduction endeavors in their 
own countries in order to meet their 
Kyoto compliance requirements.  JI 
projects follow a similar objective 
however consist of projects implemented 
in Annex I countries.  The project flow for 
CDM proceeds as follows (see Fig. 8): 
the GHG mitigation project is identified 
and financed, the reduction of GHG  

 

 
 

 
Figure 8: Flexible Mechanism Project Flowiii 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 emissions in the host country are realized and measured 
in the form of emission certificates (Certified Emission Reductions (CERs) for CDM or 
Emission Reduction Units (ERUs) for JI).  The certificates are sold by the project owners to 
emitters in need of credits for compliance purposes. 
 

 
3.5   What are the commitments of the main emitters under Kyoto and by what methods 

are they choosing to meet their targets?  
 

The main emitters subject to Kyoto are the EU, Canada and Japan. Their Kyoto targets are 
shown in Fig. 9. To reduce their national carbon emissions, the main emitters have chosen to 
(a) invest internally in cleaner technologies that yield emission reductions, (b) invest in forestry 
or energy projects abroad that offset global emissions, or (c) a combination of all these 
investments. 

 
 
 
 
 
 
 
 
 
 
 
 



 

 
Figure 9: Kyoto Commitments for Main Emitters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The European Union implemented a cap-and-trade system known as the European Union 
Emissions Trading Scheme (EU ETS). This is the single largest compliance and most active 
market for trading carbon credits in the world.  It covers all twenty-five of the EU countries, 
and its first phase from 2005-2007 was designed as a precursor to trading under the Kyoto 
Protocol’s first commitment period commencing in 2008.  Under the ETS, each country must 
submit a National Allocation Plan (NAP) to the European Commission, allocating its allotment 
of allowances to various polluters. Allowances trade on the ETS as European-Union 
Allowances (EUAs), and under certain circumstances, CERs or ERUs may trade within the 
ETS as EUAs as well. 

Canada is working to meet its Kyoto target through the creation of two voluntary GHG 
trading pilot projects: the Ontario-Quebec Pilot Emissions Reduction Trading (PERT) program, 
in operation from 1996-2000, and the Greenhouse Gas Emissions Reduction Trading (GERT) 
program, established in 1998, ran until 2001.iv PERT involved emissions trading for several air 
pollutants, including greenhouse gasses, in the areas including Windsor-Quebec, and GERT 
certified CERs and registered trading of certified reductions. In 2002 Canada’s Climate 
Change Plan included prospects for establishing a Domestic Emissions Trading (DET) 
system.  However, such a system has yet to be implemented. 

Meanwhile, Canada struggles to achieve its targets as emissions rose 24% in 2006 since 
the ratification of Kyoto.v Although stating that Canada will not meet its Kyoto targets, 
legislative officials are proposing a national Clean Air Act to take effect in 2010.vi In addition, 
Canada supports the Asia-Pacific Partnership on Clean Development and Climate as an 



 

The Clean Development Mechanism 
allows industrialized countries to 
transfer various forms of finance and 
technology to developing countries 
while getting credit for reducing GHG 
emissions through the CDM.  The 
typical CDM project cycle (see Fig. 10) 
incorporates the design, development, 
and financing of the project, validation 
and authorization by a designated 
operational entity, registration through 
the CDM Executive Board, monitoring, 
verification, and certification of 
emissions, and the issuance of CERs. 
Following these procedures allows a 
project to generate CERs which can 
then be sold and used by Annex I 
countries for Kyoto compliance 
purposes. JI projects follow a similar 
cycle, however, validation can be 
performed by an independent entity and 
registration is not required. 

alternative to Kyoto.  In 2005 Japan launched a voluntary emission trading scheme (JVET) as 
a preparation tool for firms in case a mandatory scheme is established. Through the voluntary 
scheme, the Japanese government subsidized installation costs of emission reduction 
equipment. In return, the companies chosen to participate in this scheme were obligated to 
reduce emissions by 21% of their average annual CO2 emissions in the base years, fiscal 
2002 to 2004.vii Japan enacted in 2000 the The Law on Promoting Green Purchasing to 
promote emission reduction in the public sector and specifically aimed at limiting emissions 
from business activities.viii  

 
 
3.6  How do Clean Development Mechanism (CDM) and Joint Implementation projects 

work? 
 
 

Figure 10: CDM Project Cycle. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

An example of a CDM renewable energy project could be the construction of a biomass 
power generation facility in India or Brazil, which produces electricity to meet increasing 
demand or replace electricity being generated from the burning of fossil fuel.  Other types of 
CDM renewable energy projects with the same goal would be the construction of hydroelectric 
dams or wind farms.  A CDM forestry project might include, for example, the planting or 
foresting of land that never before contained forest, or, the reforestation of land that had forest 
cover prior to 1990 but which does not today. 

   
 

3.7  CDM project measurement and monitoring 
 

3.7.1  Who comprises the regulatory body that approves CDM projects? 
 

The UNFCCC (United Nations Framework Convention on Climate Change) was 
established in 1992 at the Rio Earth Summit, and it is the overall structure for international 
climate negotiations.  The CDM Executive Board oversees the CDM, under the authority 
and guidance of the COP/MOP (Conference of the Parties serving the meeting of the 



 

currently under way, and how they 
differ and why.   

Upon successful completion of 
these steps, a project is deemed to 
be “additional”.  A flowchart is 
provided at right to detail the steps 
in full.  Note that if the project does 
not pass ‘Step 2: Investment 
Analysis’, then a barrier analysis is 
performed, which if satisfied, leads 
into ‘Step 4: Impact of CDM 
Registration’, or in other words, 
how will the project relieve the 
economic and financial hurdles of 
step 2 and the other various 
barriers of step 3.  Once steps 0-4 
are satisfied, a project is accepted 
as additional and not part of the 
baseline scenario. 

 

Parties to the Kyoto Protocol).  The Executive Board is composed of 10 members, 
including one representative from each of the five official UN regions (Africa, Asia, Latin 
America and the Caribbean, Central and Eastern Europe, and Western Europe and 
Others), one from the small island developing states and two each from Annex I and non-
Annex I Parties. 

The CDM Executive Board is responsible for approving all CDM projects, after which 
they are considered “registered” CDM projects. Registration is based on submission of a 
Project Design Document, third party “verification” from an independent reviewer of the 
project and a period allowing for public comment on the project.  

 
 

3.7.2  How do CDM projects go beyond “business as usual”? 
 

Additionality is a concept that aims to ensure that projects receiving CDM approval and 
revenues are not “business as usual”, or in other words, that the project was planned not 
in the normal steps of business but specifically for the cause of the CDM.   

The Project must pass a series of “tests” to show that it is viable and compliant with 
CDM requirements.  There are typically five steps in determining a project’s additionality.  
These steps involve, the identification and analysis of alternatives to the project activity, If 
any alternatives exist, next step is to determine whether the project is less or more 
financially attractive than the status quo scenario; and a concurrent analysis 
demonstrating to which extent similar activities, if any, have been implemented    
previously,    or   are  

Figure 11: Determining Additionalityix 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
3.7.3  How are carbon emissions from different projects measured? 
 

In the case of Land Use, Land-Use Change and Forestry (LULUCF) projects, the carbon 
credits are equivalent to the tons of CO2 taken in and stored by vegetation (also called 
sequestration).  With respect to carbon credits from other CDM activities including 
biomass energy, energy efficiency or landfill gas capture, the credits are the difference in 
carbon emissions from what is generated by the project versus what would have been 
emitted in the absence of the project, i.e., the base case scenario or baseline.  



 

 
 

3.8  The composition of CDM projects 
 
3.8.1 What types of technologies are approved for CDM projects and in which sectors? 
 

A variety of carbon reduction technologies exist which are verified as proven 
technologies by the CDM Executive Board. Table 2 shows CDM projects grouped by type 
of technology in the CDM pipeline and for each shows the number of projects, the number 
of CERs expected per year, the number of CERs expected through 2012 and the number 
of CERs already issued.  

  
 
 

Table 2: CDM Projects Grouped by Type and CERs Produced Per Yearx 
CDM Project Type  Projects 1000 CERs 2012 kCERs 
Afforestation 0 0 0 
Agriculture 176 5829 40727 
Biogas 113 6489 36303 
Biomass energy 409 23489 149893 
Cement 31 4142 32443 
Coal bed/mine methane 40 20673 118142 
Energy distribution 1 55 655 
Energy Efficiency (EE) households 4 87 510 
EE industry 96 2814 17327 
EE Own Generation 148 26424 149794 
EE service 12 48 362 
EE supply side 20 1164 6314 
Fossil fuel switch 69 24464 137411 
Fugitive  20 10882 77517 
Geothermal 8 1774 10976 
HFCs 18 81328 504247 
Hydro 418 31420 172482 
Landfill gas 146 30748 187193 
N2O 37 41580 246067 
Others 0 0 0 
PFCs 1 86 542 
Reforestation 7 831 5392 
Solar 7 179 1111 
Tidal 1 315 1104 
Transport 4 295 2019 
Wind 236 18480 110603 
Total 2022 333596 2009132 
Note: Resubmitted methodologies are only counted once.    

 
 
 

Fig. 12 shows the relative proportion of technologies of CDM projects that have actually 
been approved by the UN. Renewable energy projects compose on average 60% of 
approved CDM projects. 

 
 
 
 
 



 

 
Figure 12: CDM Projects Grouped by Sectorxi 
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3.9  Why are Land Use, Land-Use Change and Forestry (LULUCF) projects considered 
controversial?  

 
Under Article 3.3 of the Kyoto Protocol, greenhouse gas removals and emissions through 

certain activities — namely, afforestation and reforestation since 1990 — are accounted for in 
meeting the Kyoto Protocol’s emission targets. Conversely, emissions from deforestation 
activities will be subtracted from the amount of emissions that an Annex I Party may emit over 
its commitment period. 

LULUCF projects have encountered some resistance due to the difficulty in estimating and 
tracking over time the greenhouse gas removals and emissions resulting from such projects. 
Current methods of measuring carbon sequestration in trees are cost prohibitive, as it involves 
manual labor to count individual trees in the field. Cost effective measuring systems for carbon 
sequestration could have a tremendous impact on the ability for carbon finance to fund 
forestation and land use activities. Another challenge LULUCF projects face is concern that 
greenhouse gases may be unintentionally released into the atmosphere if a sink is damaged 
or destroyed through forest fire or disease.   The EU ETS does not allow for inclusion of 
carbon credits from LULUCF activities. Only one reforestation project has been approved 
under Kyoto to date, the Reforestation for Guangxi Watershed Management in Pearl River 
Basin, on November 6, 2006. 

 
 
 
 
 
 
 
 
 



 

 
 
 

4.1 What other trading mechanisms exist outside of the Kyoto framework? 
 

Outside of the Kyoto compliance market there are a number of alternative schemes wherein 
carbon credits are traded. In the US, Europe and Australia climate change regimes utilizing 
voluntary emission reductions have found enthusiastic citizen and business participants, who 
view these plans as steps in the right direction vis-à-vis addressing global warming. The Non-
Kyoto compliance market involves participants who voluntarily or due to regulation face 
emission caps. An example of a voluntary market is the Chicago Climate Exchange, (CCX) 
and it is open even to individuals. Regulated non-Kyoto markets include those emerging in the 
Northeast and Western US and that in New South Wales, Australia, where several states and 
provinces have committed to regional cap-and-trade schemes with marketable emissions 
credits.    The Regional Greenhouse Gas Initiative (RGGI) in Northeast US states and Eastern 
Canadian provinces, the Western Regional Climate Action Initiative (WRCAI) in the Western 
US and Canada, and the Australian plan will likely resemble the certified Kyoto market.   

Typical reasons for participating in the voluntary markets such as the CCX vary.  Many 
within private industry or in local governments will buy these credits in order to meet targets 
set forth in voluntary agreements. For example, the City of New York unveiled a 
comprehensive climate change plan within the 2030 PlanNYC calling for over 30% reductions 
in greenhouse gases.  It is conceivable that purchasing and perhaps even producing 
Voluntary Emission Reductions (VERs) may be a part of the broader plan.  Yet the mayor’s 
urban manifesto also acknowledged that without a binding state, regional, or national climate 
regime, credit trading by individual municipalities, even those with significant GHG emissions 
like New York, may not be an effective policy tool. However, there are already over 300 US 
cities that have agreed to voluntary reductions as part of the US Mayors Climate Protection 
Agreement - 7% reductions from 1990 levels by 2012 – and the group actively lobbies the 
federal government to implement a credit trading scheme. 

Some of these 300 US cities will have the opportunity to join two emerging regional climate 
programs and gain access to the CER/VER markets. The Regional Greenhouse Gas Initiative 
covers the Mid-Atlantic and Northeastern states, with observer status granted to the Easter 
Canadian provinces. More recently, British Columbia and Manitoba have joined with several 
western US states to form the Western Regional Climate Action Initiative.   

Private corporations also enter the voluntary markets in order to hedge against expected 
future commitments. Many firms may do so because they expect, certainly in the US, some 
form of climate regime that addresses emissions, at least in part, through a credit market. The 
recent US Supreme Court ruling that forces EPA to regulate carbon dioxide emissions as air 
pollution will likely result in the first national CO2 regulations in the US.   Many corporations in 
the US have sought guidance from the government on what form the eventual climate change 
legislation will take so as to be able to plan growth and expansion accordingly; Wal-Mart and 
Ford Motors are just two examples of firms recognizing the political reality of and economic 
opportunity in a future carbon emissions reduction plan.  Finally, commodities traders and 
even utilities will purchase carbon credits as a form of speculation, as the voluntary market 
grows and the price of carbon climbs. 

Aside from the EU ETS, the primary allowance-based markets with trading schemes 
currently in place are the Chicago Climate Exchange, the New South Wales Greenhouse Gas 
Abatement Scheme and the UK Emissions Trading Scheme.  

 
 
 



 

4.2 The voluntary carbon market 
 

4.2.1 What is the Chicago Climate Exchange (CCX)? 
 

The Chicago Climate Exchange (CCX) is a voluntary but legally binding greenhouse gas 
emissions allowance trading system based on the six major greenhouse gases.  Members 
of the CCX are typically leaders in greenhouse gas management from all sectors of the 
global economy, as well as public sector innovators. Reductions achieved through CCX 
are the only reductions in North America being achieved through a legally binding 
compliance regime, providing independent third party verification and price transparency.xii  
CCX emitting members make a voluntary, but legally binding, commitment to meet annual 
greenhouse gas (GHG) emission reduction targets. Those who reduce below the targets 
have surplus allowances to sell or bank; those who emit above the targets comply by 
purchasing CCX Carbon Financial Instrument (CFI) contracts.xiii   

The CFI contract, which represents 100 metric tons of CO2 equivalent, is comprised of 
Exchange Allowances and Exchange Offsets.  Exchange Allowances are issued to 
emitting Members in accordance with their Emission Baseline and the CCX Emission 
Reduction Schedule.  Exchange Offsets are generated by qualifying offset projects. 

The overall goals of the CCX are to (a) facilitate the transaction of GHG allowance 
trading with price transparency, design excellence and environmental integrity; (b) build 
the skills and institutions needed to cost-effectively manage GHGs; (c) facilitate capacity-
building in both public and private sectors to facilitate GHG mitigation; (d) strengthen the 
intellectual framework required for cost effective and valid GHG reduction, and (e) help 
inform the public debate on managing the risk of global climate change.xiv 

As of April, 2007, units traded through CCX were sold at US$3.7/t - normal for the US$3-
4/t range held by that trading floor.  These figures are lower than those traded via the EU 
ETS, however CCX commodities are serving a different market group that is not bound by 
external forces to participate in the trading regime.  The supply and demand in this 
voluntary trading construct is thus lower than in a “must have” compliance market 
framework. 

 
 

4.2.2 What is the New South Wales carbon market? 
 

Australia’s New South Wales (NSW) has an operational program called the NSW 
Greenhouse Gas Abatement Scheme (GGAS) to reduce greenhouse gas emissions until 
2012 from the power sector. Retailers and large electricity customers in NSW and since 
January 1, 2005, in the Australian Capital Territory (ACT) are required to meet mandatory 
intensity targets to reduce (or offset) the emissions of GHG arising from the production of 
electricity they supply or use. They can meet their targets by purchasing certificates (NSW 
Greenhouse Abatement Certificates or NGACs). NGACs are generated through the 
following activities: low-emission generation of electricity and improved generator 
efficiency, activities that result in reduced consumption of electricity or on-site generation 
of electricity and carbon sequestration into biomass.xv  The United Kingdom established it 
own emissions trading scheme, the UK ETS, which ran from 2002 through 2006. This 
market existed alongside the EU ETS.  The UK scheme offers its participants the option of 
opting out of the first phase of the EU ETS, which ran from 2005 through 2007. 

 
 

4.2.3 How do retail carbon markets operate? 
 

Retail carbon markets allow individuals, households and businesses to offset their own 
emissions through purchase from non-trading market offset providers.  For example, a 



 

family taking a vacation via roundtrip flight could have their emissions generated from that 
travel calculated for them via a user-friendly website interface.  The family would then 
choose to donate a specified amount of money to an organization promoting carbon 
sequestration for the planting of additional saplings, or investing in wind or solar electricity 
provision.  It is important that such contributions to offset emissions are made to project or 
initiative activities that would not have occurred otherwise so as be sure contributions 
really are offsets.  Third-party verifiers are now taking a growing part in this market to 
ensure that the offsets sold are generated appropriately.     

When individuals, households or businesses choose to offset their emissions, they are 
said to be going “carbon-neutral”, meaning the fossil fuels burned in production of 
electricity, travel, products, and services are all offset and non-pollutive.  Reports of 
increased interest of banks, credit card issuers, private equity funds and others in this 
segment suggest that it could grow exponentially if only there was a credible, voluntary 
standard for such assets.xvi 

Prices observed on the retail market range widely from a low of US$1 to US$78.  The 
integrity of the offset traded has the biggest influence on price and is often measured 
across one or more of the following parameters:  

- The additionality of the project (making sure the project is not claiming reductions that 
would already occur); 

- The actual existence of the emission reductions (making sure the project activity is 
monitored and that emissions reduction claimed are verified);  

- The exclusion of double-counting (making sure the same emission reductions are not 
sold to several buyers at the same time);  

- The permanence of the reduction (making sure the emission reductions are not 
temporary) and the existence of community benefits.  

The major risk and constraint to this segment is the lack of a respected voluntary 
standard for emission reductions.  Credibility is important to both the responsible 
individuals and corporate houses for whom reputation is an important motivator to reduce 
their climate footprints. A credible voluntary standard will do more to attract value to this 
segment than any other action. Credibility is also critical to the extent that suspicion may 
spread to the (regulated) CDM and JI market.  In order to be credible, a voluntary standard 
does not need to be exactly the same as the standards created by the CDM Executive 
Board or the Chicago Climate Exchange.  It could, for example, have a much more simple 
and intuitive standard for additionality.xvii 

 
 

4.3 US Climate Change Initiatives 
 

4.3.1 What are current US climate change mitigation initiatives? 
 

Even though the US did not ratify the Kyoto Protocol, there has been a surge of climate 
change mitigation initiatives throughout the country. For instance, the Federal Climate 
Change Initiative of 2002 aims at cutting the greenhouse gas intensity of the economy by 
18% over a period of 10 years, from 2002 to 2012 by establishing transferable credits for 
emission reduction. Another recent initiative includes the Climate Change Technology 
Program (CCTP), which prioritizes federal research on climate change and clean energy 
technologies. The CCTP has a proposed fiscal year 2007 budget of $2.98 billion and 
supports programs such as the Asia Pacific Partnership (AP6). This agreement between 
the United States, Australia, Japan, China, the Republic of Korea and India promotes and 
guides the knowledge transfer of climate-friendly technologies such as integrated 
gasification coal power generation, carbon capture and sequestration and renewable 
energy. The FutureGen project, a $1 billion demonstration plant to create the world’s first 



 

coal-based, zero emissions electricity and hydrogen power plant also falls under the 
umbrella of the CCTP.xviii 

At the sub-national level, both the Regional Greenhouse Gas Initiative (RGGI) and the 
Western Regional Climate Action Innitiative (WRCAI) schemes will involve credit-trading 
as a way to cut carbon emissions. Although these initiatives are comprehensive platforms 
to confront climate change through a wide array of options, these programs’ cap-and-trade 
schemes for reducing carbon dioxide and other climate change gas emissions will use 
1990 levels as a baseline. The RGGI is likely to begin trading before the WRCAI, 
sometime in 2009. The participating states in the RGGI – Maryland, Delaware, New York, 
New Jersey and New England – have also granted observer status to the District of 
Columbia, Pennsylvania, and the Eastern Canadian provinces. Moreover, California has 
expressed interest in joining either as an observer or as a fully participating member. The 
RGGI is an inherently collaborative structure: the New England governors and the Eastern 
Canadian premiers issued a Climate Change Action Plan in August 2001, calling for the 
development of new ways to reduce greenhouse gases to 10% below 1990 levels by 
2020. The regional cap-and-trade program will assist the participating states and 
provinces in reaching such state-specific goals while progressing toward the overall 
regional goal of 10% reductions. 

The WRCAI, spurred on by California’s progressive stance on climate change, is slightly 
behind the RGGI in program development; the initiative was only announced in early 2007. 
Now with the addition of the Canadian provinces and considering the diversity of Western 
US politics, there may be more delays as a more legally intricate initiative will be 
necessary.  However, the WRCAI will likely follow California’s lead and require 
approximately 25% reductions in GHG emissions by 2020.  The WRCAI builds on existing 
greenhouse gas reduction efforts in the individual states as well as two existing regional 
efforts. In 2003, California, Oregon and Washington created the West Coast Global 
Warming Initiative, and in 2006, Arizona and New Mexico launched the Southwest Climate 
Change Initiative.  The three US border states of California, Arizona, and Texas have 
already tested trading schemes to combat criteria air pollution that should dovetail nicely 
with efforts to build and implement an effective regional GHG emissions credit trading 
scheme. 

 
 

4.3.2 What is the current status of US legislation for Greenhouse Gas (GHG) emissions 
cap-and-trade schemes? 

 
California recently passed the California Climate Act of 2006 – Assembly Bill 32 and the 

Safe Climate Act, which require the California Environmental Protection Agency to work 
with state agencies to promulgate and implement a greenhouse gas emissions cap for the 
electric power, industrial and commercial sectors through regulations in an economically 
efficient manner. California’s Air Resources Board Market Advisory Committee recently 
proposed a “hybrid” approach, combining a source-based approach for the state’s 
electricity generators and a load-based one for power imports to meet its 1990 target by 
2020.xix In addition, Northeastern and Mid-Atlantic states have signed onto the Regional 
Greenhouse Gas Initiative (RGGI), which hopes to serve as a model for a future national 
GHG cap-and-trade program and aims to bring the region’s emissions down 10 per cent 
from current levels by the year 2019.  

National GHG reduction measures recently proposed in the Senate include: the Climate 
Stewardship and Innovation Act introduced by Senators McCain and Lieberman; the 
Climate and Economy Insurance Act proposed by Senator Bingaman, the Global Warming 
Reduction Act proposed by Senators Kerry and Snowe, and the Global Warming Pollution 
Reduction Act proposed by Senator Jeffords. A summary of current legislation and 



 

proposals are outlined below and a graphical interpretation of the mandated GHG 
reductions is shown in Fig.13. 

 
 

 
Figure 13: Comparison of Legislative Proposals in 109th Congress 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Congress considered seven proposals to address global warming through the use of market-based, cap-
and-trade mechanisms. The bills specified emission caps indicated by measurements, such as a return to 
2000 levels (McCain-Lieberman) or 1.5% reductions per year. 
Source: Kerry-Snowe, http://www.wri.org 

 
 
 

4.3.3 What are influential factors supporting the establishment of a US GHG emissions 
cap-and-trade scheme? 

 
Momentum towards reducing GHG emissions has been supported by some key drivers 

consisting of cities, states, and corporations. Leading the way is the New England and 
Mid-Atlantic based RGGI, the WRCAI, and the California initiatives, which are designed 
with geographic expansion in mind. These schemes will offer valuable experience in 
establishing critical design issues, such as reliable baselines, long-term targets, and the 
use of flexibility mechanisms. In addition, recent lawsuits have sparked an increased 
awareness of pressure for GHG abatement strategies from Washington. In a landmark 
ruling, the U.S. Supreme Court ruled that the Environmental Protection Agency has the 
authority to regulate ''greenhouse'' gases, especially carbon dioxide.xx  The lawsuit was 
filed by the State of Massachusetts and a coalition of 11 other states requesting the court 
to review regulation of greenhouse gas pollutants. There is also an effort in Texas to 
require cleaner plants than the 17 now proposed by utilities. 

A recent U.S. Congressional Budget Office (CBO) study emphasizes the effectiveness of 
combining carbon pricing, research and development strategies in reducing GHG 
emissions.xxi This reveals support within the government for including a carbon trading 
scheme in future legislation. High political participation in cap-and-trade schemes and 
public support shown in opinion polls indicate a high probability that a GHG initiative will 



 

be supported by the White House by 2009.xxii (See Fig. 14 for a summary of regional 
initiatives towards GHG abatement.)  The rise of public opinion has already pushed many 
mayors to take what should be federal policy into their own hands. Added economic 
research disproves the claim that climate action is too costly and can break down 
expected overall cost increases – in the case of the RGGI and New England electricity 
rates – to a mere 0.036% in worst-case scenarios. In addition, macroeconomic analyses of 
expected cost increases, such as those in the Stern Review, make the case that doing 
nothing is far more costly than acting prudently now; such a mindset is at the heart of the 
local fight for climate change legislation. 

 
 

Figure 14: Regional Initiatives Toward GHG Abatementxxiii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Currently, US corporations are demonstrating increased commitment to reducing GHG 
emissions, such as General Electric, who has launched its “ecomagination” campaign 
towards implementing market-shaping strategies for climate-friendly products, Wal-Mart 
has initiated an ambitious GHG reduction goal, IBM and several investment banks have 
also demonstrated leadership. Interest from investment banks such as JP Morgan and 
Goldman Sachs, which has paid $22.7 million for a 10.1% stake in Climate Exchange Plc 
(the company behind the European Climate Exchange (ECX) and the Chicago Climate 
Exchange (CCX)) signals positive moves for future legislative action and the high priority 
in mitigating global climate change. 

 
 

4.3.4 What is the effectiveness of cap-and-trade frameworks in mitigating emissions in 
the US? 

 
The Acid Rain Program, which began in 1995 through the 1990 Clean Air Act, was 

developed as a market-based initiative taken by the United States Environmental 
Protection Agency (EPA) to reduce sulfur dioxides and nitrogen dioxides, or SOx and 
NOx. The program employed a free allocation of emissions allowances to participants, and 
the initial success of the program led to the build-up of a substantial bank with traded 
volumes exceeding $10 billion in 2006. Emissions levels have been greatly reduced with 
some years well below the fixed cap. Moreover, the decrease in emissions has been 
substantially cheaper than traditional command-and-control policies, saving almost $1 
billion. Fig. 15 shows the decrease in SOx emissions and NOx emissions as an effect of 
the program. Moreover, these reductions have occurred at minimal cost to industry due to 
the efficiency of market-based systems.  

In addition, pressures have been 
building from U.S. corporations 
requesting policy action for a 
federal GHG initiative. In February 
2007, the Global Roundtable, a 
group of companies and 
organizations from around the 
world, endorsed a bold post-2012 
framework for affecting change at 
the levels of policy and industry and 
to create sustainable energy 
systems necessary for achieving 
economic growth.1 In addition, 
corporations are requesting clarity 
in future emission regulation to 
incorporate into their planning and 
development of programs. 



 

 
 

Figure 15: National SO2 Emissions Trend for All Acid Rain Program Affected Units and NOx Mass 
Emissions for Phase II Units.xxiv  
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In addition, the Federal Climate Change Initiative of 2002 aims at cutting the greenhouse 
gas intensity of the economy by 18% over a period of 10 years to 2012 by establishing 
transferable credits for emission reduction. The US has a reasonable chance of meeting 
this target. The emissions intensity of the economy, calculated in kilograms of carbon 
dioxide equivalent per dollar of real GDP, has dropped 23% between 1990 and 2004. 

 
5.1 What are shareholder concerns about corporate environmental performance? 

 
Environmentally motivated investors are similar to traditional investors in that their near-term 

investment interest is profitability.  Where these two types of investors differ, is in their long-
term interests of responding to climate change through their investment strategy.   

The environmental investor looks for two main criteria; (1), a management team that is 
prepared to tackle climate-related risks now while also poised to confront more in the future; 
and (2), company transparency and reporting. Increasingly, shareholders view credible 
environmental management as a measure of overall management performance within a 
corporation.  The “bottom line” can be placed in jeopardy and “the way a company manages 
its carbon exposure could create or destroy shareholder value”. xxv  

Shareholders have several underlying concerns, and depending on the type of investment 
strategy, ie. short-term or long-term, small-cap to large-cap, not all may apply, but in summary 
they are: 

1. What are the company’s GHG emissions?  Are they inventoried and reported?  If the 
levels are high, what reductions options are there?  Does the company need to reduce 
or offset them, and if so, what is being done? 

2. Is the company investing in a renewable energy as part of their energy portfolio? 
3. Is the company currently regulated by policies or plans, and if not, how proactive and 

prepared is the company for regulations? Is the company leading the pack or will it 



 

have to pick up ground, at the expense of the company at a later date? How much 
investment will be necessary? 

4. How is the company at risk geographically for the implications of climate change 
and/or is the company prepared for climate-change related natural disasters? 

5. Can the company cost-effectively, profitably and with environmental concern, develop 
and deliver products and services to compete over its competitors? 

6. What is the company’s reputation and how vulnerable is the company to litigation?  If a 
company has good environmental practices, does it publicize them and is the resulting 
public awareness positive?  
 
 

5.1.1  What resources are available to shareholders and other investors to assist in 
selecting companies that meet their environmental and climate change related 
criteria? 

 
Lehman Brothers provides a breakdown of climate change analysis for a company into 

three parts; industry research, management profile and company research.  The first two, 
industry and management, are suggested to be research as pre-requisite to doing 
individual company research.  In order to understand a specific company, the investor 
should be familiar with the management team for tracking prior business successes, and 
also the industry that the company belongs to for comparison and benchmark purposes, 
while understanding that there may be outliers to the industry trends.  

 
 
 
Figure 26: Investment framework for climate change analysisxxvi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Research companies such as KLD Research & Analytics and Innovest Strategic Value 

Advisors provide information on global corporate performance in all forms, from reports to 
research products, to inform investors on criteria of choice. Due to greater visibility and 
investor awareness, an assessment of a company includes far more than the standard 
factors of aging population and globalization, such as the company’s stance on social, 
governance and environmental issues.xxvii  

Shareholder resolutions allow the shareholder of a particular company to make a formal 
request for information about concerns on their investment, or in other words, about 
concerns the shareholder might have about the company they have stock in.  Since 1996, 
according to Institutional Shareholder Services, the number of shareholder resolutions in 
the United States increased from less than 5 to over 45, the highest ever, in 2007.  While 
the number may not seem very large, it is important to remember that these resolutions 
are filed mostly by state and city pension funds, foundations, religious institutional 
investors, and socially-responsible firms.  Therefore, the amount of shareholders 
represented by the number of resolutions filed is quite large. 

In response to their shareholders request for climate strategy related information, 
companies are partaking in stakeholder discussions, improving public disclosure and also 
taking more serious corporate climate change policies.xxviii  Another resource, the “Climate 
Change Governance Checklist”, has been created and scored by California Environmental 
Resources Evaluation System (CERES), with a complementing company breakdown 
analysis. The checklist has been developed as a scoring system to provide institutional 
investors and corporations a benchmarking tool to measure a company’s perception of 
climate change related risks and opportunities, and also to how the management team is 
responding.  The last report, from which the following checklist was taken, was put out in 
March of 2006.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
Figure 27: Climate change governance checklist: 100 point systemxxix 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

5.2 What is the corporate response to shareholder concern about environmental 
performance and carbon risk?   
 
 A company may require several concurrent and separate initiatives to adhere to the long-

term concerns raised above, while realizing profits for their investors in the near-term.  For a 
company, in order to demonstrate consideration of climate change in business decisions, 
various opportunities through public disclosure exist, ie. emissions data and environmental 
performance, management teams and company boards that are committed to environmental 
affairs, impacts of the physical risks of climate change to the business’ operations and supply 
chain, as well as implications of the changing regulatory environment.xxx  Additionally, 
memberships to industry associations focused on climate change issues are another venue by 
which companies can take a defined stance as a proponent for combating climate risks. 

 
 



 

5.2.1 How can public disclosure, through voluntary and/or mandatory reporting, ease 
shareholder concerns? 

 
Inventorying and reporting demonstrates that a public company is conscious of its 

“carbon footprint” and is taking the initial steps to not only inventory its GHG liability, but 
also, disclose this information to the public.  In May 2005, CERES has developed the 
Climate Risk Disclosure Initiative, which was essentially a statement that presented the 
climate change risks and opportunities that should be addressed by companies. 

Shareholders insist that executives of companies they choose to invest in have, of 
course, profitability, but to also have a management team and board working to ensure the 
company is prepared for future climate change related challenges and opportunities.  The 
perception is that considering environmental performance and implementing initiatives 
now will benefit both the company and the shareholders in the future; especially in 
industries influenced heavily by consumers or government.  With good management, 
these practices will change the ways in which employees perceive and react to climate 
change, which result for the end-user a company output of products and services mindful 
of climate change.  Key analyses investors look for from these management teams in this 
respect are, greenhouse gas emissions data, a climate change statement, corporate 
actions statement related to climate risk and, what the company’s corporate governance 
has been doing to address climate risk.xxxi 

 
 
5.2.2 What are some examples of reporting mechanisms? 

 
Realizing that environmental performance is a point of shareholder scrutiny, corporations 

are becoming more transparent about their environmental positions and practices and are 
beginning to hedge against the risk of losing investor interest.   

The Carbon Disclosure Project is an economic breakdown report of corporate GHG 
emissions used for measurement and monitoring of the impact of emissions on business 
development.  The FT500 companies, representing the 500 largest (by capitalization) 
publicly traded companies on the world market participate in this questionnaire which in 
turn becomes an aid for investors seeking knowledge of what corporations are addressing 
climate change issues.  In the 4th Carbon Disclosure Project of 2005/06, 225 global 
investment institutions representing greater than $31.5 trillion in assets supported the 
questionnaire which returned a response rate of 72% from FT500 companies that were 
polled.xxxii  

 

“Climate change is a topic that should be on the agenda of every Board of Directors” xxxiii 
 

Under the Carbon Disclosure Project, corporations need to identify their direct and 
indirect greenhouse gas emissions; those which are released through their manufacturing 
and operations, and those which occur before or after the corporations’ involvement in the 
production process.  For example, shareholders of Exxon Valdez are mindful of not only 
their transport tankers’ and tanker trucks’ emissions, but also the emissions associated 
with harvesting the crude oil initially and the emissions associated with the burning of the 
fossil fuel through automobile combustion by the end user.  From this perspective, 
corporations view the entire network and chain of their business operations in order to 
assess their “carbon footprint”.  Other initiatives composed of investors and pension funds 
are, the Investor Network on Climate Risk (INCR) and the Institutional Investor Group on 
Climate Change (IIGCC). 

Companies are also issuing their own stakeholder reports, which can be broad enough 
to include a variety of sustainability items including community giveback, corporate 
relations, employee relations, etc, or specific enough to detail the carbon footprint of the 



 

company in terms of GHG emissions data.  The Global Reporting Initiative (GRI), an 
example of corporate reporting, is “an international network of thousands from business, 
civil society, labor, and professional institutions create the content of the Reporting 
Framework in a consensus-seeking process.”xxxiv  The GRI reports on company economic, 
environmental and social performance.   

Still voluntary but on the mandatory side of corporate reporting, The United States 
Securities and Exchange Commission, regulatory and industry organizations require 
disclosure and reporting of information that relates to corporate financial performance, and 
increasingly, companies are including in these reports, their analyses of climate risk data 
as it pertains to their companies. 

For those companies in the United States, options for voluntary reporting disclosure are, 
the US Department of Energy’s 1605(b), California Climate Action Registry (CCAR), and 
the Climate Registry.  Similarly, for companies seeking an internationally recognized 
platform for the disclosure of worldwide corporate GHG emissions, there is the World 
Economic Forum Global GHG Registry.  Please refer to the appendix for more information. 

At the present, and not globally uniform, companies can be required by governments to 
report annual GHG emissions.  In the United States, there is mandatory reporting in 
Connecticut, Wisconsin, Maine & New Jersey, and it will be mandatory in California in 
2008.  Additionally, New Mexico is considering its own mandatory GHG reporting plan.  In 
Europe, there exists an Integrated Pollution Prevention and Control (IPPC) Directive, and 
facilities that fit the bill must report emissions that exceed a set amount for all six GHGs.  
Ontario has its own mandatory reporting program, titled the Ontario Regulation 127, which 
like the IPPC, requires reporting on all GHG emissions. 

 
 

5.2.3 What are some examples of voluntary partnerships? 
 

The following are examples of voluntary climate change or greenhouse gas related 
partnerships that U.S. businesses can join up with.  Motivations for each are different per 
company, and membership fulfillments are partnership-specific as well. Taking part in 
these or any other partnerships provides exposure for the company of its environmental 
initiatives and leadership.  These partnerships also allow for the participating companies to 
be at the forefront of shaping climate policy.  

U.S. EPA Climate Leaders:  This industry-government partnership works with long-term 
comprehensive climate change strategies.  GHG reduction goals are established, 
inventories are created and reporting is conducted.  The Climate Leaders serve as climate 
professionals, in one such way as they contribute to resources related to GHG items such 
as inventorying and reporting. 

World Environment Center (WEC): In this independent, non-advocacy organization, 
governments, industry, non-governmental organizations and academia work together 
towards improving evolving environment, health, and safety policy and practices.xxxv  
Companies in such categories range form banking and insurance, to automobile, to food & 
beverage services.  The WEC provides forums, capacity building and recognizes 
corporations that are leading in environmental stewardship. 

Pew Center on Global Climate Change: Business Environmental Leadership Council   
(BELC):  BELC is the largest U.S.-based association of corporations focused on 
addressing the challenges of climate change, with 43 members representing $2.8 trillion in 
market capitalization and over 3.8 million employees.  Thirty-two of which have emissions 
reductions targets.  Through participation in the BELC, these corporations are likely to gain 
a sustained competitive advantage over their peers. 

United States Climate Action Partnership (USCAP): USCAP is a group of businesses 
and leading environmental organizations that have come together to call on the federal 



 

government to quickly enact strong national legislation to require significant reductions of 
greenhouse gas emissions. USCAP has issued a landmark set of principles and 
recommendations to underscore the urgent need for a policy framework on climate 
change.  In January of 2007, the USCAP recommended as far-reaching of a cap-and-
trade system as possible along with complementary policies and measures that would 
facilitate the development and use of low and zero carbon technologies.   

 
 
5.2.4 What are some investment options for shareholders with concerns about 

corporate environmental performance? 
 

   As environmental awareness has grown in importance among investors, their 
investments vehicles have begun to incorporate these evaluative criteria. There are 
several investment options for the environmentally minded investor, apart from investing 
directly into one company; a few examples are listed below:xxxvi  

1. Theme Funds – funds that invest solely in companies in the climate change 
mitigation market;  

2. Venture Capital Firms and Private Equity Funds - seek out and invest capital 
into climate change responsive technology companies; 

3. Socially Responsible Investment Funds & Indices with the investment 
methodology of more than two decades, which takes into account economic, social 
and environmental performance of companies; 

4. Carbon Funds, presently unavailable to an individual investor, buy and sell 
specific market associated CERs within the Clean Development Mechanism and 
Joint Implementation markets. 

5. Green Hedge Funds - hedge funds that are dedicated to “green” investments, 
from sugar for trading to ethanol producers, to alternative energy. 

 
 

Figure 28: Climate change portfolio considerationsxxxvii 

 
 

 
 
 



 

5.2.5 What is the importance of a climate-change dedicated management and board? 
 

Shareholders insist that executives of companies they choose to invest in have 
profitability, a management team and board working to ensure the company is planning 
environmentally.  The perception is that considering environmental performance and 
implementing initiatives now will benefit both the company and the shareholders in the 
future; especially in industries influenced heavily by consumers or government.  With good 
management, these practices will change the ways in which employees perceive and react 
to climate change, which result for the end-user a company output of products and 
services mindful of climate change. 

 
 

5.3 What are some specific company risks associated with GHG emissions? 
 

Regulatory: There are penalties associated with failure to comply with mandatory GHG 
emissions targets. There are costs associated with purchasing allowances and instituting 
internal efficiency measures to comply with regulations. Companies who take steps to mitigate 
their emissions better position themselves to compete in current and future regulatory 
environments.  

Physical:  Referring to geographic location of companies, which in turn can reflect 
vulnerability to temperature rises and extreme weather patterns.  From low-lying coastal 
location concern to speculated regions of significant potential damages including India and 
China. 

Competition: Corporate Social Responsibility is increasingly important to consumers as 
they choose which products to use. Companies viewed as “dirty” are at a disadvantage 
competitively to companies that are “clean” or “green”. Portfolio managers and investment 
funds also recognize corporate social responsibility (CSR) as an important metric in deciding 
which companies to fund or purchase stock in, as evidenced by the rise of socially responsible 
investment (SRI) portfolios. 

Supply Chain: Companies that rely on agricultural or water resources as part of their supply 
chain are at greater risk when faced with water shortages, intensifying hurricanes, widespread 
fires, variation in crop yields and other natural disasters exacerbated by climate change.  

Litigation: Large emitters of GHG are liable to be subject to litigation, which can be hurtful 
to their public image. For example, the State of California is suing six US and Japanese 
automakers for not addressing GHGs.  Not all publicity is necessarily good publicity 

Innovative Technologies and New Business Opportunities:  Companies who do not 
meet growing demand for low-carbon and/or highly efficient products and services will surely 
be left behind.  Companies must be able to adapt to the evolving marketplace for these new 
requirements. 

 
 
5.3.1 What is the exposure of select sectors to the carbon risks mentioned above? 

 
• Automobile 

Regulations: Manufacturers exposed to greenhouse gas emissions regulations, and 
emissions regulations on private and commercial vehicles.  Car makers are subject 
to legislation that would affect fuel economy or CO2 intensity of the cars. 
Competition:  Prices of cars may change due to the change in costs of the 
components used in the manufacturing process.  Consumer demand will ask for 
more fuel efficient cars, which would benefit certain manufacturers (Honda, Toyota) 
over others (BMW). 



 

Innovative Technologies and New Business Opportunities:  Hybrid technologies, 
alternative fuels, changes to the engine design for more fuel efficiency and cleaner 
output. 

• Transport: 
Regulations:  Not currently regulated by the EU ETS, however, one sector under 
scrutiny is the Airline industry.  Caps will be placed on emissions, and fuel use and 
efficiency of airplane operation will be explored. 

• Utility 
Regulations:  Burden will occur “…as companies are obliged to reduce output, switch 
fuel sources, invest in new technologies, or purchase carbon credits to reduce their 
exposure.”xxxviii  Utilities are bound by regulations by the EU ETS and state-level 
regulations in the U.S such as RGGI and the CCX. 
Physical Exposure:  Infrastructure is in danger, for energies such as Hydo that relies 
on heavy rain seasons.  Restoration costs from natural disasters, for example 
Hurricane Katrina.  Excessive heat brings excessive consumer demand to use air-
cooling systems.  “Water utilities are likely to be affected by climate change, through 
effects on the quantity and quality of free water sources available for public 
supply.”xxxix 
Competition:  Cleaner fuels will be used as the price of coal increases, which 
depends on emissions regulations. 
Innovative Technologies and New Business Opportunities:  Nuclear power, 
renewable energies and carbon capture and storage (CCS) systems. 

• Integrated Oil and Gas 
Regulation:  Heavy investment in CDM renewable energy projects to offset 
emissions and build a renewable energy portfolio. 
Physical Exposure:  The location of oilrigs in the Gulf of Mexico and the melting of 
the Alaskan permafrost. 
Competition: Natural gas is a cleaner fuel and will increase in demand with GHG 
regulations. 
Innovative Technologies and New Business Opportunities:  Consumer demand an 
potential regulation for renewable energy technologies, energy efficiency, 
cogeneration and carbon capture.xl 

• Building and Construction 
Regulation: Sustainable designs and construction of buildings will increase due to 
tighter regulations. 
Physical:  Properties where natural disasters are more possible will potentially be 
damaged or destroyed, therefore requiring fixing or rebuilding. 

• Cement 
Regulation:  “To meet carbon emission standards, European cement players will 
have to engage in: increased capital expenditure to upgrade manufacturing units; the 
replacement of fossil fuels with alternative fuels; and the reduction of … by-products 
of the steel and power industries.”xli 

• Mining 
Metals that have higher emissions from production and/or poorer functionality would 
be less in demand if an alternative metal exists for the same function. 
 
 

 How are companies responding to future climate change risk? 
 

Response to environmental and climate change concerns has grown in the corporate 
sector.  Motivations for this increase of action will be discussed later in Section 7, but it 



 

should be noted that consumers, shareholders, other corporations, and the regulatory 
environment that the company is in, all play their part.   

The Economist Intelligence Unit conducted a survey with a multitude of questions to 
investigate businesses level of awareness, participation and concern for climate change 
and its affect on business. Respondent industry demographics for the 634 executives 
surveyed are displayed in the bar graph below. 

 
 
 

Figure 29: Economist Intelligence Unit Survey Resultsxlii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Sixty-percent of the companies do not monitor their emissions or carbon impact, while 

another fifteen-percent monitor only some aspects.  Only eighteen-percent have a carbon 
reduction scheme in place presently and nearly half of the companies have no plans for a 
scheme by 2010, with energy-efficiency as the most popular method of current carbon 
reduction. 

The companies are generally voluntarily motivated (57%), either by brand reputation, 
anticipation of future regulatory changes or to achieve environmental/sustainability 
certification – while 26% don’t plan to make carbon cuts at all. 

Carbon offsetting is not general practice, with 52% and 26% of the companies either not 
utilizing carbon offsetting or don’t know, respectively, leaving only 23% of companies who 
do, and furthermore, of those who do offset, most of the practices (38%) are internal 
efforts such as getting employees involved in tree planting and 44% don’t know. 

All in all, companies expect carbon reduction efforts to pay off in the near future, and 
major incentives to increase those efforts would be tax incentives and government 
regulation, primarily, as well as a reduction in associated costs, increased 
management/employee focus or concern, and more commonly accepted verification 
standards.   

 
 
 
 
 



 

                                                                                                                                                             
i See Appendix 2.1 for a list of Annex I & Annex II countries 
ii “The 1997 Kyoto Protocol shares the Convention’s objective, principles and institutions, but significantly 

strengthens the Convention by committing Annex I Parties to individual, legally-binding targets to limit 
or reduce their greenhouse gas emissions. Only Parties to the Convention that have also become 
Parties to the Protocol (i.e. by ratifying, accepting, approving, or acceding to it) will be bound by the 
Protocol’s commitments. 165 countries have ratified the Protocol to date. Of these, 35 countries and 
the EEC are required to reduce greenhouse gas emissions below levels specified for each of them in 
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6.1 What characterizes a tradable unit of emissions reduction? 
 
Greenhouse gases affect global warming with varying intensities. This intensity is measured 

by the global warming potential (GWP) of the gas, with one ton of carbon dioxide having a 
GWP of one. The generally accepted authority on global warming potential of gases is the 
Intergovernmental Panel on Climate Change (IPCC).  The global warming potential of HFC-23 
for example is 11,700, meaning that one ton of HFC-23 has 11,700 times more of a 
greenhouse effect than carbon dioxide. Estimates of greenhouse gas emissions are presented 
in units of tons of carbon dioxide equivalent (tCO2e). This is also how GHGs are represented 
in allowances and offset credits, with one ton of CO2 creating one allowance or credit, and one 
ton of HFC-23 creating 11,700 allowances or credits. There are six main GHGs that contribute 
to the greenhouse effect and that are included in the Kyoto Protocol: CO2, CH4, N2O, SF6, 
HFC, and PFC.  

 
 

6.2 How does the European Union Emissions Trading Scheme (EU ETS) work? 
 

The EU has established a cap-and-trade structure called the EU Emissions Trading Scheme 
(EU ETS), begun in 2005, as a mechanism for achieving its Kyoto targets. The EU ETS is 
implemented in two phases, phase I (2005-5007) and phase II (2008-2012).  Transactions 
within the EU ETS are conducted in units of European Union Allowances (EUAs). CERs and 
ERUs can be converted into EUAs and traded within the EU ETS, although CERs and ERUs 
can only comprise a certain percentage of the total EUAs within the EU ETS.  

In the EU ETS, each country adopts a National Allocation Plan (NAP) which is approved by 
the European Commission. Under the NAP, a country allocates its country wide allowances to 
various installations which comprise the top emitters of greenhouse gases in the country. If 
these installations exceed their allocated allowances, they must purchase allowances from 
other installations. Similarly, if an installation does not need all of its allocated allowances, it is 
able to sell these to other installations.  EUAs are currently traded over a number of main 
exchanges, which include the European Climate Exchange, Nordpool, PowerNext, the Energy 
Exchange Austria and the European Energy Exchange.  

 
 

6.3  Who are the participants in the EU ETS? 
 

 The main participants in the EU ETS are electricity generators, oil refineries and energy-
intensive manufacturing installations.  The industrial sectors involved in the EU ETS are power 
and heat generation, refineries or cook ovens, ferrous metal production and processing, 
cement, glass or ceramic production or paper pulp or board production.i 

 
 

6.4 Who are the main sellers of CERs? 
 

The principle host countries for CDM projects are Brazil, China, Mexico and India (see Fig. 
17). The fraction of CDM projects hosted by these four countries has risen from 50% in 2004 
to about 80% as measured in February 2007. The largest percentage of projects is currently in 
China and India. Fig. 18 displays a further breakdown of CDM projects by countries in Asia 
and Latin America.  CDM projects come from developing countries. China takes up about 70% 
of the sell-side in the CDM market. India in far second, takes up only 12% of the market.  

 
 
 
 



 

 
 

Figure 16: The proportion of sellers (left) and buyers (right) percentages in the CDM in 2006ii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: The proportion of selling percentages in the CDMiii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 18. All CDM Projects in the Pipeline in Brazil + Mexico + India + China as a Fraction of All Projectsiv 
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6.5 Who are the main buyers of CERs and ERUs? 
 

There are a variety of carbon credit buyers including corporate and non-corporate 
purchasers. Corporate purchasers consist mostly of installations regulated by the EU ETS, 
although some non-regulated firms buy CERs or ERUs as a means of meeting voluntary 
emissions reduction targets. Financial institutions play an increasingly large role in the offset 
markets as traders. They purchase CERs as a way to serve clients who may need CERs for 
compliance purposes. Non-corporate purchasers such as governments purchase CERs to 
meet the national Kyoto targets.  A division of purchasers and the project types being 
purchased from is below in Fig. 19. 

 
 
Figure 19: Categories of CDM buyers (left) and project types (right) in 2006v 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The utilities sector accounts for 33% of global GHG emissions. Utility companies are 

interested in CDM projects because they promote energy efficiency and they can be a 
powerful mechanism to join governments and corporations in a way that fosters sustainable 
development and yields business opportunities.  

The cement sector accounts for 5% of global GHG emissions. Cement companies are 
interested in CDM projects because cement production is energy intensive and cement 
production touches on a wide range of sustainability issues including climate change, pollution 
and resource depletion.  

The Oil and Gas industry play a crucial role in carbon mitigation due to the nature of their 
operations. This industry focuses on specific projects such as gas flaring reduction, CO2 
capture and geological storage, energy efficiency, fuel switching and cogeneration.  

Metal and mining companies are interested in CDM projects because mining can often 
cause environmental and social degradation in the regions in which it operates. In recent 
years, the metals and mining industry has faced a wide range of serious sustainability issues 
and CDM projects can allow mining companies to contribute positively to host countries.  

Agribusiness companies are those whose business is in some way integrally connected to 
agriculture. This includes manufacturers of agricultural equipment, seeds, coffee producers 
and beauty product companies. These companies are interested in CDM as a way to expand 



 

the potential market for their products and as a way of supporting supplier countries to secure 
product inputs. 

 
 

6.6  What is the size of the EU ETS?  
 

  The EU ETS had a traded value of $30 billion in 2006. In addition to this, $5.5 billion traded 
as carbon credits in the form of CERs or EURs. Traded volume is expected to increase by half 
in 2007. The traded volumes and values for 2005, 2006 and 2007 in the EU ETS are shown in 
the table below.  

 
 
  
Figure 20: Carbon Market Compliance Project Credit Generation 2005-2007  vi 

 
 
 
 
 
 
 

6.6 How are EUAs priced? 
 

The price of an EUA is driven by a number of supply and demand factors. Supply factors 
include the number of EUAs allocated relative to annual emissions of greenhouse gases and 
the number of CERs or ERUs imported into the EU ETS as additional EUAs. Demand factors 
are elements that increase demand for electricity, including unusually warm summers or cold 
winters. Also factored into the demand for EUAs is the relative cost of fuels with a high carbon 
content such as coal to those with a lower carbon content such as oil or natural gas. It is 
assumed that when oil or natural gas is much more expensive than coal, electricity suppliers 
will use coal and hence increase their need for EUAs. The relationship between weather and 
fuel prices combined and the price of EUAs is displayed in the figure below.  

 
 
 
 
 
 
 
 
 
 
 
 



 

 
Figure 21: Price of weather combined & Fuel (combined) compared to the price of EUAsvii 
 

 
 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
The graph below shows how the price of EUAs in phase I reacted to various regulatory and 

news events. Phase I is predicted to be “long”, meaning there are more EUAs available than 
are needed, which is the reason for the current price being close to €0. This was determined 
after the release of verified emissions data for the installations participating in the EU ETS 
which was released in April of 2006, and shows up as a market crash in the historical price 
data for phase I.  

 
 
Figure 22: Price of EUAs from 2004-2007viii 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
There is an extreme disparity between the price of an EUA for delivery in 2005-2007 

(phase I of the EU ETS) and the price of an EUA for delivery in 2008-2012 (phase II of the 
EU ETS). The price of an EUA for delivery in 2007 as of July 17, 2007 is €0.14 ($0.19) 
whereas the price of an EUA to be delivered in 2008 is €19.25 ($26.52). This price disparity 
results from the fact that EUAs allocated in phase I are not “bankable”, meaning they may 
not be used for compliance in phase II. The result of this is that the two phases function as 
almost completely separate markets, with different drivers and supply and demand 
scenarios. 

The price history of an EUA for delivery in 2008 has a different curve than that of an EUA 
for delivery in 2007, and is illustrated in the graph below. 

 
 
Figure 23: Historic price data for EUA delivered in 2008ix 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 
6.8 How are CERs priced? 

 
Until the second phase of the EU ETS in 2008, CERs are not converted into EUAs, and 

there is a price disparity between the two assets. CERs purchased on a forward basis, i.e.- a 
contract to purchase the CERs has been created before the CERs have actually been 
generated from a project, are historically priced at a discount to EUAs. This is due to factoring 
in various risks, such as the risk that future CERs will not be generated and the risk that CERs 
will not in fact be convertible into EUAs in 2008. Currently, the price of a CER traded in a spot 
transaction is approximately 65%-75% of the price of an EUA.x 

 
 

6.9 What are some innovative financial products based on carbon credits? 
 

The most common transaction structure for carbon credits is an Emissions Reduction 
Purchase Agreement (ERPA). Under an ERPA, a buyer and seller specify the terms of 
delivery of and payment for CERs or ERUs which are to be generated in the future. These 
include timing of delivery, timing of payment, delivery volume, price and conditions of non-



 

delivery. As more and more CERs reach the stage of issuance, spot transactions are 
beginning to become more frequent as well.  

Certain financial institutions now provide delivery guarantee products. Through these 
products, the financial institution will guarantee the unconditional delivery of a CER to the 
purchaser of the guarantee, regardless of whether or not the underlying project was 
successful in generating the CER. With a delivery guarantee in place, a seller is able to 
command a higher price for the CER. Similar to delivery guarantee products, some financial 
institutions and insurance companies have developed CER insurance products, which insure 
an entire project against non-delivery of CERs. 

Some additional products include CER put and call options, CER linked notes and CER 
swaps. CER put and call options have begun being traded, but as the market is still quite 
young and has limited liquidity, these are quite expensive. Certain financial institutions have 
created CER linked notes, where the payment on the note is related to the price of CERs. 
CER swaps, whereby owners of CERs from two different projects swap some or all of the 
CERs due to them from the projects, is a means by which some holders of portfolios of CERs 
hedge their overall portfolio risk. 

 
 

6.10 What is the future of Kyoto and the EU ETS? 
 

The implementation of emission trading schemes throughout the international community 
signals the support for cap and trade programs with longevity beyond 2012. The largest cap 
and trade scheme is the EU ETS, which is currently undergoing negotiations for Phase II of its 
2008-2012 program, requires a reduction of GHG emissions of 8 % below 1990 levels.  
Regarding Phase II, the penalty for non-compliance will rise from the present €40 to €100 in 
2008, in addition to the obligation to cover any shortfall resulting in that period.  The growth of 
the EU ETS market is expected at 1.5 billion tones CO2 in 2007, and it has shown that it will 
remain a multi-billion-euro market. A Point Carbon survey revealed that 65% of respondents 
state that the EU ETS has resulted in internal abatement in their company. In addition, the 
European Commission is in discussion regarding the future ETS Phase III, to begin in 2012, 
where a blend of new entrants and existing installations, as well as possible linkages to other 
mandatory cap and trade schemes are speculated. In a recent survey of EU ETS 
stakeholders, 92% are already thinking about their strategy post-2012 for Phase III, which 
may include expansion of sectors being regulated and opportunities for linking previously 
established markets worldwide.  

In addition, even though Australia did not ratify the Kyoto Protocol, New South Wales has 
established mandatory emissions trading and emission reduction targets as an element of its 
Greenhouse Gas Abatement Scheme as of 2003. The Australian government has proposed a 
mandatory GHG emissions reporting scheme for 2009.  New Zealand is currently exploring 
options for linking with the Asia Pacific Partnership on Clean Development and Climate (AP6).   

Japan’s Voluntary Emissions Trading Scheme (JVETS), which ran from April 2006 to March 
2007, is a small-scale experimental project to guide private companies in building capacity 
towards emission trading. The Japanese government plans to increase its portfolio of carbon 
credits to “compete with companies in the EU ETS”.  Japan is not likely to walk away from the 
Protocol post-2012, and has forged a close partnership with China to arrange for the transfer 
of over 2 million carbon credits from China to Japan through future CDM projects. Additionally, 
purchases from private US companies anxious to meet their voluntary targets may exceed 
expectations since emissions are likely to exceed significantly government expectations, 
necessitating a national US purchase program. Overall, these initiatives indicate voluntary 
international commitment and support for passing legislation post-Kyoto and for strategies 
towards creating mandatory cap and trade schemes. 

 



 

 
6.11 What lessons from Phase I of the EU ETS can be applied to future cap-and-trade 

schemes? 
 

Future cap and trade schemes can benefit from the implementation and fallacies of the EU 
ETS. A first lesson is the need for establishing an accurate emissions baseline calculated from 
reliable emissions reporting data. The EU failed to do this in Phase I of the EU ETS, which led 
to a “long” market, or an oversupply of emission allowances. This led to a dramatic fall in the 
trading price of carbon in April of 2006 as seen in Fig. 24. However, trading in the EU ETS 
has grown strongly with Phase II EUAs trading at around €15 in early 2007. 

 
 
 

Figure 24: European Carbon Trading prices (EUS). Price of EU allowances in euro/ton.xi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A second lesson is the importance of designing adaptive mechanisms in legislation to avoid 
market interference and volatility related to market actors’ behavior and responses to political 
decisions. There are political uncertainties at the national and EU levels regarding the future 
of climate regulation, which hamper business decisions. Predictability is fundamental for 
investor confidence and investment decisions.  

A third lesson is the importance of structuring the allowance allocation mechanism to avoid 
the transfer of wealth through “windfall profits” to regulated entities. In the EU ETS Phase I, 
companies passed on the market cost of allowances to customers, even though these 
allowances were provided to the companies for free. This led to windfall profits – particularly in 
the electricity sector.xii Some countries have suggested skewing allocation of allowances from 
the power to the industry sector to offset the increased energy costs and auctioning 
allowances. 

 
 
 
 
 
 
 



 

7.1 What comprises an emission reduction “project”?  
 

An emission reduction project is an activity that results in lower emissions of GHGs than in a 
business as usual case. The parties involved in a typical energy generation emission 
reduction project include the following: 

• Promoter or sponsor- the body initiating the project activity 
• Legal project entity - often structured as a special purpose vehicle 
• Engineering, procurement and construction (EPC) firm - responsible for technical 

plans and construction of the plant 
• Equipment supplier - provides the necessary equipment and performance guarantees 
• Power purchaser - often a governmental agency or a private corporation 
• Fuel supplier - private corporation, municipality or independent farmers 
• Operating team 
• Lender(s) - local banks, international banks, multilateral financial institutions 
• Equity provider(s) - the promoter, private equity, private corporations, funds 
• Insurer - local or international providers 
• Regulator - government agencies 
 

The interactions between these are illustrated in the following diagram: 
 
 

 
Figure 25: Emission reduction project participantsxiii 

 
 

 
 
 

It is usually the promoter’s responsibility to bring all of these parties together to plan, 
finance, build and operate the energy generation plant.  

 
 

7.2 What are the cost activities associated with various stages of the project? 
 

A typical project can be divided into three periods, each with its associated costs. These are 
the planning period, construction period and operating period. The typical costs associated 
with an energy generation project are outlined in the table below.  



 

 
 

 
Table 3: Typical energy generation project costs 
Planning Period Construction Period Operating Period 

• Feasibility study 
• Fuel supply 

assessment 
• Obtain title to site 
• Obtain licenses 
• Enter into contract 

with power purchaser 
• Identify EPC 
• Secure financing 

• Purchase equipment 
• Construct facility 
• Put operating team 

in place 

• Operate plant 
• Purchase fuel 
• Pay debt  
• Make insurance 

payments 

 
 
 

Financing requirements for energy generation projects are often described as cost per 
megawatt (MW) or cost per kilowatt-hour (kWh). These costs will vary depending on the type 
of energy generation technology employed and the country in which it is based. 

 
 

7.3 What are the costs associated with the CDM process? 
 

The CDM process involves additional costs which are incurred mainly upfront and vary 
depending on the scale of the project. The typical CDM costs are shown in the table below. 

 
 

 
Table 4: Typical CDM cost ranges xiv 

 
Activity Large-scale cost Small-scale cost 
Upfront cost   
PDD $15,000-$100,000 $10,000-$25,000 
New methodology (if 
necessary) 

$20,000-$100,000 $20,000-$50,000 

Validation $8,000-$30,000 $6,500-$10,000 
Registration fee $10,500-$350,000 $0-$24,500 
Total upfront cost $53,500-$580,000 $36,500-$109,500 
Annual cost   
UN Adaptation Fund fee 2% of CERs 2% of CERs 
Initial verification $5,000-$30,000 $5,000-$15,000 
Ongoing verification $5,000-$25,000 $5,000-$10,000 
Total annual cost $10,000-$55,000 + 2% CERs $10,000-$25,000 + 2% CERs 

 
 
 

7.4 What are typical financial structures for an emission reduction project?  
 

Two main ways in which a project can be financed are through project finance and corporate 
finance. Project finance implies that the financing is provided solely against the assets of the 
specific project. These are most likely structured as special purpose vehicles carrying out only 
the project activity. Corporate finance implies that the financing for the activity is provided 
against the assets of the corporation conducting the activity. In this case, the project activity is 
part of the overall corporation.  



 

 
 

7.5 What are the different sources of financing for an emission reduction project? 
 

CDM projects have different options for financing. Depending on the size of the project, the 
provenness of the technology employed and the experience of the promoters it may be easier 
or more difficult to obtain financing. While large and proven projects may access debt from 
local or international sources, smaller projects will most likely obtain debt from local banks or 
multilateral institutions. Renewable energy technologies may find difficulty obtaining local debt 
if those banks are not experienced in financing renewable energy projects.  

A number of multilateral financial institutions such as the IFC and JBIC have set up 
programs to finance renewable energy projects through local banks or directly.  In some 
countries, “soft loans” with either lower interest rates, longer repayment periods or periods of 
interest only are available for certain technologies, most often renewables.  Equity is typically 
brought in by the project promoter. Project promoters can be corporations, governments or 
individuals. In some cases, private equity firms or multilateral institutions will participate in the 
equity financing. 

Other sources of financing for projects can be from the equipment supplier, who may 
provide financing for the equipment purchase. The engineering, procurement and construction 
(EPC) firm may similarly provide financing for payment of their services. Carbon credit 
purchasers, including corporate emitters, carbon funds, governments and multilateral financial 
institutions, will provide financing against carbon credits in various forms. One scenario is for 
the purchaser to provide upfront payment against future carbon credits. Another is to provide 
a long-term off-take agreement at a fixed price which can be leveraged to attract additional 
debt.  

 
 

7.6 What risks are involved in an emission reduction project? 
 

There are various risks involved with the successful construction and operation of a project. 
For an energy generation project, the most significant risks are the following.  

• Cost and time over-run risk during construction phase - The risk that the cost of 
construction, equipment or supplies will be higher than expected or the time until the 
plant is operational takes longer than expected. An over-run in either of this will reduce 
the overall return on investment of the project.  

• Technical risk - The risk that the equipment will not perform up to the standards 
expected. This can lead to lower than expected output and subsequent loss of revenues.  

• Operational risk - The risk that the plant will not operated up to the standards expected, 
leading to increased maintenance costs and loss of revenues.  

• Market risk - The risk that electricity prices will drop, leading to lower overall revenues 
for the plant.   

• Fuel supply risk - The risk that the major inputs for the plant, including fuel supply, will 
be insufficiently available or more expensive than anticipated, leading to inability to 
operate to capacity or increased costs.  

• Counterparty risk - The risk that one or more counterparties to the project, including the 
counterparty to a power purchase agreement, will default on its obligation to the plant. 

• Political, legal and regulatory risk - The risk of adverse changes in government policy, 
government expropriation, nationalism or instability.  

• Financial risk - The risk that future interest rates will be higher than expected and the 
project will not be able to cover its debt service. 

• Force majeur - The risk of damaging events such as fire, earthquake, flood or other 
unavoidable factors that make it impossible to operate the plant.  



 

 
 

7.7 What types of risk mitigation procedures are available for projects? 
 

Risk mitigation techniques for projects include contracts and insurance. Cost and time over-
run during construction can be mitigated by entering into fixed price contracts for the project 
materials and a contract with the EPC which rewards or penalizes for timely completion or late 
completion respectively. Similarly, the risk of price fluctuations for fuel supply and electricity 
prices can be mitigated through long term fixed price contracts.  

Technical risk can be mitigated through warranties by the equipment supplier. Insurance 
products are available to guard against losses due to certain operational events, political 
factors and force majeur.  In certain situations counterparty risk can be mitigated through 
purchases of guarantees. Financial risk can be mitigated through purchase of an interest rate 
hedge.    

There are some recently developed insurance products that protect carbon credit off-takers 
from the risk that a product will not generate carbon credits in the amount expected due to 
either operational or political factors.  

 
 

7.8 What are some CDM specific risks and how are these mitigated? 
 

In order for a project to qualify to generate CERs, it must obtain multiple approvals at the 
host country, independent validator and UN levels. Denial of approval or requests for review at 
any of these stages can create delays in the process or prevent the project from qualifying as 
a CDM project. As projects are only eligible for CERs from the point of registration on, delays 
can translate into a loss of revenues form CERs.  

Aside from regulatory approval risk, there are risks associated with monitoring the actual 
emissions from the project, necessary for issuance of CERs. If the monitoring technology fails 
or is not utilized correctly, the project will not qualify for CER issuance.  A project also faces 
market risk as the price of CERs at the time of issuance is uncertain. A significant factor that 
influences the price of a CER is whether or not the International Transaction Log, necessary 
for trading CERs, will be operational in time for the first commitment period of the Kyoto 
Protocol in 2008. Included in market risk is the value of a CER post 2012, after which there is 
no definitive plan for continuation of Kyoto commitments.  

The above risks can be mitigated to an extent.  Using previously approved CDM 
technologies lowers the risk of regulatory approvals. Entering into long term fixed price 
contracts for CERs lowers market risk for a project.  

 
 

7.9 How does carbon financing contribute to the economic feasibility of a project? 
 

CERs serve as an additional source of revenue to a project, aside from its principle source 
of revenue. This additional revenue stream, especially when it is backed by a long term fixed 
price purchase agreement with a credit worthy counterparty, enhances debt service coverage, 
shortens debt payback and increases the return on investment for the project. Often the 
revenue from the CERs will change a project from being economically unviable to 
economically viable. In addition, the participation of a credit worthy buyer of the CERs in the 
project improves the project profile for other financing parties.  

As developments in the carbon markets occur, this section will serve as resource intended 
to update the reader on current events.  These selected topics may consist of anything from 
those of debate to new developments.  The following sections, while not required reading, 
are helpful for understanding the present, past and future carbon markets. 

 
 



 

8.1 What is the International Transaction Log (ITL) and what purpose does it serve? 
 

The International Transaction Log, otherwise knows as ITL, is a software system established 
by the secretariat of the Conference of Parties for those parties of the Kyoto Protocol (CMP).  
The intended purpose of the ITL is to “verify the validity of transactions undertaken by 
established registries.”xv  The ITL will mainly serve as a link between government’s national 
emissions trading registries and the Kyoto protocol, thereby.  Kyoto requires this system for its 
capability to record the CER transactions between the CDM registry and national Annex 1 
Parties registries.  These transactions could be anything from issuance, cancellation and 
replacement to retirement and transfer.xvi 

The ITL contains all reconciliation and administrative functions specific in the data 
exchange standards, including notifications sent by the ITL to registries indicating required 
transactions, and the passing of further information between relevant registries and 
supplementary transaction logs, such as the Community Independent Transaction Log (CITL) 
that established under the EU ETS.xvii 

 
 

Figure 30: The role of the International Transaction Log in verifying transaction validity.xviii 
 

 
 

 
 
 

The above diagram illustrates how the CERs, Joint Implementation and CDM must pass 
through the International Transaction Log in order to get to national registries, which then gets 
stored in the compilation and accounting database and ultimately finds its way to a Party. 

Additionally, without the ITL, it is impossible to know delivery dates and consequently, to 
centrally record transactions for recognition by the EU ETS.  “The lack of the ITL therefore 
stymies transactions, reduces CER price, and delays cash flow to CDM projects [because 
project developers are paid upon completion of project]”xix.  A reduction in CER price would 
increase demand and therefore decrease the available CER supply.  Compliance prices are 
also thought to rise if this occurs.  

In March of 2007, the software was completed and was delivered to the secretariat, after 
which, was tested with positive results with the CDM registry and those of Japan and New 



 

Zealand.  Since the development stage of the ITL had been completed, the software is now 
prepared to connect with the already established registries, and for those that will be ready 
in the future.  The Executive Secretary is confident that European links to the ITL will be in 
place by December 1, 2007, which is crucial in order to meet the delivery of future CDM 
contracts.xx   

 
 

8.2 Is the UN CDM Executive Board sufficiently funded? 
 

The CDM Executive Board, for the time period of 2007 – 2008, is to be funded by three 
means.  The first is contributions by Parties, which will be used to finance the UNFCCC 
program budget, also known as the “Core” budget.  This core budget is 20% of the total 
budget.  The supplementary budget, the other 80% of the total budget, will be generated by 
(1) party contributions, (2) accreditation fees, (3) share of proceeds, as collected by down 
payment methodology fee and registration fee.  These have been collected but cannot be 
used until January 1, 2008.xxi   

 
 
 

Table 5: UNFCCC CDM Executive Board funding sourcesxxii 
 

Source for supplementary funding 2006 / 2007 As of beginning of 2008 
Party contributions X none 
Accreditation fees X X 
Share of proceeds (methodology fee 
and registration fee are down 
payments of the share of proceeds 

Collected but only for 
use as of 1 January 
2008 

X 

 
 
 

The Executive Board’s Core Budget is financed by commitments that the Parties made at 
CMP1 in Montreal in 2005, and as of 31 October 2006, there were outstanding pledges of 
USD 3.2 million.  In order to cover the USD 2.5 million required for the second quarter of 
2007, payment of the outstanding pledges would be sufficient. 

 
 

8.3 Aviation Industry - To be or not to be included in the next phase of the EU ETS? 
 

Environmental groups and regulators are targeting the Aviation Industry as a GHG emitter 
that must reduce its emissions.  However, it is not absolutely certain that the Aviations 
Industry is a major emitter; the International Air Transport Association (IATA) represents 94% 
of the world’s scheduled flights and it reports to produce approximately 2% of the world’s 
carbon dioxide emissions.  Arguments from the British Airline Pilots Association (BALPA) for 
the efficiency of air travel claim that long distance train trips (over 850 km) produce more CO2 
than an equally distanced flight, per passenger per km.   

The IATA suggests that projects like Single European Sky (SES) could reduce CO2 
emissions by 12Mt annually.  SES’s goal is to regulate all, what are currently independent, 
national regions into one airspace region that would be subject to a uniform set of rules and 
procedures.  Implementing initiatives such as SES has the following benefits that translate to 
less consumption of fuel and emission of GHGs:xxiii 

• Increased use of direct routing 
• Less congestion 
• Fewer inconsistencies between ATM in member states 
• Shared set of safety standards 



 

While nothing has been decided as of yet, it seems very likely that the Aviation Sector will 
be included in the regional emissions trading scheme from 2011, as proposed by the EU 
commission.  By speculating the inclusion of the Aviation Sector in the EU ETS, the total costs 
for the sector could range from €13.878 B euros to €65.196 B.xxiv  A report commissioned by a 
group of European airlines associations estimated that only 1/3 of the annual costs could be 
recovered by airlines. 

 
 

Table 6: Costs of including the Aviation Sector in the EU ETS.xxv 
 
 Low price scenario High price scenario 
Auctioning €4.045M (€337M/yr) €19.877M (€1.656M/yr) 
Difference between allowances 
and emissions 

€9.833M (€819M/yr) €45.319M (€3.776M/yr) 

Total €13.878M (€1.156M/yr) €65.196M (€5.433M/yr) 
 
 
 

Alternatively, it has also been speculated by industry representatives that it might be better 
for the industry to have its own emissions trading scheme, and furthermore, trading credits 
should come after efficiency measures are taken.  This means, investment in alternative fuels 
and in technologies to reduce fuel consumption should be initial steps.   

 
 

8.4 Are countries meeting their Kyoto targets? 
 

As can be found in the UNFCCC chart of 1990 – 2004 emissions levels per Party, some 
Parties are on the path to achieving their emissions reduction targets under the Kyoto Protocol 
and the European Community’s “burden sharing”, while others, are not.  While some Parties 
are beating their targets by a wide margin, others such as Spain, have increased their 
emissions from 1990 to 2004 by nearly 50%. 

 
 
 

Table 7: Changes in GHG Emissions from 1990-2004 for Annex 1 Parties.xxvi 
 

Party 

Total GHG 
emissions 

w/o 
LULUCF (Tg 
/ mtCO2e) 

1990 

Total GHG 
emissions 

w/o 
LULUCF (Tg 
/ mtCO2e) 

2004 

Change in 
Emissions 

1990-
2004 (%) 

Emission 
Reduction 

Target Under 
the Kyoto 

Protocol (EU 
Community?) 

(%) 

Differenc
e (tg / 

mtCO2e) 
2004 

Meeting 
Kyoto 

Target? (EU 
Community 

Target?) 

Lithuania 50.9 20.2 -60.4 -8.0 30.7 yes 

Latvia 25.9 10.7 -58.5 -8.0 15.2 yes 

Ukraine 925.4 413.4 -55.3 0.0 512 yes 

Estonia 43.5 21.3 -51.0 -8.0 22.2 yes 

Bulgaria 132.3 67.5 -49.0 -8.0 64.8 yes 

Belarus 127.4 74.4 -41.6 no target yet 53 no target yet 

Romania 262.3 154.6 -41.0 -8.0 107.7 yes 

Russian Fed. 2974.9 2024.2 -32.0 0.0 950.7 yes 

Hungary 123.1 83.9 -31.8 -6.0 39.2 yes 



 

Poland 564.4 388.1 -31.2 -6.0 176.3 yes 

Slovakia 73.4 51 -30.4 -8.0 22.4 yes 

Czech 
Republic 

196.2 147.1 -25.0 -8.0 49.1 yes 

Germany 1226.3 1015.3 -17.2 -8 (-21) 211 yes (no) 

United 
Kingdom 

776.1 665.3 -14.3 -8 (12.5) 110.8 yes (yes) 

Croatia 31.1 29.4 -5.4 - 1.7 - 

Iceland 3.28 3.11 -5.0 10.0 0.17 yes 

Sweden 72.4 69.9 -3.5 -8 (+4) 2.5 no (yes) 

Monaco 0.108 0.104 -3.1 -8.0 0.004 no 

Denmark 70.4 69.6 -1.1 -8 (-21) 0.8 no (no) 

France 567.1 562.6 -0.8 -8(0) 4.5 no (yes) 

Slovenia 20.2 20.1 -0.8 -8.0 0.1 no 

EU 
Community 

4252.5 4228 -0.6 -8.0 24.5 no 

Luxembourg 12.7 12.7 0.3 -8 (-28) 0 no (no) 

Switzerland 52.8 53 0.4 -8.0 -0.2 no 

Belgium 145.8 147.9 1.4 -8 (-7.5) -2.1 no (no) 

Netherlands 213 218.1 2.4 -8 (-6) -5.1 no (no) 

Japan 1272.1 1355.2 6.5 -6.0 -83.1 no 

Norway 49.8 54.9 10.3 1.0 -5.1 no 

Italy 519.6 582.5 12.1 -8 (-6.5) -62.9 no (no) 

Finland 71.1 81.4 14.5 -8(0) -10.3 no 

Austria 78.9 91.3 15.7 -8 (-13) -12.4 no (no) 

United States 6103.3 7067.6 15.8 - -964.3 - 

Liechtenstein 0.229 0.271 18.5 -8.0 -0.042 no 

New Zealand 61.9 75.1 21.3 0.0 -13.2 no 

Ireland 55.6 68.5 23.1 -8 (+13) -12.9 no (yes) 

Australia 423.1 529.2 25.1 - -106.1 - 

Canada 598.9 758.1 26.6 -6.0 -159.2 no 

Greece 108.7 137.6 26.6 -8 (+25) -28.9 no (no) 

Portugal 60 84.5 41.0 -8 (+27) -24.5 no (no) 

Spain 287.2 427.9 49.0 -8 (+15) -140.7 no (no) 

Turkey 170.2 293.8 72.6 - -123.6 - 

All Annex 1 
Parties to the 
Convention 

18551.5 17931.6 -3.3 - 619.9 - 

All Annex 1 
Kyoto 

Protocol 
Parties 

11823.8 10011.5 -15.3 -5.0 1812.3 - 

 
*Parties above dashed line have reduced their emissions from 1990 levels, while those Parties below have 

not.  Parties highlighted have either not yet established a target, or have not met either  their established Kyoto 
or European Community targets. 
 

 



 

 
8.5 The place of China and India in a future scheme 

 
There is much concern surrounding these two countries, both of which are signatories to the 

Kyoto Protocol.  Due to their status as Non-Annex 1 countries, i.e. developing economies, 
they are not bound to the same emission reduction obligations as the Annex-1 countries are. 
Debate on this topic will pick up as recent findings by the Netherlands Environmental 
Assessment Agency show that China’s 2006 emissions have surpassed those of the USA by 
8%.xxvii 

Some concerns are that economic status should not determine the obligation to adhere to 
emissions reductions targets, while the other side expresses that part of the blame, and 
therefore the first stage of emissions reductions, should go to the developed countries, who 
achieved their industrialized status after years of emitting greenhouse gases.  

In June of 2007, China released its first report on a national climate change program.  The 
main declarations included, reducing energy use by 1/5 by 2010 and increasing the amount of 
renewable energy it produces.  Currently, China adheres to a sustainable development 
strategy to encourage a low-carbon society.  The present strategy includes initiatives such as 
energy efficiency improvement, energy conservation, development of renewable energy, 
ecological preservation and construction, tree planting and afforestation.  In moving forward 
towards a climate change regimen, China recognizes that an adaptation approach to the 
already changing environment should be considered, recognizing the effect on and potential 
for developing countries to be involved with the international community.xxviii 

India’s Sanjaya Baru, the prime minister’s spokesman, has indicated that a national action 
plan to combat climate change will be released by October of 2007, and similar to China, India 
has decided to not call for emissions caps or for exact reductions.  Worth mentioning, 
however, is the afforestation programme, “Green India”, which is to be launched in August 
2007, where 15 million acres of degraded forests will be replanted.xxix   

Both India and China are partners to the Asia-Pacific Partnership on Clean Development 
and Climate, which is perceived as a complimentary treaty to the Kyoto Protocol.  “This 
partnership aims to meet goals in energy security, national air pollution reduction, and climate 
change in ways that promote sustainable economic growth and poverty reduction…expanding 
investment and trade in cleaner energy technologies, goods and services in key market 
sectors.”xxx  The Asia-Pacific Parternship on Clean Development and Climate is a step in the 
right direction, but regardless, their statuses as developing countries will keep them away from 
the same regulations as developed countries.  In the meantime, it is likely that India and China 
will continue to mitigate and adapt to climate change, but only so long as it does not 
compromise their economic progression.  

India and the EU have a Strategic Partnership, and “parallel to the EU-China partnership 
agreement on climate, a chapter on Clean Development and Climate Change was inserted to 
the Joint Action Plan on the EU-India Strategic Partnership, which includes a pledge to 
cooperate on energy efficiency and conservation.”xxxi  There is increasing interest by India in 
CDM projects. 

 
 

8.6 How is the Group of Eight (G-8) contributing to future climate change mitigation 
policy? 

 
Beginning in 1975, a group of seven nations including, Canada, France, Germany, Italy, 

Japan, the United Kingdom, the United States, and in 1994, Russia was added as a member.  
The original nations continue to meet as the G-7 to discuss economics, and Russia is included 
for all other concerns, such as political discussions, financial crime, non-proliferation, human 
rights, arms control and regional security. 



 

The most recent report put out by the G-8 from the Summit Declaration on June 7, 2007 
from the Summit meeting in Heiligendamm, Germany, was developed based on the 
conclusion that climate change is in anthropogenic and that all forms of life and ecosystems 
will be affected by it.  The purpose of this Summit meeting was to determine post-2012 
emissions reductions goals, but unfortunately, this was not achieved.  Nevertheless, it was 
stated by the G8 that, “improving energy efficiency worldwide is the fastest, the most 
sustainable and the cheapest way to reduce greenhouse gas emissions and enhance energy 
security.”xxxii  

The G8 promotes international cooperation in market transparency, energy efficiency, 
energy diversity, energy infrastructure security and poverty. There will be an upcoming US 
hosted meeting to establish a plan to achieve reduction of global warming gasses is to be 
decided by the end of 2008 and is to be included in the UNFCCC by 2009. 

In the effort to fight climate change, the G-8 along with the EU, Canada and Japan, have 
agreed to at least halve global emissions by 2050.  Cooperative policy frameworks are seen to 
be necessary, along with emissions reduction targets and corresponding plans, the 
development and deployment of climate-friendly technology, in a joint effort by both developed 
and developing countries to promote and implement economic growth in a low-carbon fashion.  

Climate-friendly and clean-energy technologies contribute both to reducing emissions but 
also increasing our energy independence and security.  In order for these technologies to gain 
a worldwide presence, private sector investment can be encouraged by market mechanisms 
such as emissions-trading, tax incentives, performance-based regulations, fees or taxes, and 
consumer labeling.   

There is also support for deforestation for it has a very strong potential in reducing 
emissions.  Developing countries are most likely to be the location of emission reduction 
through deforestation, and will ultimately improve economic, social and security of their 
livelihoods.   

Transportation energy efficiency through energy demand reduction and new technologies.  
Set up international biofuel quality standards, monitor the implementation of decisions from 
Environmentally Friendly Vehicles Conference, support for the Global Bioenergy Partnerships 
in the development of bioenergy and also begin labeling cars on energy efficiency levels.   

Power generation efficiency, climate friendliness and sustainability can be achieved through 
innovations in design of power stations, technology transfer, and the development and 
deployment of carbon capture and storage (CCS). 

In adapting to climate change, the G-8 commits to “climate research and risk assessments 
through helping developing countries benefit from satellite observation systems…to ensure 
the recovery of the ozone layer by accelerating the phase-out of HCFCs [under the Montreal 
Protocol]…[and] exercise leadership in the development of the Global Earth Observation 
System of Systems (GEOSS).xxxiii 

The G-8 is serious about increasing energy efficiency in buildings and renewable energy 
use, energy diversification of sources, markets and transportation routes, and it is important to 
note the G-8’s support for nuclear energy (security and safety issues dealt with by the G8 
Nuclear Safety and Security Group). 

In conclusion, these outlooks and efforts are on track for a successful implementation of 
climate change mitigation, adaptation, and coordination.  The G8 however, relies on 
agreement of all parties to make emissions reductions goals and strategies, but the United 
States is apparently holding out on making serious obligations and recommendations.   While 
this may be the case, many anticipate a future United States presidential administration will 
work with the G8 to come to a consensus in implementing specific emission reduction plans. 
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