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ABSTRACT 

MARKET OPPORTUNITIES FOR CARBON 

SEQUESTRATION IN ALASKA

Global climate change has been at the forefront of environmental concerns for the 

last few decades. Based on the success of the United States’ sulfur dioxide cap-and-trade 

program, a market for greenhouse gas emissions has slowly emerged. Russia’s recent 

ratification of the Kyoto Protocol will bring an international market into force in February 

2005. This thesis examines the economic theory behind cap-and-trade markets as solutions 

for environmental problems and discusses the characteristics of the markets for greenhouse 

gas emissions. The opportunities for Alaska’s participation are examined, particularly 

offsetting diesel emissions from rural generators with wood or alternative energies. The 

calculations estimate that the rural diesel offset program could potentially earn 274,000 

Verified Emissions Reductions annually, which the State of Alaska could sell to buyers to 

enhance its resource development revenue stream.
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CHAPTER 1

INTRODUCTION

Climate change has assumed the role of being perhaps the most prominent 

environmental issue of our time for the world’s people and governments (K. Springer,

2002; Lomborg 2001). While the science and forecasts are widely debated, the general 

consensus among scientists is that the earth is increasingly warming, which could cause 

disturbances that range from the small to the very large and very costly. Some of the more 

dire predictions list complete destruction of the thermohaline current and massive extreme 

weather events (such as droughts and floods) projecting to cost governments billions of 

dollars.

While climate change is expected to affect different regions differently, scientists 

expect the greatest impact to be seen in the Polar Regions (BESIS 1999). As such, the 

impacts to Alaska will be more profound than those to more temperate regions of the globe. 

On the surface, it may appear that warmer temperatures would be beneficial to Alaska, but 

there are very severe consequences. The U.S. Geological Survey and the Arctic Climate 

Impact Assessment present a litany of current and expected affects to Arctic and sub-Arctic 

regions; for example, warmer climate has caused increases in insects, such as the spruce 

bark beetle, which destroyed an estimated three million acres on the Kenai Peninsula.

Flora and fauna species’ numbers, ranges, diversity, and reproductive success are predicted 

to alter. Warmer weather also increases the risk and threat of wildfires, as exemplified by 

the worst wildfire season on record in the summer of 2004. Increased water levels could



lead to increased flooding and coastal erosion. Some rural villages are already being 

threatened by erosion and will almost certainly have to move (GAO, 2004). Scientists also 

predict many problems from the loss of permafrost. As permafrost thaws, it releases 

additional greenhouse gases into the atmosphere further exacerbating the problem. In 

addition, much of Alaska’s infrastructure, such as the Trans-Alaska Pipeline, has been 

constructed based on current permafrost conditions. If the permafrost were to thaw, it 

could cause structural problems. Permafrost also protects the fragile tundra from resource 

development activities. Because of permafrost, ice roads can be built at the North Slope oil 

fields that protect the tundra from environmental impacts of oil drilling. If the permafrost 

were to thaw, the environmental impact of oil extraction would be much greater.

Finally, all of these factors will likely impact the Native communities and their 

subsistence lifestyle. Declining sea ice lessens the hunting season and puts hunters’ safety 

at risk. Declining whale and seal populations reduce Natives’ food supply. Coastal 

villages are already being threatened by erosion and rising sea waters.

The list goes on, but these are just some of the larger impacts. Given that the state 

of Alaska is likely to be impacted more than other states means that the government has a 

greater responsibility to its citizens to see that the impacts and consequences are minimized 

given the state’s resources and other priorities.

The state of Alaska is in a unique position to participate in the emerging greenhouse 

gas market. With Russia’s recent announcement it will ratify the Kyoto Protocol, the first



major international agreement limiting greenhouse gas emissions will enter into force in 

February 2005. Many governments and companies have been preparing for binding targets 

and have been increasingly active in the emerging market in order to gain knowledge of the 

process and take action on this social issue. The state could potentially sell Verified 

Emissions Reductions (sometimes referred to as “carbon credits”) to governments or 

companies looking to offset their carbon presence.

The objective of this thesis is to explain the current markets for greenhouse gas 

emissions and the characteristics of each market, as well as determine the opportunities for 

the state of Alaska’s participation within the boundaries of the current market and 

regulatory structure. This paper outlines the science and evidence of climate change, the 

economic theory behind environmental cap-and-trade programs, the history of international 

treaties, the characteristics of the emerging market, and finally the opportunities available 

to Alaska.

One opportunity available to Alaska could contribute to the state’s development of 

its natural resources. Most rural villages in Alaska use diesel fuel to heat and power the 

village. These generators are not only dirty and expensive, but they also emit more carbon 

dioxide into the atmosphere than other fuel sources. Given the state’s abundance of timber 

resource, wood presents an option for a low-cost, renewable fuel source to offset diesel 

emissions. Although carbon dioxide is released while burning wood, offsetting carbon 

dioxide is absorbed when trees are replanted thus making wood ‘carbon-neutral.’ 

Emissions-free alternative energies, such as wind, are also applicable. This thesis
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calculates metric tons of carbon dioxide that could be earned and sold from offset projects 

in three case villages.

A program that offsets diesel fuel with wood in rural villages allows for increased 

development of the state’s own timber resources, rather than using imported oil products 

which profits outside companies. Employing local resources creates local jobs and 

increases local economic development in rural communities where it is desperately needed.

Given the state’s responsibility to its citizens, it follows that research should 

investigate opportunities and determine how the state can reduce the risk of climate change. 

In addition, although the United States has not ratified the Kyoto Protocol, the state could 

still be impacted by binding agreements reducing greenhouse gas emissions. The state is 

heavily reliant upon revenues from exports of fossil fuel resources, especially oil and coal, 

which are the most carbon-intensive fossil fuels. Should governments limit their 

emissions, it would likely reduce Alaskan exports of these resources, resulting in lower 

revenues to the state. The state would be wise to try to reduce this risk exposure to climate 

change. By taking action, not only would the state address its risk exposure, but it would 

also exhibit positive social stewardship and become a leader in this emerging market fully 

prepared for the United States’ future entrance into the market.

4
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CHAPTER 2

THE SCIENCE OF CLIMATE CHANGE

2.1 Evidence of Climate Change

Over the last several decades, global climate change has come to the forefront of 

world environmental concerns and arguably has become the preeminent environmental 

issue of the day (K. Springer 2002). The Intergovernmental Panel on Climate Change 

(IPCC) defines climate change as “statistically significant variations of the mean state of 

the climate or of its variability, typically persisting for decades or longer” (IPCC 2001). 

While the earth’s climate has always varied naturally, the general consensus of the 

scientific community is that increased concentrations of anthropogenic greenhouse gases in 

the earth’s atmosphere are altering this natural variability, potentially leading to irreversible 

climate change and damage (NRC 2001, McNamara 2004, Goodstein 2002). Although 

widely debated, most scientists believe that there is “new and stronger evidence that most 

of the warming observed over the last 50 years is attributable to human activities” 

(UNFCCC 2002). The IPCC confirmed the evidence that human influence on the global 

climate is “stronger than ever before” (IPCC 2001).

According to the EPCC’s Third Assessment Report (TAR), the earth’s temperature 

has risen an estimated 0.6 degrees Celsius since the Industrial Revolution in the late 1800s, 

with the 1990s estimated as the warmest decade during that time (IPCC 2001). Other 

evidence includes: a significant increase in the ocean temperatures since the 1940s;



increases in the minimum overnight temperature, which lengthens the freeze-free season in 

mid- to high-latitudes; reduction in the frequency of extreme low temperatures and a 

corresponding increase in the frequency of extreme high temperatures; increases in extreme 

weather events (such as hurricanes, droughts, floods, etc.); increases in North American 

atmospheric water vapor over the last 25 years; 40% decrease in the average thickness of 

summer Arctic sea ice over approximately the last thirty years; glacial retreating; and 

possible evidence of slowing of ocean currents such as the Gulf Stream (McGuire 2003).

2.2 The Greenhouse Effect

The greenhouse effect is a naturally occurring process in which the sun’s radiation 

warms the earth. Visible light from the sun passes through the atmosphere and is absorbed 

by the earth's surface through trees, soil, and oceans. Some of that energy is then emitted 

back to the atmosphere as heat. Greenhouse gases trap that heat, which would otherwise be 

released into space, raising the temperature of the atmosphere and, subsequently, the earth's 

surface. Approximately 1% of the atmosphere is made up of natural greenhouse gases 

(IPCC 2001). Scientists estimate that the earth would be drastically cooler, about -18 

degrees Celsius on average, without the natural greenhouse effect (Cline 1992; Mabey

1997).

The most important greenhouse gases are water vapor (H2O), carbon dioxide (CO2), 

methane (CH4), nitrous oxide (N2O), ozone (O3), chlorofluorocarbons (CFCs) and their 

substitutes (hydrofluorocarbons, HFCs and perfluorocarbons, PFCs), sulfur hexafluoride 

(SF6), and aerosols (Table 1). Many of these are naturally occurring as a part of biological

6



processes. Water vapor is the most dominate greenhouse gas (K. Springer 2002), with the 

major source of gaseous water caused by evaporation of the oceans (Lomborg 2001).

There are also “indirect” greenhouse gases. These are carbon monoxide (CO), 

volatile organic compounds (VOCs), and nitrogen oxides (NOx). These are not significant 

direct greenhouse gases, but through atmospheric chemistry they control the abundances of 

direct greenhouse gases (IPCC 2001).
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Table 1. Direct and Indirect Greenhouse Gases.

DIRECT INDIRECT

Water vapor (H2O) Carbon Monoxide (CO)

Carbon dioxide (CO2) Volatile organic compounds (VOCs)

Methane (CH4) Nitrogen oxides (NOx)

Nitrous Oxide (N2O)

Ozone (O3)

Sulfur hexafluouride (SFe)

Aerosols

Chlorofluourocarbons (CFCs), including 
HFCs and PFCs
Source:

Clouds also play an important role in the earth’s energy balance and in particular in 

the natural greenhouse effect. Clouds both warm the earth by trapping heat that is radiating 

from the surface, and cool the earth by reflecting the sun’s rays back into space. “The net 

average effect of the earth’s cloud cover in the present climate is a slight cooling: the
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reflection of radiation more than compensates for the greenhouse effect of clouds” (IPCC

2001). Aerosols and other human-made chemical particles also possibly have a cooling 

effect that may partially offset the greenhouse effect by reflecting sunlight away from the 

earth (IPCC 2001, Lomborg 2001).

However, carbon dioxide represents the largest contributor to the greenhouse effect 

(see Figure 1) because of the large amount of emissions and its long lifetime in the 

atmosphere (K. Springer 2002). Therefore, the primary focus of this research is on carbon 

dioxide emissions.

6%
5%

13% B  Carbon Dioxide-76% 

■  Methane-13%

^  Nitrous Oxides-6%
mFluorocarbons-5%

Source: Energy Information Administration

F ig u re  1. Greenhouse Gases in the Earth’s Atmosphere, 2001.



2.3 Anthropogenic Causes

Given that the earth’s climate varies naturally, the mere evidence of changes in 

climate over the last hundred years is not enough to determine whether these changes are 

lasting and potentially harmful to the earth. What is more important is whether the changes 

in climate are caused by human activity. If so, then we can expect the effects to be more 

harmful than under natural circumstances, since the earth will be less likely to adapt 

naturally, or will adapt more extremely. While the earth has been warming incrementally 

since the Industrial Revolution, some models show that warming during the first part of the 

20th century were mainly of natural causes (National Research Council 2001). In addition, 

ice core samples taken from Antarctica have shown variability in the earth’s climate dating 

back 400,000 years ago (BBC June 2004). These ice core samples also show extreme 

regional climate patterns centuries ago, such as droughts during the 10th to 14th centuries 

and “medieval warming” in Western Europe, during the same time (IPCC 2001).

However, as noted, the general consensus of the scientific community is that the 

causes of the increase in the earth’s temperature over the last fifty years are anthropogenic 

generated (K. Springer 2002). Scientists call the human-caused effects the “enhanced 

greenhouse effect (Hackett 1998).” An increase in the combustion of fossil fuels combined 

with deforestation is the major cause of increased greenhouse gases emissions, particularly 

carbon dioxide, during that time period, according to the IPCC’s TAR (ibid). 

Approximately three-quarters of the anthropogenic carbon dioxide emissions over the past 

two decades were due to fossil fuel burning. The rest was mainly due to land-use change,

9



such as deforestation (K. Springer 2002). Carbon dioxide emissions have increased 30 

percent since the start of the Industrial Revolution. Concentrations of carbon dioxide 

remained relatively constant until the Industrial Revolution, ranging from 190 parts per 

million by volume (ppmv) to 280 ppmv. However, by 1958, carbon dioxide concentrations 

had risen to 315 ppmv and currently stand at approximately 370 ppmv, rising at a rate of

1.5 ppmv annually (NRC 2001; K. Springer 2002). In addition, increased rice farming, 

cattle ranching, coal mining, and landfill use over the last century have significantly 

amplified the concentration of methane emissions in the atmosphere. The IPCC accounts 

the increase to anthropogenic forces because “the changing isotopic composition of the 

atmospheric CO2 betrays the fossil origin of the increase” (IPCC 2001).

2.4 Predicted Effects of Climate Change

It is difficult to predict with great certainty the effect of climate change. The 

climate is a complex system with various feedback effects that are not completely 

understood. However, scientists have constructed computer models that forecast the effects 

of continued increased greenhouse gas emissions. These complex computer algorithms are 

used to generate models of the atmosphere, oceans, and carbon cycles. There are even 

regional climate models (RCMs) that are used to generate a more detailed model of specific 

regions instead of the entire Earth. One of the more comprehensive, complex, and widely 

used models is the Atmosphere-Ocean General Circulation Model (AOGCM), which 

combines the AGM and OGM models. It is a three-dimensional representation of the 

atmosphere, land, ocean, and sea ice and is used for the prediction of and rate of change of

10



the Earth’s climate (Hadley Centre 2004). Models can differ in their parameters to include 

variables such as atmospheric chemistry, carbon cycles, and biospheres. In AOCGM 

models, the Earth’s atmosphere is divided into 250 km by 1 km grids. The models 

calculate the evolution of momentum, heat, and moisture in the atmosphere and are 

simulated every half hour and ran over several hundred model years (DPCC 2001). The 

Hadley Centre for Climate Prediction and Research in the UK has developed several of 

these models, which have been used by the IPCC for their scientific analysis. For a more 

detailed description of the Hadley Centre’s most recent HadCM3 AOGCM model see 

Pope, et al (2000) and Gordon, et. al (2000).

Climate change simulations based on IPCC emissions scenarios predict global 

average surface temperatures to increase by 1.4 to 5.8 degrees Celsius over the next century 

(IPCC 2001, NRC 2001). A recent study, however, narrowed the predicted range and 

found that a doubling of carbon dioxide emissions would warm the planet by 2.4 to 5.8 

degrees Celsius (Murphy et. al 2004). However, the warming is not evenly dispersed 

among regions. The warming effect is suspected to be larger over higher latitudes than 

lower ones, and larger over land than over the ocean (Kattenberg et.al 1996; NRC 2001; K. 

Springer 2002).

As noted in the IPCC’s TAR (2001), scientists predict that over the next century, 

the sea levels will rise 9 to 8 8  centimeters causing flooding in low-lying areas. This is due 

to melting of glaciers and ice caps and to thermal expansion. Rainfall rates and heavy 

precipitation events are predicted to increase over higher latitudes. Higher evaporation

11



rates would accelerate drying of the soil and would result in drier, more arid conditions. 

This could affect agriculture and farming in semi-arid regions such as the Great Plains.

The IPCC in the TAR predicts a general crop yield reduction in tropical and subtropical 

regions as well as mid-latitudes. In addition, snow cover is expected to decline in northern 

regions, further exacerbating those areas that depend on snowfall for water supplies.

Warming in northern areas could spread new infectious diseases, particularly those 

transmitted through pests such as mosquitoes, rodents, and ticks, to areas that were 

previously too cold to host these diseases or agents. The frequency of other heat-related 

health problems would also rise and would be particularly burdensome on the elderly and 

people with lung diseases. However, cold-related health problems would most likely 

decrease (IPCC 2001).

There have also been predictions of drastic effects such as the weakening or 

complete shutdown of the ocean’s thermohaline circulation, such as the Gulf Stream 

(Stocker & Schmittner 1997, Stouffer & Manabe 1999, Knutti & Stocker 2000), as a result 

of increasing carbon dioxide concentrations, or the collapse of the Greenland and West 

Antarctic ice sheets. One recent study has shown that the warm Gulf Stream’s return 

current from the Nordic seas has been slowing and that outflow of cold water has fallen by 

20 percent since 1950 (Hansen et. al 2001). This would lessen the strength and warming 

factor of the Gulf Stream. Another researcher, Jonathan Bamber, believes that increased 

Arctic water (from melting ice caps) could “trigger a slowdown or diversion of the Gulf



Stream,” which could effectively cause cooler temperatures in Europe and other areas that 

benefit from the warm Gulf Stream (Associated Press 2003).

While some people may benefit from climate change, the IPCC warns that more 

will likely suffer. Not only are the weather pattern changes affected, but also the ultimate 

effect on humans could negatively impact human health, food security, economic activity, 

water resources, and physical infrastructure. Additionally, the effect of extreme weather 

events like droughts or floods would affect the ability of food producers to supply food to 

the world. Fresh water is likely to become scarcer in regions where it is already in short 

supply. Lastly, large-scale migration from seriously affected areas could tax communities’ 

economic and physical infrastructure (IPCC 2001).

2.5 Effects on Alaska

While climate change is expected to affect regions differently, experts expect the 

greatest impact to be seen in the Polar Regions (Kattenberg et .al 1996, BESIS 1999, 

Serreze 2000). Climate models forecast high latitude temperature increases of 4 to 10 

degrees Celsius over the next 100 years (ACIA 2004, BESIS 1999, Smith & Tucker 2003). 

As such, the effect of climate change to Alaska should greatly exceed those to temperate 

regions of the world.

Scientists are reporting that signs of global change are already appearing in Alaska 

and the circumpolar north. A recent study reported in Nature magazine used satellite 

imagery and found that the length of Alaskan summers had increased over the last 25 years

13



(Laxon 2003). The study also observed a 40 percent reduction in ice in the Arctic Ocean 

over the last 40 years. Melting snow pack and ice exacerbates warming because the sun’s 

rays are absorbed into the earth, rather than being reflected back to the atmosphere (ACIA 

2004). According to lead researcher Dr. Seymour Laxon of University College London, 

the result suggests that if this rate were to continue, it would lead to the eventual 

disappearance of the ice during the summer (Briggs 2003). That could impact the polar 

bear, seal, and walrus, which stand to lose its natural habitat, and the Native populations 

that subsist on them (ACIA 2004).

These changes in wildlife populations impact the Native tribes that subsist off them. 

Fewer animals mean fewer food sources, and hunters must travel farther to find food. In 

addition to the declining food source, the retreating ice also poses dangers to the Native 

people who rely on the ice for hunting (ACIA 2004). Thinning ice pack makes subsistence 

hunting very dangerous and reduces the number of days they can hunt for food (USGCRP 

1999, IPCC 2001).

While some may argue that warmer temperatures may be beneficial to Alaska, the 

consequences seem to far outweigh the benefits. In its TAR, the IPCC predicts changes in 

Arctic land and sea species composition. Species are expected to move northward, with a 

loss of some polar species. Seasonal distributions, geographic ranges, reproductive 

success, migratory patterns, and the abundance and balance of species are predicted to alter 

(ACLA 2004). The U.S. Geological Survey notes, for example, that the warmer climate has 

caused increases in insects, such as the spruce bark beetle, which destroyed an estimated
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three million acres on the Kenai Peninsula over the last fifteen years. The warmer 

temperatures allowed the spruce bark beetle to mature and populate much faster than 

before, while decreasing mortality rates during the winter. Also the beetle prefers stressed, 

dying, fallen trees and drier springs and summers have put a lot of stress on the spruce in 

the Kenai Peninsula (Alaska Division of Forestry 1992). Researchers have noted that 

increasing temperatures without concurrent increases in precipitation have 

disproportionately affected white spruce growth in the Interior (Barber, et. al 2000). While 

the spruce bark beetle is a native species, the warming Alaskan climate has made 

conditions more favorable for a population explosion of the insect. A warming climate can 

also move native species farther north. For example, much of Alaska is above the tree line, 

yet small shrubs and trees have been growing more in the tundra (Rozell March 2001, May

2001). In fact, boreal forests are expanding north at the rate of 60 miles (100 km) for each 

2-degree Fahrenheit (1°C) increase (BESIS 1999).

However, a warmer climate could bring new pests and diseases into the state that 

are currently not viable. A warmer climate brings new species migrating to higher 

latitudes. Furthermore, sustained warming and lack of natural predators encourages these 

new species to put down roots, so to speak, and drive out native species. Alaska has not 

seen the West Nile Virus, but a warmer climate could change that. Logan, et. al (2003) 

finds that unusually hot, dry weather in Alaska has already caused forest pest outbreaks to 

increase.
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While warmer weather may lengthen the growing season, it also increases the risk 

and threat of wildfires, as demonstrated by the summer of 2004, in which forest fires 

burned the largest acreage in Alaska history during one of the warmest summers on record. 

A total of 633 forest fires have so far burned more than six million acres and could cost 

more than $106 million (Associated Press October 29,2004). Wildfire outbreaks and 

acreage burned are strongly correlated to average summer temperatures (BESIS 1999).

Rising water levels and associated coastal erosion are another event in Alaska that 

may be tied to climate change. Several Alaska rural villages are being threatened by 

erosion and will almost certainly have to be relocated (GAO 2004). The loss of permafrost 

is another concern. As permafrost thaws the soils change characteristics from being a 

carbon sink to becoming a source of carbon leakage into the atmosphere, exacerbating the 

problem (Scheirmeier 2001, IPCC 2001). One-third of the global carbon pool is stored in 

northern latitudes (Gorham 1991), more so in soils (Dixon et. al 1994). At first scientist 

believed that increased temperatures would lead to increased carbon storage by stimulating 

plant growth (Hobbie, et. al 2002, Shaver, et. al 1992), but a recent study of Alaskan tundra 

found that increasing nutrients to simulate climate warming caused more decomposition 

than plant production leading to a net loss of carbon (Mack et. al 2004).

Furthermore, much of Alaska’s infrastructure, such as the Trans-Alaska pipeline, 

has been designed to accommodate permafrost. If the permafrost were to thaw, severe 

structural problems could follow. A related issue is that of the protection that frozen soils 

and snow cover provide to fragile tundra from resource development activities. For
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example, warming temperatures have significantly curtailed the number of tundra travel 

days available to oil exploration crews on Alaska’s North Slope because of the State’s 

requirement that tundra be frozen at least 1 2  inches deep and have a six inch of snow cover 

prior to travel being allowed (Jones 2003). Thawing permafrost is already causing 

structural problems for Alaska’s infrastructure. Mr. George Levasseur, the Southcentral 

district manager for the Alaska Department of Transportation and Public Facilities, noted 

stream gravel clogging bridges on the Richardson Highway and increased road closures by 

landslides near Chitina. DOT has had to increase the miles of roads needed pavement 

patching due to thawed permafrost by 45 miles per year (Smith & Tucker 2003). At 

$100,000 per mile, the cost is considerable. Levasseur also estimated 40 bridges may need 

to be replaced (Smith & Tucker 2003). Table 2 summarizes the impacts of climate change 

on Alaska and the Arctic.

Table 2. Arctic Impacts of Climate Change.
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Decreased snow and ice Species migration, loss of some species

Loss of permafrost Increased wildfire risk

Infrastructure problems Negative effects on Native subsistence

Erosion Increased invasive species and new diseases

Increased flooding, storms More precipitation, shorter/warmer winters
Source: AC 2004

Worldwide, it appears that no one will escape the effects of global climate change, 

however, scientists and policy makers are concerned that poor countries would be most 

vulnerable to its negative effects, since they would be least able pay for it (IPCC 2001).



Alaska, it appears, is at a greater risk than the rest of the United States. Given its unique 

landscape and cultures, much research needs to be done to learn how to mitigate the effects 

and adapt to them if necessary.

2.6 Skeptics

Because the issue and understanding of climate change is complex and uncertain, 

there are skeptics who question the role of humans in climatic variation and the impact of 

recent climate trends to humans. One of the more noted skeptics, S. Fred Singer of the 

Science and Environmental Policy Project points out that findings of prehistoric and pre

industrial warming and subsequent cooling show that the earth will naturally adapt to 

climate variations (Singer 1999). He also notes discrepancies between surface temperature 

data and satellite data, with surface temperature data being distorted by things like “urban 

heat island” effect, since most thermometers are located in cities where buildings and 

concrete absorb and reflect heat. Singer also points out that computer models’ results vary 

widely, making it difficult and irresponsible to base policy on these models (Singer 1999, 

2004).

In addition to the uncertainty of the existence of climate change, skeptics point out 

that climate change may, in fact, be a positive thing. Singer (1999,2004) states that 

warmer temperatures and increased carbon dioxide would benefit agriculture. Fewer frosts 

and a longer growing season would be beneficial to farmers, who can adapt by changing 

crop selection and improving technology.
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Finally, Singer points out that striving for a 60 percent global reduction in carbon 

dioxide emissions (IPCC’s estimate to maintain atmospheric conditions at current levels) 

would require huge reductions in energy use and put a large economic burden on 

governments, especially the poorer countries. Singer believes it would be unwise to 

commit a large amount of money to something so uncertain that could be economically 

devastating (1999).

Another noted skeptic, economist Bjom Lomborg, does not object to the science 

and accepts the theory of anthropogenic warming. However, Lomborg does question the 

predictions made by forecasters and the models used. Most importantly, Lomborg agrees 

with Singer and says that the amount of money and resources it would take to reduce 

carbon dioxide emissions enough to be effective in reducing global climate change would 

be better put towards reducing poverty and developing renewable technologies (2 0 0 1 ). 

Citing the OECD estimates, Lomborg notes the cost of cutting global emissions by 5.2 

percent below 1990 levels (the amount required in the Kyoto Protocol) will cost 2 percent 

of OECD countries’ GDP in 2050, which is approximately $900 billion annually, with total 

costs estimated at around $5 trillion. Lomborg suggests it would be cheaper to pay the cost 

of adaptation to climate change than the cost of drastic reduction (Lomborg 2001).

However, despite the skeptics, most governments are proceeding according to the 

“precautionary principal,” in that it is wiser to be cautious and proceed as if climate change 

and its effect were real, than ignore it and face the consequences should the predictions 

actualize. As Hackett (1998) points out, while the evidence of climate change has not
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convinced the skeptics, it also has not been disproved. The time scale required to reverse 

greenhouse gas emissions makes the problem irreversible from the standpoint of the next 

generations, which justifies a social investment in some level of control over greenhouse 

gas emissions as a form of insurance payment. Hackett (ibid) notes Stanford’s Stephen 

Schneider who said, “If there were only a five percent chance the chef slipped some poison 

in your dessert, would you eat it?” This begs the question: at what level of certainty is 

needed in the climate change problem in order to act?
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CHAPTER3

ECONOMIC THEORY OF ENVIRONMENTAL PROBLEMS

3.1 Market Failures

The economics of environmental problems is primarily concerned with identifying 

externalities and finding efficient solutions to them. Externalities are side effects from 

human activities that affect the welfare of others in society (Hackett 1998). In other words, 

the effects are “external” to both producer and consumers of the good or service. 

Externalities can be either positive or negative.

Positive externalities are unpaid benefits enjoyed by others in society (Hackett

1998). They are also referred to as “external economy” (Tietenberg 1984). An example of 

a positive externality is the benefits enjoyed by society when a student purchases a college 

education. That student then becomes a more informed citizen, enjoys a higher income, to 

which that student can invest in other goods and services provided by society, and is more 

likely to become a productive member of society than a less educated person. Since the 

benefits are outside of the direct market transaction and those that enjoy the benefits do not 

pay for them, the market undervalues the good or service producing the positive 

externalities. As such, a less than efficient amount of the good or service is produced 

(Hackett 1998).

A negative externality is a harm or cost generated by a market transaction between 

producers and consumers that is borne by others but for which they are not compensated
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(Hackett 1998). Historically, negative externalities were referred to as “external 

diseconomy” (Tietenberg 1984; Hartwick and Olewiler 1998). The prime example of a 

negative externality is pollution from a plant or factory that is a by-product of the 

production process. In an unregulated market, the pollution costs to society are not 

included in the factory’s production costs (see Figure 2). As shown in Figure 2, in an 

unregulated market, quantity qp is supplied to the market at a price Pp representing only the 

producer’s private costs of production. However, if the producer were made to include the 

social, or external, costs to society in its production costs, the supply curve would shift left, 

decreasing the quantity supplied to qp+s and increasing the price to Pp+s. This is because at a 

higher cost, all things remaining equal, the producer cannot supply as much to the market. 

Therefore, market supply understates the true social cost of production and the good or 

service is overproduced (Hackett 1998).



Externalities are an example of market failure, in that the market has failed to 

include the social cost of the good or service in the total cost and therefore the efficient 

amount of the good or service is not supplied. Externalities provide an incentive for “free 

riders.” For positive externalities, everyone who uses the good benefits whether or not they 

pay to use the good. Negative externalities cost everyone, too, whether or not they use the 

good. Therefore, it provides an incentive for no one to pay for abatement because paying 

would be put one at a disadvantage over those who did not pay; regardless of contribution, 

the benefits that accrue from abatement are available to all. In short, the problem stems 

from the fact that the externalities are not internalized and therefore do not serve as 

incentives in guiding economic activity. From a neo-classical economic perspective then, 

there are ways to correct market failures: either through regulation (also known as



command-and-control policies) or through economic incentives. These will be discussed 

further in this section.

In many environmental and resource problems, externalities associated with 

economic inefficiencies result from the absence of non-attenuated property rights (Randall 

1987). Resources such as forests, oceans, clean air, and wildlife are considered public 

goods. Pure public goods are characterized by non-excludability and non-rivalry 

(Goodstein 2002, Randall 1987). This means that one cannot exclude another from using 

the good and that one’s use does not take away from another’s use. For example, one’s 

consumption of clean air through breathing does not subtract from another’s consumption, 

and no one can exclude another from breathing.

However, another form of a public good is a common-pool resource. Common- 

pool resources are those in which there is rivalry for the good, but for which property rights 

do not exist. This occurs in many resources for which there are finite supplies at a given 

time. Common pool resources are those that are not exclusively controlled by a single 

source (Tietenberg 1984). For example, fish are considered a common-pool resources 

because it is difficult to exclude others from using the resource, but one’s harvest of fish 

subtracts from another’s harvest, since there is only so much available at a given time (of 

course, fish are a renewable resource in the long-term, but for a given season, there is 

typically a finite supply of fish).
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The lack of non-attenuated property rights for common-pool resources creates an 

open access problem in that there are no property rights that constrain access to a resource 

or withdrawals of units of the resource. Because access to these resources is not restricted, 

they can be exploited on a first-come, first-served basis (Tietenberg 1984). This leads to a 

race for the resource and can lead to over-capitalization and depletion. This is because 

without regulation, it is usually in the best interest of each person to do what is necessary to 

gain access to more of the resource. However, there are also externalities that each person 

generates for which each individual person does not pay, but the group as a whole pays 

when the resource is depleted. This “Tragedy of the Commons,” as it has come to be 

known, shows how common resources will be overexploited if private benefits outweigh 

private, not social, costs (Hardin 1968).

In the environmental problem of global climate change, the resource at hand is the 

atmosphere. Prior to the 1960s, the atmosphere was treated as a pure public good, used as 

waste receptacles on a first-come, first served basis (Johnston 2004). However, by the late 

1960s, the post World War II boom led to greater affluence and hence increase in leisure 

time, which led to an increased demand for outdoor recreational activities and 

environmental protection (Johnston 2004, Tietenberg 1984). At the same time, the boom 

had created so much environmental degradation that the waterways and airsheds 

Americans demanded were unsuitable for use (Johnston 2004). This supported more 

stringent regulatory control by the Federal government of industrial emissions. As noted 

by Johnston (ibid), polluters’ rights through legislation such as the Clean Air Act (CAA)
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and Clean Water Act (CWA) were curtailed from free and uncontrolled use of airsheds and 

waterways as pollution receptors to a level consistent with the public good. The 

assimilative capacity of the atmosphere for the byproducts of production and consumption 

within this setting is limited and is best characterized as a common pool resource.

Concerns of global climate change have expanded the list of pollutants for possible federal 

and state control to include CO2 and other greenhouse gases.

As Tietenberg (1984) notes, the level and concentration of economic activity, 

leading to increased pollution problems and increased demand for clean air and pristine 

areas have warranted governments to step in. In fact, Johnston states that “...American 

polluters had no common law right to pollute” (ibid). This same argument is now being 

applied to the case of anthropogenic emissions of greenhouse gases.

3.2 Solving Market Failures

There are typically two ways to resolve market failures: through government 

regulation or through economic incentives. Government regulation is also characterized as 

“command-and-control” where government agencies step in to regulate the market creating 

the externality. The regulations apply to all firms in the market equally, regardless of each 

individual firm’s cost of compliance. There are typically two categories of command-and- 

control policies: uniform emissions standards and technology-based regulations (Goodstein

2002). Both the CAA and CWA are examples of command-and-control regulations. For 

example, the 1970 Clean Air Act Amendments (CAAA) required new coal-fired generating 

plants constructed after 1971 to install flue gas desulfurization equipment (a.k.a
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“scrubbers”) (Ellerman, January 2003). Most economists agree that command-and-control 

regulation is not the most efficient resolution of market failures (Tietenberg 1984, Hackett 

1998 Goodstein 2002, Stavins 2003).

Economists define “efficiency” as maximizing net benefits or the difference 

between total benefits of abatement less the total cost of abatement (Tietenberg 1984, 

Goodstein 2002). In the top graph of Figure 3, the largest difference between the Total 

Benefits curve and the Total Costs curve is at A*. This is the point where net benefits are 

maximized. This is also the same point where the marginal benefit of abatement equals the 

marginal cost for abatement, as shown in the bottom graph of Figure 3. This is the point 

where the additional benefit of one more unit of pollution abatement is equal to the cost of 

an additional unit of abatement. This point is considered to be the market equilibrium 

because if the additional benefit was greater than the additional cost, then society gains by 

reducing pollution further. Likewise, if the cost of reducing pollution another unit 

outweighed the benefit from doing so, then society would lose. Therefore, to achieve 

efficiency within the market, marginal costs must be equalized across all firms (Ellerman 

Oct. 2003, Goodstein 2002, Tietenberg 1984, Stavins 2003). The informational burden that 

would be required at the firm level is typically considered too costly for the government to 

be able to rely on command and control regulations to efficiently achieve a given level of 

abatement.
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Figure 3. Graphical Representation of Economic Efficiency.



There are also other criticisms of command-and-control policies. For one, the 

government will have to allocate more of its own resources to enforce the regulations, 

which may be burdensome and costly. In addition, the regulations favor some firms over 

others. Some regulations allow “grandfathering” in which older firms are regulated less 

stringently because it is politically easier, as in the 1970 CAAA noted above, which had 

more stringent requirements for newer plants. Thus regulating new sources more 

stringently creates a new source bias (Goodstein 2002). The problem here is that the higher 

cost of building newer, cleaner facilities leads firms to stretch out the lives of older, dirtier 

ones. The long, complex legislative process can also hinder the effectiveness of command- 

and control policies. Firms and industries can lobby against regulations affecting them and 

legislators from states with large firms as constituents can be an obstacle. For example, in 

the 1980s, there were proposals to mandate scrubbers on the largest power plants and 

switching to lower sulfur fuel. But industry viewed them as costly, the Reagan 

administration opposed them, and they failed to gain legislative majority in several sessions 

of Congress (Ellerman, January 2003).

Another problem is that command-and-control regulations do not provide 

incentives for firms to continue to invest in and develop new, cheaper technologies. It only 

requires firms to meet a certain standard, and in fact is an incentive not to do better, since 

they might be required to upgrade all their facilities if the technology were implemented 

(Goodstein 2002, Stavins 2003). Therefore in order to force firms to lower emissions, the 

long regulatory process must begin all over again, thus slowing down technological

29



progress. With less technological progress, long-run pollution costs decline at a pace 

slower than they otherwise would (Goodstein 2002).

3.2.1 Economic incentives as solutions

On the other hand, the government can use economic incentives to internalize 

externalities. These can be taxes, subsidies, or market-based incentives. Economist A.C. 

Pigou suggested that negative externalities could be internalized by taxing firms based on 

the external costs they generate (Pigou 1920). These “pigouvian taxes” are generally a per 

unit tax, increasing firms’ marginal cost and reducing the amount supplied in the market 

(remember that a negative externality leads to surplus in the market), as shown in Figure 2. 

Also, the tax provides firms an incentive to reduce their tax element of production. 

Therefore, if firms found a method of production that reduced their externality that was less 

expensive than paying the tax, they would do so.

Subsidies can be thought of as a negative tax and are generally solutions for 

positive externalities. Remember that a positive externality leads to a shortage in the 

market for the good or service. For example, consider the case of vaccinations. A parent 

vaccinating one child also provides positive benefits to society by preventing diseases from 

spreading. However, the parent is not compensated for these benefits she provides to 

society. Therefore, the government can step in and offer a subsidy, thus lowering the cost, 

to encourage more parents to vaccinate their children.
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3.2.2 Market-Based Incentives

Market-based incentives (MBIs) are a way to create non-attenuated property rights 

and internalize the externalities. Harvard economist Robert Stavins defines market-based 

incentives as “aspects of laws or regulations that encourage behavior through market 

signals rather than through explicit directives (Stavins 2003),” typically referred to as 

command-and-control methods. MBIs have proven to be cost-effective and efficient 

solutions to many environmental problems by maximizing net benefits and equalizing 

marginal abatement costs across all firms. As previously noted, holding all firms to the 

same target through command-and-control can be expensive, inefficient, and counter 

productive, simply because the cost may vary greatly among firms.

Figure 4 illustrates how MBIs can be more cost efficient than command-and- 

control regulations. Suppose the government wants to reduce pollution to 10 units total 

between two firms. It can either set the standard at five units each, or allow the firms 

flexibility in meeting the standard with a total cap set at 10 units. Without flexibility, the 

total cost is the area ABC for firm 1 plus the area FBC for firm 2. Area ABC equals Vi 

($7x5) or $17.50. Area FBC equals Vi($4x5) or $10. The total cost to society of a 

command-and-control policy is $10+$17.50, or $27.50. If the government allows a flexible 

system, at the point where both firms’ marginal abatement costs (MAC) are equal ($5), 

firm 1 has a higher MAC and will emit 7 units, while firm 2 has a lower MAC and will 

emit 3 units, also 10 units total. The total cost is the cost for firm 1, area GHC, plus the 

cost to firm 2, area DEC. Area GHC equals V^($5x3) or $7.50. Firm 2’s cost (area DEC) is
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V2($5x7) or $17.50. The total cost to society of the MBI system is $7.50+$17.50 or $25.

By comparing the two systems, the flexible program is more cost efficient by $2.50. Under 

a permit system, the government still achieves the cap of 10 units total. Assuming it 

initially hands out 5 permits each, firm 2 could sell its two extra permits to firm 1.
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Figure 4. Command-and-Control Regulation vs. MB Is.

MB Is allow desired environmental outcomes to be achieved at a lower social cost 

by equalizing marginal abatement cost of firms, rather than equalizing, say, emission 

levels, as true of command-and-control policies. This provides an incentive for firms to



adopt cheaper environmental protection technologies in order to lower their emissions and 

sell more permits.

Tradable pollution permits are an example of a MBI program. Under such a 

system, the government sets an overall ceiling of allowable pollution levels and allocates 

permits to firms that convey a certain right (or privilege) to pollute. Firms that keep their 

levels below their allotted level may then sell surplus permits to firms for whom it is more 

expensive to reduce emissions, all while keeping overall emissions at the regulated level. 

This provides an incentive for emission trading to occur from firms with low compliance 

costs to firms with high compliance costs. Furthermore, it provides a financial incentive 

for firms adopt low-cost abatement technologies so they can earn revenue by selling their 

surplus permits.

One successful MBI program has been the sulfur dioxide (SO2) emissions trading 

program implemented by Title IV of the 1990 CAAA to control acid rain. The two-phase 

program intended to cap SO2 emissions from fossil-fuel burning power plants located in the 

continental United States at 50 percent below those of early 1980 (Ellerman, January

2003). Phase I applied to plants with capacity 100 MW or greater, while Phase II applied 

to plants generating 25 MW or more, virtually all U.S. fossil fuel electricity plants. 

Gradually, a successful bilateral trading market emerged and saved the country 

approximately $1 billion annually (Stavins 2003). Stavins estimates that the program has 

had “exceptionally positive welfare effects,” with benefits outweighing costs six times.

The benefits include positive public health impacts from decreased sulfur dioxide and



particulate concentrations (Stavins 2003). Burtraw similarly states that “benefits of the SO2 

program are an order of magnitude greater than costs” (Burtraw et.al 1998), when 

comparing benefits quantified for health, visibility, and lake recreation in the Adirondacks. 

Ellerman et al. (2000) estimates cost savings in the early years of Phase I of $350 million.

Another example of an MBI program are individual transferable quotas (ITQs), 

which have been successfully employed in the management of various fisheries throughout 

the world including the Alaska halibut and black cod fisheries. ITQ systems are designed 

to turn an open access system into a limited access system by assigning transferable access 

and withdrawal rights for harvesting fish (Hackett, 1998). Under an ITQ system, the 

overall catch level is allocated among existing harvesters, typically based on a harvester’s 

historic fishery performance and set as a percentage of total fishery harvest. For the high- 

cost, less profitable operations, it may not be profitable to stay in the fishery. Therefore, 

they can sell their permits to others. The result is a less-capitalized and more efficient 

harvesting system (Hackett, 1998, Hartwick and Olewiler 1998).

There have been a variety of non-efficiency related criticisms of ITQ systems 

including that an ITQ system leads to a cartel in which only a few large operations remain 

in business dominating the market and displacing small operators (Goodstein 2002). 

Another criticism is that because ITQs are typically given away, the profits flow toward the 

harvesters and rather than government (Hackett 1998).
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Similarly, there have been a variety of non-efficiency related criticisms of pollution 

permit trading systems. It has been argued by many environmentalists that granting 

pollution permits “legalizes” pollution and takes away the “social stigma” of pollution 

(Goodstein 2002, Sandel 1997). They argue that the morally preferred level of pollution is 

zero, and firms shouldn’t be given the “right to pollute.” Around the time that Kyoto was 

first being discussed in 1997, an editorial appeared in the York Times arguing such a 

point. In “It’s Immoral to Buy the Right to Pollute,” Michael Sandel, Professor of 

Government at Harvard University, said that a permit trading system that allows countries 

to buy and sell the right to pollute was “immoral” for three reasons: 1 ) it provides a 

loophole for rich countries to “evade” their obligations, 2 ) turning pollution into a 

commodity removes the social stigma and turns a fine (i.e punishment) into a fee (i.e. a 

normal cost of doing business), and 3) it undermines the “shared responsibility” that the 

increased global cooperation in addressing climate change requires. Johnston argues that 

the status quo regime in a typical American industrial city around 1965 was effectively an 

unlimited right to pollute, and over time has moved to the public’s right free from pollution 

(Johnston 2004).

Another criticism is that some MBI markets may create “hot spots,” where 

pollution is more concentrated in certain areas. The firms that have higher abatement costs 

will choose to buy more permits and thus emit more pollution and cause more hazards to 

their local community than the lower cost firm that sells permits (Goodstein 2002). 

However, in the issue of global climate change, carbon dioxide and other greenhouse gases
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are considered a “uniformly mixed pollutant,” for which economists say MBIs work best 

(Goodstein 2002, Tietenberg 1984). This is because hot spots are not an issue with 

uniformly mixed pollutants since they are evenly dispersed over broad areas (Goodstein 

2002).
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CHAPTER 4

INTERNATIONAL AGREEMENTS AND THE ORIGINS OF THE KYOTO

PROTOCOL

4.1 History of the Kyoto Protocol

Given the surmounting evidence, the issue of climate change as an international 

policy began to take center stage in the mid-1980s. In 1988, the World Meteorological 

Organization (WMO) and the UN Environment Programme (UNEP) established the 

Intergovernmental Panel on Climate Change. Following a proposal by the Maltese 

government in that same year, the UN General Assembly took up the issue of climate 

change and adopted resolution 43/53 on the “protection of global climate for present and 

future generations of mankind” (UNFCCC 2002).

Four years later in 1992, the IPCC issued its First Assessment Report. The report 

recognized climate change as a threat and called for a global treaty to address the problem. 

The General Assembly of the UN responded in resolution 45/212 in December 1990 by 

formally launching negotiations on a framework convention on climate change conducted 

by an Intergovernmental Negotiating Committee (INC).

After 15 months of negotiations, governments adopted the United Nations 

Framework Convention on Climate Change in May 1992, which was signed at the UN 

Conference on Environment and Development (UNCED) in Rio de Janeiro. Twelve years 

after its adoption, 186 governments are now Parties to the Convention.



Since the Convention went into effect, Parties have met annually in the Conference 

of the Parties (COP) to monitor its implementation. After two and a half years, the Kyoto 

Protocol was adopted at COP 3 in December of 1997 in response to criticisms that the 

Convention was not detailed enough to seriously tackle climate change. Several rounds of 

negotiations later, at COP 7 in Marrakesh, Parties adopted a comprehensive package of 

decisions known as the Marrakesh Accords, which contained a detailed rulebook for the 

Kyoto Protocol (UNFCCC 2002).

The Convention divides Parties into two groups: Annex I and non-Annex I 

countries. Annex I countries are essentially the OECD countries as listed in 1992 plus 

economies in transition (EITs). There are currently 41 countries listed as Annex I countries 

and they are the industrialized countries that have historically contributed the most 

emissions (Table 3). In addition, the Convention recognizes that these countries have 

higher per capita greenhouse gas emissions and greater financial and institutional capacity 

to address climate change. Therefore, the Kyoto Protocol legally binds these countries to 

reduce total CO2 emissions by five percent below 1990. The targets for each country are 

listed in the Protocol’s Annex B (Table 4). Each country’s CO2 emissions in 1990 are 

listed in Table 5. In addition, the 24 OECD countries are listed in the Convention’s Annex 

II and are also obligated to “provide new and additional financial resources” to non-Annex 

I countries through the Convention’s Global Environmental Facility (GEF) (UNFCCC

2002). The 145 non-Annex I countries are not bound to any emissions reduction targets, 

but are required to submit reports on general actions to address climate change.
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Table 3. Annex I Countries.

Australia Austria Belarus Belgium Bulgaria Canada

Croatia Czech
Republic Denmark Estonia European

Community Finland

France Germany Greece Hungary Iceland Ireland

Italy Japan Latvia Liechtenstein Lithuania Luxembourg

Monaco Netherlands New
Zealand Norway Poland Potugal

Romania Russia Slovakia Slovenia Spain Sweden

Switzerland Turkey Ukraine United
Kingdom United States

Source: A Guide to the Climate Change Convention and its Kyoto Protocol, UNFCCC, Bonn 2002. Bold 
countries are also listed as Annex II countries; Italicized countries are EITs (economies in transition.

Table 4. Annex B Countries and their Emissions Targets.

COUNTRY TARGET

EU-15, Bulgaria, Czech Republic, Estonia, 
Latvia, Liechtenstein, Lithuania, Monaco, 
Romania, Slovakia, Slovenia, Switzerland

-8 %

United States -7%

Canada, Hungary, Japan, Poland -6 %

Croatia -5%

New Zealand, Russia, Ukraine 0

Norway + 1 %

Australia +8 %

Iceland + 1 0 %
Source: Guide to the Climate Change Convention and its Kyoto Protocol UNFCCC, Bonn 2002. *Belarus 
and Turkey were not Parties to the Convention when Kyoto was adopted and therefore are not Annex B 
countries although they are Annex I countries.
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Table 5. Annex 1 1990 CO2 Emissions and Share of Total for Kyoto’s Entry.

PARTY 1990 C 0 2 EMISSIONS (Gg) %
Australia 288,965 2.1

Austria* 59,200 0.4
Belgium* 113,405 0.8
Bulgaria 82,990 0.6
Canada 457,441 3.3
Czech Republic 169,514 1.2
Denmark* 52,100 0.4
Estonia 37,797 0.3
Finland* 53,900 0.4
France* 366,536 2.7
Germany* 1,012,443 7.4
Greece* 82,100 0.6
Hungary 71,673 0.5
Iceland 2,172 0.0
Ireland* 30,719 0.2
Italy* 428,941 3.1
Japan 1,173,360 8.5
Latvia 22,976 0.2
Liechtenstein 208 0.0
Luxembourg* 11,343 0.1
Monaco 71 0.0
Netherlands* 167,600 1.2
New Zealand 25,530 0.2
Norway 35,533 0.3
Poland 414,930 3.0
Portugal* 42,148 0.3
Romania 171,103 1.2
Russian Federation 2,388,720 17.4
Slovakia 58,278 0.4
Spain* 260,654 1.9
Sweden* 61,256 0.4
Switzerland 43,600 0.3
United Kingdom* 584,278 4.3
United States 4,957,022 36.1
EU-15 combined* 24.2
Source: A Guide to the Climate Change Convention and its Kyoto Protocol, UNFCCC, Bonn 2002



The Kyoto Protocol will go into effect when at least 55 Parties to the Convention 

representing 55 percent of global emissions ratify the Protocol. In 2001, President Bush 

said the United States would not ratify the Kyoto Protocol citing economic concerns and 

equality issues saying that developing countries should bear some burden. Without the 

United States, Russia is the only country that could break the 55 percent threshold and put 

the Protocol into force. Russia, whose economy has been lackluster over the past several 

decades, provided conflicting signals as to it intent with regard to treaty ratification.

Russian President Vladimir Putin had in the past indicated that Russia would not be a 

signatory nation (AFP 2003). However, recent statements by the Premiere promised he 

would act quickly on Kyoto ratification, after the EU backed Russia’s entry into the WTO 

(BBC May 2004). In September 2004, Russian officials announced they would back 

ratification of the Kyoto Protocol (Associated Press September 30,2004). In November, 

Russian President Putin signed the Kyoto Protocol pushing it over the 55 percent threshold 

(AP November, 5 2004).

4.2 Objective and Principles

The ultimate objective of the Convention is “to achieve stabilization of atmospheric 

concentration of greenhouse gases at levels that would prevent dangerous anthropogenic 

interference with the climate system” (UNFCCC 2002). While it is not defined as to what 

levels of greenhouse gases are considered “dangerous,” it does state that “ecosystems 

should be allowed to adapt naturally, food supply should not be threatened, and economic 

development should be able to proceed in a sustainable manner” (UNFCCC 2002).

41



The Convention maintains a principle of “common but differentiated 

responsibilities” (UNFCCC 2002). This principal is in response to the dilemma of how to 

distribute the burden of reducing emissions. Although climate change is a global issue, the 

Convention has generally agreed that industrialized countries should bear most of the 

burden since they have historically contributed the most greenhouse gas emissions, and 

generally have the most resources to address the problem. Additionally, developing 

countries are more vulnerable to the negative impacts of climate change and have far less 

capacity to respond. Therefore, the Convention calls on the rich industrialized (Annex II) 

countries to “take the lead” in reducing emissions as well as provide financial and 

technological resources to developing countries in order to aid them in addressing climate 

change.

Most importantly, many have linked climate change to global development, as they 

see climate change as “fundamentally a development problem rather than an environmental 

one” (UNFCCC 2002). Patterns of energy consumption, such as the dependence on fossil 

fuels, combined with land use and demographic growth are the major drivers of both 

development and climate change, according to many scientists.

Social scientists have debated the relationship between economic development and 

environmental degradation. Some found a positive relationship in that growing economic 

activity, defined as increased production and consumption, required larger inputs of energy 

and material, and therefore generated larger quantities of waste byproducts. Others added 

that despite rising incomes, increased resource extraction, accumulation of waste, and
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higher concentrations of pollution would overwhelm the biosphere’s carrying capacity and 

result in declining environmental quality and human welfare (Panayotou 2003). However, 

others have argued that demand for environmental improvement and the adoption of 

environmental protective measures comes with economic growth (Tietenberg 1984, 

Johnston 2004). Beckerman (1992) found a “strong correlation between incomes and the 

extent to which environmental protection measures were adopted.”

It seems more likely, however, that the reality lies in a combination of these 

theories; that perhaps the relationship is not positively or negatively fixed, but that it 

changes along a nation’s development path, in an inverted “U” pattern (see Figure 5). This 

relationship was first theorized by Nobel Laureate Simon Kuznets, whose research 

discussed income-inequality patterns. Using Kuznets’ methodology, Panayotou (2003) 

found that

At low levels o f development, both the quantity and the intensity o f 

environmental degradation are limited to the impacts o f subsistence 

economic activity on the resource base and to limited quantities o f 

biodegradable wastes. As agriculture and resource extraction intensifies 

and industrialization takes off, both resource depletion and waste 

generation accelerate. At higher levels o f development, there is structural 

change towards information-based industries and services, more efficient 

technologies, and increased demand for environmental quality result in 

leveling-offand a steady decline o f environmental degradation.
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Environmental
degradation

Industrial
economies Post-industrial

economies

Stages of development

Figure 5. Environmental Kuznets Curve.

Panayotou (2003) cited several studies that found the turning points of the 

environmental Kuznets curve vary depending on the pollutant. For those local pollutants 

that are easier for people to see the damage, such as SO2, the turning point generally occurs 

at lower levels of per capita income, than for global, uniformly-mixed pollutants like 

carbon dioxide (Panayotou 1993; Cole, et. al 1997; Holtz-Eaken and Seldon 1995; 

Panayotou, et. al 1999).

It is argued in the Convention that, given this inverted-U relationship between 

economic growth and environmental degradation, developing countries should be 

financially subsidized in order to assist them in skipping, or at least shortening, the so- 

called “dirty phase” of industrialization. It has called upon industrialized countries to 

invest in and export clean technologies to poorer countries, since it argues that richer



countries are the ones most financially able to pay for it, and are the major source of 

pollution (UNFCCC 2002).

However, industrialized countries, especially the United States, are concerned about 

bearing the brunt of the cost of mitigating global climate change. Therefore, with the 

successes of the Acid Rain sulfur dioxide trading program as evidence, the United States 

campaigned for the creation of a market for greenhouse gas emissions (Pohl 2003). 

Although it wasn’t well received at first, an emissions trading market is now the heart of 

the current form of the Kyoto Protocol (ibid). Despite the United States’ withdrawal, other 

countries, like the European Union, have taken over as its champion.
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CHAPTER 5 

CARBON CREDIT EARNING ACTIVITIES

After the United States’ persistence, Article 6  of the Kyoto Protocol was introduced 

to allow for emissions trading between Parties, which is seen by many economists and 

governments to be cost effective, for the reasons previously discussed. Each Party is given 

an “assigned amount” (AAUs) based on their reduction target listed in Annex B. Parties 

can earn additional credits by engaging in certain activities that increase the amount of 

emissions removed from the atmosphere. Those activities include land use/land use change 

and forestry practices, carbon sequestration, carbon capture, and offsets (see Table 6 ), and 

are discussed in further detail below. Parties can then acquire and/or transfer credits 

between each other. It is important to note that only those Parties that have ratified Kyoto 

will be recognized and able participate.

Table 6. Kyoto’s carbon credit-earning activities.

ACTIVITY EXAMPLES
Land-use, Land-use change, & Forestry 
(LULUCF)

Afforestation, reforestation, avoided 
deforestation, changes in forestry 
management practices

Carbon sequestration No-till farming, enhanced oil recovery, 
coal-bed methane

Carbon capture Landfill methane capture
Offsets Fuel-switching



5.1 LULUCF Sector

Carbon credits can be earned in the Land Use/Land Use Change and Forestry sector 

through three activities: afforestation, reforestation, and avoided deforestation. These 

activities also involve changes in the current forestry management system that adds carbon 

to the baseline activity level (usually set at 1990).

Afforestation involves activities that plant trees in areas where trees have never 

been, such as grasslands and agricultural lands (Spittlehouse 1999). Reforestation involves 

planting trees where there have not been trees for many years (before the baseline, at least). 

This would involve reforesting forests that were destroyed by disease or were destroyed by 

wildfire before the baseline.

Deforestation is considered a debit in the carbon credit account. Therefore, 

avoiding deforestation would earn carbon credits. One example is changing forestry 

management practices to remove a currently logged forest from harvest and make it a 

permanent forest that will not be harvested. Again, the stand must have been considered an 

area for logging prior to the established baseline before it is removed from rotation.

In addition, changes to forestry management practices that were in place prior to the 

baseline that prove additional carbon sequestered would also earn credits. Activities could 

possibly include changing stand rotations, changing species to those that prove to sequester 

more carbon, and practices that avoid disease and suppress fires. Again, these practices 

must be able to prove that they would sequester more carbon than under the status quo.
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5.2 Carbon Sequestration

Carbon dioxide is naturally absorbed and released by the terrestrial biosphere as 

well as by the oceans (National Research Council, 2001). Carbon sequestration is the 

accumulation of carbon in the land rather than the air (Wilman and Mahendrarajah 2002). 

Carbon can be stored in “sinks” such as soils, oceans, and forests. Sequestration in forests 

(as described in the above LULUCF section) offers the greatest immediate promise (ibid). 

However, governments are researching the opportunities for sequestering carbon in 

agricultural soils, oceans, and in geologic formations such as coal seams.

Agricultural soils also absorb carbon. However, that stored carbon is released if 

disturbed, usually through farming practices such as tilling. If, however, farmers switched 

their agricultural practices to those that prove to absorb additional carbon more 

permanently, carbon credits could be earned. Currently there is ongoing research to 

educate farmers about the benefits of “no-till” farming that keeps the carbon stored in the 

soil. In addition to the carbon storing benefits, there are also additional environmental 

benefits (e.g. less runoff and erosion) to “no-till” practices (West and Post, 2002).

There are also current efforts to pump carbon dioxide emissions deep into the 

ground to store it for many years. Carbon dioxide would be separated from any other gases 

and injected 1 kilometer into the Earth’s subsurface, which could be stored in saline 

reservoir rocks, coal seams, and depleted oil and gas fields. Norwegian oil company Statoil 

is currendy operating the only commercial geologic sequestration operation in the world. 

Statoil is injecting approximately 2,800 metric tons daily of recovered carbon dioxide into
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the Utsira Sand, a saline formation undersea associated with the Sleipner West Heimdel gas 

reservoir. With a thickness of 250 meters, the formation can store 600 billion tons of 

carbon dioxide, and researchers estimate the carbon dioxide will remain stored for 5,000 to 

10,000 years (Statoil 2000). The amount sequestered, one million metric tons per year, is 

equivalent to the output of a 150-megawatt coal-fired power plant (DOE 2004). The U.S. 

Department of Energy is also researching geologic sequestration. Natural resource 

development projects such as oil and natural gas development and coal bed methane could 

be supplemented by a value-added revenue stream from carbon sequestration, which 

provides a low net cost option. Many oil and natural gas companies use enhanced oil 

recovery (EOR) in which carbon dioxide is injected into the oil bed to increase oil 

recovered from the field. Similarly, coal beds are methane rich, and tests have shown that 

injecting carbon dioxide is very effective in displacing the methane and remaining 

permanently in the coal bed. Additional sales from increased oil or methane recovered 

from these practices help offset the cost of sequestration (DOE 2004).

Oceans absorb the greatest amount of carbon released into the atmosphere, up to 2 

Gt carbon per year, compared to 0.5 Gt absorbed by terrestrial sinks (UK’s IEA 

Greenhouse Gas R&D Programme 2002). There are two ways in which oceans could be 

used as a carbon sink: 1) inject carbon dioxide emissions deep into the ocean floor or 2 ) 

adding nutrients that would increase the ocean’s carbon uptake from the atmosphere. 

However, the second option offers more risk and uncertainty. There are several studies 

researching the possibility of pumping carbon dioxide into the ocean floor, where it has less
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of a chance of being disturbed (DOE 2003, Preuss 2001). Although it has not yet been 

done in practice, injecting carbon deep into the ocean would require capturing CO2 from a 

site (usually coal-fired plant) by using amine solvent “scrubbing,” converting it into a 

liquid or dense gas and transporting it through underwater pipeline or by a tanker to an 

injection platform (IEA 2002).

5.3 Carbon Capture

Several companies and municipalities are attempting to capture greenhouse gases

and use them as a source of energy. Methane, the major component of natural gas, is one 

particular greenhouse gas that offers the potential for capture and use. Methane is released 

naturally from swamps, roots of rice plants, and cows. However, human activities, such as 

rice growing, raising cattle, coal mining, and use of landfills have increased over the last 

fifty years and now account for two-thirds of the current emissions of methane (NRC

2001). Landfills release large amounts of methane, which can be captured and pumped 

back into a utility for electricity generation, for example. Therefore, there is potential for 

credits to be earned by capturing carbon and using it to generate energy because doing so 

would prevent these greenhouse gases from being released into the atmosphere.

5.4 Offsets

Carbon credits can be earned through energy activities that “offset” carbon

intensive activities. Offsets are among the most popular activities currently used by 

governments and companies to gain carbon credits because they are relatively easy to 

measure and verify (Rosenzweig et. al 2002). For example, if a utility switches from a



highly carbon-intensive energy, such as coal, to a less carbon-intensive energy source such 

as natural gas or wood, they can earn carbon credits. The credits are calculated as the 

amount of carbon that would have been released under the higher carbon-intensive fuel 

source. In other words, credit is earned through avoiding carbon emissions. Another 

example is switching to renewable energy sources, such as wind power or solar power.

Companies are also earning carbon credits by investing in technologies that 

increase their energy efficiency and reduce carbon emissions (Swisher 2001, Climate Trust 

2002). Again, sellers must prove that their activities provide additional carbon avoided 

from the atmosphere in order to gain credit. Their activities must be additional to the status 

quo and additional to current regulations and requirements.

5.5 W ho N eed s Kyoto?

The market for greenhouse gas emissions will continue to evolve with or without

the implementation of the Kyoto Protocol. Companies are beginning to analyze their risk 

and know that they can’t wait for international agreements. In addition, companies that 

have entered the market already have invested enough money to ensure that the market 

continues and that their investment pays off. Corporate risk officers are joining 

environmental policy directors in addressing climate change. They see voluntary emissions 

reductions trading as a practical way to be responsible corporate citizens as well as gain 

experience should caps on carbon dioxide emissions become mandatory (Mullen 2003).

Despite the fragmentation of the market, emissions trading is on the rise. A study 

conducted by the World Bank and Natsource LLC, a broker and leader in the
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environmental market, showed that greenhouse gas trading increased greatly from 2003 to 

2004 compared to the market activity over the previous seven years (Lecocq 2004). As 

shown in Figure 6 , volume increased by 40 million metric tons carbon dioxide equivalent 

from 2002 to 2003. In the first five months of 2004, 64 million metric tons of carbon 

dioxide equivalent was traded, almost nearly the entire volume of 2003,78 million metric 

tons (Lecocq 2004).

Figure 6. Growth in the Market for Greenhouse Gas Emissions, 1998-2004.



Forecaster Peter Fusaro, Chairman and founder of Global Change Associates, 

believes that emissions trading may become “the next global financial market through 

convergence of environmental and capital markets” (Mullen 2003). The growth in volume 

of trading over the last seven years is tied to the growth in markets for greenhouse gas 

emissions. The lack of an internationally governed market is pushing other countries to 

develop their own markets. These markets are discussed in the next chapter.
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CHAPTER 6 

THE MARKET FOR GREENHOUSE GAS EMISSIONS

The market for greenhouse gas (GHG) emissions has been pivotal to environmental 

policy for the last fourteen years, beginning with the U.S. Clean Air Act Amendments of 

1990. However, the expansion of the market has picked up since the Kyoto Protocol, the 

international treaty limiting greenhouse gas emissions, was first negotiated in 1997. 

Although the certainty of the ratification of the Kyoto Protocol has fluctuated over the 

years, the possibility of its entry into force was driving the GHG market. When it was 

uncertain if Kyoto would go through, the European Union took the lead. In addition, as 

more countries ratify Kyoto, more political pressure will be put on countries that have not 

ratified. For example, as previously mentioned, the Russian announcement that it would 

not ratify Kyoto led to a European Union response that should Russia reverse this position 

its entrance into the WTO would be supported. This caused Russia to reconsider its stance 

on Kyoto and was signed in November 2004 by Russian President Vladimir Putin. (AP 

November 5, 2004). Similarly, British Prime Minister Tony Blair recently announced that 

the UK would put pressure on the United States during his Presidency of the Group of 8  

(G8 ) that begins next year (Reuters 2004).

In the absence of an international agreement, the rules and mechanisms of the 

market for greenhouse gas emissions are vague and fragmented. However, the market is 

moving forward in anticipation of a formal, binding agreement and is evolving under a



loosely constructed, ad-hoc framework (Rosenzweig et. al 2002). Markets currently fall 

into two categories: compliance and non-compliance (see Table 7) and are discussed in 

detail.

Table 7. Markets for Greenhouse Gas Emissions.
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COMPLIANCE NON-COMPLIANCE

EU Emissions Trading System U.S. Initiative on Joint Implementation

UK Climate Change Programme Chicago Climate Exchange

Danish CO2 Cap-and-Trade System

NSW Greenhouse Gas Abatement 
Scheme

Oregon Trust

6.1 Compliance Markets

Compliance markets are those authorized by governments through legislation or 

regulations with which polluters must comply. Standards and rules for activities, gases, 

monitoring, and verification required for compliance are defined. Laws or regulations set 

emissions limits that bind polluters and allow for trading through a cap-and-trade market. 

Polluters are given ‘allowances’ and can sell surplus allowances if they emit less than their 

target. As such, these markets are often known as allowance markets (Lecocq 2004). 

Those countries that have ratified the Kyoto Protocol and meet its standards and rules are 

considered “Kyoto compliant.” At the present time, there are several compliance markets 

internationally, each of which will be discussed in detail. They are: the European Union’s 

Emissions Trading Scheme (ETS), the United Kingdom’s Climate Change Programme,



Danish CO2 cap-and-trade program, Australian province of New South Wales’ Greenhouse 

Gas Abatement Scheme, and Oregon’s Climate Trust. Since Australia and the United 

States have not ratified the Kyoto Protocol, their compliance markets are not considered 

“Kyoto compliant.”

6.1.1 EU Emissions Trading Scheme (ETS)

In January 2005, the European Union’s Emissions Trading Scheme will begin 

trading. It will be the largest market for greenhouse gas emissions allowances. The ETS 

will operate as a cap-and-trade program and, although it is independent of Kyoto, it is 

designed as a compliance tool to help the European Union reach its target set by the 

Protocol (Evolution Markets 2003).

The ETS will operate in two phases: the first from 2005-2007, and the second from 

2008-2012, matching the first compliance period of the Kyoto Protocol. The first phase 

will only cover carbon dioxide emissions, but may consider covering all six greenhouse 

gases for the second phase. By 2010, it is estimated that the program will account for 46 

percent of EU’s total carbon dioxide emissions (Kruger and Pizer 2004, Palmisano and von 

Butler 2002).

Over 12,000 sources from all 25 European Union Member States are covered in 

the ETS, including power and heat generation, crude oil refineries and coke ovens, 

ferrous (iron) production, pulp and paper production, and cement, glass, brick, and 

porcelain production (Evolution Markets 2003). Member States will allocate permits
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among the producers according to their National Allocation Plan, of which the states are 

instructed to allocate 95 percent free of charge during the first phase. Ninety percent of 

permits will be allocated free of charge in the second phase. Banking and borrowing will 

be allowed between years of the same phase, but it has not been decided if it will be 

permitted between phases. Penalties for excess allowances will be levied at €40 per ton 

in the first phase and €100 per ton in the second phase (Kruger and Pizer, 2004).

The system also allows for non-EU countries that have ratified Kyoto to “link” with 

the scheme by agreeing on mutual recognition of allowances (Palmisano and von Butler

2002). This opens the market to a greater number of consumers and suppliers and 

increases the liquidity in the market. A European Commission economist estimates that the 

scheme will save $1.3 billion euros annually over a non-trading system (Carpenter 2001).

6.1.2 UK Climate Change Programme

The United Kingdom was the first country to develop a broad-based greenhouse gas 

emissions trading program (Rosenzweig et. al 2002). The national trading program allows 

companies to meet voluntary targets and gives companies an 80 percent tax break on the 

UK’s Climate Change Levy if they adopt an absolute or rate-based limitation on emissions 

or on energy consumption (Lecocq 2004), encouraging over 6,000 companies to participate 

as “Agreement Participants”. The Programme covers all six greenhouse gases.

It is important to note that when the EU ETS commences on January 1, 2005, the 

UK Programme will merge with the ETS (Lecocq 2004). The United Kingdom
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submitted its National Allocation Plan and it was conditionally accepted in July 2004 

(EUROPA 2004).

The first auction was held on March 11-12 2002. The UK Department of 

Environment, Food, and Rural Affairs agreed to pay “Direct Participants,” those who 

participated in the auction, incentives worth £215 million over five years in exchange for 

reducing emissions (National Audit Office 2004). The initial auction led to promises of a 6  

percent reduction in emissions, or 4 million metric tons, over five years. Following the 

auction, allowances were handed out based on participants’ reduction commitments. Each 

Direct Participant must hold enough allowances to cover its emissions for the year either 

through trading or banking. Direct Participants can trade with Agreement Participants. 

After nine rounds of a ‘descending clock’ auction, the Department purchased a total of

4.03 million metric tons for a price of £53.37 per metric ton, or an average of £17.79 per 

metric ton over the three-year life of the Programme (NAO 2004). Since the initial 

auction, prices and volume have dropped off, with prices hovering between £2 and £4 

per metric ton.

Companies' performance against their targets is measured and verified annually.

In 2002, the Scheme's first year, Direct Participants reported reductions of 4.64 million 

metric tons compared to targets for that year totaling 0.79 million metric tons, an excess 

of 3.85 million metric tons (NAO 2004).
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6.1.3 Danish Carbon Dioxide Emissions Trading System

In 1999, the Danish Parliament, known as Folketing, set quotas for carbon dioxide 

emissions from electricity generation and adopted a trading system for 2002-2003. 

Through several national and international agreements, Denmark committed itself to 

reducing greenhouse gas emissions. Following the European Union’s commitment to the 

UNFCCC to stabilize emissions at 1990 levels by 2000, Demark promised to reduce 

emissions by 5 percent during that time period. Their national target is to reduce 

emissions to 20 percent below 1988 levels by 2005 (Pedersen 2000).

The CO2 Quota Act laid down a total CO2 quota for electricity production of 23 

million metric tons in 2000. This is reduced by 1 million metric tons per year, to reach a 

quota of 20 metric million tons in 2003 (Rosenzweig et. al 2002). The quota reduction is 

substantial; 76 percent of Denmark’s 1994-1998 emissions level. Electric companies 

achieved this goal by switching to combined heat and power (CHP) generation, fuel 

switching away from coal, use of wind or hydro power, increasing energy efficiency, and 

reducing electricity exports (Pedersen 2000).

The system covered all electricity plants in Denmark, except those relying entirely 

on renewable energy. Allowances were handed out per company, not per plant, and 

included those with emissions of 100,000 metric tons per year or more. Smaller plants 

were exempt if they currently generate electricity through CHP.
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Emissions allowances can be banked and traded between years. Emissions are 

reported annually to the Danish Energy Authority and are calculated by monitoring fuel 

consumption of the plant. Penalties are applied for companies that exceed their 

allowances.

6.1.4 New South Wales Greenhouse Gas Abatement Scheme

The Australian province of New South Wales (NSW) started its greenhouse gas 

abatement scheme on January 1, 2003 and it will operate through 2012, the end of the 

first commitment period of the Kyoto Protocol. The scheme imposes a declining, 

compliance benchmark on electricity retailers and other parties. For example, the 

benchmark for 2003 is 8.65 tons and the benchmark progressively drops to 7.27 tons in 

2007, which represents 5 percent below the Kyoto Protocol baseline in 1989-1990. The 

province greenhouse gas benchmark is multiplied by the total state population, as 

published by the Independent Pricing and Regulatory Tribunal, to produce the annual 

electricity sector benchmark. This represents the total amount of greenhouse gas 

emissions allowable for the consumption of electricity in NSW (NSW 2004). Parties 

meet their benchmark by offsetting excess emissions through surrendering abatement 

certificates, which are handed out through accredited providers (Lecocq 2004). At the 

end of each year, each participant must submit a report to the Tribunal, who acts as the 

system’s regulator and administrator, detailing their emissions and abatement certificates 

surrendered. If there is a shortfall, a penalty of $10.50 (Australian) per metric ton 

applies.
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The Scheme includes a registry that verifies the creation, transfer, and surrender 

of the abatement certificates. Abatement certificates are given for four activities that 

prove to reduce emissions: low-emissions electricity generation, activities that reduce 

consumption of electricity, carbon sequestration in forests, and on-site reductions by 

large, non-electricity generating companies (NSW 2004). The certificates handed out to 

large users, more than 100 gWh annually, are not tradable. The greenhouse gas 

abatement certificates earned through the first three activities are transferable.

Volume traded through the abatement scheme in late 2003 and 2004 has been 

substantial. Twenty-five trades throughout the first third of 2004 resulted in 1.5 million 

metric tons exchanged; 750,000 metric tons was traded in the last quarter of 2003 

(Lecocq 2004).

6.1.5 Oregon’s Climate Trust

The Climate Trust is a state-sanctioned nonprofit entity charged with securing 

emissions offsets. The Trust plays an essential role in implementing Oregon's carbon 

dioxide law, which was the first legislation regulating greenhouse gas emissions in the 

United States (Climate Trust 2002). This law requires new power plants to offset 

approximately 17% of their carbon dioxide emissions. Plant operators can either choose to 

acquire qualifying offsets (the project path) or pay 85 cents per metric ton of carbon 

dioxide (the monetary path) to The Climate Trust. As of May 2002, all developers had 

chosen the monetary path for compliance, most likely because of the low cost. The price 

effectively puts a price ceiling on firms’ willingness to pay and therefore does not create



much of an incentive for firms to reduce emissions at the source. However, from these 

payments, The Climate Trust funds projects to mitigate and offset carbon dioxide emissions 

through renewable energy, energy efficiency, energy system decarbonization, and forest 

carbon sequestration (Climate Trust 2002). In its first round of projects in 2000, The 

Climate Trust funded projects that offset a total of 850,000 metric tons of carbon dioxide.

In its second round of funding in 2001, they funded an additional five projects. Their 

portfolio currently consists of 11 projects worth $5.5 million and offsets 2.4 million metric 

tons of carbon dioxide (Climate Trust 2002).

6.1.6 Other U.S. Legislation

Several other U.S. states have passed legislation limiting greenhouse gas 

emissions and creating trading systems, but the programs are not yet in operation. 

Massachusetts and New Hampshire have taken steps towards cap-and-trade systems.

Both states have also joined other northeast state governors and Eastern Canadian 

governors in the Regional Greenhouse Gas Initiative, which is developing a registry. 

Massachusetts became the first state to impose carbon dioxide emissions limits on old 

fossil-fired power plants. The April 2001 law requires six plants to reduce carbon dioxide 

emissions by 10 percent from their 1997-1999 average and imposes limits on sulfur dioxide 

(SO2), nitrogen oxide (NOx) and mercury. Compliance with the carbon dioxide 

requirement can be met by either switching to less carbon intensive fuels or by purchasing 

offsets from emissions reduction projects. The specific rules on offsets are unclear, but the
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state has said that the offsets will have to be real, surplus, verifiable, permanent, and 

enforceable in order to receive credit (Rosenzweig et. al 2002).

In 2004, Massachusetts clarified some of the rules by releasing its Climate 

Protection Plan, which set goals to reduce emissions to 1990 levels by 2010 in the short 

term and by 75 to 85 percent below current levels in the long term. The plan is broad and 

includes all sectors of government and society, including energy, business, transportation, 

and construction sectors. The plan encourages activities that reduce demand for 

electricity, increase energy efficiency, researching and developing newer technologies, 

and promoting environmentally and economically sustainable practices. The plan also 

proposes creating a registry, improving inventory tracking and monitoring, and 

implementing a trading scheme (Commonwealth of Massachusetts 2004).

The state of New Hampshire’s greenhouse gas legislation is driven by the state’s 

multi-pollutant reduction program. The program mandates a 10 percent reduction in 

carbon dioxide emissions from three in-state power plants from 1990 by the end of 2006. 

The regulation allows for trading and banking to meet the cap (Zabrowsky and Reamer 

2004).

As one of its projects, Public Service of New Hampshire recently announced the 

Northern Wood Power Project (NWPP). The NWPP replaces a 50 MW coal-fired turbine 

with a wood-fired system. The new fluidized bed boiler uses wood chips and low-grade 

wood products to fuel the turbine. Sulfur dioxide emissions are reduced by 98 percent,
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nitrogen oxides (NOx) are reduced by 75 percent, and mercury emissions are reduced by 

91 percent. Carbon emissions are considered carbon-neutral since replanting absorbs 

emissions. The project is estimated to cost $70 million (PSNH 2003).

6.2 Non-compliance Markets

Despite these successful government regulated programs, it remains that most 

trades are not made for compliance in regulatory markets. Rather they are considered 

voluntary or non-compliance. Many businesses participate in non-compliance programs 

to gain knowledge about trading systems in the event governments design compliance 

programs, but also to act as positive social stewards.

The U.S. GHG Market has evolved from mostly project-based emissions trading 

programs, which have generally been for non-compliance markets. These project-based 

programs are designed to gain experience in the emissions trading market and to harness 

the cost-effectiveness of a market-based incentive program. They give practical experience 

for market participants and governments in the mechanisms for achieving voluntary 

commitments, hedging risk, and complying with potential future binding emissions limits 

(Rosenzweig et. al 2002).

6.2.1 U.S. Initiative on Joint Implementation

One example of a project-based program is the U.S. Initiative on Joint 

Implementation (USUI). The first of its kind, the USUI was initiated under the 1993 U.S. 

Climate Change Action Plan (CCAP) as a pilot project to gain experience with greenhouse
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gas reduction projects in both developing and developed countries (Rosenzweig et. al 2002, 

USUI 2002). It is a flexible, non-regulatory program that encourages participants to 

develop projects that reduce, avoid, or sequester greenhouse gases outside of the United 

States (USUI 2002). The key is that projects must take place overseas. Its main objectives 

were to illustrate the feasibility of project-based emissions trading (although formal credits 

were not granted) and to gain practical experience. USUI differs from the Joint 

Implementation program authorized by the Kyoto Protocol. Kyoto’s JI program allows for 

emissions reduction projects between Annex B countries and authorized legal entities, 

while USUI authorized greenhouse gas reduction projects in both developing and 

developed countries. From 1994 to October 2000, the last round of approvals, the USUI 

had approved 50 projects in 26 countries, with a majority of the projects occurring in Latin 

America and Central and Eastern Europe. The activities through which emissions were 

reduced occurred mainly through increasing energy efficiency and renewable energies.

Two USUI projects are similar to current projects taking place in Alaska, which 

will be described in more detail in the next chapter. One is a wind energy project in 

Northern Chile. Fifty wind turbines were installed, each generating 750 kilowatts for a 

total of 37.5 MW of electricity. The project is estimated to offset more than 3,000,000 

metric tons of carbon dioxide over a 20 year period by displacing a coal-fired plant (USUI 

2001). There are several other wind energy projects in other countries. The other project is 

a renewable energy grid in San Juanico, Baja, Mexico. The project is a wind-solar-diesel 

hybrid to replace a 205 kW diesel generator. The hybrid system was successful in
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extending electricity to the town to 24 hours a day, from only three hours a day. It’s 

estimated to offset 7,415 metric tons of carbon dioxide over the projects life, 30 years 

(USUI 2001).

6.2.2 Chicago Climate Exchange

The Chicago Climate Exchange (CCX) is the first commodity exchange for 

greenhouse gases. The Chicago Climate Exchange members include some well-known 

businesses from all sectors of society, such as Ford, Dow Chemical, International Paper, 

Motorola, Roanoke Electric Steel, American Electric Power, Bayer, Tufts University, the 

University of Iowa, the University of Oklahoma, IBM, the City of Chicago, the World 

Resources Institute, and Amtrak. According to the Chicago Climate Exchange’s website 

(www.chicagoclimatex.com):

The Chicago Climate Exchange,® Inc. (CCX®) is a self-regulatory 

exchange that administers the world's first multi-national and multi-sector 

marketplace for reducing and trading greenhouse gas emissions. CCX 

represents the first voluntary, legally-binding commitment by a cross- 

section o f North American corporations, municipalities and other 

institutions to establish a rules-based market for reducing greenhouse 

gases.

The Exchange began in May 2000 from a grant from the Joyce Foundation that was 

used to develop a feasibility study. The study found that a private sector greenhouse gas

http://www.chicagoclimatex.com


market was feasible in North America and a subsequent grant was administered in 2001 to 

provide research and implement the market.

The exchange became active on December 12, 2003 with the first electronic trade. 

The pilot program requires members to commit to reductions through 2006. On July 1, 

2004, the Exchange’s volume surpassed the 1,000,000 metric tons of CO2 equivalent 

(C0 2 e). That’s more than the U.S. sulfur dioxide cap-and-trade program traded in its first 

year (CCX 2004). The price for the commodities started slow, consistently hovering around 

$ 1 per metric ton. However, since early October 2004, prices began to rise and currently 

range from $1.49 for vintage 2003 to $1.77 for vintage 2006, with volume doubling 

between September and October. With Russia’s ratification of the Kyoto Protocol and the 

EU’s ETS set to commence in January 2005, many multi-national companies with 

locations outside the United States are gearing up for participation in these markets (Grant 

2004).

The Chicago Climate Exchange offers two financial instruments: Exchange 

Allowances (XAs) and Exchange Offsets (XOs). Exchange Allowances are issued to 

Exchange Members and Associate Members in accordance with each Member's Emission 

Baseline and Emission Reduction Schedule (CCX). When members make partnerships 

with the CCX, they agree to an emissions reductions schedule. In 2003, they must reduce 

to 1 percent below their baseline. Each year, that target increases by one percent until 2006 

when the target reduction is 4 percent below the baseline. The CCX’s baseline is the 

annual average emissions from 1998 to 2 0 0 1 .
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Exchange Offsets are given to projects that produce demonstrated mitigated 

tonnage between 2003 and 2006. The pilot project has identified four eligible project 

categories for earning XOs in the United States: landfill methane destruction, agricultural 

methane destruction, carbon sequestration in forestry projects, and carbon sequestration in 

agricultural projects. Also allowed are fuel switching, landfill methane destruction, 

renewable energy and forestry projects in Brazil.

6.2.3 Common Features of Project-Based Systems

Each project is governed by a unique set of rules that is negotiated and agreed upon 

by the parties to the project. However, there are some common elements, as described in 

Table 8 , which constitute a minimum standard for criteria that govern the creation of 

credible emissions reductions and provide a framework for buyers and sellers to engage in 

emissions reductions transactions (Rosenzweig et. al 2002).
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Table 8. Trading Terminology.

Additionality Above and beyond ‘business as usual’
Baseline The ‘without project’ scenario that projects are benchmarked against
Commodity Permits, VERs, ERs, AAUs, CERs, ERCs, etc.
Gases CO2, CH4, N2O, CFCs, PFCs, SF6, usually denominated in C0 2 e
Insurance/Liability Who is liable if projects fail to produce promised amount
Leakage Increases of emissions outside the boundaries of the project
Monitoring and 
Verification

Emissions reductions must be accurately monitored and verified

Ownership All stakeholders in the project
Permanence Length of time gases are removed from the atmosphere
Vintage Year emissions reductions are generated



First, projects must define the baseline, which is the emissions scenario that the 

project will be benchmarked against. Most programs require the project to measure 

emissions reductions by comparing “with project” emissions performance against a 

credible “without project” emissions performance (the baseline). The baseline can be static 

(historic) or dynamic.

Second, projects must demonstrate additionality, in that the reduction in emissions 

would not have occurred without the project. In other words, the reductions in emissions 

are “additional to the status quo.” Following from additionality, projects must also prove 

that the reduction in emissions is surplus of complying with existing regulations. This 

concept also applies to the baseline in that the determination of the baseline should 

incorporate existing and planned regulations that have a direct or indirect effect on 

greenhouse gas emissions.

Projects must also demonstrate permanence of emissions reductions. Contracts 

negotiating projects detail the amount of time that emissions will be sequestered or 

removed from the atmosphere. Sellers must also ensure that reductions achieved through 

the project do not lead to leakage, or increases of emissions outside the boundaries of the 

project. The calculation of claimed reductions should account for leakage.

Buyers of emissions reductions will also require monitoring and verification of 

the claimed reductions. Usually, a third party will audit the project to provide a credible
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quantitative assessment of the project’s performance. See additional description of 

verification issues later in this chapter.

Lastly, projects must clearly demonstrate the ownership of the claimed emissions 

reductions. It’s possible for several entities to be involved in an emissions reduction 

project. Governments and both private and public groups may be stakeholders in a project. 

All potential claimants should also be identified.

6.2.4 Differences in Project-Based Systems

Within the common elements described above, projects can differ in the 

requirements of these elements that can lead to differences in approval and crediting 

outcomes. Programs can define the baseline differently. For example, the Kyoto Protocol 

uses a static baseline that is defined as 1990 emissions. The Climate Trust’s baseline, 

however, is dynamic in which emissions are calculated against an emissions rate per unit of 

output. Another example of a dynamic baseline is one where the baseline declines as 

technological performance increases.

All programs require projects to demonstrate environmental additionality, but some 

also require projects to demonstrate financial additionality, which proves that the project 

would not occur without the financial funding of the project. For example, The Climate 

Trust requires projects to show that the project would not occur without the revenues 

generated by the sale of offsets.
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6.3 Market Characteristics

Even without clear rules, regulations, and standards, the market for greenhouse gas 

emissions has been emerging since the mid-1990s. Even without binding limits, 

participants perceive several benefits from greenhouse gas trading. Among the policy 

instruments available to reduce greenhouse gas emissions (command-and-control policies, 

eco-taxes, etc.), the cost-effective potential of the market to trade emissions is the most 

attractive to businesses. The potentially large future cost of complying with binding 

regulations has persuaded businesses to take action while minimizing cost (Rosenzweig et. 

al 2 0 0 2 ).

6.3.1 Perceived benefits to buyers

Many companies and governments believe that although Kyoto is not in effect now, 

binding limitations in some form of agreement will be imposed on greenhouse gases in the 

future (Rosenzweig et. al 2002, Lecocq 2004). In that case, the cost of complying with the 

regulations may be costly and the cost of purchasing emissions credits will be more than 

they are currently. Thus, companies are hedging their risk associated with these potentially 

costly limitations. They are purchasing reductions now in the hope that governments will 

allow them to apply to any future regulatory program. Buyers in the markets include large 

oil and gas companies, electric utilities, and industrial firms that emit a large volume of 

greenhouse gases and anticipate future caps on emissions. Japanese companies account for 

nearly 90 percent of the demand in 2003 and 2004 (Lecocq 2004).
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For buyers (and sellers) who have not participated in an emissions trading 

program, early greenhouse gas trading provides opportunities for learning by doing. This 

gives companies the opportunity to analyze their internal emissions mitigation options to 

determine at what price they should become a buyer or seller of emissions. They can also 

learn how the process of gaining approval for emissions transactions, as well as learning 

accounting, reporting, registering, and certification procedures. If a compliance market 

were to actualize, these early participants would have an advantage over those who 

waited.

Buyers also believe that early participation in reducing greenhouse gas emissions 

demonstrates leadership and responsibility on an issue of increased public concern 

(Rosenzweig et. al 2002). Several companies have purchased credits in order to be “carbon 

neutral” to appear socially conscious. Once these credits are purchased, they are generally 

retired and not traded. For example, the University of Florida recently announced its plan 

to be carbon neutral by 2030. It plans to reduce emissions by 50 percent and then purchase 

offsets and increase carbon sinks for the other 50 percent (University of Florida 2003). 

Although this segment of the market, known as the “retail market” is small (see Figure 7), 

it shows that companies are willing to act.
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^  Kyoto compliance -52%

□  Non-compliance -46%

□  Non-Kyoto compliance -2% 

■  Retail -0.5%

source: Lecocq 2004 

Figure 7. Distribution of Emissions Trades, 1998-2003.

6.3.2 Perceived benefits to sellers

Like buyers, sellers are motivated to participate in the market in order to 

demonstrate leadership, learn by doing, inform public policy, and shape future trading 

rules. However, they are mostly motivated by the opportunity to generate revenue from 

selling emissions. Another benefit is that sellers may also be able to lower their borrowing 

costs by improving the creditworthiness of projects through the additional revenue stream 

generated through emissions sales (Rosenzweig et. al 2002). India, Brazil, Chile, Indonesia 

and Romania represent two thirds of the supply in terms of volume (Lecocq 2004).



Current sellers in the market range from large multinational energy companies with 

investment-grade credit ratings to small local landfill operators. In most cases, buyers have 

acquired reductions generated from within their home country.

6.4 Key Attributes of Trades

In the absence of government trading rules, market participants must define 

numerous attributes of their trades. Each transaction is tailored to meet the individual 

needs of the buyer and seller (Rosenzweig et. al 2002).

6.4.1 Emissions commodity

Most trades in the greenhouse gas emissions market have involved Verified 

Emissions Reductions (VERs), as opposed to permits, which refer to government-issued 

environmental commodities such as allowances and credits. VERs are quantified 

reductions that bear the previously described common elements of a trading system.

Simple emissions reductions (ERs), on the other hand, are the same as VERs, but they do 

not require third-party verification. However, verification adds credibility and value to the 

reductions and increases their likelihood of being recognized under future regulated trading 

programs. Thus, in order to hedge risk, ERs are typically less desirable than VERs.

6.4.2 Units and gases

Most programs include the six greenhouse gases recognized under Kyoto as eligible 

greenhouse gases (CO2, CH4, N2O, CFCs, PFCs, SFg). These gases are denominated in 

metric tons of carbon dioxide equivalent (mtC02e). Nearly all trades to date have involved
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carbon dioxide or methane since these gases are relatively easy to monitor and are 

generally viewed as the largest contributors to climate change (Rosenzweig et. al 2002).

6.4.3 Vintage

The year in which emissions reductions are generated, or vintage, is a key 

determinant greenhouse gas trades. For example, reductions undertaken prior to 1990 have 

no value since 1990 is most frequently used as the baseline year. Emissions reductions of 

vintage 2008-2012 are considered the most valuable because those are the years defined as 

the first commitment period specified under Kyoto. However, reductions generated during 

the years 2000-2008 are also valuable for governments establishing pre-Kyoto domestic 

trading programs.

6.4.4 Geographic location

Similar to vintage, geographic location of emissions-reducing projects is likely to 

be a key element in determining the value and credibility of the emissions reductions 

generated from the project. The key distinction is between developed and developing 

countries (non-Annex I). Those reductions achieved in non-Annex I countries during the 

2000-2008 period are desirable because they can be used during the first commitment 

period under Kyoto. However, only a handful of projects in developing countries have 

been successful. This is due to an increased risk of these projects. Few developing 

countries have established adequate rules and institutions to monitor and review proposals 

and projects, which makes the potential for receiving future credit for these projects lower.
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6.4.5 Ownership

In the absence of government trading rules, it is necessary for potential sellers to 

prove their ownership of emissions reductions that they are transferring to a buyer. For 

many projects, such as efficiency upgrades at a utility, demonstrating ownership is not a 

problem. However, ownership is generally more difficult to define when reductions do not 

occur on the site of a project and there are many stakeholders involved.

6.4.6 Reduction Activity

Emissions reductions can be earned through several activities, described in the 

previous chapter. Sequestration, or the permanent storage of carbon in sinks or soil, is a 

popular activity among buyers because offsets from these projects are perceived as cheap to 

generate on a per-ton basis.

Fuel switching, increased energy efficiency, and gas capture occupy the 

majority of projects that generate reductions for transaction over the last few years. These 

types of activities include switching to less carbon intensive fuels (i.e. from coal to natural 

gas), improving the efficiency of manufacturing processes, and capturing carbon gases (i.e. 

methane) from landfills, mines, or oil fields. However, in 2003-2004, HFC destruction was 

the most common method, mainly due to its cost effectiveness. HFC has a much higher 

global warming potential than carbon dioxide and thus earns more units of C 0 2e. Figure 8  

illustrates the distribution of activity in 2003 and 2004.
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□  Energy efficiency 6% 
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source: Lecocq 2004

Figure 8. Technology Share of Emissions Projects 2003-2004.

However, many governments have already decided that emissions reductions 

generated through nuclear power generation will not be accepted. The UNFCCC 

Conference of Parties (COP) 6  in Bonn and COP7 in Marrakesh agreed that Parties should 

“refrain from using emission reduction units (ERUs) and certified emissions reductions 

(CERs) generated from nuclear facilities to meet their commitments under the Kyoto 

Protocol” (Rosenzweig et. al 2002).



6.4.7 Insurance and Liability

With the uncertainty of the market high, buyers find it essential to specify in the 

project contract the recourse for projects if the seller fails to fulfill the contract, or more 

specifically, if the project fails to reduce the amount of emissions it claims. Buyers have 

seemed to prefer that the seller agree to replace the emissions reductions with alternative 

ones that could be used for compliance (i.e. government approved credits, as opposed to 

emissions reductions). However, sellers generally believe this would expose them to the 

variability and potentially high cost of acquiring alternative credits and thus have been 

unwilling to agree to those terms. Instead, sellers typically agree in contracts to supply 

alternative reductions or return the buyer’s money with a financial penalty. It is also 

important to note that sellers may be able to demand a higher price if they agree to accept 

higher liability (Lecocq 2004, Rosenzweig et. al 2002).

6.4.8 Baselines and Monitoring

Buyers prefer reductions measured against a well-documented, reproducible 

baseline that is supported by a clear audit trail and that are monitored with accurate 

methodology (Rosenzweig et. al 2002). However, there are currendy no standards for 

determining baselines or for monitoring emissions reductions generated by projects. Thus, 

those sellers with the ability to demonstrate a more detailed, robust monitoring system are 

more likely to command a higher price for their reductions. In addition, the ability of 

sellers to demonstrate their willingness to adhere to any future accounting, reporting, and 

verifying methodologies also adds to the credibility of the seller’s emissions reductions.
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Buyers generally look at a seller’s credit rating since this is a good sign of a seller’s ability 

to fulfill its contractual obligations.

6.5 Price

The most important factor for sellers of greenhouse gas emissions credits is what 

price they can expect to receive. However there is little reliable information upon which 

to formulate price expectations since prices are not generally publicly disclosed (Lecocq 

2004, Springer & Varilek 2004). Of course, without a robust market it is difficult to 

predict what prices will be, but there are some determinants that do affect prices, which 

can help.

Probably the most important determinant is whether or not emissions become 

regulated by governments. Permits earned through a formal government emissions 

regime command the highest price since they are already recognized for compliance 

under an authorized, mandated government program. A compliance market forces buyers 

into the market, increases demand for the credits, and leads to higher prices. As of now, 

the U.S. market is mostly non-compliance and the low prices are evidence that many 

producers find the uncertainty of the market lowers their willingness to pay (Springer & 

Varilek 2004). When the Kyoto Protocol goes into effect, all parties that have ratified the 

Protocol will be legally bound to limit emissions and, more importantly, will be the only 

ones who participate in trading. In 2001, President Bush announced that the United States 

would not ratify the Kyoto protocol, thus leaving the largest carbon emitter and potential 

consumer of emission reductions, out of the market. This could drastically affect U.S.
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firms that have participated in the market up to now, whose efforts could be nullified. This 

uncertainty then, leads prices to be discounted..

Another determinant of price is transaction costs. Ultimately, any compliance 

program will require a certain level of monitoring, verifying, and reporting in order for 

the credits to be certified. Additionally, buyers generally require more certainty that the 

credits meet certain standards and pay more for credits that result from credible, 

demonstrated, verifiable projects. However, more stringent requirements and onerous 

rules increase market complexity and push up transaction costs making it more expensive 

for sellers to participate in the market and increasing prices for buyers (ibid). The price 

of emissions reductions depends on the commodity that is being traded.

Penalty fines also affect future prices. If the fine for exceeding the limit is less 

than the permit price, then firms would rather pay the fine. Thus penalty charges act as a 

ceiling on permit prices (ibid). Therefore, more stringent fines would imply higher 

prices. This can be seen in the case of the Oregon Trust, where producers opt to pay the 

fee rather than reduce emissions.

How the permits are allocated may also affect prices. As previously discussed, 

permits can either be auctioned or given away (“grandfathering”). Borhringer (2002) 

found that prices and total compliance costs are higher if permits are grandfathered rather 

than auctioned. This is because grandfathering acts as a subsidy and lowers the relative
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prices of emission-intensive power production. Lower power prices leads to higher 

demand of power and increased energy generation and finally higher permit prices.

In the international market, the United States’ participation in Kyoto will have an 

effect on Kyoto permit prices. Springer cites several models (Bohringer 2002; Hagem & 

Holtsmark 2002; Kemfert 2001; Manne & Richels 2001; Nordhaus 2001) which find that 

the United States’ withdrawal from the Protocol effectively brings permit prices to zero 

under the assumptions that the participating countries do not exert market power and that 

the first commitment period (2008-2012) is the only period (ibid). If the remaining 

Annex I countries participating in Kyoto face monopolistic supply of permits, prices rise. 

The monopolist country could then control the supply of permits and if there are more 

than one commitment period, then the monopolist could reduce supply to save them for 

future periods, raising the price in the current period. However, Springer and Varilek 

find that banking for future periods could cause lower prices in future periods, but 

requiring countries to reserve a percentage of permits in the current period to prevent 

overselling will slightly raise prices.

Overall, Springer (2002) uses several models to predict permit prices under the 

original Kyoto Protocol, including the United States and allowing only carbon dioxide as 

the targeted gas. He finds that prices during the 2008-2012 first commitment period 

could range from $3 to $74 per ton. However, given all the factors described above, 

Springer and Varilek (2004) estimate that prices will likely be below $10 USD per metric
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ton of CC^e in 2010, but could rise if the United States rejoins Kyoto or creates a 

domestic emissions trading program that creates additional demand for permits.

Prices of Verified Emissions Reductions have ranged from $0.60 to $3.50 per 

metric ton of C 02e (see Table 9). These fluctuations are mainly due to the differences in 

individual transactions (vintage, location, stricter monitoring practices, seller accepting 

higher liability, etc.) than to traditional supply and demand interactions. VERs generated 

in developed countries during the first commitment period (2008-2012) command the 

highest prices, ranging from $1.65 to $3.00 per metric ton of CCEe. Those generated 

between 1991 and 2007 sell between $0.60 and $1.50 per metric ton (Rosenzweig et. al 

2002).
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Table 9. Recent Market Prices for Greenhouse Gas Emissions.

COMMODITY TYPE VINTAGE PRICE PER TON C 02e 
(US $)

Annex B VERs 1991-2007 $0.60-$ 1.50
Annex B VERs 2008-2012 $1.65-$3.00
ERs 1996-2012 $1.00-$2.70
Danish allowances 2001-2003 $2.86-$4.17
UK permits 2 0 0 2 $5.76-$9.36
Source: Rosenzweig et. al 2002



Using 60 percent of its studied transactions for which price information was 

available, Lecocq (2004) finds that VERs intended for Kyoto compliance for which the 

seller took the risk commanded the highest price, between $3 and $6.37 (see Figure 9) 

compared to those in which the buyer bore the risk and those not intended for Kyoto 

compliance.

83

ER VER (buyer) VER (seller)

Source: Lecocq 2004

Figure 9. Price Ranges for ERs and VERs.



Relatively few ERs however have been traded since most buyers anticipate that 

verification will be necessary in order to earn government recognized credits. Sellers may 

not, then, be able to command as high of a price as VERs, however, that is not always the 

case. The Climate Trust’s project developers, for example, pay $0.85 for ERs, which is 

likely due to the “financial additionality” requirement of the Trust (Rosenzweig et. al 

2002).

6.6 Role of Service Providers

In the absence of clear rules and regulations of the greenhouse gas emissions 

market, service providers such as brokers, auditors, and financial institutions have found a 

role in providing guidance for buyers and sellers.

6.6.1 Brokers

The main role of third party brokers, such as Natsource, CC^e, and Evolution 

Markets, is to match buyers and sellers of emissions reductions. They maintain that their 

services reduce search costs of parties looking to participate in the market. They provide 

education and guidance about the mechanisms of the market and help the parties negotiate 

a contract. They can also match them up with other providers that can help them with 

monitoring and verification.

6.6.2 Auditors and Financial Institutions

Many third-party firms offer services to validate and verify that emissions standards 

meet a minimum quality. These firms are typically consulting, accounting, and engineering
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firms, such as PriceWaterhouseCoopers and Cantor Fitzgerald, but can also be 

environmental nongovernmental organizations (NGOs). These companies 1) analyze the 

credibility of baseline assumptions; 2) ensure the accuracy of baseline calculations; 3) 

ensure the accuracy of emissions calculations; 4) determine the adequacy of monitoring 

methodologies; and 5) assess the project benefits (Rosenzweig et. al 2002). Several NGOs, 

such as the GHG Protocol, are currently leading projects to develop more uniform 

reporting and verification standards.

Financial Institutions provide financing and risk management services for parties 

wishing to participate in the market. They also offer insurance solutions and corporate 

equity analysis.

6.7 International Market

The international market for greenhouse gas emissions has been mainly determined 

by countries that have ratified the Kyoto Protocol. The three biggest international players 

in the market are the United Kingdom, European Union, and Denmark. These countries 

have developed national regulatory programs and have established trading rules as 

discussed previously.

Although most trading occurs intra-govemmentally, that is buyers and sellers are 

from the same country, the cost-saving opportunities increase when international trade is 

allowed. This means that counties seeking to trade with each other must establish rules and 

mutual recognition of tradable units and commodities. This will likely require an
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international treaty or agreement that clearly outlines the rules and standards. It is possible 

that countries with programs already in place will need to amend their programs, however 

they would have to assure those that have already participated in the market that their 

projects are still valid.

6.8 Future Outlook of the Market

The current marketplace for greenhouse gas emissions suffers from opaque prices, 

few participants, poor liquidity, and wide arbitrage opportunities (Fusaro and Yuen 2003), 

the primary characteristics of emerging commodity markets. Robust commodity markets 

are characterized by liquidity, price transparency, numerous buyers and sellers, 

standardization of the commodity, and the existence of speculators (Joshua 2002).

However, in spite of the absence of clear rules and regulations, the market continues to 

grow as governments develop domestic greenhouse gas emissions trading systems.

Other U.S. states are currently researching and developing emissions trading 

programs. In July 2003, nine northeastern states joined New York in agreeing to develop a 

cap-and-trade program for carbon dioxide emissions from power plants ( Outlook

2003). The overall goal is to “reach an agreement by April 2005 on a flexible, market 

based cap-and-trade program.”

New Jersey, Wisconsin, Texas, and California are currently in the process of 

developing greenhouse gas registries. Oklahoma recently passed the Oklahoma Carbon
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Sequestration Enhancement Act that would allow the state to certify carbon sequestration 

from changes in farming practices.

Similarly, Kansas, with the help of a $15 million grant, is researching the benefits 

of implementing a no-till agricultural program that would give farmers the ability to 

participate in the emissions market by earning credits by instituting “conservation tillage” 

practices. One professor at Kansas State University estimates that American agriculture 

can offset about 20 percent of carbon emissions in the United States. In addition, no-till 

farming offers improved soil and other environmental benefits. However, some critics 

question the amount that soils can actually sequester before they become saturated 

(Barboza 2003).

Given the advancement of the market for greenhouse gas emissions and Alaska’s 

unique resource position, there are several opportunities for the state to participate in this 

market as a seller and potentially earn revenue. The next section will outline the most 

promising opportunity to the state.
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CHAPTER 7 

OPPORTUNITIES FOR ALASKA: DIESEL OFFSET PROGRAM

One of the opportunities the state of Alaska has identified to earn Verified 

Emissions Reductions is through a diesel offset program (personal communication, Harry 

Bader, DNR August 29,2003). This program is particularly unique to Alaska because of 

the numerous rural villages in Alaska that currently provide heat and generate electricity 

with diesel generators. Approximately 95 percent of the diesel fuel consumed in Alaska is 

from rural diesel generators (Woodward 2002).

Alaska is a large, vast state. Its population is sparse and concentrated in a few 

relatively urban areas. Therefore, much of the state is disconnected from urban 

infrastructure such as roads, rail, and major electric power generation lines. Approximately 

250 rural villages have no link to a central power grid (Drouillet 1999). This means that 

many rural communities must rely on a local generator for its electric power and heat, most 

of which are fueled by diesel. Nearly 90 percent of the 250 rural communities in Alaska 

are powered by diesel generators, making diesel the primary fuel source for generating 

electricity (Jones 2002). These rural systems provide power to approximately 78,000 

residents (Jones 2002).

Simply put, these diesel generators are expensive. For one, the fuel itself is costly. 

Despite Alaska’s vast reserves of crude oil, approximately 80 percent of the diesel fuel is 

imported (AETDL 2000), mostly by barge. This is because many of the rural villages are



extremely remote and are not accessible by current infrastructure. Much of Alaska is not 

accessible by roads. The transportation difficulties only add to the cost of diesel to these 

communities. The recent rise in crude oil prices to near $50 per barrel has pushed gasoline 

prices up to near $5 per gallon in rural areas of the state (AP May 2004), implying similar 

increases in diesel fuel. Currently, heating oil costs $3.50 per gallon in the village of Holy 

Cross, $2.90 in Ekwok, and $3.80 in New Stuyahok (AP October 3,2004). In addition, 

delivery of the fuel can be interrupted by weather conditions. For example, the warm 

summer of 2004 brought river levels down so low that barges could not deliver to some 

villages. Now many villages have short supply to get them through the winter (ibid).

Crude oil prices are extremely volatile, making its refined products, including diesel, 

volatile. This puts the residents at the mercy of the market, in that the greatest demand is 

during the winter when temperatures can drop to 50 or 60 degrees below zero. However, 

the cost of the fuel itself only accounts for about 26 percent of the total cost of electricity 

production in the villages (Colt et. al 2003). High storage costs and maintenance costs on 

the generator and the equipment add to the true cost of rural electricity, which ranges from 

$.15 to $1.80 per kilowatt hour (Colt et. al 2003, Drouillet 1999). The Alaska Energy 

Authority estimates that the installation and maintenance cost of the bulk fuel storage 

facilities ranges from $5 to $15 per gallon (Crimp and Adamian 2000). Operation and 

maintenance of the generators account for about one-third of the electric cost to rural 

communities (Colt 2002).
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However, the state does provide some assistance through its Power Cost 

Equalization. PCE provides a subsidy to rural electric customers as high as $.38 per 

kilowatt-hour, costing the state approximately $15.5 million in FY 2003 (AEA 2004). 

Approximately 185 rural communities participated in the PCE program in 2003, reaching a 

population of 79,229 (AEA 2004). Eighty-nine rural utilities received some subsidization.

According to the Alaska state law, an electric utility participating in the PCE 

Program must: a) provide electric service to the public for compensation; b) during 

calendar year 1983, have had less than 7,500 megawatt hours of residential consumption or 

less than 15,000 megawatt hours if two or more communities were served; and c) during 

calendar year 1984, the utility has used diesel-fired generators to produce more than 75% 

of its electrical consumption (Alaska Statutes 42.45.110-170, and Alaska Administrative 

Code 3 AAC 94.305-330, 3 AAC 52.600-690).

According to the Alaska Energy Authority, 370,976,960 kWh of electricity were 

generated by diesel generators in FY 2003. 27,295,935 gallons of diesel fuel were 

consumed at an average price of $1.33 per gallon. This is down from 28,161,794 gallons in 

FY 2002, however the average price per gallon rose one cent to $1.34 per gallon.

Without PCE, rural residents say they would be in a “world of hurt” (Jones 2002). 

Given the state’s current fiscal crunch, the state would prefer to develop alternatives and 

supplements to diesel for both electricity generation and heating fuel (Drouillet 1999).
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In addition to these economic burdens, there are significant environmental problems 

associated with diesel. For one, Alaska’s climate only allows a few months of the year for 

transportation of the fuel. Much of the northern coast and rivers are frozen most of the 

year, cutting off transportation accessibility to the villages. This means that large supplies 

of diesel must be stored in large tanks. However, in many villages, these tanks are 

deteriorating and leaking diesel into the soil. The EPA has threatened to close many of 

these tanks because of the contamination. In 1999, the Alaska Department of Community 

and Regional Affairs (now the Department of Community Economic Development) 

estimated that it would cost $ 2 0 0  million to upgrade the tanks, not including the cost of 

remediation (Drouillet 1999). In its Annual Report, The Denali Commission noted that 

more than 45 million gallons of fuel storage capacity were still in need of replacement in 

138 Alaskan communities (Denali Commission 2001). Leakage and spills during 

transportation are also a significant factor. For example, 4,000 gallons of diesel fuel spilled 

recently when a tank truck serving the Red Dog Mine, 90 miles north of Kotzebue, 

ruptured (AP October 5, 2004).

Besides the health problems associated with contaminated soil, village residents are 

also subjected to substantial air pollution from burning diesel. Diesel is a dirty fuel. The 

Alaska Department of Environmental Conservations lists many hazardous air pollutants 

emitted from burning diesel, including arsenic, lead, nitrous oxide, mercury, phosphorus, 

formaldehyde, benzene, and hexane. These substances are highly toxic and are known
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carcinogens (Farr 2002). Sustained exposure to diesel emissions causes lung problems, 

increased asthma, and chronic bronchitis (ibid).

Switching to a renewable source of energy, such as wood, would mitigate high 

prices associated with fuel transportation and storage, reduce residents’ dependence on 

volatile prices, improve residents’ health by reducing their subjection to diesel fuel, and 

save the state money by reducing their PCE subsidy, and improve village sustainability. It 

would also provide jobs for local residents to supply and maintain a wood-burning 

generator, assist local timber companies, and increase habitat for wildlife populations such 

as moose.

7.1 Case of Dot Lake, Alaska

The Native village of Dot Lake is 155 miles southeast of Fairbanks and 50 miles 

northwest of Tok along the Alaska Highway. Dot Lake was a traditional hunting camp for 

Athabascans from George Lake and Tanacross. A work camp called Sears City occupied 

Dot Lake's present location during construction of the Alaska Highway in 1942-43 in 

which several local Natives worked on the road project. The Native village was settled by 

Doris Charles and her family in 1946. Between 1946 and 1950, other families moved 

permanently to Dot Lake from George Lake, Sam Lake, and the Tanacross area, obtaining 

homesteads or native allotments and converting some of the old work camp structures into 

homes (DCED 2004). The Doyon Native Village is a traditional Upper Tanana 

Athabascan village. Seventy-three percent of the 37 residents are Native Alaskan.



Dot Lake Utility operates a piped water system that serves eight of the village’s 

fifteen households. The original utility was constructed in 1970. A new utility building was 

constructed in 1994 and consists of a well, washeteria, showers, water storage, community 

septic system, and an underground utilidor with a circulating heat loop providing home 

heating (DCED 2004). Eleven homes and the school have individual wells and septic 

tanks. Only two homes are not connected to piped water or the septic system. Electricity is 

provided by Alaska Power and Telephone and is served through a line extension from Tok. 

The utility has a capacity of 325 Kilowatts, powered by diesel fuel. The average rate is

14.1 cents per kWh (DCED 2004) and the village is a recipient of the state’s Power Cost 

Equalization subsidy. Dot Lake Lodge’s bulk fuel capacity is 7,000 gallons and the Village 

Council Utility Building has a capacity of 10,000 gallons (DCED 2004).

In early 2000, the Interior village of Dot Lake installed a modem wood-fired boiler 

system to replace its diesel-powered generator. The boiler is used to heat the community’s 

washeteria and eight residences. The Alaska Energy Authority and the U.S. Department of 

Energy’s regional biomass energy program supported the project. The following 

information on the project was provided by the Alaska Energy Authority.

The community’s diesel generator burned on average 16,000 gallons of diesel per 

year, with the price over $ 1  per gallon in 2 0 0 0 , however fuel prices have doubled since 

then. Wood costs are a third of the cost of diesel for the same heat output.
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The boiler uses low grade, timber waste wood products from local resources. The 

wood-fired boiler cost $6 6 , 0 0 0  to install with annual operation and maintenance costs 

estimated about $1,000 per year. The system includes a log-fired boiler that stores heat in a 

4,400 gallon insulated hot water tank. Hot water from the tank is pumped as needed 

through a separate heat exchanger to supply heat to the village’s district heating system. 

Village utility workers spend 15 minutes three or four times a day loading 165 pounds of 

wood into the firebox where it is burned in a two-hour cycle. The state-of-the-art boiler 

creates very little smoke and creosote. The system uses 174 cords of wood per year to 

provide the same amount of energy output. Village Council President Bill Miller estimates 

that the village saves $6,500 to $13,000 per year in fuel costs, depending upon the severity 

of the winter (AEA February 2000). Harsher winters result in greater cost savings, as do 

higher heating needs and higher diesel fuel costs. The existing oil boilers remain on 

standby to fire automatically if the water temperature in the boiler goes below 160 degrees.

The Dot Lake case is just one example of the type of offset opportunities that may 

be available in rural Alaska. It saves the state money, saves the citizens money, and 

improves the public’s health by reducing their exposure to the environmental hazards of 

diesel.

There are several desirable traits for using wood as fuel. First, it is a renewable 

resource, providing for greater sustainability in the community. Second, it is a local 

resource that is readily available. Unlike diesel, which is imported, it provides jobs and 

income to local citizens and resources. Lastly, it creates a market for lower grade wood



and waste wood from timber mills. This makes existing mills more efficient and provides 

extra income for the local mills (DCED 2003).

The Dot Lake project uses low-grade timber products as its fuel source. This is 

logical for Dot Lake because it is a small community that is on the road system. However, 

there are larger communities that require more fuel and are not on the road system. 

Transporting low-grade wood byproduct in these instances would not be an economically 

viable option. However, for these communities another approach could involve harvesting 

local wood supply for the community boilers.

7.2 Case of McGrath, Alaska

McGrath is a community larger than Dot Lake that is off the road system. McGrath 

is a Native village that is part of the Doyon Native Corporation. Approximately 415 

residents live in McGrath, of whom more than half are Native Athabascan and Eskimo. It 

is located off the road system 269 miles Southwest of Fairbanks, adjacent to the 

Kuskokwim River, which is generally ice-free June through October (DCED 2004).

There are no road connections to McGrath, but local roads are used by ATVs and 

trucks. Residents rely on air service and barges to deliver cargo. Air facilities include a 

state-owned 5,435 foot long asphalt runway with a 1,720 foot long crosswind landing strip, 

and a seaplane base on the Kuskokwim River. The airport is currently undergoing major 

improvements. There is not a dock, however, a boat launch ramp is available.
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McGrath operates a piped water system that serves nearly all 178 households; a few 

homes have individual wells or haul water. The FAA operates its own water system. 

Individual septic tanks are used by the majority of residents; a limited City sewage system 

serves approximately 34 homes. The village has requested funds to expand the piped sewer 

system to the 144 houses and businesses currently using septic tanks.

The village corporation operates McGrath Light & Power, the city’s electric utility. 

The utility’s capacity is 2,145 kilowatts and is generated by diesel fuel. McGrath's cost per 

kWh is $0,381, or 448 percent of the national average cost of power (USDA 2003). 

Currently MLP provides power to 182 residential customers, 45 commercial customers, 

and 22 institutional customers. Because of the village’s lack of road infrastructure, fuel 

must be stored in tanks. Approximately 700,000 gallons of diesel fuel is stored in McGrath 

(DCED 2004).

The state of Alaska identified McGrath as a possible project village for offsetting 

their diesel generator. A feasibility study looked at three alternatives: 1) a stand-alone 

wood-fired boiler at the school, 2) a diesel combined-heat power (CHP), district heating, 

and wood-fired boiler, and 3) a 510 kW wood-fired power. Table 10 summarizes the costs 

and features for each.
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Table 10. Summary of McGrath energy alternatives

1. Wood-fired 
boiler

2. Diesel CHP, district 
heating, wood-fired 
boiler

3.510 kW Wood-fired 
power

Installation cost (yr) $215,000 $1.85 million $1.51 million
Non-fuel O&M (yr) $62,000 $83,000 $114,000
Oil cost (yr) $458,000 $376,000 $185,000
Wood cost (yr) $3,000-$33,000 $3,000-$34,000 $69,000-$689,000
Oil consumption 
(gal/yr)

299,000 254,000 1 1 1 , 0 0 0

Diesel savings 
(gal/yr)

36,000 81,000 224,000

Wood Consumption 
(ton/yr)

353 376 7,659

Sustainable wood 
supply (ton/yr)

12,147 12,147 12,147

Total wood demand 
(ton/yr)

2,583 2,596 9,879

Source: Crimp & Adamian, 2000

Based on the feasibility study, the Alaska Energy Authority applied for a grant from 

the Department of Energy in 2000 for Alternative 2. The following discussion of the 

project is based in part on the grant application, which was graciously provided by the 

state.

The grant application proposed 1) construction of a biomass-fired wood boiler 

system to increase the heat-generating capacity of ML&P’s existing power plant; 2) 

expansion of McGrath’s district heating system by 2400 feet; 3) distribution of extra heat to 

the school, three other institutional customers, four commercial consumers, and seven 

residential consumers; 4) sustainable harvest and regeneration of 20-30 acres of scrub



spruce forest annual for conversion to wood chips to fuel the boiler; and 5) public 

information activities to distribute the results of the project to other locations in Alaska and 

elsewhere with promise for similar projects.

The main goals of the project were to 1) permanently lower energy costs by 

approximately 25% for the customer base; 2) implement a strategic use of local, renewable, 

and sustainable biomass resources; 3) reduce McGrath’s reliance on imported petroleum- 

based fuels by approximately 30%; 4) reduce the danger of fuel spills and contamination 

and decreasing oil transport and storage; and 5) promote rural economic development and 

job creation. These goals fit the benefits described earlier in this chapter of switching to a 

wood-fired boiler.

The state’s proposal was to install a hybrid wood-diesel waste heat recovery and 

distribution system to supply heat to the village’s major facilities and would have the 

potential to expand service further to additional commercial and residential customers. It 

would install a 3.5 MMBTU per hour wood-fired boiler plant into a community-wide 

district heating system that would allow the waste heat collected during warmer seasons to 

be base loaded. More importantly to this project, it minimizes diesel consumption. 

According to the grant proposal, the state estimates that the project would result in the 

displacement of at least 80,900 gallons of fuel oil per year.

It is estimated in the state’s proposal that the McGrath project would require 

approximately 250 cords of wood per year. According to both the state of Alaska and the 

Tanana Chiefs Conference forestry division, this is well within the community’s
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sustainable yield, as there are 80,000 acres of forestland (Crimp and Adamian 2000,

Hanson 2001). As shown in Table 10, the timber demand of 2,596 tons is well within the 

community’s sustainable yield of 12,147 tons. Therefore, resource depletion is not an 

issue. However, in order to receive silviculture certification, verification of the program’s 

forest sustainability will likely be needed.

The proposal also considers a situation where waste wood and/or low-grade wood 

could be used from commercial timber operations in McGrath. A wood chipper is part of 

the proposal, allowing for several forms of timber to be compatible with the system.

7.3 Kotzebue Wind Farm

Replacing diesel generators with wood fired boilers is not the only opportunity for 

rural villages to earn carbon credits. In fact, any alternative energy that reduces a village’s 

dependence on oil could potentially earn carbon offsets.

Wood fired boilers make sense in forested Alaska, however, in many coastal 

villages wood resource is either scarce or non-existent. In Alaska, only 129 million acres 

are forested, or about one-third of the state’s total acreage (Alaska Forest Association 

2004). Therefore, wood-fired boilers may not be economically feasible in many villages. 

Wind power is a mostly untapped resource in Alaska, but is one that many rural villages are 

considering.

The Arctic coastal village of Kotzebue, in an effort to reduce its electricity costs, 

built a small wind farm in 1997. The Inupiat Eskimo city of Kotzebue is located on the
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northwestern coast of Alaska, 26 miles north of the Arctic Circle, 545 air miles north of 

Anchorage (DCED 2004). Approximately 3,600 people live in Kotzebue, making it one of 

Alaska’s larger villages (City of Kotzebue 2004). The community uses about 19.7 million 

kW of electricity per year at 15.6 cents per kWh with a capacity of 20,390 kilowatts. 

Kotzebue uses 1.4 million gallons of diesel fuel each year and has storage for more than

6,237,000 gallons. A waste heat recovery system at the electric plant heats the water and is 

distributed in circulating mains. Approximately 80 percent of the 889 households are fully 

plumbed, and 521 homes are served by the City system. Kotzebue is the transfer point 

between ocean and inland shipping due to its location at the convergence of three river 

drainages. It is also the air transport center for the region (DCED 2004). Table 11 

summarizes and compares the statistics of the three village cases described.
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Table 11. Statistical comparison of three case villages.

Dot Lake McGrath Kotzebue
Population (2000 
Census)

37 419 3,082

Households 15 178 889
Native ethnicity Athabascan Athabascan/Eskimo Inupiat Eskimo
Miles to major city 155- Fairbanks 269- Fairbanks 546 (air)- Anchorage
Electric capacity 325 kW 2,145 kW 20,390 kW
Utility power source Diesel Diesel Diesel, wind, natural 

gas
Cost per kWh $0.14 $0,381 $0,156
Gallons of diesel/yr 16,000 335,000 1.4 million
Bulk storage (gallons) 17,000 700,000 6,237,000
Power Cost Equalization Yes Yes Yes
Source: Alaska Department o f Commerce, Community and Economic Development



Kotzebue’s average wind speed is 13.5 miles per hour, almost twice the speed 

observed by the National Weather Service in Anchorage. Winds are also stronger in the 

winter, which also coincides with the city’s peak electricity demand. There are other 

geographical characteristics of Kotzebue that allow for wind power. One is that the air 

density is higher in Kotzebue because it is at sea level and it is a colder climate. Higher air 

density gives the wind more force than it would in another place, given equal wind speed. 

Another is that Kotzebue is above the Arctic Circle and above the tree line. The flat tundra 

allows the wind to be blown unobstructed and at full force (Kotzebue Electric Association 

2004).

In 1997, Kotzebue Electric Association installed three Atlantic Orient Corporation 

15/50 wind turbines. In conjunction with the Alaska Division of Energy, the U.S. 

Department of Energy, the National Renewable Energy Laboratory, the Alaska Science and 

Technology Foundation, the U.S. Environmental Protection Agency, and the National 

Rural Electric Cooperative Association, the three wind turbines were erected at a cost of 

$75,000 each. Each wind turbine begins producing electricity at wind speeds of about 11 

miles per hour and produces 50 kilowatts when winds reach 24.5 mph; the machines 

produce approximately 80 kW at wind speeds of 26-28 mph (KEA 2004). The total 

amount of electricity produced each year depends on the winds available that year. With 

seasonal variations in local wind speeds identified from co-op studies, each turbine is 

expected to produce an average of about 1 2 0 , 0 0 0  kilowatt-hours per year, enough to

101



provide all the electricity needs for about 20 homes (KEA 2004). One gallon of fuel is 

saved for each 14 kilowatt-hours (kWh) produced by the wind farm.

In 1999, KEA installed an additional seven turbines for a total of ten at the wind 

farm. Each of the AOC 15/50 turbines at the site is expected to eliminate the need for 

about 9,000 gallons of the diesel fuel that is normally used to produce electricity. With a 

total of 10 turbines and 660kW capacity installed, the co-op expects to reduce annual fuel 

use by about 90,000 gallons. That is about six percent of normal fuel requirements (KEA 

2004).

At the 1998 cost of fuel to the co-op, 94 cents per gallon, KEA and its member- 

owners saved $84,600 each year. However, fuel prices vary year to year. Currently, fuel 

prices are more than double what they were in 1998, which doubles the savings to the 

community. In addition to direct fuel cost savings, the co-op will save money in reduced 

costs of storage and pollution control requirements associated with diesel fuel (KEA 

2004).

7.4 Carbon savings

Diesel is also a fossil fuel, and thus releases large amounts of carbon dioxide into the 

atmosphere when burned. As previously noted, carbon dioxide emissions from burning 

fossil fuels are widely believed to be the major cause of global warming (IPCC 2001; K. 

Springer 2002; Lomborg, 2001; Mabey et. al., 1997). By switching to a cleaner, renewable 

fuel such as wood, not only can the health of village residents be improved and save the
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state money, but it can also help mitigate the effects of global warming and potentially earn 

revenue through the sale of carbon credits.

With the emerging market for carbon credits, it may possible for Alaska to gain 

revenue from projects that switch dirty diesel generators to cleaner wood-buming ones. 

Credits could be earned since switching from business-as-usual diesel generators to wood- 

fired generators would be considered additional. Credits would be “avoided emissions” 

since carbon from diesel burning would not be released and thus “sequestered.” Biomass 

or wood energy is considered “carbon-neutral” because carbon that is released during 

burning is assumed to be recaptured when it is replanted (EPA 2004). Therefore, carbon 

that is saved from not burning diesel could be given credit. Those credits could then be 

sold to large pollution emitters looking to offset their carbon presence.

The projects described save millions of tons in carbon emissions over the life of the 

projects, which could then be a revenue source to the state when sold as carbon credits. To 

calculate the amount of carbon dioxide emissions from diesel generation, the following 

equation from the Environmental Protections Agency was used; the same method used by 

the agency to calculate national emissions for communications with the IPCC (EPA 2004). 

In general, the equation is:
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Equation 1. Conversion of Diesel Fuel Emissions to mtC0 2 .

METRIC TONS OF C 0 2= (F x C x O x A)/2000 x 0.907

Where:

F= fuel consumption in MMBTU

C= carbon content coefficient of diesel #1 fuel

0 = percent of fuel oxidized during combustion

A= the ratio of atomic weight of Carbon/Carbon dioxide

So, for example, in the case of Dot Lake, the village used 16,000 gallons of diesel 

fuel per year. That equates to 380.95 barrels per year. Fuel consumption must be 

converted from gallons to MMBTUs (million British thermal units). Diesel fuel puts out 

5.825 MMBTUs per barrel. Therefore, Dot Lake’s consumption is 2,219.047 MMBTUs 

per year. The carbon content of diesel fuel #1 is 44 pounds of carbon per MMBTU (EPA 

2004). Therefore, Dot Lake’s consumption emits 97,638.09 pounds of carbon per year.

The fraction oxidized refers to the fraction of emissions that is oxidized during combustion. 

Because of inefficiencies during combustion, not all carbon content is emitted in a gaseous 

form; only 99 percent of diesel #1 is oxidized (ibid). That leaves Dot Lake’s emissions at 

96,661.71 pounds of carbon per year. We can then convert pounds to tons by dividing by 

2000, and multiply by .907 to convert to metric tons. Dot Lake’s emissions work out to 

43.84 metric tons of carbon per year. To convert from metric tons of carbon emitted to 

metric tons of carbon dioxide emissions, you must multiply by the ratio of atomic weights:



44/12. Therefore, Dot Lake emits 160.76 metric tons of carbon dioxide per year based on

16,000 gallons of diesel fuel consumption. The calculation of carbon dioxide emissions 

saved from replacing diesel fuel with wood for each of the three case villages is outlined in 

Table 12.

The state’s McGrath proposal was intended also to be a model for other rural 

villages. The state estimates that there are 72 communities similar to McGrath, in that they 

are PCE recipients and are located in areas with significant wood resources. These 72 

communities have a total population of 27,000.

The state’s proposal says, “Given McGrath’s population of 423, the potential 

market for similar projects in rural forested Alaska may be roughly estimated at 64 times 

the scale of the demonstration project” Using this scale factor of 64, the state estimates 

that if similar alternative energy projects were implemented across rural forested Alaska, 

the “potential for displacement is around 5.18 million gallons of fuel oil per year (AEA 

April 2000).” This situation is reflected in Table 13 under “Forested Alaska.”

The final situation considers the case if all of PCE communities offset their diesel 

consumption. According to the state, 27,295,935 gallons of diesel fuel were consumed in 

rural generators in FY2003 (AEA 2004). The calculation of carbon dioxide emissions 

avoided if all gallons were offset is shown in Table 13 under “PCE.”

105



I
I
I

Table 12. MtCC>2 from diesel generation for three case villages.

INPUT
UNITS FACTOR

OUTPUT
UNITS

DOT
LAKE MCGRATH 1 MCGRATH 2 MCGRATH 3 KOTZEBUE

Gallons/yr 16,000 36,000 80,900 224,000 90,000
Gal/barrel 42 Barrels/yr 380.952 857.14286 1926.19047 5,333.3333 2142.85714

MMBTU/bar 5.825
MMBTU/y
r 2219.05 4,992.857 11,220.0595 31,066.6667 12,482.143

Lbs/MMBTU 44 Lbs C/yr 97,638.1 219,685.714 493,682.619 1,366,933.33 549,214.29
Lbs oxidized 0.99 Lbs C/yr 96,661.7 217,488.857 488,745.792 1,353,264 543,722.14

Lbs/ton 2000 Tons C/yr 48.3308 108.744429 244.372896 676.632 271.861071
Tons/metric
tones .90718

Metric tons 
C/yr 43.8448 98.65077 221.690204 613.827018 246.626927

Atomic 
weight ratio 
C /C 02

44/12 Metric tons 
CCVyr 160.765 361.719493 812.864082 2,250.69906 904.298732

o
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Table 13. MtC0 2  calculated from diesel generation for forested Alaska and all 
PCE villages.

INPUT
UNITS FACTOR

OUTPUT
UNITS

FORESTED
ALASKA PCE

Gallons/yr 5,180,000 27,295,935
Gal/barrel 42 Barrels/yr 123,333.3333 649,903.214
MMBTU/bar 5.825 MMBTU/yr 718,416.6667 3,785,686.22
Lbs/MMBTU 44 Lbs C/yr 31,610,333.33 166,570,193.8

Lbs oxidized 0.99 Lbs C/yr 31,294,229.997 164,904,491.9

Lbs/ton 2 0 0 0 Tons C/yr 15,647.115 82,452.2459

Tons/metric tons .90718
Metric tons 
C/yr 14,194.75 74,799.0284

Atomic weight 
ratio C/ CO2 44/12

Metric tons 
CCh/yr 52,047.41588 274,263.1044

7.5 Cost-Benefit Analysis

7.5.1 Benefits

There are several benefits of a diesel offset program. Most importantly to a seller is the 

revenue expected to be generated from the program. According to the calculation, the state 

could sell a maximum of 274,263 VERs per year. However, based on the United States’ 

current lack of policy regulating carbon dioxide emissions, and because the United States 

has not ratified the Kyoto Protocol, the state is relegated to only non-Kyoto compliance 

markets. As described previously, a non-compliance market commands a lower price.

Another benefit is the reduced dependence on the PCE subsidy. As mentioned, the 

state spends $15 million a year subsidizing energy costs in rural villages. Reducing that 

dependence through self-sufficient power systems makes financial sense and limits the 

vulnerability of rural communities to sudden withdrawals of state subsidies.



As mentioned, some reports have estimated it would cost $200 million to upgrade bulk 

fuel storage facilities and it costs between $5 and $15 per gallon in storage costs. A storage 

facility to store wood would entail a simple storage structure and leakage of contaminants, 

such as that which has occurred for stored diesel, would be a non-issue.

There are also non-market benefits, such as health and environmental benefits that are 

not direcdy quantified in this study, but could be in future studies. Residents’ health and 

villages’ environmental quality, such as water and soil quality, have value. Reduced health 

problems and medical costs for residents save the state money as well, since the state pays 

for medical care for Native Alaskans. In addition, habitats for certain wildlife, particularly 

moose, could be enhanced in villages harvesting local timber resource for fuel. Moose 

prefer to eat smaller trees and shrubs (ADF&G 1994) and replanting harvested trees would 

increase food supply for local moose populations. However, biologists note that moose 

browse, particularly willow, aspen, birch, and poplar, can sprout readily after harvesting 

even without replanting efforts (Haggstrom and Kelleyhouse 1996).

Finally, a timber-based offset program could be implemented in coordination with the 

state’s firewise program, reducing communities’ exposure to wildfire destruction. The 

timber removed to create firebreaks could be used as fuel in the wood-fired systems.

7.5.2 Costs

In addition to capital costs of installing the wood-fired boilers, there are other costs 

a seller of carbon credits may bear. For one, in order to sell the credits, the project must
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demonstrate measurable, accurate, additional carbon sequestered. That implies a cost of 

hiring a third party to measure and verify the amount of carbon emissions avoided. These 

credits, once verified would then be registered and certified before being sold. This may 

incur an additional cost to the state.

Another consideration would be the issue of leakage. If the state, or village, sold 

credits they would be contractually obligated to insure that the carbon dioxide from the 

diesel was not released into the atmosphere. The preliminary programs that have put 

wood-fired systems in have kept the diesel system in as a backup. Refiring the diesel 

system would negate the carbon offset and require their replacement from another source. 

Which party bears this responsibility and accepts the risk of replacing undelivered carbon 

offset will affect the price of the VERs (again, see Figure 9). Therefore an issue of 

insurance and who bears the risk would present another cost. Accordingly, this cost could 

manifest itself to the seller either directly as the cost of an insurance policy, or indirectly in 

the form of lower prices should the buyer bear the risk. Table 14 lists the costs and benefits 

of a diesel offset program that must be considered.

109



110

Table 14. Benefits and costs of a diesel offset program.

BENEFITS COSTS

Revenue from sale of VERs Capital/maintenance costs of wood boiler

Less money needed for PCE Administration cost of program

Decreased power costs for residents Monitoring and verification

Reduced fuel storage costs Insurance/risk

Improved water/soil quality Potential for leakage

Improved health of residents

Employs local residents

Improved sustainability

Increased moose habitat

Compatibility with firewise program 
(timber)
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CHAPTER 8 

CONCLUSION

The general consensus of the scientific community is that anthropogenic emissions 

of greenhouse gases are causing the Earth’s climate to change dramatically, particularly in 

Alaska and the circumpolar north. This has led to international interests in controlling 

anthropogenic greenhouse gas emissions. One prominent policy tool that has emerged in 

greenhouse gas programs is the use of market-based instruments. This mechanism has 

been successfully employed in the U.S. Clean Air Act, which created a cap-and-trade 

market for sulfur dioxide emissions. Similarly, markets for trading greenhouse gas 

emissions have begun to emerge. To date, these markets have been relatively small, based 

on regional or national greenhouse gas programs and/or based on voluntary industry 

participation. As with other emerging commodity markets, these markets lack 

standardization and fluidity. Nevertheless, there has been impressive growth in these 

markets over the last five years. The growth will become even stronger in the New Year 

when the European Union’s Emissions Trading Scheme goes into effect as will the Kyoto 

Protocol after Russia’s recent ratification.

This emergence of greenhouse gas markets creates opportunities for the state of 

Alaska. The state may participate in greenhouse gas markets as a seller of “credits” earned 

from projects that sequester or offset greenhouse gas emissions, particularly carbon



dioxide. This thesis investigates the opportunities for the state of Alaska’s participation in 

rapidly expanding greenhouse gas markets.

After an introductory chapter, the second chapter provides background information 

and evidence on climate change. Of particular importance to the state is the impact on 

Alaska. Numerous studies, particularly a recent study released by eight Arctic nations, 

have predicted the circumpolar north to experience the impacts of climate change at a more 

rapid pace than other areas of the world, and that the region is already beginning to see the 

effects. Thus, it is the state’s interest to research solutions and adaptation strategies.

The following chapter places the problem of global climate change within an 

economic context. Global climate change is represented as an external outcome of a 

market failure associated with a common pool resource, the Earth’s atmosphere. The 

concept of market-based incentives is introduced, as is the economic argument for their use 

in correcting market failures associated with common pool resources.

The Kyoto Protocol is presented in the next chapter with particular focus on 

features relevant to greenhouse gas market specifications. Based on the United States’ 

success with the sulfur dioxide cap-and-trade market, Article 6  of the Kyoto Protocol 

allows for greenhouse gas emissions trading. The chapter outlines the mechanisms for 

earning carbon credits under Kyoto. These include land use, land use change, and forestry, 

sequestration, offsets, and carbon capture. Carbon offsets, or switching away from carbon

intensive fuels to less carbon-intensive fuels, are shown later in this thesis to have particular
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relevance to Alaska. Russia recently ratified the Kyoto Protocol, pushing it over the 55 

percent threshold needed for entry. However, the United States is not a signatory to the 

Protocol, nor is it expected to become one in the near future.

The Kyoto Protocol has provided a framework for defining greenhouse gas markets 

that have been widely adopted in regulatory compliance-based programs. The current 

greenhouse gas markets are the subject of the following chapter. Markets are divided into 

two categories: those based on regulatory compliance and those that are not created through 

regulation and are generally considered voluntary. Examples of markets are explained, as 

are the markets’ terms and characteristics. Particular attention is paid to the determinants 

of prices. Standardization, transaction costs, insurance liability, demand, type of market, 

and penalties all influence the price sellers can expect to receive. Because the United 

States is not a signatory to the Kyoto Protocol and does not have a national greenhouse gas 

trading market, sellers are then relegated to lower-priced non-compliance markets.

Alaska’s participation in the markets for greenhouse gas emissions is limited 

because the United States is not a signatory to the Kyoto Protocol. For one, only Parties to 

the Kyoto Protocol who have ratified the treaty may participate in Kyoto-compliant trading 

markets. Secondly, while the European Union is about to launch its market and has 

announced it will allow non-EU countries to participate, again, only countries that have 

ratified Kyoto will be allowed to participate. However, all is not lost. There remain 

several options for the state to participate and possibly earn revenue.
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First, the state could act as an aggregator for the Chicago Climate Exchange. The 

CCX currently requires sellers to supply a minimum of 12,500 metric tons of CC^e 

(personal communication with Richard Sandor, CCX April 2004). One village cannot 

supply that amount, but the volume requirement could be met if the state were to aggregate 

village supplies.. The Iowa Farm Bureau, a non-profit farmer’s association, currently acts 

as an aggregator for Iowa farmers who agree to practice conservation tillage practices that 

are known to reduce carbon released into the atmosphere. In the pilot program, the Farm 

Bureau had approximately 85,000 acres signed up for the program, for approximately

50,000 metric tons (personal communication with Denny Harding June 2004). Secondly, a 

buyer would likely prefer to deal with one organization (i.e. the state) rather than many 

villages. Lastly, acting as an aggregator would lend additional credibility to the state’s 

program. Buyers would likely find the state a more creditworthy agency than an individual 

village.

As an aggregator, the state would have to define standards for measuring, 

monitoring, and verifying projects for emissions reductions and create a contract form for 

participating villages to outline their program, the emissions it estimates the program will 

offset, and the length of the contract. The state could either hire an outside third party to 

measure, monitor, and verify, or it could act as the regulating agency and perform the 

function in-house. The standards defined by the state would impact the price the state 

receives; stricter standards would lead to a higher price. The state would also have to 

outline some policy in the event that all or a portion of the offsets were not realized. The
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Iowa Farm Bureau sets aside ten percent of its offsets as insurance and requires individual 

farmers to pay a penalty should they not keep their end of the contract (pers. comm. Denny 

Harding).

Another option is for the state to hire a third-party broker such as Natsource LLC or 

Evolution Markets Inc. to find a private buyer for Alaska’s offsets. The use of brokers 

facilitates finding buyers throughout the country in these emerging markets. As previously 

discussed, many companies or organizations want to offset their carbon presence because 

they expect carbon limits sometime in the future or to appear socially conscious and 

responsible. However, going the route of the third-party broker will incur additional 

transaction costs to the state for the broker’s services.

Lasdy, Alaska could investigate the possibility of joining another state or regional 

greenhouse gas trading program. Oregon’s Climate Tmst program has sold offsets to 

programs in Seattle, Washington. In January 2003, Seattle City Light purchased 52,500 

metric tons of carbon dioxide for $1.95 per ton (Climate Trust 2003). Although many of 

the Climate Trusts’ programs are in Oregon, the program has expanded to the Pacific 

Northwest region and internationally. Based on communication with the Climate Trust 

(Erica Graetz, October 2004), the organization is open to RFPs for many projects 

depending on the organization’s funding. Project funding is limited to $250,000 and price 

paid per ton has ranged from $2 to $4. However, if the state were to join a regional 

greenhouse gas program, like Northeast states’ program, they would likely have to fully
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participate in the program, not just as a seller, meaning that the state would likely have to 

commit to limits on greenhouse gas emissions (pers. comm. Brad Gentry, October 2004).

This study has examined one opportunity available to the state of Alaska for 

generating revenue through carbon credit-earning activities. As described previously, there 

are other opportunities the state could consider to broaden the program and earn additional 

revenue. Those include forestry management, agricultural conservation education program 

with farmers similar to the Iowa Farm Bureau, and geologic sequestration through 

enhanced oil recovery and coal bed methane resource development projects. There are 

several forestry activities the state could undertake, such as reforesting the Kenai Peninsula 

affected by the spruce bark beede or areas destroyed by wildfire prior to 1990. The state 

could also actively manage state-owned forests to optimize for both carbon and timber 

products by changing tree species to those that sequester more carbon, or changing tree 

rotations or density. There are also state-owned lands currently classified (since the 1970s) 

for agricultural development that have never been sold or cleared for agricultural use. The 

state could reclassify these lands to use for carbon sequestration projects.

The greenhouse gas emissions trading program researched in this paper may be 

included in the state’s resource development policy. The offset program allows the state to 

engage in rural economic development and create local employment in rural areas where it 

is desperately needed, rather than seeing the revenue flow out of the state. The offset 

program utilizes local resources to fuel rural communities creating local jobs, keeping the 

money in the community, unlike the status quo, which uses expensive, imported oil for
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which the profits go to outside companies. This thesis has investigated a diesel offset 

program for three case villages in Alaska. Dot Lake and McGrath offset diesel-powered 

energy with wood-fired generation. Because wood is a renewable resource and absorbs 

carbon when replanted, it is considered a “carbon-neutral” energy source. The city of 

Kotzebue uses emissions-free wind power and illustrates the extension of the diesel offset 

program to alternative energies. The chapter calculates the savings of metric tons of carbon 

dioxide avoided by offsetting diesel in the three case villages. Carbon savings for all 

villages with access to timber resources and for all villages that receive the state’s Power 

Cost Equalization subsidy are also calculated. At a maximum, the state has the potential to 

offset 274,000 metric tons of carbon dioxide annually by offsetting rural diesel-fired 

generators.

Although the state is currently relegated to the lower priced non-compliance 

markets, the price for greenhouse gas emissions is not expected to remain low in the future. 

For one, the low price is characteristic of emerging commodity markets which lack fluidity 

and for which uncertainty is high. As the market firms and uncertainties are clarified, 

demand will grow and the prices should rise. This is seen in the Chicago Chmate 

Exchange’s recent volume and price increase after Kyoto’s ratification and the EU ETS 

sets to begin. Therefore, the decision to establish a greenhouse gas emissions program 

should not be based on current prices, but rather likely future prices.

Given the global push to limit greenhouse gas emission, there is a serious 

possibility the state will face negative impacts to its current revenue stream. The state
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largely depends on oil revenue and a push to limit greenhouse gases from fossil fuel 

burning could result in lower exports of the state’s oil. It would be in the state’s best 

interest then to diversify its revenue stream and look towards profiting from greenhouse gas 

emissions technology and emerging markets.

As the evidence of global climate change continues to mount and as many 

developed and developing nations come together under the Kyoto Protocol to control 

greenhouse gas emissions, the Unites States will come under increasing pressure to either 

become a signatory to Kyoto or join in subsequent international climate change treaties.

The Kyoto Protocol may be viewed as a work in progress with the First Commitment 

Period from 2008-2012. After this First Commitment Period, the document may be 

amended as nations gain knowledge from participation. If and when the United States 

signs on to an international agreement, that would open the doors for Alaska’s participation 

in higher priced greenhouse gas compliance markets. The state would then have a 

competitive advantage in the market if it already had experience in greenhouse gas markets 

and in particular if it had a greenhouse gas emissions program in operation.

Despite the lack of a national greenhouse gas emissions trading program similar to 

the successful sulfur dioxide program, many states are going forward to develop their own 

programs and will likely lead the push for national policy and technology development 

(Swanson, November 2004). With so many state programs emerging , the participating 

states may push for a single national standard, rather than a “patchwork of state 

regulations” (ibid). The CCX’s Richard Sandor said he feels that “independent of the
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administration, this thing has an energy and a momentum of its own” (ibid). It is up to the 

state then to consider its options of joining that momentum.
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