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Review Article

t

From kiosks to megastores: The evolving carbon market

by Deb Niemeier and Dana Rowan

Markets can play a key role in mitigat-

ing the effects of climate change by 

providing added flexibility, allowing 

emissions reductions to occur at a 

lower cost while maintaining a set 

level of emissions reductions. With 

careful regulatory design, both indus-

try and consumers can benefit from 

low costs. We review the state of car-

bon trading globally and in the United 

States, the West and California. New 

policies and regulations related to 

AB32, which mandates reductions in 

California’s greenhouse-gas emissions 

to 1990 levels by 2020, are beginning 

to take shape. California has a unique 

opportunity to establish a new ethos 

for carbon trading by acknowledging 

unavoidable mitigation costs, and by 

designing a market-based solution 

that is fair, equitable and transpar-

ent, and protects the most vulnerable 

members of society.

The carbon market is growing expo-
nentially; at $30 billion, worldwide 

trading in 2006 was nearly triple that 
observed in 2005. A carbon market is 
created when an emissions cap is set — 
either through a political or regulatory 
process — and an emissions allowance 
is then passed down to regulated enti-
ties. If the total carbon emissions pro-
duced by a company exceeds its cap (or 
allowance), then the company must pur-
chase credits (or allowances) from those 
polluting less than their allowance; this 
transfer is known as a carbon trade. In 
theory, carbon markets allow companies 
to choose least-cost methods of com-
pliance, which results in a net societal 
financial gain when overall emissions 
are reduced to the desired level. Today’s 
carbon market can be loosely organized 
into the regulated (or compliance) mar-
ket and the voluntary (or noncompli-
ance) market; the volume and value of 

trading is substantially greater in the 
former than in the latter (fig. 1). Both 
types of markets trade in greenhouse-
gas emissions, which include carbon 
dioxide, methane, nitrous oxide, sulphur 
hexafluoride, hydrofluorocarbons and 
perfluorocarbons, and are measured in 
carbon dioxide equivalents (CO2e).

When regulated entities are subject 
to greenhouse-gas limits, those emit-
ting less than the cap can theoretically 
trade with those emitting above the cap. 
Carbon trades can also occur with off-
set projects that reduce emissions from 
unregulated greenhouse-gas-producing 
activities (such as capturing methane 
from cows in California and using it to 
produce electricity), or via unregulated 
carbon-sequestration activities (such as 
planting trees in Brazil).

The regulated carbon market 
transacts about a million metric 
tons of carbon dioxide equivalents 
(MMtCO2e, the standard measure-
ment for amounts of greenhouse gases 
emitted into the environment) annu-
ally, and includes the European Union 
Emissions Trading Scheme, the United 
Kingdom Emissions Trading Scheme, 
the New South Wales Greenhouse 
Gas Abatement Scheme, and offset 

projects certified under the Kyoto 
Protocol, a 1997 international treaty to 
reduce greenhouse gases.

The voluntary carbon market in-
cludes the Chicago Climate Exchange, 
which allows businesses to voluntarily 
set a reduction target and trade emis-
sions or buy offsets. Individuals and 
businesses can also purchase retail 
“over-the counter” greenhouse-gas-
emissions offsets, such as TerraPass. 
The voluntary market, which has been 
referred to as “the Wild West” of offset 
trading (Fahrenthold and Mufson 2007), 
currently transacts about 24 MMtCO2e, 
and this amount is projected to roughly 
double by 2011. 

Carbon market history

Voluntary emissions reductions 
and offsets can be traced back at 
least 20 years, driven by the desire 
to reduce greenhouse-gas emissions 
in the absence of formal regulations. 
Nonetheless, the decision to allow off-
sets is separate from the decision to im-
pose a regulatory cap. In addition, the 
types of projects allowed as offsets and 
the criteria by which they are evaluated 
are also policy decisions. When credits 
are generated through offset invest-

Globally, carbon trading is expanding rapidly as a means for using markets to reduce 
greenhouse-gas emissions. In December 2008, Secretary-General Ban Ki-moon opened the United 
Nations Climate Change Conference in Poznan, Poland. 
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ments, the transaction costs — the costs 
of providing the services, information 
and enforcement required to support 
a trade — may be much higher than 
anticipated and are directly related to 
policy decisions about how to evalu-
ate and monitor projects over time 
(Michaelowa and Jotzo 2005). With the 
right price signals, both industry and 
consumers generally benefit from more 
cost-effective emissions reductions, 
which might include purchasing or fi-
nancing offsets (Wara 2007).

The Kyoto Protocol was instrumental 
in establishing the necessary foundation 
for carbon markets to develop. Adopted 
in 1997 at the Third Conference of the 
Parties of the United Nations Framework 
Convention on Climate Change, the 
Kyoto Protocol requires that Annex I 
nations reduce their greenhouse-gas 
emissions to 5% below their total 1990 
levels over the 2008-to-2012 commit-
ment period. Annex I nations include 
industrialized countries that were in 
the Organization for Economic Co-
operation and Development (OECD) 
in 1992, such as the United States, the 
United Kingdom and countries in the 
European Community. They also in-
clude countries with economies in tran-
sition (EIT parties) such as the Russian 
Federation, the Baltic States, and several 
Central and Eastern European states. 
Certain developed nations (OECD mem-
bers but not EIT parties) contribute to 
an adaptation fund to be used in non–
Annex I (developing) nations such as 
China, India and Mexico. The purpose 
of the adaptation fund is to provide 
financial assistance to developing coun-
tries that are particularly susceptible to 
the effects of climate change, helping 
them to address adverse impacts.

The protocol includes provisions for 
trading emissions credits as a mecha-
nism to reduce greenhouse-gas abate-
ment costs, though member states can 
meet their targets with any combina-
tion of direct regulation, incentives, 
taxes or cap-and-trade. By Oct. 23, 2007, 
175 countries had ratified the Kyoto 
Protocol (UNFCCC 2007), providing 
much of the world with a formal mech-
anism to regulate and trade emissions.

In nations such as the United States 
that have not yet ratified the Kyoto 
Protocol, and so are not bound by it, 
greenhouse-gas emissions regula-
tions and trading mechanisms are 
also being established at subnational 
scales. These include upcoming limits 
in California and the Northeastern 
states. In the meantime, unregulated 
parties, from industries in nonratify-
ing nations and non–Annex I nations 
to individual consumers worldwide, 
still look to a growing voluntary trad-
ing market to mitigate climate change.

Regulated carbon markets

Under the Kyoto Protocol, Annex I 
member states can meet their assigned 
targets in three ways:

Emissions trading. First, when 
greenhouse-gas allowances are ex-
changed by emissions trading, an 
Annex I party that is under its as-
signed target may transfer those excess 
credits (or assigned amount units) to 

Carbon markets
$30,098 million

Voluntary market
$91 million

23.7 MMtCO2e

EU ETS
$24,357 million
1,101 MMtCO2e

(Allowances)

Kyoto CDM/JI
$4,954 million
466 MMtCO2e
(Project-based)

CCX
$38 million

10.3 MMtCO2e
(Allowances)

Retail
$59.4 million

13.4 MMtCO2e
(Project-based)

Regulated market
$29,980 million
1,629 MMtCO2e

MMtCO2e = million metric tons carbon dioxide equivalents

Fig. 1. Market trading, 2006. Total carbon market includes smaller market trades not shown; 
regulated market includes New South Wales and the U.K. Emissions Trading Schemes 
(ETS). Kyoto CDM/JI = clean development mechanism/joint implementation; CCX = Chicago 
Climate Exchange. Adapted from Capoor and Ambrosi 2007; Hamilton 2007.

another Annex I party that does not 
expect to meet its assigned target. 

Joint implementation. Second, the 
Kyoto Protocol also allows carbon cred-
its from project-based offsets. Article 33 
(UNFCCC 1998) allows project-based 
credits for avoided deforestation, refor-
estation and afforestation, which entails 
planting forests in places that have not 
been forested for at least 50 years, to 
increase carbon stored in or decrease 
carbon released by soils and trees. 
Under Article 3.4, forest, crop and graz-
ing land management can be used to 
generate carbon offsets (UNFCCC 2002). 
Joint implementation allows an Annex 
I party to develop and implement an 
emissions reduction (or sink) project 
in another Annex I party’s territory 
and receive credit (emission reduction 
units [ERUs]) toward its own target. 
Most joint implementations to date have 
targeted economies in transition, but 
recently a New Zealand wind farm was 
implemented jointly.
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Chicago Climate Exchange. In the 
United States, the voluntary market has 
grown beyond just offsets to include 
voluntary allowance trading. For ex-
ample, the Chicago Climate Exchange is 
a cap-and-trade system with more than 
300 members who have agreed to reduce 
their emissions 6% below their own indi-
vidual baselines by 2010. Members must 
either directly reduce emissions or pur-
chase offsets or credits to meet their tar-
gets. This exchange trades greenhouse 
gases in carbon financial instruments 
(CFI), each of which is equal to 0.0001 
MMtCO2e. Although project-based off-
sets are traded on the Chicago Climate 
Exchange, the majority of trading is al-
lowance based.

In 2006, approximately 23.7 
MMtCO2e were transacted in the 
voluntary market (fig. 1), of which 
43% was traded through the Chicago 
Climate Exchange (Hamilton et al. 
2007). The remaining offset volume 
was traded through retail transactions 
such as TerraPass and similar compa-
nies. While the voluntary market still 
remains a relatively small proportion 
of overall trading, its volume grew con-
siderably between 2005 and 2006; the 
Chicago Climate Exchange was up by 
more than 900% and retail transactions 
doubled (Capoor and Ambrosi 2007).

Forestry projects. Several volun-
tary greenhouse-gas offset projects 
were initiated in the early 1990s by 
public, private and nonprofit entities. 
These were mostly forestry-based 
projects in developing nations to sup-
port conservation programs (table 1). 
One of the first was initiated in 1989 
by Applied Energy Services and the 
humanitarian organization CARE 
International, in conjunction with the 
World Resources Institute (Trexler et al. 
1989). At the time, CARE was seeking 
funds to extend and expand its work 

in Guatemala. The project involved off-
setting emissions from a new Applied 
Energy Services coal-fired power 
plant in Connecticut with a range of 
activities in Guatemala, including 
agroforestry and multiuse plantings for 
community woodlots, fuel wood, soil 
conservation, fruit and nut production, 
alley cropping and live fencing. The 
World Resources Institute estimated 
that approximately 60 MMtCO2 would 
be sequestered over 40 years (Trexler et 
al. 1989), though that estimate has since 
been revised to 37 MMtCO2e (WRI 2007).

In 1990, the Dutch Electricity 
Generating Board set up the Face 
Foundation to mitigate greenhouse-gas 
emissions through forestry (www. 
stichtingface.nl). In 1992, the Face 
Foundation and the Innoprise Corpor-
ation jointly initiated the first Face project 
in Sabeh, Malaysia (Stuart and Moura 
1998), which included enrichment plant-
ing and restoration for managed timber 
harvesting. The expectation was that 
the offset project would sequester 15.6 
MMtCO2e over its 99-year lifetime. 

One of the first U.S. government 
programs that publicized the benefits 
of climate-change mitigation was also 
a forestry project. In 1990, the U.S. 
Forest Service’s America the Beautiful 
Program planted trees on private land, 
with predicted offsets of 59 to 238 
MMtCO2e per year after 10 years of 
planting (Kinsman and Trexler 1993).

Renewable energy projects. Around 
the same time, several energy-based 
projects were surfacing. In 1991, the 
U.N. Development Program, U.N. 
Environment Program and World 
Bank helped to establish the now-
independent Global Environment 
Facility (http://gefonline.org) to pro-
vide funding for developing coun-
tries to protect global environmental 
resources (Kinsman and Trexler 

Clean development mechanism. 
Third, under the clean development 
mechanism, Annex I parties can imple-
ment emissions reductions or sequestra-
tion projects in non–Annex I territories 
and receive certified emissions reduc-
tions that count toward their assigned 
target. These projects include hydro-
power, biomass generation, and meth-
ane and waste-heat recovery projects. 

EU Emissions Trading Scheme. The 
largest carbon-trading volume to date 
has occurred under the EU Emissions 
Trading Scheme, a regulated, Kyoto-
based market mechanism. Each mem-
ber state sets the maximum allowances 
(or greenhouse-gas caps) for five pri-
mary industrial sectors: power and 
heat, metals, cement, oil and gas, and 
pulp and paper. Regulated emitters 
(or installations) can buy and sell EU 
emissions allowances in order to meet 
targets set by their member state’s plan 
(Europa 2007). Evolving since 2005, 
trades of emissions reduction units 
(offsets from joint implementation proj-
ects) and certified emissions reductions 
(offsets from clean development mecha-
nism projects) are permitted under the 
scheme (European Parliament 2008), 
except for projects involving land use, 
land change and forestry. In principle, 
entities that purchase or invest in proj-
ects resulting in certified emissions re-
ductions and emission reduction units 
convert the credits into allowances that 
satisfy the caps. The European Union 
limits the proportion of allowances 
that can be exchanged for project-based 
emissions reductions.

The voluntary carbon market

The voluntary market is fueled in 
part by the growing willingness of indi-
viduals and companies to make a com-
mitment to offset their greenhouse-gas 
emissions. 

TABLE 1. Early greenhouse-gas offset projects

Start date Sponsors Location Type Original mitigation estimate

MMtCO2e
1989 Applied Energy Services, CARE Guatemala Forestry, agroforestry 60
1990 U.S. Forest Service United States Tree planting (private land) 59–238
1991 World Bank, Global Environmental Facility (GEF) Philippines Geothermal energy 	 —*
1991 UN Development Program, GEF Zimbabwe Photovoltaic energy 	 —
1992 Face Foundation, Innoprise Corp. Malaysia Enrichment planting, forest rehabilitation, 

sustainable timber
15.6

 * Data unavailable.
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1993). In its first year, the Global 
Environment Facility approved six 
projects aimed at climate-change re-
search and mitigation. Two focused 
on implementing energy-saving tech-
nologies, including a geothermal elec-
tric power generation project in the 
Philippines and a photovoltaic project 
in Zimbabwe. 

These early prototypes served as a 
proving ground, testing the feasibility 
of offset projects and helping to refine 
methodologies. Since the early 1990s, 
both the number and range of offset 
projects have grown. Although the 
voluntary and regulated offset markets 
cover a more or less similar range of 
sectors, forestry and renewable energy 
projects currently dominate the vol-
untary market. This is in contrast to 
Kyoto’s clean development mechanism 
and joint implementation projects, 
where the majority of offset projects are 
aimed at decreasing emissions of indus-
trial gases (fig. 2).

Offset supply pathways

A number of offset supply pathways 
have developed, due to the rapidity with 
which carbon demand has increased as 
well as the lack of formal government 
oversight or regulatory policy structure 
for managing supply in the voluntary 
offset market (fig. 3). Credits can pass 
directly from developer to buyer, or in-
directly through a verifier, which may 
or may not be certified by a regulatory 
agency, an aggregator/wholesaler and/
or a retailer. Project developers tend to 
organize a range of different-sized offset 
projects (Hamilton et al. 2007). They sell 
offsets to aggregators or wholesalers, 
retailers and even directly to consumers. 
The aggregators bundle smaller offsets 
for bulk sales, while retailers pass along 
smaller numbers of credits to individu-
als and organizations. Both retailers and 
wholesalers own portfolios of credits. 

The voluntary supply chains are be-
coming increasingly diversified, with 
fewer big players and greater product 
specialization. This contrasts with the 
pathways for allowances, which are trad-
able within the EU Emissions Trading 
Scheme and on the Chicago Climate 
Exchange. Allowances pass through EU 
member states (and regulated sectors) 

to the market, while carbon financial 
instruments pass through the Chicago 
Climate Exchange. 

In 2006, about half to three-quarters 
of the demand for carbon credits was 
estimated to come from businesses 
offsetting emissions (Hamilton et al. 
2007). Individuals who either purchase 
offsets through retailers or buy prod-
ucts from companies that offset their 

emissions drive about a third of mar-
ket demand; the latter can be thought 
of as carbon “rebates.” Finally, while 
still a small proportion of the total de-
mand, an increasing number of event 
organizers and nonprofit and govern-
mental organizations are offsetting 
their carbon emissions.

While still fairly small, the retail off-
sets market could play an important role 

 Kyoto projects
(CDM and JI)

466 MMtCO2e

Voluntary 
offset projects

13 MMtCO2e

Energy efficiency

Methane: landfill

Methane: coal mines

Methane: animal waste

Forestry

Industrial gases
(N2O and F–gases)

Renewable
energy

Other

Fig. 2. Project type and proportional volume, 2006. Adapted from Bellassen and Leguet 2007.

External
verification

Project

Voluntary
market

asset
pathways

Kyoto
asset

pathways

Allowances Global market

External
verification

Verification

(CER/ERU)

Wholesaler/aggregators 
Retailers

Wholesaler/aggregators 
Retailers

Regulatory body

(VER)

(ER)

(Labeled
VER)

(CFI)

(AAU)

Kyoto
signatoriesCDM/JI

  Key
 ER: Emissions reduction
 VER: Verified emissions reduction
 CFI: Carbon financial instrument; 
  Chicago Climate Exchange 
  allowance (1 CFI = 100 MtCO2e)
 AAU: Assigned amount unit 
  (1 AAU = 1 MtCO2e)
 CER: Certified emissions reduction 
  (1 CER = 1 MtCO2e)
 ERU: Emissions reduction unit 
  (1 ERU = 1 MtCO2e)
 CDM/JI: Clean development mechanism/
  joint implementation

Fig. 3. Conceptual pathways to the carbon market.
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in consumer perceptions of carbon trad-
ing (Capoor and Ambrosi 2007). Retail 
offset credits are referred to as carbon 
offsets or “verified” when they have 
been verified by an independent third 
party, or as verified emissions reduc-
tions (VER) when the verifier has been 
certified by a regulatory body.

Rather than being driven by a cap, 
the voluntary market is driven by indi-
vidual and corporate buyers, who are 
motivated by philanthropy, internal 
goals and sustainability reporting, 
corporate responsibility, public rela-
tions and branding, reduced liability, 
cost avoidance, regulation preemption, 
and appeal to consumers and inves-
tors (Hamilton et al. 2007; Arora and 
Cason 1996; Hoffman 2005; Videras and 
Alberini 2000; Vidovic and Khanna 
2007; Welch et al 2000).

Quality of voluntary offsets

Concerns. Although the voluntary 
market is believed to promote more 
innovative offset projects, the quality 
of its offsets has come under increas-
ing public scrutiny. In contrast to the 
certification processes for joint imple-
mentation and clean development 
mechanism, the voluntary market does 
not have a commonly-agreed-upon 
standard for what constitutes a qual-
ity offset. In recent years, a number of 
news articles have been highly criti-
cal of the quality of some offsets (e.g., 
BusinessWeek, March 26, 2007).

The quality of a carbon offset, 
whether traded on the voluntary or 
regulated markets, is usually defined 
relative to criteria outlined in the Kyoto 
Protocol. In general, offset projects must 

have clearly defined boundaries and 
a well-demonstrated baseline level of 
emissions, with monitoring methodolo-
gies to measure real emissions reduc-
tions. Reductions must be verifiable 
and “additional”; emissions reductions 
are counted as additional if they would 
not have occurred in the absence of the 
project. So-called additionality is often 
the most difficult requirement, espe-
cially for land-use change and forestry 
projects (Chomitz 2000). Offset projects 
must also account for “leakage,” or 
changes in emissions outside of the 
project boundaries that may occur as a 
result of the project. Other criteria may 
include whether an emissions reduction 
is reversible, and if so, on what time 
scale, and whether project-related social 
and environmental effects on a com-
munity can be appropriately mitigated 
(Capoor and Ambrosi 2007; Chomitz 
2000). There is also some concern that 
over time, a continued lack of confi-
dence in voluntary offset quality could 
extend to other projects in the catego-
ries of clean development mechanism 
and joint implementation.

Standards. Partially as a result 
of this concern, new protocols are 
proposed almost monthly for offset 
standards or certification programs. 
Among the better known standards 
are ISO 14064 (a voluntary carbon 
standard), the Gold Standard (en-
dorsed by a large number of nonprofit 
organizations), the Voluntary Carbon 
Offset Standard and the Voluntary 
Carbon Standard. In addition, the U.K. 
Department of Environment and Rural 
Affairs has prepared a Code of Best 
Practices to assist consumers in identi-
fying quality offsets. 

Registries. Greenhouse-gas regis-
tries are also a critical component for 
improving the quality of voluntary 
market transactions. Registries provide 
accounting and tracking systems for 
offsets, which can help to reduce the 
double-counting of carbon credits. For 
example, the Canadian Greenhouse 
Gas Challenge and the World Economic 
Forum serve as tracking systems, and 
the Environmental Resources Trust 
GHG Registry and the Bank of New 
York Global Registry provide carbon 
accounting systems. The California 
Climate Action Registry provides both 
a tracking system and some sector-

Carbon markets, both regulated and voluntary, set caps for greenhouse-gas  emissions. When 
polluters exceed these targets, they can pay to mitigate or offset the environmental damage. 
For example, investments in cleaner wind power can offset more heavily polluting sources. 
Above, a Palm Springs wind farm.
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specific protocols (accounting mecha-
nisms), and is currently serving as the 
model for a national registry.

Voluntary agricultural offsets 

In most countries, agriculture is one 
of the few industries that currently has 
the opportunity to benefit from the 
voluntary carbon market without the 
burden of direct costs due to regula-
tion, although farms may suffer from 
the indirect costs of greenhouse-gas 
regulation (such as higher fuel or sup-
ply prices) and adaptation costs if 
regulation is unable to prevent climate-
change impacts. So far, agriculture has 
not been subject to carbon caps in the 
EU Emissions Trading Scheme or in 
proposed U.S. cap-and-trade programs, 
largely because it is difficult to mea-
sure greenhouse-gas emissions from 
agricultural activities such as soil till-
age, animal waste, land conversion and 
fuel use (European Commission 2008). 
However, the New Zealand govern-
ment (2007) currently has plans to cap 
agricultural emissions. 

Agricultural production entities 
that are not regulated may be able 
to sell carbon reductions as offsets, 
if an emitting farm is willing to as-
sume the costs of monitoring and 
self-enforcement to reduce its emis-
sions. As of May 2008, the Chicago 
Climate Exchange had approved 10 
agricultural soil offset projects and 14 
agricultural methane-reduction proj-
ects (four of which are in California), 
and had approved the methodology 
for rangeland soil carbon management 
(CCX 2007a, 2007b). Retail offsets 

have also included projects to capture 
methane and build wind energy in-
frastructure on farms (NativeEnergy 
2007). 

Emerging U.S. markets

The regulation of greenhouse gases 
will undoubtedly affect many existing 
industries, from energy and transpor-
tation to agriculture and forestry. The 
effect on each market is a function of 
the structure and rules of regulatory 
mechanisms. Within the United States, 
climate change is being addressed 
through a number of different state, 
local and voluntary carbon-emissions 
reduction initiatives. 

Regional agreements. At pres-
ent, three regional agreements pro-
vide a framework for cap-and-trade 
schemes between states: the Regional 
Greenhouse Gas Initiative, the Western 
Climate Initiative and the Midwest 
Greenhouse Gas Reduction Accord. The 
Regional Greenhouse Gas Initiative 
encompasses emissions from power 
plants in 10 Northeast states, and began 
trading 2009 emissions credits in 2008. 
The Western Climate Initiative (2008) 
began in February 2007 and released 
a cap-and-trade program proposal in 
September 2008. This program would 
encompass seven Western states in-
cluding California and four Canadian 
provinces beginning in 2012, and is 
designed to reduce emissions to 15% 
below 2005 levels by 2020. The Midwest 
Accord includes six states and one 
Canadian province, which agreed in 
November 2007 to establish a cap-and-
trade program within 30 months. 

With 23 U.S. states involved in re-
gional agreements as of July 2008, and 
10 states and the District of Columbia 
as official observers (www.rggi.org, 
www.midwesternaccord.org, www.
westernclimateinitiative.org) the lack 
of federal guidance does not seem to 
have hampered mobilization to reduce 
greenhouse gases in the United States.

California mandate. The California 
Global Warming Solutions Act of 2006 
(AB32) mandates reductions in the 
state’s greenhouse-gas emissions to 
1990 levels by 2020. This sets the stage 
for yet another entry into the regu-
lated carbon-trading market. The Act 
authorizes — but does not require — 
the California Air Resources Board 
to employ market-based regulatory 
mechanisms to achieve greenhouse-gas 
emissions reductions (CARB 2008a). 

The board’s scoping plan, adopted in 
December 2008, includes regulations, 
fees and voluntary measures, some 
of which would be partially nested 
within a cap-and-trade program that 
could potentially cover up to 85% of the 
state’s emissions by 2020 (CARB 2008a). 
The specific measures are expected to 
achieve 140 MMtCO2e in reductions 
by 2020, 112 MMtCO2e of which would 
be in capped sectors. An additional 34 
MMtCO2e would also be reduced under 
the cap-and-trade program, such that 
the total emissions of capped sectors 
would be fixed at 365 MMtCO2e in 2020. 

The plan also calls for linkages with 
Western Climate Initiative partner pro-
grams, although it stipulates that no 
more than 49% of required reductions 
can come from the combination of al-

Hilarides Dairy in Lindsay, Calif., has installed covers on its manure 
lagoons to capture methane for electricity generation and vehicle fuel. 
The dairy hopes to capture the economic value of destroying methane 
by selling carbon offsets once the market is established.

The Dutch Electricity Generating Board set up the Face Foundation 
in 1990 to mitigate energy-related emissions via forestry. Its first 
project, with Innoprise Corporation, was to restore a degraded forest 
in Sabeh, Malaysia.
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lowances outside California and of the 
total	offsets.	Verifi	cation	and	offset	ap-
proval are emphasized. 

Western Climate Initiative. The 
Western	Climate	Initiative	(2008)	plans	
to integrate its cap-and-trade program 
with California’s trading program. The 
fi	rst	compliance	period	begins	in	2012	
and will include emissions from elec-
tricity generation, industrial processes, 
and combustion at industrial and com-
mercial facilities. The second compli-
ance period begins in 2015, when the 
program will expand to include fuel 
combustion at smaller sources and the 
combustion of transportation fuels. 

California’s ag carbon market

Although agricultural emissions are 
not included in California’s proposed 
cap-and-trade program or mandatory 
measures, they are under consideration 
for voluntary reductions and poten-
tial	future	measures	(CARB	2008b).	
California agriculture will also be indi-
rectly affected by several greenhouse-
gas-reduction policies.

California Air Resources Board. In 
September	2008,	the	California	Air	
Resources Board adopted a methodol-

ogy to calculate emissions from manure 
digesters	(CARB	2008b).	Voluntary	
investments in manure digesters will 
be encouraged with, for example, mar-
ketable offset credits, renewable energy 
incentives and/or utility contract incen-
tives. The possibility of making manure 
digesters mandatory for large dairies 
will be evaluated in the plan’s 5-year 
update. The plan also indicates that the 
state will consider developing protocols 
to quantify greenhouse-gas reductions 
from carbon sequestration in rangelands 
and woodlands, although it does not yet 
indicate whether those protocols would 
be used for voluntary or tradable offsets. 

Western Climate Initiative. Under the 
Western Climate Initiative, the devel-
opment of protocols to approve offsets 
from agricultural soil sequestration 
and manure management is a priority. 
Approving these offsets would likely 
increase and eventually stabilize the 
agricultural offset market. Given pro-
posed linkages between the Western 
Climate Initiative and the California 
Air Resources Board, the former’s offset 
rules may apply in the latter’s cap-and-
trade program. Although the Western 
Climate Initiative allows states some 

fl	exibility,	California	would	likely	follow	
suit with tradable agriculture offsets, 
given its development of methods for 
calculating emissions reductions from 
manure digesters and its investigation of 
carbon-sequestration protocols.

Fertilizer, energy use and biomass. 
Emissions from fertilizer are not in-
cluded in California’s proposed pro-
gram, but the California Air Resources 
Board is conducting research into 
nitrogen fertilizer emissions to im-
prove baseline calculations and man-
agement practices. Additionally, the 
board is currently working to enforce 
regulations that apply to the sale of 
used diesel agricultural engines and 
to	increase	fl	eet	turnover	of	off-road	
agricultural equipment. The board’s 
scoping plan also indicates that it will 
consider	increasing	the	fuel	effi	ciency	
of farm equipment, using water more 
effi	ciently	(which	reduces	greenhouse-
gas emissions by reducing the energy 
needed to convey water) and using bio-
mass to produce energy. The Western 
Climate Initiative plan explicitly con-
siders the combustion of approved bio-
mass and biofuels to be carbon neutral. 
These policies will put biofuels and 

TerraPass is one of several organizations that 
allows consumers to calculate specifi c dollar 
amounts to offset their energy usage when at 
home, driving or fl ying, or for events such as 
weddings or conferences.

On Sept. 27, 2006, on Treasure Island in San Francisco, Gov. Arnold Schwarzenegger signed 
AB32, landmark legislation to address climate change by reducing California’s greenhouse-
gas emissions to 1990 levels by 2020. Among its provisions, AB32 authorizes the California Air 
Resources Board to institute market-based emissions trading.
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energy produced from biomass — and 
the crops used to make them — at an 
advantage in the regulated markets of 
the future.

California’s influence

Although California will learn from 
other trading schemes, carbon mar-
kets are still in relative infancy and 
their designs are being refined. While 
federal rules may eventually preempt 
regional and state efforts, California’s 
early market designs may “serve as a 
model for the federal program” (CARB 
2008a).

California’s environmental justice 
community has expressed concerns 
about the distribution of the economic 
and public health effects of climate 
policy, and AB32 requires that reduc-
tion measures avoid disproportionate 
impacts on vulnerable communities. 
Given the California Air Resources 
Board’s emphasis on linkages with 
other trading systems and the legisla-
tive requirement to develop equitable 
market mechanisms, if the board suc-
ceeds in reconciling the concerns of 
low-income and minority communities 
with a stable and efficient cap-and-trade 
system, the rules designed in California 
may have an important influence on 
the design of larger national and global 
cap-and-trade schemes.

Capoor and Ambrosi (2007) note that 
a market-based approach is only as good 
as the target set by policymakers and 
the integrity with which the market is 
viewed. The current carbon market is 
still evolving. In November 2007, the 
long-awaited International Transaction 
Log opened, and Japan became the 
first nation with a transparent registry 
system. Likewise, the Kyoto Protocol 
entered its commitment period in 2008, 
and the strengths and limitations of 
market-based approaches will be tested. 
Where markets fail, mitigation may be 
needed to address any unintentional in-
equity and environmental impacts that 
result from greenhouse-gas market pres-
sures and from climate change itself. 

As the California carbon market-
place begins to form and take hold, the 
extent to which each sector participates 
and the impacts on various communi-
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ties will be a function of the structure 
and rules associated with final regula-
tory mechanisms. However, public 
confidence will depend mostly on per-
ceptions of offset quality, the transpar-
ency of accounting, and the distribution 
of costs and benefits of climate policy.




