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Executive Summary 

 
A part of Duke University‘s strategy for ‗climate neutrality,‘ this study examines options for Duke to 

reduce greenhouse gas (GHG) emissions outside of its direct carbon footprint. Such reductions may be a 
necessary component of a voluntary commitment to carbon neutrality. Duke defines these GHG emissions 
reductions outside of its footprint as carbon offsets. The university is most interested in local offset measures 
with educational, social and environmental co-benefits. This report 1) distinguishes between carbon offsets 
given Duke compliance and voluntary obligations, 2) presents scenarios for the university‘s potential demand 
for carbon offsets, 3) recommends criteria for the development of an offsets portfolio, 4) surveys national 
and international carbon offsets markets, 5) describes institutional options for Duke to engage in the carbon 
offsets supply chain and invest in offsets and 6) scopes the potential supply of carbon offsets in North 
Carolina. 

 
Ultimately, we conclude that North Carolina-sourced GHG offsets are a viable and attractive option for 

the Duke University climate neutrality strategy, particularly in the medium to long term. At present there are 
limited options to purchase North Carolina-based offsets due to a paucity of projects, reflecting the currently 
low economic incentives. As in-state opportunities grow we do not necessarily recommend that Duke 
purchase all its offsets from North Carolina. We recommend that Duke employ a portfolio approach that 
includes international, domestic and local carbon offsets. For the latter type of offset, Duke should leverage 
its internal resources and explore new partnerships to develop or catalyze projects based in North Carolina in 
agriculture, forestry, energy efficiency, landfill methane and hog waste methane management. It could also 
gauge near-term local supplies by issuing an RFP for state-based projects. 

 
One of the most important results from our study is that Duke should distinguish between carbon offsets 

for compliance with a federal carbon cap or tax and carbon offsets for voluntary neutrality. Traditionally, 
carbon offsets are emissions reductions generated outside a cap or tax for compliance below this cap. The 
eligible economic sectors or entities to generate these offsets most commonly include only the United States 
agriculture and forestry sectors and the international market. The federal government will determine the 
applicable standards. Duke has more freedom with voluntary offsets intended to contribute to climate 
neutrality. It should identify and follow rigorous standards, but can also be innovative and take some risks in 
using emissions reductions not conventionally classified as carbon offsets. It could explore partnerships both 
with local community development organizations and with other universities to take advantage of its research 
capabilities and capture opportunities in energy efficiency and renewable energy. 
 

Duke‘s Potential Offsets Demand 
 
The 2007 Duke GHG inventory sets a historical context for the university‘s emissions and growth. From 

purchased electricity, steam plant emissions and transportation, Duke emitted 0.417 million metric tons of 
carbon dioxide equivalent (MtCO2e)1 in 2007. Demand for carbon offsets depends largely on two factors: 
how soon the university chooses to become carbon neutral and how aggressively it achieves on-campus 
reductions. Depending on the target date for climate neutrality, the degree of on-campus emissions 
reductions, and the demand stimulated by federal policy, Duke University could invest in hundreds of 
thousands to millions of tons of GHG offsets over the next few decades. We present 4 scenarios under 
which Duke would cumulatively purchase from 8.3-12.0 million MtCO2e by 2035 to achieve climate 
neutrality, if offset purchases grow gradually along with emissions reductions, an option that may present 

                                                      
1 CO2e , CO2 eq, or CO2 equivalent is a way to measure all major greenhouse gases on a single scale, in units of the 

dominant GHG, carbon dioxide. So, one ton of a GHG that is 10 times more potent than CO2 would be measured as 
10 tons CO2e. 



 

2 
 

higher costs but also allows for research and innovation. Offsets in general should be emphasized as a 
complement to on-campus reductions, not a replacement. 

 
It is also worth noting that other institutions are aligned with or may benefit from Duke‘s climate 

neutrality goal. For example, Durham County has adopted an emissions reduction target (30 percent 
reduction county-wide by 2030), and several other universities in North Carolina, including UNC, NC State, 
and Durham Tech have made the same commitment to climate neutrality. Local non-profits like Clean 
Energy Durham are looking for partners to implement clean energy projects in Durham. There may be 
unique opportunities to partner with these institutions to catalyze offset projects, drawing upon each 
institution‘s strengths. 

 

Figure 1. Example Scenario for Duke’s Emissions Reductions and Complementary Offset Purchases 
Assumes, achieving climate neutrality in 2035, with 200,000 tons of emissions reductions on campus by 2035 

 
 

Building an Offsets Portfolio 
 

The potential magnitude of offsets investments is large enough that we recommend Duke adopt a 
portfolio approach with the goal of building a global portfolio including a significant portion sourced from 
North Carolina or locally, that performs well according to several criteria: 

 

 Contribution to ‗climate neutrality‘ or compliance obligations under a federal cap-and-trade or tax 

 Credibility and measurability 

 Offset cost (measured in $/metric ton of CO2e) 
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 Community and environmental co-benefits 

 Links to education, research, and service (especially in environment, engineering, business, policy, 
and law) 

 Mitigating risk through a diversity of offset project types, suppliers, and locations (local, regional, 
national, international). 

 
Any individual offsets project, or category of offsets project, may not perform highly on all these criteria, 

but as a group might be structured to perform well. 
 
Offsets Supply in GHG Markets 

 
Both the international and domestic voluntary carbon markets experienced record growth in 2007 and 

are viable options for Duke‘s purchase of carbon offsets. Depending on the project type, offsets prices were 
generally in the range of $4-10 per ton of CO2e in 2007. Many standards, methodologies and registries exist 
to gauge an offset‘s quality and to accurately measure a GHG reduction. Many of these standards and 
protocols share the criteria that carbon offsets should be additional, real, measurable, verifiable, clearly 
owned, permanent (or accounting for non-permanence) and that the offset have no negative environmental 
or social co-effects. We recommend that Duke adopt minimum standards along these lines to minimize 
reputational risks and ensure performance. 

 
Institutional Approaches to Engaging in Offsets 

 
We encourage Duke to consider its roles at various points along the offsets ‗value chain‘ from supply 

factors like research to the production and purchase of offsets, to the leadership in thought and by example 
that impact future demand for offsets. Duke is not just a prospective offset purchaser, developer, or ‗catalyst.‘ 
Duke can (and already does) engage at various points in the offsets value chain, which includes not only the 
purchase or development of offsets, but also research, incubation, policy development, and market 
leadership.  
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Figure 2. Points of Engagement in the Offset Value Chain 
 

 
 

 
Duke is engaging with demand-side drivers for offsets, as a thought-leader in offsets policy at the 

Nicholas Institute, and as a university with ‗green‘ commitments. On the supply side, Duke‘s research in 
engineering and environmental science can inform the development of emissions reduction projects in a 
variety of sectors. These are low-risk activities. 

 
Purchasing offsets is also a relatively low-risk activity and one way for Duke to move toward ‗climate 

neutrality.‘ As a purchaser, the strategies Duke could employ include issuing requests for proposals, buying 
offsets ‗over the counter‘ from offsets providers or aggregators, joining the Chicago Climate Exchange and 
purchasing from their pool of offsets, buying offsets simultaneously with the procurement of goods and 
services (e.g. airfare or electricity), using Duke‘s endowment to invest in renewable energy or carbon markets 
with the option of using offsets or renewable energy credits, or even an optional student fee to fund for a 
‗climate neutral‘ education. The most common purchasing option is the RFP process. Again, we propose 
minimum standards for any purchased offsets to ensure credibility and minimize performance or reputational 
risks. 

 
For several reasons, not least among which the relative lack of offsets projects in North Carolina, Duke 

might consider taking a more active role, finding ways to develop or catalyze offsets projects locally or 
regionally. Duke could search for ways to do this with individual landowners, possibly in partnership with 
offset developers. Or, Duke could follow a more entrepreneurial approach. Because such a venture could 
provide significant value to the university but is more risky, and because as a developer Duke would face 
competition from for-profit companies focused on offsets, Duke would need to take steps to minimize its 
exposure to risk in this space. An example would be a non-profit organization formed by partnership 
between North Carolina universities that would specialize in emissions reduction and offset projects in North 
Carolina, taking advantage of university connections to local communities and the variety of technical 
knowledge and curricula. Other examples of Duke-led efforts that are entrepreneurial and thus structurally 
more insulated include Duke Corporate Education and the Duke Management Company.  
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Evaluating the Potential Supply and Cost of Offsets in North Carolina 
 

Lastly, we evaluate the potential supply of offsets in North Carolina. All else being equal, Duke‘s 
Sustainability Committee is more interested in carbon offsets with local co-benefits than in those that are 
perceived as simply ―checking the box.‖ 
 

Forestry and Agricultural Soils. Offsets could come from reforestation/afforestation, changes in forest 
management, avoided deforestation, or from practices that sequester more carbon in agricultural soils (e.g. 
conservation tillage or bio-char). This category is characterized by a wide range of prices. Afforestation and 
avoided deforestation projects will be very expensive unless the carbon payment is blended with other 
financing for conservation. There may be opportunities to work with land trusts and conservation real estate 
firms. Forest management is potentially a lower cost option. At present, we are not aware of forestry-based 
opportunities except the expansion of Duke Forest, which represents a limited option. A request for 
proposals for a pilot project could be a useful way to gauge landowner interest in North Carolina. 

 
Methane Capture. Hog waste is a major environmental problem in North Carolina and a major source 

of methane, a potent greenhouse gas. There is significant potential to capture methane. Pilot projects in this 
area are a near-term option. The costs to produce environmentally superior results from hog waste methane 
capture are uncertain, and might range from $3/ton to $20/ton or more, depending on the resulting 
environmental performance, the availability of grant, and the production of electricity from the methane. 
Landfills are also a significant source of methane, and in this project we identified several landfills that could 
be further investigated for their potential. 

 
Energy Efficiency. Offset reductions from energy efficiency could only contribute to Duke‘s voluntary 

commitment, but they have the advantage of generating significant savings for a property owner (reflected in 
low or negative net costs). In addition, engaging in the Durham community, there is potentially a large supply 
of offset reductions from energy efficiency at low costs. As an example: Duke could fund, up to an effective 
maximum carbon price, energy efficiency measures including Energy Star appliances and minor upgrades to 
homes and small businesses. To leverage these reductions, Duke must develop innovative approaches to 
financing, implementation, and credible measurement, and be willing to ‗lose‘ the compliance benefits of 
emissions reductions to a covered utility like Duke Energy. 

 
Renewable Energy. The use of renewable energy as an offset is controversial, and Duke will need to 

carefully consider the use of off-campus renewable energy to offset its footprint. This report leaves the door 
open for the use of renewable energy or renewable energy credits (RECs) provided that it can be shown that 
the carbon funding results in new renewable energy and in avoided GHG emissions. In contrast to renewable 
energy credits purchased from off-site sources, renewable energy generated on campus, or purchased on 
contract from an off-campus source, should be understood not as an offset but an emissions reduction 
(through decreased fossil-fuel-based electricity). 
 

Table 1 and Figure 3 summarize our results and show the extent to which first-cut estimates of annual 
carbon offset supply potential in North Carolina exceed Duke‘s potential demand. The very large potential 
supply belies the challenge of developing offsets projects at this early stage in North Carolina, where the 
economic incentives have not been enough historically to stimulate offsets projects. The largest potential 
sources of carbon offsets supply are in the agriculture and forestry sectors. At less than $5 per metric ton 
CO2e, forest management carbon offsets in North Carolina could produce 6.05 million MtCO2e per year in 
carbon offsets, almost 15 times Duke‘s 2007 GHG emissions. 

 
 
 
 



 

6 
 

Table 1. Summary of Potential North Carolina Carbon Offset Supply (million MtCO2e per year).  
Duke‘s 2007 GHG emissions equal 0.417 million MtCO2e 

 Carbon Prices ($/metric ton C02e) 

<$0 $5 $15 $30 $50 

Afforestation 0 0 0 2.6 9.72 

Conservation Tillage 0 0.89 1.79 1.65 1.25 

Forest Management 0 6.05 14.53 19.72 22.01 

Agriculture Methane and 
Fertilizer Management 

0 0.59 1.11 2.17 2.90 

Hog Waste Methane 0 N/A 5.59* N/A N/A 

Landfill Methane 0 1.87 N/A N/A N/A 

Residential Energy Efficiency 6.45** 0 0.01 0.01 N/A 

Non-residential Energy 
Efficiency 

3.45** 0 0.19 0.20 0 

Total 9.90 9.40 23.72 26.34 35.87 
*Of this, 5.2 million tons of reductions would come from methane capture, and the remainder from the production of 
renewable electricity that could displace fossil-fuel generated electricity. 
**These figures reflect net costs that include energy cost savings to end-users or property owners from efficiency 
investments. The cost to Duke depends on the extent to which energy efficiency financing can be structured to allow 
Duke to share in the energy cost savings. 

 
 

Figure 3. Estimates of Medium- to Long-term Annual Potential North Carolina Offset Supply 
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1.  Introduction 

 
N July 2007 Duke University committed to gradually eliminating its contribution to greenhouse gas 
emissions and climate change, thereby becoming ‗climate neutral.‘ It did so by joining the American 
College and University Presidents‘ Climate Commitment (ACUPCC), an agreement which has now 

been signed by over 525 higher education institutions across the country. 
 
In coming years these signatory universities are likely to follow an increasingly well-established pattern to 

meet commitments to climate neutrality: reduce what greenhouse gas emissions they can, and until their 
emissions reach zero, offset the rest through reductions off-site. Some universities with significant on-site 
greenhouse gas emissions may also be required to submit emissions allowances annually to comply with a 
government-mandated emissions ‗cap-and-trade‘ system, and may be able to use offsets to meet a portion of 
this obligation. As with on-campus emissions reduction activities, off-campus and community-based 
emissions reduction projects also represent an opportunity for new interdisciplinary education, research and 
innovation, collaboration amongst universities, civic engagement, local community benefits, and other 
environmental benefits. In other words, offsets, done right, represent a significant opportunity for ‗knowledge 
in service to society.‘2 

 
This report describes the options available to Duke (and other interested North Carolina universities) to 

offset their greenhouse gas (GHG) emissions pursuant to climate neutrality commitments and potential 
emissions regulation. In particular its intent is to serve as a preliminary investigation of: 

 

 the potential supply and cost of local and North Carolina-based offsets; 

 how these compare with offsets available on a national or international market; 

 what kinds of benefits these investments provide beyond emissions reductions; 

 the ability of certain types of offset projects to meet Duke University‘s potential compliance 
obligations under federal climate legislation in addition to advancing Duke‘s climate neutrality 
commitment; 

 the types of standards and protocols universities should follow in using offsets towards climate 
neutrality and federally-mandated compliance; 

 entrepreneurial options or models available to Duke and other area universities to engage in the fast-
growing offsets arena. 

 
In doing so, this report is also intended to facilitate and guide decisions by Duke‘s Campus Sustainability 

Committee regarding the role offsets should play in meeting Duke‘s climate neutrality commitment, including 
the types of offsets, timing of investment, the procedural or institutional options for funding and developing 
an offsets portfolio, and the potential offsets supply within North Carolina if Duke chooses to source a 
portion of its portfolio locally. 

 
 
 
 

                                                      
2 Duke University Board of Trustees. Duke University Strategic Plan. September 14, 2006. Available at 

http://stratplan.duke.edu/plan.html. Duke‘s 2006 Strategic Plan introduced ‗knowledge in service to society‘ as one of 
six themes alongside interdisciplinary, diversity, centrality of the humanities and interpretative social sciences, 
internationalization, and affordability and access. The Strategic Plan ‗promotes a culture of public engagement that is 
interwoven with education and research‘ in the conviction that ‗such engagement with the world is seen as a natural 
extension of education and inquiry.‘ 

I 

http://stratplan.duke.edu/plan.html
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1.1 What are Offsets? 

 
GHG offsets are, at their simplest, emissions reductions or sequestration from outside an entity‘s 

footprint for which the entity is responsible as a buyer or generator, and that therefore can be credited 
towards the entity‘s voluntary emissions target or towards a legislated requirement to submit emissions 
allowances (in many cases both motivations may apply).  

 
At this low level of specificity it is not hard to imagine some confusion in accounting for offsets in a 

world with many actors pursuing voluntary and mandatory emissions targets. One entity‘s offset might show 
up on another entity‘s emissions balance sheet as a reduction, or different entities‘ footprints might be 
overlapping or nested depending on what emissions they include. Accounting standards and other safeguards 
can ensure that responsibility for reductions are properly assigned so that though they may show up on 
multiple balance sheets, their provenance is clear and only one entity can credit them towards an emissions 
target or requirement. In addition, standards can ensure that offsets are certain, verified, accurately measured, 
and represent an emissions reduction over and above what otherwise would have occurred.3 

 

1.2 Offsets for Voluntary Commitments 

 
In a world without a carbon cap, organizations and individuals are 

purchasing GHG reduction or sequestration offsets to address global 
warming, improve public relations, promote good will with employees, 
or gain experience and possibly early credit in anticipation of a federal 
offsets program.4To be ‗climate neutral‘ an entity would need to reduce 
its net greenhouse gas emissions to zero, in most cases through a 
combination of internal emissions reductions and off-site reductions or 
‗offsets.‘ The voluntary market for offsets is a mix of exchanges, over-
the-counter retailers, and long-term contracts. In an effort to preserve 
credibility and value in the voluntary market, participants have 
stimulated the development of protocols and standards for measuring 
and accounting for reductions. Offsets that have been sold in the 
voluntary market include forestry (afforestation and reforestation); 
capture of methane from landfills, animal waste, and mines; agricultural 
soil management for sequestration; energy efficiency; and renewable energy credits (RECs). 

 
In the voluntary context, GHG offsets complement in-house emissions reductions. That is, a university‘s 

potential demand for offsets would be equal to the emissions remaining after it makes reductions within its 
own footprint. Offsets and within-footprint emissions reductions are then paired to make a university 
‗climate neutral.‘ It is important to note that ‗climate neutral‘ is not, to date, a regulated status. In the absence 
of an externally-applied standard, organizations have some flexibility to define what off-site activities 
constitute a contribution to climate neutrality and to choose what standards to follow.5 The American College 

                                                      
3 The term ‗additional‘ or ‗additionality‘ is used in the offsets literature to signify the emission reduction or sequestration 

that is above what would have otherwise occurred without a project or investment, and therefore could be attributed 
to the project, measured, and legitimately counted against an entity‘s emissions. 

4 Olander et al. May 2008. Designing Offsets Policy for the U.S.: Principles, Challenges and Options for Encouraging 
Domestic and International Emissions Reductions and Sequestration from Uncapped Entities as part of a Federal 
Cap-and-Trade for Greenhouse Gases. Nicholas Institute for Environmental Policy Solutions, Duke University. 
Available at: http://www.env.duke.edu/institute/offsetspolicy.pdf. 

5 A number of voluntary and regulatory standards exist; each with several protocols or guidelines for assessing offsets 
projects, discussed further in Appendix B and Section 4. 

Example Offsets Projects: 

 A rancher converts pastureland 
to forest. 

 A forester extends harvest 
intervals thereby boosting the 
carbon stored in trees. 

 A farmer reduces tilling 
practices and fertilizer 
application, thereby storing 
carbon in the soil. 

 An investment company funds 
the capture and elimination of 
methane gas from dairies, coal 
mines, and landfills. 

 A university invests in 
community energy efficiency 
projects (known as ‗white tags‘). 
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and University Presidents‘ Climate Commitment (ACUPCC), to which Duke is a signatory, refers to offsets 
and other measures that can help mitigate GHG emissions: 

 
For purposes of the ACUPCC, climate neutrality is defined as having no net GHG emissions, to be 
achieved by minimizing GHG emissions as much as possible, and using carbon offsets or other 
measures to mitigate the remaining emissions. To achieve climate neutrality under the terms of the 
Commitment, all [direct and indirect] emissions, as well as those emissions from commuting and from 
air travel paid for by or through the institution, must be neutralized.6 

 
For more details on the ACUPCC‘s treatment of offsets, see Appendix A. 

1.3 Offsets for Compliance with Federal Climate Legislation 

 
Offsets could play a second important role as a cap-and-trade compliance mechanism for Duke and other 

large universities that might be covered by a cap. It is possible that comprehensive mandatory climate 
legislation could be passed as early as 2009, and a cap or tax could become effective in 2012, under which 
Duke‘s direct emissions could be regulated. 

 
In a world with a mandatory climate policy such as a cap-and-trade or a tax, offsets are a way to 

encourage GHG reductions and sequestration from entities not covered by a cap or a tax, and to reduce the 
costs of compliance for covered entities, by permitting them to use less costly reductions from outside the 
cap as allowances. A cap-and-trade itself is administered through the creation of allowances that must be 
submitted annually by the covered emissions sources in proportion to their emissions. The sum of allowances 
comprises the cap, and by decreasing the available allowances each year, the cap decreases emissions. Within 
the cap, companies are rewarded for their emissions reductions by decreased allowance costs and the sale of 
unused allowances to other emitters. Most cap-and-trade proposals cover emissions from transportation, 
building-related energy use, and industrial emissions by including petroleum refineries, major coal users and 
manufacturers, and natural gas processors. Though proposals vary in the major sources covered, to date they 
uniformly leave small emitters and diffuse sources out of the cap, including forestry and agriculture. Because 
cap-and-trade proposals are national in scope, they also leave major international emitters and international 
forestry and agriculture out of a cap. Finding ways to encourage credible emissions reductions from these 
sectors and other uncapped emitters could reduce net costs to the economy if they can be achieved at a 
competitive cost. 

 
Offsets are one of two ways to encourage emissions reductions and sequestration from uncapped entities 

in a country with mandatory climate policy or from countries without mandatory climate policy.7 In the case 
of an offset, reductions would be purchased and submitted by a capped entity in partial fulfillment of 
compliance obligations. If an entity‘s emissions exceed the number of allowances it possesses, purchasing 
offsets for those emissions ensures that the integrity of the cap is not violated. These uncapped reductions 
would not therefore accomplish a net reduction, but effectively offset excess emissions from capped entities. 
Because the integrity of the cap is critical, federal climate policy would need to include strong standards to 
ensure that the offsets represent real, additional reductions of greenhouse gases in the atmosphere. In the 
case of a carbon tax, offsets from untaxed entities could be used to reduce taxable emissions.8 

                                                      
6 Dautremont-Smith et al. September 2007. American College & University Presidents Climate Commitment. 

Implementation Guide. Page 21. Accessed June 2008 at 
http://www.presidentsclimatecommitment.org/pdf/ACUPCC_IG_Final.pdf 

7 Olander et al. May 2008. 
8 The two proposed market-based approaches to reducing GHG emissions are a cap-and-trade and a carbon tax. A cap 

in theory provides more certainty in emissions reductions while allowing the price for allowances to fluctuate, while a 
tax provides certainty over the additional cost for emissions, and less certainty over emissions reductions. Both 
instruments put a price on GHG emissions and because they tend to encourage the lowest-cost emissions reductions 
first, they are a more economically efficient approach than regulation at individual point sources. 
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Because offsets in a cap-and-trade system come by definition from outside the cap, some emissions 

reductions currently sold as offsets in the voluntary market will not be eligible as offsets if a cap-and-trade is 
in effect. For example, emissions reductions from the electricity or transportation sectors would not be 
eligible, because those emissions reductions will be already counted as a reduced compliance obligation. In 
this case, to also sell the emissions reduction as an offset would be counting the reduction twice.  

 
The emergence of a market for compliance offsets will not necessarily eliminate the voluntary market. 

Reductions from outside a cap that can meet the standards will be sold for compliance purposes presumably 
at higher prices, but organizations and individuals seeking to reduce their carbon footprint may still invest in 
offsets reductions from without or within capped sectors, following their own standards. 

 
The second way to encourage GHG reduction and sequestration activities outside a cap is to use 

revenues from the sale of allowances to capped entities to fund reductions outside the cap. In this case, net 
reductions would therefore exceed those required by the cap. Both approaches could coexist in federal 
climate policy, though reduction projects outside the cap might be prevented from simultaneously drawing on 
offsets funds and allowance revenues. 

~ 
In summary, a commitment to carbon neutrality and potential compliance obligations under a federal 

carbon policy are distinct but overlapping motivations. Offsets are likely to be an option to meet compliance 
obligations for any university covered by federal climate policy. These offsets will need to meet federally-
determined standards, will necessarily come from uncapped or untaxed entities, and thus might be dominated 
by emissions reductions or sequestration projects in agriculture or forestry. Compliance-based offsets, along 
with other offsets activities that might not qualify for compliance purposes, would also contribute towards a 
climate neutrality goal.  

 
Potential investments in ‗offsets,‘ broadly understood, fit into two categories: 
 

 Compliance offsets. With the advent of federal climate policy, possibly in force in 2012, these would 
be sourced from an uncapped entity to meet allowance or tax obligations following federal 
guidelines, and would also contribute to climate neutrality. By coming from uncapped entities these 
investments avoid counting as an offset what a covered entity also counts as a decreased allowance 
obligation. 

 Voluntary offsets. These would be reductions, sequestration, or avoided emissions projects following 
minimum guidelines adopted by Duke or a consortium of universities. These might meet federal 
guidelines but would be used to meet a university carbon neutrality commitment. These offsets could 
come from within a capped sector (e.g. energy efficiency investments) even though the compliance 
value of the emissions reduction remains within that sector, provided that Duke can take 
responsibility for a measurable reduction and that the investment can meet the standards Duke 
adopts. 

 

1.4 Summary of Questions Addressed in this Report 

 
This report is organized around a succession of groups of questions that Duke University should address 

as it develops its approach to offsets for climate neutrality and potentially for compliance with federally-
mandated market-based emissions program. In this introduction (Section 1) we have defined offsets at a 
general level, outlined the two primary motivations for investments in offsets, and suggested that offsets 
investments can be approached in a way that furthers Duke‘s Strategic Plan, especially its commitment to 
knowledge in service to society. 
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In Section 2 we illustrate Duke‘s potential demand for offsets and how its level of investment in offsets 

could be determined in part by the target date for climate neutrality and the degree of emissions reductions 
on campus. 

 
In Section 3 we discuss the development of an offsets portfolio, offering six criteria to guide an overall 

portfolio, the practical effect of the compliance-climate neutrality distinction, the standards Duke should 
consider to ensure a credible portfolio, and some of the existing standards and protocols that Duke could 
adopt as a minimum. 

 
In Section 4 we provide additional context on the size and growth in the global carbon market that could 

source a percentage of Duke‘s offset portfolio, and prices observed for offsets from regulatory and voluntary 
markets. 

 
In Section 5 we outline a framework for thinking about institutional engagement in the entire offsets 

value chain, and describe the options and models for Duke to invest in and fund offsets. We pay particular 
attention to the potential strengths and weaknesses of Duke‘s direct engagement in the development of 
offsets projects, and consider one model Duke could adopt to engage in the development of offsets projects 
in the region that could help minimize risks and costs: launching a non-profit entity with other North 
Carolina universities to develop emissions reduction projects. 
 

Finally, in Section 6 we describe the types of offset projects available for climate neutrality commitments 
and potentially for emissions compliance obligations, and their potential environmental and community co-
benefits. We outline the results of a preliminary investigation of the potential supply and costs of offsets in 
North Carolina and Triangle area. 
 
See Table 2 on the following page for an outline of the research questions addressed in each section. 
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Table 2. Questions Addressed in this Report 

 
Section 1: Introduction 
What are offsets? 
What are a university‘s motivations to invest in offsets? 
 

 
Section 2: Demand Assessment 
What is Duke‘s potential demand for offsets? 
How would federal climate policy, the degree of on-campus reductions, and our neutrality target date 

influence Duke‘s offsets demand? 
With whom does Duke share emissions reduction goals? 
 

 
Section 3: Developing an Offsets Portfolio 
In building an offsets portfolio, what criteria should a university meet? 
How would the distinction between offsets for regulatory compliance and for a voluntary commitment 

affect Duke‘s offset portfolio? 
What standards should a university adopt to ensure that voluntarily purchased offsets are credible? 
What protocols and standards currently exist in the voluntary and compliance markets? 
 

 
Section 4: The State of Play in GHG Markets 
What is the current size and value of the carbon market? 
How is the carbon market growing? 
What are typical offsets prices? 
 

 
Section 5: Offsets Investment Options and Models 
How can an institution like Duke think about engagement in the offsets value chain? 
What are the entrepreneurial, business models, or institutional options to catalyze offsets in North 

Carolina? 
 

 
Section 6: Types of Offsets Projects and their Potential in North Carolina 
What array of offset projects is available? 
What are the potential co-benefits of different offset project types? 
What are the challenges faced in developing different types of offset projects? 
For a university seeking to invest a proportion of its portfolio in North Carolina-based projects, what is 

the potential supply and cost of North Carolina or Triangle region offsets? 
Are there specific near-term offsets opportunities to engage in North Carolina? 
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2.  Duke University’s Potential Demand for Offsets 

 
By committing to becoming climate neutral as it is commonly understood, a university is effectively 

committing to buy offsets to neutralize the emissions in its footprint until it is no longer responsible for any 
greenhouse gas emissions. 

 
By virtue of some universities‘ large size, they may also be in the market to purchase offsets to meet 

compliance obligations. In the course of the development of federal climate legislation, Congress will 
determine whether universities with substantial on-site emissions will be subject to the policy. It is possible 
that Duke‘s direct emissions will be covered under a 
cap, and thus Duke may have a second purpose for 
purchasing offsets. 

 
Figure 4 below illustrates Duke‘s potential demand 

for offsets in four simplified scenarios. The primary 
determining variables are the degree of on-campus 
emissions reductions and the target date for neutrality. 
First, because we propose to treat offsets as secondary 
or complimentary to on-campus emissions reductions, 
then a scenario in which Duke swiftly reduces on-
campus emissions would demand fewer offsets, and a 
scenario in which Duke‘s on-campus reductions are 
more cautious would require more offsets. Second, if 
Duke decides to become climate neutral early, on-
campus reductions might be less substantial by the 
target date, requiring more offsets; conversely a later 
neutrality target, by which point on-campus reductions 
are presumably deeper, allows for a smaller investment 
in offsets. 

 
Each graphic in Figure 4 shows Duke‘s projected 

baseline emissions from purchased electricity (blue), 
transportation (green), and the steam plant (red), 
estimated with the simple assumption that emissions 
continue to grow at a rate equal to the annual average 
growth from 1990 to 2007. The projected baseline 
emissions could be improved with greater knowledge 
of the long-term plan for campus build-out and steam 
plants. 

 
Overlaid on the baseline emission projection are lines that illustrate on-campus emissions reductions 

(grey), potential purchase of offsets to meet compliance obligations as stated under the 2008 Lieberman 
Warner Bill (black), and potential purchase of voluntary offsets to reach zero emissions by the target date of 
2025 or 2035 (orange).  

 
The area between the emissions projections baseline and black line represent on-campus emissions 

reductions, either at 200,000 million metric tons of CO2e or 50,000 million metric tons of CO2e. The area 
between the grey line and black line represents the maximum compliance offsets a covered emitter can 

Will Duke be covered under a Cap-and-
Trade Law? 

The leading climate bill in the Senate in 2008 
(S. 3036, the Lieberman-Warner Climate Security 
Act) would have required entities using more than 
5,000 metric tons of coal per year to participate 
in the cap-and-trade. In 2007, Duke consumed 
over 46,000 metric tons of coal at its steam plant. 
Thus if Lieberman-Warner serves as a guide to 
future policy and Duke’s coal use continues at 
current levels, then beginning in 2012, Duke would 
need to submit an allowance for each ton of 
carbon dioxide emitted directly from on-campus 
coal use.  Duke would have to first purchase these 
allowances on the market, except to the extent 
that some free allocation is provided. If economic 
models of climate policy are correct in estimating 
that allowances prices would begin at $10-29 / 
ton, allowances for the steam plant could cost 
Duke an extra $1-3 million starting in 2012. 
Under Lieberman-Warner, Duke would have been 
allowed to purchase offsets from domestic and 
international sources to cover up to 30 percent of 
its allowance obligation. 
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purchase under the 2008 Lieberman Warner Bill.9 The area between the grey and orange line represents total 
voluntary offsets in the absence of a cap and trade program. . The area between the black line and the orange 
line represents voluntary offsets to reach the climate neutrality goal of the university. 

 
In each scenario, we calculate cumulative emissions reductions and offsets purchases through 2035. For 

instance, if the university has a target carbon neutral date of 2025 and Duke‘s emissions reductions reach 
200,000 tons below the baseline by the target date (upper left scenario), then offset use would increase linearly 
to meet neutrality in 2025, with cumulative reductions by 2030 of 4.4 million metric tons of CO2e and 
cumulative offsets purchased of 8.7 million metric tons of CO2e.  

 
The target dates, degree of on-campus reductions, and gradual linear commitments in these scenarios are 

merely illustrative. We assume that reductions and offsets increase linearly beginning in 2009 to reach climate 
neutrality by either 2025 (early target) or 2035 (later target). Whether 2025 could be called an early target is 
debatable. It should be noted that Duke could delay purchasing voluntary offsets until the target year for 
climate neutrality, at which time all remaining annual emissions in Duke‘s footprint would be offset. For 
example, if Duke waited to purchase offsets until a target date of 2025, assuming on-campus reductions of 
200,000 tons, Duke would purchase a cumulative amount of approximately 5 million tons in offsets through 
2035 (approximately 3 million fewer tons than in a scenario with gradually increasing offsets investments). 

 
Our first-cut estimates indicate that Duke‘s cumulative investment in voluntary offsets from 2009 

through 2035 could be up to 12 million tons if Duke chooses to move gradually towards climate neutrality, 
decides to be climate neutral in 2025, and makes relatively small emissions reductions on campus. This 
number would shrink to 8.3 million tons if neutrality were delayed to 2035 and larger reductions were made 
on campus, and in fact Duke could avoid any investments in offsets until the climate neutrality target date. 

 
This figure is a useful approximation to begin Duke‘s discussion of its options and strategy, but has its 

limitations. While the estimates for historic GHG emissions are reliable, the projections for future emissions, 
on-campus reductions and offsets are simple straight-line estimations. On-campus reductions and offsets 
investments will most likely occur in large and uneven increments and thus straight lines projections should 
be seen as illustrative. Future emissions may increase at a larger or smaller rate dependent on a number of 
variables. For example, the university may expand at a faster rate than it has historically. Emissions may 
decrease in response to unanticipated increases in energy prices.  

 
 
 
 
 
 
 
 
 
 
 

                                                      
9 The 2008 Lieberman Warner Bill proposed to allow covered emitters to purchase offsets for 30 percent of the 

emissions allowances they are required to submit each year, half from international sources and half from domestic 
sources. If an eventual mandatory GHG program includes this provision, Duke could purchase international offsets 
for 30 percent of its coal-based on-campus emissions from the steam plant (approximately 30,000 tons a year). These 
graphics assume that the steam plant continues in operation through 2035, though conversion to a cogeneration plant 
fueled with natural gas and possibly biomass is more likely in the long term. Perhaps more realistically, if Duke 
purchased compliance offsets for its steam plant for 2012 through 2020, replacing it after 2020 with a new plant not 
covered by the cap, the cumulative compliance offsets purchase would be approximately 340 thousand tons. 
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Figure 4. Duke Greenhouse Gas Emissions Reduction Scenarios 
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2.1 Other Factors Influencing Duke’s Demand for Offsets 

 
One demand-related question indicated above is whether Duke should gradually increase its voluntary 

offsets investments along with on-campus reductions until it is climate neutral, or wait until the climate-
neutral target date to invest in any voluntary offsets. The former strategy could provide valuable learning 
experience for Duke, and create opportunities for research and innovation, education, and new benefits to 
Duke Employees and community resources. The latter strategy would cost less. Several criteria are implicit in 
this estimate of the size of offsets demand, and these are discussed further in Section 3‘s discussion about 
building an offsets portfolio. 

2.2 Shared Climate Goals in North Carolina 

 
The study and development of credible offsets opportunities in North Carolina could benefit others 

besides Duke University. First, Duke is not alone as a potential offsets buyer in the region. Voluntary 
greenhouse gas commitments and, in the future, regulatory requirements, are driving potentially exponential 
growth in demand for offsets to reduce emissions and institutional or even personal carbon ‗footprints.‘ 
Coming years will see increasing demand for greenhouse gas emissions offsets among major institutions and 
corporations in the Triangle region, to complement on-site efforts to reduce greenhouse gas emissions and 
fossil-based energy use. Twelve other universities and colleges in North Carolina including UNC-Chapel Hill, 
NC State, and Durham Technical Community College have joined the American College and University 
Presidents' Climate Commitment.  

 
Second, local governments are also making commitments to a reduced carbon footprint. Thirty-eight 

North Carolina mayors have signed the U.S. Conference of Mayors Climate Protection Agreement, including 
in Asheville, Boone, Burlington, Carrboro, Cary, Chapel Hill, Durham, Greensboro, New Bern, Raleigh, 
Rocky Mount, Wake Forest, Wilmington, and Winston-Salem.10 Most relevant to Duke, Durham City and 
County have committed to reducing emissions community-wide by 30 percent by 2030, and for Durham 
government operations by 50 percent by 2030.11Because Durham included Duke University in its greenhouse 
gas emissions inventory, Durham will automatically make substantial progress towards these goals if Duke is 
able to reduce its emissions on campus, and further progress if Duke makes emissions reduction investments 
in the community (e.g. energy efficiency and small-scale renewable energy). Such investments could count as 
offsets for Duke‘s emissions if their benefits are measured, and would also contribute to Durham‘s goals. 

 
In this broader context of action and commitment in North Carolina, Duke, by virtue of its climate 

commitment, interest, and academic strengths, has an opportunity to become a leader and catalyst for 
innovative emissions reduction and sequestration projects in our community and around the state. A 
partnership among North Carolina universities for offsets projects, discussed later in this report, could 
harness the universities‘ unique strengths and reduce project development and transaction costs, to benefit 
each other and local communities. 

 
 

 

                                                      
10 See http://www.usmayors.org/climateprotection/. 
11 See http://www.durhamnc.gov/ghg/. 
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3.  Developing an Offsets Portfolio 

 
Depending on the target date for climate neutrality, the degree of on-campus emissions reductions, and 

the demand stimulated by federal policy, Duke University could invest in hundreds of thousands to millions 
of tons of GHG offsets over the next few decades. An investment of such scale should be approached very 
carefully, with the goal of building a portfolio that performs well according to several criteria: 

 

 Contribution to ‗climate neutrality‘ or compliance obligations under a federal cap-and-trade or tax 

 Credibility and measurability 

 Offset cost (measured in $/metric ton of CO2e) 

 Community and environmental co-benefits 

 Links to education, research, and service (especially in environment, engineering, business, policy, 
and law) 

 Mitigating risk through a diversity of offset project types, suppliers, and locations (local, regional, 
national, international). 

 
Re-sale value may not be a primary criterion in development of an offsets portfolio for Duke, unlike 

profit-seeking entities engaging in the offsets market. In part this is because Duke is an end-consumer, and 
would use or retire any offsets it develops or purchases, in order to count the reductions against its footprint. 
In this section we discuss several of these criteria, including the relevance of the distinction between 
voluntary ‗climate neutrality‘ offsets and compliance offsets for an offsets portfolio, the importance of 
credible offsets, and approaches to mitigating risk through diversification. The other criteria listed above, 
including costs, co-benefits, and links to education, research and service are discussed in Section 5 for each 
major category of offsets. 

3.1 Compliance Offsets vs. Offsets for ‘Climate Neutrality’ 

 
It is important to emphasize the difference in approach between compliance offsets and voluntary offsets 

that an institution such as Duke may want to take. The former will be subject to federal standards, and would 
have to come from reductions and sequestration outside the cap sourced domestically or internationally. 
Compliance offsets are likely to be more expensive, but also of higher quality and credibility, and would 
constitute a small slice of most universities‘ offset portfolios.  

 
Given that compliance offsets would be an important, though small, percentage of Duke‘s offsets 

portfolio, the university may want to adopt a slightly more conservative approach. All offsets are in a period 
of innovation, and Duke may want to participate in some aspect of project development and innovation for 
compliance offsets. Duke should be cognizant, however, of the development of federal standards and how 
they will influence the viability of projects. If Duke is not risk tolerant with respect to offsets for compliance, 
the risks of innovation and the burden of meeting compliance standards may be better left to other entities 
that can spread the risk and sell credible offsets to emitters like Duke that are certain to count. At Duke, the 
Nicholas Institute for Environmental Policy Solutions is heavily engaged in research of federal offsets policy 
design, and offers a good resource for up-to-date assessment of the compliance viability of potential offsets. 

 
In contrast, offsets purchased or developed voluntarily to contribute towards climate neutrality, which 

would probably make up the bulk of a university like Duke‘s offset portfolio, are likely to vary in quality, cost, 
and their ability to meet standards. Some greater risk associated with innovation and learning is likely to be 
acceptable, because there will not be a penalty for failure other than potentially higher average offset costs. 
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An important risk to address in this space is the effect of voluntary offsets on institutional reputation—
Duke‘s reputation could benefit if it develops or supports innovative, credible projects, but could receive 
significant criticism if it claims climate neutrality using offsets either to such a large extent that Duke is 
perceived as avoiding responsibility for its own emissions, or offsets with a questionable impact on 
greenhouse gas emissions. 

3.2 Credibility and Measurability 

 
While advocates remain who object to the use of offsets on moral or ethical grounds,12 most of the 

concerns voiced in the offsets arena are more pragmatic: Is a project making a real, measurable difference in 
atmospheric greenhouse gases? An offset buyer‘s reputation can be protected by ensuring that any offset 
investments meet several credibility criteria. Those criteria must be identified, interpreted for specific 
situations, and applied. In addition, they should be subject to improvement and learning. 

 
One available option is to invest solely in offsets that meet federal offsets guidelines, even if only a small 

portion of those are used for compliance with federal regulation. This approach would link Duke‘s credibility 
to that of the federal offsets policy. One drawback to such a policy is that potentially beneficial indirect 
emissions reduction projects in sectors under the cap would be categorically excluded from contributing 
towards climate neutrality, even though a project developer could demonstrate responsibility for the project‘s 
emissions reductions. For example, investments in energy efficiency, which could have significant community 
benefits in addition to reducing emissions, would be excluded.  

 
Under an even more stringent approach to credibility, Duke could offset its emissions by voluntarily 

purchasing and retiring only emissions allowances from a U.S. cap or other capped economies. Doing so 
extinguishes the emissions right and prevents another entity from using it to emit GHGs.13 Effectively this 
would mandate additional reductions below the cap. As long as a cap is meaningful and enforced, such offsets 
would be highly credible. Drawbacks to this approach include the potentially higher cost of such allowances, 
and the exclusion of worthwhile projects outside a cap that reduce emissions and have significant 
environmental or community co-benefits. 

 
The most common approach to ensuring credibility, however, is to invest in or develop offsets that meet 

minimum standards or follow established protocols. While the federal government will bear the responsibility 
for establishing and enforcing offsets standards in a mandatory cap, entities in the voluntary market have 
been developing or adopting standards and protocols in recent years.14 States participating in regional caps or 
GHG registries, and countries participating in the Kyoto Protocol, have also developed standards and 
protocols for offsets.15 

                                                      
12 Some critics argue that moral problems like greenhouse gas emissions should not be subject to resolution in a market 

or that offsets are an abdication of moral responsibility. A more widely-shared stance is that because greenhouse gas 
emissions are indeed a major ethical concern (otherwise why act?), offsets are acceptable if they are real, not relied 
upon solely to avoid reductions, and if the intent is to use them temporarily. Offsets in some sense cannot substitute 
for personal or institutional action to reduce one‘s impact—just as paying someone else to learn manners, however 
conducive to general civility, does not free one to be rude. 

13 For example, a new company, Carbon Retirement, purchases and retires emissions allowances from the European 
Union cap-and-trade system. 

14 Two examples of voluntary protocols include those under the Voluntary Carbon Standard and those created by 
Chicago Climate Exchange, which also runs an emissions trading platform. 

15 State-based regional caps include the Regional Greenhouse Gas Initiative (RGGI), with 7 Northeast states including 
Connecticut, Delaware, Maine, New Hampshire, New Jersey, New York and Vermont; the Western Climate Initiative 
with 7 U.S. states and 4 Canadian provinces including Arizona, British Columbia, California, Manitoba, Montana, New 
Mexico, Ontario, Oregon, Quebec, Utah, and Washington; and most recently the Midwestern Regional GHG 
Reduction Accord including Illinois, Iowa, Kansas, Michigan, Minnesota, and Wisconsin. Many states have also joined 
The Climate Registry, a voluntary association that has developed reporting protocols to track GHG emissions and 
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The best standards and protocols ensure that offsets projects are additional, accurately quantified, 

verified, have clear ownership or responsibility, account for reversibility, have a clear time frame, and do not 
cause other harm to human or environmental health. See the Table 3 for a description of these criteria. 

 

Table 3. Ensuring Credible Offset Investments 

Offsets investments for climate neutrality should meet the following standards: 

Additional An offset investment should result in or be able to claim responsibility for a positive 
impact on atmospheric flux of greenhouse gases and by extension, net atmospheric 
forcing. This impact, made through reductions, sequestration, or avoided emissions must 
be additional to what would have happened in the absence of the investment or project. 
When additionality is calculated relative to a business-as-usual baseline, the baseline must 
be realistic. Though there is general consensus on the basic concept, there is usually no 
method that can reveal the counterfactual precisely and unambiguously. Therefore one or 
more practical tests must be applied that can serve to constitute additionality, which are 
necessarily interpretations of the concept. This criterion is the subject of contention in the 
development of offset markets because there is disagreement about the appropriateness 
of different tests in different situations and whether additionality should be secondary to 
the establishment of a large carbon market, concern over its potential impact on the size 
and liquidity of a GHG market, and because it has economic ramifications for different 
stakeholders. Several examples of additionality tests are detailed in Table 4, below. 

Accurately 
Quantified 

A sound methodology should be followed to estimate and measure the GHG benefits of 
a project, through some combination of modeling and monitoring. When a sequestration 
project could induce emissions elsewhere, the estimated benefits should be adjusted for 
this ‗leakage.‘ 

Verified With a method appropriate to the type of project, offsets should be verified by an 
independent auditor who is certified to perform verification. 

Clear 
Responsibility 
or Ownership 

For offsets purchased from a project developer or aggregator, each ton should be 
registered with a unique serial number and a tracking record that facilitates transparency 
and exclusive rights of ownership. An offset used to contribute to climate neutrality or 
compliance with regulation must be registered as ‗retired‘ so that it cannot be used again. 

Account for 
Reversibility 

If GHG benefits are reversible (e.g. forest-based sequestration projects could be reversed 
through fire or cutting), mechanisms should be in place to guarantee performance. These 
mechanisms can include set-asides or insurance. 

Time frame The timeframe in which emissions reductions were or are expected to be achieved must 
be clear. 

No harm  Offsets should not contribute to adverse effects on human health or the environment, 
and where possible should contribute to environmental and community co-benefits. 

 
 

Table 4. Common Additionality Tests 

 General Description 

Legal, Regulatory, 
or Institutional 
Test 

Emissions reductions below the level required by any official policies, regulations, 
guidance, or industry standards are additional. If emissions are not reduced beyond 
this level it is assumed that the reductions are for compliance, and are therefore not 
additional. 

Technology or 
Practices Test 

Emission reductions achieved by virtue of a technology or a practice that is specified 
as being beyond ‗business as usual.‘ It is assumed that for such technologies or 

                                                                                                                                                                           
offsets projects. The Climate Registry has also drawn significantly upon California‘s Climate Action Registry protocols 
and standards for emissions reduction projects. 
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practices that the GHG reductions are the decisive reason for using that technology 
or practice. This could be determined at a sectoral level or for practices within a 
sector. 

Common Practice 
Test 

Essentially the converse of the above test, reductions achieved through practices that 
are judged to be common are not additional, on the assumption that the reason to use 
that practice is not the GHG reductions. 

Barriers Test Reductions achieved by overcoming significant barriers to implementation would be 
additional. Barriers could be institutional, capacity-related, or political. The barriers 
are assumed not to be faced under the ‗business as usual‘ emissions case. 

Investment Test Often termed financial additionality, this test would find reductions to be additional if 
it can be shown that without the revenue from GHG reductions, the project would 
have been financially infeasible or have had a lower than acceptable rate of return. In 
some cases a project that offers a good rate of return might still be additional if it 
passes other tests. 

Timing Test Projects initiated after a certain date may be additional, whereas projects initiated 
before that date are ruled out. This test is usually applied alongside other tests so that 
projects initiated after the date need to meet other tests too. The date might coincide 
with the expectation or establishment of a particular policy.  

Performance 
Benchmark Test 

If a project demonstrates an emissions rate that is lower than a predetermined 
benchmark rate for a given system or process, it may be additional. The assumption is 
that performance beyond the benchmark is attributable to the revenue from the 
GHG reduction. 

Source: Trexler et al. 2006. A Statistically-Driven Approach to Offset-Based GHG Additionality Determinations: What Can We Learn? 
Sustainable Development Law & Policy. V. 6:2. pp. 30-40. 

 
State-based standards, voluntary consortiums, and the Kyoto Protocol differ in the types of offset 

projects that are eligible and for which they develop protocols, and in the way they interpret or adopt criteria 
such as additionality, timing, and quantification. Some voluntary programs have been criticized for a lack of 
stringency. For example, the Chicago Climate Exchange (CCX) has drawn attention for registering 
agricultural soil offsets (which represented over 40% of its credits for 2003-2007) based on no-till practices at 
farms where no-till had been used for many years—thus having questionable additionality—and for 
registering offsets from projects that could not meet Clean Development Mechanism (CDM) standards.16,17 

While additionality is important, it is also necessary to recognize the tradeoff between the level of effort 
required to show standards are met, and the availability of offsets in the market. Concerns have been raised in 
the policy design discussion that requirements to demonstrate additionality or other criteria that entail a high 
level of effort could make otherwise viable and worthwhile projects financially unviable. For a list and 
comparison of several of the voluntary and compliance offset standards, see Appendix B. See Appendix C for 
a qualitative evaluation and comparison of additionality tests. 

 
Many standards exist in the voluntary market but there are faint signs of consolidation, with a handful 

gaining momentum and recognition. Figure 5 illustrates the distribution of offsets volume verified by the 
different standards in 2006 and 2007.18 The standards that gained in representation on the voluntary market 
from 2006 to 2007 are the Voluntary Carbon Standard (VCS), Gold Standard, VER+, and Greenhouse 
Friendly. The Clean Development Mechanism maintained its place as a frequently-used set of standards for 
voluntary offsets, while most other standards declined from 2006 to 2007.  

 

                                                      
16 J. Goodell, ―Capital Pollution Solution?‖ New York Times Magazine (July 30, 2006). 
17 Carbon Finance. June 25, 2008. Rejected Indian CDM projects head to CCX. 
18 Ecosystem Marketplace and New Carbon Finance. May 2008. State of the Voluntary Carbon Markets 2008. P. 53. 

These data do not reflect all the voluntary carbon offsets, but rather responses to surveys administered by the authors. 
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Figure 5. Use of Offset Standards in the Over the Counter Market, 2006 and 2007 

 
 

3.3 Mitigating Risk 

 
Risk mitigation is a primary driver for investment diversification strategies pursued by investors across 

the spectrum, from individuals to major university endowments such as Duke‘s. In the nascent carbon offsets 
market, there may not yet be empirical evidence in support of diversification as a risk mitigation strategy. The 
risks for offset buyers are low in a voluntary situation; credibility with the public or stakeholders may be the 
largest risk. However, offsets investments are acknowledged to carry various risks, including project failure or 
reversal, price volatility, and shifts in legitimacy and value based on policy changes or the self-policing 
functions of carbon markets. 

 
Project reversals (which could include, for example, the unintended release of stored carbon in a forest 

fire or from a geological feature) will be addressed in a government-mandated emissions reduction program 
through policies that could require insurance, or percentage set-asides from individual projects that, when 
pooled, effectively protect from reversals in the system. In purchasing offsets on the voluntary market, Duke 
should only purchase offsets that have transparently addressed risks of reversal in some way. 

 
Other reputational and price risks, if legitimate, could be moderated by a combination of adherence to 

standards, which protect both value and reputation, and a strategy of diversification in location, suppliers, and 
project types. For example, though our investigation into the potential supply of North Carolina offsets 
indicates that technically feasible supplies are many times greater than Duke‘s potential demand for offsets, it 
may be wise to reserve space in a portfolio for high-quality projects located elsewhere in the U.S. or 
internationally, which for some project types may be much less expensive. Perhaps even more so, Duke 
should consider investing in a variety of project types and suppliers, and consider adopting guidelines to limit 
the share of any one type or supplier in the overall portfolio. 
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4.  Greenhouse Gas Markets: the State of Play 

 
In recent years the global greenhouse gas markets have grown to a volume that can absorb significant 

institutional-level purchases of allowances and offsets. Consider a maximum likely demand from Duke 
University for 11 million metric tons of offsets (MtCO2e) cumulatively through 2035, compared with the 65 
million MtCO2e voluntary market in 2007 (which will continue to grow) and a 2.9 billion ton volume in 
regulated markets (primarily the EU Emissions Trading System and Kyoto Protocol‘s Clean Development 
Mechanism). The creation of a mandatory market in the U.S. would itself generate several billion tons of new 
allowances and offsets. These trends indicate that the growing global carbon market can supply Duke‘s 
prospective global offset portfolio at a reasonable cost (notwithstanding Duke‘s desire to engage actively and 
in offsets projects locally and globally, to make climate neutrality more than simply a ‗box to check‘).  

 
According to the World Bank‘s ―State of Carbon Markets 2008‖ report, the market for emission 

allowances and offsets grew in value to an estimated $64 billion in 2007, twice the size in 2006 and six times 
greater than 2005. A total of 2.7 billion tons of CO2 equivalent (CO2e) were traded in 2007, up 64% over 
2006.19 The majority of the worldwide carbon market‘s value and volume is in emissions allowances in the 
European Union‘s regulatory cap-and-trade system, known as the Emissions Trading System (EU ETS). 
Smaller volumes were traded through the Clean Development Mechanism (CDM) of the Kyoto Protocol 
which allows developed country signatories to Kyoto that have GHG reduction commitments (Annex I 
countries) to meet these commitments in part through investments in emission reductions in developing and 
transitional economy countries. Some allowances are also traded through the Joint Implementation 
mechanism of the Kyoto Protocol, which allows Annex I countries to invest in emission reduction projects in 
other Annex I countries. 

 
Though 2007 marked a year of significant growth in voluntary carbon trading, the voluntary carbon 

market accounted for perhaps two percent of the overall market in 2007. In particular, the voluntary carbon 
market was estimated to be 65.0million MtCO2e, of which 23million MtCO2e were traded on the Chicago 
Climate Exchange (CCX) and 42.1 millionMtCO2e were traded Over the Counter (OTC).20 According to the 
World Bank report, the voluntary market for reductions by corporations and individuals grew in 2006 to 
nearly $100 million, but jumped to $330 million in 2007. Table 5 and Figures 6 illustrate the historically traded 
volumes and values in the voluntary market. 

 

Table 5. Carbon Market Volumes and Value in 2006 and 200721 

Markets Volume (MtCO2e) Value (US $ million) 

 2006 2007 2006 2007 

Voluntary OTC Market 14.3 42.1 58.5 258.4 

CCX 10.3 22.9 38.3 72.4 

Total Voluntary Markets 24.6 65.0 96.7 330.8 

EU ETS 1,044 2,061 24,436 50,097 

                                                      
19 Point Carbon. ―Global Carbon Market Grows 80% in 2007‖ Jan. 18, 2008. 

http://www.pointcarbon.com/getfile.php/fileelement_130747/18_January_2008_Global_carbon_market_grows_80_
_in_2007.pdf  

20 Ecosystem Market Place and New Carbon Finance. ―State of the Voluntary Carbon Market 2007: Picking Up Steam‖ 
http://ecosystemmarketplace.com/documents/acrobat/StateoftheVoluntaryCarbonMarket18July_Final.pdf 

21 Ecosystem Marketplace and New Carbon Finance. May 2008. State of the Voluntary Carbon Markets 2008. 

http://www.pointcarbon.com/getfile.php/fileelement_130747/18_January_2008_Global_carbon_market_grows_80__in_2007.pdf
http://www.pointcarbon.com/getfile.php/fileelement_130747/18_January_2008_Global_carbon_market_grows_80__in_2007.pdf
http://ecosystemmarketplace.com/documents/acrobat/StateoftheVoluntaryCarbonMarket18July_Final.pdf
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Primary CDM 537 551 5,804 7,426 

Secondary CDM 25 240 445 5,451 

Joint Implementation 16 41 141 499 

New South Wales 20 25 225 224 

Total Regulated Markets 1,642 2,918 31,051 63,697 

Total Global Market 1,667 2,983 31,148 64,028 

Source: Ecosystem Marketplace, New Carbon Finance, World Bank 
 

Figure 6. Voluntary Carbon Market Volumes from 2002 to 200722 

 

 
In the last year OTC offsets have grown faster than those traded on the CCX. A majority of the 2006 

credits in CCX were produced in North America, with 34% in the US and 18% in Canada. Membership of 
the CCX grew from 127 members in January of 2006 to 237 members at the end of the year. By the end of 
2006, the members of the CCX were able to reduce direct emissions to 4% below their baseline period of 
1998-2001.23  By June of 2007, the CCX reported that it had already traded 11.8 million MtCO2e, having 
already outperformed the total sales of 2006. 

 
The carbon markets and associated emerging markets for clean technologies have attracted a significant 

response from the capital markets and institutional investors in recent years, including those in the US. An 
estimated $11.8 billion had been invested in 58 carbon funds as of March 2007, compared to $4.6 billion in 
40 funds as of May 2006. Half of these funds are managed in the UK and most of the newly raised money 
came to the project development and carbon asset creation sectors, which currently represent 58% of the 
capitalization. 

 
The outlook for growth in ‗green‘ spaces is promising. Some of the more optimistic estimates for the size 

of the voluntary market by 2010 are as high as 400 million MtCO2e. Using a slightly more conservative 
figure, U.S. analyst Mark Trexler estimated that the demand in the United States for voluntary offsets could 
nearly double annually until 2010 to reach 250 million MtCO2e.24 In February of 2008, nearly 50 leading 

                                                      
22 Ecosystem Marketplace and New Carbon Finance. May 2008. State of the Voluntary Carbon Markets 2008. 
23 World Bank. 
24 World Bank. ―State of the Carbon Markets 2007‖  
http://carbonfinance.org/docs/Carbon_Trends_2007-_FINAL_-_May_2.pdf 

http://carbonfinance.org/docs/Carbon_Trends_2007-_FINAL_-_May_2.pdf
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United States and European institutional investors released a climate change action plan at the Investor 
Summit on Climate Risk pledging to collectively invest $10 billion in clean technology opportunities over the 
next two years and to incorporate ―green standards‖ into their investment decisions.25 

 
Annual surveys by Ecosystem Marketplace and New Carbon Finance have found that since 2002 the 

number of organizations supplying carbon credits in the voluntary market has grown by at least 200%, with 
online retailers being the fastest growing sector of the marketplace. The largest buyers of voluntary offsets 
were businesses, who stated that their main motivations for participation in the market were corporate social 
responsibility and to ―walk the talk‖ in terms of environmental stewardship. The surveys found that the 
prevalence of project types in 2006 and 2007 shifted significantly, as measured by percentage of volume in the 
OTC market. As a percentage of volume, afforestation projects, RECs, and industrial gases declined, while 
non-REC renewable energy, methane capture, energy efficiency and fuel switching grew significantly. Figure 7 
illustrates the distribution of transactions volumes by project type. 

 

Figure 7. Over the Counter Offsets Project Types as a Percentage of Total Volume, 2006 and 200726 

 
 

 

As seen in Figure 8, the range of prices paid for surveyed offsets projects in 2007 was highly variable, 
from $1.80 to $50 per ton, with an outlier project at $300/ton. Average prices are more consistently between 
$2 and $12 per ton. On average the most expensive were afforestation and reforestation projects. The higher 
prices in this range are commanded by projects that in some cases have higher costs (e.g. afforestation), while 
other projects are valued for their strong verifiability and quick returns, such as landfill methane and coal 
mine methane, as well as long term sustainable development projects like energy efficiency.  

 
 
 
 
 

                                                      
25 United Nations. ―Press Conference on institutional investor summit on climate risk.‖, 

http://www.un.org/News/briefings/docs/2008/080214_Climate_Risk.doc.htm  
26 Ecosystem Marketplace and New Carbon Finance. May 2008. State of the Voluntary Carbon Markets 2008. 

http://www.un.org/News/briefings/docs/2008/080214_Climate_Risk.doc.htm
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Figure 8. Over the Counter Emission Reduction Prices, 200727 

 
 

 
The high volatility in prices of voluntary carbon offsets can be attributed to a great degree of variation in 

project development costs, the influence of perceived quality which varies by project type or developer, and 
also due to the varied use of standards and protocols. In the OTC market there are numerous standards, 
distinct processes for certification and verification, and little or no requirements to list credits on established 
registries. This lowers transaction costs, but also makes it a ―caveat emptor‖ or ―buyer-beware‖ market where 
customers bear the ultimate burden of quality assurance, though many restrict themselves to certain standards 
to assure quality, which allows the standards to bear some of the burden. According to the Ecosystem 
Marketplace and New Carbon Finance annual survey of carbon market entities, the issues that determine 
quality of offsets in the market include additionality (would the reductions have happened anyway with or 
without the offset purchases), third party certification and verification, and avoidance of double-counting and 
double-selling (a function provided by registries).28 

 
Should the U.S. regulate GHG emissions through a cap-and-trade, the global carbon market would be on 

par with the world‘s largest commodity markets, and the global demand for offsets would increase radically. 
Most of the U.S. economy‘s emissions would be regulated under cap and trade legislation. For example, under 
the Lieberman-Warner Climate Security Act of 2008, the most successful Senate bill to date, approximately 6 
billion tons of allowances would be allocated or auctioned starting in 2012. The creation of these allowances 
would massively boost carbon markets. This cap would decrease slowly through 2050. Under the Lieberman-
Warner bill emitters would have been allowed to purchase offsets to cover up to 30% of their emissions, 
which would mean up to almost 2 billion tons of offsets could also be purchased in 2012. 

 
At present, over the counter emissions reductions are sourced globally, though in 2007 Africa and Latin 

America were not well represented as sources (See Figure 9). 
 
 
 

                                                      
27 Ecosystem Marketplace and New Carbon Finance. May 2008. State of the Voluntary Carbon Markets 2008. 
28 Ecosystem Market Place and New Carbon Finance. P.8 
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Figure 9. Geographical Representation of Over the Counter 
Emissions Reductions, 2007 
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5.  Options for Offsets Investment and Engagement 

 
Figure 10 shows the value chain for GHG offsets from supply-side drivers such as research and 

development all the way through development, verification, purchase, and demand-side drivers such as policy 
and values. Universities such as Duke can engage at several points in this value chain, in research, project 
development, and as a purchaser or in thought leadership. In fact, Duke is already excelling in policymaking 
and thought leadership in offsets, through the Nicholas Institute for Environmental Policy Solutions (see 
Appendix E). 
 

Figure 10. Value Chain for Carbon Offsets 
 

 
 

 
This section describes the range of options for Duke to be an offset purchaser (a relatively low-risk 

approach to meeting our climate neutrality goals), as well as one option to actively engage in or catalyze the 
development of offsets projects (a higher risk option that could also carry significant educational and research 
value). 

5.1 Demand-Side Drivers: Leading by Example and Policymaking 

 
Duke could participate in the development of offsets standards through the ACUPCC or Ivy Plus 

Schools sustainability group. At a recent Ivy Plus meeting, several schools expressed interest in developing a 
common approach for offsets standards, protocols, and project types, for the purpose of innovation and 
enhanced credibility. At the same meeting, it was clear that the level of thinking about offsets at Duke was 
ahead of the curve. 

 
Duke is already a thought leader in offsets policy, particularly through the efforts of the Nicholas 

Institute and the Climate Change Policy Partnership. Several on-going projects are listed in Appendix E. 
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5.2 Supply-Side Drivers: Research and Incubation 

 
This represents an area needing further consideration at Duke. Its expertise in engineering, environmental 

science, and business could be brought to bear on research to develop offsets projects, practices, 
technologies, and business models. We recommend that Duke survey its schools and institutes to inventory 
the potential and current work relevant to engagement in the offsets value chain. 

5.3 Purchasing and Funding Offsets 

 
In the middle of the supply chain is where Duke can use offsets to advance its commitment to climate 

neutrality, and to contribute towards potential compliance obligations under a mandatory federal GHG 
policy. There are several ways that Duke could approach the purchase and funding of offsets. 

 
Requests for Proposals or Grant Funds 
Perhaps the most common approach to buying offsets in volume will be the request for a proposal 

(RFP). Under this option a university would develop multiple RFPs to fill out its project portfolio, resulting in 
bids and eventually contracts with multiple offsets providers. A RFP should specify the minimum standards 
or protocols that Duke would accept, as well as project types and timelines. 

 
Similar in structure, Duke could establish a grant fund that provides funds to applicants developing 

offsets projects in North Carolina. Some of these grants could be innovative and higher-risk, and others 
could be reliable. 

 
Over the Counter 
A university could also purchase offsets on a spot-basis over the counter as Duke has with renewable 

energy credits in the past (Nicholas School and Fuqua School).  
 
Comprehensive Membership in CCX 
The Chicago Climate Exchange offers a comprehensive voluntary approach in which a member commits 

to GHG reductions and tracks its inventory through CCX, but also can purchase reductions from other 
members as offsets. The CCX has been criticized for weak protocols that do not require additionality, 
especially in soil sequestration. It is also not clear how CCX will fare with the advent of a mandatory cap-and-
trade policy in the U.S. However, it is an established market with increasing volumes. 

 
Procurement 
Increasingly providers of goods and services allow customers to offset the emissions associated with their 

product. For some time internet-based travel providers (e.g. Expedia) have offered to purchase offsets 
alongside airfares for an additional fee. Recently North Carolina Green Power was approved to offer carbon 
offsets in addition to renewable energy credits, which would allow electricity customers to purchase offsets 
for electricity use. A drawback to these approaches is that they may be more inefficient by virtue of their 
division into various procurement categories, the offsets are purchased less transparently, and with little 
control over what offsets are actually purchased, Duke may be open to greater risk in reputation. 

 
Endowment 
Duke could use its endowment to help fund offsets projects, especially those that could be structured as 

investments with potential returns, such as renewable energy projects or energy efficiency contracts. Duke‘s 
endowment has already provided low-cost loans to fund energy efficiency projects in facilities on campus. 
Other major universities including Harvard, Johns Hopkins and Cornell have invited Duke to join them in 
exploring ways to pool endowment funds to invest in renewable energy projects as a group, to spread risks 
and benefits. 
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Optional Tuition Fee 
Duke could allow parents to contribute to the cost of climate neutrality, at an amount that would be 

sufficient to make their child‘s education ‗climate neutral.‘ A simple optional fee included in the regular 
tuition bill could be established. The funds generated could be used to leverage educational or community-
based projects that students could participate in. 

 

5.3.1 Becoming an Offsets Developer 

 
If Duke University were to actively originate offsets and bring them to market, it would enter the offsets 

value chain as a developer and entrepreneur. Most universities do not range too far outside their academic 
mission. However, large universities, like Duke, often have sub-entities that are entrepreneurial and run as a 
business. In Duke‘s case, examples include Duke CE and the Duke Management Company, which in 2007 
became an LLC. Duke‘s engagement in offset development would be higher in risk and the university would 
be in competition with regional, national and international offsets developers. Carefully crafted business 
models for direct engagement in the industry could mitigate these risks. 

 
For example, to tap into local projects with local benefits, Duke could form a consortium with other 

North Carolina universities, spinning off a third-party entity that would specialize in North Carolina or 
southeastern offsets projects. As a product of universities, it would remain a non-profit, and could draw upon 
their extensive intellectual capital and connections with local communities. These differences might provide 
some competitive advantage, allowing North Carolina universities to supply themselves with credible offsets 
projects at a competitive price and with educational and research synergies. 
 

This potential competitive advantage may be enhanced by the increasing differentiation of offsets. It is 
sometimes said that in the carbon market, ‗a ton is a ton is a ton.‘ With respect to GHG emissions‘ impacts 
on atmospheric GHG concentrations, and thence on climate change, this is true. To be economically efficient 
and true to its purpose a market intended to provide a mechanism for controlling and reducing emissions 
should not function in a way that privileges one emissions reduction over another. Emissions reductions, 
however, have many other attributes, among which offset buyers are increasingly differentiating at their 
discretion. These include location, project type, developer reputation, timing, and the potential co-benefits. 
 

We assessed such a business model for Duke using a Porter‘s Five Forces Analysis and a Strengths-
Weaknesses-Opportunities-Threats (SWOT) analysis, common evaluative techniques for entrepreneurial 
concepts. Two scenarios could describe the carbon offset industry. The first is the status quo in the US: a 
voluntary carbon market. The second is a to-be-determined compliance scenario. While the exact regulations 
that will be enacted are uncertain, the compliance scenario is likely to be a cap-and-trade system with higher 
standards for carbon offset verification than the current voluntary scenario. 

 
Under the voluntary scenario, we concluded that the industry has low rivalry, threat of substitutes and 

supplier power (positive). Buyer power and threat of entry are high (negative). With compliance regulations, 
threats of entry and rivalry increase as international developers with more experience in compliance markets 
are likely to enter the United States market. The SWOT analysis indicates that Duke is at a disadvantage as a 
developer because it lacks executive support and the internal drive to compete as a private business in this 
competitive industry. However, Duke is unique among industry participants as it has a larger network of 
professionals and experts, greater financial and research resources and a more established brand.29 And, Duke 
has launched highly successful and entrepreneurial ventures in competitive spaces before, and has done so in 
ways that protect and insulate its core academic mission. 

                                                      
29 See Appendix K for detailed diagrams and descriptions of Porter‘s Five Forces and SWOT analyses. 
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We conclude that Duke should consider launching an offsets production partnership if it becomes a high 

internal priority shared with other potential partners (e.g. universities) or if the university can team up with a 
company that has a stronger profit orientation and incentive to watch the bottom line. Otherwise Duke 
should not attempt to become a serious player in the market and should aim to achieve a strategy with lower 
risk. These could include: 

 

 Local offset production on a small scale. Investing locally is a publicity benefit and may provide local 
economic and environmental co-benefits. This offset production would not attempt to cover Duke‗s 
entire offset obligation or to market the offsets.  

 Investigating partnerships with UNC, NCSU and Appalachian State University for local offset 
production to create more momentum for publicity and exchange knowledge. 

 Satisfying offset obligations through Duke Procurement and through purchases on the market place 
(low risk, low reward). 

 Launching academic efforts (more research, academic courses in which students research specific 
aspects of the topic, e.g. establishing new standard for forestation) 

 Initiating a technology incubator. 
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6.  A Review of the Array of Potential Offset Projects, Costs, and 
Availability in North Carolina 

 
Offset projects have an ‗additional‘ impact on atmospheric GHGs by reducing, sequestering, or avoiding 

emissions beyond a ‗business-as-usual‘ level. Table 6 shows a basic typology of offsets projects based on these 
categories. Table 6 is not an endorsement of every type of project, rather a list of project types that are 
commonly claimed as offsets. At least nine types of offsets may be eligible for both compliance under a U.S. 
cap-and-trade and voluntary offsets. In common among all these projects eligible for compliance offsets is 
that they will be in domestic sectors that are outside the U.S. cap, or internationally-sourced. Notice that most 
of the potentially compliance-eligible offsets are related to land use management in forestry and agriculture. 
Sourced outside federally regulated sectors, they would not be at risk of double-counting towards compliance. 

 

Table 6. Basic Offsets Typology 

 

 
Reduction 

 

 
Sequestration 

 

 
Avoided Emissions 

 

Offsets That May 
Be Eligible for 
Compliance and 
Voluntary Purposes 

 Fertilizer and Nutrient 
Management 

 Methane Capture or Aerobic 
Decomposition (Livestock, 
Landfill, and Coal Mines) 

 Small Fossil Fuel Users' 
Reductions 

 U.S. Emission Allowances 

 Emission Allowances from 
the EU or other cap-and-
trade systems 

 Agricultural no-till, 
conservation tillage, 
or ‗bio-char‘ 

 Afforestation & 
Reforestation 

 Geo-sequestration of 
uncapped GHGs 

 Reduced & Avoided 
Deforestation and 
Forest Degradation 

Offsets Likely 
Eligible Only for 
Voluntary Purposes 

 Industrial Fugitive GHGs 

 End-use Transportation 
Efficiency 

 Biofuels / Fuel Switching 

 Energy Efficiency 

 Small-Scale Renewable 
Energy 

 

 

 

--- 

 Renewable Energy 
Credits (RECs) linked 
to avoided GHGs 

 Non-REC Renewable 
Energy 

*These would count as reductions because they would facilitate on-site measurements of displaced existing fossil energy use. RECs 
bundled with GHG measurements, and large-scale or remote renewable energy contracts, could also displace existing fossil energy 
supplies but may behave more as new energy resources that avoid new GHG emissions. 

 
In contrast, offsets that are likely to be excluded from eligibility in contributing towards compliance in a 

cap-and-trade may be either too difficult to measure credibly, or are based on reductions in a covered sector. 
For a reduction project in a covered sector, the reduced emissions would be reflected in a reduced obligation 
to purchase GHG allowances. For example, if a university invested in local energy efficiency projects, or 
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small-scale renewable energy, the utility company would receive the compliance value of the investment 
because it would sell less fossil-generated electricity and be able to submit fewer allowances for compliance.  

 
A distinction can be made, however, between the compliance value of such an investment, and the 

responsibility for, or additionality of, the investment. That is, if the university could demonstrate that it was 
responsible for the energy savings, and that the project was additional (it wouldn‘t have happened without the 
investment), it might be reasonable for the university to count the emissions reduction towards its voluntary 
‗climate neutrality‘ goal, a goal that is distinct from a future GHG regulatory structure. In this case, then, 
investments in energy efficiency, transportation fuels, or other emissions reductions that would fall into 
capped sectors, would be counted towards ‗climate neutrality‘ but not any compliance obligations. 
 

In the following sub-sections we review the potential supply of carbon offsets available in North 
Carolina. An investigation of North Carolina-based offsets was initiated because the Campus Sustainability 
Committee has stated that all things being equal, offsets sourced locally, with local benefits, are preferable to 
offsets purchased from outside the Triangle region or North Carolina. Choosing to evaluate offsets potential 
in North Carolina restricts our attention to activities that are feasible in North Carolina. For example, North 
Carolina imports most of its coal from out of state—with few mines, it follows that coal mine methane 
capture may not have much potential in the state.  

 
There appear to be few offset projects underway in North Carolina at present—at least we did not hear 

evidence of many. This is not a surprise given the relatively low economic incentives from the voluntary 
market for emissions reductions and sequestration projects. A list of current projects in North Carolina, 
provided by PointCarbon, is limited to methane capture from landfills and animal operations, and looks as 
follows: 
 

Table 7. Current Emissions Reduction Offsets Projects in North Carolina 

Project Name Stage Project Type 

Buncombe County Landfill Gas Project R & D Landfill Methane 

Catawba County Landfill Gas Energy Project ERs certified Landfill Methane 

Fayetteville Gas Collection System 
Developed 
(producing ERs) 

Landfill Methane 

Lenoir County Landfill project Terminated Landfill Methane 

Wake County Landfill Gas Collection System 
Developed 
(producing ERs) 

Landfill Methane 

Wayne County Landfill Methane Project 
Demonstration/ 
Commercialization 

Landfill Methane 

Wilson County Landfill Methane Gas-to-Energy 
Project 

R & D Landfill Methane 

Winston-Salem Landfill Gas Collection System 
Developed 
(producing ERs) 

Landfill Methane 

Fibrowatt Poultry Litter-Fueled Power Plant - Tetford 
Plant 

R & D Dairy and hog waste/Biogas 

Fibrowatt Poultry Litter-Fueled Power Plant 2 - North 
Carolina 

Demonstration/ 
Commercialization 

Dairy waste/Biogas 

Kingsmill Farm II Renewable Energy Project R & D Dairy and hog waste/Biogas 

North Carolina Hog Farms Lagoon Cover and 
Methane Reduction Project 

Developed 
(producing ERs) 

Hog waste/Lagoon 
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For this study we attempted to estimate the potential supply of offsets from the following project types, 

on the hypothesis that they are likely to represent significant local or in-state opportunities: 
 

 Forestry: Afforestation, Forest Management, and Avoided Deforestation. 

 Agricultural Lands: Soil Sequestration and Fertilizer / Waste Application Management. 

 Methane Capture: Hog Waste and Landfills. 

 Electricity Energy Efficiency. 
 
Renewable energy also has significant potential, but is accompanied by controversy over whether it is an 

acceptable offset. In this report we outline the reasons for controversy and recommend that renewable energy 
may have a role as a source of voluntary offsets under certain circumstances, but refer readers only briefly to 
potential sources and scale of renewable energy offsets. 

 
To conclude this section we developed an aggregate supply curve incorporating several of the North 

Carolina-sourced offsets listed above, and also briefly describe but do not focus in detail on other potential 
offset sources including end-use transportation efficiency, industrial GHGs, other small emitter reductions 
(e.g. small coal users), regulatory emissions allowances, and geo-sequestration. Some of these may be worth 
consideration by Duke. 

 
Table 8 and Figure 11, below, summarize our results. Although we estimated Duke‘s demand for carbon 

offsets from an annual and a cumulative perspective, results of our supply estimates are measured only in 
annual quantities, reflecting our data sources. Recalling that Duke emitted 0.416 million MtCO2e in 2007 and 
our straight-line projections predict it will emit close to 0.7 million MtCO2e by 2035, Figure 11 suggests that 
offsets supply in North Carolina is plentiful relative to Duke‘s potential demand. 
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Table 8. Summary of Preliminary Estimated Carbon Offset Supply in North Carolina 
(in million MtCO2e per year) 

 Cost ($/metric ton C02e) 

<$0 $5 $15 $30 $50 

Afforestation 0 0 0 2.6 9.72 

Conservation Tillage 0 0.89 1.79 1.65 1.25 

Forest Management 0 6.05 14.53 19.72 22.01 

Agriculture Methane and 
Fertilizer Management 

0 0.59 1.11 2.17 2.90 

Hog Waste Methane 0 N/A 5.59* N/A N/A 

Landfill Methane 0 1.87 N/A N/A N/A 

Residential Energy Efficiency30 6.45** 0 0.01 0.01 N/A 

Non-residential Energy 
Efficiency31 

3.45** 0 0.19 0.20 0 

Total*** 9.90 9.40 23.72 26.34 35.87 
*Of this, 5.2 million tons of reductions would come from methane capture, and the remainder from the production of 
renewable electricity that could displace fossil-fuel generated electricity. 
**These figures reflect net costs that include energy cost savings to end-users or property owners from efficiency 
investments. The actual cost to Duke depends on the extent to which energy efficiency financing can be structured to 
allow Duke to share in the energy cost savings. 
 ***We did not include renewable energy in this table though it may be an option for avoided emissions projects that 
Duke could choose to count as a voluntary offset, and renewable energy is clearly an option on campus. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
30 This number is drawn from the statewide energy efficiency study conducted by GDS, discussed further in the section 

on energy efficiency. These are the emissions reductions achievable with efficiency investments that cost $0.085 / 
kWh saved, or less. Because retail electricity rates for most Duke Energy customers in North Carolina are about 
$0.085 /kWh, this represents the emissions reductions that could be achieved at little to no net cost.  

31 This figure for non-residential energy efficiency emissions reductions is drawn from the Forefront Economics 
estimate for the Duke NC service territory, so it is not scaled up to the state level or included in Figure 4. It also 
represents the emissions reductions achievable with efficiency investments that cost $0.085 / kWh saved, or less. 
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Figure 11. Comparison of North Carolina Offset Supply 
At 0.416 million MtCO2e per year (blue dashed line), Duke‘s GHG emissions are a fraction of the potential 
supply in the region. 
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6.1 Land Use and Land Management Offsets in Forestry and Agriculture 

 
By increasing the size of terrestrial carbon sinks, changes in agriculture and forestry activities can 

significantly reduce atmospheric greenhouse gases. Trees and forest soils store carbon from the atmosphere 
as they age, agriculture soil takes up carbon with practices such as less disruptive tillage, and fertilization and 
waste management in agriculture can also be altered to reduce emissions. These two sectors are likely to be 
outside a federal cap-and-trade program because their emissions sources are diffuse. They are a proposed 
source of carbon offsets outside of caps in most regulatory programs. Options for creating offsets include: 

 

 Establishing trees on cropland or pasture (referred to as afforestation); 

 Allowing trees to grow larger and longer, or otherwise increasing biomass in forests that are currently 
harvested on some basis (forest management when altering harvesting practices and timber products, or 
reforestation when land has been cut but will subsequently be taken out of timber production);  

 Protecting existing, forests from being cleared and converted to another land use with less carbon 
storage (avoided deforestation); 

 Storing more carbon in agricultural soil (several techniques include conservation tillage, crop 
switching, or bio-char); and 

 Reducing the use of nitrogen fertilizer. 
 

In 2005 a report prepared for the EPA by a team including the Nicholas Institute‘s Director for 
Economic Analysis, Brian Murray, estimated potential supply of carbon offsets from forests and agricultural 
land at a range of carbon prices.32 The report concludes, based on economic modeling, that at prices from $5 
to $50 per metric ton CO2e, U.S. agriculture and forestry sectors could sequester or avoid GHGs at an 
amount equivalent to between 2 and 21 percent of US 2003 GHG emissions, respectively. Scaling down the 
report‘s results with respect to North Carolina agriculture and forestry area produces a very preliminary state-
level estimate that the state‘s agriculture and forestry offsets could supply, at only $5 per ton CO2e, at least 18 
times Duke‘s 2007 total demand for greenhouse gas emission mitigation. 
 

In this section we draw upon the EPA report‘s findings for forestry and agriculture in the Southeast U.S., 
and scale down the EPA report‘s findings to estimate forestry and agriculture-based offset supplies in North 
Carolina. County-level land use and land value data provide an illustrative comparison for afforestation 
potential in the state. We include Duke Forest expansion possibilities to illustrate forestry offset potential at a 
small scale. We also describe other potential opportunities: forest management and avoided deforestation; soil 
sequestration practices including conservation tillage, bio-char, and crop switching; and fertilizer 
management. Appendix G contains background and calculation details for this section. 

 

6.1.1 Afforestation 

 
Summary: North Carolina-based afforestation projects have large technical potential, but are also 

projected to be significantly more expensive than forest management (Figure 11). The opportunity costs to 
land owners for conversion of farmland to forest depend on farmland quality and other land use 
opportunities including development, but are consistently higher than the opportunity cost of shifting 
management practices. Eastern North Carolina offers the most potential for afforestation offsets. There may 
be near-term opportunities to expand Duke Forest and increase its carbon sequestration. Expansion solely 
for carbon offsets is not recommended given the high land prices adjacent to the forest. Other benefits of 

                                                      
32 Murray, B. et al. November 2005. Greenhouse Gas Mitigation Potential in U.S. Forestry and Agriculture. EPA Report 

430-R-05-006. 
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expansion include increased timber revenue; new offsets research opportunities, recreation, and local 
environmental quality. 

 
 
 
In an afforestation offset project, a landowner would verify and sell as an offset the carbon sequestered in 

the conversion of pasture or cropland to forest. A forest management offset project would generate offsets 
through shifts in management practices (e.g. harvest intervals or thinning practices) that store more carbon. 
The 2005 EPA-commissioned study estimated the potential supply of carbon offsets from Southeast United 
States forestry at several carbon prices (Table 9). The study indicates that there are no carbon offsets available 
from afforestation in the Southeastern states at low prices. At all carbon prices, forest management offsets are 
the most available type of offset from any forestry or agricultural emissions reduction activity in the 
Southeast. Afforestation projects are likely to be eligible to generate compliance offsets under a federal GHG 
policy. 

 

Table 9. Southeast U.S. Forestry Carbon Offset Supply Potential by Carbon Price 
Estimates are annual averages achieved over 2010 to 2110, in million MtCO2e per year.  

 
Carbon Prices ($/metric ton CO2e) 

$5 $15 $30 $50 

Afforestation 0 0 12.4 46.3 

Forest Management 28.8 69.2 93.9 104.8 

Total 28.8 69.2 106.3 151.5 

Adapted from Murray et al. 2005. 
 
North Carolina has a large amount of forest, management of which could be optimized for carbon 

sequestration through extending rotations and other management practices to store carbon at relatively low 
costs. It also has significant farmland and pastureland that could be afforested. To crudely approximate the 
potential for forest management and afforestation offsets in North Carolina based on the regional data from 
the EPA study, we scaled down the Southeast region numbers to the state level (method used scale down 
carbon offset supply numbers is described below). Forestry carbon offset supply potential in North Carolina 
is similar to that of the whole Southeast Region, where at all carbon prices, forest management offsets are the 
most available type of offset from any forestry or agricultural emissions reduction activity (Table 10). 

 

Table 10. North Carolina Forestry Carbon Offset Potential by Carbon Price 
Estimates are annual averages achieved over 2010 to 2110, in million MtCO2e per 
year. 

 Carbon Prices ($/metric ton C02e) 

$5 $15 $30 $50 

Afforestation 0 0 2.6 9.72 

Forest Management 6.05 14.53 19.72 22.01 

Total 6.05 14.53 22.32 35.87 

Adapted from Murray et al. 2005. 
 

The EPA Southeast region is made up of Virginia, North Carolina, South Carolina, Georgia and Florida. 
North Carolina contains 21 percent of the total forest33 and 23.5 percent of the total farmland34 in these 
states. To estimate the supply of forest management offsets in North Carolina we scaled the forest 
management findings down to 21 percent, and to estimate afforestation supply in North Carolina we scaled 

                                                      
33 Forest Inventory and Analysis National Program, 2007 Resource Planning Act Tables. 
34 Data scaled down using 2002 harvested cropland and pasture acreage from USDA ERS, State Fact Sheets. 

http://www.ers.usda.gov/StateFacts/US.htm 
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the regional finding down to 23.5 percent. It is important to note that scaling down regional data for state-
based estimates does not capture all of the model‘s complexity, and the assumption that forestry and 
agriculture offset potential is proportionate to the share of southeast forests and farmland in North Carolina 
could be improved upon. 
 

To place these modeled afforestation estimates in the context of North Carolina land use, we estimated 
the maximum theoretical potential for afforestation from farmland in North Carolina, by county. For each 
county, we estimated the maximum theoretical carbon sequestration potential from converting either all 
farmland acreage (high end) to all harvested crop land (low end), with acreage based on North Carolina‘s 
2002 Agricultural Census. Farmland includes land devoted to animal agriculture and crops. In each county we 
assumed that the forest types in afforestation had the same makeup as the forest types currently in the 
county. If all available farmland in each county were converted to forest, then over a 50-year period the 
annual afforestation offsets supply in North Carolina would be 15.2 million MtCO2e/year. At the county 
level (see Figure 12) sequestration would range from 4000 MtCO2e/year (New Hanover County, at 1 percent 
of Duke‘s 2007 GHG emissions), to 500,000 MtCO2e/year (Sampson County, at 120 percent of Duke‘s 2007 
GHG emissions). If instead all harvested cropland is converted, afforestation would generate 9.1 million 
MtCO2e/year when averaged over 50 years. The EPA study‘s estimate of afforestation potential, scaled to 
North Carolina agricultural land with a $50/ton CO2 price, is of similar magnitude (9.72 million 
MtCO2e/year at $50/ton). These supply estimates could potentially be improved by limiting the calculations 
to non-prime farmland or farmland of lower productivity. 
 

Figure 12. Annualized Potential Emissions Sequestration from Afforestation of all Farmland by 
County 

 
 
The maximum potential cost of afforestation offsets in North Carolina is very high. To illustrate, we used 

agricultural land values to estimate outright land acquisition costs by county, interpreting the acquisition costs 
as the cost of carbon sequestration.35 Over 50 years, the cost of afforestation offsets based on land acquisition 
ranges from $40 per metric ton of carbon offset in Dare County to $331 per metric ton in New Hanover 
County (Figure 13). Because land-use values are lowest in Eastern counties, afforestation-based offsets 
generated by land acquisition are likely to be the most affordable in this region. Compared with offsets 
purchased over the counter, these estimates are very expensive—but they place all the costs of land 
acquisition on the carbon offsets. 

 

                                                      
35 From our calculations, we excluded transaction costs, monitoring and maintenance costs, planting costs and, more 

importantly, potential timber revenues. EPA cost modeling results are lower because they include timber revenue 
generated by managing forests for carbon and timber. This omission makes our results conservatively high. 
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Figure 13. Levelized Cost per ton CO2 of Afforestation based on Land Acquisition Costs 

 
 
A more realistic approach to afforestation carbon offsets may be for land trusts and others interested in 

conservation to purchase easements or title to land for multiple purposes (recreation, open space, water 
quality, etc.). One of these purposes could be carbon offsets, and a land trust working in partnership with 
offset aggregators or buyers could generate afforestation offsets for a reasonable price, using the carbon 
payments to lower their costs. Because this approach would blend carbon financing with other conservation 
financing, and because some conservation real estate entities already accomplish conservation on a for-profit 
basis, a rigorous and transparent demonstration of additionality may be more complicated. 

 
In the course of our research we spoke with a Durham-based conservation real estate firm who is 

interested in exploring this model and partnering with investors such as Duke in local conservation projects 
that have a carbon offset component. More about this conversation is detailed below. 

 

Table 11. Sample of Maximum Offset Supply and Costs of Afforestation from Land Acquisition, by 
NC County 

County 
Average Per 
Farmland 
Acre Price 

Estimated 
Levelized Cost 
per metric ton 

CO2e 

Total 
Farmland 

(Acres) 

Annualized 
Carbon Offset 

Supply (MtCO2e 
per year) 

Percentage of 
Duke 2007 

GHG 
Emissions 

Hyde $1,268 $57.52 103,089 0.18 43 

Scotland $2,219 $72.45 58,313 0.90 216 

Lee $3,217 $107.23 46,084 0.075 18 

Iredell $4,566 $154.76 146,556 0.24 58 

Mecklenburg $9,616 $316.57 25,442 0.04 10 

 
Another way to accomplish afforestation in North Carolina, distinct from easement and conservation 

purchases, is through payments to farmers for afforestation practices. Data on the opportunity cost of 
farming on high, medium and low productivity land provides some perspective on the potential cost of these 
afforestation offsets. Though the NC Department of Agriculture does not appear to share data on the 
acreage in different productivity classes, a 2006 survey of NC farmers identified cash rents on agriculture 
lands in counties and the state‘s agricultural districts.36 Cash rents can be understood as per-acre profits. 

                                                      
36 NC Department of Agriculture and Consumer Services. 2007. Statistics—Cash Rents Table. See 

http://www.ncagr.gov/stats/economic/cashrents_table.htm 
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Table 12. Average Agricultural Cash Rents per Acre in Coastal and Piedmont North Carolina, 2006 

  Annual cash rent per acre  
Annual break even cost per ton for offsets 
(Rent per acre/afforestation carbon per 

acre) 

Region 
Ag. 

District 
High 

Productivity 
Med 

Productivity 
Low 

Productivity 
High 

Productivity 
Med 

Productivity 
Low 

Productivity 

Coastal District 70  $     76.60   $     56.60   $     40.70   $      43.53   $     32.16   $     23.13  

 District 80  $     70.60   $     51.90   $     38.10   $      40.12   $     29.49   $     21.65  

 District 90  $     60.10   $     42.80   $     31.70   $      34.15   $     24.32   $     18.01  

 

Pasquotank 
(High Value 
County) 

 $    102.50   $     75.00   $     53.80   $      59.77   $     43.73   $     31.37  

Piedmont District 40  $     47.70   $     29.20   $     19.80   $      28.06   $     17.18   $     11.65  

 District 50  $     43.80   $     29.30   $     21.80   $      25.76   $     17.24   $     12.82  

 District 60  $     45.10   $     30.10   $     22.90   $      26.53   $     17.71   $     13.47  

        

State Average $      60.30  $     41.50   $     29.90   $     35.47  $      24.41  $     17.59 

 
For Coastal and Piedmont agricultural districts, Table 12 shows the average cash rent value for high, 

medium, and low productivity farmland, illustrating that agricultural cash rents are higher in Eastern North 
Carolina than the Piedmont. We also calculated a corresponding break-even carbon price that would yield the 
same value per acre for the farmer on an annual basis, if the acre was afforested for carbon sequestration.37 In 
the Coastal Plain, where farming cash rents are higher and development is occurring relatively less rapidly, 
farming rents may be a realistic approximation of the opportunity cost a farmer would weigh in deciding to 
initiate an afforestation-based offset project.38 In contrast, the Piedmont region‘s relatively low agricultural 
cash rents and relatively high development rates suggest that in, the opportunity cost of afforestation may be 
linked to development profit opportunities with greater frequency than for Coastal Plain farms. 

Co-benefits of Forest Carbon Offsets 

The establishment of forest stands, via afforestation or reforestation, furnishes many ancillary benefits, 
such as water quality, groundwater recharge, habitat for wildlife and rare species, and recreation.  Substantial 
amounts of sediment and excess nutrients that enter waterways and decrease water quality under crop 
production are avoided when an area becomes forested. Less sediment means reduced turbidity in raw water 
used for drinking water production and that, in turn, implies lower costs of water treatment for society.  For 
example, over a 30-year period, a 30% reduction in turbidity in the Neuse River Basin is estimated to save 
between $2.7 and $16.6 million in water treatment costs.39 Regarding nutrients, Phaneuf estimated that state-
wide reductions in ammonia and phosphorous concentrations so that only 10% of water gauge readings are 
out of EPA criteria would result in benefits to water recreation of $101 and $343 million annually.40 

 
Increased acreage in forest provides additional area for outdoor recreation and may increase habitat for 

some wildlife.  Forests offer recreational opportunities for hiking, mountain biking, picnicking or camping; 
those activities are valued at approximately $25 per day for the southeastern U.S.41 Gains in wildlife habitat 

                                                      
37 We calculate carbon sequestration using EPA RAPCOE. This per acre rate accounts for leakage and baseline carbon 

rates. 
38 Cost estimates are conservatively high estimates. Our calculations do not include potential timber revenue from 

potential harvesting from afforestation.  
39 Krause Elsin, Y. et al.  ―Valuing drinking water as an ecosystem service in the Neuse River Basin‖, in review. 
40 Phaneuf, Daniel J. ―A random utility model for total maximum daily loads: Estimating the benefits of watershed-based 

ambient water quality improvement‖ (2002) Water Resources Research 38(11): 1-11. 
41 Rosenberger, Randall S. and John B. Loomis ―Benefit transfer of outdoor recreation use 
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can mean additional hunting opportunities and thus social values; for example, values of an additional day of 
big game hunting are estimated at about $40 for the southeast.42 Private landowners may also benefit by 
selling hunting leases, which can average $6.50 to $8.73 per acre.43   

 
Recognizing these environmental benefits, the federal government and several states have programs that 

pay farmers to return marginal farmland and buffer areas to forest or grassland, such as the Conservation 
Reserve Program. The existence of these payment programs complicates the interpretation of additionality—
if these practices are already occurring, should farmers who have already afforested their land in response to 
current payment programs be eligible for offsets once they become available? It might be argued that farmers 
who have already adopted these practices already should not be eligible, but that carbon revenue might elicit a 
measurable additional adoption of these practices that could be credited. 

Near-Term Afforestation Opportunity: Expanding Duke Forest 

Duke Forest serves as a ‗carbon sink‘ that reduces or offsets Duke University‘s emissions footprint. 
According to the College and University Presidents‘ Climate Commitment, ―institutions that own large tracts 
of forestland may include carbon sequestered by the forested area in their GHG inventory.‖ Institutions 
interested in doing so should follow the GHG Protocol's Land Use, Land-Use Change, and Forestry 
Guidance for GHG Project Accounting, which provides guidance to ensure that reductions from forest lands 
are real, lasting, and "additional."44 
 

For the 2005 emission inventory, Duke Forest was estimated to be absorbing 8,000 metric tons of CO2 
annually, which counterbalanced fewer than 2 percent of Duke‘s gross emissions. Expanding Duke Forest 
could increase this sink. This near-term option for mitigating Duke‘s greenhouse gas emissions also has co-
benefits in research, recreation and local environmental benefits that we have not attempted to value here. 

 
In conversations with Duke Forest Manager Judd Edeburn and his staff, we identified that 3,230 acres in 

Alamance County (the Dailey Tract) are of interest for expansion. We estimated land prices and management 
costs for the expansion of Duke Forest on this tract. Of this total, 371.2 acres in 7 plots are of primary 
interest and 2,861.1 acres in 30 plots are of secondary interest to Duke Forest.45 Of importance for estimating 
carbon sequestration potential, 1,200 acres are not forested. We used the EPA RAPCOE tool developed by 
Brian Murray (Nicholas Institute) and John Fay (Nicholas School) to model potential offset supply and costs 
on these 1,200 acres. The tool includes estimated leakage rates (when carbon sequestration at one site causes 
some emissions at another site due to market demand for timber or conversion of forest land to other uses). 

 
Based on the RAPCOE tool, afforestation of the Daily Tract forest expansion would store approximately 

2,800 metric tons of CO2 (annualized average), offsetting approximately 0.7 percent of Duke‘s 2007 annual 
GHG emissions. These offsets are estimated over 20 years. Compared to average county farmland prices 
($3,800 per acre) prices for the Duke Forest expansion area are high ($11,000 per acre). If the entire cost of 
acquisition is attributed to carbon offsets and revenues from timber and other sources are ignored, then these 
offsets are very expensive, in the range of $170 - $430 per ton. In assessing whether to expand Duke Forest, 
Duke should consider the additional motivations in areas of research, recreation, open space protection, and 
local environmental benefits, and interpret the additional carbon sequestration as one of several benefits and 
should also factor in whether timber harvesting will be allowed to offset some of the costs of the acquisition.  
Of course, harvesting complicates the carbon story significantly as some of the stored carbon will be lost and 

                                                                                                                                                                           
values: A technical document supporting the Forest Service Strategic Plan (2000 revision)‖ (2001) Gen. Tech. 

Rep. RMRS-GTR-72. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Research Station. 59 p. 
42 Ibid. 
43 Brasher, Karen ―Hunting leases help fund K-12 education‖ (2008) Mississippi State University Extension Service 

News, accessed at http://msucares.com/news/print/fwnews/fw08/080605.html 
44 See http://www.presidentsclimatecommitment.org/pdf/ACUPCC_IG_Final.pdf Implementation Guide, page 12. 
45 Interest level assigned by Duke Forest staff.  We communicated with Marissa Hartzler, Program Coordinator. 
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some will be stored in the harvested wood products for a long time. If this approach is taken, a more detailed 
analysis of the carbon consequences will be necessary.  

 
More detailed data are recommended if Duke is to seriously pursue the Daily Tract expansion. For 

example, additional data would allow Duke Forest to optimize its purchases for the plots with the least cost 
per ton in carbon and the greatest potential supply of offsets. 

 

6.1.2 Forest Management 

 
Summary: Forest management-based offsets are projected to offer greater potential at a lower cost than 

afforestation projects in North Carolina and the Southeast, as illustrated in Tables 9 and 10 above. They are 
likely candidates for emissions compliance offsets or voluntary commitments. 

 
 

 
Forest management activities that could increase carbon stocks include: 

 

 Increasing rotation lengths (time between harvests). 

 Intensifying silvicultural treatments (e.g. fertilization and thinning) 

 Improving stocking of understocked stands 

 Protection from logging activity (e.g. wider buffer strips along streams) 

 Improving felling practices 

 Treating hazardous fuels to reduce forest wildfire severity. 
 

Generally, actively managed softwood or mixed softwood-hardwood forest stands in the Southeastern 
United States are cut every 25-35 years—extending the harvest interval for such a stand to 50 years or more 
would result in significant measurable carbon sequestration. Taking a forest out of timber production 
altogether may also generate reductions that could be credited as offsets.  

 
Total forest carbon harvested on private lands in North Carolina in 2006 was 13.08 million MtCO2e. We 

estimate this annual sequestration using USDA private forest harvest data and EIA 1605(b) sequestration 
rates for timber products.46 Reducing harvest rates or extending harvest times on these lands would sequester 
somewhere under this amount (assuming that not all of the harvest counts as an emission of GHGs, and that 
subsequent years would sequester less as stands mature). 
 

Estimating forest management-based offsets at a finer scale in North Carolina requires knowledge of 
existing management regimes to establish a baseline from which to estimate the additional sequestration from 
altered management. Management regimes vary among landowners. This report does not describe baseline 
practices in North Carolina forests, but further investigation of forest practices by timber companies, timber 
investment management companies, and other private landowners may allow a preliminary estimate of forest 
management offsets potential. Given the large potential offset supply in the Southeast from forest 
management, and the fact that forest management activities could provide offsets for both compliance and 
voluntary purposes, we recommend that Duke continue investigating this option. 
 

                                                      
46 USDA Forest Service, Inventory – North Carolina: 2006 GRM, accessed from USDA Forest Inventory Data Online 



 

43 
 

Near-Term Forest Management Opportunity: Duke Forest 

The 2007 Duke Greenhouse Gas inventory estimated that Duke Forest sequesters 8,000 metric tons of 
CO2e per year, canceling out 1.9 percent of Duke‘s greenhouse gas emissions. The forest consists of 7,050 
acres, of which 4,160 acres (59 percent) are managed for timber. Duke Forest harvests approximately 50 acres 
per year with yields of roughly 1,000 thousand board feet of pine, 240 thousand board feet of mixed 
hardwood timber and a variable amount of both pulp for paper and ―chip‘n saw‖ (small trees with parts used 
for chips and the rest for timber). 

 
Duke Forest harvest rotations are 50 years, so tree annual growth rates are small at harvest. Extending 

the time between harvests would not generate a significant number of carbon offsets. Consequently, the 
largest source of new GHG sequestration would likely be a reduction in harvesting. Hardwood and softwood 
harvests take out the equivalent of 2,300 metric tons of CO2e per year from Duke Forest.47 The forest would 
sequester this carbon if timber harvesting were completely discontinued. Accounting for leakage, this amount 
of wood product equals less than one percent of Duke 2007 GHG emissions.48 Without including avoided 
fossil fuel emissions from reduced harvesting activity or other management practices that could sequester 
carbon, this amount represents an upper-end estimate for the potential supply of carbon offsets available 
from altering Duke Forest management practices. 

 
Because Duke Forest uses revenue from timber sales to support its ongoing operations, including 

important research, stopping all timber harvests to produce carbon offsets is not a realistic scenario unless the 
university prefers to fund Duke Forest research in other ways. Eliminating harvests would only slightly reduce 
Duke‘s footprint. A potential next step would be to estimate whether the optimal harvest, including the value 
of carbon offsets from not harvesting, would be any lower than current levels. 

 

6.1.3 Avoided Deforestation 

 
Summary: Internationally-sourced avoided deforestation may be an option for compliance offsets in a 

U.S. mandatory GHG cap-and-trade system. For either international or domestically-sourced avoided 
deforestation to be viable as voluntary offsets, reliable baseline rates of change and boundaries for accounting 
are needed. The existing data on deforestation rates for North Carolina suggest there is net forest loss 
statewide, but land use data specific to the Triangle indicate the last twenty years may not have seen a net 
change in forest cover. 

 
 
 
Deforestation and forest degradation release stored carbon dioxide into the atmosphere. The amount of 

emissions depends in part on the fate of the harvested trees. Trees used for furniture or framing timber 
would account for a smaller amount of emissions than trees that are burned or left to decompose. Globally, 
deforestation is a source of an estimated one-fifth to one-quarter of greenhouse gas emissions. The bulk of 
these emissions are occurring in developing countries with extensive tropical forests such as Brazil and 
Indonesia. The fact that deforestation and forest degradation are such a major source of emissions, along 
with their value as habitat for vast number of species, is a primary motivation in the search for international 
policy mechanisms that can encourage developing countries to reduce or avoid deforestation (known as 
REDD—Reducing Emissions from Deforestation and Degradation). Avoided deforestation could be 

                                                      
47 Based on Duke Forest estimates and conversion tables in EIA 1605(b), Technical Guidelines for Voluntary Reporting 

of Greenhouse Gas Program, March 2006. 1605(b) methodology accounts for long-term storage of carbon in wood 
products and landfills. 

48 EPA RAPCOE uses a 40.6% leakage rate for the North Carolina piedmont. This reduction in GHG sequestration is a 
result of the local timber market increasing supply to compensate for the exit of one producer. 
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credited as an offset for either voluntary or compliance purposes by U.S. emitters to the extent that the 
carbon payments cause deforestation rates to drop below the status quo, or baseline rates. 

 
REDD activities are not currently allowed in the Kyoto Protocol‘s Clean Development Mechanism, so 

offset projects in developing countries for compliance have not included avoided deforestation. Outside of 
Australia, where REDD activities are allowed as creditable emissions reductions or offsets, the voluntary 
market remains the primary driver for avoided deforestation. Looking forward, it remains to be determined 
whether REDD activities will be included as legitimate tradable emissions reductions under the successor to 
the Kyoto Protocol, which expires in 2012. The U.S. has supported the inclusion of emissions reduction 
credits from avoided deforestation in international negotiations. The U.S. also has the option to unilaterally 
support avoided deforestation through federal climate policy. The Lieberman-Warner Climate Security Act of 
2008 would have allowed emitters to purchase offsets from international avoided deforestation activities—an 
opportunity that could direct billions to developing countries. 

 
Less clear is whether domestic, U.S.-based avoided deforestation projects could be used to generate 

offsets for compliance with a federally-mandated policy. If feasible and credible, this type of carbon offset 
may act as a supplement to traditional land conservation strategies like conservation easements, in which land 
trusts or conservation real estate firms working in areas with known baseline rates of deforestation and 
degradation could add carbon offsets financing to their funding stream.49 

 
Could such an avoided deforestation project work in North Carolina? We looked for data on 

deforestation rates in North Carolina as the starting point in estimating what kind of credit a forest 
conservation project could yield. The questions of whether domestic REDD activities will be eligible for 
compliance-based offsets, or whether avoided deforestation projects sourced in North Carolina can be 
credible voluntary offsets, remain to be answered. A major questions for voluntary offsets from avoided 
deforestation is the appropriate area for calculating the baseline deforestation rate from which to determine a 
project‘s ‗additional‘ impact on emissions and for calculating leakage. Here, we review data on land use 
change in North Carolina and Durham-Orange County area. 

 
General land use trends in North Carolina suggest there may be some potential for conservation projects 

to claim an impact on GHG emissions. The state‘s population is growing rapidly. The Land for Tomorrow 
coalition estimated in 2007 that natural and rural lands are shrinking at 100,000 acres per year. The growth is 
also less dense—the number of developed acres per 1000 people in the Triangle region has grown from 125 
acres in 1950 to 350 acres in 1990. Using the Natural Resource Conservations Service‘s (NRCS) Natural 
Resource Inventory (NRI), the non-profit group Environment North Carolina estimated that the extent of 
forest cover declined between 1987 and 2007 by 638,000 acres in the Piedmont (an 8 percent decline), by 
262,000 acres in Coastal North Carolina, and by 212,000 acres in the Mountains (a 6 percent decline). Most of 
the forest conversion was for development, though some was for other uses (e.g. agriculture). Projecting 
forward based on current land use densities and population growth projections, the study estimated that 
another 624,000 acres of forest land would be converted by 2027 in the Piedmont, along with 131,500 acres 
in the Coastal region, and 148,700 in the Mountains.50 At some future point, growth could reach limitations 
imposed by zoning regulations or land conservation—the Environment North Carolina study did not assess 
whether these projected forest loss trends are realistic in the context of land use planning, but assumed that 
recent trends serve as a reasonable basis for future projections. 

 
                                                      

49 For example, in researching area opportunities we spoke with Jeff Fisher, director of Unique Places LLC, a Durham-
based conservation real estate firm that has several North Carolina-based conservation projects. He expressed interest 
in partnering with Duke University to develop carbon offsets. 

50 Environment North Carolina. April 2007. Losing our Natural Heritage: Development and Open Space Loss in North 
Carolina. Available at 
http://www.environmentnorthcarolina.org/uploads/r4/nc/r4nciI0ZGc4rXhq_XM9_TQ/Losing_Our_Natural_Heri
tage.pdf. NRI data are based on land cover sampling and thus are statistically reliable only at the multi-county level. 

http://www.environmentnorthcarolina.org/uploads/r4/nc/r4nciI0ZGc4rXhq_XM9_TQ/Losing_Our_Natural_Heritage.pdf
http://www.environmentnorthcarolina.org/uploads/r4/nc/r4nciI0ZGc4rXhq_XM9_TQ/Losing_Our_Natural_Heritage.pdf
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Land use change is difficult to measure more accurately than the sampling-level land use cover data 
provided by the NRI. Federal land use cover datasets are produced only sporadically and their land use types 
have been classified in different ways in recent datasets, making it difficult to compare changes. We identified 
two research efforts, however, covering the Triangle region and the Charlotte region that could yield 
preliminary baseline deforestation rates based on satellite imagery—which is also a commonly proposed 
method of measurement and monitoring for REDD activities in developing countries. If these methods 
could be scaled up to cover a reasonable area for baseline deforestation rates, they may open the door to 
credibly assessing the GHG benefits of conservation projects through avoided deforestation. 

 
Recent and ongoing dissertation research by Joe Sexton at the Nicholas School has included land use 

change estimates in the Triangle region, illustrated in Table 13 and Figure 14 below. His findings indicate that 
in the study area shown in Figure 13 (which would not be a recommended boundary area for determining baseline 
land use change rates), the net amount of forest changed very little from 1985 to 2005. Cultivated croplands 
were almost completely abandoned, however, and replaced with forest, urban lands, or pasture. Though 
forested lands did not change much in the net, some forested acres were lost to development or back to 
agricultural land. The growth in urban lands, about 46,000 acres, represents a more or less permanent decline 
in rural or natural space. 

 

Table 13. Land Use Change in Durham and Orange Counties, and Surronding Lands 

Land Cover Category 
1985 Land Cover 

(acres) 
2005 Land Cover 

(acres) 
Net Change 

Percentage 
Change 

Water 21,139  31,896  10,757  0.51  

Low Density Urban 141,103  177,107  36,004  0.26  

Medium Density Urban 11,822  19,661  7,839  0.66  

High Density Urban 3,820  6,550  2,730  0.71  
Deciduous Forest and 

Woody Wetland 
547,423 578,168 30,745 0.06 

Evergreen Forest 144,735  113,428  (31,307) (0.22) 

Mixed Forest 70,984  75,207  4,222  0.06  

Hay/Pasture 121,786  154,822  33,037  0.27  

Cultivated Crops 100,268  6,239  (94,030) (0.94) 
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Figure 14. 1985-2005 Land Use Cover Change in Durham, Orange, & Portions of Surrounding 
Counties 

 

1985                                   2005 

 

 
In the Charlotte region, the Center for Applied GIS at UNC Charlotte has developed a land use change 

model that predicts land cover changes at a small scale based on historic satellite imagery. At present this 
research group, led by Ross Meentemeyer, is revising their model to separate non-developed land into forests 
and open land, which could enable estimations and projections of net deforestation rates in their 20+ county 
areas around Charlotte. 

 
For Duke University to use carbon offsets for compliance from reduced deforestation depends on the 

nature of offsets provisions in potential carbon regulation. Carbon offsets from reduced deforestation in 
North Carolina are still at an early stage in development. They represent a significant opportunity for Duke 
University to lead in research and implementation, but they are not yet viable as an offset for compliance. 
Duke can take advantage of its role and its partnerships in the in the international research community to 
develop and purchase internationally-source reduced deforestation offsets.  

 

6.1.4 Agricultural Soil Sequestration 

 
Summary: Preliminary investigation suggests agricultural soil sequestration also appears to offer an 

opportunity for offsets in North Carolina, though comparatively less than forest management as estimated by 
the 2005 EPA report. Conservation tillage data for North Carolina suggest that there is additional room for 
uptake of soil sequestration activities. The determination of what soil sequestration is additional is 
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complicated somewhat by the existence of payment programs for practices like conservation tillage that are 
motivated by other environmental benefits. 

 
 

 

Table 14. Agricultural Soil Sequestration Potential in the Southeast & North 
Carolina by Carbon Price 
Estimates are annualized from 2010 to 2110, in million MtCO2e per year  

 
Carbon Prices ($/metric ton CO2e) 

$5 $15 $30 $50 

Southeast Region 3.8 7.6 7.0 5.3 

North Carolina (scaled by 
proportion of farmland) 

0.89 1.79 1.65 1.25 

Adapted from Murray et al. 2005. 
 

Agricultural soils can sequester additional carbon under a variety of management practices. For example, 
reduced tillage on croplands leads to reduced soil disturbance, and in turn reduced release of CO2 to the 
atmosphere via decomposition of organic carbon in the soil. Converting cropland to grassland accomplishes a 
similar result with typically greater efficacy but entails the opportunity cost of taking land out of crop 
production. Installing non-forest riparian buffers is another option. The 2005 EPA study of GHG reduction 
potential in agriculture and forestry concluded that in the Southeast region, soils could sequester up to 7.6 
million MtCO2e annually, reaching maximum potential at a carbon price of $15/ton CO2e (Table 14). Above 
this price in a carbon market, other emissions reduction options would become more attractive (e.g. 
afforestation) and soil sequestration practices decline. 
 

Conservation Tillage 
 
We attempted to characterize the rough potential for expansion in conservation tillage practices in North 

Carolina by summarizing data on current tillage practices. One source, the Conservation Technology 
Information Center, indicated that among 21 different crop types planted on 4.23 million acres in North 
Carolina, 1.9 million acres were in conventional tillage, 1.84 million acres were in some form of conservation 
tillage and 0.45 million acres were in reduced tillage. On farms where conservation tillage is practiced, farmers 
may use conventional tillage intermittently, for example as a pest management strategy.  

 
Table 15, below, summarizes the CTIC‘s data on tillage practices for crops exceeding 100,000 acres. In 

some cases these data imply that there are opportunities to promote conservation tillage for common crops in 
North Carolina. Some of these however, such as peanuts, may not be amenable to conservation tillage. 

 

Table 15. Estimated Conservation Tillage Rates for Major Crops in North Carolina, 2004 

Crop 
Total Planted 

Acres in North 
Carolina 

Conservation Tillage 

Conservation 
Tillage Total 

Other Tillage Practices 

No-Till 
Ridge-

Till 
Mulch-

Till 

Reduced-Till 
(15-30% 
Residue) 

Conventional-
Till 

(0-15% 
Residue) 

Corn 837,348 43.0% 0.4% 0.9% 44.3% 11.5% 44.2% 

Soybeans 
(FS) 

954,349 43.6% 0.2% 0.2% 44.1% 11.2% 44.7% 

Soybeans 
(DC)) 

578,953 76.2% 0.0% 0.1% 76.2% 7.4% 16.4% 

Cotton 729,079 41.4% 1.8% 0.0% 43.2% 17.0% 39.7% 
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Winter 
Wheat 

518,455 36.1% 0.0% 1.3% 37.4% 11.9% 50.6% 

Peanuts 108,188 13.7% 0.6% 0.0% 14.4% 6.1% 79.5% 

Tobacco 136,799 0.1% 0.0% 0.0% 0.1% 0.7% 99.2% 

Vegetables 174,090 4.8% 0.3% 0.6% 5.7% 1.4% 92.9% 

 
 
Tillage practices in the Neuse River Basin and Tar-Pamlico River Basin are also reported to the NC 

Department of Environment and Natural Resources (DENR), pursuant to the nutrient pollution rules in 
effect in those basins. These programs are effectively watershed management plans that incorporate subsidies 
or cost-share programs for farmers to implement 1-, 3-, or 5-year conservation tillage plans. Funding comes 
from developers who can choose to pay a nutrient pollution fee rather than mitigate on-site. From historic 
participation data, we make rough estimates of remaining conservation tillage opportunities in these basins.51 
Not all farmers using conservation tillage in these river basins are participating in or reporting to the DENR 
program, so the actual rate of use in these river basins is likely to be higher. 
 

Table 16. Conservation Tillage Practices Reported to the NC Agricultural Cost Share Program 

 

1-Year 
Conservation 

Tillage 
(acres) 

3-Year 
Conservation 

Tillage 
(acres) 

5-Year 
No-Till 
(acres) 

Percentage 
under 

conservation 
tillage 

Maximum 
Additional 
Potential 
Carbon 
Offsets 

(MtCO2e per 
year)52 

Percentage 
Duke 2007 

GHG 
Emissions 

Tar-
Pamlico 

24,120 18,391 23,568 0.2653 0.11-0.20 28-51 

Neuse N/A 3,993 280 0.3454 0.75-1.38 184-337 

 
The Ag Cost share program currently pays farmers approximately $20 per acre for one-year conservation 

tillage, $60 per acre for 3-year conservation tillage and $125 per acre for 5-year no-till.55 These per acre costs 
would be relatively high if for carbon, but the data suggest supply is available. If Duke invested in these 
carbon offsets, it would have to design an implementation scheme to ensure farmers do not intermittently 
revert to conventional tillage. Even one year of conventional tillage can cause the loss of stored carbon from 
reduced tillage. Furthermore, Duke cannot use agriculture soil carbon offsets from crops with high current 
conservation tillage rates. Seventy-six percent of soybeans (Table 15) planted in the state use conservation 
tillage so it is hard to argue that this practice is not standard in the state, and thus that the offsets are 
additional. 

Co-benefits of conservation tillage 

The co-benefits of conservation tillage practices include reduced soil loss, improved organic matter, and 
improved water quality in the watershed. There are programs in place that recognize the environmental 
benefits of practices such as reduced tillage, paying farmers to adopt these practices. This includes the 
Agricultural Cost Share Program in North Carolina. 

                                                      
51 Kelly Ibrahim, Neuse Tar-Pamlico Basin Coordinator, personal communication. 
52 Based on West and Post (2002) reference of potential tillage-based sequestration rates in the 2005 EPA report. 
53 Percentage calculated using tillage practices reported to DENR as a percentage of Tar-Pamlico agricultural land, taken 

from Albemarle-Pamlico National Estuary Program. See http://h2o.enr.state.nc.us/nep/tarpamlico_river_basin.htm 
54 Percentage calculated using Neuse river basin data from Osmond et al. ―Agriculture and the Neuse River Basin,‖ 

North Carolina State University and Galeforce Consulting. 
55 Kelly Ibrahim, Neuse Tar-Pamlico Basin Coordinator, personal communication. 
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North Carolina crop switching 
 
Tobacco, spring wheat, edible beans, peanuts and vegetables are crops grown in North Carolina that have 

conservation tillage rates below 30 percent.56 There may be an opportunity for farmers to switch from these 
crops to those that are more compatible with conservation tillage. It is not clear how the benefits from soil 
carbon sequestration will compare to economic and environmental costs, including increased fertilizer 
applications and equipment costs. 

 
Bio-char 

 
Bio-char, an emerging technology, is a soil amendment produced by pyrolisis (or, burning in the absence 

of oxygen) of cellulosic materials such as grasses and agricultural wastes. It can be applied to soil in a manner 
similar to charcoal but it is more effective in replenishing soil carbon, reducing nitrogen oxide emissions and 
nitrogen leaching and increasing soil and crop productivity.57 Bio-char is promising, but requires more 
research into its duration in soil and its potential to enhance North Carolina soils. It is estimated to store as 
much as 2.5 times the soil carbon as normal soils.58 Lehman et al. estimate that production of biofuel through 
bio-char pyrolisis could create 30.6 kg of carbon offset per GJ of energy produced.59 This option may 
represent a research opportunity for Duke but is not likely to be available as a near-term investment 
opportunity. 

 
The USDA and many research universities (Cornell, University of Delaware, University of Kansas, 

University of Montana, and North Carolina State University) are currently researching bio-char. At Duke, 
Dan Richter is working on a grant to purchase a portable char production system. Remaining research 
questions include the integration of bio-char with local farming practices, quantification of equipment costs 
and carbon benefits specific to North Carolina soils, and the effects of bio-char compared to conservation 
tillage. 

 

6.1.5 Fertilizer and Waste Management 

 
Summary: Many farmers use more fertilizer than is necessary to promote crop yields as a source of 

insurance against drought. Reducing or better managing fertilizer and waste application to land reduces 
potent nitrous oxide emissions. These opportunities are likely to be accessible in North Carolina. 

 
 

 

Table 17. Agricultural Methane and Nitrogen Oxide Emissions Reduction Potential in 
the Southeast and North Carolina by Carbon Price 
Estimates are annualized from 2010 to 2110, in million MtCO2e per year 

 
Carbon Prices ($/metric ton CO2e) 

$5 $15 $30 $50 

Southeast Region 2.5 4.7 9.2 12.3 

Adapted from Murray et al. 2005. 
 

Nitrous oxide (N2O or dinitrogen monoxide) emissions result from fertilizer applications, and in North 
Carolina also result from the spraying of animal waste on fields, particularly hog waste. These represent a 

                                                      
56 Conservation Technology Information Center, 2004. 
57 Winsley, 2007 
58 Marris, Emma. 2006. ―Black is the new green‖  Nature vol 442, 10 August 2006. (624-626) 
59 Lehmann, et al. ― Bio-char sequestration in terrestrial ecosystems-a review‖ (2006) Mitigation and Adaptation Strategies for 

Global Change 11: 403-427. 
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large share of the greenhouse gas emissions from the agriculture sector. One ton of N2O emissions is 
equivalent to 310 tons of CO2 in terms of the global warming impact. Management strategies to reduce the 
use of fertilizer and control N2O emissions from animal waste include using nitrogen inhibitors, altering crop 
mix, reducing animal feeds with high nitrogen content, and reducing spray application of animal waste to 
fields. These practices can also improve water quality, as they reduce nutrient runoff and leaching. 
 

The 2005 EPA study included fertilizer/waste management and agriculture methane offsets together. We 
do not know the proportion of each in the results. Agricultural methane production is not likely to be evenly 
spread across the Southeast region—North Carolina‘s millions of hogs may mean it has a disproportionately 
large share of the Southeast‘s agricultural methane reduction opportunities. We consider agricultural methane 
capture from hog waste in the subsequent methane capture section. 

Co-benefits of waste and fertilizer management 

For a good example, see the outline of benefits from hog methane projects that also reduce spray 
application of waste on fields, in the next section. 

 

6.1.6 National and international agriculture and forestry carbon offsets 

 
Entities in the U.S. carbon offsets market have pioneered agriculture and forestry offset methodology. 

Forestry carbon offsets make up only 1 percent of Clean Development Mechanism offsets but 36 percent of 
the voluntary Over-the-Counter market.60 In addition to investing in agriculture and forest carbon offsets for 
compliance and citizenship goals, Duke University can improve research on the implementation of land-
based carbon offset projects. 

 
Despite the immaturity of the international agriculture and forestry offsets market, Duke University 

should consider the international option for voluntary goals. Forestry and agriculture offsets will have higher 
co-benefits in more bio-diverse regions and could be joined with other international conservation and 
ecological restoration measures. Lower land prices abroad will decrease costs, and potential supply is higher 
outside of the North Carolina and the United States. It is outside the scope of this study to provide concrete 
international carbon offset data. But, we recommend that Duke consider international options, particularly in 
agriculture and forestry offsets, as part of its carbon neutrality strategy. 

 

6.2 Methane Capture 

 
Methane is a powerful greenhouse gas pollutant, approximately 21 times as potent as carbon dioxide. 

Practices that generate methane can be altered to avoid its creation, or methane can be captured and burned 
to convert it to CO2, purified into natural gas to be used on-site or sold, or burned to produce electricity to 
be used on-site or sold to a utility. Among these options, the last has the highest potential to reduce 
greenhouse gas emissions because burning methane for electricity not only prevents methane emissions but 
also displaces electricity produced from more carbon-intensive fuels. In this section, we calculate the potential 
supply and costs of carbon offsets from hog waste and landfill methane capture in North Carolina. 

 
With a 2006 population of 9.5 million hogs, North Carolina is the second largest producer of swine in the 

United States.61 Hog operations are waste management and pollution problems, but presents significant 
opportunities for renewable energy and carbon offsets from the capture and burning of methane. Landfills 

                                                      
60 Hamilton, Bayon, Turner, Higgins, 2007.  ―State of the Voluntary Carbon Market 2007:  Picking Up Steam,‖ The 

Katoomba Group‘s Ecosystem Marketplace, New Carbon Finance. 
61 NC Department of Agriculture and Consumer Services, www.ncagr.com/stats/coest/hogs.htm 
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are the second largest source of methane in the United States. Federal laws do not require all landfills to 
mitigate these emissions. 

6.2.1 North Carolina Hog Waste 

Summary: Because hog waste presents additional challenges and costs for methane capture compared to 
other animal waste sources (e.g. dairy cattle), agricultural methane capture projects are generally being pursued 
in states with significant numbers of dairies—not North Carolina‘s strong suit. The 2005 EPA study indicated 
that agricultural methane reduction in the Southeast was not one of the top emissions reduction strategies 
(compared to forest management where the Southeast region figured prominently in the top overall 
strategies). However, hog waste represents a significant opportunity for methane reduction, and also is a near-
term (though not strongly proved) opportunity. Hog methane reduction projects can also lead to substantial 
community benefits in water quality and odor reduction. 

 
 
 
Hog farms in North Carolina rank as one of the state‘s worst environmental problems because of their 

current practice of storing large amounts of liquid and solid waste in lagoons, and intermittently spraying 
these wastes on nearby fields. The nutrients in the waste (imported from out-of-state in the form of feed) 
harm water quality, and the lagoons emit methane and powerful odors of sulfur and ammonia. Alternatively, 
hog farms can capture and flare methane (a net reduction in greenhouse gas emissions) and/or use it to 
generate electricity for on-site use or sale. The USDA AgStar program estimates North Carolina could 
generate up to 766,000 MWh of electricity and reduce greenhouse gas emissions by 5.59 MtCO2e (13 times 
Duke‘s 2007 GHG emissions) per year from capturing and burning hog waste methane. 

 
The 2005 EPA report projected that agricultural methane capture and N2O mitigation in the SE is not a 

top-10 strategy under carbon prices ranging from $1 to $50 per metric ton. (In contrast this category is 
projected as a top-10 strategy in the Corn Belt, but only at $1.) In part because of the relatively high projected 
cost of offsets from hog methane, most agricultural methane projects are limited to dairy projects at present. 
North Carolina is not known as a dairy state. 
 

To further scope potential supply and costs for North Carolina farms, we used data from a Nicholas 
Institute project under way with Cavanaugh Consulting to model the potential cost of conversion at real hog 
farms in the state, in preparation for pilot projects to convert the waste systems. We did not scale down the 
2005 EPA report‘s estimates for agricultural methane capture based on Southeast state proportions of 
farmland because agricultural methane emissions are likely to be unevenly spread across states and not 
correlated with farmland extent. Two farms were modeled and submitted grant applications to North 
Carolina‘s new Lagoon Conversion Program, which may provide up to $500,000 for selected farms to 
implement environmentally superior technology. Table 18 describes the farms, expected methane reductions, 
and estimated emissions reduction and financial performance with and without the state grant, Renewable 
Energy Credits, and electricity sales. The break-even carbon price represents the net-present value price per 
ton of CO2e which, when included into the accounting, makes the project break even. 

 
For more background, see Appendix H. 
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Table 18. Hog Farms Modeled for Methane Capture by the Nicholas Institute and 
Cavanaugh Consulting* 

 RC Hunt JJ Land 
Management 

Number Hogs 12,800 6,000 

Total Weight of Hogs (lbs.) 1,728,000 810,000 

Number of Lagoons 2 1 

Number of Hog Houses 22 5 

Surface Area of Lagoons (acres) 6.3 2.3 

Estimated Up-front Cost of Lagoon Conversion System $870,000 $741,000 

Estimated Annual O&M Cost $30,000 $20,000 

System Life 10 years 10 years 

Metric tons of GHG reduced (CO2e) per year** 11,000 5,400 

Annual Electricity Generation (MWh) (assuming 
38.2kW/1000 cu ft methane)** 

1003 MWh 470 MWh 

Annual Value of Renewable Energy Credits (assuming 
$4/MWh) 

$4,015 $1,882 

Annual Value of Electricity Sales ($0.05/kWh) $50,186 $23,525 

NPV* Break-even cost per metric ton CO2e reduced 
(no State grant, RECs, or Electricity Sales) 

$12.10 $19.86 

NPV Break-even cost per metric ton CO2e reduced 
(after $500K State grant) 

$6.71 $8.94 

NPV Break-even cost per metric ton CO2e reduced 
(after RECs + Electricity Sales) 

$7.18 $15.18 

NPV Break-even cost per metric ton CO2e reduced, 
(after State grant + RECs + Electricity sales) 

$1.79 $4.27 

*Unless noted, data based on grant applications to NC DENR‘s Lagoon Conversion Program. Cash flows 
and emissions reductions were calculated over 10 years with a 4 percent discount rate. 
**Calculations based on the Cavanaugh economic model and data from the July 2005 NC Attorney General 
/ Smithfield Agreement Technology Report. Includes methane and nitrous oxide reductions. 

 
Estimated break-even carbon costs vary from approximately $2 to $20 per ton depending on the award 

of the state grants, and the sale of RECs and electricity. These estimates assume an electricity wholesale price 
of 5 cents per kWh. (Progress Energy has committed to pay up to 18 cents per kWh over coming years for 
electricity generated from hog waste, so the actual price received might be higher.) 

 
Data for these two farms are not perfectly representative of the average hog operation in North Carolina, 

which contains approximately 8,000 hogs and varies in total weight by the life stages being reared on the 
farm.62 According to conversation with Cavanaugh, likely candidate farms for methane capture lagoon 
conversion projects are finisher farms (with the large hogs) of at least 4 thousand head, and sow farms of at 
least 5 thousand head (other farm types are gestation and boars). Table 19 illustrates GHG reduction 
potentials from average-sized hog farms of these two types in North Carolina, using the same economic 
model. 

 

Table 19. Potential Annual GHG Reductions from Average-Sized Hog Farms 

 Sow/Farrowing Finisher 

Net annual GHG reduction (MtCO2e) 5,300 – 10,700 5,200 – 7,200 

Cost per ton CO2e per year $7.04 – $14.34 $10.50 - $14.57 

                                                      
62 EPA AgStar, Office of Air and Radiation, ―Market Opportunities for Biogas Recovery Systems,‖ Winter 2002. 
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Co-benefits of Hog Waste-based Offsets 

In addition to eliminating methane emissions, managing hog waste pollution in North Carolina creates 
multiple environmental co-benefits. A 2003 RTI International study monetized pollution reductions in air, 
land, groundwater and surface water from reducing hog waste pollution. For ammonia, each percentage 
reduction in pollution is worth $62,000 in water recreation benefits and $3.78 million in particulate matter-
health related effects. Each percentage reduction in nitrogen and phosphorous spray field loading is valued at 
$73,000 and $59,000, respectively. A percentage reduction in odor creates benefits equal to $3,200 and 
$13,600.63 We do not include environmental co-benefits in supply estimates although they are important to 
note. 

Near-Term Opportunities for Hog Waste 

There are opportunities for Duke to further develop the business model for hog farm projects, 
particularly by funding the expansion of the economic model to more hog farms. Recently the Nicholas 
Institute proposed that a team of Fuqua students develop a business plan for hog farm projects in the 
upcoming school year.  

 
Secondly, Duke could get involved in the early implementation of hog farm projects. The Nicholas 

Institute and Cavanaugh submitted $500,000 grant applications for the RC Hunt and JJ Land Management / 
Cloverdale hog farms, to the state‘s Lagoon Conversion Fund (Table 18).  It is currently under review by the 
North Carolina Division of Soil and Water Conservation. If Duke were to match the remaining cost of 
installing the hog waste methane capture and electricity generating equipment, it could claim carbon offsets 
from this farm operation. For example, as indicated in Table 18, Duke could pay between $1.79 and $19.86 
per ton of CO2e for ten years of emissions reductions, which could make these projects break even according 
to the preliminary estimates. 

 

6.2.2 North Carolina Landfill and Food Waste Methane  

 
Summary: Landfill methane projects are an active and viable area of investment in North Carolina, in 

contrast to the more preliminary stage of development in hog waste methane. 
 
 

 
In North Carolina, the Landfill Methane Outreach Program (LMOP) identifies 14 landfills currently 

capturing methane for electric power generation and 4 additional sites that are under construction. LMOP 
lists 36 landfills in North Carolina as candidates for new landfill methane projects. Using this data, we derive 
potential carbon offsets supply from flaring of landfill methane in North Carolina. 

 
The potential annual supply of methane reduction from LMOP candidate sites in North Carolina equals 

4.5 times Duke‘s 2007 GHG emissions (1.87 MtCO2e per year). This estimate excludes the potential for 
emissions displacement through electricity generation because not all landfills will choose to generate and will 
instead flare their methane. From landfills storing less than 1 million tons of waste (12 landfills), potential 
offsets supply equals 66 percent Duke 2007 GHG emissions (0.270 MtCO2e per year). There are more large 
landfills in North Carolina (24)—these store between 1-5 million tons of waste and they have the potential to 
produce offsets equal to 4 times Duke 2007 GHG emissions (1.60 MtCO2e per year). Projected costs are 
$3.23 per metric ton CO2e for large landfills and $5.67 per ton for small landfills. More detailed tables of 
landfill methane calculations are in Appendix I. 

 

                                                      
63 Murray et al., ―Benefits of Adopting Environmentally Superior Swine Waste Management Technologies in North 

Carolina:  An Environmental and Economic Assessment,‖ RTI International, November 2003. 
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If all LMOP candidate sites also generate electricity that displaces grid electricity, total emissions 
reductions would be 5 times Duke‘s 2007 GHG emissions (2.05 MMTOC2e per year; 1.75 MtCO2e from 
large landfills and 0.295 MtCO2e from small landfills). For large landfills, costs equal $3.80 per ton if no 
Renewable Energy Credits (RECs) are sold, $3.30 per ton with a high REC price and $3.64 per ton with a low 
REC price.64 Costs for small landfills generating electricity equal $6.03 per ton without RECs, $5.54 per ton at 
the high REC price and $5.87 per ton at the low REC price. We base costs on all landfills using IC engines to 
generate electricity. Estimated offset costs per ton remain net positive, because the annual revenue from 
selling electricity is lower than the costs for equipment, maintenance and purchased electricity. 

 
The global market share of landfill methane reductions dropped from 8 percent to 5 percent of the 

voluntary offsets market in 2006. A preliminary analysis of overall project yields (ratio of actually issued 
certified emissions reductions to the expected emission reductions according to the project design document) 
indicates an average yield of 80 percent in the global offsets market, with considerable fluctuations across 
asset classes and within the given asset class. Landfill gas projects score on the low end of the range, with an 
expected yield close to 20 percent. Reasons cited in recent reports include, among others, overestimation of 
the potential generation of gas at the modeling stage, inadequate design of gas capture systems, suboptimal 
operation of the landfills, or other external factors. A delay in a project‘s start date caused by something 
unrelated to the carbon process (i.e.: difficulties in obtaining the required equipment, a late permit, or the 
failure to close its financing as expected) can substantially reduce the likely volumes that can be delivered.65 

Co-benefits of Landfill Methane Projects 

The primary benefits of reducing methane emissions from landfills in addition to avoiding potent 
methane emissions are revenue from using the gas for electricity, and displacement of electricity generated in 
part through fossil fuels. The LMOP also cites local air quality improvement as a co-benefit to landfill 
methane mitigation.  Capturing this gas reduces health risks from odor and non-methane organic compounds 
in local air. Capturing methane reduces explosion hazards from accumulated methane and creates local jobs 
that benefit local economies.  

Near-term Opportunities for Landfill Methane 

NC Greenpower has recently claimed renewable energy credits for several landfill methane projects. 
According to contacts, completing a typical project of this capacity normally takes 18 months from placing a 
bid to having the landfill online and running. UNC is working on a landfill project, however due to privacy 
clauses in the established contract detailed information could not be disclosed. A 5.6 million ton solid waste 
landfill in Raleigh provides GHG reductions ―equivalent to planting 3,400 acres of forest, removing the 
emissions of 2,400 vehicles, or preventing the use of 29,200 barrels of oil. Annual energy savings equate to 
heating 7,500 homes and estimated emissions reductions of 0.0034 million metric tons of carbon 
equivalents.‖66 

North Carolina Food Waste Methane 

Methane capture from food waste has not yet been explored to its full potential in North Carolina. While 
several projects have been attempted in other states, the principal limitation that has been encountered is the 
fluctuating supply of food waste needed to keep the digester functioning at an efficient rate. There is little 
research available providing reliable indicators as to the supply of food waste needed to keep an operation 
cost-effective. There may also be potential competition for food waste supply with production of bio-fuels 
and for use as a soil amendment. Further study is also needed of the potential uses for byproducts from 

                                                      
64 Landfill REC costs equal between $1-$3 per MWh from evolution markets inc.  Kolchins, ―Overview of RECs 

Markets and Prices,‖ Proceedings from the Renewable Energy Certificate Markets and Challenges Workshop, The 
Green Power Network, US DOE. 

65 World Bank, ―State of Carbon Markets 2007.‖  
66 EPA. Landfill Methane Gas. http://www.epa.gov/landfill/proj/index.htm 

http://www.epa.gov/landfill/proj/index.htm
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anaerobic digestion of bio-solids, since it is possible these could be used to enhance carbon recovery in soils. 
The NC Department of Agriculture maintains a list of food processing plants in North Carolina.67 

 
 

6.3 Energy Efficiency 

 
Summary: Energy efficiency projects represent a large opportunity for low net cost greenhouse gas 

emissions reductions. In North Carolina, efficiency could reduce greenhouse gases by many times the size of 
Duke‘s 2007 GHG emissions. These reductions are not typically classified as carbon offsets because they 
occur within a capped sector. However, in the context of Duke University‘s voluntary goals, energy efficiency 
greenhouse gas reductions are generated outside of Duke‘s footprints and can be used to offset on-campus 
GHG emissions.68 Though electricity utilities would receive the compliance credit from energy efficiency 
under a GHG cap-and-trade, Duke can count the reductions against its footprint for its voluntary 
commitment if it can demonstrate additionality. Furthermore, energy efficiency measures can create benefits 
to the local community and to Duke Employees. This type of offset offers unique opportunities for 
innovation in the Triangle region. 

 
 
 
Energy efficiency is the largest and least expensive opportunity to mitigate climate change (Figure 11). As 

illustrated in Appendix D, an assessment of U.S. emissions mitigation potential by McKinsey concluded that 
many of the most cost-effective measures were in efficiency. Furthermore, energy efficiency investments are 
low cost and have potential to contribute to local emissions reduction targets and benefit the surrounding 
community, including Triangle residents and university employees. The economic incentive for energy 
efficiency will increase under a cap-and-trade or carbon tax, which would place a price on emissions that 
would be translated through to increased energy prices. In cap-and-trade regulation, the electric utility counts 
GHG emissions reductions from energy efficiency against its emissions for compliance under the cap. 

 
Energy efficiency, at least in the electricity sector, is also increasingly promoted through state programs 

such as public benefits funds, which are generated through a small surcharge on electricity use and then used 
to fund efficiency programs. In other cases, as in North Carolina, energy efficiency targets are incorporated 
into a Renewable Energy Portfolio Standard (REPS), which requires electric utilities to source a minimum 
percentage of electricity from renewable energy (e.g. solar, wind, and biomass) or from energy efficiency. 
These programs do not count reductions of GHG emissions from energy efficiency. An REPS is separate 
from carbon regulation, despite both policies promoting energy efficiency. Compliance for electric utilities 
under the REPS is defined in terms of displacing fossil fuel and nuclear generation capacity, not GHG 
reductions. 

 
If Duke University invests in energy efficiency-based emissions reductions outside of its footprint, it 

cannot count them towards compliance obligations under carbon regulation, absent an agreement with the 
utility. Counting energy efficiency offsets towards compliance would be double-counting emissions 
reductions under this regulation. Only the utility can count greenhouse gas emissions reductions from energy 
efficiency measures as decreased emissions under a cap. Despite this caveat, Duke University can consider 
investing in energy efficiency to count towards voluntary climate neutrality, if the energy efficiency measure is 
additional.  

 

                                                      
67 See http://www.ncagr.com/MeatPoultry/pdf/wplants.pdf.  
68 See discussion of voluntary and compliance carbon offsets in Chapter 1. 

http://www.ncagr.com/MeatPoultry/pdf/wplants.pdf
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If the measure would not have happened without Duke‘s action, it is additional. The utility-based 
proposals for energy efficiency in North Carolina, such as Duke Energy‘s Save-a-Watt program, and the 
state‘s REPS, propose to generate only a small proportion of the energy efficiency potential that has been 
estimated by independent studies. Utilities are likely to leave significant amounts of energy efficiency un-
captured. Thus, energy efficiency GHG emissions reductions are likely to be additional, given existing 
efficiency initiatives and state policies are very conservative. 

 
In this section we compare estimates of energy efficiency potential in North Carolina, transform them 

from the perspective of the utility to that of Duke University as a purchaser or developer of carbon offsets, 
and estimate efficiency potential in the Triangle region. We use data from two studies of North Carolina 
energy efficiency potential to assess the opportunities for this type of local carbon offset. A study by 
Forefront Economics Inc. estimates the potential for energy efficiency in Duke Energy‘s service territory in 
North Carolina. Its results are approximately half as large as the results of a study for the entire state 
conducted by GDS Associates Inc. This difference is consistent with Duke Energy and North Carolina 
electricity sales forecasts.69 We compare residential and commercial efficiency measures separately to reflect 
both the measures‘ differences and Duke University‘s priorities. 

 
Forefront Economics (FE) estimated that 13,200 GWh per year are available by 2026 below the avoided 

cost of new generation in the Duke Energy service territory (the average is $0.06 per kWh in North Carolina). 
This is equal to 19 percent of what Duke Energy produces in NC.70 GDS, commissioned by the North 
Carolina Utilities Commission, concluded that, at $0.05 per kWh, the state could save 25,132 GWh per year 
(13.9 percent of total NC generation) by 2017.71 These estimates of energy savings are large and they translate 
to a cost-effective statewide potential supply of carbon offsets for Duke University from residential energy 
consumers of 6.45 million MtCO2e per year (GDS study) and 3.35 million MtCO2e per year from Duke 
Energy customers (FE study). The cost-effective potential statewide supply of carbon offsets from commercial 
energy consumers equals 3.61 million MtCO2e per year (GDS study).72 FE estimated the supply of cost-
effective non-residential energy efficiency measures from the Duke Energy North Carolina service territory is 
3.45 million MtCO2e per year.73 

 
The GDS study considered energy efficiency measures cost-effective if they are less expensive than $0.05 

per kWh saved. The FE study used $0.06 per kWh as its cost-effective threshold, based on the cost of new 
generation. From the perspective of an energy consumer, the appropriate cost-effective measure is different: 
the avoided cost of purchasing a kWh of electricity, which in the Duke Energy service territory is 
approximately $0.08.74 To measure the cost of emission reduction offsets from energy efficiency, we present 
costs in terms of the net cost to the consumer and convert from $ per kWh to $ per metric ton CO2e. 

 
More details are available in Appendix J. 
 
 
 
 
 
 

                                                      
69 La Capra Associates in GDS, 2006. 
70 GDS Associates, Inc.  ―A Study of the Feasibility of Energy Efficiency as an Eligible Resource as Part of a Renewable 

Portfolio Standard for the State of North Carolina.‖  December 2006. 
71 Forefront Economics, Inc., H. Gil Peach & Associates LLC, PA Consulting Group, ―Duke Energy Carolinas DSM 

Action Plan:  North Carolina Report.‖  August 31, 2007. 
72 GDS does not provide estimates of supply potential for commercial and energy efficiency measures. 
73 Non-residential includes commercial and manufacturing sectors. 
74 We use the residential consumer electricity rate, rather than the Duke University electricity rate because residential 

customers are capturing electricity cost savings from the energy efficiency measures. 
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6.3.1 Residential Energy Efficiency 

 
There is large supply of cost-effective residential energy efficiency measures in North Carolina and in Duke 
Energy‘s NC service territory that will produce net savings. For the entire state, GDS estimates residential 
energy efficiency could generate 12.6 million MtCO2e emissions reductions per year (blue line in Figure 15) 
with net savings (costs below $0.00 per metric ton CO2e). This estimate is ―technical‖ because it does not 
consider important economic factors like market penetration rates or cost. 
 

Figure 15. Residential Energy Efficiency Supply Curves Based on the GDS and FE Studies 

 
 
With aggressive incentives and utility implementation programs, GDS estimates that 6.45 million 

MtCO2e per year, or 15.8 times Duke University 2007 GHG emissions, are available with negative costs 
(dark red line) from residential energy efficiency.75 FE estimates that 3.35 million MTCO2e per year (8.5 
times Duke University 2007 GHG‘s) are available in the Duke Energy service area that would save consumers 
money (dark green line). 
 

Figure 15 also includes supply curves for residential customers in the Triangle derived from GDS (light 
red line) and FE (light green line) estimates. The data are scaled down based on the percentage of NC 
population in the triangle (13 percent NC population) and the percentage of NC households in the Triangle 
(33 percent Duke Energy North Carolina households). Using the GDS data, we calculate that 0.84 million 
MTCO2e per year, or more than twice Duke University‘s 2007 GHG‘s, could be realized at negative cost. 
From the FF data, 1.13 million MTCO2e per year, or 2.75 times DU 2007 GHG‘s, are available in the 
Triangle. 
 

6.3.2 Non-Residential Energy Efficiency 

 
FE includes the commercial and manufacturing sectors in the Duke Energy NC service area in its 

estimates of non-residential energy efficiency.  The study lists supply of energy savings and gross costs per 
kWh. As for residential energy efficiency, we convert the data to GHG emissions reductions and net cost per 

                                                      
75 GDS, 2006. 
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metric ton CO2e.  At net costs below $0 per MtCO2e, FE estimates a supply of 3.45 million MtCO2e (Figure 
16). 
 

Figure 16. Non-Residential Energy Efficiency Supply Curve for Duke Energy Service Area 

 
 
We did not scale down the data to derive a supply of non-residential offsets from the Triangle region because 
the study does not separate commercial and manufacturing energy efficiency measures and commercial and 
manufacturing electricity use are not likely to be as well correlated with population as residential energy use. 
Duke University is more interested in energy efficiency measures from the under-served residential and small 
commercial sectors as the community development co-benefits are higher. Though projects in residential and 
small businesses are likely to have higher costs for implementation and monitoring, we believe their 
additionality can be demonstrated satisfactorily. 
 

6.3.3 In-house Energy Efficiency Calculator 

 
We next compare costs from the GDS and FE studies with calculations from an energy efficiency 

calculator developed as part of this report. See Appendix K for a detailed description of the calculator. The 
calculator is designed for individual residential consumers and provides values specific to Durham to derive 
energy savings and incremental costs. Table 20 summarizes the difference in cost and supply between the 
energy efficiency measures in the calculator and the two studies.  
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Table 20. Comparison of Results: Cost and GHG emissions reduction potential of Small-Scale 
Energy Efficient Appliances 
Negative costs represent savings net of up-front costs and energy savings. All estimates are in metric 
tons CO2. 

 
Calculator 

cost per 
ton (net) 

FE cost 
per ton 

GDS cost 
per ton 

 

FE Triangle 
supply estimate 

(Percentage Duke 
University 2007 

GHG’s) 

GDS Triangle 
supply estimate 

(Percentage Duke 
University 2007 

GHG’s) 

Programmable 
thermostats 

-$222 -$102 -$148  25,408 (6) 75,825 (19) 

Clothes washers -$139 $12 $148  48,366 (12) 24,138 (6) 

Solar water 
heating 

-$111 $192 N/A  297,591 (73) N/A 

Tankless water 
heating 

-$70 $491 -$96  1,016 (<1) N/A 

Energy Star 
refrigerators 

$277 $187 
 

-$62  15,245 (4) 9,650 (2) 

 
GDS concludes that solar water heating and tankless water heating are not cost effective energy efficiency 

measures and does not estimate their potential supply. The FE study is the most conservative in its cost 
estimates but more aggressive in supply estimates (save programmable thermostats). Our estimates are more 
favorable because we include the energy cost savings that would accrue to a homeowner or small business 
owner. 

. 

Figure 17 combines cost estimates from the tool and overlays the FE supply estimates to graphically 
compare the results. We identify FE energy efficiency measures in different cost ranges. Energy efficiency 
measures available at negative cost include low flow water fixtures, programmable thermostats, compact 
fluorescent light bulbs and ceiling insulation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

60 
 

Figure 17. Comparison of Results from the FE study and the Energy Efficiency Calculator 

 

The Need for Win-Win Financing and Capacity to Break Down Efficiency Barriers 

According to the McKinsey study in 2007 that identified average costs of several emissions reduction 
strategies and their potential to reduce emissions in the U.S., energy efficiency is the least expensive large 
opportunity, but it is impeded by a lack of information, capacity, creative financing, and other institutional 
barriers. 

 
The low costs estimated by our energy calculator are based on the net benefits, most of which accrue to 

end-use consumers in the form of reduced energy costs. In some cases these savings are significant enough 
that a third-party energy efficiency provider can share the savings to recoup costs—this is the business model 
for energy services companies (ESCOs). It is important to note that an outside investor such as Duke would 
not automatically realize these energy savings without some agreement with the homeowner or business 
owner. For example, a new efficient tankless water heater provides significant net savings over its life, but if a 
third party funds the up-front costs without realizing the energy cost savings from this measure, the cost of 
the emissions reduction to this third party would be over $100 per ton. There are a few options to establish 
better financing: 
 

 An investor like Duke could pay a maximum contribution on the basis of the emission reductions 
(such as $20/ton). The remaining up-front cost of new energy efficiency capital could be financed 
with a lending institution and a down payment from the property owner. 

 Duke could take upon itself the role of financier, with the intention that it recoup its upfront costs 
less the value of the emissions reduction agreed to by the university. This option might be best 
restricted to an employee-based program. 

 Duke could work with energy services companies or local installers (e.g. plumbers, appliance stores, 
or insulators) to buy down the cost of efficiency investments by making a contribution for the 
expected (and verified) energy savings.  
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Near-term Opportunities in Energy Efficiency 

Beyond illustrating the potential net savings and emissions reductions from a sample of investments (e.g. 
Table 20 or Appendix K), we have not comprehensively valued the benefits of investing locally. We 
recommend that Duke undertake a preliminary assessment of the energy efficiency potential of a wider array 
of investments, evaluating more efficient appliances, but also considering improvements to building 
envelopes. One option for the latter is to identify building energy models for residential and small commercial 
buildings (e.g. the DOE Energy 10 model) that could predict energy savings. Duke would also need to 
identify potential measurement protocols for such investments. The International Performance Measurement 
and Verification Protocol offers one potential standardized set of methodologies. It was developed by the 
DOE in the mid-1990s to establish industry consensus for measuring and verifying energy efficiency projects. 
Its focus has primarily been on commercial and industrial projects but its principles have been adapted and 
applied for small-scale use. 
 

Implementation and credible measurement of impacts are perhaps the most difficult aspects of residential 
or small-business oriented energy efficiency options.  Opportunities are diffuse and difficult to capture for 
large entities. Though local efficiency opportunities may be challenging to scale, Duke has a unique 
opportunity to develop innovative co-financing options, partnerships with local institutions, and employee 
programs, including the following ideas: 

 

 Duke could create an employee benefits program administered by HR and the Sustainability Office 
to help employees reduce energy use at home through efficient lighting, appliances, smart meters, or 
other to the building envelope (e.g. insulation). Duke could help buy down the cost of new 
equipment by purchasing in bulk, and could subsidize energy audits and capital costs up to a ceiling 
measured in cost per ton of reductions. Just as Duke employees use paycheck deductions for gym 
memberships, health care premiums, or other items, they could be allowed to finance their 
discounted purchases through paycheck deductions that would spread the cost. By paying for the 
emissions reductions, Duke would reduce the cost of energy efficiency to more affordable levels and 
could take credit for estimated emissions reductions achieved off-campus at the homes of its 
employees. 

 

 Duke could establish partnerships with local non-profits and other institutions working on energy 
efficiency in local communities, such as Clean Energy Durham which builds capacity at the 
neighborhood level, or Operation Breakthrough, as well as local finance such as Self Help, Sun Trust, 
or Bank of America. Another potential partner is Durham Tech or NC Central which are developing 
programs to train people for skilled energy jobs. Duke could provide carbon financing, non-profits 
could provide technical know-how and networking, and other financial institutions could provide 
additional project financing to spread the cost of beneficial energy efficiency projects. In the course 
of this project we met with Peter Farquhar and Brian Schneiderman of Self Help to discuss their 
interest in developing energy efficiency financing tools, including low-interest loans and tie-ins to 
home mortgages. 

 

 Duke could co-sponsor a new energy technology effort, helping to install in-home real-time energy 
meters that has been shown to stimulate reductions in energy use (akin to the effect of the Toyota 
Prius‘ real-time fuel efficiency indicator). 

 

 Duke could provide grants to students to do energy efficiency projects in Durham with the 
cooperation and guidance of local non-profits. Brown University has adopted the student-based 
approach to funding small efficiency projects in neighborhoods in Providence. 

 

 Duke could partner with a commercial supplier of energy efficiency credits, also known as ‗white 
tags,‘ to purchase white tags developed in the Triangle Region. Sterling Planet is one company 
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pioneering these credits. Conversations with Sterling Planet VP for white tags, Kelly Bennett 
indicated their interest in sourcing energy efficiency projects in North Carolina. 

Co-benefits 

The positive co-benefits of energy efficiency are discussed in the renewable energy section in more detail. 
These include not only the health benefits of reduced fossil fuel combustion for electricity that leads to 
improved air quality, but also the economic benefits from job creation in electricity efficiency measure 
installation. Local community development and improved local relations are two co-benefits available to 
Duke University through local investments in energy efficiency offsets.  
 
 

6.4 Renewable Energy 

 
Summary: North Carolina has significant potential for renewable energy. However, it is complicated and 

somewhat controversial to count as a carbon offset this GHG emissions reduction from the displacement of 
fossil fuel. In advancing its climate neutrality commitment, Duke will have to distinguish between various 
approaches to renewable energy, and will have to make nuanced decisions in the development of a university 
policy. We recommend that Duke University address remaining questions about the credibility of offsets 
based in renewable energy credits and that Duke only use GHG emissions reductions from renewable energy 
for voluntary reductions.76 

 
Among the options in renewable energy are: 

 Renewable energy credits (electricity). 

 Renewable energy contracts (renewable electricity generated on or off campus and ‗delivered‘ to 
Duke). 

 On-campus, in-house, renewable energy projects. 

 Off-campus displacement of fossil fuels with renewable biofuels. 
 

6.4.1 Renewable Electricity Credits 

 
Renewable energy credits, or RECs, are proof of the production of an amount of renewable energy (e.g. 

wind, solar thermal or photovoltaic, biomass, or geothermal). RECs are often advertised as a way to offset 
emissions from electricity use, and some universities are using them as such. Duke has purchased RECs 
previously. For example the Nicholas School of the Environment purchased $20,000 in wind RECs from 
Gray County Wind Farm in Kansas in 2005 (as did the Pratt School). Fuqua has also purchased RECs. 

  
Strictly speaking, however, a REC as a product does not include greenhouse gas emission reductions. The 

importance of this conceptual separation is illustrated by a hog waste methane capture project, which could 
generate three separate revenue streams: electricity sales, RECs, and greenhouse gas emissions reductions 
(offsets). Using RECs‘ as offsets is disputed. Historically a REC‘s contribution to emissions reductions have 
not been rigorously measured, and many dated RECs have been sold at very low cost, bringing into question 
the claim that their purchase supported additional renewable energy (or additional emissions reductions). For 
these reasons, several universities in the Ivy Plus sustainability group have decided not to use RECs towards 
their emissions reduction targets. These issues may also explain the decline of RECs in 2007 as a share of 
offsets, and the rise of non-REC renewable energy investments (see Figure 6). 

 

                                                      
76 See discussion of voluntary and compliance carbon offsets in Chapter 1. 
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It is also clear that RECs are not likely to be eligible as offsets for compliance with federal GHG 
legislation because they are produced in a sector that would be covered by a cap. In effect, a cap will reduce 
the cost of renewable energy relative to the cost of energy from fossil fuels because the renewable energy 
avoids the carbon price. RECs are also driven by state-based Renewable Portfolio Standards. Any RECs used 
by utilities to meet an RPS requirement should not be resold, or eligible for use as a voluntary offset. 

 
Despite these limitations, conceptually, new large-scale renewable energy on the grid represents an 

avoided or displaced emission from what could otherwise be fossil-fuel based energy. If a third party, like 
Duke University, is the driving force for these avoided emissions, analogous to avoided deforestation, it can 
count them against its greenhouse gas emissions footprint. Under a GHG emissions cap that includes 
electricity generation sources, Duke could use renewable energy offsets for voluntary goals. Avoided 
deforestation and energy efficiency can be handled as an acceptable source of offsets, thus it is consistent to 
use renewable energy in a similar way. The question for RECs, then, is whether in some cases they could also 
carry a value-added offset product if the associated renewable energy is additional (i.e. attributable to the 
GHG revenue rather than a regulatory program or other financing, and passing other appropriate 
additionality tests) and the resulting displacement or avoidance of fossil fuel energy is measured credibly. 

 
As a partial hedge against these criticisms, many institutions are limiting their REC purchases to offset 

only their indirect emissions from electricity use, which seems conceptually appropriate. If Duke decides to 
use RECs that can demonstrate additionality and GHG reductions, it should still limit its purchases to 
offsetting electricity-related emissions. 

 
New certification protocols such as the Green-E protocol for renewable energy have added additionality 

tests to distinguish between strictly RECs and RECs that might credibly carry a GHG reduction.77 The 
reductions are quantified as an avoided emission, and additionality requirements would exclude any REC used 
to meet other incentive or regulatory programs, among other exclusions. In some cases RECs can be 
purchased as forward contracts for new projects so that financial additionality can be more transparently 
demonstrated. 

 
We recommend that Duke further evaluate the potential for RECs accompanied with an additional GHG 

reduction to offset its indirect electricity emissions. Duke should consult with experts on both sides of the 
REC debate, and at a minimum, should not invest in RECs as offsets unless they meet the basic standards of 
credibility proposed above. 
 

In contrast, the energy savings from local investments in renewable energy or energy efficiency can be 
measured more easily and thus could be treated as reductions towards climate neutrality, akin to on-campus 
renewable energy investments. 

North Carolina Renewable Energy Potential 

On August 20, 2007 North Carolina committed to a renewable energy portfolio standard. This law is not 
related to a federal GHG emissions cap and trade. Instead, it mandates public utilities to produce 12.5 
percent of their retail electricity demand from solar energy, wind energy, hydropower, geothermal energy, 
wave energy, biomass and energy efficiency by 2021. A study by La Capra Associates estimated that utilities in 
North Carolina could ―practically‖ generate 16,700 GWh per year of renewable energy by 2017, which would 
represent 29 percent of the estimated 2017 demand.78 Replacing the current mix of electricity in the state, this 
amount of renewable energy could reduce GHG emissions by 6.61 million MtCO2e.79 Because renewable 

                                                      
77 http://www.green-e.org/getcert_ghg_re_protocol.shtml 
78 La Capra Associates, ―Analysis of a Renewable Portfolio Standard for the State of North Carolina,‖ December 2006. 
79 La Capra estimates 7.3 to 13.6 million MtCO2e per year from a 5 percent and 10 percent RPS, respectively. These 

values are over-estimates because they use do not use the regional emissions factor (1.146 lbs CO2 per base load 
kWh). La Capra does not account for the North Carolina‘s nuclear capacity. 
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electricity potential in North Carolina exceeds our REPS target, there should be renewable energy projects 
available that are additional to the REPS. 
 

Table 21. North Carolina Renewable Energy Potential and Cost Estimates 

Resources 
Practical Energy 
Potential (GWh) 

GHG Emission 
Reductions (million 
MtCO2e per year)80 

Range of 
Levelized Costs 
(2008 $/kWh) 

Range of Net 
Costs per 
metric ton 

CO2e81 

Landfill Gas 1,000 0.40 0.047 -33 

Wind (on-shore) 3,900 1.54 0.055-0.091 -13 to 78 

Hog Waste 600 0.24 0.079 48 

Biomass (Wood and 
Ag. Crop Wastes) 

8,700 3.44 0.089-0.124 73to 161 

Co-firing82 2,500 0.99 0.005-0.022 -128 to -95 

Wind (off-shore) N/A N/A 0.105 113 

Hydro 1,700 0.67 0.116-0.140 141 to 201 

Solar PV N/A N/A 0.20-0.35 352 to 729 

Poultry Litter 800 0.32 N/A N/A 

     

Total In-State 
Potential 

16,700 6.61   

 

6.4.2 Renewable Energy Contracts and On-Campus Renewables 

 
Renewable energy contracts for energy generated on or off-campus, as well as on-campus renewable 

energy generated by Duke as the owner, would reduce Duke‘s footprint by displacing fossil electricity use 
with delivered renewable energy. These would not be considered offsets, and so are most appropriately 
evaluated by Duke‘s Energy Sub-committee. 
 

6.4.3 Fossil Fuel Displacement through Biofuels 

 
The 2005 EPA study estimated the Southeast United States‘ potential supply of carbon offsets from 

biofuel produced by the agriculture and forestry sectors (Table 22).83 The study‘s definition of biofuels 
includes any agriculture or forestry product that substitutes for fossil fuel including transportation fuel, like 
corn ethanol84, and renewable energy generation fuels (switchgrass, poplar, wood waste, etc.).85 The EPA 
supply estimates overlap with La Capra Associates results for biomass but they are at different scales. 
 

                                                      
80 The GHG emissions reductions for each resource include displacement of the current generation mix. They do not 

include other GHG‘s, like reduction of methane from landfills and hog waste. These offsets are calculated in other 
sections. 

81 Net costs subtract the average avoided cost of generation in North Carolina, $0.06 per kWh. 
82 Co-firing is a sub-set of the biomass estimate. 
83 EPA, ―Greenhouse Gas Mitigation Potential in U.S. Forestry and Agriculture,‖ November 2005. 
84 The EPA modeling accounts corn ethanol for transportation fuel but this type of renewable energy does not make up 

a large part of the result.  
85 Although we could have included biofuel carbon offsets in this report‘s agriculture and forestry sub-sections, the 

GHG reductions are not direct nor are they storage of carbon dioxide.  They are more appropriate in the renewables 
section. 
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Table 22. Southeast US Agriculture and Forestry Biofuel Offsets Potential (million MtCO2e) 

 Carbon Price    

 $5 $15 $30 $50 

Biofuel Offsets 0.0 9.2 107.5 162.0 

 
We do not scale down these values to estimate North Carolina potential because it is not clear what 

proportion of the biofuels offsets are a result of forest or agriculture activities. We would use the appropriate 
percentage of Southeast land-use (forestry or agriculture) in North Carolina but we cannot separate them out 
to use the right factors.86 As with the La Capra supply estimates for renewable energy, the additionality from 
EPA biofuels offsets projects in North Carolina should be evaluated on a project-by-project basis. It is 
difficult to estimate a state supply of renewable energy carbon offsets that would be additional to the 
reductions generated by the RPS. 

Co-benefits 

Substituting renewable energy for energy from fossil fuels reduces air pollutants such as nitrogen oxides, 
sulfur oxide, mercury and particulate matter. Using less coal decreases the negative environmental 
externalities associated with mining. A comparison of co-effects (Table 23) shows the co-benefits of 
renewable energy compared to conventional energy generation. A valuation of these categories is a possible 
next step for Duke University, considering its strengths in research. 

 
La Capra Associates does not report values for environmental co-benefits of renewable energy but it does 

predict positive effects from economic development and energy generation portfolio diversification. A 10 
percent renewable energy portfolio standard creates a net annual average of 2,700 jobs per year, mostly from 
biomass energy generation and energy efficiency installation. 

 

Table 23. Environmental Co-Effects of Electricity Generation Fuels (La Capra Associates) 

 
Air 

Quality 
Greenhouse 

Gases 
Water 
Usage 

Land 
Usage 

Fuel 
Extraction 

Waste 
Disposal 

Conventional Resources 

Coal 
Med to 
High 

High High Med High Low to Med 

Natural Gas 
Low to 

Med 
Med 

Low to 
Med 

Low to 
Med 

High Low 

Nuclear None None High High High High 

Renewable Resources 

Wind None None None 
Low to 

Med 
None None 

Hydro None None Med 
Med to 
High 

None None 

Solar None None None 
None to 

Med 
None None 

Biomass 
(wood) 

Med None (neutral) 
Low to 

Med 
Low to 

Med 
Low 

Low 
(Fertilizer) 

Biomass 
(poultry litter) 

Med None (neutral) 
Low to 

Med 
Low to 

Med 
Low 

Low 
(Fertilizer) 

Landfill Gas Med 
None (net 
positive) 

None None None None 

Anaerobic 
Digester 

Med 
None (net 
positive) 

None Low None 
None (net 
positive) 

                                                      
86 Justin Baker at the CCPP is working with the EPA model, FASOMGHG and could be a useful source for more detail. 
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Energy 
Efficiency 

None None None None None None 

Alternative Transportation Fuels 

Biofuels, most commonly ethanol and biodiesel, have been scrutinized for the inconsistent evidence for 
net GHG emissions reductions and for their effect on food prices. Despite these criticisms, we examine 
biofuels as an emissions reduction option in the suite of potential local offsets supply. Renewables for 
transportation fuel are subject to a national mandate, similar to the state mandate for renewable energy 
generation but separate from any GHG emissions cap and trade regulation. Congress recently updated the 
federal Renewable Fuels Standard (RFS) to mandate production of 36 billion gallons renewable and 
alternative fuels by 2022. Biofuels are also similar to renewable electricity in that carbon offsets in the 
transportation sector cannot count for compliance under a cap. 

 
Despite these similarities, carbon offsets from renewable transportation fuel are fundamentally different 

from renewable electricity carbon offsets. Given that Duke has defined offsets as emissions reductions 
outside of its footprint, an emission reduction from using biofuel does not have to be ‗extra‘ to the RFS to be 
additional and to qualify as an offset, unlike RECs. Rather than being a displacement of fossil fuel, biofuels 
are a direct substitution of fossil fuel. It is clear who is responsible for the GHG emission and for owning the 
reduction through substituting a lower emitting fuel.87 For additionality, both the federal RFS and North 
Carolina RPS count production of biofuel. Consumption is separate from production for transportation fuel 
so the offset purchaser may not have to prove that consumption would not have occurred under the mandate 
to count the offset. Duke could use biofuels offsets for its voluntary reductions if it enables, outside of its 
footprint, the switching of transportation fuel to decrease greenhouse gases.  
 

Co-effects of biodiesel include health benefits from reduced particulate matter. B20 decreases particulate 
matter by 20 percent to 18 percent compared to diesel fuel. Possible costs are increased vehicle maintenance 
from poor quality standards and worsening ozone pollution from increased nitrogen oxide emissions. B20 
increases nitrogen oxides by up to 2 percent compared to petroleum diesel. 
 

Assuming a potential basis for some non-compliance-only transportation fuel carbon offsets, Duke 
University must be careful in employing only reductions with net positive environmental and social impacts. 
Ethanol from corn has been criticized for increasing water pollution and soil runoff, worsening global 
deforestation and raising global food prices. Biofuel from wastes seems to be the most likely candidate for 
this type of carbon offset. We do not examine costs for transportation fuel from wood and agriculture waste, 
but it is unlikely that this could be a near-term option for Duke University considering no cellulosic ethanol is 
currently ready for commercialization. Disregarding ethanol, as currently produced, as a possible carbon 
offset for Duke, we suggest diesel substitutes from waste cooking grease and waste animal products. 

 
For example, Duke could offset its footprint by funding the incremental price difference for local school 

bus fleets to use biodiesel, reliably sourced (there are local providers with sufficient capacity). Some quick 
calculations provide a scoping of supply and cost for biodiesel offsets. As of July 2008, the price of biodiesel 
in North Carolina was $5.28 per gallon and petroleum diesel cost $4.84 per gallon.88 If B20 (20 percent 
biodiesel, 80 percent diesel) were used, its price premium would be 20 percent of the $0.44 cost difference 
between biodiesel and diesel. With a 16.5 percent greenhouse gas emission reduction from B20 compared to 
petroleum diesel (diesel emits 22.4 pounds CO2e per gallon), a carbon offset from biodiesel costs $41.52 per 
metric ton CO2e—much more expensive than other types of offsets, though potentially very beneficial for 
public health. 

                                                      
87 Carbon Offset Solutions (October 2007), in Quantification for Biofuel Production and Usage, develops a protocol for using 

biofuel as a GHG offset. They specify that the baseline condition for applying their protocol includes the ―…use of 
fossil fuels by downstream users…‖ 

88 Biodiesel price from http://biofuels.coop/price-of-biodiesel. Diesel price from http://www.fuelgaugereport.com/. 
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6.5 Synthesis of North Carolina Offset Opportunities 

 

Figure 18. Aggregate Results for Supply and Costs of Carbon Offsets in North Carolina 

 
 
The supply curve for North Carolina carbon offsets is a sum of estimates for offsets from residential 

electricity efficiency, landfill methane flaring, hog waste methane flaring, forestry and agriculture. The NC hog 
waste offset estimate may be an underestimate because we use the conservatively scaled result from the 2005 
EPA study. We do not include renewable energy offsets in Figure 18 as these categories require more detailed 
data. At a negative cost, residential energy efficiency carbon offsets account for 6.45 million MtCO2e per year 
in potential supply. Costs are net because they include savings to consumers from the avoided purchase of 
energy.  

 
At cost below $15 per ton, an additional 26.8 million MtCO2e per year become available, largely from 

forestry and agriculture offsets, but also from landfill gas methane flaring. Landfill methane supply potential 
equals 1.87 MtCO2e per year ($3.23-$5.67 per metric ton CO2e). This supply value is an extrapolation from 
site-specific data and is likely an over-estimate. Forestry management is, by far, the largest opportunity below 
$15 per ton.  Its potential supply equals 20.5 MtCO2e or approximately 50 times Duke‘s 2007 GHG 
emissions. 

 
Above $15 per ton, forestry and agriculture offsets account for most of the supply. Some residential 

energy efficiency measures fall in this cost range, including Energy Star dishwasher and clothes washer 
retrofits and energy efficient new residential construction. The curve extends upwards to $2,901 per ton from 
non-electric heating clothes washers, but the supply is relatively small (0.01 MtCO2e per year). In total, an 
additional 57.9MtCO2e per year in offsets are available from measures costing $25 (energy efficient chest 
freezer retrofits) to $150 per ton (residential construction energy efficiency). 

 
Duke University emitted 0.416 MtCO2e per year and a straight-line projection, based on historic 

emissions growth, predicts 0.709 MtCO2e per year by 2035. Given that our study has estimated a potential 
supply of 32.2MtCO2e per year in North Carolina below $15 per ton CO2e, we conclude that Duke can 
consider local carbon offsets an attractive low-cost strategy for meeting its carbon neutrality goals. 
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Figure 19. Local Residential Energy Efficiency, Afforestation, and Forestry Management Carbon 
Offset Supply and Cost 

 
 

For several measures, we estimate local supply and cost information. Figure 19 is a representation of 
results for 1) select energy efficiency measures in Triange residences, 2) afforestation of the Daily tract Duke 
Forest expansion in Alamance County and 3) the maximum additional carbon sequestration from altered 
forestry management of existing Duke Forest harvested acreage. We do not include conservation tillage in the 
Tar-Pamlico and Neuse river basins because the cost data are incomplete. Farmers are paid for short-term 
conservation tillage, but there are no estimates for the cost of long-term tillage. 

 
At negative cost, 0.371 MtCO2e per year are available in the Triangle from energy efficiency measures. 

Costs are derived from the Energy Effiency Tool (Appendix K) and supply estimates are interpolated from 
GDS estimates.89 Duke Forest afforestation from expansion could supply 0.0026 MtCO2e per year at costs 
between $389-$433 per metric ton CO2e. At $158 per ton, Duke Forest manegement practices could supply a 
maximum of 0.0022 MtCO2e.90 

 
 

 

 

                                                      
89 GDS Associates, Inc.  ―A Study of the Feasibility of Energy Efficiency as an Eligible Resource as Part of a Renewable 

Portfolio Standard for the State of North Carolina.‖  December 2006. 
90 Estimates are derived from Duke Forest data. 
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Appendix A: Excerpt on Offsets from the American College and 
University Presidents’ Climate Commitment Implementation Guide 

 
Page 27 of the ACUPCC Implementation Guide: 
 
The term ―offset‖ refers to the practice of compensating for GHG emissions that cannot feasibly 
be avoided at a given time, by supporting projects that reduce, avoid, or sequester emissions 
elsewhere, and that would not have otherwise occurred. These projects generate offset credits, or 
―offsets‖, that individuals or organizations purchase to compensate for their emissions. Since there 
is currently no well-established and widely-used certification system for carbon offsets, the Steering 
Committee has not adopted any specifications for types of offset products that are acceptable 
within the ACUPCC. As certification systems develop, the Steering Committee will consider the 
adoption of quality standards for offsets that count under the ACUPCC. 
 
It is important to note that, under the Commitment, each institution sets its own target date for 
reaching climate neutrality so offsets need not be purchased immediately or even in the near 
future. If an institution were to eliminate all of its GHG emissions through other means by its 
target date, offsets would not be necessary at all. In general, signatories are encouraged to invest in 
on-campus emissions reductions before purchasing offsets, especially in the early stages when ‗low 
hanging fruit‘ (i.e. relatively easy reductions with high returns on investment) are available. 
 
Given the emerging nature of the carbon offset market, those institutions that choose to buy 
offsets are encouraged to exercise due diligence before committing to particular offset suppliers. 
To the extent possible, institutions should select offset suppliers that: 
 

 are transparent about the projects where their offsets originate, and provide sufficient 

 information about these projects to enable customers to evaluate offset quality; 

 have strong, objective policies to ensure that offset projects are additional and would not 

 have happened without the existence of the offset market; 

 are transparent about their project selection processes and other internal operations; 

 monitor offset projects to ensure reductions are occurring as projected; 

 ensure that their offsets are ―retired‖ after the purchase so that they cannot be traded back 

 into the market; 

 provide offsets with ancillary social and environmental benefits beyond GHG reductions; 

 use third-party verification to ensure offset quality. 
 
In addition, since most GHG emissions are also accompanied by other air pollutants, signatories may 
wish to give preference to offsets generated from projects within the institution's air shed. For more 
detailed explanations of what to look for when purchasing offsets, institutions are encouraged to read the 
two reports listed in the resources section. 
 
Resources 

 Consumer's Guide to Retail Carbon Offset Providers 
http://www.cleanair-coolplanet.org/ConsumersGuidetoCarbonOffsets.pdf 

 Voluntary Offsets For Air-Travel Carbon Emissions Report 
http://www.tufts.edu/tie/tci/pdf/TCI_Carbon_Offsets_Paper_April-2-07.pdf 
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Appendix B: Offset Standards, Protocols, and Project Types 
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Additional/ 
Real/Use 
Baseline 

10 x x x x x x x x x x x x x x 

Verifiable / 
Third Party 
Certified 

8 x x x x  x  x x x x x x x 

Permanent 
or Account 
for 
Reversibility 

9 x x x x x x x  x x x x  x 

Quantifiable
/Leakage 

10 x x x x x x x x x x x x x x 

Clear 
Ownership 

9 x x x x x x x  x x x x   

Only 
Reductions 
in Direct 
GHG 
Emissions 

2   x x       x    

Include 
Indirect 
GHG 
Emissions 
(Efficiency) 

2 x        (x)   x   

Produce Net 
Positive 
Impact 

2
2 

x       x   x x x  

Allows 
Biological 
Sequestration 

4
4 

x   x   x  x   x  x 
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Supported 
Project 
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Energy 
Efficiency 

9 x x  x x x x x (x) x  x   

Renewable 
Energy 

8 x x   x x x x x x  x   

Forestry/ 
Sequestration 

10 x x x x x x x x x x  x  x 

Agricultural 
Soil Carbon 

4 x x     x  x   x  x 

Rangeland 
Soil Carbon 

4 x x     x  x      

Animal 
Methane 
Capture 

7 x x x x  x  x  x  x   

Landfill 
Methane 
Capture 

8 x x x x x   x x x  x   

Coal Mine 
Methane 

2         x x     

Industrial 
Process 
Reductions 

2     x     x  x   

Ozone 
Depleting 
Substance 
Destruction 

2         x x     

Fuel 
Switching 

4 x       x (x) x     

Reductions 
Sulfur 
Hexafluoride 
(SF6) 
Emissions 

1    x           
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Appendix C: An Evaluation and Comparison of Additionality Tests 

 
Source: Trexler et al. 2006. A Statistically-Driven Approach to Offset-Based GHG Additionality Determinations: What Can We Learn? 
Sustainable Development Law & Policy. V. 6:2. pp. 30-40.
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Appendix D: U.S. Greenhouse Gas Economic Abatement Potential 
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Appendix E:  Existing Research and Policy Initiatives on Offsets at Duke 

 
The Nicholas Institute and its partners at the Center on Global Change at the Nicholas School are 

undertaking extensive policy and technical work on offsets, including: 
 

 Designing Offsets Policy for the U.S - A collaborative paper on principles and options for emissions 
reductions and sequestration from un-capped entities in federal policy. 
 

 Workshops - With agricultural sector stakeholders on offsets policy options for the ag sector. 
 

 Linden Trust Papers - A series of briefing papers to build the quality of discussion on federal offsets 
policy. 
 

 Senate Dialogues - Advising on offsets policy with Senators Stabenow and Brownback. 
 

 Economic Modeling - Examining the tradeoffs in availability and restrictions on offsets within a 
government-mandated cap-and-trade. 
 

 Consultation - To states in the Western Climate Initiative, Regional Greenhouse Gas Initiative, and 
Colorado, Utah, and California. 

 

 Consultation and Authorship - On the development of offsets standards in the Duke book 
‗Harnessing Farms and Forests‘; the Voluntary Carbon Standard; Forest Standards Committee; and 
exploring soil carbon sequestration standards with Syngenta and Goldman-Sachs. 
 

 Tools - The Reforestation Afforestation Project Carbon On-Line Estimator (RAPCOE), developed 
with EPA funding. 

 

 Road Test - An analysis of several forestry carbon offset methodologies and of the difference 
between the carbon offsets they generate from a project. 
 

 Hog Waste - Submitted proposals for 2 farms to the NC Division of Soil and Water Conservation 
for state grants for ‗environmentally superior technologies.‘ 

 

 Reduced Emissions from Deforestation and Degradation (REDD) - Developing standards for 
international and domestic carbon offsets from reduced deforestation. 
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Appendix F:  Five Forces and SWOT Analyses 

 
Porter‘s Five Forces analysis is a framework used to qualitatively evaluate the competitive dynamics 

within an industry. The five forces are: 

 Supplier Power – bargaining power held by suppliers of raw materials for the industry being 
analyzed.  

 Buyer Power – bargaining power held by customers of the industry being analyzed. Typically, buyer 
power and supplier power are inversely related. 

 Threat of Substitutes – the substitute goods that are available for this industry and buyers‘ propensity 
to purchase substitutes when faced with increasing prices in this industry (related to the elasticity of 
demand). For example, a substitute for ham could be turkey. 

 Threat of Entry – the attractiveness of the industry to new entrants. Typically, growing industries, 
highly profitable industries, or unregulated industries are attractive to new entrants. 

 Intensity of Rivalry – the nature of the competitive dynamics between firms already participating in 
the industry. The intensity of the rivalry is affected by the other 4 forces as well as other factors. 

 
For this analysis we define the industry and participants as follows: 

 Industry – carbon offset production and aggregation.  

 3rd party verifiers do not directly participate in this industry, but provide an important value-added 
service for participants. Verifiers add authenticity as well as differentiation to carbon offsets because 
they provide information about the secondary benefits of the offset such as clean water, recreation, 
or preservation that might be important to a buyer. 

 Suppliers – Those with the means to sequester carbon, or reduce greenhouse gas emissions. For 
example: forest owners, landfill operators, hog farmers, crop farmers, etc. 

 Buyers – Those with the desire to purchase carbon offsets in the open market, or over the counter to 
offset their carbon emissions (i.e. not to resell the offset). 

 Threat of Substitutes – direct emissions reductions, carbon allowances. 

 Threat of Entry – firms not currently producing offsets in the US who wish to produce carbon 
offsets in the future. 
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Several qualitative characteristics of each force are listed below. A (+) indicates that the characteristic is 
favorable to those already participating in the industry. A (-) indicates the characteristic is unfavorable to 
those already participating in the industry.  

 

 
 

Voluntary Scenario 
 

 

Compliance Scenario 
 

 
I. Supplier Power 
 
(+) A high number of potential suppliers in the 

US and around the world creates excess capacity 
(+) Suppliers are highly fragmented, so individual 

suppliers have low bargaining power and essentially 
are price takers. 

(+) One carbon offset is indistinguishable from 
another carbon offset (prior to 3rd party verification), 
and therefore suppliers cannot bargain based on the 
type of offset they can supply.  

(+) Some suppliers, particularly forestry and 
farms, are locked into long-term contracts when they 
sell their offsets and therefore cannot demand higher 
prices after selling their offsets. 

 

 Supplier power is low relative to buyer power. 
 

 
I. Supplier Power 
 
(-) Higher standards for what constitutes a carbon 

offset means that the supply of offsets decreases 
relative to a voluntary market scenario, increasing 
supplier power. 

(+)A carbon offset is indistinguishable from 
another carbon offset (prior to 3rd party verification), 
and therefore suppliers cannot bargain based on the 
type of offset they can supply 

(+)Some suppliers, particularly forestry and farms, 
are locked into long-term contracts when they sell 
their offsets and therefore cannot demand higher 
prices after selling their offsets. 

 

 Overall supplier power increases in a 
compliance market scenario, but supplier power is still 
relatively low compared to buyer power. 

 
 
 

 
II. Buyer Power 
 
(-) Excess capacity on the supply side increases 

buyers‘ bargaining power. 
(+) After 3rd party verification, offsets can be 

differentiated based on their secondary benefits 
(reputation, standards, quality, added products or 
values like biodiversity and community) and therefore 
buyer power is lowered. 

(-) Buyers have low switching costs between 
offset providers, increasing their bargaining power. 

 

 Buyer power is high relative to supplier 
power. 

 

 
II. Buyer Power 
 
(+) Higher standards for what constitutes a 

carbon offset means that the supply of offsets 
decreases relative to a voluntary market scenario, 
decreasing buyer power. 

(+)After 3rd party verification, offsets can be 
differentiated based on their secondary benefits 
(reputation, standards, quality, added products or 
values like biodiversity and community) and therefore 
buyer power is lowered. 

(-)Buyers have low switching costs between offset 
providers, increasing their bargaining power. 

 
 

 Overall buyer power decreases in a compliance 
market scenario, but buyer power is still relatively high 
compared to supplier power. 
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Voluntary Scenario 
 

 

Compliance Scenario 
 

 
III. Threat of Substitutes 
 
(+) The only credible threat is direct emissions 

reductions (energy efficiency, alternative fuels, 
renewable energy, etc.)  Except for very basic 
reductions, such as using energy efficient light bulbs, 
the cost of an offset in a voluntary market should be 
cheaper than undertaking a direct emission reduction 
project. 

 

 Overall low threat of substitution. 
 

 
III. Threat of Substitutes 
 
(+) Carbon allowances emerge as a substitute 

under a compliance scenario, but should be more 
expensive than an offset unless the supply of offsets is 
severely constrained. In that case, the price of offsets 
should rise to match the price of allowances.  

(-) Direct emissions reductions may become 
cheaper than buying offsets if the supply of offsets is 
limited. 

 
 

 The threat of substitution increases in a 
compliance market scenario, but is still low overall 
based on an anticipated plentiful supply of offsets. 

 

IV. Threat of Entry of new Competitors 
 
(-) The voluntary market has low barriers to 

entry: no licensing, low capital expenditure, little 
technical knowledge necessary. Therefore, small firms 
and those with little expertise are tempted to enter. 

(-) The industry is well publicized and growing, 
increasing the threat of entry.  

(+) The long term profitability is uncertain in a 
voluntary market scenario due to oversupply and lack 
of standards, decreasing the threat of entry from 
established firms. 

(+) The technologies required to generate offsets 
are in a fledgling state, often dependent on 
government incentives or subsidies to be profitable. 

 

 Overall high threat of entry, but the quality of 
competition is low. Lack of standards makes entry 
easy to small, entrepreneurial firms, but the 
uncertainty keeps bigger firms away. 

 

IV. Threat of Entry of new Competitors 
 
(+) Barriers to entry rise as market is more 

regulated / standards stricter, preventing many smaller 
firms from entering. 

(-) Stricter standards and better profitability 
prospects increases the threat of entry from larger 
firms with more expertise  

(-) The industry is well publicized and growing, 
increasing the threat of entry.  

 (+) The technologies required to generate offsets 
are in a fledgling state, often dependent on 
government incentives or subsidies to be profitable. 

 
 

 Overall high threat of entry, and in a 
compliance scenario, the entrants will be more 
established firms with experience producing carbon 
offsets in other parts of the world.  
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Voluntary Scenario 
 

 

Compliance Scenario 
 

V. Rivalry inside industry 
(with other offset producers, project initiators, aggregators) 
 
(-) Low production levels of offsets in NC 

increases rivalry for local producers 
(-) There are many competing national and 

international offsets producers and technologies 
 (+) Carbon offsets can be differentiated by 3rd 

party verifiers, increasing the potential to create 
value-added services, differentiation, and market 
segmentation through secondary benefits. 

(+) Many non-profit organizations participate in 
the market. Most are pursuing a ―nobler‖ purpose 
rather than a profit, and therefore rivalry should be 
lower.  

(+) Exit costs are low (because firms are not 
regulated) and therefore it is easier for weaker 
participants to exit the industry. 

 

 Overall rivalry expected to be low. 

V. Rivalry inside industry 
(with other offset producers, project initiators, aggregators) 
 
(-) Low production levels of offsets in NC 

increases rivalry for local producers 
(-) There are many competing national and 

international offsets producers and technologies 
 (-) The percentage of profit-seeking market 

participants increases and the percentage of non-
profits decreases 

(-) Exit costs should increase with regulation as 
companies are required to guarantee offsets created 
during the life of the business.  

 
 

 Overall we expect rivalry in the US to be high 
under a compliance market scenario. 

 

Summary 

  
Legend: 
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SWOT Analysis 

Strengths
• Existing knowledge in environmental issues

– Economics / Policy / Academic / Research 
commitment / CSI….

• Existing network / contacts to potential offset 
providers

• Duke‘s location

– Proximity to offset opportunities in 
Southeast

– Proximity to UNC & NCSU for partnerships 
and shared knowledge

• Duke has an existing reputation / known brand

• Duke endowment (?)

• Duke Forest (as asset, offset provider, lab 
resource)

• Equipment / Tools

Weaknesses
• No pressure to make profits / non-profit 

orientation

• Venture is not core mission / interest / 
competence of Duke

• Lack of executive support / low on list of 
priorities

Opportunities
• Growing awarness of environmental issues / 

climate change

• Increasing demand for offsets. Projected to be 
between 250 and 400 MtCO2e in 2010. 

• Offers possibility for generating publicity

• Change in federal climate priorities after 
presidential elections

• Impending 2012 legislation.

Threats
• Lack of credibility in voluntary offset standards.

• Saturation of voluntary standards.

• Increasing competition in industry

 
 

Interim results (to be replaced by final recommendations later) 

 So far we identified two decision variables regarding… 

(1) …the source of offsets (= what percentage to purchase, what percentage to produce through projects we 

initiate) 

(2) …the business model (profit / non-profit / Duke on its own / Duke + partners) 

 

 These variables span a continuum between 

(1) Simplest option = Duke procurement office responsible for purchasing offsets from service 

provider (such as Duke Energy) 

(2) Duke purchasing offsets on the open market (no local benefits) 

(3) Mix between self-produced offsets and offsets purchased on the open market 

(4) Most complicated option = Duke as offset producer and full-service provider, covering a large 

part of the value chain 
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Appendix G: Agriculture and Forestry Background and Methodology 

Although the principle behind agriculture and forestry carbon offsets is simple, accurate calculations are 
highly dependent on the project, land characteristics, available data and calculation methodology. The 
Nicholas Institute recently published a useful guide91 for this classification of carbon offset and we are 
conducting a comparison of several forestry methodologies.92 Calculating additional carbon dioxide emissions 
reductions requires baseline-case and project-case calculations of carbon stocks. The difference between the 
two annual sums equals the net carbon stock, or the additional amount of carbon stored by the project. A 
baseline case should estimate the carbon in soil and plant-life that would have been stored in absence of the 
project. 

   
Using afforestation as an example, the baseline should account for historical rates of deforestation. The 

project-case carbon stock should include reductions due to risk (fires, weather, etc.) and statistical uncertainty. 
Various organizations and standards provide tables for estimating carbon stocks from different forest- and 
land-types.  Offsets of higher quality require more accurate methods such as modeling and sampling specific 
to the project and region. 

 
Another important factor for an accurate calculation of net carbon stocks is estimating the carbon 

emitted from processes indirectly related to the project case, or ―leakage.‖ When trees and crops are 
harvested or planted, carbon dioxide is emitted from fossil fuels. After harvest, carbon may be transferred 
from trees to wood products (paper, furniture, building materials). Decay rates for these products must be 
calculated and subtracted from the project-case carbon stock. Lastly, delaying harvesting or decreasing 
agriculture by planting trees may affect the decisions of other farmers to farm or harvest. This leakage must 
be accounted for in the project-case carbon stock. 

 
Some carbon registries require guarantees of permanence from agriculture and forestry offsets. The CCX, 

for example, places 20 percent of a farmer‘s financial gains into a common pool. This security mechanism 
protects investors against the loss of stored carbon through drought or disease. Should something happen to 
invalidate the carbon sequestered, the pool is drawn down. If the farmer is compliant, the 20 percent is 
returned at the end of the year.  

 
Calculations 

GIS County-level Afforestation – The GIS county-level analysis uses 2002 USDA agriculture census data for 
county average farmland and land price, Forestry Inventory and Analysis data (FIDO) for forest type and 
EIA 1605(b) soil and non-soil carbon sequestration rates. We use a regional factor to estimate leakage. Gross 
carbon sequestration rates range from 2.79 - 4.77 metric tons of CO2 per acre per year. 

 
Several improvements will increase the accuracy of the derived results. a) It is not realistic to estimate a 

county‘s supply of offsets from total farmland to the data represent an extreme upper limit. We are working 
to obtain estimates of non-prime farmland and related prices. b) Our estimates of forest-type by county use 
the weighted average of current forest-types to calculate a county carbon sequestration rate. It may not be 
accurate to approximate new forest by the mix of existing forest types. For example, new planted trees in the 
southern piedmont are most likely to be loblolly-shortleaf and will have a higher carbon sequestration rate per 
acre than that approximated by the weighted average of existing forest-types. 

 

                                                      
91 Willey and Chameides, 2007. ―Harnessing Farms and Forests in the Low-Carbon Economy:  How to Create, Measure, 

and Verify Greenhouse Gas Offsets.‖  The Nicholas Institute for Environmental Policy Solutions. 
92 Galik, Christopher, personal communication. ―Offsets Roadtest working draft,‖ July 2008. 
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State-level Soil Carbon – According to regional tables, a farm can claim approximately 0.5-0.6 metric tons of 
CO2e per acre per year over approximately 20 years by altering tillage practices to reduced tillage or no-till 
(hereafter, conservation tillage). After 20 years, the soil reaches its carbon content equilibrium and the soil 
needs to remain in conservation tillage to avoid re-releasing the stored carbon into the atmosphere. 

 
We use USDA and EPA estimates of US supply of carbon offsets at different prices. We multiply the 

results by the percentage of conventional tillage in North Carolina as compared to the United States. Sperow 
et al. (1997) estimate that conventional tillage acres in the US equal 199.6 million. The CTIC estimates 1.94 
million acres under conventional tillage in 2004. We may be over-estimating the supply of conservation tillage 
offsets in North Carolina by over-estimating the percentage of conventional tillage in North Carolina. The 
true value for US conventional tillage in the US is likely higher than the 1997 estimate. 
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Appendix H:  Methane Background 

 
Hog Waste  

North Carolina initiated the Lagoon Conversion Program to help farmers convert hog waste hazards into 
innovative animal waste management systems. The state prohibits the construction of new hog-waste lagoons 
and the program covers 90 percent or up to $500,000 per farmer of the conversion costs of new technology.93 
Opportunities in North Carolina for biogas electricity are abundant; however, profitability depends on 
available revenue sources. These include carbon credits, renewable energy credits and electricity revenue from 
selling the energy back to the grid.  

 
Several types of biogas recovery systems are generally used for commercially managing hog waste. We 

single out two processes that are appropriate for the low solids content of the waste (0.5-1 percent solids after 
flush out).94 

 

 A covered lagoon digester is the conventional method. An earthen lagoon is fitted with a cover to 
collect anaerobically created biogas. This system is not heated, which reduces gas flow in cold 
climates. In warmer climates, gas flows are relatively stable during all seasons, and the system 
produces enough biogas to financially justify energy generation.95 
 

 A composting system is an emerging technology that uses a set of tanks to allow aerobic 
decomposition of separated solids. Bacteria and microorganisms break down waste into stabilized 
organic matter (compost, which is often sold), carbon dioxide, water and minerals. Sufficient oxygen, 
moisture and temperature levels must be maintained to sustain biological activity, and tanks are often 
mixed mechanically.96 After removal of nitrogen and phosphorous, the liquids are used to water 
fields and recycled in the hog house.97 

 
Although the EPA recommends covered lagoon digesters for hog waste management, this technology is 

not considered ―environmentally superior‖ by North Carolina standards because it does not reduce water and 
air pollution (including odor). The state has identified 18 potential environmental superior technologies and is 
leading research and commercialization efforts in options such as aerobic composting (Super Soil Systems 
USA).98 Preliminary data suggest that Super Soil reduces all relevant pollutants by upwards of 95 percent.99 
Despite its promise, aerobic digestion is costly and still under development. For carbon offsets supply 
estimates, we focus on anaerobic digesting lagoon covers because more data are available. 

 
A number of factors limit North Carolina farmers in adopting anaerobic digestion with methane 

electricity generation. Capital costs for lagoon conversion are high thus farms with small herd sizes may not 
generate sufficient returns to justify this investment. Operation and maintenance costs are higher for hog 

                                                      
93 http://www.ncdp.org/Easley+Signs+Bill+to+Ban+New+Hog+Waste+Lagoons  
94 EPA AgStar, Office of Air and Radiation, ―Market Opportunities for Biogas Recovery Systems,‖ Winter 2002. 
95 US EPA, ―Managing Manure with Biogas Recovery Systems:  Improved Performance and at Competitive Costs.‖ 
96 North Carolina State University, Department of Agriculture and Resource Economics, ―Technology Report:  Super 

Soils Composting Facility,‖ January 2006. 
97 North Carolina State University, Animal and Poultry Waste Management Center, ―Solids Separation/Nitrification-De-

Nitrification/Soluble Phosphorous Removal/Solids Processing System (Super Soil Systems USA),‖ 
http://www.cals.ncsu.edu/waste_mgt/smithfield_projects/super%20soil/supersoil.htm  

98 RTI International, ―Benefits of Adopting Environmentally Superior Swine Waste Management Technologies in North 
Carolina:  An Environmental and Economic Assessment,‖ November 2003 

99 Williams, Agreement Progress Presentation, July 14, 2004. 

http://www.ncdp.org/Easley+Signs+Bill+to+Ban+New+Hog+Waste+Lagoons
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waste methane capture relative to methane capture from other animals. Some farms are geographically 
constrained because they are located too far away from access to electricity distribution infrastructure. 

 
Landfill Methane 

Cost is a major barrier hindering growth in landfill methane electricity projects. Construction is relatively 
expensive, in many instances surpassing the $1 million dollar mark for large landfills. This obstacle makes 
virtually any project economically difficult. In North Carolina, what utilities are willing to pay is barely enough 
to break even for most projects. Being near existing transmission lines is desirable for reducing cost, 
otherwise the construction of transmission lines adds further barriers.100 Profit potential for landfill methane 
electricity projects stems from three sources of revenues: renewable energy credits, carbon offsets and sale of 
electricity to utilities.  

 
North Carolina currently has the following financial incentive options for landfill gas (LFG) sites for 

which Duke University may qualify:101 
 

 DOE Renewable Energy Production Incentive gives qualified systems $0.015 per kWh produced 
(stipulations may apply); 

 Low interest loans available up to half a million dollars under the Energy Improvement Loan 
Program; 

 North Carolina‘s RPS requires utilities to provide 20% of their energy from renewable sources. Many 
are looking for LFG options to begin working towards this requirement.  

 
In North Carolina, the Landfill Methane Outreach Program (LMOP) identifies 14 landfills currently 

capturing methane for electric power generation and 4 additional sites that are under construction. LMOP lists 
36 landfills as candidates for new landfill gas projects. These sites are either currently accepting waste or have been 
closed for five or less years. The remaining 75 landfills in the state are classified as potential sites because they 
do not meet data requirements for analysis.102  The database lists the size of the candidate landfill sites and 
from this number we calculate the potential conversion costs, electricity revenue and carbon offsets for each 
site. 

 
The LMOP provides 1996 cost estimates for landfill gas collection and energy production projects.103 To 

calculate costs for each candidate site in North Carolina, we interpolate from the LMOP values for O&M 
(operation and maintenance), gas collectors, and auxiliary costs (overhead and engineering) according to 
amount of waste stored. We use a cost estimate for internal combustion (IC) engines for electricity 
production because 80 percent of landfills use this technology and it is the most suitable for the size of 
landfills in North Carolina (smaller than 5 million tons of waste).104 We derive total annual costs by summing 
annual O&M, amortized equipment (capital) and auxiliary costs. Finally, we convert 1996 dollars to 2007 
values for the final estimates for each candidate landfill. 

 
For landfill gas electricity revenue, we use the LMOP assumptions for annual IC operating hours (7,008), 

capacity factor (0.80) and electric heat rate (12,000 Btu/kWh). The emissions factor (1.146 lbs CO2/kWh) is 
specific to North Carolina.105 Using Equation 1, we calculate the landfill gas produced from each site from 
their size by interpolating from LMOP values. 

                                                      
100 http://www.npr.org/templates/story/story.php?storyId=5182877 
101  DSIRE. Federal and State Incentives (unless noted) 
102  LMOP spreadsheet… EPA by state. http://www.epa.gov/landfill/proj/index.htm 
103 US EPA Air and Radiation, ―Turning a Liability in an Asset:  A Landfill Gas-to-Energy Project Development 

Handbook,‖ September 1996. 
104 Ibid. 
105 Emissions rates vary on a regional basis. For details and reference to our assumptions, see eGRID2006 Version 2.1 

(ZIP) at http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html 

http://www.epa.gov/landfill/proj/index.htm
http://www.epa.gov/cleanenergy/documents/egridzips/eGRID2006_Version2-1.zip
http://www.epa.gov/cleanenergy/documents/egridzips/eGRID2006_Version2-1.zip
http://www.epa.gov/cleanenergy/documents/egridzips/eGRID2006_Version2-1.zip
http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html
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Equation 1: kWh = landfill gas flow (cf/hr) * energy content (500 Btu/cf) / IC heat rate (12,000 

Btu/kWh) * annual operating hours (7,008 hr)106 
 

Next, we calculate net annual energy revenues by multiplying energy production by the utility buyback 
rate and subtracting annual energy consumption multiplied by the electricity purchase rate. North Carolina 
has a net metering program107 but the rate at which utilities buy electricity ($0.03 per kWh) is less than the rate 
at which they sell it ($0.085 per kWh). Again, we interpolate energy consumption based on landfill size from 
LMOP standard values. For greenhouse gas emissions offsets, we count 2 types for each site:  1) avoided 
methane emissions and 2) avoided electricity consumption (calculated by multiplying produced energy by the 
North Carolina emissions factor). 

                                                      
106 US EPA Air and Radiation, ―Turning a Liability in an Asset:  A Landfill Gas-to-Energy Project Development 

Handbook,‖ September 1996. 
107 DSIRE, North Carolina Solar Center, accessed 7/2008. 
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Appendix I: Calculations for North Carolina Landfill Methane Capture Potential 

Number  Size (tons)  

Estimated 
Gas Flow 
(mcf/day)  

 Total Annual 
Costs  

Annual 
Energy 
Sales 
Potential  

 Net Energy 
Revenue 
Potential  

Annual 
Avoided 
Direct 
Methane 
Emissions 
(CO2e)  

Potential 
Annual 
Avoided 
Electricity 
Emissions 
(CO2e)  

Annual Offset 
Supply with 
Electricity 
(CO2e) 

Cost with 
electricity  

Cost 
with 
Low 
RECS  

Cost with 
High 
RECS  

Cost with 
no 
electricity  

1 237,899 152.73 98,624.45 44,597.50 40,315.32 8,000 772.75 8,772.75 6.16 5.99 5.65 5.81 

2 438,069 281.24 181,607.80 82,122.17 74,236.93 14,800 1,422.95 16,222.95 6.13 5.96 5.63 5.78 

3 249,000 159.86 103,226.53 46,678.54 42,196.54 8,300 808.81 9,108.81 6.21 6.04 5.70 5.86 

4 1,200,000 717.12 367,143.76 209,399.04 187,799.04 38,000 3,628.31 41,628.31 3.79 3.62 3.29 3.22 

5 1,214,795 725.96 371,670.33 211,980.76 190,114.45 38,300 3,673.04 41,973.04 3.80 3.64 3.30 3.23 

6 1,523,736 910.58 466,191.80 265,890.71 238,463.47 47,800 4,607.15 52,407.15 3.82 3.65 3.31 3.25 

7 3,600,000 2,151.36 1,101,431.27 628,197.12 563,397.12 113,500 10,884.92 124,384.92 3.80 3.64 3.30 3.23 

8 1,135,140 678.36 347,299.64 198,081.02 177,648.50 35,700 3,432.20 39,132.20 3.81 3.64 3.31 3.24 

9 856,860 550.10 355,223.63 160,630.40 145,206.92 28,800 2,783.28 31,583.28 6.16 5.99 5.65 5.81 

10 3,272,685 1,955.76 1,001,288.22 571,080.91 512,172.58 103,200 9,895.25 113,095.25 3.80 3.64 3.30 3.23 

11 1,870,499 1,117.81 572,285.03 326,400.58 292,731.60 58,800 5,655.62 64,455.62 3.81 3.65 3.31 3.24 

12 1,030,500 661.58 427,208.59 193,181.65 174,632.65 34,900 3,347.30 38,247.30 6.12 5.95 5.61 5.77 

13 2,191,946 1,309.91 670,632.74 382,492.82 343,037.80 69,100 6,627.54 75,727.54 3.80 3.64 3.30 3.23 

14 1,154,018 689.64 353,075.42 201,375.22 180,602.89 36,400 3,489.27 39,889.27 3.80 3.63 3.30 3.23 

15 2,280,900 1,363.07 697,848.50 398,015.23 356,959.03 71,700 6,896.50 78,596.50 3.81 3.65 3.31 3.24 

16 1,780,000 1,063.73 544,596.57 310,608.58 278,568.58 56,200 5,381.99 61,581.99 3.80 3.63 3.30 3.23 
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17 1,200,000 717.12 367,143.76 209,399.04 187,799.04 38,000 3,628.31 41,628.31 3.79 3.62 3.29 3.22 

18 3,857,079 2,304.99 1,180,085.40 673,057.20 603,629.78 121,400 11,662.22 133,062.22 3.81 3.64 3.30 3.24 

19 1,600,000 956.16 489,525.01 279,198.72 250,398.72 50,500 4,837.74 55,337.74 3.80 3.63 3.30 3.23 

20 2,200,000 1,314.72 673,096.89 383,898.24 344,298.24 69,500 6,651.89 76,151.89 3.80 3.63 3.29 3.22 

21 959,464 615.98 397,759.60 179,864.96 162,594.61 32,600 3,116.56 35,716.56 6.10 5.93 5.60 5.75 

22 1,009,134 647.86 418,351.01 189,176.30 171,011.88 34,200 3,277.90 37,477.90 6.11 5.95 5.61 5.76 

23 1,357,483 811.23 415,326.17 236,879.70 212,445.00 42,900 4,104.47 47,004.47 3.80 3.63 3.29 3.22 

24 1,221,118 729.74 373,604.88 213,084.11 191,103.99 38,300 3,692.16 41,992.16 3.82 3.65 3.32 3.25 

25 3,000,000 1,792.80 917,859.39 523,497.60 469,497.60 94,500 9,070.76 103,570.76 3.81 3.64 3.30 3.23 

26 2,780,000 1,661.33 850,549.70 485,107.78 435,067.78 87,700 8,405.57 96,105.57 3.80 3.63 3.30 3.23 

27 30,000 19.26 12,436.93 5,623.92 5,083.92 1,100 97.45 1,197.45 5.69 5.53 5.22 5.33 

28 1,000,000 642.00 414,564.38 187,464.00 169,464.00 38,800 3,248.23 42,048.23 5.40 5.25 4.96 5.03 

29 763,800 490.36 316,644.27 143,185.00 129,436.60 25,800 2,481.00 28,281.00 6.13 5.96 5.63 5.78 

30 1,299,515 776.59 397,590.68 226,764.33 203,373.06 41,000 3,929.20 44,929.20 3.80 3.63 3.30 3.23 

31 5,424,251 3,241.53 1,659,566.58 946,527.46 848,890.94 170,800 16,400.70 187,200.70 3.81 3.64 3.30 3.23 

32 500,000 321.00 207,282.19 93,732.00 84,732.00 17,100 1,624.12 18,724.12 6.06 5.90 5.56 5.71 

33 2,416,380 1,444.03 739,299.03 421,656.38 378,161.54 76,300 7,306.14 83,606.14 3.80 3.63 3.29 3.23 

34 1,127,341 673.70 344,913.51 196,720.10 176,427.96 35,700 3,408.61 39,108.61 3.79 3.62 3.29 3.22 

35 750,000 481.50 310,923.28 140,598.00 127,098.00 25,400 2,436.17 27,836.17 6.12 5.95 5.61 5.77 

36 2,080,436 1,243.27 636,515.91 363,034.42 325,586.57 65,700 6,290.38 71,990.38 3.80 3.63 3.29 3.23 

Totals 58,612,048 35,374 18,782,393 10,329,201 9,274,185 1,870,800 178,976.43 2,049,776.43   
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Appendix J:  Energy Efficiency Background and Methodology 

 
Energy efficiency measures are different from other greenhouse gas emission offsets discussed in this 

report. Reducing energy demand from consumers is very likely to fall under federal cap-and-trade regulations. 
Thus, most analyses of demand-side management (DSM) energy options view them from the perspective of 
the electric utility. The emissions reductions from energy efficiency measures would be credited to these 
entities under the cap. 

 
We must adjust the frame of reference from which we compare the costs of energy efficiency measures. 

Both FE and GDS studies view costs from the perspective of the utility; a measure is cost effective if it is less 
expensive than the avoided cost of generation. In other words, if it costs less to build new energy capacity 
than to reduce energy demand, a utility should generate more. From the Duke University point-of-view, the 
avoided cost of generation is not the appropriate number for comparison. We must compare the net cost of 
the energy efficiency measure from the perspective of the end-use consumer (by subtracting the consumer 
electricity rate) and convert net cost per kWh to cost per ton CO2e. 

 
Despite similar aggregated results, a close look at the FE and GDS studies reveals critical differences. FE 

includes 40 energy efficiency measures in its technical survey and 17 of these measures are below $0.06 per 
kWh. The GDS analysis includes 34 measures with 17 below $0.05 per kWh. Only 6 of the measures below 
the cost thresholds overlap between the two studies and the costs per kWh for the FF study tend to be higher 
than for the GDS study (the difference in costs and supply estimates is most clear in Figures 3 and 4). These 
differences are important because Duke University is trying to identify the effects and costs of specific 
technologies.  

 
The FE study is more explicit about its methodology for modeling energy savings for each energy 

efficiency measure. It incorporates modeling specific to its customer load profiles by hour, month and 
customer type. This allows the study to integrate the energy savings for each energy efficiency measure with 
the real temporal and behavioral aspect of electricity consumption. Figure 1 is an example of the technical 
energy efficiency potential for Duke Energy customers returned by the modeling.  
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Figure 20. North Carolina Total Technical Energy Efficiency Potential by Month108 

 
 

Figure 20 shows the model‘s output for the energy savings of a heat pump compared to an electric 
furnace. It clearly represents the temporal dynamic of this energy efficiency measure. In colder months a heat 
pump will save more energy than in summer months and savings will be negligible at intermediate 
temperatures because little heating or cooling is necessary. 

 

Figure 21. Example modeling for a heat pump energy efficiency potential specific to North Carolina 
weather and user behavior109 

 
 

The GDS study is not as clear as the FE study on its modeling methods but it is more explicit concerning 
rates of technology penetration. The GDS study used Energy Star historical market penetration rates from 
1998-2004 to estimate energy savings at the most aggressive market penetration rates for each energy 
efficiency measure. 

 
A different discount rate is another reason why the cost estimates for the two studies do not match. The 

FE costs per kWh are based on a 5.77 percent real discount rate and the GDS study costs are based on a 7.3 

                                                      
108 Forefront Economics, Inc., H. Gil Peach & Associates LLC, PA Consulting Group, ―Duke Energy Carolinas DSM 

Action Plan:  North Carolina Report.‖  August 31, 2007. 
109 Ibid. 
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percent real discount rate.110 Compared to FE, GDS assumes that a utility places more value on the near-term 
incremental cost of the new technology than on the energy savings benefits realized in the future. Decreasing 
the GDS study‘s discount rate would further decrease its estimates for energy efficiency measure cost (by 
increasing the present value of future benefits) and thus the difference between the two studies would 
increase. The difference in interest rates masks the difference between the two studies and underscores the 
difference in their methodology. 

 
Finally, we assume that Duke University is more interested in local energy efficiency measures. To 

estimate this potential we down-scale the two studies according to the proportion of Durham, Wake and 
Orange County customers in North Carolina and in the Duke Energy service territory. For the GDS data we 
reduce the potential supply of carbon offsets by 13 percent according to ratio between county and state 
populations. We multiply the FF data by 33 percent as the number of triangle residences is roughly a third of 
the Duke Energy North Carolina territory. 

 

Figure 22. Triangle energy efficiency offset supply curves derived from published estimates 

 
 

When the GDS and FF estimates are scaled down, the relationship between the estimates of residential 
supply of offsets at zero cost flips. The FF estimate is less than the GDS estimate at full scale (because Duke 
Energy is one of multiple utilities in North Carolina). When normalized for population, the GDS estimate 
becomes more conservative (Figure 22). 

 

                                                      
110 The NC study uses a 10 percent nominal discount rate and a 2.5 percent annual inflation rate. 
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Appendix K: An Energy Efficiency Calculator for Small Appliances and 
Solar Energy 

 
Introduction 
 

This spreadsheet tool calculates electricity, water, and natural gas savings from residential sector energy 
efficiency improvements. We measure the net effects of purchasing new Energy Star or efficient appliances 
versus new conventional units. These effects ultimately lead to reductions in greenhouse gas emissions from 
electricity and natural gas consumption. Using values specific to the Carolinas and Virginia, the tool evaluates 
refrigerators, clothes washers, water heaters and programmable thermostats111.  

 
The net economic effects of an efficiency improvement depend on the cost difference and energy savings 

between the conventional and efficient replacements. The energy efficient equipment is likely to be more 
costly at first, but this will translate to lower monthly energy bills. Decreased energy consumption also results 
in reduced greenhouse gas emissions. When we combine emissions reductions with net economic results, we 
derive a cost per ton of reduced CO2. Costs and benefits are realized over time so we must discount them 
back as if they occurred in the present. If this net present value is positive, the consumer saves money with 
the improvement that also reduces emissions. 

 

Table 24. General spreadsheet assumptions 

Residential cost of electricity112 ($/kWh) 0.0845 

Water Rate113 ($/1000 gallons) 4.529 

Gas Rate114 ($/therms) 1.5 

Interest Rate (%) 4.0 

Avg. Carbon Emissions Factor (lbs CO2/kWh) 1.146 

Non-Baseload Carbon Emissions Factor (lbs CO2/kWh) 1.917 

Natural Gas Emissions Factor (lbs. CO2/therm)115 13.446 

 
Important in our calculations, we assume that consumers only replace older, end-of-life appliances. Thus, 

where historical prices and energy usage data are available (only refrigerators), costs are based on the 
continual usage of older appliances for 2 years and then combined with the difference between purchasing 
new efficient appliances versus new conventional units. Prices for new units are based on estimates derived 
from the EPA and Energy Star. 

 
To calculate CO2 emissions, we use the emissions factors for the Carolina/Virgina SERC sub-region. 

Although non-base-load emission rates are available, there are no data for base-load emissions rates. We 
therefore estimate that the base-load emissions factor is equal to the regional average CO2 emissions rate. 
Table 24 summarizes the calculator‘s assumptions. 

 
 
 

                                                      
111 Emissions rates vary on a regional basis. For details and reference to our assumptions, see eGRID2006 Version 2.1 

(ZIP) at http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html 
112 Obtained from personal Duke Power residential electricity bill in the Durham area. 
113 Raftelis, 2006. 
114 Personal PSNC Energy Bill, March 2008. 
115 http://www.pge.com/myhome/environment/calculator/assumptions.shtml 

http://www.epa.gov/cleanenergy/documents/egridzips/eGRID2006_Version2-1.zip
http://www.epa.gov/cleanenergy/documents/egridzips/eGRID2006_Version2-1.zip
http://www.epa.gov/cleanenergy/documents/egridzips/eGRID2006_Version2-1.zip
http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html
http://www.pge.com/myhome/environment/calculator/assumptions.shtml
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Refrigerators 
 

The power capacity of a refrigerator unit depends on its volume, year of manufacture, and model type. 
To calculate the power capacity of the specific refrigerator to be replaced, we make an important assumption: 
the unit will be a ―Top-Mount Freezer with Ice Dispenser on Door‖116.This simplification is necessary 
because power capacity data by year and volume are only available for this model. The default model type 
uses the least amount of electricity per year regardless of volume or year of manufacture. Therefore, the 
operating costs for the unit to be replaced are most likely underestimates. Energy savings and avoided CO2 
emissions are conservative estimates. 

 

Table 25. Assumptions for refrigerator units of all types running constantly 

Unit Lifetime (years) 13 

Annual Replacement Rate 8% 

Avg. Carbon Emissions Factor (lbs CO2/kWh) 1.146 

Conventional Replacement Cost $1,070 

Energy Star Replacement Cost $1,100 

 
Purchasers of bulk replacements will not likely know the age or volume of the conventional units to be 

replaced. To compensate, we provide the user with default values based on EPA averages117; the user is not 
required to specify details. These defaults are 1) an average volume equal to 16.5-18.9 cubic feet and 2) a 
1993-2000 year of manufacture118. For the unit to be replaced, the default settings result in an average power 
capacity of 790 kWh per unit.  

 

Table 26. Default assumptions for units to be replaced119 
Year of manufacture   1993-2000 

Volume (cubic ft) 16.5-18.9 

Model Type Top Mount Freezer with Ice 
on Door 

Power Capacity (kWh/year) 790 

 
Users seeking individual unit replacements can input the volume and year of manufacture of the unit but 

not the model type. As mentioned above, assuming the unit to be replaced is a Top-Mount Freezer and Ice 
Dispenser on the Door‖ model is a limiting factor for the calculations.  

 
For both conventional and Energy Star replacement units, the specifications and resulting power capacity 

are derived from values in the Energy Star Refrigerator Retirement Calculator120.  For a replacement model, 
the calculator does not allow the user to specify volume because these data are not available. 

 
Results 
 

Under default assumptions, the net present values per unit for Energy Star refrigerator replacements are 
slightly negative (-$0.51 to -$6.54) and levelized costs per ton of CO2 are slightly positive ($0.79 per ton to 
$10.64 per ton). Although the cost difference between the new conventional and Energy Star replacements is 

                                                      
116 Energy Star units with top mount freezers have the lowest estimated power capacity compared to other Energy Star 

units. 
117 See: http://www.energystar.gov/index.cfm?c=refrig.pr_refrigerators, under excel spreadsheet named, ―Refrigerator 

Savings Calculator.‖ 
118 We found this range of 1993-2000 using an EPA refrigerator retirement calculator, see   

http://www.energystar.gov/index.cfm?fuseaction=refrig.calculator.  
119 These assumptions derived from http://www.energystar.gov/index.cfm?fuseaction=refrig.calculator 
120 http://www.energystar.gov/index.cfm?fuseaction=refrig.calculator. 

http://www.energystar.gov/index.cfm?c=refrig.pr_refrigerators


 

92 
 

$30, annual energy savings only translate to between $6.07 and $8.49 per year per unit. The total reduction in 
greenhouse gas emissions over the life of the refrigerator replacement ranges from 0.61 to 0.65 tons per unit. 

 
Changing the volume and manufacture year for the unit to be replaced changes the results. If the user‘s 

current refrigerator is larger or older, the net present values become positive and the levelized costs per ton 
become negative. Smaller and newer refrigerators to be replaced have the opposite effect. The combination 
of variables with the greatest savings is replacing a refrigerator from before 1980, greater than 24.5 cubic feet 
in volume. This would save the user $449.11 and 3.42 tons of CO2 per unit over the lifetime of the 
investment. The simple payback period is 0.62 years and the levelized cost per ton is -$131.41. 

 
Clothes Washers 
 

Clothes washers consume electricity, water and natural gas in each load of laundry. The ultimate annual 
consumption values for this appliance are based on the user‘s estimates of loads per week. In the calculator, 
the user has the flexibility to differentiate between loads per week during the day and at night. The CO2 
emissions factors for electricity depend on the time of day it is consumed, as day loads use non-base-load 
electricity (more emissions) and night loads use base-load (less emissions because a higher percentage nuclear 
and hydroelectric). 

 
The calculator uses average Energy Star values for consumption per load in Energy Star replacements. 

We estimate values for new conventional units. These numbers are based on the following factors: 
 

a. According to the EIA End Use Consumption of Electricity 2001 report, washing machines for 
the average household use 120 kWh/year.121 

b. According to the US DOE‘s Consumer Guide, the standard average wattage for today‘s 
residential washing machine is 350—500 W.122 Assuming that the standard 392 loads per 
year are washed and that most loads take less than an hour or ¾ of an hour, this results in a 
range of 102.9—147 kWh/year.  
 

(350watts*(392loads/year*0.75hours))/1000 = 102.9 kWh/year 
(500watts*(392loads/year*0.75hours))/1000 = 147 kWh/year 

 
c. We use the 120 kWh/year value for energy usage as a baseline123 because it is only slightly 

below the average between the upper and lower estimates from part b. 
 
(102.9 kwH/year + 147 kWh/year) / 2 = 124.95 kWh/year. 
 

      d. The final per/load value for new conventional units is 0.306kwH/load. 
 
 120 kWh/year / 392 loads/year = 0.306 kWh/load.  

 
Results 
 

Using the default values of 4 loads per week during the day and 4 loads per week at night, Energy Star 
clothes washers are worth $234.63 and save 0.88 tons of CO2 and 7,405.39 gallons of water per unit. The 
levelized cost per ton of CO2 emissions reduced is -$267.85 and the simple payback period is 3.75 years. As 
the user increases loads per week, the net present value, total CO2 and water reductions and levelized cost 
per ton increase in absolute quantity. The payback period decreases as loads per week increase. 

                                                      
121 http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html 
122 http://www.eere.energy.gov/consumer/your_home/appliances/index.cfm/mytopic=10040 
123This value also used at Energy Star website http://www.energystar.gov/index.cfm?c=clotheswash.pr_clothes_washers 

http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html
http://www.eere.energy.gov/consumer/your_home/appliances/index.cfm/mytopic=10040
http://www.energystar.gov/index.cfm?c=clotheswash.pr_clothes_washers
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Water Heaters 
 

Energy Star appliances do not currently include water heaters; however, the program has begun drafting 
criteria for their certification. According to the draft report, energy use does not differ significantly between 
heaters with a 50 gal capacity and those with a 40 or 60 gal capacities, so the calculator is based on water 
heaters with a 50 gal capacity.124 

 

Table 27. Assumptions – Electric Water Heating, Storage and Tankless14 

 Storage Tankless 

Annual Consumption (kWh/yr) 4,857 4,435 

Life Expectancy (years) 13 20 

Investment Cost $650 $1,500 

 

Table 28. Assumptions – Gas Water Heating, Storage and Tankless 
 Storage Tankless 

Annual Consumption 
(therms/yr) 

261 187 

Life Expectancy 9 20 

Investment Cost $500 $1300 

 
For the calculations, the user inputs whether they currently own an electric or gas storage hot water 

heater. If it is an electric heater, the calculator uses Energy Star average values of 4,857 kWh/yr for a 
conventional replacement and 4,435 kWh/yr for a tankless replacement. If the user inputs a gas water heater, 
the calculator uses 261 therms/yr for a conventional replacement and 187 therms/yr for a tankless 
replacement. Once we determine annual energy consumption, we calculate annual energy costs and 
greenhouse gas emissions. 

 
An important caveat to tankless water heaters is that they may not be adequate for all consumers. If a 

household requires a large amount of hot water at one time, as could be the case for households with many 
members, a tankless water heater may not be able to meet demand for hot water. 

 
Results 
 

The economic and environmental effects of tankless water heaters depend on whether the user owns a 
gas or electric system. Replacing a gas heater with tank storage with a gas tankless heater results in a net 
present value equal to $1,035.71 and 6.22 tons of greenhouse gases reduced per unit at a levelized cost of -
$166.6 per ton. The payback period is 2.56 years. For an electric system, the tankless upgrade produces -
$51.44 of net present value and 2.87 tons of greenhouse gases reduced per unit at a levelized cost of $17.95 
per ton. This value is negative because the cost difference between the two replacement types is $800 per unit 
and the energy savings equal only $35.66 per year per unit. 

 
Solar Thermal Water Heaters 
 

Energy Star includes solar thermal water heaters in their draft analysis of water heater efficiencies. The 
calculator allows the user to input whether their current water heater is gas or electric and if it has tank 

                                                      
124 http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads 
/water_heaters/WaterHeaterDraftCriteriaAnalysis.pdf 
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storage or if it is tankless. Solar Thermal energy consumption values are derived from Energy Star 
Estimates125. 

 

Table 29. Assumptions – Solar Water Heating 

 Energy Consumption Cost 

Gas Solar Thermal Heater 131 therms/year $4,000 

Electric Solar Thermal Heater 2,429 kWh/year $4,000 

 
Results 
 

The calculator returns a range of results (summarized in Table 29) based on the user‘s input. All net 
present values are positive thus the consumer‘s discounted returns from energy savings are greater than the 
initial cost of the unit. Solar thermal hot water heaters return the most positive net present value per unit and 
most negative levelized cost per ton when a user is replacing an electric tankless hot water heater. 

 

Table 30. Summary of Solar Thermal Water Heater Results 

Unit to be 
Replaced 

Net Present 
Value per Unit 

Total CO2 
Reduction per Unit 

(metric tons) 

Levelized Cost 
per Ton 

Simple Payback 
Period (years) 

Gas with Tank $1,495.34 8.48 -$176.41 17.95 

Gas – Tankless $643.42 3.39 -$189.77 34.62 

Electric with 
Tank 

$1,772.11 13.49 -$131.34 16.33 

Electric - 
Tankless 

$2,775.69 11.15 -$248.99 14.75 

 
Programmable Thermostats: 
 

Most homeowners use energy to heat or cool their homes even when they are away. Programmable 
thermostats allow greater control over this type of energy consumption. Users of Energy Star thermostats can 
input times and temperatures (non-use temperatures) for when they require less heating or cooling. For 
example, a family can program less heating when parents are at work and children are at school. Thus, less 
energy is consumed when the user is not occupying the living space.  

 
In the calculator, the user specifies region, desired and non-use temperatures, days per week in 

programmable mode and area of heated/cooled space. Some users are home at all times on the weekend and 
will choose not to decrease their heating/cooling energy on these days. Non-use temperatures for the cooling 
season are limited because there is the maximum temperature in the summer. The calculator determines 
heating degree days and cooling degree days from the user‘s specified region. The user does not have the 
option to change the hours per day in that the thermostat is in programmable mode. We use Energy Star 
defaults equal to 8 hours in the day and 10 hours at night. 
 

Table 31. Assumptions – Programmable Thermostats 

Day-time non-use hours 8 

Night-time non-use hours 10 

Heating percent savings per degree 3% 

Cooling percent savings per degree 6% 

Conventional Thermostat Cost $73 

                                                      
125 http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads 
/water_heaters/WaterHeaterDraftCriteriaAnalysis.pdf 
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Programmable Thermostat Cost $92 

 
The calculator uses a baseline value for annual energy consumption per heating/cooling degree day per 

square foot derived from the Department of Energy 2001 Residential Energy Consumption Survey (RECS). 
The baseline does not change either with the user‘s input temperature or with the user‘s heating appliance 
(gas furnace, oil furnace, gas boiler, etc.). This assumption is a limiting factor for the calculator but it is 
necessary to simplify the calculations. 

 
We calculate energy consumption for the programmable thermostat replacement from a DOE estimate 

for percent energy savings per degree126. We multiply this factor by the difference between the user‘s desired 
temperature and the weighted average temperature from the programmable thermostat. Energy savings 
increase as the difference between the desired and the non-use temperatures increase. This calculation 
depends on the user inputting accurate values for their actual behavior. 

 
Results 
 

Although a user can input any region in the United States, we only report results for North Carolina and 
Virginia. All values depend on the user‘s desired temperatures, non-use temperatures and days per week in 
programmable mode. As the difference between non-use and desired temperatures decreases and the days per 
week in programmable mode decrease, net present value and total CO2 reduction decrease. Likewise, simple 
payback period and levelized cost per ton of CO2 increase. Inputting the default values equal to 5 days per 
week in programmable mode, 78 degree desired temperature and 82 degree non-use temperature in the 
cooling season, 72 degree desired temperature and 62 degree non-use temperature in the heating season and a 
heated/cooled area equal to 1800 square feet results in the following:  Net present value per unit:   $1,650.30; 
simple payback period:  0.12 years; total CO2 reductions:  7.35 tons; levelized cost per ton of CO2:  -$224.50. 

 
Discussion 
 

All residential efficiency improvements evaluated by the tool, save refrigerators, result in positive net 
present values. The largest savings are from gas tankless water heaters, solar water heaters and programmable 
thermostats. Of these improvements, programmable thermostats cost the least and have the shortest simple 
payback period. Clothes washers and programmable thermostats are the efficiency improvements with the 
most negative levelized cost per ton. Despite a positive levelized cost per ton, refrigerator improvements are 
still relatively inexpensive. 

                                                      
126 Derived from Energy Star Savings calculator for programmable thermostats. 

http://www.energystar.gov/index.cfm?c=thermostats.pr_thermostats 


