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EXECUTIVE SUMMARY

NORTH CAROLINA’'S$ENSIBLE
GREENHOUSE GAS REDUCTION $TRATEGIES

Summary

Global warming is an accepted scientific phenomenon. What is not well known is how
much of the current climate change is attributable to humans and their activities and how
much is part of the earth’s natural climatic cycles. There is extensive scientific evidence,
however, that greenhouse gases (GHGs) generated through the combustion of fossil fuels
and through anaerobic action involving organic matter are contributing to the warming
trend, if not driving it outright.

Of the GHGs, carbon dioxide (CO;), methane (CH,), and nitrous oxides (N»O) are the
three most prevalent. GHGs allow sunlight to penetrate the atmosphere as shortwave light
energy. Upon reaching the earth’s surface, the energy is transformed to longwave heat
energy, which traps the heat and warms the atmosphere. Although a large source of
GHGs is the natura processes involved in volcanic eruptions, organic decay, and animal
digestion, human activities are responsible for nearly doubling the atmospheric
concentration of CO- equivaent (eCO;) from its pre-Industrial levels.

In an effort to reduce GHG emissions and to mitigate their effects, the United States has
participated in several world conferences dealing with global climate change. The most
recent conference was held in 1997 in Kyoto, Japan, where most industrial countries of
the world tentatively agreed to lower their GHG productions. Negotiators for the United
States tentatively agreed to a 7% reduction below its 1990 emissions level between 2008
and 2012. However, the United States has not yet ratified the Kyoto Protocol.

States are playing more of an active role in climate change research and planning than
ever before and government officials are realizing that proactive action on their parts
prepare their states to reduce GHGs. More than 20 states have developed or have
committed to producing state level action plans to reduce GHG emissions.

This plan, North Carolina’s $ensible Greenhouse Gas Reduction $trategies, is designed
by North Carolinians to make good economic sense, to utilize both old and new
emissions reduction strategies and technologies, and to involve greater efficiencies and
conservation to reduce emissions. Rather than wait upon a possible federal initiative in
the future, that may or may not take into consideration the uniqueness of North

Carolina’ s landscape, resources, society, and economy, the researchers developed this
plan customized to fit the State. Although the Kyoto Protocol is still in flux, as are the
levels of participation by countries, it behooves North Carolinato have a sensible plan
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developed though a consensus of citizens, should the United States and the State choose
to participate.

Designed to be a bottom-up plan, North Carolina’s $ensible Greenhouse Gas
Reduction $trategies was developed initialy by comparing all existing plans for
greenhouse gas reduction by other states, including Vermont's, Wisconsin's, and
Oregon’s, to determine strategies that might be applicable to our State. One problem
evident from the start and verified by U.S. Environmenta Protection Agency (USEPA)
personnel was that the methods used to evaluate reduction measures and strategies in the
other states were mostly econometric models. These models do not directly or effectively
measure reductions of GHGs in CO; equivaents (eCOy).

Through consultation with others, we learned of the Greenhouse Gas Emissions Software
produced for the International Council for Local Environmental Initiatives (ICLEI), a
worldwide effort to reduce GHGs in towns and cities. Developed by Torrie Smith
Associates, this software offered considerable potential for the North Carolina study.
With the support of USEPA, we chose to use this innovative software. Using North
Carolinaas atest site, Torrie Smith Associates modified this user-friendly software to
operate at a statewide level rather than alocal level.

The research team built aforecast of eCO, emissions for 1990 and 2010 using the The
North Carolina Greenhouse Gas Emissions | nventory for 1990 (Appalachian State
University 1996) and the North Carolina Energy Outlook, 1998 (Standard & Poor’s DRI
1999), as well as State Profile: North Carolina (Woods & Poole 1997) and other sources
(Table ).

Total 1990 emissions from all sources in the State were 145 million tons (megatons) of
eCO,. When dlectricity usage was allocated to the correct economic sectors, Industry
accounted for 30% of the total, Transportation for 27%, Residential 18%, Commercial
14%, Non-Energy Agriculture 7%, and Waste 4% (Figure 1).
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Table 1: Greenhouse Gas Emissionsin North Carolinain 1990
(Megatons of eCOy)
Reconciliation of Appalachian State University’s (1996) Inventory and This Study

SOURCE ASU This Study Notes
I nventory

Fossil fuel consumption 75.70 66.78 This study uses USEIA databy fuel to estimate
emissions from fuel consumption.

Electricity generation 46.34 58.05 This study higher because it attributes emissions to
el ectricity imported to North Carolinafrom other
states.

Biomass Fuel 0.78 0 Non-CO, emissionsfrom biomass not included in

Consumption (non-CO2 this draft.

emissions only)

Subtotal Energy 122.82 124.83

Lime Processing 0.79 0.43 CO, component only included in this study, pending
confirmation of nitrous oxide component.

Ozone Depleting 3.86 0 Not included in this study; non-Kyoto. Explanation

Chemicals in text.

Domestic Animals 0.83 131 Revised estimate.

Manure M anagement 7.18 7.32 Revised estimate.

Game Animals 0.29 0 Non-Kyoto. Omitted from this study.

Fertilizer Use/Liming 135 0.34 CO2 component only included in this study,
pending confirmation of nitrous oxide component.

Landfill Methane and 5.85 5.73 Revised estimate

Sewage Treatment

Waste Incineration 0.51 0 Not included in this study.

Burning of Agricultural 0.04 0.02 Revised estimate.

Waste

Human Emissions 1.14 0 Not included in this study. Non-Kyoto.

Land Use Changes -9.56 0 According to Kyoto Protocol, land use change
impacts start at zero in 1990.

TOTAL 1990

EM1SSIONS 135.1 145.1

Based on a business-as-usual forecast for 2010, North Carolina's eCO, emissions are
projected to be 216.1 megatons (Figure 2). If, in a scenario, the United States were to
decide to reduce its eCO, emissions by 7% below its 1990 levels by 2010, North
Carolinas share, a 7% reduction of eCO, emissions from the 2010 forecast, would
require emissions to be a maximum of 135 megatons, or areduction of 81.1 megatons.
This would amount to a 38% reduction from the 2010 projection.
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Figure 1: North Carolina Greenhouse Gas Emissions in 1990, by Sector and by Fuel vs.
Electricity
(Total Emissions in 1990: 145 Megatons)
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The basic strategy of this study was to test proposed eCO, reduction measures in the
Torrie Smith Associates model to determine their utility, cost effectiveness, and impacts.
From alist of more than 250 measures and strategies, we modeled those that could have
major impacts. These strategies could reduce 106 megatons of eCO, by 2010 from the
Business-as-usual forecast. This reduction is considerably more than the 81.1 megatons
necessary to meet the Kyoto Protocol for North Carolina and could lower emissions in
2010 from 216.1 to 110.1 megatons. The 106-megaton reduction represents an annual
savings in the year 2010 of 504 trillion Btu in energy and $6.7 billion in energy costs.

10
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Figure 2: Business-As-Usual Forecast -- North Carolina Greenhouse Gas Emissions in 2010
Vs. Base Year Emissions in 1990
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Based upon the proposed reduction of 106 megatons of eCO,, each sector’s 1990
emissions and 2010 reduction is summarized below:

Utilities Sector. The Utilities Sector produces electricity used by the other sectors of the
economy. Data for 1990 allocated utility emissions to the end use sectors, specifically
Industry, Commercial, Residential, and Agriculture. To keep from double-counting
emissions attributable to the Utilities Sector and to seek savings from strategies
attributable to this sector, we summed the supply-side utilities emissions from the
projected 2010 emissions totals, after subtracting the impact of all the electricity demand
measures implemented in the end use sectors. This allowed us to analyze the impacts of
strategies specific to the Ultilities Sector. Thus, the Utilities Sector’s emissions could be
reduced by 21.4 megatons, representing 20.2% of North Carolina s reduction total

Industrial Sector. With 30% of the State’'s 1990 emissions, the Industrial Sector’s
projected 2010 emissions could be reduced by 16.7 megatons of eCO», representing
15.7% of North Carolina s reduction total (Table 2). We chose fuel switching (1 strategy)
and energy efficient equipment and lighting improvements (15 strategies) to achieve this
goal. Because much of Industry’s energy useis electrical, electricity demand strategies
account for much of the Industrial Sector’s remaining share of emission reductions.

11
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Table 2. Emissions Impacts from Mitigation Strategies - Industrial Sector

Reductions

Strategies eCO2 (megatons) Percent of Total
Energy Efficiency Improvements 7.44 7.1

New Processes (Modernized Manufacturing Processes) 2.57 2.5

New Machine Technology 3.18 3
Automation 1.72 1.7

Fuel Switching: Coal to Natural Gas 0.64 0.6
Renewables 1.14 1.1
Sector Total 16.70 15.7

Commercial Sector. With 14% of the State’s 1990 emissions, the Commercial Sector’s
projected 2010 emissions could be reduced by 5.4 megatons of eCO,, representing 5.1%
of North Carolina s reduction total. We chose improved energy efficiency of existing and
new commercial buildings (3 strategies) and improved equipment and lighting (10
strategies) to achieve the goal (Table 3). Electricity demand strategies account for much
of the Commercial Sector’s remaining share of emissions because commerce is a heavy

user of electricity.

Table 3. Emissions Impacts from Mitigation Strategies - Commercial Sector

Reductions

Strategies eCO2 (megatons) Percent of Total
Existing Buildings: Thermal Efficiency |mprovements 1.38 13
Existing Buildings: Lighting Efficiency Measures 0.40 0.4
Existing Buildings: HVAC Efficiency Measures 0.23 0.2
Existing Buildings: Domestic Hot Water Efficiency Measures 0.07 0.1
Existing Buildings: Appliance and Office Equipment Measures 0.05 0
Fuel Switching Strategies: Solar Water and Space Heating 0.05 0
Fuel Switching Strategies. Electric to Natural Gas for Space Heating 0.33 0.3
Fuel Switching Strategies: Electric to Natural Gas for Water Heating 0.08 0.1
New Buildings: Improvementsin Thermal Efficiency, HVAC Efficiency,

Alternative Energy Options, and Hot Water Efficiency 2.82 2.7
Sector Total 5.40 5.1

Residential Sector. With 18% of the State’s 1990 emissions, the Residential Sector’s
projected 2010 emissions could be reduced by 22.7 megatons of eCO,, representing
21.4% of North Carolina s reduction total. We chose improved energy efficiency of
appliances and equipment (13 strategies) and improving the energy efficiencies of both
existing and new buildings (7 strategies) to meet the goal (Table 4). Again, electricity
demand strategies account for the largest share of emission reductions.

Table 4: Emissions | mpacts from Mitigation Strategies - Residential

12
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Reductions
Strategies eCO» Percent of Total
(Megatons)
Appliances and Equipment
Lighting Efficiency 0.36 0.3
Appliance Efficiency 0.28 0.3
HVAC Efficiency 0.71 0.7
Duct Sealing and Insulation 0.12 0.1
New Construction and New Buildings 14.31 135
Water Heating Measures 0.59 0.5
Solar Water Heating 0.11 0.1
Solar Space Heating 0.08 0.1
Existing Buildings
Attic Insulation 1.93 1.8
Retrofit Wall and Floor 1.85 1.7
Retrofit Windows 194 18
Duct Sealing and Insulation 0.42 0.4
Total 22.73 214

Transportation Sector. With 27% of the State’s 1990 emissions, the Transportation
Sector’ s projected 2010 emissions could be reduced by 12.4 megatons of eCO,,
representing 11.7% of North Carolina’ s reduction total. We selected car/van pooling (1
strategy), increasing vehicle fue efficiency (2 strategies), other VMT reduction strategies
(5), and switching to public transportation (1 strategy) to achieve this sector’s goal (Table
5).

Table 5: Emissions Impacts from Mitigation Strategies - Transportation

Reductions

Strategies eCO, (Megatons)| Percent of Total
Car/Van Pooling

Metropolitan Car/Van Pooling 0.03 0.0
Increase in Fuel Efficiency

Speed Limits 0.39 0.4

CAFE Standards 0.27 0.3
Other VMT Reductions

Per Capita VMT Target 4.08 3.8

Road Pricing Strategy 0.05 0.0

VMT Fees 3.76 35

Fuel Tax 3.76 3.5

VMT-Based Land Use 0.03 0.0
Switch to Public Transport

Public Transport 0.03 0.0

Total 12.38 11.7

13
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Agriculture Sector. With only 7% of the State’s 1990 emissions, the Agriculture

Sector’ s projected 2010 emissions could be reduced by 199,610 tons of eCO;,
representing 0.2% of North Carolina s reduction total (Table 6). We chose to work
primarily with the non-energy portion of this sector because there were very poor data
documenting its energy use, and because the methods used in the Utility Sector implicitly
cover agricultural energy use. Because of the large number of feedlot operations in North
Carolina, manure management is a key strategy for reducing methane emissions in this
sector. Using this biogas to make electricity results in additional greenhouse gas
reductions.

Table 6: Emissions Impacts from Mitigation Strategies- Agriculture

Reductions
eCO, Percent of Total
Strategies (Megatons)
Increase Energy Efficiencies 0.1 0.1
CH, Management and Recovery Systems 0.08 0.1
Best Farm Management Practices Unknown Unknown
Total 0.18 0.2

Waste Sector. With only 4% of the State 1990 emissions, the Waste Sector’ s projected
2010 emissions could be reduced by 22.3 megatons of eCO;, representing 21.0% of
North Carolina s reduction total. We chose improved methane recovery from existing
landfill recovery projects (1 strategy), new methane recovery projects (1 strategy),
improvement in existing waste recycling (3 strategies), new waste recycling (3
strategies), and waste reduction (3 strategies) to meet these goals (Table 7). Because this
sector generates CH, (methane), a highly reactive GHG and because recycling saves
energy in the production of paper, metals, glass and other recyclables, the savings
possible from this sector can be quite large.

14
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Table 7: Summary of Waste Sector M easures
(in thousands of tons, or kilotons)

Material Measure Type Kilotons |Reduced Sequestration|Total GHG
per Year (Methane [and Impact in
Diverted |Emissions [Upstream 2010 (kilotons
in 2010 (kilotons  |Effectsin eC0O2)
eC02) 2010 (kilotons
eCO2)
Existing Recycling Programs
Plastic Recycling 103 0 169 169
Glass Recycling 272 0 71 71
Paper Recycling 1,051 729 1,745 2,474
Steel Recycling 77 0 146 146
Aluminum Recycling 57 0 741 741
Subtotal - Existing Programs 1,561 729 2,873 3,602
New and Expanded Recycling and Reduction Programs
Plastic Recycling 335 0 549 549
Plastic Reduction 335 0 921 921
Glass Recycling 268 0 70 70
Glass Reduction 268 0 126 126
Paper and Organics Recycling 1,918 1,329 3,185 4514
Paper and Organics Reduction 1,918 1,329 3,491 4,821
Aluminum Recycling 29 0 371 371
Aluminum Reduction 29 0 285 285
Subtotal - New and Expanded Programs 5,100 2,659 8,997 11,656
TOTAL - All Diversion Measures 6,661 3,388 11,870 15,258
M ethane Recovery
M ethane Recovery 7,000 0 7,000
TOTAL WASTE SECTOR MEASURES 6,661 10,388 11,870 22,258

Forest Sector. The Forest Sector was a net sink for carbon (C), which means that this
sector can uptake a considerable amount of CO, and sequester (store) the C until the
organic plant matter either decays or is burned. Consequently, we chose to test a strategy
of increasing North Carolina's forestland by 10 percent, from 19.3 million acresin 1990
to 21.5 million acres in 2010. This strategy yielded a net uptake of 4.95 megatons of COy,
representing 4.7% of North Carolina s reduction total (Table 8).
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Table 8: Emissions Impacts from Mitigation Strategies - Forestry
Reductions
Strategies eCO», Percent of Total

(Megatons)

Increase Forest Areaby 10% 4,95 4.7

Improve Forest Area Management Unknown

Recycling Paper and Wood Products See “Waste’

Encourage Use of Wood Residues for Productsand | Unknown

Fuel
Total 4.95 4.7

Emissions Comparison. Table 9 compares GHG emissions in the base year of 1990 with
projected emissions (under a business-as-usual scenario) for the target year of 2010. To
provide a scenario for meeting the proposed target of 7% below 1990 emissions, we
modeled numerous emission reduction strategies. Reductions from these strategies totaled
106 megatons of eCO, surpassing the minimum emissions reductions of 81.1 megatons
of eCOs. It should be noted that the forestry sector is not an emissions source, but is
included in this summary table under the modeled reductions as forests could serve as a
possible sink for carbon. Emissions from electrical utilities were allocated to their end use
sectors (residential, commercial, industrial, transportation, and agriculture) and thus do
not appear separately in the emissions columns of the summary table. However,
substantial GHG savings can be achieved in this area, with nearly 30% of total reductions
due to electricity demand side measures in the end use sectors.  In addition, changesin
the power plant fuel supply mix relative to the business-as-usual mix, as well as other
measures taken by the utilities sector itself, contribute another 20% to the total emission
reductions achieved by 2010. On a sector basis, the shares of total emission reductions
were residential (21.4% of the total reductions), waste (21% of the total reductions),
electrica utility (supply side measures) (20.2% of the total), industria (15.7% of the
total), and about 5% each from the commercial buildings sector and forestry carbon sink.

Table 9. Emissions by Sector, 1990 and 2010
Base Year Target Year M odeled Reductions

1990 1990 2010 2010 2010 2010

eCO, Percent of eCQO, Percent of eCO, Percent of
Sector (megatons) Total (megatons) Tota (megatons) Total
Residential 26.3 18 46.3 21 22.7 214
Commer cial 20.7 14 32.1 15 5.4 5.1
Industrial 433 30 57.2 27 16.7 15.7
Transportation 39.6 27 55.7 26 12.4 117
Waste 5.8 4 13.8 6 22.3 21
Agriculture 9.5 7 11 5 0.2 0.2
Utility 21.4 20.2
Forests 5 47
Total 145.1 100 216.1 100 106 100
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North Carolina’s $ensible Greenhouse Gas Reduction Strategies represents the first
step in an evolving plan, as are those of other states. Changes in the economic structure of
the State, stakeholder influences, and new technologies will certainly bring new eCO,
emissions reduction strategies to the forefront as the State moves into the 21% Century.

As the ninth fastest growing state, North Carolina s increasing population makes it more
difficult to meet even modest reductions of GHGs. For this reason, we have tried to offer
agroup of strong GHG emissions reduction strategies, but we acknowledge that there are
many more possible alternatives.

We anticipate constructive criticisms of this plan. This was a target-driven, "backcast"
study to see what types of measures would be needed to achieve modest levels of GHG
emission reductions, not to mention the much higher levels that may be required if
climate change turns out to be a more serious and more urgent problem than we hope.

Ultimately, it will be the decisions of the United States and North Carolina whether to
implement plans to reduce GHGs. Although the implementation of this plan will bring
reduced emissions of GHGs, another very important outcome will be the conservation of
resources for North Carolina s future generations. In the meantime, understanding the
problem and being prepared are what this plan is all about. It just makes good $ense.

Recommendations

No document dealing with a subject as complex as reducing GHGs is complete without
suggestions for implementation. Care must be taken to ensure that future generations of
North Carolinians benefit from our wisdom. We offer this document as a State plan for
reducing North Carolina’'s GHGs, and we offer the following specific recommendations
for implementing the strategies outlined in this report.

North Carolinais a progressive southern state with a rapidly growing economy.
Therefore, it iswise to anticipate the future, protect our resources, and recommend
policy. Global warming is a very real issue that, we believe, warrants careful thought and
planning by all State agencies to assure the careful and sensible development of our
resources. While it would be easy to disregard the issue of global warming, it behooves
us al to become knowledgeable about its causes and impacts. And it behooves our State
officias to have a plan to reduce GHGs and implementation procedures for that plan in
place.

We strongly recommend the need to get on with the design and testing of implementation
strategies. Whether one agrees or disagrees with the numbers in this report, no one can
dispute that putting North Carolina on atrack for reduced greenhouse gas emissions of
any percentage represents a significant change in the direction of the State's energy
economy. While there are indications that this change may actually be economically
beneficia in the long run, the transition can be made much smoother if we plan for it and
try to facilitate it.

17
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To: Governor Jim Hunt

We recommend that Governor Hunt establish by Executive Order a greenhouse gas
emission reduction goal for North Carolina. Setting a reduction goal is a forward-looking,
progressive step that will call attention to global warming as a North Carolinaissue,
encouraging citizens to become concerned and knowledgeable about the issues.
Furthermore, establishing this goal will influence the legislature to begin to anticipate
impacts that may affect North Carolina s future. Finally, as the Head of State, by
establishing an emission reduction goal, Governor Hunt will focus the attention of all
State agencies on global warming issues and the importance of having strategies for
implementing a State plan.

To: The Energy Policy Council

As adirect participant in the energy policy process for the State of North Carolina, the
Energy Policy Council should develop a set of strategies that the state should undertake
to better understand the impacts that growth in North Carolina has on our climate, and
how the state can address these impacts. As abody that represents the Legidature,
Governor's Office, various departments of the executive branch and representatives of
public interest, the Energy Policy Council can be seen as affecting the direction of energy
policy across al branches of government.

To: The Energy Division

As the organization responsible for administering numerous projects dealing with energy
issues across sectors, the Energy Division, North Carolina Department of Commerce, can
create educational fact sheets and other public relations efforts in al media venues for
businesses, consumers and children that explain the connection between activities,
consumption of energy and their impacts. Additionally, these fact sheets can educate the
public and businesses about the importance of greenhouse gas reduction strategies. This
agency also encourages and funds major research efforts that can be focused upon GHG
iSsues.

To: North Carolina Utilities Commission

The North Carolina Utilities Commission is directed, in part, to "...provide just and
reasonable rates and charges for public utility services and promote conservation of
energy..." Thisagency is vita to planning and long-term management of North
Carolina's future electricity and natural gas production, transportation, and consumption.
Planning for the implication of global warming and the reduction of GHGs is essentia in
the Utilities Sector.

18
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To: Department of Environment and Natural Resources

Through its rulemaking responsibilities, the Department of Environment and Natural
Resources can assure proper implementation of state policies, as through the recently
enacted air quality hill. It can utilize some of the strategies outlined in this document to
ensure greater energy efficiency and to reduce mobile and stationary sources of pollution
and GHG emissions.

To: Department of Transportation

The Department of Transportation is currently in the process of revising the Statewide
Transportation Plan and implementing policies stated in the Transit 2001 plan. This
provides the opportunity for the Department of Transportation to incorporate appropriate
and relevant strategies suggested by this document into these specific transportation
planning processes. These genera guidelines include encouraging alternative fuel
vehicles, pricing mechanisms, and modes of transportation other than single-occupant
vehicles.

To: The Governor’s Smart Growth Commission

The Smart Growth Commission can incorporate GHG reduction strategies into
recommendations for Smart Growth strategies in urban and rural areas of North Carolina.
The recommendations can be either a separate policy statement concerning GHG
emissions reductions, or recommendations for GHG emissions reductions can be
incorporated into specific policy areas that the Smart Growth Commission is tasked to
address. Greater energy efficiencies and savings and environmental implications of
atmospheric pollution and GHGs are concernsin all of North Carolina’ s economic
sectors as the growing population and economy look toward the future.

To: The League of Municipalities

All globa initiatives are best acted upon at the local level. Members of The League of
Municipalities understand and can support the measures that municipalities need to take
to offset the risks of GHG emissions. One policy statement that the League can
incorporate is membership in the Clean Cities and ICLEI initiatives, which involve
hundreds of cities internationally that are assessing air quality and GHG emissions. These
cities are recognized worldwide for their progressive efforts to improve their
environments and save energy.
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To: The Citizens of North Carolina

Understanding and acting upon concerns of GHG emissions is an important initiative for
our children’s futures. The nature of a representative democracy isin most cases reactive
rather than proactive. That is, most issues are not acted upon until they become visible to
policy-makers and politicians at all levels of government.

In conclusion, GHG emissions and their suspected role in global warming are major
worldwide concerns, whose implications may not become apparent to policy-makers until
it istoo late to implement solutions. A grassroots effort to encourage policy-makers to
seek solutions now not only can increase the chances of successfully reducing GHG
emissions and lowering their environmental effects, but can save energy resources for the
future.
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