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Introduction
Greenhouse gas emissions are airborne particles that trap heat in the earth’s atmosphere. As
more particles exist, global average temperatures increase. NASA’s surface temperature analysis
indicates a 0.77°C (1.4°F) increase in global mean temperature since 1951.¹

Image 1: http://data.giss.nasa.gov/gistemp/maps/

Climate instability increases as the planet attempts to maintain balance. Climate instability can
lead to seasonal abnormalities in weather, such as hot and cold extremes, drought and or
flooding. In 2012, there were 3,527 monthly weather records broken related to either heat, rain
or snow in the U.S., according to the National Climatic Data Center (NCDC).² The Natural
Resources Defense Council publishes extreme weather data on an interactive website.³
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Image 2: http://www.nrdc.org/health/extreme-weather/

In 2009, the City of Wilmington, NC City Council authorized the Mayor to sign the U.S.
Conference of Mayors Climate Protection Agreement. As a part of this agreement, Wilmington
established a baseline emissions level for 2007 based on the city’s operational control. A
reduction goal was established per resolution to reduce emissions by 58% by the year 2050
(Appendix). In order to track the changes and understand impacts, greenhouse gas emissions
should be tracked on a regular basis. This report and subsequent spreadsheet tool will assist the
city in this effort.
The resolution passed by City Council was based on research into reduction targets set by other
cities of similar population size. A consistent trend between each city was an annual rate of
reduction at 1.34% according to the GHG Reduction Target Brief (Appendix).

Image 3: Greenhouse Reduction Target brief, 2009; pg 1

The 2012 target for the City of Wilmington was 9.071 metric tons CO²e and the actual total
calculated for FY 2011-2012 is 8,255 metric tons CO²e, 5 years ahead of reduction targets.
Significant reductions in output from the local coal-fired power plant as well as a reduction in
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fossil fuel use in city government operations are the main drivers of the reduced emissions.
City government annual electricity consumption, however, has increased by approximately
2,500 MWh since 2007.
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Methodology
Greenhouse gas emissions can be human induced, known as anthropogenic or independent of
human action, known as biogenic.
This report and inventory, as well as the baseline inventory, focused on the city’s operationally
controlled anthropogenic greenhouse gas emissions. The Local Government Operations Protocol
(LGOP) set by The Climate Registry established standards to perform a greenhouse gas emission
inventory. These standards have been defined to enable accurate comparisons of data for
enhancement of coordinated efforts at reducing greenhouse gas emissions. The LGOP
references the six compounds cited in the Kyoto Protocol as requirements to follow even though
the U.S. is no longer a signatory to the Kyoto Protocol. The six compounds cited include
1.
2.
3.
4.
5.
6.

Carbon dioxide (CO2)
Methane (CH4)
Nitrous oxide (N2O)
Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs) and
Sulfur hexafluoride (SF6)

Each of these compounds has a different degree of effect on global warming per unit mass. This
requires multiplying the mass of each compound by a global warming potential (GWP) to yield
the CO2 equivalent expressed as a unit CO2e (Appendix). The base compound used for
comparison is CO2; therefore, its GWP is 1.
To help define climate policy and goals, emissions are categorized into control approach, scopes
and local government sectors.

Control Approach
To maintain consistency, one of two control approaches must be chosen and applied across all
facilities of which the City has control.
1. Operational control is the full authority to introduce and implement operating policies
(recommended by LGOP)
2. Financial control is when the City owns an asset but contracts out for operations and
maintenance.
This inventory and report applied the operational control approach. Choosing operational
control allows the most flexibility in developing greenhouse gas emission reduction plans since it
only includes activities managed internally. Assets with operations and maintenance handled
through contracts depend on finding contractors amenable or accountable to the reduction plan.
Although the operational control approach was employed, an exception of the scope 3 city fuel
card does exist. The use of a city fuel card falls under the financial control.
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Scopes
Scope 1 emissions are considered to be directly from sources under the local operational control
of the organization undergoing the inventory. The LGOP defines these emissions as the
following:
1. Stationary combustion to produce electricity, steam, heat or power using equipment in a
fixed location.
2. Mobile combustion of fuels in fleet transportation sources and emissions from off-road
equipment such as in construction, agriculture and forestry.
3. Process emissions from physical or chemical processing, other than fuel combustion
(from the manufacturing of cement, aluminum, adipic acid, ammonia, etc.);
4. Fugitive emissions that are not physically controlled but result from intentional or
unintentional releases, commonly arising from the production, processing, transmission,
storage, and use of fuels and other substances, often through joints, seals, packing,
gaskets, etc. (HFCs from refrigeration leaks, SF6 from electrical power distributors, and
CH4 from solid waste landfills).
Scope 2 emissions are indirectly emitted because of energy used at a facility but generated by
sources at a different location. For example, the electricity the city uses purchased from Duke
Energy Progress is considered Scope 2. In general, this means electricity supplied from the grid
which produces CO2, N2O, and CH4 emissions when sourced from coal, natural gas, oil, biomass,
or waste-to-energy.
Scope 3 emissions are attributable to outsourced activities not under operational or financial
control of the City. An example of scope 3 emissions is employees commuting in vehicles not
owned by the City. This scope is considered optional and is not included in the inventory or
report, with the exception of the city fuel card (explanation in scope 3 application section).

Local Government Sectors
Local government sectors and operational control vary dependent on localized factors. For the
purposes of this inventory and report, a few items are worth noting.
The Mayor and City Council appoint the City Manager who hire department heads. These
departments are considered under the operational control of city government. In cases where the
City Council partners with other governments and organizations who also have the power to
make appointments, operational control is not considered exclusive and is not included in this
inventory and report. For example, authorities such as the Cape Fear Public Transportation
Authority, who run WAVE transit services, are not included. Although the city is involved in
this authority, the board members are not exclusively city appointees. Another example is the
Wilmington port. Wilmington, NC boasts an international port, but the port is under the
operational control of the State of North Carolina. The landfill that services the City of
Wilmington is under the operational control of New Hanover County and its emissions will not
be included. The Wilmington airport is run by a private corporation, making it outside the
operational control of the City of Wilmington.
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The city does however hold operational control over the items in the following table. These
items will be included in the inventory.

City Activity

Scope

Vehicle fuel consumption(Fire, Fleet)

Scope 1

Generator fuel

Scope 1

Refrigerant loss

Scope 1

Natural Gas purchased from Piedmont

Scope 1

Electricity purchased from Duke

Scope 2

Solar energy produced

Scope 2

Streetlight and traffic signal electricity

Scope 2

City fuel card; city business in cityowned vehicles

Scope 3

The Solar energy produced is included as a scope 2 reduction because all the electricity produced
is sold to the grid and is not directly used by city-owned facilities. The city fuel card is
administered to employees on official business trips, traveling in city-owned vehicles.

General LGOP Notes
Scope 1, fugitive emissions includes refrigerant loss from leaks, typically seen in HVAC
maintenance and repair. The City of Wilmington contracts out maintenance of HVAC systems,
so this potential HFC emission compound is not under operational control, but under financial
control. The FY 2011-2012 inventory is under the operational control approach, so does not
include refrigerant loss factors.
As a note, according to the LGOP, greenhouse gas emissions from biomass or biofuel
combustion is considered biogenic, even when released by humans, because the carbon released
was recently contained within living matter as opposed to fossil fuels, which derive from carbon
trapped deep in the earth for millions of years. This becomes critical to measuring greenhouse
gas emissions because combustion of biodiesel, for example, has slightly higher greenhouse gas
emission than propane but it is not a fossil fuel like propane.
Another important distinction to be made is the carbon sequestered by carbon stocks is not
deducted from anthropogenic data. Carbon stocks are plants and trees that break carbon from
CO2 and release oxygen. This is a biogenic process and should not mix with anthropogenic data.
While sequestering anthropogenic emissions is desirable, the source of this carbon is from deep
within the earth. Deducting these emissions from the inventory would not account for a
disruption in the biogenic carbon cycle. In fact, using carbon stocks to deduct emissions from
the inventory may inadvertently incentivize more anthropogenic emissions. Carbon
sequestration may be reported independently of emissions but it is not required by the LGOP and
not included in this report.
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Application
Scope 1 application
Appendix G of the LGOP includes a series of tables defining default units for emission
measurements from fuels per unit energy as well as per unit volume. The annual consumption of
each fuel used by the vehicle fleet was requested from Fleet Management and the Fire
Department and compiled by the Sustainability Project Manager. Generator fuel totals were
retrieved from the Facilities Maintenance division. Natural Gas and propane consumption was
retrieved from the individual vendors.
City users are likely to report their fuel use in units by which they are purchased. Expressing
energy in MMBtu is a unit common to all these fuel types . This unit (MMBtu) is helpful in
analyzing efficiency and emissions comparisons for adjustments to the reduction plan, when
developed. For example, diesel has more energy per gallon than gasoline, but more CO2
emissions per unit energy than gasoline. The technology a fuel type uses needs to be considered
in a reduction plan.
Scope 1 emissions totaled 5,359 metric tons CO2e in FY 2011-2012 compared to 5,628 metric
tons CO2e in 2007.

Table 1: Scope 1 consumption compiled in the GHG Inventory Tool
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Scope 2 application
Quantifying scope 2 emissions requires a verified default emission factor and an analysis of local
grid characteristics if significant changes to local power plant energy mix have occurred. There
have been many changes in the electrical energy mix for the Wilmington area since the last
default emission factor was verified. To account for efficiency losses, it is recommended by the
LGOP to use data that is expressed in electrical rather than heat energy. The United States
Energy Information Agency (US EIA) publishes a spreadsheet named eGRID that includes
emission measurements from electric power plants around the country.7 This enables
calculations of emission for a target area. Using data from Brunswick, LV Sutton, WASTEC
and Progress Energy 1 power plants, an initial calculation reveals a scope 2 emission factor of
0.151 metric ton/MWh. However, since electrical energy is often traded between areas within
sub regions, the US EIA recommend using table G.8 which gives the default emission factors for
sub region SRVC (region including Wilmington, NC) as of year 2005 (Appendix).

Image 5: Local Government Operations Protocol For the quantification and reporting of
greenhouse gas emissions inventories, Version 1.1; May 2010. pg 210

Using this method, the scope 2 emission factor is 0.518 metric ton/MWh. Further research
should be conducted to account for changes in the grid since 2005. City staff conducting future
ghg emissions inventories, should decide if the 2005 rate is reasonable or if it should be adjusted.
Using this emission factor and CO2e data from 2007 annual energy output (AEO) from the local
power plants should only be 5,816,602 MWh but in fact it was 18,082,193 MWh. This
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difference indicates that a significant amount of energy services rural areas and towns across the
eastern Carolina regions. The AEO estimations based on the emission factor can be divided by
the total AEO to indicate the Cape Fear area consumes 32% of the energy produced by the power
plants that service the region. The entire city is not a part of this inventory, but localized and
regional power mixes affect the emissions where the city holds operational control. In this
effort, finding a current emission factor is key to calculating the scope 2 emissions. The annual
CO2e emissions from coal and petroleum can be divided by an Annual Energy Output (AEO)
adjusted by a series of variables from all power plants to derive an accurate current emission
factor. The following formula generates a current emission factor based on a previous verified
emission factor, changes in energy sources and changes in AEO.

Utilizing this formula, and entering it into the ghg inventory updating tool, after compiling the
consumption data, scope 2 operational emissions include the following:
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Table 1: Scope 2 consumption compiled in the GHG Inventory Tool with current emission factor
formula

Scope 2 emissions must consider the regional power mix makeup. A majority of the scope 2
operational emissions derive from electricity purchased from Duke Energy Progress, generated
offsite. A coal plant (LV Sutton) and a 1.2 MW solar array operated by Duke Energy Progress,
solar arrays operated by the city and tied to the grid, a now defunct waste-to-energy plant
(WASTEC) and a nuclear power plant located in Brunswick County all account for the varied
energy mix the City of Wilmington utilized in FY 2011-2012 to operate and serve the citizens of
Wilmington, NC.
Table G.8 (Appendix) is based on data prior to the installation of the 1.2 MW solar array and the
phase out of coal at the LV Sutton power plant. In addition, the City installed a 74 kw solar
array on City Fleet Maintenance, a 27 kw solar array on City Engineering building, and an 8kw
solar array on the City Streetsweeper building. The baseline data already approved by city
Council of 9,704 metric tons of CO2e in 2007 can be used to find an estimation of electric energy
use not shown in the GHG reduction target brief (Appendix). This baseline data will help in
analyzing energy use for updating the GHG reduction plan when developed. Buildings, traffic
signals and streetlights were 42% of the CO2e baseline emissions. This means scope 2 emissions
for the year 2007 were 4,076 metric tons CO2e. Applying the default emission factor from 2005
estimates City government electricity baseline consumption at 7,991 MWh for the year 2007.
The LV Sutton coal plant and WASTEC produced 3,013,763 metric tons of CO2e emissions in
2007, as well as 3,060,030 MWh of electricity, while Brunswick produced 15,022,163 MWh of
electricity. The default emission factor is based on 2005 data when the Sutton plant produced
3,072,561 MWh at 3,184,779 metric tons CO2e and Brunswick produced 14,536,748 MWh. The
trend shows less demand on the Sutton plant as well as minor losses in efficiency. Recently, a
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new online database called EPA Flight has been launched listing the latest reports filed by power
plants and industries across the country.8 The latest report for the LV Sutton plant is for year
2012. The EPA Flight tool also shows data that reflects the fact that WASTEC has been
decommissioned and that LV Sutton had not yet converted to natural gas. The annual energy
output for 2012 consisted of 1,271,198 MWh from coal plus 10,659 MWh from petroleum.
Additionally, comparisons with previous years are possible, showing emissions from LV Sutton
progressively decreasing.

Image 6: http://ghgdata.epa.gov/ghgp/main.do

The three-unit, 575-megawatt coal-fired LV Sutton plant is located near Wilmington, N.C., on a
site including three small combustion turbines. A new, gas-fired 625-megawatt combined-cycle
unit began operation in 2013. Due to the timing, the conversion and subsequent natural gas
emissions from this plant are not included in this inventory. The coal-fired units were retired in
2013.
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Image 7: Duke Energy LV Sutton outside of Wilmington, NC

The two-unit, 1,870 megawatt Brunswick nuclear power plant is located approximately two
miles north of Southport, NC in Southeastern North Carolina. The plant houses two boiling
water nuclear reactors. Brunswick nuclear power plant was the first nuclear power plant built in
North Carolina, beginning operation in 1975 with an additional unit becoming operational in
1977. Between 2002 and 2005, an additional 244 megawatts were added as a part of an extended
power uprate program, including upgrades to much of the plant’s equipment. Brunswick nuclear
annual energy output was 14,303,075 MWh for 2012. Although nuclear power plants create
large amounts of warm water vapor, is not considered to be a cause of anthropogenic global
warming because it does not persist in the atmosphere for more than a few days.9

Image 8: Duke Energy Brunswick Nuclear
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SunE LV Sutton, the solar array located on the LV Sutton power plant site, boasts an annual
energy output of 1,865 MWh for 2012.

Image 9: Duke Energy LV Sutton Solar PV. Google Maps

The total annual output from the sources listed (LV Sutton, WASTEC, Brunswick Nuclear, SunE
LV Sutton) is 15,586,797 MWh but only 32% of this is used by the Cape Fear area, or 4,987,679
MWh. The City of Wilmington government operations consumed 10,450 MWh of electricity in
FY 2011-2012, which is approximately 0.2% of the consumption for the Cape Fear area.
The EPA online Power Profiler
tool is based on 2009 data and
produced the following results
using an estimated average of 600
MWh electricity per month for
City government operations.10
The tool indicates Wilmington’s
emission factor is 1036 lbs/MWh
or 0.470 tonne/MWh. The online
tool can be used for calculating
year 2009 scope 2 emission for
City government but does not
reflect the latest changes to the
grid.
Image 10: EPA Power Profiler
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Scope 2 emissions also include solar produced onsite and tied to the grid. The energy produced
onsite by solar arrays on the fleet, engineering and streetsweeper buildings can be fully deducted
from the energy consumed by city-owned buildings and infrastructure. The combined installed
capacity of city-owned solar arrays is 108 kW having an AEO of 76 MWh is 2012, resulting in a
21 metric tons reduction in annual CO2e scope 2 emissions.

Image 8: City of Wilmington, NC Fleet Management 74 kw solar array
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Scope 3 application
City of Wilmington employees utilize a city fuel card when traveling away from the city’s fleet
fuel station and using city-owned vehicles for business. The consumption associated with this
card is tracked by the city’s fleet management division and is a significant source of emissions.
This consumption is considered scope 3 due to the internally controlled policies associated with
the fuel card deeming this use under the operational control of city department heads. The fleet
manager tracks each transaction, including gallons purchased, price, fuel type and/or grade and
driver identification. The fleet manager aggregated all information so as to protect personal
information and supplied the data needed. This data was received as a spreadsheet and can be
loaded into the inventory tool. FY 2011-2012 resulted in 45 metric tons CO2e from this source.

Table 3: City fuel card consumption entered into GHG Inventory Tool
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Greenhouse gas emission inventory tool
As a part of this project, a greenhouse gas inventory tool was created to allow for annual
greenhouse gas emission updates by city staff. Instructions and tool are located in Public
Services department, Administration, Sustainability files.

Conclusion
The City of Wilmington’s government operational emission actual for FY 2011-2012 are ahead
of reduction targets established by the 2009 resolution (Appendix). A majority of this reduction
is attributed to the LV Sutton power plant reducing its output by almost half over the course of
two years in preparation of the natural gas conversion occurring today. City of Wilmington’s
electricity consumption increased, but the scope 2 emission factor from regional energy mixes
decreased by approximately 1,150 metric tons CO2e.
The total greenhouse gas emissions for FY 2011-2012 of 8,255 metric tons CO2e represent an
average annual reduction rate of 3.18%. In 2014, when the LV Sutton plant runs on natural
gas, the scope 2 emission factor will stay low while increasing output, assuming demand begins
to rise. The current reduction targets set in 2009 were aggressive at the time, but the City of
Wilmington is ahead of these targets, the annual reduction rate of 1.34% will present little
challenge to meet.

Image 9: City emission goals and actual to date. (May 2014)
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Appendix
Resolution Establishing a Goal for Reducing Greenhouse Gas Emissions from Municipal
Operations in Keeping with the Principles of the U.S. Conference of Mayors Climate
Protection Initiative, City of Wilmington, NC, October 10, 2009
2009 Greenhouse Gas Emissions Reduction Target Brief
Local Government Operations Protocol, Appendix E Global Warming Potentials, May
2010
Local Government Operations Protocol, Table E.2 GWP Factors for refrigerant blends,
May 2010
Local Government Operations Protocol, Table G.1 U.S. Default Factors for Calculating
Carbon Dioxide Emissions from Fossil Fuel Combustion Continued, May 2010
Local Government Operations Protocol, Table G. 8 2007 eGRID Electricity Emission
Factors by eGRID Subregion (2005 data)
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