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ACRONYMS
Btu: British Thermal Units
CACP: Clean Air Climate Protection (software)
CO2: Carbon Dioxide
CO2e: Carbon Dioxide Equivalent
CH4: Methane
CY: Calendar Year
DVMT: Daily Vehicle Miles Traveled
EF: Emission Factor
EIA: United States Department of Energy, Energy Information Administration
FY: Fiscal Year
GHG: Greenhouse Gases
GWP: Global Warming Potential
HFCs: Hydrofluorocarbons
HVAC: Heating Ventilation and Air Conditioning
ICLEI: International Council for Local Environmental Initiatives (Local Governments for Sustainability)
IPCC: Intergovernmental Panel on Climate Change
kWh: Kilowatt Hours
LFG: Landfill Gas
LGO: Local Government Operations (Protocol)
LPG: Liquefied Petroleum Gas
MPG: Miles per Gallon
MSW: Municipal Solid Waste
mt CO2e: metric tons Carbon Dioxide Equivalent.
MWh: Megawatt Hours
MMBtu: One million British Thermal Units
N2O: Nitrous Oxide
PFCs: Perfluorocarbons
SF6: Sulfur Hexafluoride
VMT: Vehicle Miles Traveled
WRI: World Resources Institute
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EXECUTIVE SUMMARY
This report contains the greenhouse gas (GHG) emissions inventory results and methodologies as
completed by SAIC for the City of Sioux Falls, South Dakota. This inventory includes total emissions for
the City’s Government operations and the non‐government portion of the Sioux Falls Community. While
the City Government is an integral part of the Sioux Falls Community, for the purposes this inventory,
emissions from City Government operations are not included as part of the “Community” unless
otherwise specified. This inventory was completed for calendar year (CY) 2008 in order to establish a
baseline emissions estimate for Government and Community operations, which can be compared with
subsequent years to evaluate emissions reductions over time. Methodologies employed in this
inventory comply with the Local Governments Operations Protocol (LGOP) where applicable, and cases
where methodologies deviate from LGOP are noted. The inventory includes all Scope 1 and Scope 2
sources as outlined by the LGO Protocol and one Scope 3 emissions source (contracted school buses).
Because no official protocol or standard guidance is yet published for estimating community emissions,
the LGOP methods were used to the extent possible to calculate these emissions. All calculation
methodologies used to develop this inventory are detailed in the appendices at the end of this
document, and all emissions data shown are in units of metric tons of carbon dioxide equivalent (mt
CO2e), unless otherwise noted.
As shown in Table 1, below, emissions from the City of Sioux Falls Government and Community totaled
2,132,471 mt CO2e in 2008, with just under 12 percent (253,490 mt CO2e) attributed to the Government,
and just over 88 percent (1,878,981 mt CO2e) attributed to the Community. Figure 1 shows the
percentage share that each sector in the City Government and the Community contributed to total
emissions.

Figure 1: Percentage of Total Emissions by Sector from the City of Sioux Falls
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Table 1: Emissions from City Government and Non‐government Community, by Sector

Sector
Sioux Falls Community
Government
Solid Waste Facilities
Buildings & Other Facilities
Wastewater Facilities
Water Delivery Facilities
Vehicle Fleets
Streetlights & Traffic Signals
Non‐government Community
Commercial Buildings
Residential Buildings
Transportation

Emissions (mt CO2)
2,132,471
253,490
135,501
53,996
21,417
20,699
11,936
9,966
1,878,980
841,933
647,951
389,096
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Percent of Total
100%
12%
6%
3%
1%
1%
1%
< 1%
88%
39%
30%
18%

INTRODUCTION
This report provides a comprehensive GHG emissions inventory for the City of Sioux Falls, South Dakota
and addresses emissions from all significant sources within the City’s geopolitical boundaries. The
inventory includes emissions from City Government and the general Community for calendar year (CY)
2008. While the City Government is an integral part of the Sioux Falls Community, for the purposes this
inventory, emissions from City Government operations aggregated separately, not as part of the
“Community” unless otherwise specified. To develop the GHG emissions inventory for Sioux Falls, SAIC
applied the Local Government Operations Protocol (LGOP) developed in partnership by The Climate
Registry, the California Climate Action Registry, ICLEI ‐ Local Governments for Sustainability, and
California Air Resources Board. The LGOP provides the principles, approach, methodology, and
procedures needed to develop a GHG emissions inventory for local government operations and is
designed to support the complete, transparent, and accurate reporting of GHG emissions. SAIC used the
protocol where possible in this effort, and worked with the City to make decisions where the protocol
did not apply. This inventory focuses on three GHGs including carbon dioxide (CO2), methane (CH4), and
nitrous oxide (N2O), with emissions of all three GHGs rolled up and presented in terms of metric tons of
CO2 equivalent (CO2e) for the inventory year unless otherwise specified.

1.1 Climate Change Background
The greenhouse effect is a naturally‐occurring process by which atmospheric gases trap solar radiation
within the Earth’s atmosphere and regulate the global climate. As atmospheric levels of particularly
efficient GHGs change, so too does the climate. Evidence suggests that GHG emissions from human
activities are artificially intensifying the greenhouse effect, causing global average surface temperatures
to rise and global climate patterns to change. Human activities that generate large amounts of GHGs
which contribute to global climate change include burning of fossil fuels such as coal, natural gas,
gasoline, and diesel for electricity, heating, and transportation.
In response to climate change, many local governments are investigating opportunities to reduce GHG
emissions in their communities and within their own operations. This GHG inventory, also referred to as
a “carbon footprint”, is the foundation of climate action planning. The inventory provides complete and
accurate measurement of GHG emissions which can be used to assess climate change risks and
opportunities, create strategies to reduce emissions, and track progress to ensure that emission
reductions are realized.

1.2 Purpose of Inventory
The purpose of this inventory is to identify the sources and quantities of GHG emissions from Sioux Falls’
City Government operations and the general Community in CY 2008. This inventory will support City
sustainability efforts in two ways: first, it will establish an emissions baseline against which the City can
set emissions reductions targets and measure future progress; second, it will allow the City to
understand the scale of emissions from various departments and sources.
This GHG emissions inventory report marks the completion of the critical first milestone for the City of
Sioux Falls. Through continued leadership and commitment by the City Government, Sioux Falls can use
8

this baseline inventory to understand the details of the city’s emissions profile, set emissions reduction
targets, create a plan, and measure future progress in order to meet the City’s goals.
Figure 2: Five Basic Steps to Climate Protection
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METHODOLOGY
SAIC applied the LGOP to develop the GHG emissions inventory for the City of Sioux Falls for CY 2008.
The LGOP provided guidance for quantifying emissions resulting from City government operations and
was followed to the extent possible. The Sioux Falls inventory was not able to follow the guidance
provided in the LGOP for every emission source, however the City should be commended for its efforts
to adhere to the standard to the extent possible. This report denotes areas where the City deviated from
the LGOP guidance due to data gaps or to align certain data with other GHG reporting programs and
provides recommendations on how the City can reconcile these differences in future inventories.

2.1 Greenhouse Gases
In accordance with LGOP guidance, the six greenhouse gases regulated under the Kyoto Protocol were
assessed in this GHG emissions inventory for Sioux Falls. These six gases are carbon dioxide (CO2),
methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur
hexafluoride (SF6). Due to the small relative contribution of HFCs, PFCs, and SF6 to total emissions, this
inventory focuses on only CO2, CH4, and N2O, and each gas is reported in metric tons of CO2 equivalent
(CO2e) for the inventory year, unless otherwise specified.

2.2 Boundaries
The inventory boundary for the City Government was established by operational control. This includes
all sources for which the City has the authority to make changes in operational practices. Facilities for
which Sioux Falls has a minority financial stake, but no operational control, are being excluded.
City Government operations include emissions associated with the management of city‐owned
buildings, vehicles, streetlights and traffic signals, and solid waste, wastewater and water delivery
facilities over which the City dictates control.

2.3 Categorizing the Inventory
When analyzing emissions data, it is often beneficial to organize and group emissions in various ways for
gaining perspective, benchmarking emissions against other inventories, and developing reduction
strategies. At the highest level, this inventory is categorized into emissions resulting from City
Government operations and emissions from non‐government sources in the Community.

2.3.1 Scopes
The LGOP requires that local governments separately account for direct and indirect emissions, to
improve transparency, and to provide utility for different types of climate policies and goals. Direct GHG
emissions are emissions from sources within the City’s organizational boundaries that the City owns or
controls. Indirect GHG emissions are emissions that are a consequence of activities that take place
within the organizational boundaries of the City, but that occur at sources owned or controlled by
another entity. The LGOP follows the WRI/WBCSD GHG Protocol Corporate Standard in categorizing
direct and indirect emissions into “scopes” as follows:
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Scope 1

All direct GHG emissions (with the exception of direct CO2 emissions from
biogenic sources).

Scope 2

Indirect GHG emissions associated with the consumption of purchased or
acquired energy (electricity, steam, heating, or cooling).

Scope 3

All other indirect emissions not covered in Scope 2, such as emissions resulting
from the extraction and production of purchased materials and fuels,
transport‐related activities in vehicles not owned or controlled by the reporting
entity (e.g., employee commuting and business travel), outsourced activities,
waste disposal, etc.

In accordance with the LGOP, local governments must, at a minimum, quantify and report Scope 1 and
Scope 2 emissions. The LGOP encourages, but does not require, local governments to quantify and
report Scope 3 emissions. The City of Sioux Falls has elected to report Scope 3 emissions from
contracted school buses in this 2008 GHG emissions inventory because many local governments own or
operate their public school bus fleet and are therefore responsible for the associated direct emissions.
By capturing contracted school bus fleet emissions as Scope 3 emissions in this inventory, the City can
better compare their own emissions to those from other cities (apples to apples). Scope 3 emissions
sources that the City should consider monitoring and detailing in future inventories are employee
commuting and business travel. It should be noted that employee commuting and non‐airline business
travel within the City is currently captured under the community transportation sector estimate in this
inventory.
Figure 3: Emission Scopes

Source: WRI/WBCSD GHG Protocol Corporate Accounting and Reporting Standard (Revised Edition), Chapter 4
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2.3.2 Classification, Sectors, and Sources
This GHG inventory is broken down into two general classifications; (1) City Government operations and
(2) Community sources. This is done to allow the City to analyze emissions from each classification type
independently, since different strategies are typically required to reduce emissions from each type.
Municipal governments may develop internal policies and procedures that affect daily operations in a
manner that reduces emissions. By contrast, municipal governments typically employ outreach or
incentive programs for city business or residents to reduce emissions from community sources.
LGOP sectors were developed to create a framework that is based on internationally recognized GHG
accounting terms (i.e., Scope 1, Scope 2, stationary combustion, mobile combustion, etc.) but that is
more policy‐relevant to local governments. Categorizing the Sioux Falls’ GHG inventory by sector allows
the City to more easily communicate inventory results to the public and identify opportunities for
reductions.
In addition to understanding which sectors are generating emissions, it is also helpful to look at the
specific sources or raw resources and materials (such as natural gas, electricity, gasoline, diesel, solid
waste, and wastewater) whose use and generation directly result in the release of GHGs. Organizing the
inventory according to emission sources can be useful when developing resource management
strategies to reduce emissions. The following LGOP sectors and sources have been included in the City
Government inventory:
Table 2: Sector and Source of Emissions from Government and Community Operations
Classification
City
Government
Operations

Sector
Buildings & Other Facilities
Streetlights & Traffic Signals
Water Delivery Facilities
(Water Purification)
Wastewater Facilities
(Water Reclamation)
Vehicle Fleets*
Solid Waste Facilities

Non‐
Government
Community

Residential Buildings
Commercial Buildings
Non‐Gov Transportation

Source
Stationary combustion (natural gas)
Purchased electricity
Purchased electricity
Stationary combustion (natural gas)
Purchased electricity
Process Emissions (CH4 and N2O from wastewater treatment)
Stationary combustion (natural gas)
Purchased electricity
Mobile combustion (gasoline, diesel)
Stationary combustion (natural gas)
Fugitive Emissions (CH4 from landfill)
Stationary combustion (natural gas)
Purchased Electricity
Stationary combustion (natural gas)
Purchased Electricity
Stationary combustion (natural gas)
Purchased Electricity
Mobile combustion (gasoline, diesel)

* Vehicle fleets includes City fleet, transit fleet, school fleet (non‐bus), and contracted school buses.

2.3.3 City Government Departments
The City government has elected to disaggregate the inventory data according into operational
departments. This additional disaggregation will provide a high level of detail that will enhance the City’s
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ability to develop internal policies that target specific operations for emission reductions. The following
departments are included in this inventory:
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•

Fire
Libraries
Municipal/Public Buildings
Parks & Recreation
Police
Public Health
Public Parking
Public Works ‐ Utility

Schools & Community Centers
Solid Waste
Streetlights & Traffic Signals
Streets & Fleet
Transit
Water Purification
Water Reclamation
Other/Unknown

2.4 Baseline Inventory Year
The City has selected calendar year (CY) 2008 as the baseline year. This selection was made in order to
best represent a ‘typical’ year and was based on data availability. This timeframe also reflects some of
the energy efficiency and renewable energy projects, as well as the fleet upgrades the City has made in
recent years.

2.5 Calculating Emissions
Most of the GHG emissions from the Sioux Falls City Government were quantified using a calculation‐
based methodology. Calculation‐based methodologies involve the calculation of emissions based on
“activity data” and “emission factors”, outlined in sections 2.5.1 and 2.5.2, below.

2.5.1 Activity Data
Activity data refers to the relevant measurement of energy use or other processes that generate GHGs.
Examples of activity data referenced in this inventory include consumption of fuel by type, metered
annual energy consumption, and annual vehicle miles traveled (VMT) by vehicle type.

2.5.2 Emission Factors
Emission factors represent the rate of emission of a given GHG from a specific emission source. They are
usually expressed in terms of emissions per unit of activity data (i.e. kg‐CO2/kWh). By multiplying energy
usage or other activity data by the associated emission factor, one can determine the total emissions
quantity that resulted from a particular emission source. Please see the Appendices at the end of this
report for a listing of emission factors and methodologies used in this report.

2.5.3 General Calculation Methodology
The majority of the emissions recorded in this inventory were calculated using activity data and emission
factors. To calculate emissions, the basic equation below was used:
Emissions = Activity Data × Emission Factor
Emission factors will be different for each type of GHG and each source of emissions. As a result, the
calculation of emissions using the equation above must be repeated for each type of GHG and each set
of activity data. As an example, assume a power plant combusts 1,000 metric tons of coal. Because this
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activity generates CO2, CH4, and N2O emissions, each at a different rate, the calculation must be
performed for each GHG independently, using the equation above.
CO2 Emissions = 1,000 metric tons coal × 2,077 kg CO2/metric ton coal = 2,077,000 kg CO2
CH4 Emissions = 1,000 metric tons coal × 0.0220 kg CH4/metric ton coal = 22.0 kg CH4
N2O Emissions = 1,000 metric tons coal × 0.0352 kg N2O/metric ton coal = 35.2 kg N2O
Where activity data or emission factors were not available, estimation methods were used to quantify
emissions. These estimation methods are described in greater detail in Appendices A and B.

2.5.4 Global Warming Potential (GWP)
The Global Warming Potential (GWP) of a gas is used to calculate the carbon dioxide equivalent (CO2e)
of non‐CO2 gases. Converting emissions of non‐CO2 gases to units of CO2e allows GHGs to be compared
on a common basis. Non‐CO2 gases are converted to CO2e using internationally recognized GWP factors
developed by the Intergovernmental Panel on Climate Change (IPCC) in their Second Assessment Report
(SAR) to represent the heat‐trapping ability of each GHG relative to that of CO2. For example, the GWP
of CH4 is 21 because one metric ton of CH4 has 21 times more capacity to trap heat in the atmosphere
than one metric ton of CO2. Table 3, below, displays GWP values from the IPCC SAR for each gas
included in this inventory.
Table 3: GWP values for inventory GHGs1
Common Name
Carbon dioxide
Methane
Nitrous oxide
Sulfur hexafluoride
HFC
PFC

Formula
CO2
CH4
N2 O
SF6
Multiple
Multiple

GWP
(100‐year time horizon)
1
21
310
23,900
Varies depending on gas
Varies depending on gas

To calculate CO2e emissions using GWP values, emissions of each individual GHG are multiplied by the
associated GWP for that gas. As an example, this conversion to units of CO2e has been applied to the
emissions calculated in the coal combustion example in the previous section and displayed below.
CO2e Emissions = (2,077,000 kg CO2 x 1) + (22.0 kg CH4 x 21) + (35.2 kg N2O x 310)
÷ 1,000 kg/metric ton = 2,088 metric tons CO2e
Once emissions of all six (or in the case of Sioux Falls, three) GHGs are converted to units of CO2e, they
can be summed into a single representative quantity of GHG emissions.
1

Intergovernmental Panel on Climate Change (IPCC) Second Assessment Report published in 1995, unless no value
was assigned in the document. In that case, the GWP values are from the IPCC Third Assessment Report published
in 2001 (those marked with *). GWP values are from the Second Assessment Report (unless otherwise noted) to be
consistent with international practices. Values are 100‐year GWP values.
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CITY GOVERNMENT INVENTORY RESULTS
This section details Sioux Falls’ GHG emissions from City Government operations in CY 2008. Where
appropriate, emissions are aggregated across departments, sectors and sources for comparison. This
information identifies specific sources of emissions and can be used by City staff and policymakers to
guide climate action planning and emissions reduction activities moving forward. For a detailed
description of the calculation methodologies and emission factors used for the City government
inventory, please see Appendix A.

3.1 Summary by Sector
Emission totals in this section are aggregated according to five sectors; buildings and other facilities,
solid waste facilities, wastewater facilities, streetlights, and vehicle and transit fleets. The buildings and
other facilities sector includes emissions from electricity use and from stationary combustion for heating
in City Government buildings. The solid waste facilities sector includes fugitive landfill methane
emissions from the Sioux Falls Regional Sanitary Landfill. The wastewater sector includes emissions from
the City’s wastewater treatment facility. The streetlights sector includes indirect emissions resulting
from the consumption of electricity by City streetlights over the course of 2008. The vehicle and transit
fleet sector includes tailpipe emissions from passenger fleet vehicles, light, medium, and heavy‐duty
trucks, police and fire equipment, transit vehicles (buses, shuttles, etc.), street sweeping equipment,
construction equipment, forklifts and scissor‐lifts, grounds‐keeping equipment, and any other City‐
owned vehicles or equipment. The pie chart and data table below display the amount and percent share
of emissions contributed by each sector to the City’s total emissions.
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Figure 4: City Government Emissions by Sector

Table 4: City Government Emissions by Sector
GHG
Emissions
(mt CO2e)
135,501
53,996
21,417
20,699
11,936
9,966
253,490

Sector
Solid Waste Facilities
Buildings & Other Facilities*
Wastewater Facilities
Water Delivery Facilities
Vehicle Fleets
Streetlights & Traffic Signals
TOTAL

% Share
53%
21%
8%
8%
5%
4%
100%

* Does not include emissions from electricity and natural gas in wastewater, water delivery, and solid waste facilities to avoid
double‐counting. Those emissions are captured in their respective sectors in the table.

3.2 Summary by Source
Emission totals in this section are aggregated according to emission sources. In the case of Sioux Falls
City Government, this includes indirect emissions from electricity use and direct emissions from
combustion of several types of fossil fuels. The pie chart and data table below display the amount and
percent share of emissions contributed by each source to the City’s total emissions.
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Figure 5: City Government Emissions by Source

Table 5: City Government Emissions by Source
GHG
Emissions
(mt CO2e)
133,752
89,736
13,633
8,990
4,406
2,769
177
26
253,490

Source
Solid Waste*
Electricity
Natural Gas
Diesel
Wastewater**
Gasoline
E85 Ethanol
Propane
TOTAL

% Share
53%
35%
5%
4%
2%
1%
<1%
<1%
100%

* Fugitive CH4 from waste decomposition in landfill
** Process CH4 and N2O from wastewater treatment

3.3 Detailed Analysis by Sector
3.3.1 Buildings Sector
The City of Sioux Falls contains many buildings and facilities that produce GHG emissions directly from
stationary fossil fuel combustion and indirectly from electricity use. Stationary combustion refers to the
combustion of fuels to produce electricity, heat, or motive power using equipment in a fixed location.
Typical stationary sources found in buildings and facilities include furnaces, boilers, burners, and internal
17

combustion engines that consume fossil fuels like natural gas, liquefied petroleum gas (LPG), and fuel
oil. The primary fossil fuel type consumed with in Sioux Falls is natural gas.
City Government emissions from stationary combustion and electricity use totaled 93,429 mt CO2e,
about 37 percent of total emissions from City Government operations in CY 2008. The energy split at
these facilities was about 85 percent electricity and 15 percent natural gas as a result of consuming
101,472,122 kWh of electricity and 2,564,740 therms of natural gas. It should be noted that water
delivery, wastewater, and solid waste facilities contributed 39,459 mt CO2e and these emissions are also
discussed under their respective sectors in the sections below.
Figure 6: City Government Buildings Sector Emissions by Source

Note: a negligible amount of emissions resulting from propane are not displayed in the chart.

Understanding which City departments and specific facilities consume the most resources and generate
the most GHG emissions is the first step toward identifying reduction opportunities. There are 45 public
schools and community centers in Sioux Falls which together accounted for the largest portion of
emissions from City buildings in CY 2008 at 32,101 mt CO2e or about 34.4 percent of emission within this
sector. Water delivery and wastewater facilities accounted for about the same share of sector emissions
at 22.2 and 18.2 percent, or 20,699 and 17,011 mt CO2e, respectively, City municipal/public buildings
such as City Hall, City Hall Annex, Carnegie Hall, and other facilities also accounted for a significant share
of sector emissions at 10,803 mt CO2e or about 11.5 percent. All other facility types combined
accounted for 13.7 percent of sector emissions with no single facility type exceeding a 3 percent
contribution.
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Figure 7: City Government Buildings Sector Emissions by Department
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Table 6: City Government Buildings Sector Energy Consumption and Emissions by Department
Department
Schools & Community Centers
Water Purification
Water Reclamation
Municipal/Public Buildings
Parks & Recreation
Solid Waste
Police
Libraries
Public Parking
Streets & Fleet
Fire
Transit
Other/Unknown
Public Works ‐ Utility
Public Health
TOTAL

Electricity
Use
(kWh)
31,715,826
25,346,107
21,086,484
10,607,503
2,254,978
2,115,691
1,691,573
1,592,522
1,605,467
678,049
1,002,793
575,815
628,863
560,200
10,251
101,472,122

Natural Gas Use
(Therms)
1,348,560
145,578
81,635
463,608
130,390
11,311
45,600
12,020
4,035
112,418
58,304
66,672
13,695
3,629
67,285
2,564,740

GHG
Emissions
(mt CO2e)
32,101
20,699
17,011
10,803
2,466
1,749*
1,572
1,316
1,284
1,131
1,098
807
567
460
366
93,429

% Share
34.4%
22.2%
18.2%
11.6%
2.6%
1.9%
1.7%
1.4%
1.4%
1.2%
1.2%
0.9%
0.6%
0.5%
0.4%
100%

* Includes emissions (26 metric tons CO2e) resulting from the combustion of 4,600 gallons of propane used for heating at the
Sanitary Landfill Scale Office and Maintenance facility in 2008.

3.3.2 Streetlights & Traffic Signals
Emissions from streetlights and traffic signals are the result of electricity consumption. Streetlights and
traffic signals consumed 12,677,376 kWh in CY 2008 which resulted in 9,966 mt CO2e.
3.3.3 Water Delivery Facilities
Water delivery facilities include treatment facilities, booster stations, lift stations, in‐line pumps, storage
facilities and reservoirs. These facilities generate emissions as a result of electricity and natural gas
consumption. In CY 2008, electricity use accounted for approximately 95 percent of total emission from
water delivery facilities as displayed in Figure 8 below. These facilities consumed 25,346,107 kWh of
electricity and 145,578 therms of natural gas which resulted in a total of 20,699 mt CO2e or about 4
percent of total emission from City Government operations.

20

Figure 8: Water Delivery Facilities Emissions by Source

3.3.4 Wastewater Facilities
The City of Sioux Falls is responsible for providing wastewater services to the community. Wastewater
facilities operated by the City include the Sioux Falls Water Reclamation Plant and a number of sewer lift
stations. These facilities generate emissions by combusting natural gas, purchasing electricity, and
treating wastewater from the City and surrounding communities. When treating wastewater, three
types of process emissions are generated; N2O produced during the treatment process, N2O from
effluent discharge, and CH4 from incomplete combustion of digester gas. Data used in the calculation of
process emissions from the Sioux Falls Wastewater treatment plant include population served by the
Plant and facility‐specific data on digester gas production and composition. These data were obtained
from the Plant manager. Electricity and natural gas consumption data were provided by local power and
gas utilities.
As shown in Figure 9 and Table 7, below, emissions from the wastewater treatment plant totaled 21,417
mt CO2e in 2008, with the largest share (77 percent, or 16,577 mt CO2e) coming from electricity
consumption.
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Figure 9: Wastewater Facilities Emissions by Source

Table 7: Wastewater Facilities Emissions by Source
GHG Emissions
(mt CO2e)
16,577
3,991
434
208
207
21,417

Source
Electricity
N2O From Effluent Discharge
Natural Gas
CH4 from Incomplete Combustion of Digester Gas
N2O Process Emissions from Treatment
TOTAL

% Share
77%
19%
2%
1%
1%
100%

3.3.5 Vehicle Fleets
The City of Sioux Fall operates three separate vehicle fleets including the City fleet, transit fleet, and
non‐bus school fleet. The City fleet contains vehicles and equipment primarily used for fire, police, and
public works operations. The transit fleet is managed by Sioux Area Metro and provides public
transportation for Sioux Falls. The non‐bus school fleet includes vehicles and equipment dedicated for
use by the Sioux Falls public school system. In addition to these three fleets, the City contracts out
school bus fleet services.
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Emissions from the City of Sioux Falls’ vehicle fleets are the result of fossil fuel being used in on‐road and
off‐road vehicles, including passenger cars, trucks, buses and equipment. The combustion of fuel in
these sources results in emissions of CO2, CH4 and N2O.
In 2008, the City vehicle fleet, consisting of over 1,000 cars, trucks, buses and pieces of equipment,
consumed 1,022,489 gallons of fuel. The majority of fuel used by the City was diesel (about 67%),
followed by unleaded gasoline (about 30%) and E85 ethanol (about 2%).
City‐owned vehicles and equipment can be broadly categorized into two types: those operating on a
per‐mile basis and those operating by the hour. Vehicles operating on a per‐mile basis are self‐propelled
and contain an odometer to record mileage traveled. These include cars, trucks and buses. Equipment
operated by the hour is largely non‐self propelled and includes generators and construction and
maintenance equipment. The City also owns several fuel storage tanks, which hold fuel for operation of
city‐owned vehicles and equipment, the contents of which are recorded separately from vehicle fuel
use.
The City of Sioux Falls Fleet Management department tracks data for the City’s fleet. These data include
vehicle and equipment‐specific departmental identification numbers, model year, fuel type, miles
traveled or hours used, NAFA standard vehicle and equipment classification codes, and vehicle or
equipment description. This comprehensive data set was used in the calculation of emissions from the
City‐owned vehicle fleet. For emission factors used in the calculation of City fleet emissions, reference
Appendix C.
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Figure 10: Vehicle Fleet Emissions by Fleet Type

Table 8: Vehicle Fleet Emissions by Fleet Type
GHG Emissions
(mt CO2e)
7,712
2,279
1,494
451
11,936

Fleet Type
City Fleet
Transit Fleet
School Buses (contracted service)
School Fleet (non‐bus)
TOTAL
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% Share
65%
19%
13%
4%
100%

Figure 11: Vehicle Fleet Emissions by Source

Table 9: Vehicle Fleet Emissions by Source
Source
Diesel
Gasoline
E85 Ethanol
TOTAL

GHG Emissions
(mt CO2e)
7,066
2,748
177
11,936

% Share
71%
28%
2%
100%

3.3.6 Solid Waste Facilities
The City of Sioux Falls operates the Sioux Falls Regional Sanitary Landfill (Landfill), which receives waste
from the counties of Lake, Lincoln, McCook, Minnehaha, and Turner and is the largest landfill in the
state of South Dakota. In 2008, the Landfill serviced 245,344 people, with 62.8 percent of those being
Sioux Falls residents and the other 37.2 percent residing outside the City. In 2008, approximately
3,878,627 metric tons of waste was in place at the Landfill. It should be noted that due to its size, the
Landfill is subject to US EPA New Source Performance Standards (NSPS), which requires the Landfill to
evaluate landfill gas (LFG) generation potential. Analytical testing (referred to as “Tier 2 testing”) of the
LFG composition indicate that the Landfill is below the prescribed threshold established in NSPS (50
megagrams of non‐methane organic compounds) that requires the generated LFG be collected and
controlled. However, the Landfill voluntarily operates a Landfill Gas (LFG) Collection and Control System
(GCCS), whereby methane generated, which would otherwise be vented into the atmosphere, is
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captured and combusted, either onsite through a utility flare or off‐site in a boiler. The GCCS includes
equipment to monitor LFG characteristics including composition, temperature, pressure and flow rates.
These monitoring data, along with historic waste disposal data, were used to calculate estimated CH4
emissions from the Landfill.
In 2008, all LFG that was collected at the Landfill was combusted at one utility flare located onsite. Of
the active MSW disposal area in 2008, 47.0 acres had gas collection influence (including the majority of
the sideslope area and some crown area) and 51.6 acres did not have gas collection influence (new cell,
crown, smaller area of sideslopes).
It should be noted that the Landfill is registered with the Climate Action Reserve (Reserve), a national
carbon offsets program, and the City of Sioux Falls acquires carbon offset credits through the Reserve
for the voluntary implementation of the GCCS. In 2008, the Landfill received Reserve verified credits for
the voluntary destruction of 74,600 mt CO2e through the operation of the GCCS.
Because the City of Sioux Falls owns and manages the Landfill, it is responsible for reporting emissions
from the Landfill under the US EPA’s Greenhouse Gas Mandatory Reporting Rule (MRR) beginning in CY
2010. In order to remain constant in the calculation of emissions from the Landfill, and to ease
comparisons of emissions year‐over‐year, 2008 CH4 emissions were calculated in accordance with MRR
Subpart HH (Muncipal Solid Waste Landfill) methodologies, specifically equations HH‐1, HH‐4, HH‐7, and
HH‐8. For details of the calculation inputs, reference Appendix A, Section A.5.
In total, 133,725 mt CO2e emissions were released from the Landfill in 2008, as shown in Table 10,
below. This number is high when compared with most other municipalities’ fugitive emissions from
waste disposal. This is due to several factors: first, the City of Sioux Falls owns and operates the Landfill,
which means that the City must account for all emissions from waste disposed of at the Landfill, not
solely emissions from waste generated by City government operations. Second, the majority of the
Landfill, which opened in 1979 and has continued to accept waste, is likely within the methane
producing phase of anerobic waste decomposition. Finally, the LFG collection system covered less than
half of the landfill area, meaning that a large portion of the LFG generated was vented to the
atmosphere.
When electricity and natural gas consumption at the site are included in the total, activities at the Sioux
Falls Regional Sanitary Landfill resulted in 135,501 mt CO2e of emissions, as detailed in Figure 12 and
Table 10, below.
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Figure 12: Solid Waste Facilities Emissions by Source

Note: a negligible amount of emissions resulting from propane are not displayed in the chart.

Table 10: Solid Waste Facilities Emissions by Source
GHG
Emissions
(mt CO2e)
133,752
1,663
60
26
135,501

Source
Fugitive Emissions (CH4 from landfill)
Electricity
Natural Gas
Propane
TOTAL
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% Share
99%
1%
<1%
<1%
100%

NONGOVERNMENT COMMUNITY INVENTORY RESULTS
This section details GHG emissions from the Community of Sioux Falls in CY 2008 not including City
Government operations. While the City Government is an integral part of the Sioux Falls Community, for
the purposes this inventory, emissions from City Government operations are not captured as part of the
“Community” unless otherwise specified. Where appropriate, emissions are aggregated by sector and
source for comparison. Results from this inventory may be used by the City to inform policy decisions
and to develop programs aimed at reducing GHG emissions within the Community. For a detailed
description of the calculation methodologies and emission factors used in for the community inventory,
please see Appendix B.

4.1 Summary by Sector
The major sectors contributing to emissions in the City of Sioux Falls are buildings (both residential and
commercial) and transportation. Emissions from non‐government community activities totaled
1,878,981 mt CO2e in 2008, with the largest share coming from electricity and natural gas consumption
at commercial buildings, which accounted for 45 percent of the total, or about 841,933 mt CO2e.
Electricity and natural gas consumption at residential buildings made up 34 percent of the total, or
647,951 mt CO2e, with the remaining 21 percent of community emissions coming from transportation,
at 389,096 mt CO2e. Further detail is shown in Figure 13 and Table 11, below.
Figure 13: Community Emissions by Sector
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Table 11: Community Emissions by Sector
GHG Emissions
(mt CO2e)

% Share

Commercial Buildings

841,933

45%

Residential Buildings

647,951

34%

Sector

Transportation*
TOTAL

389,096

21%

1,878,981

100%

* Does not include Government fleet vehicles

4.2 Summary by Source
Major energy sources in the City of Sioux Falls include electricity, natural gas, and transportation fuels
(including gasoline and diesel). Electricity comprised the largest share of the City’s 1,878,981 mt CO2e of
emissions in 2008, at 55 percent, or 1,029,632 mt CO2e. Natural gas comprised 24 percent of community
emissions, or 460,252 mt CO2e, with transportation fuels accounting for the remainder. Gasoline
consumption by community‐owned vehicles accounted for 19 percent, or 357,337 mt CO2e, while diesel
consumption accounted for 2 percent, or 31,760 mt CO2e. Further detail is shown in Figure 14 and Table
12, below.
Figure 14: Community Emissions by Source

Diesel
2%

Gasoline
19%

Electricity
55%

Natural
Gas
24%
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Table 12: Community Emissions by Source
Source
Electricity
Natural Gas
Gasoline
Diesel
TOTAL

GHG Emissions
(mt CO2e)
1,029,632
460,252
357,337
31,760
1,878,981
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% Share
55%
24%
19%
2%
100%

CONCLUSIONS
The results of the GHG Inventory have been characterized by classification, sector, and source. The
strategies selected for reducing GHG should take into account various factors including but not limited
to relative quantities of GHG generated, planned program activities impacting generation, estimated
costs, and projected benefits. Detailed strategies and tactics are provided in the sustainability master
plan (SMP).
To provide a frame of reference on how the GHG results compare to other communities, we have
provided below high level results for Government Operations for a handful of similar communities.
Table 13: Municipal GHG Emissions Benchmarking Data
Municipal GHG
Emissions Benchmark
Total GHG Emissions
(mt CO2e)
Largest Emission Source
(mt CO2e, % share)
Population
Number of employees

Government Operations
Arlington,
Denver, CO
VA
(2005)
(2007)

Sioux Falls,
SD
(2008)

Colorado
Springs, CO
(2007)

Baltimore,
MD
(2007)

Seattle, WA
(2005)

253,490

92,425

217,835

98,953

608,988

600,069

Solid Waste
(135,501, 53%)

SC & EL*
(74,402, 81%)

SC & EL*
(147,692, 68%)

SC & EL*
(87,177, 88%)

SC & EL*
(372,701, 61%)

SC & EL*
(360,641, 60%)

153,888

402,417

579,744

202,800

640,150

573,911

1,127

4,604

12,461

N/A

29,393

11,331

* SC & EL = Stationary Combustion & Electricity

It is important to exercise caution when comparing municipal GHG inventories because each community
is unique in size, population, climate, and other characteristics and the services provided by each
municipal government to its residents vary widely. As a result, each community may employ different
inventory boundaries and calculation methodologies to suit their needs.
Based on the above initial comparison, the results reflect that Sioux Falls generates a typical amount of
total GHG emissions relative to other communities in Table 13, however, the population and employee
count for the City is lower than all others in the table. As a result, per capita GHG emissions as well as
GHG emissions per City employee are significantly higher than the benchmark communities. These high
relative emission intensities are a direct result of the solid waste service the City Government provides
to City residents and the surrounding communities. This is clear from the table since solid waste was the
largest emission source in Sioux Falls, while stationary combustion and electricity use was the largest
emission source in all other communities. It is likely that several of the benchmark communities do not
provide solid waste services to their residents, or offer these services on a more limited scale. Further
investigation of each community’s GHG inventory is required to determine which communities own and
operate a landfill and the operational characteristics associated with any of these landfills before
additional conclusions can be drawn.
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RECOMMENDATIONS
6.1 Next Steps
This GHG emissions inventory baseline is the first step toward reducing GHG emissions in the City of
Sioux Falls. The City government should continue its leadership and commitment to sustainability, by
proceeding with the five basic steps to climate protection which include:
1.
2.
3.
4.
5.

Conduct a baseline emissions inventory and forecast
Establish reduction targets for a forecast year
Develop a Climate Action Plan
Implement Action Plan
Monitor and verifying results

5

In addition to these activities, Sioux Falls should continuously work to improve its internal data sets,
data collection policies and procedures, and data management tools. Improving these components of
GHG inventory development will increase accuracy and transparency while streamlining the inventory
development process and reducing the administrative burden for updating the inventory in future years.
Specific actions the City should consider to improve these components are described in the following
section.

6.1 Data Collection Process Improvement
Data collection can be a challenge when developing a GHG inventory, as data typically come from many
sources and may be of varying quality, completeness, and availability. The primary data sources for the
City are displayed in the Table 14, below:
Table 14: Primary Data Sources for the City of Sioux Falls Inventory
Data Type
Natural gas consumption by
government, residential, and
commercial buildings
Electricity consumption by
government, residential, and
commercial buildings and by City
streetlights and traffic signals
Gasoline, Diesel, and E85 ethanol
consumption by vehicle fleets
Wastewater generation and
treatment
Solid Waste disposal and landfill
operating characteristics
Non‐Government Community
transportation characteristics

Source
Natural gas utility ‐ MidAmerican (Constellation)

Electric power utilities ‐ Xcel Energy, Sioux Falls Electric Light & Power,
Sioux Valley Energy, and Southeastern Electric Co‐op

City Government – Fleet Management Division of Public Works, Sioux Falls
School District, School Bus Inc.
City Government ‐ Water Reclamation/Sanitary Sewer Division of Public
Works
City Government ‐ Landfill Division of Public Works
Southeastern Council of Governments (SECOG)

Significant time and effort were required by City staff and SAIC to compile, organize, and verify the data
from the sources listed in Table 1. The City should be commended for these efforts. The most significant
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challenge faced during data collection was the compilation and organization of electric power
consumption data for city‐owned and operated facilities. The primary reasons for this challenge include
the following:
•
•
•

Recordkeeping for City‐owned and operated facility assets is decentralized
Data provided by electric power utilities contained cryptic facility names with missing or
incorrect facility addresses
The City does not currently maintain a centralized electronic system for collecting energy usage
data from its government operations

The City should continue the effort to improve its facility and energy data sets to reduce the data
collection burden and data accuracy when updating the GHG inventory for future years. These efforts
should focus on resolving the three primary shortcomings listed above. Activities the City should
consider undertaking in order to improve its facility and energy data may include, but are not limited to,
the following:
•

•

•

•

•

Establish and develop mutually beneficial relationships with utility contacts. These relationships
can foster cooperative data sharing in the development of co‐sponsored community energy
efficiency programs.
Review archived paper bills and work directly with gas and electric power utilities and
department managers to ensure that each facility or other asset is assigned a proper name
address, responsible department, account number, and meter ID or set of meter IDs (for
facilities with multiple meters). This data should be consistent between utility and City data sets
and should be actively maintained in a City database. Aligning utility and City data sets will
dramatically reduce the level of effort and potential for error when collecting data for future
inventories.
Identify the facilities and responsible departments for utility data that were unmatched or
otherwise assigned to the “other/unknown” category in the City data set. This will improve the
comprehensiveness, accuracy, and overall quality of City’s energy and GHG data.
Establish an inventory data champion for each City department to facilitate data collection and
compilation for each department. This creates a single point of contact within each department
from whom to gather energy and GHG data for that department. It also establishes a level of
accountability with respect to data collection and accuracy.
Establish a City Energy and GHG Manager to facilitate periodic data collection and compilation
from all City departments, to identify energy and GHG reduction opportunities, and to execute
energy and GHG reduction projects. Alternatively, the City may establish a City Energy and GHG
Data Manager to periodically collect and manage energy and GHG data but leave energy and
GHG reduction activities to the City departments. Typically, a data manager can perform data
collection and management part‐time in addition to their other roles and responsibilities as a
member of the City’s staff. Having a single owner of all City energy and GHG data is critical for
maintaining a single City data set that is comprehensive of all City departments, avoiding
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•

•

double‐counting of emissions, and holding each department data manager responsible for the
data from their respective department.
Establish policies and procedures for each department data champion to electronically submit
appropriate inventory data on a monthly basis from utility bills as well as fleet, wastewater, and
landfill data tracking systems to the City Energy and GHG Data Manager. Some enterprise
energy and GHG management software options are capable of automatic periodic data
download directly from utility data sources (known as “batch feeds”). This functionality
improves data accuracy and reduces the administrative burden associated with data collection
by eliminating the need for manual data entry.
Implement a centralized electronic data management system for collecting and analyzing energy
and GHG data. Maintaining a single data set is critical to ensuring your data is manageable,
comprehensive, and avoids double‐counting of emissions.

The City Government is currently in the process of decentralizing utility bill payment responsibilities
throughout its departments as a result of recommendations by the City’s Finance Department. This
change does not conflict with the last bullet above which recommends implementing a centralized
energy data management system. It is important to draw the distinction between utility bill payment
and energy data collection from utility bills. It is perfectly acceptable for department staff to pay utility
bills in a decentralized manner and report energy data from each utility bill into a centralized web‐based
data management system.
Two basic data management solutions exist for the City; off‐the‐shelf energy and GHG management
software or custom‐built spreadsheet‐based tools. These data management tools store all the data used
for the GHG inventory calculations in a single location, simplify the documentation process, increase
transparency, and ease any future verification or compliance requirements. Many off‐the‐shelf software
solutions exist in the marketplace. Some of the applications focus solely on energy management for
facilities and others are more comprehensive, including features that track fleet, waste, water, and GHG
data. Almost all of these software packages require the purchase of licenses or other costs such as an
annual membership fee. Some programs are free to use but have a limited scope, functionality and
flexibility (customizable features) such as EPA’s EnergySTAR Portfolio Manager which focuses solely on
facility energy management. Custom‐built, spreadsheet‐based data management tools require some
development work but generally offer greater flexibility than off‐the‐shelf software solutions and can be
readily adapted to the specific needs of the City. In addition, these tools are perpetually free for an
unlimited number of users once development is complete. Energy and GHG data management tools
such those mentioned above are critical to developing effective energy management programs because
they are more user‐friendly and engaging for City staff and provide greater detail and analysis
capabilities than finance‐based data management software packages.
Understanding the City’s needs and wants with respect to energy and GHG data management software
is the first step toward selecting the software or tool that is right for Sioux Falls. A matrix template for
ranking typical features in these software packages is provided in Appendix D. It is recommended that
the City consider the relative importance of each feature and compare those rankings to the capabilities
of each software option.
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APPENDIX A  CITY GOVERNMENT INVENTORY CALCULATION
METHODOLOGIES
Different methods were used to calculate emissions from City buildings, streetlights and traffic signals,
water delivery facilities, wastewater treatment facilities, vehicle fleets, and solid waste facilities. The
emission calculation methods used for these sectors are detailed below.

A.1 Buildings Sector
Buildings Sector emission are generated primarily from stationary combustion of natural gas and
electricity use within City facilities. The methods used to calculate these emissions are described below.
A.1.1 Emissions from Stationary Combustion
Emissions from combustion of natural gas were calculated based on consumption at each City facility, in
accordance with the LGOP, as follows:
CO2 Emissions = Natural Gas Use (MMBtu) x Emission Factor (53.02 kg CO2/MMBtu) ÷ 1,000 (kg/metric ton)
CH4 Emissions = Natural Gas Use (MMBtu) x Emission Factor (5.0 g CH4/MMBtu) ÷ 1,000,000 (g/metric ton)
N2O Emissions = Natural Gas Use (MMBtu) x Emission Factor (0.1 g N2O/MMBtu) ÷ 1,000,000 (g/metric ton)

Natural gas consumption was calculated by using the therms of natural gas metered at each facility
(data provided by the natural gas utility) and dividing by 10 to convert from therms to units of MMBtu.
The emission factor of 53.02 kg CO2/MMBtu is the U.S. weighted average CO2 emission factor from the
LGOP. Emission factors of 5.0 g/MMBtu for CH4 and 0.1 g/MMBtu for N2O are default values from the
LGOP, and are based on fuel type and sector.
A.1.2 Emissions from Electricity Use
Emissions from electricity use were calculated based on consumption at each City facility, in accordance
with the LGOP, as follows:
CO2 Emissions = Electricity Use (kWh) x Emission Factor (0.795 kg CO2/kWh) ÷ 1,000 (kg/metric ton)
CH4 Emissions = Electricity Use (kWh) x Emission Factor (0.018 g CH4/kWh) ÷ 1,000,000 (g/metric ton)
N2O Emissions = Electricity Use (kWh) x Emission Factor (0.012 g N2O/kWh) ÷ 1,000,000 (g/metric ton)
Consumption in kilowatt‐hours was gathered from utility billing data at the facility level. The emission
factors of 0.78175 kg CO2/kWh, 0.01315 g/kWh, and 0.01325 g/kWh for CO2, CH4, and N2O respectively,
represent the average emission factors for the MROW West subregion per the U.S. EPA’s eGRID v1.1
2007 data.

A.2 Streetlights and Traffic Signals
Emissions from streetlight and traffic signal electricity use were calculated based on electricity
consumption data provided by local electric utilities for all City streetlights and traffic signals. Emission
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factors and calculation methods used to determine emissions were the same as those used to
determine emissions from electricity use in the buildings sector (see section A.1.2).

A.3 Water Delivery Facilities
Water delivery facilities generate emission as a result of stationary combustion of natural gas and use of
electricity. Emissions from these two sources were calculated according to the same methods used for
the Buildings Sector (see section A.1).

A.4 Wastewater Treatment Facilities
Data used in the calculation of emissions from the Sioux Falls Wastewater treatment plant include
population served by the Plant and facility‐specific data on digester gas production and composition.
These data were obtained from the Plant manager.
A.4.1 Stationary CH4 from Incomplete Combustion of Digester Gas
CH4 = (Digester Gas x FCH4 x ρ(CH4) x (1‐DE) x 0.0283 x 365.25 x 10‐6) x GWP
Where:
Variable

Description
Annual CH4 emissions

Value
208.054

Value Type
Calculated

Units
metric tons
CO2e

Digester Gas

measured standard cubic feet of
digester gas produced per day

241,308

Input

ft3/day

FCH4

measured fraction of CH4 in
biogas

60%

Input

fraction

p(CH4)

density of methane at standard
conditions
CH4 Destruction Efficiency

662.00

Constant

g/m3

.99

Default

fraction

0.0283

Constant

m3/ft3

CH4

DE

3

3

0.0283

conversion from ft to m

365.25

conversion factor

365.25

Constant

day/year

10‐6

conversion from g to metric ton

10‐6

Constant

metric ton/g

GWP

Global Warming Potential

21

Default

A.4.2 Process N2O Emissions from Effluent Discharge
N2O = ((Ptotal x Find‐com) x (Total N Load ‐ N uptake x BOD5 load) x EF effluent x 44/28 x (1 ‐ F plant) x 365.25
x 10‐3) x GWP
Variable
N2O
Find‐com

Description
Annual N2O emissions
factor for industrial and
commercial co‐discharge
waste into the sewer system

Value
3,991
1.25
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Value Type
Calculated
Default

Units
metric tons CO2e

Variable
Total N Load
N uptake
BOD5 Load
EF Effluent

44/28
F plant

365.25
10‐3

GWP

Description
Total Nitrogen Load
Nitrogen uptake for cell
growth in aerobic system
Amount of BOD5 produced
per person per day
Emission Factor

Value
0.026
0.05

Value Type
Default
Default

Units
kg N/person/day
kg N/kg BOD5

0.090

Default

0.005

Default

molecular weight ratio of
N2O to N2
fraction of nitrogen removed
for the centralized WWTP
w/o
nitrification/denitrification
Conversion Factor
fraction of nitrogen removed
for the centralized WWTP
w/o
nitrification/denitrification
Global Warming Potential

1.57

Constant

kg
BOD5/person/day
kg N2O‐N/kg
sewage‐N
produced
ratio

0.0

Default

fraction

365.25
10‐3

Constant
Constant

Day/year
metric ton/kg

310

Default

A.4.3 Process N2O emissions from WWTP
N2O = ((Ptotal x Find‐com) x EF x 10‐6) x GWP
Variable
N2O
Ptotal

Find‐com

EF
10‐6
GWP

Description
Annual N2O Emissions
population that is served by the
centralized WWTP adjusted for
industrial discharge, if applicable
[person]
factor for industrial and commercial
co‐discharge waste into the sewer
system
emission factor for a WWTP without
nitrification/denitrification
conversion from g to metric ton
Global Warming Potential

Value
207.163
167,067

Value Type
Calculated
Input

1.25

Default

3.2

Default

10‐6
310

Constant
Default

Units
metric tons CO2e
person

g
N2O/person/year
metric ton/g

A.5 Vehicle Fleet Emissions
Emissions from City vehicle fleets were calculated using three separate methods. Different methods
were required for stationary combustion of fossil fuels in equipment that is not self propelled (i.e.
generators) and mobile combustion of fossil fuels in vehicles that are self propelled (i.e. passenger cars,
trucks, buses, etc.). Due to a lack of detailed data, a unique calculation method was developed to
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estimate scope 3 emissions from contracted school buses. These three methods are described in detail
below.
A.5.1 City, Transit, and Nonbus School Fleets
The City of Sioux Falls Fleet Management department tracks data for the City’s fleet. These data include
vehicle and equipment‐specific departmental identification numbers, model year, fuel type, miles
traveled or hours used, NAFA standard vehicle and equipment classification codes, and vehicle or
equipment description. This comprehensive data set was used in the calculation of emissions from the
City‐owned vehicle fleet. For emission factors used in the calculation of City fleet emissions, reference
Appendix C.
A.5.1.1 Stationary Combustion Emissions
Emissions of CO2, CH4 and N2O from non‐self propelled equipment (operated by the hour) and fuel
storage tanks were calculated based on the methodology for stationary combustion, as follows in
Equations A.5.1‐A.5.3. All fuel stored in tanks and generators during 2008 was assumed to be used over
the course of the calendar year.
Equations A.5.1‐A.5.3:. Calculation of CO2, CH4 and N2O Emissions from Stationary Combustion of Fuel
CO2 Emissions (mt CO2)Fuel Type X = Emission Factor for Fuel Type X (kg CO2 per gallon) x Quantity of Fuel
Consumed (gallons) x .001 (unit conversion from kg to mt)
CH4 Emissions (mt CO2e) Fuel Type X = Emission Factor for Fuel Type X (g CH4 per gallon) x Quantity of Fuel
Consumed (gallons) x .000001 (unit conversion from g to mt) x 21 (GWP)
N2O Emissions (mt CO2e) Fuel Type X = Emission Factor for Fuel Type X (kg N2O per gallon) x Quantity of Fuel
Consumed (gallons) x .000001 (unit conversion from g to mt) x 310 (GWP)
Using the methods outlined in Equations A.5.1‐A.5.3, total emissions from stationary combustion
attributed to city‐owned fleet operations are calculated by summing totals for all gases across all fuel
types, and are reported in metric tons of CO2e. In total, this source resulted in 4,359 mt CO2e emissions,
as shown in Table A.5.1, below.
Table A.5.1. Emissions from Fuel Combustion in Government Equipment.

Total Emissions from
Government Equipment

CO2
Emissions
(metric tons
CO2e)

CO2
Emissions
(metric tons
CO2)

CH4
Emissions
(metric tons
CO2e)

N2O
Emissions
(metric tons
CO2e)

4,359.34

4,332.72

13.40

13.22

A.5.1.2 Mobile Combustion Emissions
Emissions of CO2, CH4 and N2O from self propelled equipment (vehicles operated by the mile) were
calculated based on the methodology for mobile combustion. In accordance with the LGO Protocol,
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emissions from CO2 were calculated based on quantity of fuel consumed, as CO2 emissions are directly
related to the amount of fuel combusted. Methodologies for calculating CO2 emissions from mobile
combustion may be found in Equation A.5.4, below.
Equation A.5.4: Calculation of CO2 Emissions from Mobile Combustion of Fuel
CO2 Emissions (mt CO2)Fuel Type X = Emission Factor for Fuel Type X (kg CO2 per gallon) * Quantity of Fuel
Consumed (gallons) X * 0.001 (unit conversion from kg to mt)
Alternatively, because CH4 and N2O emissions are related to the emission control technologies installed
in the vehicle, these were calculated based on vehicle characteristics, including vehicle type (sedan, light
duty, medium duty and heavy duty), model year, and vehicle miles traveled. Methodologies for
calculating CH4 and N2O emissions from mobile combustion may be found in Equations A.5.5 and A.5.6,
below. The emission factor applied in the equation is dependent on the model year of the vehicle and
the fuel type used in the vehicle. As such, emission factors for CH4 and N2O were independently assigned
to each vehicle in the City of Sioux Falls’ fleet according to its vehicle type, fuel type and model year.
Equation A.5.5: Calculation of CH4 Emissions from Mobile Combustion of Fuel
CH4 Emissions (mt CO2e)Fuel Type X = Annual Distance Traveled (miles) * Emission Factor (g CH4 per mile) *
0.000001 (unit conversion from g to mt) * 21 (GWP)
Equation A.5.6: Calculation of N2O Emissions from Mobile Combustion of Fuel
N2O Emissions (mt CO2e)Fuel Type X = Annual Distance Traveled (miles) * Emission Factor (g N2O per mile) *
0.000001 (unit conversion from g to mt) X 310 (GWP)
Using the methods outlined in Equations A.5.4, A.5.5 and A.5.6 above, total emissions from mobile
combustion attributed to city‐owned fleet operations were calculated by summing totals for all GHGs
across all fuel types, and are reported in metric tons of CO2e. In total, this source resulted in 5,632 mt
CO2e emissions, as shown in Table 6.2, below. In accordance with the LGO protocol, these emissions are
broken into two categories: those attributable to the City‐owned transit fleet (buses and transportation)
and all other City‐owned fleet emissions.
Table A.5.2. Emissions from Fuel Combustion in Mobile Government Vehicles.

Total Emissions from
Government Mobile Vehicles

CO2
Emissions
(metric tons
CO2e)

CO2
Emissions
(metric tons
CO2)

CH4
Emissions
(metric tons
CO2e)

N2O
Emissions
(metric tons
CO2e)

5,631.67

5,599.28

1.99

30.40

A.5.2 Contracted School Buses
Because the City of Sioux Falls contracts out their school bus service, these emissions are considered
Scope 3. The school bus fleet manger provided an estimated 950,000 miles traveled by the all‐diesel bus
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fleet in 2008, with an average of 6.5 mpg fuel efficiency. Using these numbers, and the mobile emissions
methodology outlined in Section A.5.1.2 above, emissions of CO2, CH4 and N2O were calculated.
Summary information is provided in Table A.5.2.1.
Table A.5.3: Total Government Scope 1 and Scope 3 Mobile Emissions
CO2
Emissions
(metric tons
CO2e)

CO2
Emissions
(metric tons
CO2)

CH4
Emissions
(metric tons
CO2e)

N2O
Emissions
(metric tons
CO2e)

Transit Fleet

2,279.47

2,276.96

0.17

2.35

Fleet Vehicles

7,711.85

7,655.34

15.22

41.28

451.00

449.87

0.08

1.04

1,493.83

1,492.23

0.10

1.50

10,442.32

10,382.17

15.48

44.67

1,493.83

1,492.23

0.10

1.50

School Fleet
Contracted School Buses
(Scope 3)
Total City Government Scope
1 Mobile
Total City Government Scope
3 Mobile

A.6 Solid Waste Facilities
The Sioux Falls Regional Sanitary Landfill maintains a Landfill Gas Collection and Control System (GCCS),
which monitors LFG characteristics including composition, temperature, pressure and flow rates. These
monitoring data, along with historic waste disposal data, were used to calculate CH4 emissions from the
Landfill.
Because the City of Sioux Falls owns and manages the Sioux Falls Regional Sanitary Landfill, it is
responsible for reporting emissions from the Landfill under the US EPA’s Greenhouse Gas Reporting
Program (GHGRP), Subpart HH, beginning in CY 2010. In order to remain constant in calculation of
emissions from the landfill, and to ease comparisons of emissions year‐over‐year, CH4 emissions were
calculated in accordance with GHGRP methodologies, specifically equations HH‐1, HH‐4, HH‐7, and HH‐
8.
A.6.1 GHGRP Subpart HH, equation HH1
GHGRP Subpart HH, equation HH‐1 calculates the quantity of methane generated in the landfill based on
the tonnage disposed of in the landfill, as follows:

GCH 4

⎡ T −1 ⎧
16
⎫⎤
= ⎢∑ ⎨ Wx × MCF × DOC × DOC F × F × × e − k (T − x −1) − e − k (T − x ) ⎬⎥
12
⎭⎦
⎣ x=S ⎩

(
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)

Where:
Variable
GCH4
S
T
x

Description
Modeled methane generation rate in
reporting year T
Start Year: Year landfill opened
Reporting Year: Year for which emissions
are calculated
Year in which waste was disposed

Value
6,368.8

Value Type
Calculated

Units
metric tons CH4

1979
2008

Input
Input

year
year

Wx

Quantity of waste disposed in the landfill
in year x

Varies by
year
Varies by
year

MCF
DOC

Methane correction factor
Degradable organic carbon

1
0.2

Default
Input

metric tons, as
received (wet
weight)
Fraction
mt C/mt waste

DOCF
F

Fraction of DOC dissimilated
Fraction by volume of CH4 in landfill gas
from measurement data on a dry basis
Rate constant from Table HH‐1 of Subpart
HH. Most applicable k value for the
majority of the past 10 years.

0.5
0.54

Default
Input

fraction
fraction

0.038

Input

yr‐1

k

year

A.6.2 GHGRP Subpart HH, equation HH4
GHGRP Subpart HH, equation HH‐4 calculates the quantity of methane collected through the GCCS.

⎛
(C)n × 0.0423 × 520°R × (P )n × 0.454 ⎞⎟
R = ∑ ⎜⎜ (V )n × (K MC )n ×
(T )n 1 atm 1,000 ⎟⎠
100%
n =1 ⎝
N

Where:
Variable
R
N
n
(V)n
(Kmc)n
(C)n
(T)n

Description
Annual quantity of recovered CH4
Total number of measurement periods in
a year
Index for Measurement Period
Cumulative volumetric flow for the
measurement period
Moisture correction term for the
measurement period, volumetric basis
Average CH4 concentration of landfill gas
for the measurement period
Average temperature at which flow is
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Value
5,435.1
1

Value Type
Calculated
Input

Units
metric tons CH4

1
524.103
million
1

Input
Input
Input

54%

Input

volume %

520

Input

°R

acf

Variable

Description
measured for the measurement period

(P)n

Average pressure at which flow is
measured for the measurement period

Value
1

Value Type
Input

Units
atm

A.6.3 GHGRP Subpart HH, equation HH7
GHGRP Subpart HH, equation HH‐7 calculates the estimated quantity of methane generated in the
landfill taking into account soil oxidation, and is based on the quantity of gas recovered. This equation
assumes that the entire landfill footprint generates gas at the same rate as the area where the gas is
being collected. For the Sioux Falls Regional Sanitary Landfill, this would mean that the entire landfill,
both the portion under the influence of the LFG system and the portion not covered by the LFG system
were generating LFG at the same rate as observed at the flare, which is unlikely. As such, this is likely an
overestimate of the quantity of methane generated at the landfill.

MG =

R
× (1 - OX)
CE × f Rec

Where:
Variable
MG

R
CE
fRec
OX

Description
Methane generation, adjusted for
oxidation, from the landfill in the
reporting year
Quantity of recovered CH4 from Equation
HH‐4
Collection efficiency estimated at landfill
Fraction of hours the recovery system was
operating
Oxidation fraction

Value
11,206.4

Value Type
Calculated

Units
metric tons CH4

5,435.1

Input

metric tons CH4

0.45
0.97

Input
Input

fraction
fraction

0.1

Default

fraction

A.6.4 GHGRP Subpart HH, equation HH8
GHGRP Subpart HH, equation HH‐8 calculates the methane emissions from the landfill, taking into
account factors including oxidation and GCCS operation.

⎡⎛
⎤
⎞
R
Emissions = ⎢⎜⎜
− R ⎟⎟ × (1 − OX ) + R × (1 − (DE × f Dest ))⎥
⎠
⎣⎝ CE × f Rec
⎦
Where:
Variable
Emissions

Description
Methane emissions from the landfill in
the reporting year
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Value
6,369.1

Value Type
Calculated

Units
metric tons CH4

Variable
R
CE
fRec
OX
DE
FDest

Description
Quantity of recovered CH4 from Equation
HH‐4
Collection efficiency estimated at landfill
Fraction of hours the recovery system was
operating
Oxidation fraction
Destruction efficiency
Fraction of hours the destruction device
was operating
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Value
5,435.1

Value Type
Input

Units
metric tons CH4

0.45
0.97

Input
Input

fraction
fraction

0.1
0.99
1

Default
Input
Input

fraction
fraction
fraction

APPENDIX B  COMMUNITY INVENTORY CALCULATION METHODOLOGIES
The LGOP does not provide specific guidance on calculating emissions from Community emission
sources but the general calculation methodologies provided for government operations in the LGOP
were adapted as used as much as possible. The Community portion of this inventory captures emissions
from residential and commercial buildings and vehicles registered with the city limits of Sioux Falls. The
methods used to estimate emission from these two sectors are detailed below.

B.1 Residential & Commercial Buildings
Electricity and natural gas consumption data for residential and commercial buildings within the city
limits of Sioux Falls were provide by the local utilities. Emissions from stationary combustion of natural
gas and electricity use were calculated according to the same methods used for the City Government
Buildings Sector (see section A.1).

B.2 Transportation
For community vehicle emissions, it is assumed that there were 115,000 community vehicles in
operation within City limits in 2008.2 The City of Sioux Falls National Household Travel Survey (NHTS)
Add‐On provides an estimate of vehicle type and age composition of the community fleet, which was
used to estimate the number of vehicles of each type by age.3 The NHTS Add‐on also provides and an
estimate of 9,000 miles traveled per vehicle in 2008. See Table B.2.1 for a breakdown of the vehicle
composition of the community fleet. For emission factors used in the calculation of community
transportation emissions, reference Appendix C.
B.2.1: Breakdown of Non Government Vehicle Composition in the City of Sioux Falls

Percent of Total Vehicle Stock
46.70%
8.90%
17.00%
20.50%
0.58%
0.58%
5.70%

Automobile/car/station wagon
Van (mini, cargo, passenger)
Sports Utility Vehicle
Pickup Truck
Other Truck
RV
Motorcycle

In order to obtain gallons of fuel used, the breakdown of vehicles provided in Table B.2.1 was used in
conjunction with fuel economy estimations. Fuel economy values were estimated by vehicle type and
age using the Bureau of Transportation Statistics’ RITA National Transportation Statistics report.4 Fuel
2

H. Hoftiezer, City of Sioux Falls
City of Sioux Falls National Household Travel Survey Add‐On, pages 7‐8
http://www.siouxfallsmpo.org/documents/MPO/Planning_Documents/LRTP_2035_Adopted_111810.pdf
4
Bureau of Transportation Statistics’ RITA National Transportation Statistics Tables 4‐11, 4‐14 and 4‐23
http://www.bts.gov/publications/national_transportation_statistics/
3
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type was then broken out between gasoline and diesel for each vehicle type using national average fuel
consumption data from the US Environmental Protection Agency’s 2011 U.S. Greenhouse Gas Inventory
Report (using values for calendar year 2008).5
B.2.2 Mobile Combustion Emissions
CO2 emissions from community vehicles were estimated using the gallons of fuel consumed for each fuel
type (gasoline or diesel) by vehicle type, as follows in Equation B.2.2.1.
Equation B.2.2.1: Calculation of CO2 Emissions from Mobile Combustion of Fuel
CO2 Emissions (mt CO2)Fuel Type X = Emission Factor for Fuel Type X (kg CO2 per gallon) x Quantity of Fuel
Consumed (gallons) X 0.001 (unit conversion from kg to mt)
CH4 and N2O emissions from community vehicles were estimated using the miles traveled for each fuel
type (gasoline or diesel) by vehicle type, as follows in Equations B.2.2.2 and B.2.2.3.
Equation B.2.2.2: Calculation of CH4 Emissions from Mobile Combustion of Fuel
CH4 Emissions (mt CO2e)Fuel Type X = Annual Distance Traveled (miles) * Emission Factor (g CH4 per mile) *
0.000001 (unit conversion from g to mt) * 21 (GWP)
Equation B.2.2.3: Calculation of N2O Emissions from Mobile Combustion of Fuel
N2O Emissions (mt CO2e)Fuel Type X = Annual Distance Traveled (miles) * Emission Factor (g N2O per mile) *
0.000001 (unit conversion from g to mt) X 310 (GWP)

5

US EPA 2011 U.S. Greenhouse Gas Inventory Report, Table 3‐12
http://epa.gov/climatechange/emissions/downloads11/US‐GHG‐Inventory‐2011‐Chapter‐3‐Energy.pdf [ratio
developed in combination with emission factors from LGO to backout fuel consumption from emissions]
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APPENDIX C: EMISSION FACTORS FOR VEHICLE EMISSIONS
C.1 Stationary Combustion
Unleaded Gasoline
On‐Road Diesel
Off‐Road Diesel

CO2
8.78
10.21
10.21

Units
kg CO2/gallon
kg CO2/gallon
kg CO2/gallon

CH4
0.0014
0.0015
0.0015

Units
kg CH4/Gallon
kg CH4/Gallon
kg CH4/Gallon

N2 O
0.0001
0.0001
0.0001

Units
kg N2O/Gallon
kg N2O/Gallon
kg N2O/Gallon

Sources:
LGO Protocol v 1.1; p 206 Table G.4 Methane and Nitrous Oxide Emission Factors for Stationary
Combustion for Petroleum Products by Fuel Type and Sector kg/gallon (commercial/industrial)
LGO Protocol v 1.1; Table G.1. U.S Default Factors for Calculating Carbon Dioxide Emissions from Fossil
Fuel Combustion

C.2 Mobile Combustion
Carbon Dioxide Emission Factors
kg CO2/gallon
8.78
10.21
10.21
8.33

Unleaded Gasoline
On‐Road Diesel
Off‐Road Diesel
E85 Gasoline

Source:
LGO Protocol v 1.1; Table G.11. Default CO2 Emission Factors for Transport Fuels
Methane and Nitrous Oxide Emission Factors For Gasoline
Vehicle Type and Year

N2O (g/mi)
CH4 (g/mi)
Gasoline Passenger Cars
Model Years 1984‐1993
0.0647
0.0704
Model Year 1994
0.0560
0.0531
Model Year 1995
0.0473
0.0358
Model Year 1996
0.0426
0.0272
Model Year 1997
0.0422
0.0268
Model Year 1998
0.0393
0.0249
Model Year 1999
0.0337
0.0216
Model Year 2000
0.0273
0.0178
Model Year 2001
0.0158
0.0110
Model Year 2002
0.0153
0.0107
Model Year 2003
0.0135
0.0114
Model Year 2004
0.0083
0.0145
Model Year 2005
0.0079
0.0147
Model Year 2006
0.0057
0.0161
Model Year 2007
0.0041
0.0170
Model Year 2008
0.0038
0.0172
Gasoline Light Trucks (Vans, Pickup Trucks, SUVs)
Model Years 1987‐1993
0.1035
0.0813
Model Year 1994
0.0982
0.0646
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Model Year 1995
Model Year 1996
Model Year 1997
Model Year 1998
Model Year 1999
Model Year 2000
Model Year 2001
Model Year 2002
Model Year 2003
Model Year 2004
Model Year 2005
Model Year 2006
Model Year 2007
Model Year 2008

0.0908
0.0871
0.0871
0.0728
0.0564
0.0621
0.0164
0.0228
0.0114
0.0132
0.0101
0.0098
0.0079
0.0066
Gasoline Heavy‐Duty Vehicles
Model Years 1985‐1986
0.0515
Model Year 1987
0.0849
Model Years 1988‐1989
0.0933
Model Years 1990‐1995
0.1142
Model Year 1996
0.168
Model Year 1997
0.1726
Model Year 1998
0.1693
Model Year 1999
0.1435
Model Year 2000
0.1092
Model Year 2001
0.1235
Model Year 2002
0.1307
Model Year 2003
0.124
Model Year 2004
0.0285
Model Year 2005
0.0177
Model Year 2006
0.0175
Model Year 2007
0.0173
Model Year 2008
0.0171

0.0517
0.0452
0.0452
0.0391
0.0321
0.0346
0.0151
0.0178
0.0155
0.0152
0.0157
0.0159
0.0161
0.0163
0.409
0.3675
0.3492
0.3246
0.1278
0.0924
0.0641
0.0578
0.0493
0.0528
0.0546
0.0533
0.0341
0.0326
0.0326
0.0327
0.0327

Source:
LGO Protocol v 1.1; Table G.11. Default CH4 and N2O Emission Factors for Highway Vehicles by Model
Year, Gasoline

Methane and Nitrous Oxide Emission Factors For Diesel
Vehicle Type and Year

N2O (g/mi)
CH4 (g/mi)
Diesel Passenger Cars
Model Years 1960‐1982
0.0012
Model Years 1983‐1995
0.0010
Model Years 1996‐2007
0.0010
Diesel Light Duty Trucks
Model Years 1960‐1982
0.0017
Model Years 1983‐1995
0.0014
Model Years 1996‐2007
0.0015
Diesel Heavy Duty Vehicles
All Model Years
0.0048

0.0006
0.0005
0.0005
0.0011
0.0009
0.0010
0.0051

Source:
LGO Protocol v 1.1; Table G.11. Default CH4 and N2O Emission Factors for Highway Vehicles by Model
Year, Diesel
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Methane and Nitrous Oxide Emission Factors For E85 Gasoline

Sedans & SW
LD Trucks
MD Trucks
HD Trucks

N2O (g/mi)
0.0171
0.0213
0.0505
0.0505

CH4 (g/mi)
0.0179
0.0185
0.0585
0.0585

Source:
LGO Protocol v 1.1; Table G.13 Default CH4 and N2O Emission Factors for Alternative Fuel Vehicles
(0.15*E100 factor + 0.85*Unleaded Gasoline Factor for 2004, average age of Sioux Falls’ E85 fleet)
Fuel Economy Factors for Community Vehicles
Factor

Vehicle Type

Automobile/car/station
wagon
28.77 Missing Age
31.35 1‐2 Years
29.97 3‐5 Years
28.95 6‐9 Years
27.95 10 Years or More
Van (mini, cargo,
passenger)
21.23 Missing Age
23.35 1‐2 Years
22.03 3‐5 Years
21.35 6‐9 Years
20.62 10 Years or More
Sports Utility Vehicle
21.23 Missing Age
23.35 1‐2 Years
22.03 3‐5 Years
21.35 6‐9 Years
20.62 10 Years or More
Pickup Truck
21.23 Missing Age
23.35 1‐2 Years
22.03 3‐5 Years
21.35 6‐9 Years
20.62 10 Years or More
Other Truck
5.55 Missing Age
5.22 1‐2 Years
5.38 3‐5 Years

Factor Source
BTS RITA National Transportation Statistics; Table 4‐23: Average Fuel Efficiency of U.S. Light Duty
Vehicles [July 2011 update] available at
http://www.bts.gov/publications/national_transportation_statistics/html/table_04_23.html
Average for All Years 1980‐2008 Passenger Car New vehicle fuel efficiency (mpg by model year)
Average 2007‐2008 Passenger Car New vehicle fuel efficiency (mpg by model year)
Average 2004‐2006 Passenger Car New vehicle fuel efficiency (mpg by model year)
Average 2000‐2003 Passenger Car New vehicle fuel efficiency (mpg by model year)
Average for All Years 1980‐1998 Passenger Car New vehicle fuel efficiency (mpg by model year)
BTS RITA National Transportation Statistics; Table 4‐23: Average Fuel Efficiency of Light truck (<8,500
lbs GVWR) [July 2011 update] available at
http://www.bts.gov/publications/national_transportation_statistics/html/table_04_23.html
Average for All Years 1980‐2008 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2007‐2008 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2004‐2006 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2000‐2003 Light Truck New vehicle fuel efficiency (mpg by model year)
Average for All Years 1980‐1998 Light Truck New vehicle fuel efficiency (mpg by model year)
BTS RITA National Transportation Statistics; Table 4‐23: Average Fuel Efficiency of Light truck (<8,500
lbs GVWR) [July 2011 update] available at
http://www.bts.gov/publications/national_transportation_statistics/html/table_04_23.html
Average for All Years 1980‐2008 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2007‐2008 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2004‐2006 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2000‐2003 Light Truck New vehicle fuel efficiency (mpg by model year)
Average for All Years 1980‐1998 Light Truck New vehicle fuel efficiency (mpg by model year)
BTS RITA National Transportation Statistics; Table 4‐23: Average Fuel Efficiency of Light truck (<8,500
lbs GVWR) [July 2011 update] available at
http://www.bts.gov/publications/national_transportation_statistics/html/table_04_23.html
Average for All Years 1980‐2008 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2007‐2008 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2004‐2006 Light Truck New vehicle fuel efficiency (mpg by model year)
Average 2000‐2003 Light Truck New vehicle fuel efficiency (mpg by model year)
Average for All Years 1980‐1998 Light Truck New vehicle fuel efficiency (mpg by model year)
BTS RITA National Transportation Statistics; Table 4‐14: Combination Truck Fuel Consumption and
Travel Average miles traveled per gallon [July 2010 update] available at
http://www.bts.gov/publications/national_transportation_statistics/html/table_04_14.html
Average for All Years 1980‐2008 Average miles traveled per gallon (mpg by model year)
Average 2007‐2008 Average miles traveled per gallon (mpg by model year)
Average 2004‐2006 Average miles traveled per gallon (mpg by model year)
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5.43
5.71

6‐9 Years
10 Years or More

Average 2000‐2003 Average miles traveled per gallon (mpg by model year)

5.55
5.22
5.38
5.43
5.71

Missing Age
1‐2 Years
3‐5 Years
6‐9 Years
10 Years or More

Average for All Years 1980‐2008 Average miles traveled per gallon (mpg by model year)

RV

Motorcycle
51.1 Missing Age
56.4 1‐2 Years
53.3 3‐5 Years
50.0 6‐9 Years
50.0 10 Years or More

Average for All Years 1980‐1998 Average miles traveled per gallon (mpg by model year)
BTS RITA National Transportation Statistics; Table 4‐14: Combination Truck Fuel Consumption and
Travel Average miles traveled per gallon [July 2010 update] available at
http://www.bts.gov/publications/national_transportation_statistics/html/table_04_14.html
Average 2007‐2008 Average miles traveled per gallon (mpg by model year)
Average 2004‐2006 Average miles traveled per gallon (mpg by model year)
Average 2000‐2003 Average miles traveled per gallon (mpg by model year)
Average for All Years 1980‐1998 Average miles traveled per gallon (mpg by model year)
BTS RITA National Transportation Statistics Table 4‐11: Passenger Car and Motorcycle Fuel Consumption
and Travel Average miles traveled per gallon: Motorcycles [July 2010 Update] available at
http://www.bts.gov/publications/national_transportation_statistics/html/table_04_11.html
Average for All Years 1980‐2008 Motorcycle Average Miles Traveled per Gallon (mpg by model year)
Average 2007‐2008 Motorcycle Average Miles Traveled per Gallon (mpg by model year)
Average 2004‐2006 Motorcycle Average Miles Traveled per Gallon (mpg by model year)
Average 2000‐2003 Motorcycle Average Miles Traveled per Gallon (mpg by model year)
Average for All Years 1980‐1998 Motorcycle Average Miles Traveled per Gallon (mpg by model year)

Fuel Economy Factors for Community Vehicles
Diesel and Gasoline Consumption Ratios
Gas
Diesel
Passenger Cars
0.994386 0.005614
Light Duty Trucks
0.95461
0.04539
Medium and Heavy Duty Trucks
0.099165 0.900835
Buses
0.043209 0.956791
Source: US EPA 2011 U.S. Greenhouse Gas Inventory Report, Table 3‐12: CO2 Emissions from Fossil Fuel
Combustion in Transportation End‐Use Sector (Tg CO2 Eq.) available at
http://epa.gov/climatechange/emissions/downloads11/US‐GHG‐Inventory‐2011‐Chapter‐3‐Energy.pdf
[ratio developed in combination eith emission factors from LGO to backout fuel consumption from
emissions]
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APPENDIX D – ENERGY AND GHG DATA MANAGEMENT SOFTWARE
FEATURE RANKING MATRIX
Use this matrix to rank energy and GHG data management software features and then compare those
rankings to the capabilities of software options on the market for determining the software that best
meets the needs of Sioux Falls.
Ranking of Importance
Current State
Expected Future State
(2011)
(20xx)

Software Features to Consider
Automated real-time or batch feeds with data validation, field mapping, and error reporting
Deployable “data ownership model” where each piece of data is owned by a specific person in a
specific role (e.g. facility manager, Jim Miller in the Houston plant)
Email reminders sent to data owners and exception reports (e.g. “Data Missing”) reports sent to
management
Alerts and reports that highlight “newly entered data may be out of norm”
Report that list data needed, owner, due date, status and place for notes
Data auditing, including name of owner and source of data
Easily upload source documents (invoices, actual use, etc.) for remote third-party audit review
Instant reports that show which carbon emissions calculations are based on actual or estimated
numbers
Easily upload source documents (invoices, actual use, etc.) for remote third-party audit review
Instant reports that show which carbon emissions calculations are based on actual or estimated
numbers
Change control: audit trails that shows which specific data was modified and by whom
User authentication and role and access control for data manipulation operations (Create, Read,
Update, Delete)
Ability to restrict view or change data by role
Version control: versioning of data, calculation assumptions and reports by year. System can
handle multiple “states” for one year (i.e. in process, in verification, approved, etc.)
Imported data goes through a verification check
Data is stored in secure database with standard corporate security with standard data backup
and archiving procedures
Easy way for many users to generate read-only ad hoc reports
Enhanced data capture features (discussed above)
Reconciliation reports by type, year, etc. (e.g. reconcile differences among corporate footprints
reported to 1605b, EPA climate Leaders, and Chicago Climate Exchange for calendar year
2007)
Optional re-state by year based on changes in conversion factors (e.g. e Grid); including easy to
run what-if scenarios
Scenario planning
Easy way to manage users and to monitor system use
Environmental reporting can be integrated with financial reporting
Firm has roots in Environmental, Heath and Safety / Energy Management space instead of being
a pure play or start up
Vendor provides other energy related services (metering, bill pay, procurement, etc)?
Ability to calibrate Energy and Carbon Models
Predictive Enterprise GHG and Energy Analysis
Value Chain GHG and Energy Impact Analysis
Portfolio analysis tools (buildings, pipelines, projects)
Access to abatement project library
Ability to forecast GHG and energy risk
Ability to set reduction goals and targets within software
Ability to set enterprise energy & GHG benchmarks
Ability to model and project returns from energy and GHG reduction projects
Ability to pay for software as a percentage of total energy spend vs. a license or subscription fee
Ability to pay a flat fee for multiple functionalities
Ability to pay a low upfront fee and add functionality for additional fees as time progresses
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