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Executive Summary 

The purpose of this project was to create a greenhouse gas (GHG) inventory for 2010, and 
reevaluate the “carbon footprint”, for the operations of the Sacramento Suburban Water District 
(SSWD) consistent with its sustainability policy. Using 2008 as a baseline year, this report can be 
used to track SSWD’s progress toward meeting the California Air Resources Board’s (CARB) GHG 
reduction targets. 

This inventory included the GHG emissions from the all the electricity, natural gas and fuel used in 
SSWD operations including: groundwater supply, reservoirs and storage tanks, surface water 
supplies, fleet, administration and other buildings, capital improvement projects, small equipment, 
employee commuting, and air travel. 

The total GHG emissions for SSWD for calendar year 2010 are 4,757 Metric Tons of CO2e.  

 

Figure ES – 1: SSWD Total GHG Emissions by Category 
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This inventory uses units of metric tons of carbon dioxide equivalent (MT CO2e) to describe 
inventory category total emissions. These are the units recognized internationally. One metric ton 
is equal to 2,204.6 U.S. pounds. Carbon dioxide equivalent (CO2e) is a means of describing the 
cumulative effect of all greenhouse gases weighted by their global warming potential emitted from 
a specific source. At times, the quantity of emissions being discussed may require a smaller unit of 
measurement: kilograms of carbon dioxide equivalent (kg CO2e). 

The total GHG emissions for SSWD of 4,757 MT CO2e are equivalent to the annual emissions from 
865 typical passenger vehicles, since the annual emissions from one passenger vehicle is 
approximately 5.5 MT CO2e.  Additional key points that emerge from this inventory are: 

 The largest contributing emissions category by far is the Groundwater Supply Emissions at 
2,665 MT CO2e (56 percent of the total). 

 Actions to reduce GHGs in a future Climate Action Plan will come primarily from the 
Groundwater Supply Emissions category. Emissions from this category come from the 
electric well pumps and natural gas and diesel stand-by power engines. 

 The largest contributing emissions source by far is electricity, accounting for 74 percent of 
all emissions (3,519 MT CO2e). The next largest emissions source is fuels which include: 
gasoline, diesel, and propane/LPG. The rest of the other emissions sources are 
insignificant. 

 Actions to reduce GHGs in a future Climate Action Plan will come primarily from focusing 
on using electricity more efficiently, and secondarily from using fuels more efficiently. 

 The electrical equipment used by SSWD includes: electric well pumps (73 percent of 
electricity use), electric reservoir booster pumps (4 percent of electricity use), and 
administration and other buildings (7 percent of electricity use). Electricity use that is not 
within the control of SSWD includes surface water supplier pumping (17 percent of 
electricity use). 

 Actions to reduce GHGs in a future Climate Action Plan will come primarily from more 
efficient electrical well pumps, and secondarily improving the fuel efficiency of SSWD’s 
fleet, and also promoting more fuel efficient methods for employee commuting (i.e., transit, 
carpooling, walking and biking). 

 Most of the calculations done in this inventory came from actual data, but some of it was 
based on estimates. For future GHG inventories, which should be done on an annual basis, 
the data deficiencies and collection methodology deficiencies should be corrected to the 
extent possible. 

SSWD’s total emissions for the 2009 calendar year were 5,083 MT CO2e.  SSWD’s total emissions 
for the 2008 calendar year (baseline) were 5,378 MT CO2e. In comparison to the 2008 baseline 
year, the 2010 reporting year showed a 621 MT CO2e reduction.  The total emissions reduction, 
expressed as a percentage, for SSWD from the 2008 baseline year to 2010 is shown in Table ES – 
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1.  In 2010, SSWD reduced total emissions (MT CO2e) by 12% from 2008’s total emissions, much 
larger than the 6% reduction from 2008 to 2009. 

Table ES – 1: SSWD Total Emissions Comparison from 2008-2010 

Year 
Total 

Emissions 
(MT CO2e) 

Reduction from 
2008 Baseline 

Year (%) 

2008 5378 -- 

2009 5082 6% 

2010 4757 12% 
 

The largest difference in GHG emissions has come from the groundwater supply pumping 
category.  In 2008, the groundwater supply pumping emissions totaled 3,801 MT CO2e as 
compared to 2,665 MT CO2e in 2010. The decrease in the groundwater pumping CO2e emissions 
from 2008 to 2010 can be viewed in Figure ES – 2 below.  The difference from 2009 to 2010 can 
be attributed to SSWD pumping approximately 12 percent less groundwater in 2010, as compared 
to 2009, and SMUD’s electricity production coming from greener power sources such as 
hydropower and solar energy.  The 2008 baseline report was based on SMUD’s delivered 
electricity emissions intensity estimate of 714 lbs CO2e/kWh, whereas for the 2010 report, SMUD 
had updated their estimate to 590 lbs CO2e/kWh, a 17 percent reduction.   

 

Figure ES – 2: SSWD Groundwater Supply Emissions from 2008-2010 
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GHG emissions in 2010 were also significantly reduced in comparison to the two previous years in 
the fleet services use category.  The total emissions reductions for this category is shown in Table 
ES-2 below.  As indicated, SSWD has reduced total emissions for fleet services by approximately 
20% from the 2008 baseline year.  This is attributed to the fact that SSWD has purchased some 
newer fleet vehicles with cleaner burning diesel engines and also replaced older vehicles that 
burned diesel fuel with newer vehicles that burn gasoline. 

Table ES – 2: SSWD Total Emissions Comparison from 2008-2010 for Fleet 
Emissions 

Year 
Total 

Emissions 
(MT CO2e) 

Reduction from 
2008 Baseline 

Year (%) 

2008 407.57 -- 

2009 350.87 14% 

2010 330.12 20% 
 

However, capital improvement program (CIP) emissions in 2010 increased by 312 MT CO2e in 
comparison to the 2008 baseline year.  This increase in emissions is attributed primarily to the 
greater amount of construction work that was completed for SSWD; the total amount of pipeline in 
miles that was installed for main replacement projects as well as the number of meters that were 
installed for meter retrofit installations increased between the 2008 baseline year and 2010. In 
addition, the various contractors assigned to the CIP projects provided the district with more 
accurate data than in previous years.  
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Section 1: Introduction 

1.1 Project Objective 

The purpose of this project was to create a greenhouse gas (GHG) inventory for 2010, and 
reevaluate the “carbon footprint”, for the operations of the Sacramento Suburban Water District 
(SSWD) consistent with its sustainability policy. Using 2008 as a baseline year, this report can be 
used to track SSWD’s progress toward meeting the California Air Resources Board’s (CARB) GHG 
reduction targets. 

1.2 Approach and Scope 

In 2009, SSWD hired Kennedy/Jenks Consultants to calculate SSWD’s GHG inventory for calendar 
year 2008. Kennedy/Jenks used a seven step process to meet the project objective. For the 
calendar year 2010 GHG inventory, which has been prepared by SSWD staff, the process has 
been refined to six steps, which are as follows: 

1. Use recognized inventory protocols that would enable SSWD to voluntarily report their 
GHGs and obtain third-party verification of the calculations. 

2. Re-evaluate and define the organizational and geographic boundary of the inventory. 

3. Identify and collect the data necessary to complete the inventory. SSWD staff was 
responsible for providing all the data necessary to complete the inventory. SSWD staff 
collected all the electricity and fuel used in SSWD operations including: groundwater 
supply, reservoirs and surface tanks, surface water supplies, fleet, administration and other 
buildings, capital improvement projects, small equipment, employee commuting, and air 
travel. 

4. SSWD staff was responsible for gathering the data and performing detailed data entry 
using Microsoft Excel spreadsheets. The spreadsheets were organized into operational 
categories used by the District, e.g. Wells, Reservoirs, Buildings, and Fleet. For each 
category, equipment and operations that produce greenhouse gases were itemized and 
divided into subcategories where appropriate (e.g. pumps and emergency generators). 
Greenhouse gas emissions calculations were performed on each of these sheets. The 
spreadsheets have been organized and formatted so that staff can update the calculations 
in subsequent calendar years. The spreadsheets include documentation that details all the 
calculation methodologies. 

5. SSWD staff was responsible for analyzing the data and reporting the results. SSWD 
staff also identified data gaps and deficiencies, and made recommendations about how 
SSWD can modify their practices so that the information is accessible for future inventories. 

6. Finally, SSWD staff will make a presentation to the Board of Directors and describe the 
process and convey the results of the inventory. 
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1.3 Project Team 

The primary SSWD staff person responsible for gathering the necessary data for the inventory was 
John Valdes, Manager of Capital Improvement Projects. Other key staff that assisted with the data 
collection was: Jim Arenz, Production Superintendent, and Michelle Hurt, Facilities and Fleet 
Specialist. Data processing, analysis, and report writing were performed by Staci Givens, 
Engineering Intern. 

SSWD staff conducted a GHG inventory of the District’s activities for calendar year 2010 using the 
California Climate Action Registry’s General Reporting Protocol. This allows the District (if it 
chooses in the future) to obtain third-party verification of the calculations and ultimately voluntarily 
join the California Climate Action Registry or The Climate Registry. As part of the 2008 project, 
Kennedy/Jenks worked with the District to determine the geographic and organizational boundaries 
for the GHG inventory; then calculated the direct and indirect emissions from the District’s 
operations. The same geographic and organizational boundaries were used for the 2010 GHG 
inventory. 

A GHG inventory is based on precise data where possible and clearly documented methodologies 
for estimation in other potentially important areas. All calculations are performed in clear and user-
friendly spreadsheets that were provided to the District by Kennedy/Jenks so that District staff can 
update the calculations in subsequent calendar years. The spreadsheets include documentation 
that details the calculation methodologies. Kennedy/Jenks worked closely with designated district 
staff in the development of the 2008 GHG inventory so that they fully understand how the process 
is done and how to use the spreadsheets.
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Section 2: Protocols Used 

2.1 CCAR General Reporting Protocol 

This greenhouse gas inventory, or carbon footprint, followed the standards set by the California 
Climate Action Registry’s (CCAR) General Reporting Protocol.  

CCAR is a private non-profit organization originally formed by the State of California, and serves 
as a voluntary greenhouse gas registry to protect and promote early actions to reduce GHG 
emissions by organizations. CCAR develops and promotes credible, accurate, and consistent 
GHG reporting standards and tools for organizations to measure, monitor, third-party verify, and 
reduce their GHG emissions consistently across industry sectors and geographical borders. 
CCAR’s General Reporting Protocol outlines the principles, concepts, calculation methodologies 
and procedures required for effective participation in CCAR.  

CCAR’s General Reporting Protocol (GRP) is used as the “working” protocol to conduct this 
inventory and embodies current GHG accounting best practices. This inventory follows 
standards set by the CCAR-GRP to facilitate SSWD choosing to participate in their voluntary 
emissions reporting program.  

However, CCAR will only be accepting emissions inventory data through the 2009 reporting 
year. After verification is completed in 2010, reported data will be transferred to the California 
Registry’s sister organization, The Climate Registry, as will all future reporting. The Climate 
Registry is now the platinum standard for emissions measurement and reporting, and the 
California Registry is using its expertise to focus on GHG project accounting (through the 
Climate Action Reserve), policy, and education and conferences.  

2.2 The Climate Registry 

The Climate Registry (TCR) is a non-profit collaboration among forty-one US states (including 
California), all the Canadian provinces, six Mexican states, territories and Native Sovereign 
Nations. Created by the former President of CCAR, Diane Wittenberg, to take the CCAR model 
national, its mission is to set consistent and transparent standards to calculate, verify and 
publicly report greenhouse gas emissions into a single national registry. TCR supports both 
voluntary and mandatory reporting programs and provides comprehensive, accurate data to 
reduce greenhouse gas emissions. A GHG emissions registry is a bottom-up approach to 
emissions accounting, where companies and organizations quantify and report their emissions 
from various individual sources according to a uniform accounting standard.  

TCR’s General Reporting Protocol (GRP) is based on the CCAR’s protocol. TCR’s online 
reporting tool, the Climate Registry Information System (CRIS), is an updated version of 
CCAR’s online reporting tool CARROT. TCR requires independent verification of a GHG 
inventory for it to be accepted by TCR. The annual cost for SSWD to have a basic membership 
with TCR would be $1200 (the current rate for governmental agencies with revenues of $20-
$100 million per year). Third-party verification would be an additional expense. The cost of the 
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third-party verification depends on the complexity of the organization and the quality of their 
data, and SSWD would need to obtain a quote from an accredited verifier to get an estimate of 
the cost or issue an RFP. 

 The benefits of joining a voluntary registry include the following: 

 Gain competitive advantage by increasing operational efficiency 

 Demonstrate action on GHG emissions by reporting emissions 

 Document early actions to voluntarily report emissions 

 Identify and manage GHG risks and opportunities 

 Gain access to protocols, user-friendly web-based software, and technical 
assistance in developing and reporting an inventory 

 Get updates and participate in policy discussions relevant to the water industry and 
evolving GHG policy and regulation 

 Manage carbon-related risks 

 Preparing for a future cap and trade system by developing credible and transparent 
measurements, verification, and reporting methods 

 Show environmental leadership by acting early to address climate change 

 Prepare for up-coming regulation 

2.3 Regulatory Environment 

In 2006, California passed AB 32 the Global Warming Solutions Act. AB 32 established GHG 
reduction targets for the State of California, established the California Air Resources Board 
(CARB) as the lead agency for climate change, and required that CARB create a “Scoping Plan” 
that sets forth a comprehensive set of actions to meet the state GHG reduction targets. The 
targets are to meet 1990 levels of GHGs by 2020, and to achieve a reduction of 80 percent 
below 1990 levels by 2050. The current statewide inventory is 474 million metric tons (MMT) of 
GHG gases. Under the business as usual case by 2020 the inventory of GHG will be 596 MMT. 
The 1990 target level is 427 MMT. So to achieve that target the state will need to reduce GHG 
emissions by 169 MMT by 2020. CARB’s Scoping Plan establishes reduction targets for specific 
sectors and strategies. 

Table 1: CARB Scoping Plan Reduction Targets by Sector or Strategy 

CARB Reduction Strategy 2020 Reduction Targets (MMT CO2e) 
Capped Sectors 35.2 
Light-Duty Vehicles 31.7 
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Energy-Efficiency 26.4 
Renewable Portfolio Standard of 33% 21.2 
Low Carbon Fuels 16.5 
High Global Warming Potential Gases 16.2 
Sustainable Forests 5.0 
Water Sector 4.8 
Vehicle Efficiency 4.8 
Goods Movements (ports) 3.7 
CARB Reduction Strategy 2020 Reduction Targets (MMT CO2e) 
Heavy-to-Medium Vehicles 2.5 
Million Solar Roofs 2.1 
Local Government Actions 2.0 
State Governments Actions 1.0 
High Speed Rail 1.0 
Landfill Control 1.0 
Dairy Control 1.0 

 

The water sector has a reduction goal of 4.8 MMT by 2020. To achieve this goal CARB has 
identified several broad Water Sector reduction strategies as shown in the table below. 

Table 2: CARB Scoping Plan – Water Sector Reduction Targets 

Water Sector Reduction Strategy 2020 Reduction Targets (MMT CO2e) 
Water System Energy Efficiency 2.0 
Water Use Efficiency 1.4 
Increased Renewable Energy Use 0.9 
Water Recycling 0.3 
Reuse Urban Runoff 0.2 
TOTAL 4.8 

 

CARB’s mandatory reporting requirement applies to entities that emit more than 25,000 MT 
CO2e per year. At the federal level, in September 2009, the US EPA finalized its mandatory 
GHG reporting rule for entities that emit more than 25,000 MT CO2e per year. SSWD’s 
emissions are substantially below this threshold and will not be required to report their 
emissions to CARB or the US EPA. 

On June 26, 2009 the House of Representatives passed the American Clean Energy and 
Security Act, ACES, H.R. 2454, also known as the Waxman-Markey climate and energy bill. 
The energy bill would have established an emissions trading program in an attempt to reduce 
the heat-trapping gases that have been linked to climate change. The bill is comprised of five 
titles: 



 

2010 Greenhouse Gas Inventory Page 2-4 
Sacramento Suburban Water District 

Title I – Clean Energy: set standards for conventional and renewable energy technologies and 
provide funds to support the development of clean energy projects and technologies. 

Title II – Energy Efficiency: mandate new energy efficiency standards for appliances, buildings, 
transport and industry and provide funds to support energy efficiency projects and technologies. 

Title III – Reducing Global Warming Pollution:  create a national cap-and-trade scheme that 
would reduce GHG emissions from major sources by 17 percent by 2020 and 83 percent by 
2050 relative to 2005 levels. 

Title IV – Transitioning to a Clean Energy Economy: provide financial assistance to those 
industries and persons affected by the Bill’s provisions and protect consumers from increases in 
energy prices. 

Title V – Offsets from Domestic Forestry and Agriculture: provide opportunities for domestic 
emissions from the forestry and agricultural sectors. 

Highlights of the bill include: 

 Renewable electricity standard: require electric utilities to meet 6% of their electricity 
demand from renewables and energy efficiency by 2012, increasing to 20% by 2020 
(three-quarters must come from renewables). ACES also includes measures to increase 
the efficiency of water use, increased new building energy efficiency standards, and 
increased appliance efficiency standards. 

 Emission cuts: the bill would put a cap on emissions of planet-warming greenhouse 
gases, and would require high-emitting industries to reduce their output to specific 
targets between now and the middle of the century. Emission cuts would commence in 
2012 and have a 17% cut by 2020, 42% cut by 2030 and more than an 80% cut by 
2050. 

 Emission permits: regulated industries would need to acquire permits for their emissions. 
If a company cuts its emissions so much that it has more permits than it needs, it can 
sell excess permits to other companies or bank them for future use. If a company doesn't 
have enough permits, it can buy more or borrow its future credits and pay interest on 
them. According to preliminary EPA estimates, a permit to emit one ton of carbon 
dioxide or its equivalent would be worth about $11 to $15 and a permit would be worth 
about $22 to $28 in 2025 (in 2005 dollars). The value of all permits would be about $60 
billion in 2012 and roughly $113 billion in 2025. 

 Investments in energy technology: by 2025, the bill would direct an estimated total of 
$190 billion to energy technologies and efficiency measures:  

o $90 billion to energy-efficiency and renewable-energy technologies  

o $60 billion to carbon-capture-and-sequestration technology  

o $20 billion to electric vehicles and other advanced automotive technologies  
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o $20 billion for basic scientific research and development  

 Energy-efficiency standards: The bill would set new energy-efficiency standards for 
lighting products, commercial furnaces, and other appliances. New energy-efficiency 
standards for buildings would require 30 percent improvement by 2010 and 50 percent 
improvement by 2016 and new standards for industrial energy efficiency would be set. 
Households could receive $3,000 in financial support to make their residences at least 
20 percent more energy efficient; commercial buildings would also get financial support 
for weatherization.  

However, in July 2010, reports were made that the Senate would not consider climate change 
legislation before the end of the legislative term, and by a vote of 219-212, the bill died in the 
Senate.  

Additional legislative setbacks occurred on March 18, 2011 in regards to AB 32’s Climate 
Change Scoping Plan. CARB’s adoption of AB32’s scoping plan was found to be in violation of 
the California Environmental Quality Act (CEQA). The San Francisco County Superior Court 
determined that the ARB abused its authority by failing to adequately analyze the impacts of the 
measures and the alternatives described in the cap-and-trade program as well as impermissibly 
approving and implementing the scoping plan prior to completing the environmental review.  
Additionally, CARB violated AB 32 by excluding whole economic sectors from GHG emission’s 
control and failing to consider all relevant information regarding GHG emission reduction 
program prior to recommending a cap-and-trade regulatory approach.  

As of June 29, 2011, the state’s First District Court of Appeal in San Francisco allowed 
California to continue efforts with the cap-and-trade program.  To put the cap-and-trade program 
into effect by January 2012 as scheduled, CARB was granted permission to continue the 
scoping plan development.  However, CARB stated that enforcement against polluters will be 
delayed until January 2013 to allow more time for preparation and fine-tuning.  According to a 
spokesman for CARB, analyses of the alternatives to the cap-and-trade program have been 
prepared and they will be seeking public comments, which will be reviewed at a meeting set for 
August 24, 2011.   

CARB’s scoping plan is intended to be a roadmap for achieving the required reductions, with the 
cap-and-trade program as the focus. In addition to the cap-and-trade program, AB 32 
encompasses 68 regulatory policies, and the Court’s March decision had the potential to stop 
CARB from continuing forward with the GHG reduction programs. Before the appeal in June, 
California was at a risk to move into a clean energy economy and improve the environment and 
public health. With the recent change of events, cap-and-trade efforts will continue to achieve a 
statewide reduction of GHG emissions.  
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Section 3: Categories of Greenhouse Gas Emissions 

According to the World Research Institute and World Business Council for Sustainable 
Development (WRI/WBCSD) Greenhouse Gas Protocol: A Corporate Accounting and Reporting 
Standard (p. 25), emissions sources either produce direct or indirect emissions (see Figure 1 
below). Direct emissions are those produced from sources owned or controlled by 
organizations. Indirect emissions occur because of the organization’s actions, but the direct 
source of emissions is controlled by a separate entity. To distinguish direct from indirect 
emissions sources, three “scopes” are defined for GHG accounting and reporting purposes. 

3.1 Scope I – Direct Emissions 

This category of emissions includes sources of greenhouse gas emissions that originate from 
equipment and facilities owned or operated by SSWD. This will include burning of natural gas, 
diesel, or other fuels in equipment or vehicles, or burning natural gas for heat. 

3.2 Scope II – Indirect Emissions 

This category of emissions includes greenhouse gas emissions that result from purchase of 
electricity, heat, or steam, and the purchase of treated surface water from neighboring agencies. 
This primarily includes electricity used by SSWD buildings, and electricity used by equipment. 

3.3 Scope III – Optional Indirect Emissions 

This category includes all other indirect sources of GHG emissions that may result from the 
activities of the institution but occur from sources owned or controlled by another person or 
company, such as: air travel of employees and Board members, and commuting by employees 
and Board members. Solid waste and embodied emissions were beyond the scope of this 
report. 

CCAR and TCR require Scope I (direct) and Scope II (indirect) emissions to be reported. 
Reporting of Scope III emissions is optional. Scope III emissions help to understand an 
organization’s entire carbon footprint, can be quite substantial, and may be informative should 
carbon legislation be enacted. 
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Figure 1: Scope Emissions Sources 

Source: World Research Institute and World Business Council for Sustainable Development 
(WRI/WBCSD) Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard, 
Chapter 4 

3.4 AB 32 Greenhouse Gases and Global Warming Potential 

AB 32 was designed to regulate the six Kyoto Protocol greenhouse gases (GHG), which are 
listed in the California Climate Action Registry General Reporting Protocol, 2009, version 3.1. 
Each of these gases has an associated global warming potential (GWP), as shown in Table 3. 
The GWP compares the ability of one unit of a particular GHG to affect global warming relative 
to carbon dioxide. For instance, one pound of methane (CH4) has a GWP of 21, and will 
therefore produce the same global warming impact as 21 pounds of carbon dioxide. 

Table 3: Global Warming Potentials of Regulated Greenhouse Gases 

Gas Chemical Formula Global Warming Potential 
Carbon dioxide CO2 1 

Methane CH4 21 
Nitrous oxide N2O 310 

Hydrofluorocarbons CxHyFz 140 – 11,700 
Perfluorocarbons CxFy 6,500 – 9,200 

Sulfur hexafluoride SF6 23,900 
Source: California Climate Action Registry General Reporting Protocol, 2009 
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Of these six gases, carbon dioxide is by far the most prevalent GHG emission by SSWD, and 
results from the burning of fossil fuels. Methane and nitrous oxide also appear in the SSWD 
inventory, but at a much lower amount. Hydrofluorocarbons (HFCs) and perfluorocarbons 
(PFCs) are primarily used as refrigerants in building air conditioning systems, and are emitted 
when they escape, or become fugitive emissions. Sulfur hexafluoride (SF6) comes from high 
tech manufacturing and electric utility transformers. This inventory did not reveal any HFC, PFC, 
or SF6 emissions from the operations and equipment of SSWD, but they could be present in 
future inventories. 
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Section 4: Analysis and Results 

4.1 Baseline Year 

A baseline, or a “base year,” is a benchmark or reference point that allows an organization to 
track GHG emission increases and decreases over time. The baseline year should be selected 
to be the year that best represents an organization’s standard emissions profile. CCAR does not 
require participants to establish a baseline, however, if a baseline is not established, the first 
year of reporting is generally viewed as a baseline by default. The 2008 calendar year was the 
first year of reporting for SSWD, and therefore will serve as the baseline year for future SSWD 
GHG Inventories. This document presents an estimate of the six GHGs defined under AB 32 
emitted according to Scopes I, II and III by SSWD in calendar year 2010. 

Since the purpose of a baseline is to compare emissions from an organization to a point in the 
past, CCAR requires that baseline year emissions be recalculated if organizational boundaries 
change over time (such as a merger, acquisition or divestiture, and out-sourcing or in-sourcing 
activities) if there is a shift in the location of an emissions source, or if there is a change in 
calculation methodologies. Organic growth or decline (which refers to increases or decreases in 
production output), changes in product mix, plant closures, and openings of new plants that are 
not due to organizational structure changes or shift of operations, does not require a 
recalculation of the baseline. For more information, see Chapter 4 of the CCAR-GRP. 

4.2 Frequency of Future GHG Inventory Updates 

The largest emissions category for the District is electricity. The emissions factor for the 
Sacramento Municipal Utility District (SMUD), which provides all of SSWD’s electricity, changes 
on an annual basis; therefore, the GHG inventory should also be updated on an annual basis. 

4.3 Geographic and Organizational Boundaries 

All of SSWD’s service territory and assets are located within the State of California. All 
emissions from SSWD owned and controlled equipment, vehicles, wells, reservoirs, pumps and 
buildings are included in the inventory boundary. Buildings that are completely leased to other 
entities are not included in this inventory because they are not under the operational control of 
SSWD. For those buildings that are partially leased to another entity; only the portion that is 
under the operational control of SSWD is included in this inventory. As well, the estimated 
emissions from contracted capital improvement projects (that would have been otherwise done 
with in-house personnel and equipment) are also included in the inventory boundary. Finally, the 
up-stream sources of water supply from other entities, and its associated GHG emissions, are 
included in this inventory boundary. However, water that is passed-through the District and 
delivered to another entity is excluded from the inventory boundary. The figure below shows the 
geographic boundary of the SSWD service territory. 
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Figure 2: SSWD Service Territory Map 

From: http://www.sswd.org/about_us/pdf_files/SSWD_District_Map.pdf 
 

4.4 Reporting Units (MT CO2e) 

This inventory uses units of metric tons of carbon dioxide equivalent (MT CO2e) to describe 
inventory category total emissions. This are the units recognized internationally. One metric ton 
is equal to 2,204.6 U.S. pounds. Carbon dioxide equivalent (CO2e) is a means of describing the 
cumulative effect of all greenhouse gases weighted by their global warming potential emitted 
from a specific source. At times, the quantity of emissions being discussed may require a 
smaller unit of measurement: kilograms of carbon dioxide equivalent (kg CO2e). 
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4.5 Total GHG Emissions 

The total GHG emissions for SSWD for calendar year 2010 are 4,757 Metric Tons of CO2e. 

4.6 GHG Emissions by Scope 

The required Scope I – Direct emissions and Scope II – Indirect emissions, as well as the 
optional Scope III – Optional Indirect emissions, are shown in Table 4: 

Table 4: GHG Emissions Included by Scope 

GHG Protocol Scope Emissions 

Scope I – Direct 

Natural Gas Use 
Vehicle Fleet 

Stationary Combustion 
Refrigerants 

Scope II – Indirect 
Purchased Electricity 

Purchased Water 

Scope III – Optional Indirect 
Employee Commuting 
Personal Vehicle Use 

Business-Related Air Travel 
 

In Figure 3 below each of SSWD’s GHG emissions is organized by scope. Scope I – Direct 
emissions includes: fleet vehicle fuel combustion, back-up power fuel combustion, building 
natural gas combustion and fugitive refrigerant emissions (used in building and vehicle air 
conditioning systems). Scope II – Indirect emissions includes: electricity consumption by pumps 
and electricity consumption by buildings. Scope III – Optional Indirect emissions includes: 
employee commute, personal vehicle use, and employee and board member air travel. Scope I 
– Direct emissions comprised 22 percent of the total SSWD emissions (1,034 MT CO2e). Scope 
II – Indirect emissions comprised the vast majority of emissions at 74 percent of the total SSWD 
emissions (3,519 MT CO2e). Scope III – Optional Indirect emissions comprised 4 percent of the 
total SSWD emissions (204 MT CO2e). The values indicate that the focus of the majority of 
reductions in GHGs identified in a future Climate Action Plan (CAP) will come from reducing 
Scope II – Indirect emissions, which relates to the purchase of electricity. 
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Figure 3: Total SSWD 2010 GHG Inventory Emissions by Scope Category 

4.7 GHG Emissions by Category 

Figure 4 below shows SSWD’s GHG emissions by category. The largest contributing emissions 
category by far is the Groundwater Supply Emissions at 2,665 MT CO2e (56 percent of the 
total). Actions to reduce GHGs in a future Climate Action Plan will come primarily from the 
Groundwater Supply Emissions category. Emissions from this category come from the well 
electric pumps, and natural gas and diesel stand-by power engines. 
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Figure 4: SSWD Total Greenhouse Gas Emissions by Category 

4.8 GHG Emissions by Source 

Figure 5 below shows SSWD’s GHG emissions by source. The largest contributing emissions 
source by far is electricity, accounting for 74 percent of all emissions (3,519 MT CO2e). The next 
largest emissions source is fuels which include: gasoline, diesel, jet fuel from airline travel, and 
propane/LPG. The rest of the other emissions sources are insignificant. Therefore, the actions 
to reduce GHGs in a future Climate Action Plan will come primarily from focusing on using 
electricity more efficiently, and secondarily from using fuels more efficiently. The electrical 
equipment used by SSWD includes: electric well pumps (73 percent of electricity use), electric 
reservoir booster pumps (4 percent of electricity use), and administration and other buildings (7 
percent of electricity use). Electricity use that is not within the control of SSWD includes surface 
water supplier pumping (17 percent of electricity use).  The actions to reduce GHGs in a future 
Climate Action Plan will come primarily from more efficient electrical well pumps, and 
secondarily improving the fuel efficiency of SSWD’s fleet, and also promoting more fuel efficient 
methods for employee commuting (i.e., transit, carpooling, walking and biking). 
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Figure 5: SSWD Total Greenhouse Gas Emissions by Source 

4.9 Direct Emissions 

4.9.1 Groundwater Supply Emissions 

Direct emissions from groundwater supply operations result from engines burning natural gas 
that operate pumps at the wells, burning of diesel fuel for standby power, burning of propane for 
standby power, emissions of methane from air strippers, and fugitive refrigerant emissions from 
HVAC equipment. 

4.9.1.1 Natural Gas Engines at Well Sites 

Emissions from combustion of natural gas include carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O). SSWD compiled actual natural gas consumption in units of standard cubic 
feet (scf) for each well location equipped with a natural gas engine. Total heat content in units of 
million British thermal units (MMBtu) was calculated using a heat content factor from Table C.7 
of the CCAR General Reporting Protocol. 

Emission factors for CO2, CH4, and N2O from stationary combustion of natural gas were 
obtained from Tables C.7 and C.9 of the CCAR General Reporting Protocol. These factors were 
multiplied by the consumption in MMBtu for each engine to estimate emissions in kilograms (kg) 
for each GHG. These quantities were multiplied by their respective global warming potential, as 
reported by the Intergovernmental Panel on Climate Change (1996), to calculate total GHG 
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emissions as CO2 equivalents. GHG emissions related to combustion of natural gas in the 
engines located at wells are provided in Table 5:  

Table 5: GHG Emissions from Well Site Natural Gas Engines 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

6,718 0.633 0.013 3.055 

 

4.9.1.2 Diesel Standby Power at Well Sites 

Emissions from combustion of diesel fuel in stand-by engines include CO2, CH4, and N2O. 
SSWD compiled information for each diesel generator including make, model, capacity in 
kilowatts, capacity in horsepower, and the actual number of hours each generator was operated 
during 2010. 

Emissions factors for CO2 and CH4 from generator sets were retrieved from the South Coast Air 
Quality Management District (SCAQMD) Emissions Factors Model, (EMFAC 2007, version 2.3). 
No similar emissions factors were available from the Sacramento Metropolitan Air Quality 
Management District (SMAQMD). 

Emissions factors for CO2 and CH4 emissions from generator sets were extrapolated to match 
the specific horsepower ratings for each of SSWD’s generator sets, based on data from the 
SCAQMD Off-road Mobile Source Emission Factors (Scenario Years 2007 – 2025). Since 
SCAQMD provides emission factors for only selected horsepower ratings it is necessary to use 
the provided data to estimate the emissions factor for non-specified equipment. Since emissions 
factors are not based on a linear relationship, for both CO2 and CH4, a line was fitted to the 
available SCAQMD data on horsepower versus emissions rate, using the data distribution with 
the highest coefficient of determination (R2). The line of best fit was then used to estimate 
emissions from each generator set. Data distributions and corresponding R2 values are 
presented in Table B-1 in Appendix B. 

An emissions rate for N2O was not available from SCAQMD for diesel generator sets. Thus, the 
N2O emissions rate was estimated based on an assumed ratio of N2O emissions to CO2 
emissions for diesel fuel use. The ratio was determined based on California Climate Action 
Registry General Reporting Protocol v 3.1 (January 2009) (CCAR GRP) emissions factors from 
off-road vehicles/construction equipment, which reports CO2 emissions of 10.15 kg CO2/gal 
(Table C.3 - transportation fuels), and N2O emissions of 0.26 g N2O /gal (Table C.6, non-
highway vehicles). This ratio results in an N2O emissions rate of 2.6 x 10-5 kg N2O /kg CO2. 

These factors were multiplied by the hours operated for each generator set to estimate 
emissions in kilograms (kg) for each GHG. These quantities were multiplied by their respective 
global warming potential, as reported by the Intergovernmental Panel on Climate Change 
(1996), to calculate total GHG emissions as CO2 equivalents. GHG emissions related to 
combustion of diesel fuel for standby power are provided in Table 6: 
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Table 6: GHG Emissions from Well Site Diesel Standby Power 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

8,186 0.89 0.21 8.20 

 

4.9.1.3 Propane Standby Power at Well Sites 

Emissions from combustion of propane include CO2, CH4, and N2O. SSWD compiled 
information for the single propane generator including make, model, capacity in kilowatts, 
capacity in horsepower, fuel consumption in cubic feet per hour, and the actual number of hours 
the generator was operated during 2010. 

The consumption of propane in cubic feet was calculated using the consumption rate and the 
hours operated during 2010. The consumption of propane in gallons was then estimated by 
converting cubic feet to gallons. Emissions factors for CO2, CH4, and N2O were obtained from 
Tables C.7 and C.9 of the CCAR General Reporting Protocol. These factors were multiplied by 
the fuel consumption in gallons for each generator set to estimate emissions in kilograms (kg) 
for each GHG. These quantities were multiplied by their respective global warming potential, as 
reported by the Intergovernmental Panel on Climate Change (1996), to calculate total GHG 
emissions as CO2 equivalents. GHG emissions related to combustion of propane for standby 
power are provided in Table 7: 

Table 7: GHG Emissions from Well Site Propane Standby Power 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

4612.5 0.80 0.08 4.654 

 

4.9.1.4 Air Strippers at Well Sites 

SSWD operates air strippers at two well locations to remove entrained air and gas, including 
methane. SSWD compiled analytical data for the water at both locations, as well as the amount 
of water processed each year at each location. At the Enterprise/Northrop Well, one analytical 
result for methane from 2002 was available and was assumed to represent average 
concentration. At the Eden/Root Well, five analytical results for samples collected during 2003 
and 2004 were available, and the average of the 5 results was assumed to represent average 
concentration at this location. It was assumed that all methane is removed by the air strippers 
and is vented to the atmosphere. 

The pre-treatment methane concentration was multiplied by the volume of water processed 
during the year to estimate methane emissions in kilograms (kg) for each air stripper. These 
quantities were multiplied by the global warming potential for methane, as reported by the 
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Intergovernmental Panel on Climate Change (1996), to calculate total GHG emissions as CO2 
equivalents. GHG emissions related to the methane releases from the operation of air strippers 
are provided in Table 8: 

Table 8: GHG Emissions from Operation of Well Site Air Strippers 

CH4 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

3,578 75.13 

 

4.9.1.5 Refrigerant Emissions 

Fugitive refrigerant-related emissions could potentially be emitted from operation of heating, 
ventilation, and air conditioning (HVAC) system when the refrigerant escapes. The amount of 
HVAC system refrigerant recharges was used to estimate the amount of fugitive refrigerant. 
SSWD staff stated that during 2010, no refrigerant recharges were necessary. Therefore, it is 
assumed that there were no significant refrigerant-related fugitive emissions associated with 
groundwater supply operations. 

4.9.2 Reservoirs and Storage Tanks 

Direct emissions from reservoir and storage tank operations come from burning of diesel fuel for 
standby power, burning of propane for standby power, and fugitive refrigerant emissions from 
HVAC equipment. 

4.9.2.1 Diesel Standby Power at Reservoirs and Storage Tanks 

Emissions from combustion of diesel fuel include CO2, CH4, and N2O. SSWD compiled 
information for each generator including make, model, capacity in kilowatts, capacity in 
horsepower, and the actual number of hours each generator was operated during 2010. 

Emissions factors for CO2 and CH4 from generator sets were also retrieved from the South 
Coast Air Quality Management District (SCAQMD) Emissions Factors Model, (EMFAC 2007, 
version 2.3). No similar emissions factors were available from the Sacramento Metropolitan Air 
Quality Management District (SMAQMD). 

Emissions factors for CO2 and CH4 emissions from generator sets were extrapolated to match 
the specific horsepower ratings for each of SSWD’s generator sets, based on data from the 
SCAQMD Off-road Mobile Source Emission Factors (Scenario Years 2007 – 2025). Since 
SCAQMD provides emission factors for only selected horse power ratings it is necessary to use 
the provided data to estimate the emissions factor for non-specified equipment. Since emissions 
factors are not based on a linear relationship, for both CO2 and CH4, a line was fitted to the 
available SCAQMD data on horsepower versus emissions rate, using the data distribution with 
the highest coefficient of determination (R2). The line of best fit was then used to estimate 
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emissions from each generator set. Data distributions and corresponding R2 values are 
presented in Table B-1 in Appendix B.  

An N2O emissions rate was not available from SCAQMD for diesel generator sets. Thus, the 
N2O emissions rate was estimated based on an assumed ratio of N2O emissions to CO2 
emissions for diesel fuel use. The ratio was determined based on California Climate Action 
Registry General Reporting Protocol v 3.1 (January 2009) (CCAR GRP) emissions factors from 
off-road vehicles/construction equipment, which reports CO2 emissions of 10.15 kg CO2/gal 
(Table C.3 - transportation fuels), and N2O emissions of 0.26 g N2O /gal (Table C.6, non-
highway vehicles). This ratio results in an N2O emissions rate of 2.6 x 10-5 lb N2O /lb CO2. 

These factors were multiplied by the hours operated for each generator set to estimate 
emissions in kilograms (kg) for each GHG. These quantities were multiplied by their respective 
global warming potential, as reported by the Intergovernmental Panel on Climate Change 
(1996), to calculate total GHG emissions as CO2 equivalents. GHG emissions related to 
combustion of diesel fuel for standby power are provided in Table 9: 

Table 9: GHG Emissions from Reservoir and Storage Tank Diesel Standby 
Power 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

5,751 0.61 0.15 5.76 

 

4.9.2.2 Propane Standby Power at Reservoirs and Storage Tanks 

Emissions from combustion of propane include CO2, CH4, and N2O. SSWD compiled 
information for the single propane generator including make, model, capacity in kilowatts, 
capacity in horsepower, fuel consumption in cubic feet per hour, and the actual number of hours 
the generator was operated during 2010. 

The consumption of propane in cubic feet was calculated using the consumption rate and the 
hours operated during 2010. The consumption of propane was then converted from cubic feet to 
gallons. Emissions factors for CO2, methane, and N2O were obtained from Tables C.6 and C.7 
of the CCAR General Reporting Protocol. These factors were multiplied by the fuel consumption 
in gallons for the generator set to estimate emissions in kilograms (kg) for each greenhouse 
gas. These quantities were multiplied by their respective global warming potential, as reported 
by the Intergovernmental Panel on Climate Change (1996), to calculate total GHG emissions as 
CO2 equivalents. GHG emissions related to combustion of propane for standby power are 
provided in Table 10: 
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Table 10: GHG Emissions from Reservoir and Storage Tank Propane Standby 
Power 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

2,583 0.45 0.05 2.61 

 

4.9.2.3 Refrigerant Emissions at Reservoirs and Storage Tanks 

Fugitive refrigerant-related emissions could potentially be emitted from operation of heating, 
ventilation, and air conditioning (HVAC) system when the refrigerant escapes. The amount of 
HVAC system refrigerant recharges was used to estimate the amount of fugitive refrigerant. 
SSWD staff stated that during 2010, no refrigerant recharges were necessary. Therefore, it is 
assumed that there were no significant refrigerant-related fugitive emissions associated with 
reservoirs and storage tanks. 

4.9.3 District Fleet Vehicles 

All fleet-related emissions are direct emissions from the combustion of fuels. Combustion of 
fuels generates CO2, CH4, and N2O emissions. 

4.9.3.1 Pool Cars, Pickup Trucks, and Dump Trucks 

SSWD compiled make, model, model year, fuel type used, miles driven for 2010, and miles per 
gallon for District pool cars and pickup trucks. The same information was provided, if available, 
for dump trucks. In some instances, miles driven and miles per gallon were not available for 
dump trucks, and hours operated during 2010 were provided instead. SSWD staff also provided 
information as to whether the pickup trucks were light duty versus heavy duty trucks, using the 
cutoff of 5,750 pounds gross vehicle weight (GVW) as the upper weight for the light duty 
category. This cutoff weight was obtained from the CCAR General Reporting Protocol, version 
3.0, August 2008. Version 3.1 of the CCAR protocol does not define light duty and heavy duty 
vehicle weights, and it was assumed to be the same as that designated in the 2008 version 3.0 
protocol.  

For vehicles that had miles driven and mileage values provided, fuel consumption for the year 
was calculated. An average value of 5 miles per gallon was used for dump trucks where 
mileage rates were not available. This value was based on several reports available online that 
provided ranges of dump truck mileage values. The web addresses for the documents are:  

 http://www.spa.usace.army.mil/fonsi/acequia/posecion_DEA.pdf 

 http://www.luckstone.com/pressroom/article.php?newsid=281 

 http://library.modot.mo.gov/RDT/reports/Ri05040/ss06003.pdf 
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Annual fuel consumption values were multiplied by emission factors from Tables C.3, C.4, C.5, 
and C.6 of the CCAR General Reporting Protocol. These quantities were multiplied by their 
respective global warming potential, as reported by the Intergovernmental Panel on Climate 
Change (1996), to calculate total GHG emissions as CO2 equivalents. GHG emissions related to 
combustion of fuel in pool cars, pickup trucks, and dump trucks are provided in Table 11: 

Table 11: GHG Emissions from Fleet Pool Cars, Pickup Trucks, and Dump 
Trucks 

Category Number of 
Units 

CO2 
Emissions 

(kg) 

CH4 
Emissions 

(kg) 

N2O 
Emissions 

(kg) 

Total 
Emissions 
(MT CO2e) 

Pool cars 2 3,831 0.09 0.09 3.86 
Pickup 
trucks 

43 297,886 8.51 9.23 300.93 

Dump trucks 4 13,293 0.001 0.001 13.29 

 

4.9.3.2 Backhoes, Portable Compressors, Mini Excavators, and Other 
Equipment 

SSWD compiled make, model, model year, fuel type used, and hours operated for backhoes, 
portable compressors, mini excavators, and other equipment operated by the District. District 
staff estimated the hours operated for these equipment types. For equipment using diesel as 
fuel, emission factors for CO2 and CH4 were retrieved from the South Coast Air Quality 
Management District (SCAQMD) Emissions Factors Model, (EMFAC 2007, version 2.3). No 
similar emissions factors were available from the Sacramento Metropolitan Air Quality 
Management District (SMAQMD). 

The Tractors/Loaders/Backhoes composite values were used for the backhoe calculations, 
since horsepower information was unavailable for these vehicles. The air compressor composite 
values were used for calculation of emissions from the portable compressors, and the Other 
Construction Equipment composite values were used for the District’s other diesel equipment. 
SSWD has some other construction equipment that uses gasoline and liquefied petroleum gas 
(LPG). For the gasoline-powered equipment emission factors from Tables C.3 and C.6 of the 
CCAR General Reporting Protocol were used. For LPG emission factors, version 3.0 of CCAR 
was used for emission factors for CH4 and N2O, as version 3.1 only provides LPG factors in 
units of grams per mile, and miles driven in 2009 is not known for these pieces of equipment. 

Horsepower information for the mini excavators was obtained from vendor websites based on 
model types. Emissions factors for CO2 and CH4 emissions from mini excavators were 
extrapolated to match the specific horsepower ratings for each of SSWD’s mini excavators, 
based on data from the SCAQMD Off-road Mobile Source Emission Factors (Scenario Years 
2007 – 2025). For both CO2 and CH4, a line was fitted to the available SCAQMD data on 
horsepower versus emissions rate, using the data distribution with the highest coefficient of 
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determination (R2). The line of best fit was then used to estimate emissions from each mini 
excavator. Note that the data in SCAQMD for excavators represents large excavators, and this 
method could overestimate actual emissions. Data distributions and corresponding R2 values 
are presented in Table B-1 in Appendix B.  

An N2O emissions rate was not available from SCAQMD for construction-related equipment at 
the time of this report. Thus, the N2O emissions rate was estimated based on an assumed ratio 
of N2O emissions to CO2 emissions for diesel fuel use. The ratio was determined based on 
California Climate Action Registry General Reporting Protocol v 3.1 (January 2009) (CCAR 
GRP) emissions factors from off-road vehicles/construction equipment, which reports CO2 
emissions of 10.15 kg CO2/gal (Table C.3 - transportation fuels), and N2O emissions of 0.26 g 
N2O /gal (Table C.6, non-highway vehicles). This ratio results in an N2O emissions rate of 2.6 x 
10-5 lb N2O /lb CO2. 

The emission factors were multiplied by the hours operated for each vehicle to estimate 
emissions in kilograms (kg) for each GHG. These quantities were multiplied by their respective 
global warming potential, as reported by the Intergovernmental Panel on Climate Change 
(1996), to calculate total GHG emissions as CO2 equivalents. GHG emissions related to 
combustion of fuels from other equipment are provided in Table 12: 

Table 12: GHG Emissions from Other Equipment 

Category Number of 
Units 

CO2 
Emissions 

(kg) 

CH4 
Emissions 

(kg) 

N2O 
Emissions 

(kg) 

Total 
Emissions 
(MT CO2e) 

Backhoes 4 4,424 0.72 0.00 4.44 
Portable 
compressors 

4 712 0.11 0.02 0.72 

Mini 
excavators 

4 350 0.38 0.01 0.36 

Other 
equipment 

4 6,457 0.61 0.16 6.52 

 

4.9.4 Administration and Other Buildings 

Greenhouse gas emissions related to the District’s administration and other buildings include 
combustion of natural gas for building heating, and diesel backup generators located at the 
buildings. Combustion of natural gas and diesel generated CO2, CH4, and N2O emissions. 

4.9.4.1 Natural Gas Combustion at Buildings 

The Marconi Avenue Administration Building is the only building where natural gas is used. A 
portion of this building (38 percent by area) is currently leased to another company. SSWD 
compiled natural gas consumption data (in standard cubic feet) and the square footage of the 
leased area of the building. The consumption in scf was converted to MMBtu using the heat 
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content factor provided in Table C.7 of the CCAR General Reporting Protocol. Emissions factors 
for CO2, CH4, and N2O from the combustion of natural gas were obtained from Tables C.7 and 
C.9 of the CCAR General Reporting Protocol. These factors were multiplied by the total heat 
content in MMBtu to estimate the emissions of the greenhouse gases. These quantities were 
multiplied by their respective global warming potential, as reported by the Intergovernmental 
Panel on Climate Change (1996), to calculate total GHG emissions as CO2 equivalents. The 
total emissions were reduced by 38 percent to account for the leased portion of the building for 
which SSWD does not have operational control. GHG emissions related to combustion of 
natural gas at the Marconi Avenue Administration Building are provided in Table 13: 

Table 13: GHG Emissions from Building Natural Gas Combustion 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

17,177 1.619 0.03237 17.22 

 

4.9.4.2 Diesel Backup Generators at Buildings 

Emissions from combustion of diesel fuel include CO2, CH4, and N2O. SSWD compiled 
information for each generator including make, model, capacity in kilowatts, capacity in 
horsepower, and the actual number of hours each generator was operated during 2010. 

Emissions factors for CO2 and CH4 from generator sets were retrieved from the South Coast Air 
Quality Management District (SCAQMD) Emissions Factors Model, (EMFAC 2007, version 2.3). 
No similar emissions factors were available from the Sacramento Metropolitan Air Quality 
Management District (SMAQMD). 

Emissions factors for CO2 and CH4 emissions from generator sets were extrapolated to match 
the specific horsepower ratings for each of SSWD’s generator sets, based on data from the 
SCAQMD Off-road Mobile Source Emission Factors (Scenario Years 2007 – 2025). Since 
SCAQMD provides emission factors for only selected horse power ratings it is necessary to use 
the provided data to estimate the emissions factor for non-specified equipment. Since emissions 
factors are not based on a linear relationship, for both CO2 and CH4, a line was fitted to the 
available SCAQMD data on horsepower versus emissions rate, using the data distribution with 
the highest coefficient of determination (R2). The line of best fit was then used to estimate 
emissions from each generator set. Data distributions and corresponding R2 values are 
presented in Table B-1 in Appendix B.  

An N2O emissions rate was not available from SCAQMD for diesel generator sets. Thus, the 
N2O emissions rate was estimated based on an assumed ratio of N2O emissions to CO2 
emissions for diesel fuel use. The ratio was determined based on California Climate Action 
Registry General Reporting Protocol v 3.1 (January 2009) (CCAR GRP) emissions factors from 
off-road vehicles/construction equipment, which reports CO2 emissions of 10.15 kg CO2/gal 
(Table C.3 - transportation fuels), and N2O emissions of 0.26 g N2O /gal (Table C.6, non-
highway vehicles). This ratio results in an N2O emissions rate of 2.6 x 10-5 lb N2O /lb CO2. 
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These factors were multiplied by the hours operated for each generator set to estimate 
emissions in kilograms (kg) for each GHG. These quantities were multiplied by their respective 
global warming potential, as reported by the Intergovernmental Panel on Climate Change 
(1996), to calculate total GHG emissions as CO2 equivalents. GHG emissions related to 
combustion of diesel fuel for the backup generators are provided in Table 14: 

Table 14: GHG Emissions from Building Diesel Backup Generators 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

2,855 0.35 0.07 2.86 

 

4.9.4.3 Refrigerant Emissions at Buildings 

Fugitive refrigerant-related emissions could potentially be emitted from operation of heating, 
ventilation, and air conditioning (HVAC) system when the refrigerant escapes. The amount of 
HVAC system refrigerant recharges was used to estimate the amount of fugitive refrigerant. 
SSWD staff stated that during 2010, no refrigerant recharges were necessary. Therefore, it is 
assumed that there were no significant refrigerant-related fugitive emissions associated with 
HVAC equipment at the administration and other buildings. 

4.9.5 Capital Improvement Projects 

Major capital improvement projects performed by the District during 2010 included main 
replacement projects and a meter retrofit project. GHG emissions related to these projects are 
from combustion of gasoline and diesel fuel by construction equipment. Combustion of fuels 
generates CO2, CH4, and N2O emissions. 

4.9.5.1 Main Replacement Projects 

During 2010, approximately 8.74 miles of new pipelines were installed. Two construction 
contractors installed the majority of the new water mains during 2010. Another contractor 
installed new water service lines to customer’s homes. All three contractors were able to provide 
estimates of their gasoline and diesel fuel usage. Similar to the 2008 GHG report prepared by 
Kennedy/Jenks, SSWD assumed that approximately 60 percent of the diesel fuel was used in 
construction equipment, with the remaining 40 percent used in heavy duty trucks. The gasoline 
was assumed to be used in light duty trucks of model years 2005 or newer. Since the actual 
type of construction vehicles were unknown, general construction emission factors were 
obtained from Tables C.3, C.4, C.5, and C.6 of the CCAR General Reporting Protocol. These 
factors were multiplied by the total fuel used by the equipment to estimate the emissions of the 
greenhouse gases. These quantities were multiplied by their respective global warming 
potential, as reported by the Intergovernmental Panel on Climate Change (1996), to calculate 
total GHG emissions as CO2 equivalents. GHG emissions related to the pipeline projects are 
provided in Table 15: 
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Table 15: GHG Emissions from Main Replacement Projects 

Total 
pipeline 
installed 
(miles) 

Total 
meters 

installed 

CO2 
Emissions 

(kg) 

CH4 
Emissions 

(kg) 

N2O 
Emissions 

(kg) 

Total 
Emissions 
(MT CO2e) 

8.74 572 437,810 213 163  493 

 

4.9.5.2 Meter Retrofit Project 

During 2010, approximately 2,057 new water meters were installed as part of SSWD’s meter 
retrofit program. Similar to the 2008 GHG report prepared by Kennedy/Jenks, SSWD assumed 
that approximately 50 percent of the diesel fuel was used in construction equipment, with the 
remaining 50 percent used in heavy duty trucks. The gasoline was assumed to be used in light 
duty trucks of model years 2005 or newer. Since the actual type of construction vehicles was 
unknown, general construction emission factors were obtained from Tables C.3, C.4, C.5, and 
C.6 of the CCAR General Reporting Protocol. These factors were multiplied by the total fuel 
used by the equipment to estimate the emissions of the greenhouse gases. These quantities 
were multiplied by their respective global warming potential, as reported by the 
Intergovernmental Panel on Climate Change (1996), to calculate total GHG emissions as CO2 
equivalents. GHG emissions related to the meter installations are provided in Table 16: 

Table 16: GHG Emissions from Meter Retrofits 

Number of 
Meters 

Installed 

CO2 
Emissions 

(kg) 

CH4 
Emissions 

(kg) 

N2O 
Emissions 

(kg) 

Total 
Emissions 
(MT CO2e) 

2,057 87,586 17.85 14.45 92.44 

 

4.9.6 De Minimis Equipment and Services 

This category includes small sources of greenhouse gases, typically small handheld fuel-
burning equipment. The total GHG emissions from all equipment must be less than 5 percent of 
SSWD’s total emissions to be considered de minimis, and would not be required to be reported. 

SSWD compiled a list of equipment used by the District, including chainsaws and other 
equipment, the type of fuel used in the equipment, and an estimate of the number of hours the 
equipment was used during 2010. For the 2009 GHG Inventory, a conversation with a 
Husqvarna representative estimated the fuel consumption rate in gallons per hour for 
chainsaws. The same information was applied to the 2010 GHG Inventory. The Husqvarna 
representative stated that chainsaws typically run for approximately an hour on one tank of 
gasoline. The capacity of the tank is typically 1.4 pints. It was assumed that all chainsaws have 
the same fuel consumption rate. For other small equipment, it was assumed that a Honda 
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engine, model GC190 represents a typical engine used for water pumps, rammers, weed 
eaters, and blowers. Engine specifications obtained from http://www.honda-
engines.com/engines/gc190.htm indicates a fuel consumption of 1.37 quarts per hour. The fuel 
consumption data was multiplied by the hours of use for each piece of equipment to estimate 
the fuel consumption. The estimated hours of use for 2008 were used for 2010 based on the 
assumption that 2008 represents a typical year for equipment use. 

This equipment was treated as stationary combustion sources, and emission factors for CO2, 
CH4, and N2O were obtained from Tables C.7 and C.9 of the CCAR General Reporting Protocol.  

This calculation also included emissions associated with uniform cleaning services. SSWD staff 
stated that the roundtrip distance for the uniform cleaning service is approximately 20 miles, and 
that pickup and delivery occurs once a week throughout the year. It was assumed that the 
mileage of the delivery van is approximately equal to the average of light duty gasoline-fueled 
trucks, 15 miles per gallon. It was further assumed that the van was of model year 2005 or 
newer. Emission factors for CO2, CH4, and N2O were obtained from Tables C.3 and C.4 of the 
CCAR General Reporting Protocol.  

These factors for the de minimis equipment and services were multiplied by the total fuel used 
by the vehicle or equipment to estimate the emissions of the GHG. These quantities were 
multiplied by their respective global warming potential, as reported by the Intergovernmental 
Panel on Climate Change (1996), to calculate total GHG emissions as CO2 equivalents. GHG 
emissions related to de minimis equipment and services are provided in Table 17: 

Table 17: GHG Emissions from De Minimis Equipment and Services 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

4,099 0.57 0.05 4.13 

 

4.10 Indirect Emissions 

Indirect emissions related to SSWD’s operations consist of electricity used to operate pumps 
located at wells and reservoir booster pump stations, electricity used to supply surface water to 
the District by the City of Sacramento and Placer County Water Agency/San Juan Water 
District, and electricity used by the administration and other buildings owned by SSWD. 

4.10.1 Groundwater Supply Emissions and Reservoirs/Storage Tanks 

Indirect emissions from groundwater supply operations result from electricity used to operate 
pumps located at the wells and booster pump stations. SSWD compiled actual electricity 
consumption data in units of kilowatt-hours for each well and booster pump station equipped 
with an electric pump. The electricity is supplied to SSWD by the Sacramento Municipal Utility 
District (SMUD). SMUD’s 2009 Annual Emissions Report was accessed from the Climate 
Registry’s website. The website address for the report is: 
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https://www.climateregistry.org/CARROT/public/reports.aspx. The 2009 report was the most 
recent report available from SMUD. In this report, SMUD reports an emission factor of 
590 pounds of CO2 per megawatt-hour of electricity delivered. SMUD did not report emission 
factors for CH4 and N2O for 2009. 

SMUD’s CO2 emission factor was multiplied by the total electricity consumption for each pump 
to estimate the emissions of CO2. GHG emissions related to electricity used by the pumps are 
provided in Table 18: 

Table 18: GHG Emissions from Electric Pumps at Wells and Reservoir 
Booster Pump Stations 

Category CO2 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

Groundwater Supply – Wells 2,573,884 2,574 
Reservoir/Storage Tanks – 
Booster Pump Stations 

125,635 126 

 

4.10.2 Surface Water Supply Pumping 

Some of SSWD’s water supply is surface water supplied by the City of Sacramento and by 
Placer County Water Agency (PCWA)/San Juan Water District. Electricity is used to convey 
water from these entities to SSWD. The Sacramento Municipal Utility District (SMUD) also 
supplied electricity to the City of Sacramento and PCWA. SSWD obtained data from each water 
provider, including water supplied to the District in acre-feet, total electricity used to deliver 
water by the provider, and the total water delivered by the provider. Both the City of Sacramento 
and PCWA provided SSWD with consumption data for calendar year 2010. It should be noted 
that PCWA’s value does not include the electricity required to pump the water from Folsom Lake 
to San Juan Water District’s treatment plant, therefore, the emissions related to water supplied 
by PCWA are underestimated. 

For each water provider, the total electricity used by the provider to deliver water was divided by 
the total water delivered by the provider to calculate an energy consumption rate in units of 
kilowatt-hours per acre-feet. This rate was then multiplied by the number of acre-feet of water 
delivered to SSWD by each provider to estimate the total electricity consumption used to obtain 
water from each provider in MWh.  SMUD’s 2009 CO2 emission factor was multiplied by the 
total electricity consumption to estimate the emissions of CO2 associated with water supplied by 
each provider. SMUD did not report emission factors for CH4, and N2O for 2010. 

GHG credits were calculated for delivery contracts SSWD has with CalAM Water Company and 
Rio Linda/Elverta Community Water District (RLECWD). In addition, surface water is passed 
through SSWD’s system from PCWA to the Citrus Heights Water District. SSWD compiled the 
water delivered or passed through for each of the contracts in acre-feet. The water supplied to 
CalAM and going to Citrus Heights Water District is supplied by PCWA, as is a portion of the 
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water supplied to RLECWD. The PCWA electricity consumption rate was used to estimate the 
total electricity consumption used for these contracts. This rate was multiplied by the total 
electricity consumption to estimate the emissions of CO2 associated with water supplied for 
each contract. These GHG emissions are then applied as credits to SSWD’s inventory.  

GHG emissions and credits related to surface water supply pumping are provided in Table 19: 

Table 19: GHG Emission Credits Associated with Surface Water Supply 

Provider/Delivery Contract CO2 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

City of Sacramento 541,500 541 
PCWA 50,997 51 
CalAM Water Company (5,350) (5.4) 
Rio Linda/Elverta Community 
Water District 

(9.66) (0.010) 

Citrus Heights Water District (4.90) (0.005) 

 

4.10.3 Administration and Other Buildings 

Electricity is used at the District’s four administration and/or operations buildings. The electricity 
is supplied to SSWD by the Sacramento Municipal Utility District (SMUD). SMUD provided 
actual electricity consumption data in units of kilowatt-hours for each building for the period from 
January 2010 through December 2010. Two of the buildings are either fully or partially leased. 
SSWD compiled the square footage of the building that is partially leased, and the square 
footage of the leased area.  

SMUD’s CO2 emission factor was multiplied by the total electricity consumption for each building 
to estimate the emissions of CO2. For the Administration Building, this was multiplied by the 
percentage of the building that is used for SSWD operations (62 percent). SMUD did not report 
emissions factors for CH4 and N2O for 2009. GHG emissions related to electricity used by the 
buildings are provided in Table 20: 

Table 20: GHG Emissions Associated with Administration and Other 
Buildings 

CO2 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

231,874 232 
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4.11 Optional Indirect Emissions 

Optional indirect emissions calculated for SSWD include emissions associated with employee 
commutes and use of personal vehicles for District business, and employee air travel. Solid 
waste and embodied emissions were beyond the scope of the contract and this report. 

4.11.1 Employee Commuting and Personal Vehicle Use 

SSWD prepared estimates of each employee’s fuel usage based on the distance they live from 
their office. Information as to the make, model, model year, fuel type used and miles per gallon 
for employee’s vehicles were not available. It was assumed that on average employees drive a 
gasoline-fueled car of model year 2005 or newer, commute to work 260 days per year for full 
time employees and 125 days per year for part time employees, and get an average of 20 miles 
per gallon. SSWD also compiled miles traveled by employees and board members for District 
business in personal vehicles. The same assumptions were made regarding the vehicles used 
by board members. 

The total miles traveled for employee commutes was multiplied by the vehicle mileage rate and 
the number of days worked for 2010 to obtain an estimate of the gallons of fuel used. Emissions 
factors for CO2, CH4, and N2O were obtained from Tables C.3 and C.4 of the CCAR General 
Reporting Protocol. These factors were multiplied by the fuel consumption to estimate 
emissions of CO2, CH4, and N2O associated with employee commuting and employee and 
board member personal vehicle use. These GHG emission estimates are provided in Table 21: 

Table 21: Table 21: GHG Emissions from Employee Commuting and Personal 
Vehicle Use 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

153,980 257 138 202 

 

4.11.2 Employee and Board Member Air Travel 

SSWD compiled miles flown by employees and board members for District business. To 
estimate emissions from air travel based on miles traveled, it was necessary to develop 
emission factors based on mileage. An estimate of energy intensity in units of MMBtu per 
passenger mile was obtained from the U.S. Department of Transportation, Bureau of 
Transportation Statistics, National Transportation Statistics (April 2010, 4-20). This can be 
located at: 
http://www.bts.gov/publications/national_transportation_statistics/html/table_04_20.html. The 
carbon content of jet fuel was obtained from Table C.3 of the CCAR General Reporting 
Protocol. The carbon content was multiplied by the energy intensity, and then multiplied by the 
molar mass ratio of CO2 to C to create a CO2 emission factor in units of kilograms of CO2 per 
mile traveled. CH4 and N2O emission factors in units of grams per gallon of jet fuel were 
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obtained from the Energy Information Administration from Appendix H of the instructions to 
Form EIA-1605, located at: 
http://www.eia.doe.gov/oiaf/1605/excel/Fuel%20Emission%20Factors.xls. The energy intensity 
was divided by the product of the CH4, or N2O emission factor and the heat content of a gallon 
of jet fuel to obtain emission factors in units of kilograms per mile. 

The emission factors were multiplied by the air miles traveled to estimate emissions of CO2, 
CH4, and N2O associated with employee and board member air travel. These GHG emission 
estimates are provided in Table 22: 

Table 22: GHG Emissions from Employee and Board Air Travel 

CO2 
Emissions (kg) 

CH4 
Emissions (kg) 

N2O 
Emissions (kg) 

Total Emissions 
(MT CO2e) 

1,561 0.04 0.05 1.58 
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Section 5: Data Deficiencies and Future Data Collection  

                Recommendations 

5.1 Refrigerant 

For all operations that include HVAC equipment, records should be reviewed annually to estimate 
volume of refrigerant recharge necessary, and this data should be used to estimate emissions of 
fluorocarbons associated with this equipment. If possible, recharge data should be gathered for 
each HVAC system separately. 

5.2 Groundwater Supply 

For electricity emissions in the future SMUD will be required to provide emission factors for 
methane and nitrous oxide. At present, emissions of these gases are not calculated, and are 
therefore not accounted for in SSWD’s inventory. 

Methane emissions from the air strippers were based on limited analytical data. Newer analytical 
data could be collected to refine this estimate. No data is available regarding methane 
concentration post treatment by the air strippers. To be conservative, it is assumed that all 
methane is removed by the process. 

5.3 Reservoirs and Storage Tanks 

For electricity emissions in the future, SMUD will be required to provide emission factors for 
methane and nitrous oxide. At present, emissions of these gases are not calculated, and are 
therefore not accounted for in SSWD’s inventory. 

5.4 Surface Water Supply Pumping 

The data regarding the electricity use for water obtained from PCWA does not include the 
electricity required to pump the water from Folsom Lake to San Juan Water District’s Water 
Treatment Plant, therefore underestimating the emissions related to obtaining water from this 
provider. Obtaining this information would provide for a more accurate accounting of the emissions 
associated with PCWA’s water. 

For the calculated credits associated with surface water supply, the SJWD electricity consumption 
rate was assumed to be applicable to the water delivered to Rio Linda/Elverta Community Water 
District (RLECWD). Therefore, it is possible that the calculated emissions are lower than actual 
emissions. As this is a credit calculation, using the SJWD rate is conservative, and since the 
delivery contract to RLECWD is for a relatively small amount of water, it is assumed that more 
accurate data would not significantly impact the total GHG emissions for the District. 

 



 

2010 Greenhouse Gas Inventory Page 5-2 
Sacramento Suburban Water District 

5.5 Fleet Vehicles 

It is preferable to estimate emissions based on actual miles driven and mileage of the vehicle. 
Some of the dump trucks did not have this data available. Collection of this data in the future will 
result in more accurate estimates of emissions from these vehicles. 

For backhoes, air compressors, and other fuel-burning equipment, better estimates could be made 
if either horsepower information was obtained, or if actual fuel usage could be tracked. For the mini 
excavators, it would also provide for a better estimate of emissions if actual fuel use could be 
tracked. South Coast emission factors used for the emission estimates are based on excavators of 
25 horsepower or greater, so it is possible that the emissions calculated using these factors 
overestimate the emissions from the excavators. 

5.6 Employee Commuting 

Employee commute data is based on several assumptions about vehicle type that is applied to all 
employee vehicles. To refine these estimates, more detailed data should be collected to more 
accurately reflect the actual vehicles used by employees and board members. 

5.7 Administration and Other Buildings 

For electricity emissions in the future SMUD will be required to provide emission factors for 
methane and nitrous oxide. At present, emissions of these gases are not calculated, and are 
therefore not accounted for in SSWD’s inventory. 

5.8 Capital Improvement Projects 

For both main replacement projects and meter retrofit projects, gasoline usage was estimated by 
SSWD’s contractors. In addition, no specific information was available regarding the type, age, 
miles traveled, or mileage of the actual vehicles used on the projects. Obtaining this information, as 
well as actual gasoline usage, would provide for a more accurate representation of emissions from 
these projects. 

5.9 De Minimis Equipment and Services 

For small fuel-burning tools and equipment, actual fuel consumption data may provide a better 
estimate of emissions from this equipment. The assumption was made that all fuel-burning 
equipment had the same consumption rate, which introduces a degree of inaccuracy in the 
emission estimates.  

Additionally, specific information regarding the delivery truck used by the uniform cleaning service 
would provide a better estimate of emissions related to this activity. 

However, because these equipment and services are such a small portion of SSWD’s inventory 
(thus they are de minimis or less than 5 percent of the total) it probably does not make sense to 
spend much time refining this data.
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