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Airport Director’s Message 

This year, San Francisco 
International Airport 
(SFO) reaches a very 
important anniversary 
with the release of its 
10th Annual Climate 
Action Plan  Over the 
past decade, SFO has 
committed to capital 
investments and 
operational strategies 
that yield financial 

savings, better air quality and dramatic emissions 
reductions  What better way to celebrate 
this anniversary and this rich volume of work 
than to record our Airport’s biggest emissions 
reductions to date – 39% from a 1990 baseline! 

What’s exciting is not just the significant emissions 
reductions we accomplished to date, but that 
we’ve also laid the groundwork for us and our 
partners to achieve carbon neutrality in the 
coming years  In fact, SFO is on track to reduce 
greenhouse gas emissions by 50% from the 1990 
baseline and to achieve carbon neutrality by 2021  

As we embark on our 10th Climate Action Plan, 
we are focused on documenting our progress and 
creating a carbon neutral roadmap that guides 
us and our partners in achieving our ambitious 
goals  Key components to get us there include:

• A campus served by a fully electric 
vehicle and shuttle fleet

• A capital plan that values embedded 
carbon and obligates our contractors 
to quantify and select measures to 
achieve the longest-term benefits

• A central plant study that investigates cost-
effective options for decarbonization 

• A carbon offset investment plan to ensure we 
mitigate whatever emissions we can’t eliminate 

Since there is no single silver bullet for hitting 
our goal of campus and industry-wide deep 
decarbonization, every possible measure is 
required to achieve SFO’s stringent emission 
reduction target  This portfolio of measures 
delivers social, economic and environmental 
results that benefit workers employed by our 
facility, those in the communities that surround 
us, passengers and the residents of this planet  
Our journey for accomplishing a zero-carbon 
future builds upon a successful past and commits 
us to ensure our collective sustainable future 

Ivar Satero  
Airport Director



5SFO’S CLIMATE ACTION PLAN FY 2018 

In 2016, SFO’s Five-Year Strategic Plan 
set the goal of reducing greenhouse gas 
(GHG) emissions by 50% from a 1990 
baseline by 2021  In Fiscal Year 2017-
2018 (FY 2018), SFO was well on the 
way to meeting this goal, achieving a 

Executive Summary 

39% reduction in GHG emissions from 
a 1990 baseline for sources under the 
Airport’s direct operational control  

This report – SFO’s 10th Annual Climate 
Action Plan – provides a comprehensive 
picture of our Airport’s greenhouse 
gas emissions, key investments made 
to reduce our contribution to climate 
change, and the path forward to achieve 
carbon neutrality  Section 1 of this report 
provides a detailed breakdown of both 
SFO’s direct emissions (Scope 1 and 2) and 
those of tenants, airlines, and other third-
party operators at the Airport (Scope 3)  
Section 2, SFO’s Carbon Neutral Strategy, 
maps out how the Airport will reduce 
emissions to achieve its carbon neutral 
target for Scope 1 and 2 emissions 

AIRPORT CONTEXT

In FY 2018, SFO welcomed 57 8 million passengers 
and nearly 220,000 arriving flights, ranking 
it as the second-busiest airport in California 
and the seventh-busiest in the U S  This was a 
7% increase in passenger traffic over FY 2017  
Despite this growth, SFO saw a reduction in 
directly controlled GHG emissions over FY 2017 

AIRPORT, CITY, AND STATEWIDE TARGETS

The San Francisco Airport Commission set 
the target of achieving carbon neutrality and 
reducing GHGs by 50% from a 1990 baseline, 
both by 2021  These targets were adopted 
in the 2016 Five-Year Strategic Plan 

SFO’s targets reach beyond those set by both the 
City & County of San Francisco and the State of 
California as a whole  In 2008, the City & County of 
San Francisco set its first climate action target with 
Ordinance No  81-08, requiring a reduction in GHG 
emissions to 25% below 1990 emission levels by 
2017 and 40% below baseline 1990 emission levels 
by 2025  SFO is on track to meet those required 
reductions in emissions  In addition, the ordinance 
requires City departments, including SFO, to report 
progress in achieving those reduction targets in an 
annual Departmental Climate Action Plan (DCAP)  
This report is SFO’s tenth annual Climate Action 
Plan and fulfills the DCAP reporting requirement 

The State of California set statewide GHG 
reduction targets through a number of legislative 
bills and Executive Orders  Collectively, these 
targets are to ensure that emissions levels in 
2020 do not exceed 1990 levels, to achieve a 
40% reduction below 1990 levels by 2030, to 
achieve an 80% reduction below 1990 levels 
by 2050, and to achieve carbon neutrality by 
2045 1 SFO is well on track to meet these targets 
years, and possibly decades, in advance 

BY  
2017

BY  
2025

BY  
2050

BY  
2021

25% 40% 80%

50%

 BELOW 1990 EMISSIONS GOALS (Figure ES-1)

AIRPORT GOALS

CITY GOALS

ACHIEVE CARBON 
NEUTRALITY!

1 See https://www climatechange ca gov/state/legislation html; also 
refer to California Executive Orders S-3-05 and B-55-18 
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MEASURING AIRPORT GREENHOUSE 
GASES: AN INTERNATIONAL PROTOCOL

SFO does not measure greenhouse gas emissions 
directly  Instead, GHGs are calculated or estimated 
from different emissions sources using a variety 
of approaches  SFO follows international 
reporting standards and best practices, where 
available, and develops best estimates based 
on available data  For more information on 
SFO’s GHG methodology, see Appendix A 

Since 2016, SFO has participated in the Airport 
Carbon Accreditation (ACA) program created by 
the Airport Council International (ACI)  ACA sets 
standards and guidelines for calculating carbon 
dioxide (CO2) emissions, provides verification 
through an independent auditing process, and 
recognizes airports’ carbon management across 
four levels of certification  Airports, like SFO, are 
recognized at the program’s Level 3 “Optimization” 
certification which successfully and effectively: 

• Calculate emissions from both 
their own operations;

• Estimate emissions from tenants and 
aircraft within their airspace;

• Set goals and achieve reductions 
in those emissions;

• Engage stakeholders in reducing 
emissions further  

SFO has been consistently participating at this 
Level 3 standard since 2016  Under the ACA 
methodology, only emissions of CO2 must be 
calculated and reported  In this report, SFO also 
includes the emissions of other greenhouse 
gases, including methane, nitrous oxide, and 
refrigerants, as required by Ordinance No  
81-08 and recommended under the reporting 
protocols SFO uses in its GHG methodology  

AIRPORT EMISSIONS

SFO distinguishes between three scopes of 
influence and emissions  Scope 1 represents 
direct emissions resulting from the Airport’s own 
activities, such as the emissions from natural gas 

purchased by SFO to heat the terminals  Scope 
2 represents indirect emissions which still derive 
from the Airport’s own activities, such as fossil 
fuels which might be burned to provide electricity 
for the Airport  However, beginning in 2012, 
SFO has purchased 100% carbon-free electricity, 
and so Scope 2 emissions have been zero ever 
since  Scope 3 represents emissions that occur 
on campus but are not directly controlled by 
SFO, such as emissions from aircraft (controlled 
by airlines and subject to international trade 
agreements and federal regulations)  Scope 3 
emissions may be influenced by SFO through 
stakeholder engagement, rules and regulations, 
and partnerships that impact all stakeholders 
at the Airport such as solid waste diversion 
and reduction campaigns  See Appendix A for 
additional detail and a graphic representation 
of Airport emissions sources and scopes  

SFO’S CARBON FOOTPRINT: SCOPE 1 AND 2

In FY 2018, SFO emitted 18,252 metric tons of 
CO2-equivalent greenhouse gases (“tonnes” or 
“tonnes CO2e”) from sources under our operational 
control (Scope 1 and2)  This is a 39% reduction 
from our 1990 baseline emission level  

Roughly 85% of these emissions – 15,537 tonnes 
– are derived from the use of onsite natural gas 
for heating SFO’s buildings, mainly the terminals  
Of the remainder (2,715 tonnes), roughly half 
was the result of fuel used to operate SFO-owned 
vehicles and the other half was the result of fugitive 
refrigerant gas losses and miscellaneous emissions 
from small sources (such as emissions from 
wastewater and testing of emergency generators) 

ADDITIONAL EMISSIONS: SCOPE 3

In FY 2018, SFO’s estimated Scope 3 emissions were 
just over 1,700,000 tonnes  Roughly 70% of this, or 
about 1,200,000 tonnes, were the result of aircraft 
activity  Passenger and employee travel to and from 
the Airport, including rental cars, made up roughly 
an additional 475,000 tonnes, with the remaining 
emissions coming from a variety of other activities 
by tenants, airlines, and the general public 
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EMISSION REDUCTION ACHIEVEMENTS

For the past 20 years, SFO has continually 
sought new ways to improve operations and 
reduce emissions, while enhancing the airport 
experience for passengers who choose SFO 
as their destination gateway and partners 
who conduct business here  For example:

• In 1999, SFO provided funding to extend 
public transit (BART) to the Airport and 
built an all-electric people-mover system 
(the AirTrain) that opened in 2003 to 
replace SFO’s diesel shuttle buses 

• In FY 2012, SFO switched its electricity 
to power generated at the Hetch 
Hetchy reservoir, achieving a 100% 
decarbonized electricity supply 

• Beginning in FY 2016, SFO switched to 
using renewable fuels for its fleet, replacing 
conventional diesel and compressed 
natural gas (CNG) with renewable 
diesel and landfill-derived CNG 

FY 2018 continued this trend of reducing the 
carbon footprint of airport operations without 
compromising on service  In FY 2018, SFO 
significantly improved its refrigerant monitoring 
and management, after process shortfalls were 
identified by an unprecedented release the year 
prior  It invested heavily in expanding the AirTrain 
system anticipating an elimination of SFO’s 
shuttle bus emissions and initiated several plans 
to dramatically expand electric vehicle charging 
and renewable energy generation on the campus  
It launched both an energy management project 
to identify energy efficiency improvements 
to achieve further savings in campus natural 
gas usage and a cross-sector working group 
to scale the use of sustainable aviation fuel 

SFO is continuing to identify new opportunities 
for emission reductions across both its own 
operations, and the activities of its key partners: 
airlines, tenants, and the public; and so, 
expects further reductions to be presented in 
future Climate Action Plans as it makes ready 
its campus to achieve carbon neutrality 

THE PATH TO NEUTRALITY 

SFO has a clear path to reducing its emissions to 
50% below 1990 levels by 2021, a target established 
within its 2016 Strategic Plan, and achieving 
carbon neutrality then and beyond  This Carbon 
Neutral goal relates to the Scope 1 and 2 emissions 
we directly control, but, SFO envisions this work 
scope to also include initiatives to support our 
partners in reducing their own Scope 1 emissions 
(SFO Scope 3), through actions outlined below:

1  Heat Recovery Chiller Plant: SFO is conducting 
environmental review for a new Heat Recovery 
Chiller Plant (HRCP) to replace the existing, 
aging central utilities plant  If approved, this 
new HRCP could be all-electric, relying on heat 
recovery and heat pump systems to extract 
heat naturally from the environment  Coupled 
with next-generation, low-impact refrigerants, 
the new HRCP could reduce the majority of 
SFO’s Scope 1 emissions when operational 



8SFO’S CLIMATE ACTION PLAN FY 2018 

2  Fleet Electrification: SFO is also replacing 
97 light-duty passenger vehicles with zero-
emission all-electric or plug-in hybrid vehicles 
by 2022, in alignment with the City and County 
of San Francisco mandate  In addition, it is 
expanding the AirTrain system and reducing its 
bus fleet accordingly, replacing the remaining 
full-time service buses with an all-electric fleet  

3  Partner Progress: Beyond its own operations, 
SFO is investigating how to bring Sustainable 
Aviation Fuel (SAF) to the Airport, enabling 
airlines to dramatically reduce their emissions 
from aircraft  It is improving transit access to 
the airport for both passengers and employees, 
and identifying opportunities for its rental car 
agencies as well as ride-sharing companies 
to switch to electric and plug-in hybrid 
vehicles  SFO is collaborating with airlines 
and airline service providers to expand the 
use of electric ground support equipment 
on the airfield, which could significantly 
reduce emissions and would need substantial 
resource commitments on the part of both 

the Airport and third-party operators (see 
Appendix C for more discussion on this 
emissions category)  SFO is working with 
tenants to reduce or eliminate their natural 
gas consumption from heating and cooking  
Each action incrementally pushes SFO closer 
to neutrality and enables our core operating 
partners to accomplish their own climate goals  

4  Offset The Rest: Airports that can reach 
neutrality within their own operationally 
controlled emissions are recognized under the 
highest ACA certification level, Level 3+  Most 
airports that have achieved this have done so 
through the purchase of carbon offsets  SFO 
has focused on reducing its direct emissions 
as low as possible through capital investments 
and operating practices  However, achieving 
the goal of carbon neutrality by 2021 would 
require the purchase of offsets, and would 
enable SFO to achieve Level 3+ certification 
under the ACA program  SFO anticipates 
offsetting emissions of all greenhouse gases 
under its direct control, not just CO2  
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SECTION 1: FISCAL YEAR 2018 CARBON FOOTPRINT

1.1 Airport Overview

1.2 FY 2018 Methodology Information and Changes

1.3 FY 2018 Outcomes

1.4 Scope 1 and 2 GHG Emissions

1.5 Scope 3 GHG Emissions
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1.1 Airport Overview

1.1.1 THE AIRPORT CAMPUS

San Francisco International Airport (“SFO”) is the 
second busiest airport by passenger thoroughfare 
in California and seventh busiest in the United 
States2, providing service to 57 8 million passengers 
annually traveling to hundreds of destinations 
around the world  The Airport is located on the 
San Francisco Bay, 14 miles south of the City and 
County of San Francisco, and covers approximately 
5,200 acres, with 2,700 acres developed for 
operational use and approximately 2,500 acres 
remaining as natural tidelands and undeveloped 
land  Over 180 vendors, including restaurants, 
shops, and various services, and aviation operations 
offer SFO travelers endless amenities  The Airport 
is served by multiple transit agencies, including 
Bay Area Rapid Transit (“BART”), the Bay Area 
passenger rail system connecting both the North 
and South Bay via Caltrain, as well as SamTrans 
local bus service  SFO’s AirTrain system provides 
a seamless and carbon-free connection between 
BART, rental car facilities, airport and airline 
support facilities, and all Airport terminals 

SFO is governed by the Airport Commission, a 
five-member body appointed to four-year terms 
by the Mayor of San Francisco  The Commission 
approves SFO’s budget and contracts, authorizes 
overall policies guiding the operation of the 

Airport, and recommends a list of candidates for 
the Airport Director position to serve the Mayor 

1.1.2 AIRPORT ACTIVITY LEVELS

Airport activity levels can be measured by 
a number of parameters including aircraft 
operations, annual passenger count, annual cargo 
shipments, and employment  SFO uses data from 
each activity to evaluate resource consumption 
through different metrics, and to determine key 
operational drivers in our greenhouse gas (GHG) 
emissions (see Appendix A for more detail)  

SFO ANNUAL NUMBER OF FLIGHT OPERATIONS (Figure 1.1-1)

2 Source: https://www worldatlas com/articles/busiest-airports-in-united-states html
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Passenger travel at SFO is at its highest since our 
facility began operating in 1927  Highlights of SFO’s 
activities in its peak passenger year of FY 2018, 
which impact our overall carbon footprint include:

• Served a record 57 8 million passengers, a
growth of 7% over FY 2017 (see Figure 1 1-1) 

• Employed 2,267 people, including the
Airport Commission operating and project
positions, Airport Police Bureau, Airport Fire
Department, and City Attorney’s Office staff 

• Hosted a workforce of over 40,000
people – tenants, airline employees,
concessionaires, and contractors 

• Accommodated 474,387 flight
operations and 219,532 landings 

1.1.3 AIRPORT AND MUNICIPAL 
GHG EMISSIONS TARGETS

In the 2016 Five-Year Strategic Plan, the Airport 
Commission set the goal of achieving carbon 
neutrality and reducing GHG emissions by 
50% from a 1990 baseline, by 2021  SFO is on 
track to meet the City’s target of 40% below 
baseline 1990 emission levels by 2025, which was 
established in Ordinance No  81-08  The Airport 
and City targets are shown in Table 1 1-1 

1.2 FY 2018 Methodology 
Information and Changes
SFO follows international standards for calculating 
greenhouse gas emissions and participates in 
the Airport Carbon Accreditation (ACA) program 
for independent auditing and verification  For 
more information on ACA, see Appendix A 

In FY 2018, as with previous years, SFO took the 
opportunity to update its methodologies and 
assumptions, as standards have changed and 
available data has improved  These methodology 
changes are important details to note when 
readers review and should they compare SFO’s 
current report to prior year Climate Action Plans  
The sections below highlight the most significant 
changes to our estimation methodology  
Appendices A and B provide detailed background 
on the protocol and methodology the Airport 
uses to prepare its GHG emissions inventory 

1.2.1 SCOPE 1 METHODOLOGY CHANGES 

Most of SFO’s tenants are billed by SFO for their 
natural gas use, either through sub-metering 
or lease agreements  SFO procures gas that 
serves Airport facilities, other than the Central 
Plant, from PG&E  A few larger tenants are 
metered and purchase gas directly from PG&E  

In previous years, this sub-metered natural gas 
use by tenants was included in SFO’s Scope 1 
emissions, while gas that tenants purchase directly 
from PG&E was estimated in Scope 3  This year, 
this report considers all sub-metered natural gas 
use by tenants to be a Scope 3 emission, for all 
years dating back to 1990  As a result, readers who 
compare Scope 1 emissions in this report with 
those provided in previous reports will find that 
past year’s emissions have changed in this report 

This change follows an update in the ACA 
guidance, which clarified that those sub-metered 
natural gas uses by tenants are not directly 
controlled by SFO  Because tenants are in 
control of this gas use and pay for it directly, 
accepted industry GHG accounting protocols 
direct that those uses belong in Scope 3 

SFO AND CITY EMISSION REDUCTION TARGETS (Table 1.1-1)

YEAR

REQUIRED 
REDUCTION 
BELOW 1990 
BASELINE 
EMISSIONS

SOURCE OF 
REQUIRED 
REDUCTION

SFO GHG 
EMISSIONS 
LIMIT 
(TONNES 
CO2e/YEAR)

2017 25% City Ordinance 
No  81-08

 22,277 

2021 50% SFO Strategic 
Plan

14,851 

2025 40% City Ordinance 
No  81-08

17,821 

2050 80% City Ordinance 
No  81-08

5,940 
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The re-baselined 1990 emissions are 29,702 tonnes, 
reduced from a previous level of 31,793 tonnes  

In addition, in FY 2018 a new master meter was 
installed in the terminals, enabling more accurate 
tracking of terminal tenant natural gas usage  As 
a result, recorded tenant gas usage is over 37% 
higher than in FY 2017, due to improved data 
collection: some tenants were not previously 
being metered and were paying flat rates for 
gas based upon square footage, but the new 
master meter captures all tenant usage and 
therefore provides better data  In general, gas use 
outside the central plant increased for FY 2018 

1.2.2 SCOPE 3 METHODOLOGY CHANGES

As further discussed in Appendix A, Scope 3 
emissions are often the most challenging to 
track and estimate due to a global lack of precise 
data  In general, it is difficult to compare Scope 3 
emissions over time as methodology changes may 
skew the trajectory of a certain dataset  However, 
SFO strives to more precisely and accurately 
quantify all emissions throughout the Airport 
in order to best track and reduce greenhouse 
gas emissions as a whole, and to understand 
and leverage key opportunities for stakeholder 
engagement in reducing those emissions  

The Scope 3 methodology changes are listed below 

ACERT Aircraft Operations

This year, the Airport Carbon and Emissions 
Reporting Tool (ACERT) added an extension 
of emission factors for specific aircraft types in 
landing and takeoff (LTO), taxi, and Auxiliary Power 
Unit (APU) operations for Scope 3 emissions  This 
methodology, based on the GHG Protocol and 
the ICAO Doc 9889 Airport Air Quality Manual, 
provided a specific analysis on a per flight and 
per aircraft basis, thus increasing accuracy  

In this report, LTO, taxi, and APU emissions were 
calculated for every year back to FY 2015, using 
ACERT’s emission factors and all available aircraft 
activity data  In prior years, emissions were 
estimated based on peak day data and more 
generalized assumptions of fuel consumption 

Without ACERT, LTO and APU emissions had been 
significantly underestimated by the methodology 
used in previous reports  Under the ACERT 
methodology, FY 2017 LTO and APU emissions 
were calculated to be 12% higher than in the FY 
2017 report  In addition, ACERT provides a means 
to calculate taxiing emissions on a per flight 
basis, which had not been calculated in prior 
DCAP GHG inventories  Taxi times per runway 
for departures and arrivals were calculated using 
the Federal Aviation Administration’s Aviation 
System Performance Metrics (ASPM) reports 
and matched with the ACERT taxi fuel usage 
and associated emissions per aircraft type  
Overall, taxiing emissions contributed to 29% 
of the total Scope 3 flight operation emissions 
for FY 2018, which highlights their significant 
impact on the overall Scope 3 inventory  

Rental Cars

Due to improved communication and relationships 
with the rental car companies, SFO received 
improved data on annual total rental car miles 
traveled  This number was three times higher 
than the prior mileage estimate, which led to a 
full revision of historical estimated rental car GHG 
emissions back to 2010  As a result, rental car GHG 
emission estimates are significantly higher – around 
40% – in this year’s report than in prior years  

BART Operations

In FY 2018, BART shared updated estimates of GHG 
emissions rates  BART continues to use increasing 
levels of zero-carbon and renewable energy 
sources, with goals of becoming completely carbon 
free by 2035  As a result, the estimated emissions 
from BART travel fell by more than half in FY 2018  
This change did not lead to revising estimates for 
prior years as it was due to an updated policy by 
BART, rather than improved data on historical use 

TNC Fuel Economy

SFO’s Landside Operations team conducted 
a ground study this FY 2018 to determine the 
average fuel economy of transportation network 
carriers (TNCs), such as Uber and Lyft, driving in 
and around the Airport  The study concluded that 
TNCs generally had slightly higher fuel economies 
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than the average fleet measured by the California 
Air Resources Board (CARB), with TNC vehicles 
getting roughly an additional 4 miles to the gallon  

TNC drivers already have a natural incentive to use 
more fuel-efficient vehicles to reduce fuel costs, as 
they pay for fuel themselves  TNC companies also 
require newer cars than the statewide fleet average 
and have piloted financial incentive programs 
for drivers with electric vehicles  Under SB 1014 
(2018), TNCs will be required to meet increasingly 
stringent emissions limits per passenger-mile and 
expand their usage of zero-emission vehicles, so 
it is anticipated that the TNC fleet fuel economy 
will improve significantly over the next decade 

1.3 FY 2018 Outcomes
Table 1 3-1 summarizes the Airport’s GHG emissions 
data over the past five fiscal years, with the 1990 
baseline as a reference  In FY 2018, the total GHG 
emissions attributable to SFO operations (Scope 1 
and 2) totaled 18,252 tonnes, 39% below the 1990 
emissions level  This meets and exceeds the City & 
County mandate for City departments to achieve 
a 25% reduction below 1990 levels by 2017 

Scope 3 emissions at SFO were 1,722,638 tonnes 
in FY 2018, 7% higher than in FY 2017 and 42% 
higher than in 1990  Scope 3 emissions are driven 
in large part by aircraft activity and transportation 
to and from the airport, and as passenger traffic 
has grown so too have the associated emissions  
SFO works with both tenants and airlines to 
encourage voluntary reductions and, in some 
cases, enforces mandatory measures  As a result, 
SFO’s FY 2018 total per-passenger GHG emissions, 
at 66 4 lbs per passenger, were 27% below 1990 
levels and only 0 1% lower than in FY 2017 

SFO GHG EMISSIONS SUMMARY (Table 1.3-1)

GROSS GHG EMISSIONS (TONNES CO2e)

GHG 
EMISSION 
SCOPE 1990 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2018

Scope 1 21,013 22,250 22,518 21,623 19,382 25,832 18,252 

Scope 2 8,689 0 0 0 0 0 0

Scope 3 1,209,467 1,095,522 1,148,374 1,475,919 1,555,410 1,602,620 1,722,638 

Total 1,239,169 1,117,772 1,170,892 1,497,542 1,574,792 1,628,452 1,740,576 
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1.4 Scope 1 and 2 
GHG Emissions
Figure 1 4-1 depicts SFO’s combined Scope 
1 and 2 GHG emissions for recent years, as 
well as the reductions that were achieved, 
relative to the 1990 baseline level  

Table 1 4-1 and Figure 1 4-2 provide a 
breakdown for the different source categories 
that contribute to the combined Scope 1 and 
2 emissions, which highlights that natural gas 
consumption contributes to the bulk – 85% 
– of the SFO-controlled carbon footprint  

SFO SCOPE 1 AND 2 EMISSIONS (Figure 1.4-1)

SFO’S CONTROLLED EMISSIONS SUMMARY (SCOPE 1 AND 2, IN TONNES CO2e) (Table 1.4-1)

ACTIVITY 1990 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2018

Natural Gas Consumption 9,638 17,014 16,522 15,591 16,342 17,202 15,537

Electricity Consumption 8,689 - - - - - -

Fleet Fuel Consumption 4,560 4,504 5,182 5,143 1,263 1,478 1,303

Fugitive Refrigerant Gas Emissions 6,559 414 537 605 1,521 6,858 1,138

Wastewater Treatment 86 132 137 128 125 152 140

Emergency Generators 170 186 139 157 131 141 134

Scope 1 and 2 - Net GHG Emissions 29,702 22,250 22,518 21,623 19,382 25,832 18,252

FY 2018 SCOPE 1 AND 2 EMISSIONS BY SOURCE (Figure 1.4-2)
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SFO’s total direct energy consumption, across 
natural gas, electricity, and liquid fuels, has 
remained relatively stable since 2011 as shown 
in Figure 1 4-3  However, GHG emissions 
have declined significantly due to switching 
to renewable energy and fuel sources  Since 
1990, SFO achieved a 70% decrease in GHG 
emissions for liquid fuels despite an overall 
35% increase in volume consumed, due to 
switching to renewable fuels such as renewable 
diesel and landfill-sourced natural gas  

1.4.1 NATURAL GAS CONSUMPTION 

In FY 2018, the GHG emissions from the 
consumption of natural gas for SFO-controlled 
operations were 15,537 tonnes, a 9% decrease 
from FY 2017  SFO’s primary natural gas use 
is the operation of boilers for heating the 
terminals and other Commission spaces  In 
FY 2018, the Central Utility Plant accounted 
for 95% of the total gas used by SFO  

1.4.2 ELECTRICITY CONSUMPTION 

SFO has purchased its electricity from SFPUC’s 
Hetch Hetchy reservoir, a 100% carbon-free 
source, since 2012  As a result, electricity use 
at SFO is entirely carbon-free and provides an 
ideal alternative to traditional fossil fuels for 
both heating and transportation needs  SFO is 
working to transition these uses to electricity 
as a key part of the decarbonization strategy 

At the same time, SFO is still seeking ways to 
reduce energy consumption through efficiency 
improvements and on-site renewable energy 
generation  These efficiency improvements are 
also expected to reduce natural gas consumption 
as they are implemented at locations which 
still rely upon natural gas for heating, until they 
can be fully decarbonized  SFO is preparing a 
zero net energy strategy through the Energy 
Benchmarking Study, discussed in Section 2 

In FY 2018, SFO-controlled operations used 
roughly 167 GWh of electricity, a 2 2% increase 
over FY 2017 but still 3 3% lower than in FY 
2016  SFO’s electricity usage has remained 
between 165-175 GWh annually since 2013  

1.4.3 FUEL CONSUMPTION

In FY 2018, SFO used nearly 750,000 gallons 
of gasoline, diesel, and gallons of gasoline 
equivalent of compressed natural gas (CNG)  
However, all but 17% of this fuel consumption 
was sourced from renewable fuels, and so SFO 
only had 1,303 tonnes emitted from combustion 
of these fuels  Nearly all of this was attributable 
to the use of gasoline, though even renewable 
fuels result in small amounts of GHG emissions 
due to secondary pollutants (e g  NO2, CH4) as 
a byproduct of incomplete combustion 

Data for fuel consumption and GHG emissions 
for the fleet vehicles are shown in Table 1 4-2, 
and the Scope 1 GHG emissions from fleet fuel 
consumption is depicted in Figure 1 4-4  Figure 
1 4-5 shows the total fuel use at SFO over time 
and the reduction in emissions associated 
with the transition to renewable fuels 

SFO ENERGY CONSUMPTION AND ASSOCIATED EMISSIONS (Figure 1.4-3)
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1.4.4 FUGITIVE REFRIGERANT GASES

In FY 2018, SFO identified 1,138 tonnes of 
greenhouse gas emissions from refrigerant losses  
Nearly 80% of this – 892 tonnes – was lost from 
aging air conditioning units across the campus  
Refrigerants used at SFO are conventional widely-
available types like R-134a that have a high global 
warming potential (GWP), meaning their warming 
impact in the atmosphere is many times that of CO2 

In FY 2017, the Central Utility Plant was the single 
largest source of refrigerant loss due to a major, 
undetected leak  Since then, the Mechanical 

SFO GHG EMISSIONS FROM CONSUMPTION OF VARIOUS FUELS (Table 1.4-2 )

 CONSUMPTION (GALLONS OR GGE) GHG EMISSIONS (TONNES CO2e)

FUEL TYPE AND UNITS 1990 FY 2017 FY 2018 1990 FY 2017 FY 2018

Gasoline 166,583 120,743 129,162 1,539 1,073 1,146 

Petro-Diesel 310,248 13,885 13,198 3,160 141 134 

Renewable Diesel - 114,449 121,082 - 3 4

B100 Biodiesel - - - - - - 

Fossil CNG - 40,266 - - 256 - 

Landfill CNG - 463,057 492,118 - 146 153 

Propane 3,851 - - 30 -  - 

Total Fuels 480,682 752,399 755,559 4,729 1,619 1,437 

SCOPE 1 GHG EMISSIONS FROM LIQUID FUELS IN FY 2018 (Figure 1.4-4)

FUEL CONSUMPTION BY FUEL TYPE AND GHG EMISSIONS (Figure 1.4-5)
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Maintenance team has implemented stringent 
refrigerant management practices and strategies 
to detect and report leaks within the Central 
Plant  As a result, Central Plant refrigerant losses 
were down significantly in FY 2018  Individual 
package air conditioning units proved an as-yet-
unresolved challenge at facilities across the 
campus  The team is conducting more regular 
inspections and preventive maintenance to 
address these conditions, which is tracked 
in the Airport’s Environmental Management 
System (EMS), Enviance  Aged and obsolete 
package units are being replaced with new 
and more efficient equipment, and lower GWP 
refrigerants are being selected where possible 

1.4.5 WASTEWATER TREATMENT 
PROCESSES AND RECEIVING 
WATER EMISSIONS

SFO owns and operates a Sanitary Wastewater 
Treatment Plant (SWTP), which handles waste 
from the campus buildings and aircraft  GHG 
emissions from wastewater treatment were 105 
tonnes for FY 2018, a 13% decrease from FY 2017  
This is attributed to a lower annual flow rate into 
the SWTP, even though digester gas production 
increased by 12%  SFO also owns and operates a 
separate Industrial Wastewater Treatment Plant 
(IWTP), which does not process organic materials 
and as a result has zero associated GHG emissions 

1.5 Scope 3 GHG Emissions
SFO’s Scope 3 carbon footprint was estimated 
at 1,722,638 tonnes for FY 2018, a 42% 
increase from the 1990 baseline and 7% 
greater than FY 2017  These estimations are 
summarized in Table 1 5-1 and Figure 1 5-1 

The FY 2018 increases in Scope 3 emissions 
over FY 2017 are attributable to increases in 
both passenger and air traffic operations, as 
well as improved data availability, collection, 
and calculations  As seen in Figure 1 5-1, the 
primary sources of Scope 3 emissions are from 
aircraft landing, takeoff, taxiing operations 
as well as APU usage, rental car operations, 
and passenger travel  Section 2, SFO’s Carbon 
Neutral Strategy, will discuss the key measures 
to address emissions across the Airport despite 
an expanding campus and passenger growth  

SCOPE 3 EMISSIONS BY SOURCE (Figure 1.5-1)

SFO SCOPE 3 (THIRD-PARTY) EMISSIONS (IN TONNES CO2e) (Table 1.5-1)

1990 2013 2014 2015 2016 2017 2018

1,209,467 1,095,522 1,148,374 1,475,919 1,555,410 1,602,620 1,722,638 
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SECTION 2: CARBON NEUTRAL STRATEGY

2.1 Year in Review

2.2 Getting to Neutral

2.3 Carbon Offsets

2.4 Conclusion
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Getting to carbon neutral is an ambitious 
goal in the face of continuing increases in 
both passenger growth and the energy-
consuming facilities required to offer a 
high level of service our customers expect  
Though SFO has been able to reduce 
emissions from its baseline, as reported in 
its ten past climate action plans, dramatic 
reductions to achieve its carbon neutrality 
strategic plan goal across its own direct 
operations as outlined in Section 1 will 
require prioritization and investment  
Within those direct operations, the Airport 
strives to reduce actual emissions through 
capital projects and operational and 
procedural changes  Those practices can 
then extend to other Airport stakeholders 
through partnerships and collaborations 
that could reduce Scope 3 emissions  
SFO will also look toward carbon offsets 
to mitigate the impact of emissions that 
cannot be avoided in the near term  This 
Section provides these more detailed 
strategies for getting to carbon neutral 

2.1 Year in Review

2.1.1 ACCOMPLISHMENTS

In FY 2018, SFO had numerous accomplishments 
towards carbon neutrality within its campus and 
launched or continued a variety of initiatives 
and plans to set the course for achieving 
these aims, described below (with affected 
emissions scope identified in parentheses) 

Energy Use, Management and Controls (Scope 1)

In FY 2018, SFO initiated a multi-year Energy 
Management & Control Systems (EMCS) project, 
which will tie nearly all electricity, water, and 
natural gas meters across the campus into a 
centralized system  The EMCS will power an energy 
analytics engine, for analyzing utility usage and 
trends, and an enterprise building management 
system to manage building energy usage  

These expanded analytics and building management 
systems will enable SFO to better identify, track, 
and manage energy use – both electricity and 
natural gas – across the campus  In conjunction 
with the Zero Net Energy (ZNE) Benchmarking 
and Performance Standards project, below, it is 
anticipated to enable SFO to identify key projects 
and sites where energy savings can be achieved  

Zero Net Energy Benchmarking and 
Performance Standards (Scope 1)

In order to develop a campus-wide Zero Net 
Energy (ZNE) strategy, SFO is activating an 
Energy Benchmarking Study in 2019 to identify 
the current state of energy use by building and 
identify retro-commissioning and efficiency 
improvements  In anticipation of this project, 
nine campus buildings were benchmarked in FY 
2018 to the Zero Energy Performance Index (zEPI), 
a ZNE standard to determine the performance 
improvements necessary to achieve ZNE  SFO’s 
Zero Net Energy & Resilient Outcomes (ZERO) 
Committee also supported these efforts, by 
developing and implementing more stringent 
ZNE targets for new construction, to ensure that 
all new Airport facilities are aligned with the 
Airport’s overall goal of zero net energy, as well 
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as all Tenant Improvement Projects  In FY 2018, 
the ZERO Committee awarded $67 5 million to 
Terminal 1, the Long-Term Parking Garage, and 
the Airport Hotel to help achieve an anticipated 
energy savings of 8 GWh annually (27,000 
MMBTU) across both electricity and gas usage 

Sustainable Aviation Fuel (Scope 3)

Sustainable aviation fuel (SAF) is jet fuel derived 
from renewable materials, such as waste biomass, 
and is estimated to reduce combustion-related 
greenhouse gas emissions from aircraft by up 
to 80% compared with conventional fuel use 

In 2017, SFO brought together a coalition of 150 
stakeholders including airlines, conventional 
and alternative fuel providers, and other 
organizations to work collaboratively towards 
expanding the development and use of SAF 
at SFO and throughout California  In 2018, 
ten partner airlines and producers signed the 
industry’s first voluntary Memorandum of 
Understanding (MOU) on SAF  It commits their 
partnership further to deliver an Infrastructure, 
Logistics, Supply Chain and Financing Study to 
narrow the key strategies that SFO can activate 
to increase SAF volumes serving its facility  
Airline signatories to SFO’s SAF MOU together 
represent over 66% of all flights at SFO  This SAF 
Stakeholder Working Group meets quarterly to 
share knowledge and best practices regarding 
SAF and advance the industry and global market  

The group also successfully lobbied the California 
Air Resources Board, in partnership with a variety 
of other SAF advocates, to expand the Low 
Carbon Fuel Standard (LCFS) to offer the opt-in 
inclusion of SAF  The LCFS offers about a $1 25 
incentive for SAF over conventional fuel, making 
California the most competitive market for this 
alternative fuel in the world  Lastly, in support 
of increased SAF adoption, SFO also hosted 
multiple SAF-fueled gateway flights, totaling 
nearly 20,000 gallons of SAF delivered in FY 2018 
and avoiding over 60 tonnes of CO2e  The flights 
showcased the technology’s viability and potential 
for achieving significant carbon reductions 

Green Business Program (Scope 3)

In FY 2018, SFO’s Green Business Program had 
a total of 30 certified green businesses, 16 6% 
of the total of 180 businesses on campus  The 
Green Business Program works to ensure tenants 
operate sustainably by conducting energy audits 
and waste training, among other things, and has 
successfully helped tenants identify utility savings  

2.1.2 PLANNING FOR FUTURE REDUCTIONS

Fiscal Year 2018 marked the first steps towards 
implementing several long-range sustainability 
efforts, by considering campus-wide zero goals 
during planning and programming phases of 
long-range projects  SFO Project Management 
completed a Master Utilities Infrastructure Study, 
which inventoried existing infrastructure and 
forecasted demand to identify potential capacity 
constraints among 11 major utilities provided at 
the Airport  Subsequent phases of the study would 
determine the requisite infrastructure investments 
needed to provide another 30 years of successful 
uninterrupted operation while furthering the 
Airport’s zero-carbon, zero-net energy visions  
By identifying long-range sustainability goals 
thoughtfully and early on in these efforts, 
there are greater chances for success in future 
phases to identify projects that could meet the 
strategic goals and objectives of the Airport, and 
to continue to support resilient, reliable, and 
sufficient utility capacity to meet projected future 
demands  The Airport will also consider the need 
for infrastructure to support sustainable aviation 
fuel and to phase out the use of natural gas 

A Zero Emission Vehicle (ZEV) Readiness Study is 
underway to analyze and project future demand 
for electric vehicle charging and its impacts on not 
only electrical grid infrastructure but also the need 
for charging stations and demand management to 
support decarbonization of the landside and airside 
modes serving the Airport  The ZEV Readiness 
Study is preparing a set of recommendations 
for SFO on where, and by how much, to expand 
EV charging infrastructure to accommodate 
increased demand from both SFO’s own operations 
and employees and the public at large 
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2.1.3 MAJOR CAPITAL PROJECTS

In the face of significant passenger growth, SFO 
has been adding and renovating facilities to 
accommodate additional operations and staff  
New construction is held to stringent Energy 
Use Intensity (EUI) standards, and eliminating 
on-site combustion of natural gas wherever 
possible, in order to be ZNE-ready  In FY 2018, 
SFO neared completion of a new office building 
at 674 West Field Road and a new Long-Term 
Parking Garage #2 with over 3,000 spaces, both of 
which were built without natural gas hookups 

A number of additional future projects were 
underway or in design consideration in FY 2018, 
including the new 1 2 million square foot Terminal 

1, further terminal expansions and upgrades 
with the Courtyard 3 Connector, Terminal 3 West 
renovation, Terminal 2 build-back, and a potential 
Boarding Area H  SFO is also completing a new 
12-story Grand Hyatt hotel with over 350 rooms  
While these projects will meet stringent EUI 
standards, under the policies and review processes 
established by the ZERO Committee, the increase in 
square footage is still anticipated to result in a net 
increase in energy usage for the campus, including 
some increases in natural gas use  As a result, the 
Energy Benchmarking Study and future associated 
projects, combined with the continued oversight 
of the ZERO Committee, are critical for ensuring 
SFO can reduce onsite loads and maintain its path 
towards a zero net energy, zero-carbon future 



22SFO’S CLIMATE ACTION PLAN FY 2018 

minimizes its carbon footprint  Early studies 
have suggested that a heat recovery chiller 
plant, coupled with thermal energy storage and 
potentially other electric heat pumps, could 
completely eliminate the use of natural gas 
for heating the terminal complex and allow 
the Airport to dramatically reduce emissions  
Staff plans to complete a final feasibility study 
in 2019/2020 to validate the scope and scale 
of the future plant and specifically identify if it 
might serve additional outlying buildings 

On its own, replacing the Central Plant with 
a new carbon-free plant would reduce SFO’s 
current GHG emissions by about 80%  This 
could bring SFO’s total emissions to roughly 
88% below 1990 levels, before additional 
emission reduction measures are included 

2.2 Getting to Neutral
To achieve neutrality in the operations SFO directly 
controls, a range of strategies will be needed that 
have widely varying costs  Some project costs are 
difficult to estimate in this Section as the capital 
projects to enable the measures have not yet 
been scoped  It is important to consider that these 
measures may yield a variety of benefits to the 
Airport and the public beyond GHG emissions 
reductions  The following table illustrates 
measures that SFO might employ to drive down 
GHG emissions  These projects are subject to an 
approval process, including environmental review 

2.2.1 SCOPE 1 SOURCES AND STRATEGIES
 Natural Gas

The aging Central Plant, which currently provides 
space conditioning to the entire terminal complex, 
is due to be replaced in the next 5–10 years, and 
SFO is looking to ensure the new plant 

SCOPE 1 EMISSIONS ZERO-CARBON STRATEGIES (Table 2.2-1)

CARBON NEUTRAL 
STRATEGY

EMISSIONS 
SOURCE OR 
SECTOR DESCRIPTION 

EST. 
REDUCTION 
POTENTIAL 
(ANNUAL) EST. AIRPORT COST 

EST. 
TIME-LINE

Heat Recovery Chiller 
Plant (HRCP)

Natural Gas A new central plant featuring 
heat recovery chillers and 
electric heat pumps to 
replace natural gas

Up to  
16,500 MT 
(80%)

TBD 2025 or later

Decarbonize Existing 
Buildings

Natural Gas Phasing out natural gas HVAC 
and cooking equipment 
in existing buildings

Up to  
900 MT (5%)

TBD 2035

SFO Fleet Passenger 
Vehicle Electrification

Transportation Replace all light-duty 
passenger vehicles with ZEVs 
by 2022 per City policy

Up to  
188 MT (1%)

$3M 2022

Electrify SFO 
Shuttle Buses 

Transportation Replace all operating SFO 
buses with AirTrain extension 
and all-electric buses for 
remaining service needs

Up to  
116 MT (0 6%)

$4 5M 2020

Electrify Gasoline 
On-Road Vehicles

Transportation Replace all gasoline pickups, 
light trucks, vans, SUVs, and 
motorcycles with EVs

Up to  
920 MT (5%)

~$10M (projected) 2035

Low-GWP Refrigerants Refrigerants Ensure the new central 
plant (HRCP) uses 
low-GWP refrigerants

Replace aged HVAC 
packaged air units with 
low-GWP refrigerants

Up to 6,900 MT

Up to 700 MT

Included in HRCP

TBD

2025

Renewable Diesel 
for Generators

Generators Replace all conventional 
diesel with renewable diesel 
in backup generators

Up to  
134 MT (0 75%)

No additional 
cost anticipated

2019
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Beyond the Central Plant, SFO plans to 
eventually eliminate natural gas throughout 
its infrastructure  In addition to being a major 
source of greenhouse gas emissions, natural 
gas also increases fire risk at the Airport, and 
impacts both indoor and outdoor air quality  

The Energy Benchmarking Study, introduced in the 
previous Section, is evaluating existing buildings 
for energy reduction and equipment-switching 
opportunities  The project will determine the 
energy baseline for the SFO campus by measuring 
the energy use of all buildings and benchmarking 
each using ENERGY STAR® Portfolio Manager  To 
that end, the study will determine an ENERGY 
STAR® score for each building, set a performance 
target, and generate building-specific strategies to 
reduce energy savings in each existing building  
These energy savings are anticipated to include 
savings which reduce the use of natural gas in 
campus buildings, particularly as on-site natural 
gas usage is incompatible with increasingly utilized 
certification standards for zero net energy 

Based on the guidance provided by the Energy 
Benchmarking Study, SFO will work to incorporate 
decarbonization opportunities across business 
processes, including through the ZERO Committee, 
sustainable building techniques, “reach” codes (i e  
building codes that exceed present-day energy 
standards), energy audits, and the Green Business 
program  The Airport will also collaborate with 
tenants to deploy zero-carbon approaches in 
cooking, water heating, and other processes 

 Transportation

In FY 2018, the City & County of San Francisco 
passed a new ordinance mandating that 100% 
of City-owned light duty passenger vehicles 
be ZEV by 2022, with no fewer than 75% of the 
passenger vehicle fleet being comprised of 
electric vehicles and the remainder made up of 
plug-in hybrid electrics 3 In FY 2018, SFO owned 
one all-electric vehicle, with several more on 
order, including six electric SFO shuttle buses  By 
moving to comply with this citywide ZEV fleet 
standard, SFO will reduce its gasoline use by an 
estimated 16%, and overall emissions by 1% 

SFO is looking to expand its EV fleet beyond 
light-duty passenger vehicles, but the market 
for medium- and heavy-duty electric vehicles 
is currently in its infancy  Beyond electrifying 
passenger vehicles, the next most significant 
categories for SFO to achieve Scope 1 emission 
reductions are through electrifying light trucks, 
SUVs, and other similar vehicles  As the market 
develops, SFO intends to be a leader in deploying 
these vehicles for a range of operational uses  

In FY 2018, SFO also began extension of the 
AirTrain system to the public and employee 
parking lots, scheduled to begin service in the 
second half of 2019, and initiated the purchase 
of six electric SFO shuttle buses, also scheduled 
to begin operation in the second half of 2019  
Together, these investments will serve to eliminate 
and replace the vast majority of diesel- and 
CNG-powered buses operated by SFO on campus  
To ensure resiliency in the event of an AirTrain 
failure, several CNG-powered buses will be retained 
and operated periodically and during AirTrain 
shutdowns, but together the AirTrain Extension 
and electric buses are anticipated to reduce bus 
emissions by roughly 99%, saving another 0 6% of 
Scope 1 emissions by the end of next calendar year 

 Refrigerants

If developed, a new Central Utility Plant design 
would consider the use of low-GWP refrigerants  
While R-134a has a high GWP of 1430, new 
alternative refrigerants are becoming commercially 
available which have much lower GWP – anywhere 
from 600 to less than 1  Replacing existing 
aged equipment with new equipment is also 
expected to dramatically reduce leaks  Together, 
low-GWP refrigerants with new, well-maintained 
equipment is expected to significantly reduce 
SFO’s carbon footprint from refrigerants 

 Generators

Moving forward, SFO is investigating the use 
of renewable diesel in its emergency backup 
generators  This practice would reduce 
direct emissions by 0 75%  Staff is not aware 
of other City and County of San Francisco 

3 Approved 6/2/17; see https://www sfmta com/projects/electric-mobility-san-francisco
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departments using renewable diesel in backup 
generators; however, City of Oakland has 
been using the fuel in backup generators 
effectively and without concerns since 2015 

Summary

SFO has achieved energy and carbon reductions 
across all sectors, from buildings to ground vehicles 
and aircraft  The Airport will look toward new 
opportunities to reduce emissions by launching a 
study for zero-carbon options for building energy 
demand in its central plant, which could drive 
the majority of Scope 1 emissions reductions  
SFO actively engages other City departments 
regarding the development of the market for 
electric medium- and heavy-duty vehicles 
develops fully  The figure below shows a possible 
trajectory towards a carbon-neutral future 

2.2.2 SCOPE 3 SOURCES AND STRATEGIES

While SFO’s focus for carbon neutrality is on 
emissions from direct operations (Scopes 1 and 
2), its Climate Action Plan has accounted for 
Scope 3 emissions since its inception  Scope 3 
represents 95 times the emissions in SFO’s Scope 
1 inventory  As a participant in the ACA program 
at Level 3, SFO must account for certain types 
of Scope 3 emissions in its inventory and have 
a plan in place to engage stakeholders toward 
reducing those emissions  This Section examines 
strategies to reduce Scope 3 emissions that exert 
industry leadership through actions replicable 
by other airports and industry partners 

CARBON EMISSIONS MODELED TRAJECTORY TOWARD NEUTRAL (Figure 2.2-1)
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Aircraft Landing and Takeoff Operations

Aircraft landing and takeoff operations within 
SFO’s airspace, including taxiing, are the single 
largest source of Scope 3 emissions at SFO  As the 
number of daily aircraft operations at SFO (and 
nationally) is forecast to increase, emissions from 
aircraft landings and takeoffs will continue to grow  
Airline practices that increase airplane load factor 
(percentage of the airplane filled with passengers 
per flight) may mitigate some of the anticipated 

passenger increase at SFO  SFO programs electric 
infrastructure for aircraft power at the terminal 
gates and is investigating ways to extend electric 
power to remote gates and aircraft parking areas  

Figure 2 2-2 shows potential modeled statewide 
aviation fuel consumption with SAF and the GHG 
emissions reduction potential relative to business-
as-usual of continuing to use fossil-based jet fuel 

 SCOPE 3 CARBON REDUCTION STRATEGIES (Table 2.2-2)

CARBON REDUCTION 
STRATEGY DESCRIPTION EST. REDUCTION POTENTIAL (ANNUAL) TIMELINE

Sustainable Aviation Fuel Replace up to 50% of SFO’s fuel supply 
with sustainable aviation fuel

550,000 MT 2050

Vehicle Electrification 
and Transit Options4 

Electrify private automobiles 
Electrify rental cars 
Electrify TNCs 
Electrify all remaining vehicle modes

85,000 MT 
260,000 MT 
45,000 MT 
14,500 MT

2040

Tenant & Employee Commute Electrify and mode-shift tenant & 
City/Airport employee commutes

58,000 MT 2040

Electrify GSE Provide charging infrastructure for 
electric ground support equipment 
used by tenants to service aircraft

18,000 MT 2030

Tenant Natural Gas Usage Phase out tenant natural gas usage, 
beginning with terminal tenant cooking 
and expanding to leased spaces 

5,300 MT 2040

CALIFORNIA AVIATION FUEL CONSUMPTION AND EMISSIONS (Figure 2.2-2 )

4 Pending the results of the ZEV Readiness Study discussed in Section 2 1 2, 
the Airport would increase charging capacity and infrastructure on Airport 
property  These estimates for vehicle emissions reduction assume that 
electric vehicles are adopted regardless of where they are charged; charging 
infrastructure elsewhere will be needed for this level of EV adoption 
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SFO is also working to offset the impact of aircraft 
related emissions by introducing the use of SAF 
at the Airport  As described above, these efforts 
include a 2018 MOU with ten parties to create a 
roadmap to scale up SAF use to 500 million gallons 
annually  SFO already has a study underway to 
identify what infrastructure upgrades are required, 
and the findings will provide a roadmap to 
sustainable flights from SFO  Outfitting the Airport 
with additional tanks and fueling infrastructure 
will require significant capital investment 

Multimodal Passenger Travel and Rental Cars

Passenger travel to and from SFO – predominantly 
by automobile – is the next largest source 
of Scope 3 emissions  Between rental cars, 
private automobile, transportation network 
companies (TNCs) like Uber and Lyft, and 
other modes, passenger travel accounts for 
25% of scope 3 emissions  SFO is pursuing 
a variety of options across the largest 
opportunities for Scope 3 emissions reductions 
within these second largest emitters  

Over 55% of passenger travel emissions tracked 
by SFO arise from rental car use, including all miles 
traveled during the vehicle rental  Historically, SFO 
offered a “Green Rental Car” incentive program 
for vehicles that met certain mileage and fuel 
economy standards, encouraging passengers 
to rent fuel-efficient vehicles, but the program 
has not been continued in recent fiscal years 
due to the fuel economy improvements across 
all conventional vehicles  Moving forward, SFO 
will explore options to incentivize rental car 
agencies to expand their plug-in hybrid electric 
vehicle (PHEV) and electric vehicle inventory, as 
encouraged in a draft ZEV Readiness Study 

SFO is also partnering with BART and local 
transit agencies to encourage more sustainable 
transportation options  In FY 2018, SFO worked 
with BART and SamTrans towards establishing 
regular bus service between the Millbrae/Caltrain 
station and the Airport, and discussed passenger 
experience improvements for passengers 
commuting on BART  Opportunities were identified 

to improve signage and wayfinding throughout 
the terminals, and to enhance passenger 
experience to encourage public transit ridership 

While most passenger travel emissions derive 
from rental car usage, most passengers get to or 
from SFO by public transit or commercial vehicle  
TNCs are the single most prevalent mode choice, 
with roughly 30% of passengers using TNCs to 
arrive to or depart from SFO  To that end, SFO is 
exploring collaborative partnerships with TNCs to 
reduce their associated emissions, potentially by 
incentivizing low- or zero-emitting vehicles for TNC 
drivers and further encouraging passengers to use 
shared ride options (like Lyft Line or Uber Pool) 

Aircraft Auxiliary Power Unit Usage

APU use was modeled assuming all aircraft 
plug-in within 10 minutes of landing and start-
up 20 minutes prior to departure  However, in 
some cases, airline policies for plug-in times 
vary by stringency, which is not captured under 
current assumptions  Direct measurements of 
these variable plug in times are essential to 
determine GHG emissions generated from APUs  
SFO is exploring direct metering and monitoring 
possibilities to ensure this level of detail is 
accessible  Higher visibility of aircraft plug-ins and 
APU usage data will also help SFO standardize 
APU controls and promote its optimal utilization 

Tenant and SFO Employee Commute

Most tenant and SFO employees commute to 
the Airport by their own personal automobiles, 
responsible for roughly 3 3% of SFO’s total Scope 
3 emissions  SFO has a robust commuter benefits 
program, incorporating pre-tax commuter benefits, 
a transit discount card, and a direct parking cash-
out incentive for employees to forego their allotted 
parking space  As a result, over 200 SFO employees 
regularly use alternative commute modes to get to 
work  Challenges remain for employees who work 
in locations where public transit is inaccessible, or 
for tenant employees who may not receive a cash 
incentive to forego parking or are ineligible for the 
transit discount card because they do not have an 
airport badge  However, SFO strives to improve 
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regional transit connections to and from the 
Airport to further facilitate transit-based commutes 
and has recently convened a working group to 
resolve the issue of incentives and affordability 
for tenant employees that seek to take transit 

Ground Support Equipment (GSE) Electrification

Roughly 2,300 pieces of ground support 
equipment operate on the airfield, responsible 
for about 1% of Scope 3 emissions  GSE are 
operated exclusively by airlines and third-party 
airline service providers, outside of SFO’s direct 
control  Currently, about 64% of existing GSE at 
SFO are powered by fossil fuels – diesel, gasoline, 
or propane  While some all-electric options are yet 
to be developed for certain types of services, like 
wide-body aircraft tugs, most GSE have electric 
counterparts that could be utilized in place of fossil 
fuel-driven models  However, electric GSE (eGSE) 
depend upon charging infrastructure which SFO 
has to either permit airlines to install, or install 
itself  As a result, most of the existing GSE chargers 
are located in Terminal 3, where United is the 
exclusive operator and had the space and planning 
capacity to invest in the infrastructure in the past  
Moving forward, SFO is working to secure grant 
funding to expand eGSE charging throughout 
all boarding areas and collaborating with both 
airlines and tenant service providers to ensure 
all new GSE are electric (where models exist)  For 
more information on eGSE, see Appendix C 

Tenant Natural Gas Usage

Tenant natural gas usage accounts for roughly 
0 3% of Scope 3 emissions  Most of these emissions 
are a result of natural gas use for cooking in the 
terminals; the remaining emissions are an estimate 
of usage in outlying buildings, not metered 
by SFO, for building heating, water heating, 
and potentially cooking  Moving forward, SFO 
is preparing to guide future terminal tenants 
away from natural gas use and potentially 
prohibit it in the terminals altogether, while 
outlying buildings will be addressed through 
campus-wide decarbonization efforts 

Materials Management

Solid waste materials sent to landfill account 
for roughly 0 5% of Scope 3 emissions, coming 
from both SFO-controlled and tenant-controlled 
operations  As passenger levels have increased, 
so too has waste, and in recent years, diversion 
rates have declined precipitously as waste streams 
from specific terminal areas have been deemed 
inadequately sorted by passengers and tenants 

In FY 2018, SFO finalized a Zero Waste Plan as a 
roadmap to becoming the world’s first ‘zero waste’ 
airport,5 by reaching a 90% waste diversion rate 
for waste collected under SFO’s hauling contract 
(which includes the terminals, Commission office 
spaces, and some airfield tenant spaces)  The 
plan outlines a six-step process that SFO is now 
implementing  These steps include improving 
sorting accuracy by passengers, tenants, and 
employees through effective and targeted 
training and signage, as well as deploying 
new policies to reduce waste generation 
overall and ensure maximum compostability 
and recyclability of all items sold at SFO 

The Good Traveler

SFO recently began participating in The Good 
Traveler, a voluntary passenger-focused carbon 
offset program created by San Diego airport and 
managed by the Rocky Mountain Institute 6 The 
Good Traveler offers carbon offsets to passengers 
directly, allowing them to offset their air travel, 
at a price of roughly $10 - $13 per tonne of CO2 
reduced  The following section explains what 
carbon offsets are and how they are used to 
further the goals of carbon neutral air travel 

THE GOOD TRAVELER (Figure 2.3-1)

WHEN YOU TAKE OFF,
YOUR EMISSIONS DON’T HAVE TO.  

$2 offsets the carbon footprint of your 1,000 mile flight.
Offset today at thegoodtraveler.org/sfo.

  R
O

CKY MOUNTAIN

 

       INSTIT UTE

TM
POWERED BY

5 A “zero waste” airport is defined by the Zero Waste Alliance as one with over a 90% 
diversion rate of waste materials from landfills, incinerators, and the environment 

6 See https://www thegoodtraveler org/  
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2.3 Carbon Offsets
Carbon offsets are the final strategy for addressing 
emissions from SFO’s operations  Direct reductions 
in GHG emissions remain SFO’s priority, but even 
the key projects outlined in Section 2 2 would 
not reduce SFO’s emissions absolutely to zero  As 
a result, SFO will continue to emit some amount 
of carbon from its operations in the near term, 
until all energy uses can be fully decarbonized  
Therefore, some amount of offsets would be 
necessary to achieve full carbon neutrality 

2.3.1 ROLE OF CARBON OFFSETS IN 
ACHIEVING CARBON NEUTRALITY

Achieving carbon neutrality despite continuing 
to generate emissions would require the Airport 
to “offset” those remaining emissions through 
reductions elsewhere  Carbon offsets are a widely 
accepted method of “neutralizing” emissions 
by investing in projects which prevent CO2 
emissions from being generated elsewhere 
or draw down and sequester carbon from the 
atmosphere  An example of a common carbon 
offset project is forest preservation, where the 
price of the offset goes towards preserving 
forest lands which sequester carbon  Another 
example is landfill methane capture, where the 
price of the offset goes toward installing gas 
recovery systems that convert methane into 
usable energy (versus escape to the atmosphere) 
in areas of the world where such projects would 
not otherwise occur (e g  under regulation) 

SFO’s Carbon Neutral goal applies to Scope 1 and 
2 emission sources, those that are under direct 
control of the Airport Commission as discussed 
in Section 1 and Appendix A  Emissions related 
to tenant energy consumption and other tenant 
activities are accounted as Scope 3 emissions, and 
thus are not subject to the Carbon Neutral goal 

The residual carbon emissions from Airport 
operations would be generated by non-electric 
Airport-owned vehicles (currently 8% of total 
Scope 1), wastewater treatment (~1%), and use of 
refrigerants in space conditioning systems (~5%, 
varies annually)  SFO will drive down emissions 
from each of those sources to the extent possible, 

particularly through vehicle electrification and 
use of refrigerants with lower GWP (as discussed 
in Section 2 2), but it would need to pursue offsets 
to achieve neutrality now and in the future  

In many cases, offsets can be less expensive in 
the near-term than high capital investments 
to eliminate residual emissions  However, 
because they do not eliminate the actual source 
of emissions, SFO will maintain a hierarchy 
of pursuing carbon neutrality by always 
prioritizing carbon-reducing capital projects 
first  As the Airport reduces actual Scope 1 
emissions, it may consider purchasing offsets as 
a commitment to global emissions reductions 
and to achieve its overall carbon neutrality goals  
Over time, as SFO moves closer to its onsite 
zero-carbon goal through direct capital and 
operational investments, the total quantity of 
offsets and associated expenditures required 
to achieve net zero carbon would decrease  

A background primer on the topic of carbon 
offsets and their relevance to the aviation 
sector can be found in Appendix D 

2.3.2 CARBON OFFSET PRICING

SFO could achieve carbon neutrality today through 
a bulk purchase of voluntary carbon offsets that 
meet ACA program guidelines  While offsetting 
only CO2 emissions is sufficient to reach ACA 
Program Level 3+, SFO measures its own carbon 
footprint based on total greenhouse gas emissions 
(see Appendix A), and, as such would offset 
all greenhouse gas emissions, including high-
global warming potential gases like refrigerants, 
methane, and nitrous oxide  In order to prepare 
for ACA program Level 3+ achievement at its 
time of renewal in the first quarter of 2021, 
SFO is investigating whether to acquire carbon 
offsets by the end of calendar year 2020 

Based on FY 2018 emissions, the cost of offsets 
for SFO to achieve carbon neutrality would likely 
be in the range of $55,000 to $128,000 per 
year  A detailed discussion of carbon offsets in 
Appendix D provides more insight to this price 
range, what types of offsets might be utilized, and 
factors that could influence price in the future 
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2.4 Conclusion 
In FY2018, SFO made significant progress from 
its prior Climate Action Plan, in accomplishing a 
39% reduction in operating carbon emissions, 
relative to the 1990 baseline  The remaining 11% 
needed to meet the Airport’s Strategic Plan goal 
of a 50% reduction by 2021 is still very ambitious, 
as the remaining emissions arise from sources 
that are difficult to decarbonize in the short-term  
SFO will continue to strategically integrate capital 
planning and operating measures that lead to 
absolute reductions on campus  In tandem with 
these efforts, SFO will consider offsetting emissions 
and increasing our stakeholder engagement 
efforts to drive exceptional environmental 
performance on our path to carbon neutrality 

These emissions reductions will be detailed 
in future Climate Action Plans, which will be 
significantly updated every three years to coincide 
with SFO’s renewal cycle in the ACA program  ACA 
requires an in-depth carbon reduction strategy 
and stakeholder engagement plan, and undergoes 
a third-party review to validate the Airport’s GHG 
emissions  In the interim years, SFO will produce 
and publish a succinct GHG inventory with a 
summary updates of accomplishments  This process 
will streamline SFO’s reporting in the ACA program 
while keeping track of and maintaining visibility 
on key Strategic Plan metrics and aligned projects 
across its key partners in its journey to zero 
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Appendix A: Background 
and Methodology

A.1 DEFINING EMISSION 
SCOPES AND BOUNDARIES

SFO’s carbon footprint can be delineated into 
three categories of greenhouse gas (GHG) 
emissions, as defined in the Kyoto Protocol 
and in conformance with the framework of 
the Global Reporting Initiative (GRI) and “GHG 
Protocol Corporate Accounting and Reporting 
Standard” (GHG Protocol) established by the 
World Resources Institute and World Business 
Council for Sustainable Development  7,8 
SFO also applies guidance from the “Local 
Government Operations Protocol,” which builds 
on the GHG Protocol to help local governments 
apply the GHG Protocol’s methods to their 
GHG inventories 9 The core elements of these 
protocols for SFO are summarized below:

Scope 1 – Direct SFO-Controlled emissions:

GHG emissions from operations or activities that 
are under the control of SFO, with emissions source 
that include SFO fleet vehicles, on-site heating and 
cooling infrastructure, refrigerant gas emissions, 
and wastewater treatment plant emissions 10,11 

Scope 2 – Indirect Emissions from 
Electricity Generation:

GHG emissions attributed to offsite sources 
of electricity, purchased, and consumed by 
SFO  The electricity delivered to SFO has been 
from a zero carbon source since 2012 

Scope 3 – Other Indirect Emissions:

The GRI’s GHG Emission Protocol describes Scope 
3 emissions as those generated as a consequence 
of a company’s activities, from sources not owned 
or operated by the company  Similarly, the U S  
Environmental Protection Agency (EPA) defined 
optional emissions as those emissions that are not 
directly emitted by but are connected with the 
reporting enterprise’s operations  At SFO, sources of 
Scope 3 emissions include, but are not limited to:

• Airport and tenant employees’ commute

• Aircraft landing and takeoff (LTO) operations

• Aircraft Auxiliary Power Unit (APU) fuel use

• Tenant natural gas use

• Rental car fleet operations

• Off-road construction vehicles

• Ground support equipment

• Public and commercial vehicular 
traffic on Airport controlled roads

• Solid waste material disposal

• Employee business travel12 

Even though a significant portion of SFO’s Scope 
3 emissions are attributable to entities other than 
SFO and essentially outside the Airport’s control, 
industry guidance has been to include these 
emissions in an airport’s Scope 3 calculations 13 
SFO also discloses these sources for transparency 
and commitment to these partners that serve 
our Airport in supporting their on-airport 
efforts to reduce these emissions sources 

The physical boundary of SFO’s carbon footprint 
has been defined as the geographic boundary 
of the Airport plus the airspace around SFO, 
which extends to an elevation of 3,000 feet 
above mean sea-level (relevant to landing and 
takeoff operations)  The Transportation Research 
Board (TRB) of the National Academies of 
Sciences provides the following classifications 
for GHG emission data depending on the 
type of gases included in such data:

7  https://www globalreporting org 
8 https://ghgprotocol org/
9  https://www arb ca gov/cc/protocols/localgov/localgov htm 
10 Biogenic CO2 emissions resulting from the combustion of renewable fuels are included 

in the carbon footprint calculations, but excluded from Scope 1 totals  Under the GRI 
GHG accounting framework, these biogenic emissions may be excluded from the Scope 
1 carbon footprint  However, the Scope 1 contributions of N2O and CH4   emissions 
resulting from the consumption of renewable fuels must be included 

11 Since SFO does not test firefighting foams on site, a designated Scope 1 emission, 
SFO has excluded emissions from these foams in the global GHG inventory  

12 Emissions associated with employee business travel is included in 
Scope 3 and not Scope 1, as required by the ACA program 

13 See, for example, “ACRP Report 11: Guidebook on Preparing Airport Greenhouse Gas 
Emissions Inventories,” Transportation Research Board, 2009; and “ACI Guidance Manual: 
Airport Greenhouse Gas Emissions Management,” Airports Council International, 2009 
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Level 1: Includes only CO2 emissions from 
the subject facilities and operations 

Level 2: Accounts for all greenhouse gases covered 
under the Kyoto Protocol, which include:14 

• Carbon Dioxide (CO2)

• Methane (CH4)

• Nitrous Oxide (N2O) 

• Hydrofluorocarbons (HFC)

• Perfluorocarbons (PFC)

• Sulfur Hexafluoride (SF6)

Level 3: Inclusive of the Kyoto Protocol greenhouse 
gases, plus any precursors and other gases 
that carry a potential for global warming  

A.2 AIRPORT CARBON 
ACCREDITATION FRAMEWORK

In 2015, SFO first pursued accreditation under 
the Airport Council International – Europe’s 
(ACI-Europe) Airport Carbon Accreditation 
program, and was awarded recognition at 
Level 3 (“Optimization”), one level below 
carbon neutrality level (Figure A-1) 

SFO achieved and maintained this recognition 
as a result of the Airport’s comprehensive GHG 
emissions inventory, its history of reducing the 
SFO-controlled carbon footprint, and its efforts 
to reduce or mitigate Scope 3 emissions  As a 
requirement of the ACI-Europe accreditation 
process, SFO’s carbon footprint calculations were 
independently verified in accordance with the 
International Organization for Standardization’s 
(ISO) criteria (ISO 16064)  This certification process 
involved rigorous examination of the preceding 
years of data pertaining to SFO’s GHG emissions, 
land use, and facility activity levels  Airports 
submit inventories each year, and undertake a 
third-party verification every second or third year 
depending on the level of program participation 

ACA PROGRAM LEVELS (Figure A-1)

14 SFO tracks GHG emissions in accordance with the TRB’s Level 2 GHG category 
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OVERVIEW OF SCOPES AND EMISSIONS AT AIRPORTS (Figure A-2)
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Appendix B: Factors 
Influencing the 
Carbon Footprint
Scope 1 and 2 emissions are relatively easy to 
track because they largely derive from directly 
measured data, such as utility meters, fueling 
records, refrigerant purchase and maintenance 
logs, and wastewater treatment operation  
Still, assumptions are made throughout carbon 
footprint calculations and some categories 
represent best estimates of actual emissions  SFO 
strives to be transparent in the methodologies 
and assumptions used in our DCAP 

Scope 3 emissions are often the hardest to track 
and estimate due to data which is incomplete, 
infrequently collected (and thus outdated), or 
owned by other entities  Estimation factors change 
over time due to changes in actual operations, 
but are often held constant every year because 
new factors are difficult to accurately source  One 
example is rental car emissions, where overall 
fleet fuel efficiency and average trip distance 
change, but are difficult to update without more 
granular data  These factors are sometimes 
taken from research studies that, themselves, 
are only rough estimates based on computer 
model results  For some Scope 3 categories, like 
emissions from Ground Support Equipment 
(GSE) and tenant-owned vehicles, SFO uses 
survey data from the third-party owners of the 
equipment because actual fuel records are not 
available to the airport  These surveys are being 
conducted more frequently to keep data more 
up to date, the most recent being in FY 2018  
Still, both the rate of response to the surveys and 
the individual respondents supplying the data 
affect the survey completeness and quality  A 
survey missing a response from a major tenant 
will decrease the accuracy of the data  Where gaps 
in data exist, prior year estimations are scaled by 
an appropriate growth factor, typically the year-
over-year percent change in passenger traffic, 
which is not always an accurate representation of 
actual emissions trending (i e  GSE fuel use could 
remain steady or even decrease while serving an 

increase in passenger volume if aircraft load factors 
remain constant while the GSE fleet becomes 
increasingly electrified)  The assumption is that 
increased passenger volume places additional 
burden on ground transportation and services, 
utilities, and the need for additional employees 
to accommodate the growth  When traveling a 
carbon neutral trajectory, that growth paradigm 
does not bode well for getting to zero, and calls on 
SFO to improve emissions accounting methods to 
more accurately reflect our progress  Despite these 
obstacles, we strive to serve our passengers and 
tenants with greater levels of service while driving 
down our overall energy use and carbon impacts  
SFO will continue to bridge the gap between its 
own operations and those of its partners through 
developing stronger surveying techniques 
and stronger partnerships with the Airport 
community to achieve a better understanding 
of the operations not under our direct control  

While seasonal and annual variations influence 
campus energy use, SFO does not adjust its 
carbon footprint to account for “heating degree 
days” (“HDD”) or “cooling degree days” (“CDD”), 
which is a measurement designed to quantify the 
demand for energy needed to heat a building  In 
particularly hot or cold climates, an entity may 
“normalize” its energy use or greenhouse gas 
impact to more evenly compare year-to-year 
building performance  In the Bay Area’s moderate 
climate, SFO’s annual variations are not wide 
enough to necessitate this adjustment, and the 
GHG inventory can still be compared from year to 
year  Still, SFO does see fluctuations in natural gas 
use, and natural gas use is the primary contributor 
to SFO’s directly controlled GHG emissions  
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Appendix C: Zero-Emission 
Ground Support Equipment
Roughly 2,300 pieces of equipment are permitted 
to operate on the airfield servicing aircraft  Ground 
operators that own and maintain this Ground 
Support Equipment (GSE) are comprised of 
both airlines and third-party companies that are 
contracted by airlines and cargo operations  In FY 
2018, GSE used over 1 9 million gallons, producing 
more than 18,000 tonnes of CO2-equivalent 
emissions – 1% of total Scope 3 emissions, and 
almost equal to SFO’s Scope 1 emissions from 
its own operations  While these emissions are 
influenced but not directly controlled by the 
Airport (thus counted as Scope 3), SFO does have 
a priority to reduce emissions from all sources and 
to work with stakeholders toward that objective  

C.1 TYPES OF GSE 

There are around 40 different types of specialized 
GSE and six types of standard passenger vehicles 
operating on the airfield  This equipment is 
owned, operated, and maintained by either 
the airlines or third-party contracted fixed 
base operators (FBOs)  The most common 
types of GSE are baggage tractors, belt loaders, 
forklifts, and airplane pushback tractors/tugs  
About 36% of the specialized GSE are electric 
models  Diesel vehicles make up around 
39% of airfield GSE, gasoline around 17%, 
and propane accounts for 7% of vehicles  

C.2 EQUIPMENT ELECTRIFICATION

Electric GSE (eGSE) is the most effective near-
term method of reducing GHG emissions from 
these pieces of equipment  Planning for a high 
degree of eGSE requires enhancing the lines of 
communication between tenant operators and 
Airport stakeholders so that parties understand 
infrastructure and equipment acquisition 
timelines and scenarios, and that new assets 
will be efficiently utilized  For example, the 
Airport should not outfit all spaces at all gates 
with chargers that will be underutilized if tenant 
operators are unable to purchase or rotate new 

15 “Zero-Emission Airport Ground Support Equipment,” https://
ww3 arb ca gov/msprog/offroad/gse/gse htm

eGSE into their SFO operations in the near term  
Conversely, tenant operators would not procure 
eGSE for SFO deployment without adequate 
charging infrastructure at the end-use gates 

Tenant operators must also consider which 
equipment types to electrify, as many types like 
widebody pushback tractors are not yet standard 
in electric models in the United States  High energy 
requirements and long duty cycles in operation 
make an all-electric design of these vehicles 
difficult  New and repowered eGSE typically have a 
higher capital cost than conventional models, but 
have lower and more stable operational (e g  fuel vs  
electricity) costs and may have lower maintenance 
costs due to fewer moving parts and elimination 
of ancillary operational concerns like fuel spills 

To date, SFO has installed 123 chargers throughout 
the airfield with 256 ports dedicated to GSE 
charging  There is a high concentration of charging 
infrastructure at Terminal 3 – roughly half the 
installed units – where United Airlines deploys 
the greatest number of eGSE of SFO’s ground 
operators  There are other boarding areas that have 
a lower penetration of eGSE and thus charging 
capacity  SFO has active projects underway at two 
Boarding Areas to increase eGSE infrastructure, 
and a ZEV Readiness Study underway led by the 
Sustainability & GSE Reaching for Number One 
Working Group to identify future opportunities and 
projects  As a new airport standard, the Terminal 
1 Redevelopment project will deploy over 100 
charger units at consolidated GSE parking spaces 

C.3 POLICY CONTEXT

The California Air Resources Board (CARB) has 
opened rulemaking to consider proposed GSE 
regulations to reduce ground-based emissions at 
California airports 15 The general aim is to switch as 
many pieces of GSE as possible to zero-emission 
models over time as a means of improving air 
quality at and around these facilities  As noted, 
to achieve a higher eGSE penetration at SFO will 
require careful asset management coordination 
across the varied parties currently overseeing 
procurement and onsite operations of this mode 
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Beyond this rulemaking, individual airports 
can set GSE-related policy and goals through a 
variety of venues like lease agreements, airport 
regulations, memoranda of understanding, and 
incentives  Los Angeles World Airports (LAWA) 
implemented a GSE policy in 2015 to reduce 
GSE emissions with a primary focus on oxides of 
nitrogen (NOx) 16 The policy sets an upper limit for 
GSE emissions to be achieved by the end of 2021, 
and institutes reporting requirements that are in 
line with data collected by CARB  In the near term, 
LAWA may consider offering financial incentives 
to ground operators for reducing GSE emissions  
SFO could evaluate and recommend a suite of 
policy objectives through its airside-focused ZEV 
Readiness Study working group, R4N1 Committee, 
in updates to regulations or lease terms, or 
through voluntary stakeholder partnerships 

C.4 FUEL SWITCHING TO 
REDUCE EMISSIONS

In the near term, fuel switching could present 
an opportunity for GSE operators to reduce 
emissions  One possible drop-in fuel strategy is 
the use of renewable diesel in equipment that 
already has a diesel engine  SFO has successfully 
used renewable diesel in fleet vehicles for 
about three years and can encourage airlines 
and FBOs to do the same among their GSE 

The price differential between conventional 
and renewable diesel is the key challenge with 
ground operators selecting this alternative as a 
drop-in replacement fuel, which means a fuel 
that can be used in existing vehicles with no 
equipment modifications  If operators cannot 
purchase renewable diesel at the same price point 
as petroleum diesel – and absent a corporate 
directive, SFO contract obligation, or a regulatory 
requirement – they will continue to select the 
most cost-effective fuel  However, renewable 
diesel receives a credit from the California 
Low-Carbon Fuel Standard and reduced taxes for 
off-road uses, which would lower the fuel cost 

In FY 2018, SFO collected responses from GSE 
operators and fuel providers to analyze GSE 
fuel data, which translated to 18,021 tonnes of 
CO2-equivalent emissions  This represents almost 
two and half times the GHG emission level from 
FY 2017, which reflected incomplete responses to 
prior Carbon Footprint surveys  We will continue 
improving GSE data collection through our GSE 
stakeholder engagement initiative  Ground 
operators should provide to Airport staff as part 
of regular reporting requirements the annual 
aggregated fuel quantities sold, and the totals 
will be used to compute GSE related emissions 

16 https://www lawa org/en/lawa-environment/lax/lax-gse-emissions-reduction-program  
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Appendix D: Carbon 
Offsets Primer

D.1 WHAT ARE CARBON OFFSETS?

A carbon offset is a means to represent that CO2 
emissions and other greenhouse gases emitted in 
one location have been reduced and compensated 
by an equivalent amount elsewhere  They are 
denominated in metric tons of CO2 equivalents, 
meaning all gases with global warming potential 
are equivocated to a unit of CO2  CO2 is a “global” 
pollutant, meaning the global warming effects 
of CO2 emissions are independent of geography  
Thus, offsetting CO2 emissions are not inherently 
more beneficial in one location than any other  
However, there may be “co-benefits” to CO2 
reductions that are location-dependent, which may 
include socio-economic benefits to communities 
that earn from carbon offset sales  Offset project 
location could impact the stringency of verification, 
meaning that the oversight body for offset 
projects must ensure high-quality projects that will 
yield meaningful and lasting carbon reductions 
according to widely-accepted standards 

D.2 WHERE DO CARBON 
OFFSETS ORIGINATE?

Carbon offsets are typically generated from projects 
that sequester carbon (i e , lock it away from 
atmospheric release)  Sectors in which offsets are 
typically generated include: mine methane capture, 
agriculture practice changes, livestock methane 
reduction, forest preservation and sustainable 
management, urban forestry, and the reduction 
of ozone depleting substances  What makes those 
emissions reductions into an offset is the notion 
that someone somewhere in the world wants to 
buy them, so once an emissions reduction activity 
becomes a marketable product, it becomes an 
offset  The market trend for buyers is to seek offsets 
that have been verified as real, long-lasting, and 
meet the buyers’ needs (e g  for carbon neutrality, 
environmental improvement, meeting a regulatory 
requirement, making a product or marketing claim)  
There are a number of independent bodies that now 
certify carbon offsets, and also a variety of companies 
and organizations that move offsets around the 
market (e g  brokers, wholesalers, retailers) 

SFO has very limited opportunities to generate 
offset projects onsite given land use constraints and 
lack of market protocols to verify projects so that 
emission reductions will be lasting and quantifiable 

SFO has not sought to certify projects such 
as tree planting as offsets, because the cost 
of verification and registration at such a small 
volume (approximately 120 tons per year) 
would make the offset cost very high and thus 
not marketable  Thus, SFO no longer accounts 
for tree planting and maintenance as an offset  
However, some carbon reduction projects like 
vehicle electrification (i e  installing EV and 
ground service equipment charging stations) 
qualify for credits under the State’s LCFS 
program  SFO is investigating how credits can 
be generated through this mechanism to fund 
emission reduction and other types of projects 

Carbon offsets indicate when the project was 
initiated and the ton of reduction was certified  
This establishes an age of an offset known as 
the vintage  The ACA Program encourages 
offset vintages that are no older than five 
years (and none prior to 2013) with an aim of 
raising buyer confidence in quality projects 

D.3 HOW WOULD AN AIRPORT 
PURCHASE CARBON OFFSETS?

Offsets may be purchased through a variety of 
means such as brokers, online marketplaces, and 
directly from carbon-reducing projects  Offset 
markets may be voluntary or mandatory (e g  
where carbon reductions are required by law or 
regulation), and the price of carbon offsets will 
likely vary depending on the market type from 
which they are acquired and by the “quality” of the 
offset project  Quality can be determined by factors 
such as longevity of the project, verification and 
measurement of the carbon reductions, geographic 
location, and type of project  Many consulting 
firms and non-profit organizations have emerged 
to serve an independent verification function that 
adhere to strict carbon offset standards and criteria, 
such as additionality – the carbon reductions would 
not have occurred but for the offset project 
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D.4 HOW MUCH DO CARBON 
OFFSETS GENERALLY COST? 

Offset costs range widely from less than $1 to 
more than $200 per metric ton  The lowest cost 
projects are typically internationally sourced 
and may not pass through stringent verification, 
and/or likely do not qualify to be sold in certain 
markets  Prices are also typically lower in voluntary 
markets, and can cost as low as $2-3 per ton, 
even where independently certified  Mandatory 
market prices effectively set a “floor” on carbon 
prices  If a carbon project can sell into a mandatory 
market and meet that market’s eligibility 
requirements, it has no incentive to offer those 
offsets into the voluntary market at lower prices 

Retail voluntary offsets typically sell for $10-15 per 
ton when purchased in low volumes (e g  fewer 
than 10,000 tonnes)  At SFO’s projected purchase 
volume, wholesale purchasing opportunities may 
be available and could bring prices below $10 per 
ton  Offsets costs may be higher where offsets are 
sourced in small volume from specific projects that 
may require ongoing management (e g  small-scale 
urban forestry projects)  For example, The City and 
County of San Francisco’s Carbon Fund, managed 
by Department of Environment (SF Environment), 
is one such local program with a relatively small 
volume of offsets generated  Its local focus 
necessitates higher program delivery needs and 
greater worker wages than a low-cost offset project 
like managed forest restoration and preservation 
in a developing country  Organizations that have 
social sustainability goals may find local and 
regional projects attractive for social benefits  

D.5 IS THE COST IMPACTED BY CARBON 
OR CLIMATE REGULATION?

California operates a mandatory market through 
the California Air Resources Board (“CARB”) 
for entities that are required to reduce carbon 
emissions under the California Global Warming 
Solutions Act (i e  “AB 32” or Assembly bill 32, 
passed in 2006, which created the regulatory 
program, also referred to as “cap and trade”)  
California’s credit clearing price was around $15 
per ton in the November 2017 cap-and-trade 
auction, having risen from $10-11 per ton in 
2015  SFO is not required to participate in the 
CARB cap and trade program as its emissions 
are historically lower than the program’s 
thresholds 17 Therefore, SFO’s interest in carbon 
offsets would be through the voluntary market 

D.6 WHO ELSE BUYS OFFSETS 
AND WHAT DRIVES DEMAND?

The demand for carbon offsets is increasing 
nationwide as companies and cities make climate 
change and carbon reduction commitments  In 
the last decade, demand for voluntary carbon 
offsets has grown by over 140-fold, as major 
brands, like Disney, Microsoft, and most recently 
Lyft, use offsetting as part of their emissions 
reduction strategies 18 New demand will be 
driven by international aviation policy – namely 
the Carbon Offsetting and Reduction Scheme 
for International Aviation (CORSIA) – that 
will generate significant near-term demand 
for offsets when the requirement for carbon 
neutral growth after 2020 takes effect 19 

The increased demand could place pressure on 
limited project development opportunities and 
increase the stringency for verified reductions, 
which could drive up offset prices  It could also 
drive new and innovative carbon offset projects 
that may not have immediate access to mandatory 
or compliance carbon markets (e g  insufficient 
protocol development) and increase offset supply  
However, current signs are that compliance 
markets, the Paris Agreement, and CORSIA may 
drive offset demand and crunch voluntary market 
supply 20 SFO will watch these trends as they 
could affect the timing on acquiring offsets 

17 Facilities emitting over 25,000 MT from stationary sources must participate 
in the Cap and Trade program  Emitters between 10,000 and 25,000 MT 
must report emissions to CARB, but are not subject to a carbon cap 

18 “Voluntary Carbon Markets Insights: 2018 Outlook and First-Quarter Trends,” Ecosystem 
Marketplace, p  19  https://www forest-trends org/publications/voluntary-carbon-markets

19  https://www icao int/environmental-protection/CORSIA/Pages/default aspx
20 Ecosystem Marketplace report, pp  13-15
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D.7 ARE THERE ANY AVIATION
SECTOR OFFSETS?

As carbon markets emerge and mature, the types 
of projects from which offsets are sourced will 
expand  However, there are currently no protocols 
that create or allow offsets from project specific 
to the aviation sector  That, too, is evolving 

Alternative fuels, such as renewable diesel or 
sustainable aviation fuels, are subject to fuel-
specific policies and production incentives, and 
are ineligible to be sold as carbon offsets (e g , 
should not be double-counted, policy incentives 
are usually higher than offset market value)  
Electrification of fossil-based equipment such 
as vehicles are tricky to conceive and capture 
in carbon markets, as vehicle emissions are 
regulated and targeted for reduction using many 
policy approaches  In other words, accounting 
for carbon reductions from vehicles is difficult 
because emissions may be reduced through 
means other than carbon offsets, negating their 
additionality  However, there are efforts to find 
electrification opportunities for which offsets are 
appropriate, such as aviation sector reductions 
from Ground Support Equipment, which remain 
largely unregulated  This landscape may shift 
as regulatory bodies target GSE emissions 

D.8 WHAT MIGHT OFFSETTING
SFO’S EMISSIONS COST?

Six cost estimates are presented below, 
reflecting three different quantities of 
emissions offsets at two price levels:

• $3 per ton on the low end, reflecting projects
like landfill gas and international forestry

• $7 per ton as a moderate assumption for
bulk or wholesale purchase, reflecting
projects with a higher likelihood of
originating regionally or in sectors that are
not likely to be regulated in the near-term
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Appendix E: Valuing 
Carbon in Capital Projects
Beyond making SFO facilities more energy efficient 
with reduced operating carbon emissions, the next 
step is to decarbonize the building materials  The 
Airport strives to drive the industry by bringing 
transparency to the GHG impacts of investments 
made and materials used across its capital 
projects  This is done by focusing on reducing 
the energy and associated carbon emissions that 
go into producing and using building materials 
(i e  embodied carbon), and also using building 
materials manufactured with waste industrial 
carbon (e g  sequestered carbon in concrete 
aggregate)  To better understand embodied energy 
and carbon, SFO project teams are required to 
provide a life cycle assessment (LCA) that quantifies 
the carbon emissions during material production 
and transportation (known as “cradle to gate”)  
This is followed by a triple bottom-line cost benefit 
analysis (TBL-CBA) for major systems and materials 
(e g  glazing systems, HVAC systems, concrete, 
steel) where a price is established for carbon 21 

A carbon price allows proposed construction 
projects to be evaluated on a “levelized” basis 
with respect to carbon emissions  A carbon 
price can be applied to the lifecycle operating 
cost of the building to represent the cost of 

emitting carbon (e g  the cost of offsets or 
mitigation measures), an approach that typically 
does not account for the embodied carbon of 
building materials  However, a TBL-CBA employs 
a carbon price to represent the net benefit of 
not emitting carbon, and to account for a wider 
range of impacts to bring transparency to costs 
not traditionally valued  These might include 
health effects, climate change related damage, 
and regional air pollution (i e  externalities) 

Organizations typically do not attempt to offset 
the impacts of embodied carbon in materials  
While embodied carbon can be considered a Scope 
3 impact, most organizations typically do not 
include those emissions, and accounting protocols 
like those adopted by the ACA program do not 
require source-based emissions that occur outside 
an organization’s GHG boundary  Regulatory or 
compliance schemes apply only to upstream inputs 
like fuel production on a more macroeconomic 
level, and not downstream at the individual 
building level; therefore, organizations have little 
incentive or mandate to address the lifecycle 
emissions of their building materials  Therefore, 
TBL-CBA analyses important tools for organizations 
to make more informed decisions in selecting 
low-carbon and low-impact infrastructure 

The science behind building-scale embodied 
carbon accounting and the tools to analyze 
and compare different materials are advancing 
rapidly as organizations and governments 
require green building practices and demand 
low-impact buildings  The U S  Green Building 
Council LEED Green Building Rating System 
recognizes the global and local impacts of 
reduced embodied carbon in building materials 
and offers credits for these reductions based 
on LCA documentation 22 LEED also provides 
a pilot credit for performing a TBL-CBA 

SFO is actively working with external stakeholders 
like architecture and construction firms to 
evaluate embodied carbon tools and practices 
that are already informing material selection 
in the Terminal 1 Redevelopment Project  
Airport standards can be updated to drive 
low-carbon materials selection, informed by 
the outcomes of the Terminal 1 project 

ANNUAL  OFFSET PRICING SCENARIOS (Table D-1)

EMISSIONS 
SCENARIO

METRIC 
TONS CO2 
EQUIVALENT

OFFSET 
PRICING AT 
$3/TON

OFFSET 
PRICING 
AT $7/TON

All FY2018 Scope 
1 GHG Emissions

18,252 $54,756 $127,764

CO2-only FY2018 
Scope 1 *

16,793 $50,379 $117,551

50% of 1990 
Baseline GHG 
Emissions (Per 
Strategic Plan Goal)

14,851 $44,553 $103,957

* Refrigerants and other non-CO2 gases are excluded from this scenario as the ACA 
program does not require reporting of those gases under current guidelines, and SFO 
would not be obligated to purchase offsets for refrigerant-related emissions in order 
to achieve ACA program Level 3+ (i e  carbon neutrality)  However, since SFO’s carbon 
neutral goal is tied to its GHG inventory, which includes non-CO2 gases, those gases would 
be offset as well (i e  exceed the ACA Level 3+ requirement)  Refrigerants may create 
variability in annual offsets due to occasional – and sometimes substantial – leaks 

21  In 2019, the carbon price used in this analysis is approximately $55 USD/metric ton  SFO 
does not actually pay this price; it instead reflects the benefits that accrue from avoiding 
the emissions (i e  quantifies the external impacts or “externalities” of the emissions) 

22 For more information on LEED (Leadership in Energy and 
Environmental Design), see https://new usgbc org/leed 
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