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These Protocols can be used for all forms of motorsports; however, only certain combinations of Green Racing Elements
will result in motorsport competitions that are recognized as Green Racing events. As new information, fuels and
technologies emerge, addendums or new protocols will be developed.

The SAE International (SAE) Motorsports Engineering Activity is also an invaluable source of reference materials and
ongoing technical advice providing access to the constantly evolving set of best safety and operational practices for
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current and emerging technologies. This is especially true with regard to high voltage safety and the adoption of other
advanced propulsion and fuel system technologies.

2. REFERENCES

2.1

Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical

Report.

NOTE: Users should ensure that the latest revision and updates of these documents are being referenced. Additional
related publications may become available at any time, and thus this list should not be considered complete. Each
racing sanctioning body is responsible for determining the most appropriate set of standards to its form of

tary. The standards

motorsports,_whether local, national, or international. Complying with SAE standards is volu
do not endofse any specific products or company'’s services.
2.1.1 SAE Publicgtions
Available from SAE |nternational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-6
and Canada) or 7241776-4970 (outside USA), www.sae.org.
SAE J1715 Hybrid Electric Vehicle (HEV) & Electric Vehicle (EV) Terminology
SAE J1766 Recpmmended Practice for Electric, Fuel Cell and Hybrid Electric Crash Integrity Tes
SAE J2344 Guidelines for Electric Vehicle Safety
SAE J2464 Eleqtric and Hybrid Electric Vehicle Rechargeable Energy Storage System (RESS
Testing
SAE J2578 Recpmmended Practice for General Fuel Cell Vehicle Safety
SAE J2929 Safety Standard for Electric andHybrid Vehicle Propulsion Battery Systems Uti
Rechargeable Cells
SAE J2950 Recpmmended Practices (RP) for Shipping Transport and Handling of Automotive - ]
- Lithium lon
SAE J2990 Hybrid and EV Firstand Second Responder Recommended Practice
2.1.2 Federal Motpr VehicleS'Safety Standards (FMVSS) and Department of Transportation (DOT)
Available from the Dpcument Automation and Production Service (DAPS), Building 4/D, 700 Robbins
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/

D6-7323 (inside USA

ing

Safety and Abuse

izing Lithium-based

[ype Battery System

Publications

Avenue,

FMVSS 305 Electric

Powered Vehicles: Electrolyte Spillage and Electrical Shock Protection

Available from the Superintendent of Documents, U.S. Government Printing Office, Mail Stop: SSOP, Washington, DC

20402-9320.

DOT HS 811 574, ‘Interim Guidance for Electric and Hybrid Electric Vehicles Equipped with High Voltage Batteries’
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2.1.3 International

Organization for Standardization (ISO) Publications

Available from International Organization for Standardization, 1, rue de Varembe, Case postale 56, CH-1211 Geneva 20,
Switzerland, Tel: +41-22-749-01-11, www.iS0.0rg.

ISO 6469:2009 Electrically propelled road vehicles - Safety specifications

ISO/TR 11955:2008

Hybrid-electric road vehicles - Guidelines for charge balance measurement

ISO 23274:2013 Hybrid-electric road vehicles - Exhaust emissions and fuel consumption measurements

ISO 26262:2011 Road vehicles - Functional safety

2.1.4 American National Standards lnstitute (AI\IQI) Publications

Available from Ame
4900, www.ansi.org.

Standardization Roa|
2.1.5 National Firg

Available from Natio
www.nfpa.org.

Electric Vehicle Eme
NFPA 52, Vehicular
2.1.6 Federation |

Available from FIA H
930 3882, http://ww\

rican National Standards Institute, 25 West 43rd Street, New York, NY 10036+

d Map for Electric Vehicles Version 2.0, May 2013
Protection Agency (NFPA) Publications:

nal Fire Protection Agency, 1 Batterymarch Park, Quincy; MA 02169-7471, Tel: 6

rgency Field Guide (2013)
Gaseous Fuel Systems Code (2010)
hternationale de I’Automobile (FIA) Publications:

oundation for the Automobile and. Seciety, 60 Trafalgar Square, London, WC2N 5
y.fla.com/sites/default/files/requlation/file/2013.

Technical Regulationfs for Alternative Energy Vehicles (2013)

FIA Alternative Ener
Specific General Prg
3. BACKGROUND

SAE International eq

jies Cup (2013)
scriptions - Alternative Energies Cup 2013
OF THE GREEN RACING PROTOCOLS

tablished a Green Racing Working Group (GRWG) in April 2006 with the intent

for original equipme)
racing’s energy and

nt manufacturers (OEMs), motorsport sanctioning bodies, and those With an in

8002, Tel: 212-642-

| 7-770-3000,

DS, Tel: 44 (0) 207

bf becoming a forum
terest in addressing

" Green Racing and

resulted in the Green Racing Protocols, published in October 2008 as SAE J2880. Since then, the protocols have been an
important factor in guiding motorsport to greater energy efficiency, reduced reliance on petroleum, and a smaller
environmental footprint. Several major racing series around the world have taken steps outlined in the protocols, and
many industry and motorsport leaders support the actions recommended in the protocols.

In October 2012, a committee composed of industry, government, and motorsport representatives was formed to update
and revise the protocols as part of SAE’s ongoing effort to keep its technical standards current. The recommendations in
this revised document will further contribute to this historical movement.
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4. GREEN RACING’S DEFINITION AND MISSION

Green Racing embraces all activities that capitalize on the pivotal role motorsport can play in the development and
adoption of technologies that form the basis of sustainable personal mobility. These Green Racing protocols have been
established to provide guidance to motorsport’s governing bodies to develop better technology-neutral rules and embrace
a sustainable transportation future. They serve to provide a foundation for motorsport competitions based on sound
engineering and environmental principles.

4.1 Definition of Green Racing

Green Racing is a philosophy that uses motorsports’ competition to develop and demonstrate more fuel efficient and
environmentally-friendly vehicle designs, technologies, and fuels that can be used in consumer vehicles while helping to

create a sustainable future for society and itself. Green Racing’s philosophy extends from rewarding innovative
engineering on-track to embracing best environmental practices at the track and shop

4.2  Green Racing|Mission

Green Racing uses
fuels. This results i
worldwide. Green R
attracts growing nur

vehicle competitions to promote and accelerate the use of advanced technolg
N increased availability and acceptance of cleaner and more efficient vehicles
acing provides exciting and engaging entertainment and a versatile"’communig
hbers of fans and sponsors, while presenting industry and the an base with a

gies and renewable
in the marketplace
ations platform that
path to sustainable

personal mobility
motorsport facilities

vorldwide. These recommendations also extend to the¢ environmentally-sefpsitive operation of
hnd off-track team operations.

5. GOAL AND OBJECTIVES OF THE GREEN RACING PROTOCOLS

5.1 Green Racing|Protocols Goal
Develop recommendations that harness racing’'s accelerated pace of development to increase the 3
efficient and environmentally-friendly technology for productien vehicles, accelerate its acceptance arn

worldwide, and returh motorsport to technological leadership:

vailability of energy-
d use by consumers

5.2 Green Racing|Protocol Objectives

al

Provide recommendations for Green RacCing that yield competitive, entertaining, cost-effectiv
meeting the objgctives of sustainable mobility;

motorsports while

Support environimentally responsible.and sustainable technology development in motorsport that ¢an be transferred to

future production vehicles by OEMSs;
Promote envirorimentally friendly operations of motorsport venues, competition events, and racing team facilities;
Assist sanctioni
progress; and,

ng bodies in establishing a roadmap to increasing green practices, including the measurement of

Provide motorsport sanctioning bodies with information, and work with them to develop flexible options and scenarios,
so that they can make informed decisions that incorporate Green Racing Elements in their competitive events.

6. ELEMENTS OF GREEN RACING

The committee identified a range of technologies, fuels, and operational procedures that support development of a
sustainable future for both motorsports and personal mobility, and organized them into five Green Racing Elements.
These Elements represent broad areas of technology and fuels development that underpin efforts by vehicle
manufacturers and energy suppliers to respond to demands from the market and regulators shaping future vehicle
designs. Although these Elements are written at a high level, their intent is to encompass the entire scope of actions by

motorsport sanctioning bodies. They provide means to meet the needs of vehicle manufacturers, sponsors, and fans while
creating new interest in the broader public laying the foundation for future growth of the sport.
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The Elements of Green Racing are:

Propulsion Systems: In response to demands for greater energy efficiency and extremely low emissions, powertrain
diversity has become a fact of life for the automotive industry. Racing has played a significant role in this development
in the past and still can contribute to future efficiency gains from engines, electric motors, transmissions and
differentials/axles. Currently, hybrid and electric vehicles have limited opportunities in motorsports. These and other
types of energy converters are now viable options and should be allowed and encouraged to join in competition.
Allowing these advanced propulsion technologies to compete would increase their robustness and improve their
acceptance by the vehicle-buying public by demonstrating they are ready for even the most demanding street use. In
addition, an explosion in transmission options has made ten-speed automated and continuously variable
transmissions production realities. More development of these and other propulsion system technologies are needed
to meet the future demand for efficient, clean vehicle technologies. The Propulsion System Element captures and
organizes a wide range of propulsion technologies of and places them into an ascending order of difficulty in applying
them to motorsports. Given the substantial amount of engineering, investment, and expense required to develop
Propulsion Syst¢ms, the Committee has given a weighting factor of two for this Element of Greefi Racing beyond the
Core commitmeht level. These additional points also recognize the substantial effort requiredyby sanctioning bodies
who allow thes¢ advanced powertrains to balance performance of various powertrainrsolutigns through sporting
regulations to agsure exciting, competitive racing.

Fuels/Energy Carriers: With the wider diversity in propulsion systems comes awidef diversity|in fuels and energy
carriers. Racing |should reflect the choices that are or will soon be available to thelpublic, while requcing the amount of
petroleum used fn transportation fuels — a cornerstone of U.S. energy policy. for‘more than two decades. Additionally,
gaseous fuels have significant potential in motorsports, particularly naturalgas, as well as enefgy carriers such as
electricity and hydrogen. This Element gives sanctioning bodies a way to embrace new and consumer-relevant
technologies in the future.

Energy Recovel

y: One of the great opportunities for motorsportsris facilitating the recovery of

vehicle propulsi
available for har
storing recoverg
electric, kinetic,
validation of adv
recovery techno
factor of two for

Improved Efficig]

bn and enabling it to be reused for increased performance and efficiency. §

d energy are urgently needed for production as well as racing vehicles. Th
and hydraulic/pneumatic methods of\storage, and ways to better incentivize t
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ogies increase dramatically above:the Core commitment level. The Committee h
his Element of Green Racing bgyond the Core level.

ncy: All racing rewards efficiency, whether kinetic, aerodynamic, energy convers
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tangible ways f
reduce consum
energy consumg

Emissions Redu

bncy Element echoes)the primary engineering challenge for production vehid
r motorsports to_build on this fundamental principle of sustainability. This Ele

tion as a whole;

ction: Reducing carbon emissions remains one of the most important and chall

the automotive i
its relevance to

hdustry,~and is central to its long-term sustainability; it is the principal focus of th
produection vehicles. This Element also seeks to establish a baseline of current e

energy produced for
bignificant energy is

vesting, such as engine exhaust and the kinetic energy from the vehicle itself. Improved methods of

s Element includes
e development and
ent of waste energy
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ion, or tractive. The
les, while providing
ment also seeks to

bles other than fuél such as tires and lubricants, as these also have a large impact on the sport’s

bnging issues facing
is Element mirroring
posure levels where

large numbers (

f fans congregate to ensure they are not exposed to potentially harmful levels

of criteria emissions

from the wider variety of potential fuel types.

The Green Racing philosophy applies not only to activities on the track, but also to adopting more environmental- and
energy-conscious race track and team operations off the track and in the shop as well. Many sports venues have taken
this holistic approach in reducing waste, improving recycling and conserving energy. As a result, they have experienced
an improved image with the fans, media, and government and improved their bottom line. In an effort to increase the
focus and reduce the complexity of these Protocols, track and team operations are not included as a separate Green
Racing Element; however, it is strongly encouraged that racing series and teams adopt this aspect of the Green Racing
philosophy as an integral part of their Green Racing program. A significant amount of helpful material towards these ends
is available. For example, track owners can find a wealth of tools and success stories from a wide variety of sports venues
on the Green Sports Alliance website, at http://greensportsalliance.org/. In particular, track operators are encouraged to
collect information regarding their operations to develop an understanding of their energy and environmental footprint.
Information on their electricity and diesel use, volume of recyclables, landfill and other waste, water use and traffic
patterns can establish a baseline from which improvements can be measured. For teams, the Fabricators and
Manufacturers Association, publishers of Green Manufacturing magazine available at www.greenmanufacturing.net, has
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similar information. A prime target for tracks and teams is to reduce the amount of diesel fuel consumed by temporary
generators used for paddock and hospitality operations at the track, and those used to power trailer transporters and
motorhomes. In order to reduce non-renewable fuel use and local air pollution, these operations and temporary work and
living facilities should be connected to the electrical grid whenever feasible.

7. GREEN RACING ELEMENTS MATRIX

Since there are hundreds of forms of motorsports around the world, not one set of recommendations for future sustainable
racing could fit them all. The committee sought to organize and differentiate various stages of Green Racing activities and
provide incentives to gradually increase commitments to relevant and sustainable motorsports. Thus, a matrix of Green
Racing Elements was created to combine the four commitment levels with the five Elements as a way to rate the degree
of Green Racing activities for a given race series. Use of the matrix allows many approaches to Green Racing to be

validated and recognized.

The four commitmen

Core: The Core
adopting Green
already employ
and commitmer
Adopting Core ¢
eligibility for recq

Enhanced: The
into individual rg
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t required to raise their series up to the Enhanced level is_straightforward
bvel action(s) for each Green Racing Element is awarded one &reen Racing poir]
gnitions and awards, as shown in the Matrix in Table 1.

Enhanced commitment level builds on Core actions te.extend the reach of Gre
ce series or categories. The content of this level hasvbeen designed to comple
ner Green Racing Elements. Implementing Enhanced level action(s) for each Gr
umber Green Racing points shown in the Matrixin*Table 1.

evated commitment level is a significant step above the previous level, with man
it to the situation, race series, or categofy. Achieving Elevated level action(s) fof
led the number of Green Racing points~shown in the Matrix in Table 1.

innacle commitment level is the highest expression of Green Racing achievem
their categories with a series jof “and/or” options that allow it to be responsivs

racing formats gnd content. This highest ring of the Green Racing achievement ladder also incl

respond to unfo
classification is
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Element is awar

Combining the Elem
communicating and
content of each cell
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feseen innovation in adapting to fast-moving technology developments. The un
ntended to apply only.to technologies and fuels that represent the highest le
hcurrent with the spirit of Green Racing. Reaching Pinnacle level action(s) for
ed the number of-Green Racing points shown in the Matrix in Tablel.

ents of Green Racing and four commitment levels in the Matrix results in a conde
assessing-the degree of Green Racing activities in a race series. Considerable
of ther Green Racing Matrix. A description of each Green Racing Element an
elow’explain the rationale of the committee.

begin the process of
series will find they
ill find that the effort
and relatively easy.
t, used to determine

bn Racing Elements
ement actions at the
pen Racing Element

y “and/or” options to
each Green Racing

ent. It also presents
to a wide range of
ides the flexibility to
foreseen innovation
el of Green Racing
each Green Racing

hsed method of both
hought went into the
d the content of the

Propulsion Systems

Element

Core Level: Either spark ignition (SI) engines with equal to or greater than ten percent renewable fuel or compression

ignition (CI) engines using any diesel fuel. No spec powertrain series can qualify for this level unless modifications are
allowed to foster innovation and improve the efficiency and performance of the engines operating on the allowable
renewable fuel(s).

Enhanced Level: Sl engines with 10 percent or more renewable fuels content and Cl engines using any diesel fuel

must both be allowed to move up from the Core Level. Powertrain development and diversity are an essential part of
Green Racing, so once again, no spec engines qualify for this level unless modifications are allowed to simulate
innovation, engine efficiency and power optimization.

Elevated Level: Enhanced content and/or electrified propulsion (e.g., HEVs) and/or natural gas-fueled engine

characterize this level. Racing series that allow either Sl or Cl engines with electrified propulsion components qualify

for this level.
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Pinnacle Level: Elevated content plus non-spec plug-in powertrains and/or fuel cell prime mover, or similar

unforeseen innovation must be exhibited. The highest Propulsion System level consists of advanced technologies that
will accelerate development and validation of candidate technologies for future road vehicles.

Fuels/Energy Carriers Element

Core Level: Must demonstrate a 10 percent reduction in Well-to-Wheel (WTW) oil use over baseline of no renewable

fuel use. The WTW perspective used in this document is based on a Total Life Cycle philosophy that takes into
account the entire impact of using a resource from its location, extraction, refining, transportation, and use. It is a
holistic approach that seeks to completely and fairly characterize the resources’ impact to allow the most informed
decisions regarding its best use. See Appendix 1 for a more complete discussion of this application of Total Life Cycle
analysis and examples of how these data are obtained. The 10 percent oil use reduction requirement is typically
achieved with 10 percent first or second generation renewable fuels, but can come from any combination of traditional

fuels and higher

percentages of renewable fuels. First generation renewable fuels are those mad

e from seeds or fruit

usually reserved
renewable fuels
renewable fuels
generation rene
motorsports wit
national energy
the dependency
driving rationale
eligible for Core

Enhanced Level

for animal or human consumption like corn, sugar cane, millet, or rapeseed
are made from crop waste or plants that are not food crops (e.g., switch ‘gras
are typically algae-derived, but can include biomass gasification. At the 'time
wable fuels were still in early stages of development, but could be\ready f
in the five year time horizon for this revision. Increasing renewable“fuel use
policy that will produce substantial economic and energy securitychenefits. The
of the transportation system on non-renewable oil resources while reducing car
for this Green Racing Element and the Core Level contentsNo leaded fuels

achievement status.

Twenty percent reduction in WTW oil use over baseline of no renewable fuel us

This requiremen
combination of
combination of t

Elevated Level:
plug-in hybrid v
This requiremen
of both. This lev

Pinnacle Level:
baseline of no
unforeseen inno
generation rene
oil use can com
unforeseen inno

Energy Recovery El

Core Level: Usi

t is typically accomplished with 20 percent first generation or second generatio
oth, or with third generation biofuels. The 20 percent reduction in petroleum useg
aditional fuels and higher percentages of renewable fuels.

Thirty percent reduction in WTW oil usetever baseline of no renewable fuel use

hicles or/and a gaseous fuel (naturakgas, hydrogen, or liquefied petroleum gag
t is typically accomplished with 30 percent first, second generation renewable fug

The highest level for Fuels/Energy Carriers targets either a 50 percent reduction
renewable fuel use, a mix of these fuels with a gaseous fuel, electricity as
ation in fuels or energy~carriers. This requirement is typically achieved with 50 pg
vable fuels or a combination of both with third generation biofuels. The 50 perce
bation of similansignificant impact has also been provided at the Pinnacle Level.
bment

hg-the waste exhaust energy from the engine to enhance performance define

Second generation
s). Third generation
of this writing, third
pr demonstration in
is a cornerstone of
mperative to reduce
Don emissions is the
an be used and be

e must be achieved.
N renewable fuels, a
can come from any

or/and electricity for
) must be achieved.
ls, or a combination

bl seeks to increase utilization of renewable biofuels and increase diversity for non-traditional fuels.

n WTW oil use over
he only fuel, or an
brcent first or second
ht reduction in WTW

e from any combination of traditional fuels and higher percentages of renewabl¢ fuels. Room for an

s the Core level for

Energy Recover

y technologies. The most common method to use waste exhaust energy is the tu

bocharger, although

bottoming cycle

power production also meets this definition.

Enhanced Level: The largest source of available energy for recovery is the kinetic energy of the vehicle. This level's

technologies capture this energy mechanically or electrically and reuse it for propulsion. Limitations to energy storage
system size are established by their energy capacity. Restrictions on the frequency that energy storage systems can
be changed during the season are also included to incentivize durable energy storage and control costs.

Elevated Level: Includes the provisions of the Enhanced Level but changes the basis of limits on energy storage

applied to hybrid electric vehicles to its available power. Not all energy storage systems have the same power output
for the amount of energy stored, and power is more important for motorsports applications than energy so limits based
on power are more appropriate for racing (e.g., the difference between batteries and supercapacitors). Also included
in this level on an “and/or” basis are other technologies for recovering waste energy for propulsion or to power
auxiliary loads and energy storage systems based on compressing liquids or non-flammable gases. These additional
technologies have shown promise for production vehicles and are included to encourage thinking outside the box in
this important area of developing technology.
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Pinnacle Level: This top level in Energy Recovery includes the content of the Elevated Level, but changes the
philosophy of limiting energy storage size to a mass-only approach. This metric focuses the development and
validation of energy storage technology on the key technical barriers of improved power and energy density. There
should be no restrictions on harvesting or use of recovered energy at this level. A provision for unseen innovations in
these rapidly changing technologies with similar impacts to those described is also provided at this level.

Improving Efficiency Element

Core Level: Since efficiency is an important consideration in most forms of racing, this base level consists of
traditional sporting regulations that restrict intake air for engines and add mass and aerodynamic drag to balance
performance levels between cars. These rules form the basis for taking low-cost steps to improve and encourage
more efficiency from today’s racing cars and changing the approach to designing tomorrow’s competitive machines.
Essential to this level is the measurement of each car’s energy consumption. This fosters an understanding of the
energy and environmental impact of each car, series, or category, and establishes a baseline from which progress
can be measured. This requirement for is also included in the Core Level for the Emissions Elenpent, and is a critical

part of Green R4cing.

= Enhanced Level

This includes actions in the Core Level and adds energy recovery forpropulsion

approach to bal
vehicle efficienc
approach should
the rest of the
increased effici
understanding th
the efficiency of

that car’s efficiefcy to balance performance.
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control engine p

Ancing performance. Energy recovery used for propulsion or auxiliary‘loads is
, and is included here as well as in the Enhanced Level in Energy-Recovery. W
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at efficiency is valued and embraced by the race series 0r category. In so doing
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This level includes actions contained in the (Enhanced Level, adds the use of
pwer, and replaces air restrictors that choke\off oxygen needed for combustion.

to work, and lin

hiting the rate of fuel they consume provides additional incentives to increas

Emissions Reduction Element

Improving the efficiency of engines is a major focus for@dvanced production vehicles, and is an g
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hd drag reduction for
g this bias towards
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we seek to improve
brate deterioration of
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Engines convert fuel
e engine efficiency.
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to provide majoi contributions to the field. Additionally, this level sets a target for reducing the pumber of tires used

per season. Ovér their lifetime, each set of tires“tepresents more energy than the car consume
Reducing tire uge is an important part of reducing energy consumption and environmental impact
a 2010 baseline] the metrics of tires/vehicle’Km of racing over one season should show a 15 perct

Pinnacle Level: [The highest level incEnergy Efficiency includes actions contained in the Eleva
energy allocatiops — setting a maximum amount of energy available per race for any fuel or
further incentivizes the use of available energy most efficiently. Recovered and reused energy is
part of the energy allocationss:Reduction in tire use by 30 percent from the 2010 baseline using
metric over the pourse of the season is also a target for this level. All electric race vehicles als

s on the race track.
of racing. Based on
ent reduction.

ted Level, but adds
energy carrier. This
hot to be considered
the tires/vehicle/km
D meet the Pinnacle

Level requiremepts. A pravision for unforeseen innovations of similar magnitude to the other provisions of this level is
also provided to [allowflexibility to recognize innovations that further efficiency.

Core Level: This base level requires a 10 percent reduction in WTW greenhouse gases (GHG) emissions over a
baseline of no renewable fuels, and requires that no smoke be visible from any exhaust under racing conditions.
Compliance with this provision may require particulate matter (PM) filters on any direct-injected engine; however, use
of PM filters for diesel-powered race cars has also proven highly effective. Accurate measurement of energy use by
car and for the Series is also included to enable race series to create an energy consumption baseline and measure
reductions in GHGs in subsequent levels. This target for WTW GHG emissions is typically achieved with 40 percent
first generation renewable fuels or 10 percent second generation renewable fuels, but can come from any
combination of traditional fuels and higher percentages of renewable fuels. There are several publically-available
WTW models that allow accurate calculation of GHG impact from many different types of fuels. See Appendix 1 for a
more complete discussion of calculating GHG results. For amateur classes based on emissions-certified street cars,
functioning positive crankcase ventilation (PCV) systems, OEM catalysts and closed-loop engine control systems
must be retained.
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Enhanced Level: The Enhanced Level adds a twenty percent WTW GHG reduction requirement over a baseline of
operation on fuels with no renewable content to the Core Level. This level of GHG reduction can typically be attained
with use of 75 percent first generation renewable fuels, 20 percent of second generation renewable fuels, or a blend
of thirty percent hydrogenated vegetable oil and diesel fuel for CI engines. The 20 percent reduction in GHG use can
come from any combination of traditional fuel use and appropriate higher percentages of renewable fuels. This
Element also includes periodic measurement of ambient air quality in dense spectator area(s) to ensure spectators
and competitors are not exposed to unhealthy air quality. This concern is most acute at venues with dense seating in
close proximity to the race track. This is where cars use a high percentage of renewable fuels with limited opportunity
for dilution of race car exhaust in normal air. Race venues that operate in locations with marginal background air
quality are also candidates for emissions monitoring. Including this provision will lessen instances of spectator
sickness, as well as facilitate a better understanding of when criteria emissions from motorsports may have negative
impacts on spectator or competitor health. Sanctioning bodies are responsible for determining where and how
frequently air quality monitoring is necessary. This depends on the venues, fuels, and form of motorsports they are
operating, but monitoring is typically done at least twice a year starting at the venues most likely to produce

unhealthful cong
agencies can be

Elevated Level:

baseline of fuelg
use of thirty per
diesel fuel for C
renewable fuels,

Pinnacle Level:
no renewable cg
reduction can bg
a 70 percent or
traditional fuel |
GHG and criteria

The combination of
Table 1 below.

itions. Assistance from the U.S. Environmental Protection Agency (EPA) and
requested by sanctioning bodies to comply with this requirement.

This level includes the Enhanced Level content, but extends the GHG~eduction
with no renewable content calculated on WTW basis. This GHG reduction can
ent second generation renewable fuels for S| engines and a forty)percent blend
| engines, but can also come from any combination of traditional fuels and hi

At this highest Emissions level, GHG reduction is elevated to 50 percent over a |
ntent calculated on WTW basis while retaining the othier provisions of the Enhan

attained from the use of 50 percent or higher blends using second-generation
nigher blend of vegetable oil and diesel fuel for«€hengines. It can also come fro
se and higher percentages of renewable fuels. The provision for unforeseen
L emissions at this highest level of Emissions.achievement is also included.

il the Green Racing Elements, their CGeammitment Levels, and Green Racing Poi

nr||e

state environmental

to 30 percent over a
pe attained from the
of vegetable oil and
jher percentages of

aseline of fuels with
ed Level. This GHG
newable fuels, and
any combination of
nnovations to lower

nts is summarized in
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TABLE 1 - MATRIX OF GREEN RACING ELEMENTS AND COMMITMENT LEVELS

Core Enhanced Elevated Pinnacle
Green Green Green Green
Racing Racing Racing Racin
Points Points Points g
Points
Sl engines with Sl engines with Enhanced and/or Elevated and
10% or more 10% or more electric drive and/or plug-in
renewable fuels 1 renewable fuels 4 natural gas prime 6 powertrains 8
conter]‘:'m'd'i'bwi contentarddieset TITOVET and/or fuel cells
engipes only engines allowed Q) r unforeseen
innovation
X
L,
A 109 reduction A 20% reduction A 30% reduction in q>) A|50% reduction
in WTW oil use in WTW oil use WTW oil use over imn WTW oil use
over baseline of 1 over baseline of 2 baseline of no ) /'3 oyer baseline of 4
no rgnewable no renewable renewable fueISQg) o renewable
fuels fuels electricity for P fyels or a mix of
and/orag S r¢newable fuels
fu@ é% ith a gaseous
Q fiel or electricity
Q ds the only fuel
Q r unforeseen
N innovation
Use of vaste heat Kinetic energy X\)Enhanced but with Flevated and
for engine recovery for Q) energy storage for open energy
perfgrmance 1 propulsion and ’(\ hybrid electric 6 dtorage limited 8
enhahcement energy storage b\ vehicles limited by by mass only or
e.g. limited by energy $ useable power unforeseen
turbochargers or capacity and limit: \2) and/or waste energy innovation
bottorhing cycle on Energy I recovery for auxiliary
systems) Storage Sy: @1 loads or propulsion
replaceme and/or pneumatic or
durin%l\'&ason hydraulic energy
fad storage
Fuel use Core-and energy Enhanced and fuel Flevated and
measufement and recovery for flow limits replace air energy
intake air 1 ‘\ auxiliaries or 2 restrictors and/or 3 allocations 4
restrittion and C propulsion and/or 15% reduction in tire and/or 30%
traditioal sporting C) mass and aero use over the season reduction in tire
regulgtions with @ drag reductions to from 2010 baseline use over the
mass|and aero Q, balance season from
drag aflditions to (D performance 2010 baseline or
bglance % where possible electric drive
perf rman% only or
?\ unforeseen
(02 innovation
Fuettse Coreand-209% Ertrarced - wittr309%6 nhanced with
measurement and reduction in WTW WTW GHG 50% WTW GHG
no visible exhaust 1 GHG over 2 reductions over 3 reduction over 4
smoke and 10% baseline of no baseline of no baseline of no
reduction in WTW renewable fuels renewable fuels renewable fuels
GHG over and periodic air or unforeseen
baseline of no quality monitoring innovation
renewable fuels in dense spectator
and amateurs area(s)
retain PCV, OEM
catalysts, closed-
loop control
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8. RATING RACE SERIES’ GREEN RACING ELEMENTS

Every motorsport sanctioning body is highly encouraged to decide how its race series can adopt elements of Green
Racing to reduce the environmental and energy footprint of their races and reward innovation. Each Commitment Level
for the five Green Racing Elements in the Matrix is allocated a specific number of Green Racing points as shown in the
Matrix in Table 1. To calculate the Green Racing score of any race series, sum up the Green Racing points associated
with the four commitment levels described in Section 7. This simple process provides a means to rate a race series on its
Green Racing status and determine it qualifies for recognition and awards as described below. In addition, the Matrix
enables sanctioning bodies to understand how modifications to their sporting regulations can be made to increase the
Green Racing influence of their series.

The Commlttee recognlzes that race series are Contlnuously evolving and they typically revise their technical and sporting
and relevant, we are

motorsports itself.
appropriate three ye
the U.S. Departmen
SAE’s Motorsports
Racing rating syste
continue until it is de

9. BEING RECOG

Sanctioning bodies
Commitment Level O
table in Section 10 ¢
recognition and awa

Race series that wa
into just one class o
series, it is easier tq
series may become
referenced in the ¢
recognition, at least
the race season. Sa
any team using thos
included since the

he Green Racing Committee, operated by SAE International,”will determine
rs in the future by the end of each calendar year starting i0)2014. This committe
of Energy (DOE) and EPA, and may comprise representatives of those agenc
ngineering Activity. By the end of 2014, the committeewill determine whether ¢
are to be made starting in the 2018 racing season. This three year rolling
emed no longer necessary.

NIZED AS A GREEN RACING SERIES

that seek recognition of their GreenRacing status can request an official d¢
y applying for review of their sporting regulations to the SAE Green Racing Com
isplays all the recognition and_award levels for Green Racing. The exact proced
ds will be determined by the Green Racing Committee and made available by SA

category in their race-series. After the first Green Racing Element is successfully
then extend Elements into additional categories or classes. Entire race series
eligible for Green.Racing recognition, but can only be attributed to qualifying cat
breen RacingsMatrix. In order for categories or classes to be eligible to re
PO percent.of the cars must have Green Racing attributes in that category or clag
hctioning\bedies can include points earned from Elements allowed in their sportin
b techinologies when calculating their Green Racing score for a period of three ye

sanctioning bodies’
s, recognitions, and

over the following
tioning bodies, and
e and changes in
hether changes are
e has the support of
es and members of
hanges to the Green
window process will

btermination of their
hittee. The summary
ures for applying for
E International.

ht to adopt Green Racing Elements may find it more feasible to begin implementing these elements

integrated into their
or categories within
egories and classes
eive Green Racing
s over the course of
) regulations without
Ars. This provision is

technologies on the

Compmittee realizes it might take some time before competitors can develop
race track; however, if a series applies and receives credit for a technolo

or fupl that it later deems

d implement those

to be no longer advantageous or desirable, the SAE Green Racing Committee can remove those credits from the series’
Green Racing score immediately. After this three year grace period, the same 20 percent provision for cars competing in a
category or class to count towards eligibility for recognition. The entire race series cannot claim to be a Green Racing
Series unless 50 percent or more of its competing cars qualify for Green Racing recognition over the course of the
season.

Once the SAE Green Racing Committee has reviewed the materials submitted by a race series and granted recognition
and award status as appropriate, that designation will remain in place until the sanctioning body modifies the sporting
regulations the designation was based on or for a maximum of three years. After that time, a new application for Green
Racing designation must be submitted for review by the Green Racing Committee. It is the responsibility of the
sanctioning body to reapply for Green Racing designation when their sporting regulations on which its eligibility was
determined have been modified at which time the race series must discontinue use of authorized Green Racing logos and
stop taking advantage of other benefits provided by such recognition until recertified by the Green Racing Committee.
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10. GREEN RACING RECOGNITION AND AWARDS

Four levels of recognition and two awards are established to recognize outstanding commitment of racing series to the
goals and objectives of Green Racing. These represent significant commitments to fostering technologies and fuels
relevant to future production vehicles and to providing a sustainable future for motorsports and personal mobility. Each of
the following recognitions and awards will be based on a determination of qualification by SAE’'s Green Racing
Committee. To be eligible for any of the four levels of recognitions, a race series must conduct at least ten percent of their
races in North America during their annual race season. To be eligible for either of the two awards, a race series must
conduct 50 percent of their races in North America over their annual race season. Race-specific awards and the ability to
use trademarked Green Racing logos for those events may be granted to individual races in the U.S. that do not qualify
for season-long awards if they otherwise meet the requirements. Individual race awards will be determined by SAE’s
Green Racing Committee dependent on the content and location of the race, and the data-sharing and promotional

arrangements made

with race organizers and promoters.

10.1 Green Racing

Many race series hal
have only limited a
financial limitations.
recognition was estg
Green Racing Comn

The Pathway recogiition consists of a certificate from DOE, EPA, and SAE recognizing these actiq

race series to use &
sustainable for the Iq

10.2 Green Racing

A race series or a @

Pathway Recognition

Dility to embrace the Elements of Green Racing due to their format; ‘particip

blished. Racing categories or series that have a Green Racing scoere of 5 as de
hittee are entitled to receive this recognition at the time they are,deemed eligible 1

unique Pathway to Green Racing logo to indicate it has taken the first steps tq
ng-term.

Series or Category Recognition

ategory within a series with a Green Racingscore of 8 points or above as det

committee is classified as being a Green Racing Series or Category. Each Green Racing Series
recognized with a dertificate of achievement from DOE, ERA, and SAE at the time they are dee
recognition. Additio

recognition logo wh
term. Their visibility
agencies. Agency td
by agency leadershi

10.3 Green Challen

Racing series or ong
a Green Challenge

the award. Each eli
of interest exist betw
for this Championsh
toward making pers

ally, each Green Racing Series of~€ategory is allowed to use a unique G
ch indicates that they have taken-meaningful steps toward making racing sust
may be enhanced by media releases and inclusion on websites and social med
chnical staff may be made available for consultation to the Green Racing Serie
D to key races and media events may be arranged by mutual agreement.

ge Championship

or more categories in a series that have a Green Racing point score of 12 or hi
Championshipsaward from DOE, EPA, and SAE at the time they are designated
hible racing.s€ries must execute a partnership agreement with the agencies that
een them;-and that no funds are exchanged to receive these awards. Series or ¢
p ar€.allowed to use a unique Green Challenge logo which indicates it has tak
pnal\mobility and racing sustainable for the long-term. The visibility of the series

series may be enhal

ve already taken the first step toward becoming a full-fledged Green Racing’Seri¢s. Other race series

ion, or technical or

As incentive to strive toward higher Green Racing Commitment levels, the Pathway to Green Racing

ermined by the SAE
or this achievement.
ns and allowing the
ward making racing

brmined by the SAE
or Category will be
med eligible for this
reen Racing Series
hinable for the long-
a maintained by the
5 or Category. Visits

pher are qualified for
as being eligible for
ensures no conflicts
htegories that qualify
en meaningful steps
and categories in a

media rel nd inclusion on websi n ial media maintain

by the agencies. A

season-long Green Challenge Championship award by the agencies will be made to the OEM vehicle or powertrain
manufacturer that demonstrates the best energy and environmental performance achieved over the course of the season
in the qualifying series or categories. Visits by agency leadership to key races and media events may be arranged by
mutual agreement. Agency technical staff may be made available for discussions with Green Challenge Championship
series or categories on a range of technical topics.
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10.4 Green Racing Cup Championship

Racing series or categories in a series that have a Green Racing point score of 19 or above are entitled to a Green
Racing Cup Championship award from DOE, EPA, and SAE at the time they are eligible for the award. This significant
accomplishment is the highest achievement in Green Racing. The race series or categories will also receive a season-
long Green Racing Cup Championship award from DOE, EPA, and SAE to the OEM vehicle or powertrain manufacturer
that demonstrates the best energy and environmental performance achieved over the course of the season in the
qualifying series or categories. Each eligible racing series must execute a partnership agreement with the agencies that
ensures no conflicts of interest exist between them, and that no funds are exchanged to receive these awards. Series or
categories attaining this level of achievement are allowed to use a unique Green Racing Cup logo which indicates it has
reached the pinnacle of actions taken to make racing sustainable for the long-term. The visibility of the Green Racing Cup
Championship series or category will be enhanced by a media event in Washington, D.C. that acknowledges the
leadership and relevance to national energy and environmental policy of these series. Regular media releases and
inclusion on websites_and social media maintained by the agencies may accompany this award. Visits by agency
leadership to key rafes and media events may be arranged by mutual agreement. Agency technica) staff may be made
available for consultations with Green Racing Cup Championship series or categories, their) vehicle manufacturer
participants, and headline sponsors.

TABLE 2 - SUMMARY OF GREEN RACING RECOGNITION AND AWARDS 2014 —

P016

5-7
8-11
12 -18

19 or greater

The Committee exp
sporting regulations
awards will graduall
SAE Green Racing (

11. TOWARDS SUS

These Green Racin

ects that as race series understand th&*content of the Green Racing Protoc
to embrace their benefits, the number of Green Racing Points required for t

rise. Changes to the recognition-and reward levels for 2017 and beyond will b
Committee as described in Section-8 above.

TAINABLE MOTORSPORTS

g Protocols provideta ‘template for all forms of motorsport to help in the tr

automotive and enelgy industries to aehieve sustainability and increase relevance, visibility, and cred

By helping to build
sponsors and new fa

Motorsports have b
two cars found them
this sport. What ma

the technical foundation for sustainable transportation, racing also increases
ns alike.

en in existence for over 100 years. It has been said the first automobile race oc
selves’traveling in the same direction. The human need to compete and improvd
es_ it exceptional is the marriage of man and machine to push boundaries and

before accomplished

R\Jl the last third of the 20% Pﬂhfllr\ll’ the fast pace of r:\ning’c fnr‘hnnlngir‘nl de

pls and evolve their
he recognitions and
e determined by the

Ansformation of the
bility with the public.
its attractiveness to

curred when the first
is the foundation of
achieve feats never
/elopment had been

reined in. This was primarily due to the simultaneous need for reducing the cost of implementing multiple advanced
technologies on racing machines, and controlling speed for safety's sake. By the start of the 21% century, racing found
itself so constrained by regulation that its capacity for innovation was limited to more niche areas than ever — look no
further than the front wings on Formula 1 cars as a case in point. Such extensive regulation has stymied racing to the
point it is becoming less relevant to the automotive and energy industries, and more distant from the public.

The fusion of advanced engineering at the cutting edge of technology with superb and courageous athletic talent is what
that makes motorsports so appealing. The essence of Green Racing is that motorsports holds great potential for
preserving and expanding the economic benefits and individual freedom that comes from personal mobility while ensuring
its own long-term survival.
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To give racing the best chance at not only surviving, but thriving in the future, we believe that these Protocols must be
embraced. Motorsports can transition to relevance, flourishing in a future shaped by efficiency, diversity of energy
supplies and conversion technologies, and fed by a huge demand for mobility from developing parts of the globe. Moving
toward sustainable motorsports is the only winning long-term strategy for racing; the Green Racing Protocols are the best
blueprint to get there.

12. NOTES

12.1 Marginal Indicia

A change bar () located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document

title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications, nor in documents that contain editorial changes only

PREPARED BY THE SAE GREEN RACING\COMMITTEE
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APPENDIX A
WELL-TO-WHEEL ANALYSIS AND GREEN RACING

Any consideration of the impact on energy and emissions from motor sports must be made from a WTW, or Total Life
Cycle, perspective. An essential part of credible energy and environmental analysis for nearly 20 years, this holistic
analytical approach seeks to present the most complete and accurate assessment of the results of consuming energy and
its environmental impacts.

Green Racing focuses on the GHG emissions and impact on oil use to propel racing vehicles. To accurately assess the
GHG emissions and the amount of petroleum embodied in fuels used for racing, it is imperative to use a comprehensive
WTW analytical approach.

For transportation fug 0 hrough ggvernment funding to
perform comprehensive and rigorous assessments of energy pathways. These tools are essential-f¢r understanding the
nature of our currenf energy use posture and for developing informed, appropriate policy decisions that affect kinds and
guantities of energy|available in the future. For example, DOE has supported the development of the GHG, Regulated

Emissions and Energy in Transportation model (GREET) as the agency’s primary total lifecycle an
years. GREET is the most widely used and externally reviewed transportation energy total life cycle
it has over one hundred fuel pathways. GREET is available at no cost from http:/greeties-anl.gov/gred

ysis tool for over 15
hssessment tool and
bt/

In the U.S., EPA h3s promulgated rules to establish a Renewable Fuels Standard (RFS). RFS w
Energy Policy Act of 2005. In 2007, the Energy Independence and Security Act of 2007 (EISA) ex
which included addipg life cycle GHG thresholds that fuels need to meet in.érder to generate credits
To administer the prpgram, EPA uses a methodology that incorporates inputs from several sources,
establish lifecycle emissions values for renewable fuels that are sold ifnxthe U.S. More information on
http://www.epa.gov/¢tag/fuels/renewablefuels/index.htm.

In most other develgped and developing nations, GREET, or &.similar total lifecycle assessment prg
situation in their country is employed. Natural Resources Canada has developed GHG Genius with
pathways that are applicable to Canada that works in the.same way and performs the same functi
available at http://www.ghgenius.ca/.

Race series can add
use reductions they|have achieved to meet the definitions of Green Racing in these Protocols. Add
are being added to [these tools and GREET gives users the capability to add their own custom p3g
already covered in the model. For differentblends of fuels, weighted averages composed of the pr

fuel components maly be constructed to\suit specific fuels.

A table listing the k
appears in Table 1 K
It was compiled in M

elow. The-information in this table uses the RFS methodology as discussed abo
arch 2013:

hs mandated by the
panded the program
under the program.
ncluding GREET, to
RFS can be found at

gram tailored to the
hn emphasis on fuel
bns as GREET. It is

pt the most relevant WTW analysis program they have access to when calculating the GHG and oil

tional fuel pathways
thways for fuels not
bportionately correct

by informatioficheeded to calculate the GHG and oil use impacts for a large niimber of basic fuels

e, courtesy of EPA.
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Fuels

Unleaded
Gasoline

Corn Ethanol

Cellulosic
Ethanol

Ultra-Low Sulfur
Diesel
Gas-to-Liquids
Diesel

Non-North
American Natural
Gas

Biomass-to-
Liquids Diesel
Hydrogenated

Vegetable Oil

Normal Iso-
Butanol

Compressed
Natural Gas
North American

Natural Gas

Liquefied Natural
Gas

North American
Natural Gas
Electricity

U.S. National Grid
Mix

Electricity
California Grid
Mix

GHG Well-to- GHG Pump-to- GHG Well-to- Oil Use | Oil Use PTW Oil Use
Pump (WTP) Wheels (PTW) Wheels WTP Well-to-
WHLEES
gms CO,- gms CO,- gms CO,- MJ
Equivalent/MJ Equivalent/MJ Equivalent/MJ Oil/MJ MJ Oil/MJ MJ Oil/MJ
Fuel Fuel Fuel
18.2 74.9 93.2 0.1071 1.0 1.1071
1.1 72.2 73.3 0.0477  Fraction of oil Sum of
feedstock in WTP and
fue PTW Oil
Use
-65.1 72.2 7.1 0.0262  Fraction of oil Sum of
feedstock in WTP and
fue PTW Oil
Use
17.1 74.9 92.0 0.0986 1.4 1.0986
40.7 72.4 113.1 0.0211  Fraction of oil Sum of
feedstock in WTP and
fue PTW Oil
Use
-27.4 73.3 46.0 0.0698 Fraction of oll Sum of
feedstock in WTP and
fuel PTW Oil
Use
-5.9 70.1 64.2 0.0433  Fraction of oll Sum of
feedstogck in WTP and
fue PTW Oil
Use
22.5 56.4 78.9 0.0057 0.0 0.0057
23.1 56.6 79.7 0.0126 0.0 0.0126
208.5 0 208.5 0.0619 0.0 0.0619
124.1 0 124.1 0.0300 0.0 0.0300

Source: U.S. Environmental Protection Agency
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Calculating the GHG and oil use impact of motorsports is the primary reason that fuel consumption measurement by car is
in the Core level of the Emissions element in the Green Racing Protocols. The former American Le Mans Series (ALMS)
used GREET results to calculate the Clean factor in its Green Challenge Scoring System from 2008 to 2013. The Clean
factor is comprised of GHG emissions and reduced oil use from energy consumption during its races. For the multiple
fuels used in its series, ALMS used GREET to calculate the “upstream” oil use and GHG emissions from the production
and transportation of their fuels to the track per megajoule (MJ) of energy in the fuels. Oil content of the fuel and GHG
emissions are based on the actual energy consumed during each race (“downstream” emissions) from each car. The
GHGs and oil use are scaled appropriately and the upstream embodied results are added to the downstream race-
produced results to get a total picture of the oil energy and GHG emitted from each car. ALMS also tracked the amount of
oil it has saved on a race-by-race and season-long basis. The baseline for such analyses is difficult to construct given the
significant changes to the racing cars, technologies, fuels, and tracks used from season to season. In the end, after
attempts to reconstruct historical data from which to construct a baseline, the decision was made to work with the speed
and efficiency of current cars, but compare them to operation on fuels used in years past with no renewable content; in
other words, conventional gasoline and diesel fuels.

After a racing series| starts down the path toward Green Racing and builds up reliable data on energy consumption using
a range of different|fuels, it will be possible to measure progress toward lower oil use andGHG gmissions over time.
Attaining this objectijve is a second major reason for including measurement of fuel use asyafeaturd of the Core level of
the Emissions element, as it will give the ability to reduce emissions and oil use year-to-year‘in the futpre.
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APPENDIX B
ELECTRICITY AS A FUEL IN MOTORSPORTS

Electricity is an energy carrier produced through transforming other sources of energy into a form that is universal, has a
multitude of uses, is easily transported, and can be recovered, stored and retrieved for future use. Its attractiveness in
motorsports applications is essentially the same as for road transport; the technology used to convert electricity to motion
is much more efficient than conventional heat engines, and the multitude of sources that can be used to produce it gives a
wide range of attractive options to reduce critical energy and environmental issues facing individual nations and the world.

Using electricity as a fuel for motorsports presents opportunities and challenges, but given the inexorable movement
toward increased efficiency for road and racing cars, its use is inevitable. This document will present some

recommendations to

enable the practical adoption of electricity as a fuel for motorsports.

Overview of Applic

Electricity is so usef
energy storage has
and power accessor
performance. Vehicl
three broad categor
they produce electrig

result of burning fugl.

vehicles (PHEVS) a

ptions of Electricity Use in Motorsports

Ll for multiple applications that it is already used in many ways in race cars. The
increased its potential to include not only powering lighting, communigcations, th

bs that use electricity for propulsion use rechargeable energy storage systems
es. Hybrid electric vehicles (HEVS) use electricity for propulsion’and are chargg
al power by converting on-board fuel into electricity directly orthirough recovering
HEVs do not require any other off-board electricity. source to function. P
Ligment any on-board electricity production with electric. power from external s

electric power grid;

hey are charge-depleting until the on-board RESS r€aches a state of charge so

charge-sustaining HEV. Fuel cell vehicles (FCVs) are a specific kind of ' HEV that use hydrogen as
produce electricity ifstead of a heat engine. They can be charge-sustaining (non-plug in) or a cha
and hydrogen can be produced from a secondary fuel through refermation or stored in primary from

liquid (cryogenic) fo
with an interesting a
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From mechanical production: Electricity can be produced by a generator driven by a heat engine or from

From a fuel cell: Electricity can be produced directly through a fuel cell powered by a consumable fuel.

Typically these devices -have proton exchange membrane designs that use hydrogen as their fuel to
make electricity.

External sources

» Grid connected: Connecting to the electric power grid via an RESS charger is the most typical way to use
external sources. In racing applications, fast charging during competitive events is attractive, but poses
significant thermal management issues for RESS that raise serious safety concerns. Fast charging also
typically decreases the cycle life of electro-chemical RESSs and is far less efficient than conventional

Level 2 recharging.

Appendices 1 and 3 contain recommendations for how to

electricity on GHG and oil use.

treat grid-produced
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» On-site generation: Electricity can be produced at the race track by an engine-driven generator (typically

diesel-powered), through solar cells, wind turbines, or even fuel cells. The sanctioning body determines
whether individual teams can provide its own electricity (see discussion in Appendix 3); these sources of
power must be treated differently from the electric power grid as they have very different energy and
emissions profiles. Appendix 3 also contains recommended practices to determine the impact of their
use on GHG and oil use compared to the electric power grid.

Swapping Energy Storage Devices: It is also possible to swap pre-charged RESS as a way to “refuel”
electrically-powered racing cars. Reliable, safe high voltage connectors are essential for RESS swapping
to work as is the RESS attachment system to the vehicle. See recommended safety requirements for fast
charging in Appendix 4. Restraining movement of RESS during high G operation and potential vehicle
accidents while allowing fast swapping is another engineering challenge for this approach.
Inductive/conductive energy transfer: Wireless charging is a rapidly developing technology that could be
employed when stationary during pit stops, and theoretically could occur when the vehicles are in motion
at certain locations or all around a race track. On-the-fly recharging is not developed for practical use at

this fime, but efforts are ongoing to make this possible during this decade.
Measuring Electricity Use in Motorsports

There are multiple rpasons to accurately measure electricity use in motorsports. Many sporting re
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