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(R) Recommended Green Racing Protocols

RATIONALE

Earlier in its history, motorsport produced numerous innovations in performance, durability, and safety that were very
often transferred to mass produced vehicles for road use. The Green Racing Protocols establish guidelines based on
sound engineering and environmental principles to enable motorsport competition to again develop technologies and fuels
that respond to current and future needs for road vehicles. By adopting Green Racing Elements from these Protocols,
racing sanctioning bodies can at once enhance and provide a sustainable future for motorsport. Racing continues to serve
as an excellent forum to demonstrate to the public that the advanced technologies and fuels embodied in Green Racing
Elements are viable today, and foreshadow what will soon appear in their driveways. Furthermore, adopting Green Racing
Elements can lead to more competitive and exciting racing, further strengthening the sport.

Green Racing’'s definition, mission, best implementation practices, and suggested awards are recommended to
motorsports sanctioning bodies in these Protocols. It will become a Recommended Practice for all motorsports
worldwide.

INTRODUCTION

Fundamental shifts in energy availability and prices, and the need to reduce exhaust emissions and the carbon footprint of
transportation-related activities have altered the world in which racing operates. These shifts have created an opportunity
for motorsports to engage and excite the public by contributing the solutions to some of today’s most vexing problems.
Now is the time for motorsports to respond to society’s demands for sustainability of the mobility and energy industries to
regain its relevance, restore its stature, and ensure its viability.

Technology development occurs in racing several times faster than in standard manufacturer vehicle development.
Motorsport is in a unique position to promote rapid technical innovation and testing under demanding conditions — a
requirement for market acceptance of sustainable transportation technologies. These Protocols align motorsports with
demands for the transportation system to improve energy efficiency, promote energy diversity, and demonstrate
environmental responsibility, while simultaneously supporting motorsport that is entertaining, exciting, cost effective, and
safer. By capitalizing on the spirit of human achievement embodied in racing and using it to develop and promote
efficiency-enhancing and environmentally-responsible technologies, motorsport can enhance its long-term survival.

1. SCOPE
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
motorsports, whether local, national, or international. Complying with SAE standards is voluntary. The standards
do not endorse any specific products or company'’s services.

2.1.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J1715 Hybrid Electric Vehicle (HEV) & Electric Vehicle (EV) Terminology
SAE J1766 Recommended Practice for Electric, Fuel Cell and Hybrid Electric Crash Integrity Testing
SAE J2344 Guidelines for Electric Vehicle Safety

SAE J2464 Electric and Hybrid Electric Vehicle Rechargeable Energy Storage System (RESS) Safety and Abuse
Testing

SAE J2578 Recommended Practice for General Fuel Cell Vehicle Safety

SAE J2929 Safety Standard for Electric and Hybrid Vehicle Propulsion Battery Systems Utilizing Lithium-based
Rechargeable Cells

SAE J2950 Recommended Practices (RP) for Shipping Transport and Handling of Automotive - Type Battery System
- Lithium lon

SAE J2990 Hybrid and EV First and Second Responder Recommended Practice
2.1.2 Federal Motor Vehicles Safety Standards (FMVSS) and Department of Transportation (DOT) Publications

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/

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 Institute (ANSI) Publications

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-
4900, www.ansi.org.

Standardization Road Map for Electric Vehicles Version 2.0, May 2013
2.1.5 National Fire Protection Agency (NFPA) Publications:

Available from National Fire Protection Agency, 1 Batterymarch Park, Quincy, MA 02169-7471, Tel: 617-770-3000,
www.nfpa.org.

Electric Vehicle Emergency Field Guide (2013)
NFPA 52, Vehicular Gaseous Fuel Systems Code (2010)
2.1.6  Federation Internationale de I’Automobile (FIA) Publications:

Available from FIA Foundation for the Automobile and Society, 60 Trafalgar Square, London, WC2N 5DS, Tel: 44 (0) 207
930 3882, http://www.fia.com/sites/default/files/requlation/file/2013.

Technical Regulations for Alternative Energy Vehicles (2013)
FIA Alternative Energies Cup (2013)

Specific General Prescriptions - Alternative Energies Cup 2013
3. BACKGROUND OF THE GREEN RACING PROTOCOLS

SAE International established a Green Racing Working Group (GRWG) in April 2006 with the intent of becoming a forum
for original equipment manufacturers (OEMs), motorsport sanctioning bodies, and those with an interest in addressing
racing’s energy and environmental issues in the 21* century. This effort developed the criteria for 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 vehicle competitions to promote and accelerate the use of advanced technologies and renewable
fuels. This results in increased availability and acceptance of cleaner and more efficient vehicles in the marketplace
worldwide. Green Racing provides exciting and engaging entertainment and a versatile communications platform that
attracts growing numbers of fans and sponsors, while presenting industry and the fan base with a path to sustainable
personal mobility worldwide. These recommendations also extend to the environmentally-sensitive operation of
motorsport facilities and 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 availability of energy-
efficient and environmentally-friendly technology for production vehicles, accelerate its acceptance and use by consumers
worldwide, and return motorsport to technological leadership.

5.2 Green Racing Protocol Objectives

= Provide recommendations for Green Racing that yield competitive, entertaining, cost-effective motorsports while
meeting the objectives of sustainable mobility;

= Support environmentally responsible and sustainable technology development in motorsport that can be transferred to
future production vehicles by OEMs;

= Promote environmentally friendly operations of motorsport venues, competition events, and racing team facilities;

= Assist sanctioning bodies in establishing a roadmap to increasing green practices, including the measurement of
progress; and,

=  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 Systems, the Committee has given a weighting factor of two for this Element of Green Racing beyond the
Core commitment level. These additional points also recognize the substantial effort required by sanctioning bodies
who allow these advanced powertrains to balance performance of various powertrain solutions through sporting
regulations to assure exciting, competitive racing.

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

= Energy Recovery: One of the great opportunities for motorsports is facilitating the recovery of energy produced for
vehicle propulsion and enabling it to be reused for increased performance and efficiency. Significant energy is
available for harvesting, such as engine exhaust and the kinetic energy from the vehicle itself. Improved methods of
storing recovered energy are urgently needed for production as well as racing vehicles. This Element includes
electric, kinetic, and hydraulic/pneumatic methods of storage, and ways to better incentivize the development and
validation of advanced energy storage technologies. The complexity, cost, control, and development of waste energy
recovery technologies increase dramatically above the Core commitment level. The Committee has given a weighting
factor of two for this Element of Green Racing beyond the Core level.

= Improved Efficiency: All racing rewards efficiency, whether kinetic, aerodynamic, energy conversion, or tractive. The
Improving Efficiency Element echoes the primary engineering challenge for production vehicles, while providing
tangible ways for motorsports to build on this fundamental principle of sustainability. This Element also seeks to
reduce consumables other than fuel such as tires and lubricants, as these also have a large impact on the sport's
energy consumption as a whole.

= Emissions Reduction: Reducing carbon emissions remains one of the most important and challenging issues facing
the automotive industry, and is central to its long-term sustainability; it is the principal focus of this Element mirroring
its relevance to production vehicles. This Element also seeks to establish a baseline of current exposure levels where
large numbers of 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, “’fﬁﬁ"ﬁg
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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 commitment levels in the Matrix are:

= Core: The Core commitment level represents the minimum commitment most race series take to begin the process of
adopting Green Racing Elements as an important aspect of their form of motorsports. Many race series will find they
already employ several Core commitment level actions for one or more of their categories and will find that the effort
and commitment required to raise their series up to the Enhanced level is straightforward and relatively easy.
Adopting Core level action(s) for each Green Racing Element is awarded one Green Racing point, used to determine
eligibility for recognitions and awards, as shown in the Matrix in Table 1.

= Enhanced: The Enhanced commitment level builds on Core actions to extend the reach of Green Racing Elements
into individual race series or categories. The content of this level has been designed to complement actions at the
same level in other Green Racing Elements. Implementing Enhanced level action(s) for each Green Racing Element
is awarded the number Green Racing points shown in the Matrix in Table 1.

= Elevated: The Elevated commitment level is a significant step above the previous level, with many “and/or” options to
tailor the Element to the situation, race series, or category. Achieving Elevated level action(s) for each Green Racing
Element is awarded the number of Green Racing points shown in the Matrix in Table 1.

= Pinnacle: The Pinnacle commitment level is the highest expression of Green Racing achievement. It also presents
race series and their categories with a series of “and/or” options that allow it to be responsive to a wide range of
racing formats and content. This highest rung of the Green Racing achievement ladder also includes the flexibility to
respond to unforeseen innovation in adapting to fast-moving technology developments. The unforeseen innovation
classification is intended to apply only to technologies and fuels that represent the highest level of Green Racing
achievement concurrent with the spirit of Green Racing. Reaching Pinnacle level action(s) for each Green Racing
Element is awarded the number of Green Racing points shown in the Matrix in Tablel.

Combining the Elements of Green Racing and four commitment levels in the Matrix results in a condensed method of both
communicating and assessing the degree of Green Racing activities in a race series. Considerable thought went into the
content of each cell of the Green Racing Matrix. A description of each Green Racing Element and the content of the
commitment levels below explain the rationale of the committee.

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., HEVsS) and/or natural gas-fueled engine
characterize this level. Racing series that allow either Sl or Cl engines with electrified propulsiof J@y@edpmedodisy
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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 made from seeds or fruit
usually reserved for animal or human consumption like corn, sugar cane, millet, or rapeseed. Second generation
renewable fuels are made from crop waste or plants that are not food crops (e.g., switch grass). Third generation
renewable fuels are typically algae-derived, but can include biomass gasification. At the time of this writing, third
generation renewable fuels were still in early stages of development, but could be ready for demonstration in
motorsports within the five year time horizon for this revision. Increasing renewable fuel use is a cornerstone of
national energy policy that will produce substantial economic and energy security benefits. The imperative to reduce
the dependency of the transportation system on non-renewable oil resources while reducing carbon emissions is the
driving rationale for this Green Racing Element and the Core Level content. No leaded fuels can be used and be
eligible for Core achievement status.

= Enhanced Level: Twenty percent reduction in WTW oil use over baseline of no renewable fuel use must be achieved.
This requirement is typically accomplished with 20 percent first generation or second generation renewable fuels, a
combination of both, or with third generation biofuels. The 20 percent reduction in petroleum use can come from any
combination of traditional fuels and higher percentages of renewable fuels.

= Elevated Level: Thirty percent reduction in WTW oil use over baseline of no renewable fuel use or/and electricity for
plug-in hybrid vehicles or/and a gaseous fuel (natural gas, hydrogen, or liquefied petroleum gas) must be achieved.
This requirement is typically accomplished with 30 percent first, second generation renewable fuels, or a combination
of both. This level seeks to increase utilization of renewable biofuels and increase diversity for non-traditional fuels.

= Pinnacle Level: The highest level for Fuels/Energy Carriers targets either a 50 percent reduction in WTW oil use over
baseline of no renewable fuel use, a mix of these fuels with a gaseous fuel, electricity as the only fuel, or an
unforeseen innovation in fuels or energy carriers. This requirement is typically achieved with 50 percent first or second
generation renewable fuels or a combination of both with third generation biofuels. The 50 percent reduction in WTW
oil use can come from any combination of traditional fuels and higher percentages of renewable fuels. Room for an
unforeseen innovation of similar significant impact has also been provided at the Pinnacle Level.

Energy Recovery Element

= Core Level: Using the waste exhaust energy from the engine to enhance performance defines the Core level for
Energy Recovery technologies. The most common method to use waste exhaust energy is the turbocharger, 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 thinkir@g@@ﬂﬁ@ntg
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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 Element, and is a critical
part of Green Racing.

= Enhanced Level: This includes actions in the Core Level and adds energy recovery for propulsion and/or changing the
approach to balancing performance. Energy recovery used for propulsion or auxiliary loads is central to improving
vehicle efficiency, and is included here as well as in the Enhanced Level in Energy Recovery. Whenever possible, an
approach should be taken that balances performance with efficiency by means of vehicle mass and drag reduction for
the rest of the field instead of adding mass or increasing drag to a single car. Implementing this bias towards
increased efficiency and reduced energy consumption (and associated costs and emissions) promotes the
understanding that efficiency is valued and embraced by the race series or category. In so doing, we seek to improve
the efficiency of the field instead of increasing the mass or drag of a specific car causing a deliberate deterioration of
that car’s efficiency to balance performance.

= Elevated Level: This level includes actions contained in the Enhanced Level, adds the use of limits in fuel flow to
control engine power, and replaces air restrictors that choke off oxygen needed for combustion. Engines convert fuel
to work, and limiting the rate of fuel they consume provides additional incentives to increase engine efficiency.
Improving the efficiency of engines is a major focus for advanced production vehicles, and is an opportunity for racing
to provide major contributions to the field. Additionally, this level sets a target for reducing the number of tires used
per season. Over their lifetime, each set of tires represents more energy than the car consumes on the race track.
Reducing tire use is an important part of reducing energy consumption and environmental impact of racing. Based on
a 2010 baseline, the metrics of tires/vehicle/km of racing over one season should show a 15 percent reduction.

= Pinnacle Level: The highest level in Energy Efficiency includes actions contained in the Elevated Level, but adds
energy allocations — setting a maximum amount of energy available per race for any fuel or energy carrier. This
further incentivizes the use of available energy most efficiently. Recovered and reused energy is not to be considered
part of the energy allocations. Reduction in tire use by 30 percent from the 2010 baseline using the tires/vehicle/km
metric over the course of the season is also a target for this level. All electric race vehicles also meet the Pinnacle
Level requirements. A provision for unforeseen innovations of similar magnitude to the other provisions of this level is
also provided to allow flexibility to recognize innovations that further efficiency.

Emissions Reduction Element

= 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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