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Meeting Agenda

February 2 (Tuesday), 2021
Water Room, 3F, The Westing Beijing Chaoyang

Meeting Host: Fang XU, China Chief Representative, ANSI

Time Topics Speaker
09:00am-09:15am Opening Remarks CREIA
USTDA
ECP
MCSCI

09:15am-09:35am

Transportation fuels from
biomass in California and the

Dr. Stephen Kaffka
Director of California Biomass Collaborative

USA and extension specialist in the Department of
Plant Sciences at the University of California,
Davis
09:35am-09:55am Development overview and Mr. Dingjie LI

standard work sharing of low
carbon biofuel in China

Senior Engineer, Deputy Director of China
Petroleum and Chemical Industry Association
(CPCIA)

09:55am-10:10am

Overview of ASTM
International’s Support of
Standards for Aviation Biofuels

Ms. Alyson Fick
Manager of International Technical
Committee D02 on Petroleum Products,
Liquid Fuels and Lubricants, ASTM

10:10am-10:25am

Boeing’s Sustainable Aviation
Fuel Footprint

Mr. Mark AUGUSTYNIEWICZ
Principle Strategist Environmental
Sustainability, Boeing

10:25am-10:40am

Technology review of Bio-fuel
industry in China

Prof. Dehua Liu
Department of Chemical Engineering,
Tsinghua University

10:40am-10:55am

Energy Efficiency of Biofuel
with Zero Emission

Mr. Kam Mahdi
CEO, Clean Energy Technology Inc. (CETY)

10:55am-11:10am

Biomass Energy and Carbon
Neutrality

Associate Prof. Shiyan Chang,
Institute of Energy, Environment and
Economy, Tsinghua University

11:10am-11:25am

Global outlook for (advanced)
biofuels

Ms. Praveen Bains
Clean Energy Modeller, Energy Technology
and Policy division, International Energy
Agency (IEA)




11:25am-11:40am

The role of RNG and advanced
biofuels in decarbonization
(with a California case study)

Dr. Yuri Freedman
Senior Director of Business Development
Southern California Gas Company

11:40am-11:55am

The overview for China and
International biofuel standard
development

Dr. Bingsheng XU
Director of Ecological Civilization
Construction Research Office, Resources
and environment branch of China National
Institute of Standardization (CNIS)

11:55am-12:30pm

Discussion & Conclusion

Hosted by Mr. Weiquan Wang, Deputy
Secretary General (CREIA)
e Dr. Stephen Kaffka (UC Dauvis)
e Ms. Alyson Fick (ASTM)
e Mr. Mark AUGUSTYNIEWICZ (Boeing)
e Prof. Dehua Liu (Tsinghua U)
e Prof. Shiyan Chang (Tsinghua U)
e Mr. Dingjie Li (CPCIA)
e Ms. Praveen Bains (IEA)
e Dr. Yuri Freedman (SoCalGas)
e Dr. Bingsheng XU (CNIS)
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C I A Chinese Renewable Energy Industry Association (CREIA)

Establishment of CREIA

China’s 10th Five-Year-Plan guidelines for national economic and social development indicate
that energy development should apply the following principles: 1) take advantage of local
resources, 2) optimize the energy mix, 3) use energy efficiency applications extensively, 4)
enforce environmental protection, 5) actively develop wind, solar, biomass, and other new and
renewable energy resources, and 6) promote energy conservation and comprehensive
utilization technologies. For the purpose of addressing the environmental problems caused by
our country’s energy structure, which predominantly relies on the coal, the Government places
a priority on promoting the development and utilization of renewable energy resources and
using the principle of sustainable economic and social development. In order to assist in
promoting these objectives, the Chinese Renewable Energy Industries Association (CREIA)
was established in 2000 with the support of the United Nations Development Programme
(UNDP), the Global Environment Facility (GEF) and the State Economic and Trade
Commission (SETC). CREIA obtained legal registration as the Renewable Energy Professional
Division of the China Comprehensive Resource Utilization Association from the Ministry of Civil
Affairs on March 25, 2002. CREIA has attracted distinguished membership of more than 200
from industry, academics, organizations and individual experts.

Mission of CREIA
CREIA promotes the adoption of renewable energy advanced technologiesand actively
advances the commercialization of the Chinese renewable energy.

Functions of CREIA
During its operation, CREIA established the following priority functions in order to maximize its
services to members:

CREIA serves as a bridge between regulatory authorities, research institutes, and industry
professionals, in order to provide a forum to discuss renewable energy development at the
national level and subsequently advise the Government of China on strategic policy
formulation.

CREIA acts as a window to bring together national and international project developers and
investors. It promotes technology transfer and raises awareness of renewable energy
investment opportunities through an online Investment Opportunity Facility and regional
networking and training activities.

CREIA provides a network for its members from the Chinese renewable energy business
community without access to communication within their sub-sectors, and provides a platform
to voice their concerns collectively.
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USTDA U. S. Trade and Development Agency (USTDA)

U.5. TRADE AND DEVELOPMENT AGENCY

The U.S. Trade and Development Agency (USTDA) helps to promote U.S. technologies and expertise for
priority development projects in emerging economies. USTDA links U.S. businesses to export
opportunities by funding project planning activities, pilot projects, and reverse trade missions while
creating sustainable infrastructure and economic growth in partner countries.

USTDA promotes economic growth in emerging economies by facilitating the participation of U.S.
businesses in the planning and execution of priority development projects in host countries. The
Agency’s objectives are to help build the infrastructure for trade, match U.S. technological expertise with
host country development needs, and help create lasting business partnerships between the United
States and emerging economies.

USTDA's Program Activities
Project Development

Project identification and investment analysis generally involves technical assistance, feasibility studies
and pilot projects that support large investments in infrastructure that contribute to host country
development. Key sectors in China include the transportation, energy, and healthcare sectors.

Trade Capacity Building and Sector Development

Trade capacity building and sector development assistance supports the establishment of industry
standards, rules and regulations, market liberalization and other policy reform. In China, USTDA has
supported activities to support increased protection of intellectual property rights, fair and transparent
government procurement practices, science-based agricultural biotechnology regulations, and standards
across a wide range of industry sectors.

International Business Partnership Program

Under the Agency’s International Business Partnership Program, USTDA has increased its support for
programs designed to bring procurement officials to the United States to witness U.S. technology and
ingenuity firsthand and develop the relationships with U.S. companies necessary to spur increased
commercial cooperation with emerging economies. These investments include reverse trade missions,
technology demonstrations, training and specialized sector-specific workshops and conferences.

Cooperation Programs

The Agency’s success in China is due in part to the public-private cooperative programs that USTDA
supports in country. These programs provide a forum wherein government agencies and private
companies from both the U.S. and China can share technical, policy, and commercial knowledge
relevant to a specific field. USTDA has successfully established programs based on this model in the
aviation, standards and conformity assessment, energy, and healthcare sectors.

By adapting to the evolving needs of China’s market and closely coordinating with Chinese decision
makers, these public-private partnerships have enjoyed long-term success, providing continued trade
opportunities and enhancing the development of China’s key industries.
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FOR MORE INFORMATION
Henry Yuan

Program Manager

American National Standards
Institute (ANSI)

1899 L St. NW - Eleventh Floor
Washington, DC 20036

T: 202.331.3624
F: 202.293.9287

E: us-chinasccp@ansi.org

U.S.-China
Standards and Conformance
Cooperation Program

Sponsored by the U.S. Trade Development Agency (USTDA) and
coordinated by the American National Standards Institute (ANSI),
the U.S.-China Standards and Conformance Cooperation Program
(SCCP) provides a forum through which U.S. and Chinese industry

and government representatives can:

m  Cooperate on issues relating to standards, conformity

assessment, and technical regulations;

B Foster the relationships necessary to facilitate U.S.-China
technical exchange on standards, conformity assessment,

and technical regulations; and

B Exchange up-to-date information on the latest issues
and developments relating to standards, conformity

assessment, and technical regulations.

Beginning in 2013, ANSI will coordinate 20 workshops over a
3-year period in China under the SCCP. The workshops will cover a
wide range of sectors, as proposed by interested U.S. private-sector
organizations. Workshop topics will be chosen in coordination with

relevant industry associations, ANSI, and USTDA.

To learn more about the U.S.-China SCCP or to express inferest in

sponsoring or participating in a workshop, please visit our website at:

www.standardsportal.org/us-chinasccp
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ANS’ American National Standards Institute (ANSI)

American National Standards Institute

As the voice of the U.S. standards and conformity assessment system, the American National
Standards Institute (ANSI) empowers its members and constituents to strengthen the U.S.
marketplace position in the global economy while helping to assure the safety and health of
consumers and the protection of the environment.

The Institute oversees the creation, promulgation and use of thousands of norms and
guidelines that directly impact businesses in nearly every sector: from acoustical devices to
construction equipment, from dairy and livestock production to energy distribution, and many
more. ANSI is also actively engaged in accrediting programs that assess conformance to
standards — including globally-recognized cross-sector programs such as the 1ISO 9000 (quality)
and ISO 14000 (environmental) management systems.

ANSI has served in its capacity as administrator and coordinator of the United States private
sector voluntary standardization system for the past hundred years. Founded in 1918 by five
engineering societies and three government agencies, the Institute remains a private, nonprofit
membership organization supported by a diverse constituency of private and public sector
organizations.

Throughout its history, ANSI has maintained as its primary goal the enhancement of global
competitiveness of U.S. business and the American quality of life by promoting and facilitating
voluntary consensus standards and conformity assessment systems and promoting their
integrity. The Institute represents the interests of more than 270,000 companies and
organizations and 30 million professionals worldwide through its office in New York City, and its
headquarters in Washington, D.C.
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US-China Energy Cooperation Program (ECP)

P XEEREHFERE
US CHINA Energy Cooperation Program

Founded in September of 2009 by 24 US energy companies, US-China Energy Cooperation
Program (ECP) was underscored by US President Barack Obama and China President Hu
Jintao in the official joint statements during Obama’s visit to China in 2009. US government
agencies including Department of Commerce, Department of Energy and US Trade and
Development Agency together with Chinese government agencies including National Energy
Administration and Ministry of Commerce signed bilateral Memorandums of Understanding to
serve as official government advisors to support ECP.

US-China Energy Cooperation Program (ECP)'s mission is to create a bilateral business
platform with US and Chinese companies to pursue private sector-based business
opportunities, advance sustainable development in the energy industry and combat climate
change. Members join ECP through working groups to form industry value chains. Within each
working group, members establish a sector development road map according to the national
strategies, local demand and potential local partners for both short and long terms. Through
this process, each working group identifies annual business development objectives and
concrete initiatives for implementation.

ECP currently has the following working groups:

Oil and Gas,

Coal,

Nuclear Energy,
Renewable Energy,
Grid,

Storage,

Building,

Industry,

Transport,

Urban Infrastructure,
Resource Utilization

Learn more about the US-China Energy Cooperation Program by visiting: www.uschinaecp.org
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MCSC INSTITUTE

MCSC Institute, established in 2020, grew out of extraordinary enthusiasm and support
worldwide for the mission and goals of Meishan California Smart City (MCSC) in Sichuan
Province. Leading the way for future smart cities with clean energy, new technologies, a fully
integrated infrastructure, and data-driven iterative improvement, the concept and intention of
MCSC has always been about much more than creating a single development. It is also about
sharing information and knowledge globally to advance progress in all facets of smart city
development. MCSC Institute was created to provide a comprehensive platform for sharing of
best practices, research, and experience gained through designing, building, and inhabiting a
forward-focused smart city. Both MCSC development and MCSC Institute are guided by
long-standing relationships between world government and business leaders, educators,
NGOs, investors, and entrepreneurs. MCSC Institute ushers in a new era that comprehends
the global nature of the challenges we face and the need for global collaboration to identify
effective solutions.

MCSC Institute will bring together thought leadership, subject matter experts, researchers,
educators, entrepreneurs, and innovators to create a dynamic platform where ideas become
actions, actions become transformations, and transformations are disseminated, to the benefit
of smart development everywhere.
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Energy Innovation Network (EIN)
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Founded in 2015 in Silicon Valley, Energy Innovation Network (EIN) is a global nonprofit
powered by volunteers from the United States, China, India, Africa with a growing presence
working in the intersection of high-tech industry and the energy industry.

Through event series, conferences, and special projects, EIN brings together worldwide
industry professionals, experts, scholars, and business elites in the energy, environment, and
transportation industry to build a global network, promote energy education and innovation and
advance a more sustainable future.
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Stephen R. Kaffka

Director, California Biomass Collaorative
Extension Specialist, Depatment of Plant Sciences
University of California, Davis

Stephen Kaffka is Director of the California Biomass Collaborative and extension specialist in
the Department of Plant Sciences at the University of California, Davis. He is chair of the
BioEnergy Work Group for the University of California’s Division of Agriculture and Natural
Resources. He participates on several advisory committees for the California Energy
Commission and California Air Resources Board, including ex officio member of the Bioenergy
Interagency Work Group. From 2003 to 2007 he was director of the Long Term Research on
Agricultural Systems Project. As director he led the development of current and new projects
focusing on sustainable agriculture. His commodity assignments include sugar and oilseed
crops. Since coming to U.C. Davis in 1992, he has also carried out research on water quality
and agriculture in the Upper Klamath Basin, and the reuse of saline drainage water for crop,
forage, energy biomass feed stocks and livestock production in salt affected areas of the San
Joaquin Valley. He has received meritorious service awards form the American Society of
Sugar Beet Technologists and the Soil and Water Conservation Society, is past president of the
California chapter of the American Society of Agronomy, and past section leader for American
Society of Agronomy’s division on environmental quality. He has Ms and Ph.D. degrees from
Cornell University in agronomy and a B.S. from the University of California at Santa Cruz in
biology.
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| 9 ] Dingjie LI
Senior engineer,
'\\-7 Deputy Director of China Petroleum and Chemical Industry Federation
LA currently

He has 18 years of working experience in 0il, NG and petrochemical fields, and has engaged in
production, production management, product R & D, industrial research and other related work
in PetroChina and China Petroleum and Chemical Industry Federation.

He has undertaken and participated in more than 20 research projects commissioned by
national ministries and relevant enterprises, and obtained 5 provincial and ministerial awards
for relevant achievements. He has participated in more than 10 books and published 28 articles.
In terms of liquid renewable fuels, he participated in the first aviation biofuels demonstration
flight of China, and international cooperation of cellulosic ethanol research projects, etc.
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Alyson Fick
- oy . , , . .
S Manager of International’s Technical Committee Operations (TCO)
: ASTM
| ) /7
ASTM International is a globally recognized leader in the development and delivery of
international voluntary consensus standards. As an ASTM manager, Alyson is responsible for
the management of ASTM Committees made up of volunteer member-experts from various
industry sectors, such as Petroleum and Plastic. Alyson is responsible for assisting these

members as they develop ASTM standards for use around the world to improve product quality,
enhance safety, facilitate market access and trade, and build consumer confidence.

She holds a Bachelor of the Arts degree in International Area Studies and Modern Languages
from Drexel University and a Masters in Public Administration from Villanova University.

20



Alyson Fick
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{ Mark AUGUSTYNIEWICZ

Principle Strategist
Environmental Sustainability
The Boeing Company

Mark is a Principle Strategist working for the newly created organization supporting the first
Chief Sustainability Officer at The Boeing Company. He is focused on developing business
opportunities that leverage current and emerging technology solutions to improve the
environmental performance of commercial airplanes.

Previously Mark has worked in a variety of engineering and strategy roles at Boeing for over 20
years spanning domains from commercial spaceflight to sustainability reporting and
governance. He holds a bachelors of science in mechanical engineering from the University
of California, and a master’s degree in business administration from Seattle University where
he was also an adjunct professor for six years teaching graduate level courses in Competitive
Intelligence, Disruptive Innovation, and Sustainability.

A Seattle area native, Mark embraces all forms of human-powered adventure including cross
country skiing, mountain biking, ultra trail running, and backpacking the alpine wilderness.
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Dehua Liu

Professor and Director, Institute of Applied Chemistry
Department of Chemical Engineering, Tsinghua University

Education
1986-1991 Ph.D., Chemical Engineering, Tsinghua University, Beijing, China
1981-1986 B.S., Applied Chemistry, Tsinghua University, Beijing, China

Appointments

1999-present Professor and Director, Institute of Applied Chemistry, Department of
Chemical Engineering, Tsinghua University, Beijing, China

2010-present Director, China-Brazil Center for Climate Change and Energy
Technology Innovation

2015-present Director, China-Latin America Joint Laboratory for Clean Energy and
Climate Change

2014-2015 Member, PlantBottle Technical Advisory Board (TAB) of Coca Cola

2008-2011 Consultant, DuPont R&D Center in China

1997-1999 Professor, Institute of Process Engineering, Chinese Academy of
Sciences, Beijing, China

1993-1997 Associate Professor, Institute of Process Engineering, Chinese
Academy of Sciences, Beijing, China

1994-1995 Visiting Scholar, Laboratory of Renewable Resources Engineering,
Purdue University, West Lafayette, IN, USA

1991-1993 Post-Doctoral Research Assistant, Institute of Process Engineering,

Chinese Academy of Sciences, Beijing, China

Research Field

Dr. Dehua Liu has expertise in the field of biochemical engineering with specific focus on
renewable resources, bio-energy engineering, fermentation technology, bioreaction
engineering, and metabolic engineering. He has published more than 200 papers and filed
more than 60 patents.
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Kam Mahdi

CEO, Clean Energy Technology Inc. (CETY)

Kam Mahdi is an accomplished public company CEO with domestic and international
experience in operations, P&L oversight, multi-channel product distributions, licensing, joint
ventures, and marketing involving both start-ups and growth organizations.

A passionate leader and entrepreneur at heart , Kam has successfully built his own companies
for the past 20 years.

Taking the position of CEO in October of 2015, Mr. Mahdi’s vision of creating a product
development accelerator led to the acquisition of the General Electric Heat Recovery Solutions,
and he has been instrumental in making CETY a major player in the renewable and energy
efficiency markets.
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Shiyan CHANG

Associate Professor

Institute of Energy, Environment and Economy
Tsinghua University

Her research areas are energy transition and its economic and environmental impact. She was
involved, as a key contributor, in the building of the China Regional Energy-Emissions-Air
Quality-Climate-Health Model (REACH) and China's Regional Energy System Model (C-RESM)
to explore possible pathways for sustainable energy transition. As the Principal Investigator or
major participant, she has undertaken a number of national projects in this field.
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Praveen BAINSA

Clean Energy Modeller, Energy Technology and Policy division,
International Energy Agency (IEA)

She works within the supply-side team, modelling the global fuel transformation and power
generation that supply the energy required by the demand sectors. Her works focuses on
biofuel production, including sustainable aviation fuel. Prior to the IEA, Ms. Bains worked as a
research assistant at Imperial College London in the United Kingdom, modelling the United
Kingdom'’s electricity system with high spatial as well as temporal resolution. She has also
spent a year as an ORISE Fellow working for the Office of Fossil Energy at the U.S.
Department of Energy (DOE) in Washington, D.C.

Ms. Bains has a Master's degree from the Department of Energy Resources Engineering at

Stanford University, and a Bachelors of Engineering in Chemical and Biomolecular Engineering
from the University of Pennsylvania.
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Yuri FREEDMAN

Senior Director, Business Development
Southern California Gas Company (SoCalGas)

Yuri has broad experience in development and acquisitions of energy infrastructure assets. In
his current role of Senior Director of Business Development, he manages the portfolio of growth
initiatives and R&D activities of Southern California Gas Company (SoCalGas), the largest
North American gas utility. Prior to his current role he held the position of Director of
Commercial Development for Sempra LNG, and previously held the positions of Director of
Infrastructure Investments and Director of Corporate Mergers & Acquisitions at Sempra Energy.
Prior to joining Sempra Energy, Yuri held the positions of Managing Director at Fortress
Investment Group and Vice President at GE Energy Financial Services. He began his career as
a geologist working in Arctic regions of Western Siberia on the development and construction of
natural gas pipelines.

Yuri serves on the board of CALSTART. He holds an MBA from the Yale School of Management
and a PhD in Environmental Science and Energy Research from the Weizmann Institute of
Science in Israel.
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Bingsheng XU

Associate Researcher.

“ China National Institute of Standardization

Xu Bingsheng graduated from Peking University Institute of Technology, majoring in energy,
power and resource engineering, and obtained his Ph.D. as an associate researcher.

Research field: Engaged in standardization research in ecological civilization, biomass new
energy, third-party treatment of environmental pollution, solid waste treatment and disposal,
etc.

Research achievements:

He presided over the study of ecological environment standard system and pilot demonstration
project. Responsible for the establishment of Huzhou Ecological Environment Standardization
Demonstration Zone, Zhangjiakou Ecological Civilization Standardization Planning Research,
National Ecological Civilization Experimental Zone (Jiangxi) Standard System Research,
National Ecological Civilization Experimental Zone (Guizhou) Standard System Research,
Hainan Province Green Standard System Research Project. He presided over the national key
R&D plan "Application Research of Integrated Solutions for Optimization and Control of
Environmental Protection Equipment and System Facilities in Typical Industries", and presided
over the research project of supporting the third-party treatment standard system and
evaluation method of environmental pollution. Participate in 863 science and technology plan,
national science and technology support and national natural science foundation, such as the
construction of green design platform for high-performance lead batteries, the theoretical
research on the revision of atmospheric non-point source emission control standards, the
research on key technologies and integrated application of monitoring and control of energy
conservation and emission reduction in key industries, the research on key technologies of
deep dust removal and flue gas purification in metallurgical industry, the research on green
production technology of efficient utilization of magnesite, and the research on mass-energy
conversion and slag wetting mechanism of CO2 slag splashing. He published 21 papers in SCI,
El and Chinese core journals, participated in drafting and formulating 7 series standards of
technical specifications for green product evaluation, and participated in the compilation of
"Typical Model Cases of Circular Economy Standardization".
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Weiquan WANG

Registered Consulting Engineer
Deputy Secretary General
Chinese Renewable Energy Industries Association (CREIA)

Mr. WANG is Registered Consulting Engineer. He has been working on renewable energy over
15 years in Chinese Renewable Energy Industries Association (CREIA). He is focusing on the
industry and policy analysis of renewable energy, including biomass energy, solar energy, wind
energy, geothermal, etc. Mr. WANG has participated in many research and study about
renewable energy such as renewable energy planning, roadmap for distributed energy, market
and policy of power sector, renewable energy heating in the north of China, financing
mechanism for renewable energy, cooperation and technology transfer on renewable energy
between China and Africa etc. Mr. WANG has a good network in renewable energy field and
particularly in clean heating area.
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Transportation Fuels from Biomass in
California and the USA

International Biofuel Standard Workshop
Beijing, China
February 2, 2021

Stephen Kaffka*
University of California, Davis &
California Biomass Collaborative

*srkaffka@ucdavis.edu/530-752-8108
http://biomass.ucdavis.edu,

CALIFORNIA
‘,‘ BIOMASS COLLABORATIVE

Transportation Fuels from Biomass in California and the USA: OUTLINE

1. Policies drive biofuel use at both the national and
state level (Federal: RFS, State: LCFS)

2. Biomass used for biofuels at the national and
state levels (crops, livestock wastes, urban
residuals, forest biomass)

3. The optimal role of biomass for biofuels in
California: helping to achieve public
environmental goods

CALIFORNIA
\4‘ BIOMASS COLLABORATIVE

RFS2 Requirements (billion gals)

Type 2009 2022

Cellulosic - 16.0 <
Biomass diesel 0.5 1.0

Advanced 0.6 (4.0) 21.0

Corn starch 10.0 15.0

Total 1.1 36.0

Advanced: renewable fuel (from qualifying feed stocks like Brazilian sugarcane*, grain sorghum*,...)
anything other than EtOH derived from corn starch, at lest 50% less GHG than petroleum. (Older corn
starch facilities are largely exempt from GHG requirements)

Cellulosic: 1. Crop residues such as corn stover, wheat straw, rice straw, citrus residue, sugarcane bagasse. 2.
Forest material including eligible forest thinnings and solid residue remaining from forest product production. 3.
Annual cover crops planted on existing crop land such as winter cover crops. 4. Separated food and yard waste
including biogenic waste from food processing. 5. Perennial grasses including

switchgrass and Miscanthus.

Biodiesel (> 1 bgy) can substitute for advanced ethanol. *arbitrary classifications

30

Summary:

1. Policies stimulate biofuel use and are needed to support biofuel
adoption and innovation.

2. Optimal feedstocks and fuel types vary locally (one size does not fit all).

3. Feedstock quality, cost and abundance have favored crop-based
feedstocks, but first generation technologies based on crops can be the
pathway to adoption of advanced technologies and the use of lower
quality feedstocks.

4. In California, optimal feedstock-biofuel systems should provide multiple
public goods. Biofuel production and use can help achieve important
environmental public goods like healthy forests, landscape restoration
and pollution reduction, while providing petroleum substitutes.

There are differing biofuel regulations at the federal and state level

The Federal EISA (2007) and the RFS2 mandate the use of
biofuels, mandate minimum Carbon Intensities, and mandate the
amounts of fuels to use. But mandates are subject to review (and
politics).

California’s LCFS mandates reductions in the Carbon Intensity of
Fuels but does not specify which types of fuels or how much
must be used.

These laws are not harmonized and fuel providers must meet
both.

Credits from the RFS and LCFS can be combined and enhance
profitability in the California market.

The implementation of the federal RFS has been mired
in political controversy and the subject of unending
disagreement among biofuel producers, the oil industry,
and organized environmental organizations. It is beset
with lawsuits and policy uncertainty.

“..the contours of the debate haven't changed. Environmental groups such as the National Wildlife Federation maintain that
conventional ethanol isn't the beneficial fuel alternative they'd hoped for when the renewable fuel standard was adopted in the
mid-2000s and is doing more harm than good. The conflict among biofuel groups, environmental organizations and the petroleum
industry will weigh on the Biden administration as it reviews pending regulations under the renewable fuel standard. Proposed
regulations on minimum biofuel volumes for this year are behind schedule, and EPA has withdrawn regulations on the RFS and other
policies that were under review at the end of the Trump administration.” Jan 27, 2021




Signing AB 32: The Global Warming Solutions Act

California leadership |

Ending Global Warming The Low Carbon Fuel Standard

| required a 10% reduction in fuel
carbon intensity by 2020. This was A
achieved. The state also asserted a ':‘
desire to produce biofuels in-state,
but has been less aggressive in
achieving that goal.

[ January 13, 2013 3 | January 13,2014

M i e . gl magesf s 014 Ik e

: Emission Trajectory Towards 2050

Important California Regulations 20 600
H H § o r 500 §
*Global Warming Solutions Act (AB 32), o1 &
13 - 400 o
«Low Carbon Fuel Standard = g
. . 10 + F300 <
« Alternative and Renewable Fuel, Vehicle § @
Technology, Clean Air, and Carbon Reduction Act g 200 §
(AB 118) = ol E
= i
*Cap and Trade o H e,
1990 2000 2010 2020 2030 2040 2050
Year
—e— yearly cumulative emissions
CA Low Carbon Carbon Intensity Values of Current Certified Pathways (2018)
Low Carbon Fuel Standard: @ -
a performance based standard e e
Hydrogen W OO OO
Ethanol - Cellulosic 0
« Creates a framework for transition to low carbon fuels. Ethanel —
Described as a performance standard. 3 25y =
+ Establishes a regulatory precedent or model for others, | o N i
and is only effective if others participate. e -
* Encourages technology innovation. Putatively technology N6 o
neutral, (but now favors electrification and H2) oo Bio-CNG o @ ammono
« Allows for biofuel providers and others to assert e o®
alternative Carbon Intensities, but these are subject to Renewable Diesel - o
Eé\EBS’ review and approval. (CA-GREET, GTAP used for Biodiesel
hitos://snwarb.ca govfuels/lcfs/dashiboarquarterhysummary/20180731 a1 d
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—1 CA Low Carbon Fuel Standard Alternative diesel
Fig 3. Credits (MT) By Fuel Type Transportation Fuels from Biomass in California and the USA: OUTLINE
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It has been difficult to develop successful businesses in the US based on cellulosic materials. Previously N

proposed, partially developed or built cellulosic bioernergy facilities/companies (2011). Only Amyris and qua“ty (ease of
Fulcrum are operating or about to operate facilities currently. POET, DuPont, and Abengoa constructed co nversion),
facilities but either abandoned or sold them (DuPont, Abengoa) them or idled them. Amyris has shifted .

to production of high value bio-products and uses sugar as a feedstock. abundance and price.

[ oemacmine ]
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Corn and Soybean Yields in the United States/ USDA data
Crop based feed stocks

have dominated biofuel 10
production in the US 160
(and Brazil) because 140
yields steadily increase ’g 120
while resource use S 100
efficiency increases =
simultaneously. This o %
generates a condition of -:—_’ 60
chronic surplus in the 40
USA. Bioenergy use 20
helps sustain the farm o
economy by clearing that 1900 1920 1940 1960 1980 2000 2020

surplus and sustaining
prices. This is expected
to continue.

Year

Transportation Fuels from Biomass in California and the USA: OUTLINE

3. The optimal role of biomass for biofuels in
California: helping to achieve public
environmental goods_some examples

CALIFORNIA
UC AN &‘ BIOMASS COLLABORATIVE

Biogas Potential - Overall

Methane Generation Potential from Biogas Sources
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Fotal factor productivity h Real
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Total factor productivity in agriculture in the USA has increased, leading to
steady surpluses and declining food prices, while input use has declined.
This leads to industrial uses for crops.

T

Focus on California

\—
= Gross Resource
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California has a large and diverse amount of
biomass, approximately equally divided among
urban, forest, and agricultural sources. There are
multiple co-benefits and accepted public goods
that can be supported by prudent and
sustainable biomass use for energy, including for
alternative fuel production. This is much less the
case for the ZEV program.

(& Siowass cowssoume|  https://biomass.ucdavis.edu/

Renewable natural gas potential in California

CA Production Potential

2012 CA
vehicular NG
consumption

14.7 bef

2022 projection
Technical Potential
Existing capacity (all end uses)
N. Parker; Based on Williams (2014)
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California landfilled waste stream by material type N i There are large

amounts of

potentially

usable biomass

in urban areas of
California.

st RSN Creon AOE oo 1 e Example: the Los

- . Angeles region

N Mixed Residue , 0.8% -Glass, 1.4%
Special Waste, 3.9%. | ‘retal, 4.

HHW, 0.3%.

Inerts & non-wood.
D, 14.6%

Textiles, Carpet, 5.4%

C&D Lumber, 14.5% /'

Paper & Cardboard, s

Biomass Components
sum to 59%

Food, 15.5%

CALIFORNIA —

(adapted from 2008 characterization: (Cascadia 2009))

\ A
R} BIOMASS COLLABORATIVE

The San Joaquin Valley is
home to more than

1,000,000 dairy cows,
ANAEROBIC DIGESTION - FLOW CHART -~ primarily in Tulare, Kern
I\ S and Merced Counties.

i
|

The state subsidizes the
capture of CH4 from
dairy waste
management systems.

¥ 4

Post Digester

ey €3 e300 Ci
, Pump ¥ 0

oo s Oigestate Solds Amendments

Photo source: y_Lagoons,

Courtesy of CR&R Environmental Services

Spatial distribution of dairy manure and the NG transmission network

Each of these current ethanol refineries in
California are evolving into integrated
biorefineries. The LCFS and RFS support
investments in innovative technologies and
alternative feedstock uses. First generation
technologies support and are a necessary step to
the devel of later g

Legend % 7

Calgren, Pixley CA; 60 mgy

- \ technologies.



Aemetis Biogas Project Supported by LCFS/RFS Value Creation

Dairy

Pipeline

Aemetis (Keyes, 5’ QM

Conditioning & use

Aemetis is building a woody biomass to ethanol facility in cooperation

with Lanza Tech using a i ther ical process

already operating at scale in China, to use woody biomass from retired
orchards. This is made possible by the existence of the core corn
ethanol facility. They will also produce CH4 from manure and biodiesel
from corn oil and other feedstocks.

Local Customer

Older biomass to energy plants have
closed in the Central Valley leading to

Feedstock Gasification

LanzaTech Technology: Biomass to Syngas to Cellulosic Ethanol

LanzaTech Fermentation

Hctidly

R J -

e = Syngas
meum—‘sf -

Waste §
- Orchard Byproducts Ethanol Plant Integration

inded in 2005, Lanzatech has

ed more than $200 million

+ 250 patents
+ Sixplot plants worldwide
+ Building steel millwaste gas-lo-

ethanol plants in Furope and Asia

=== T
) - B

unacceptable levels of open burning AN

The project developed a new statewide resource

Mitchell et a., 2015 (STEPS/ITS)

of forest biomass feedstock. The assessment utilizes a
knowledge base of forestry expertise developed at UC
Berkeley, and the Biomass Summarization Model (BioSum), a
temporally dynamic, spatially explicit, forest stand
development model...that estimates ...on-site woody
biomass resulting from forest operations. BioSum had not
previously been applied statewide in California.

Over the 40-year simulation period, California forests
generate forest residue of about 177 million bone-dry-tons
(BDT) on private land, and 100 million BT on federal land,
for a total of 277 million BDT. On average, this is about 7
million BDT of forest woody biomass per year across the
state.

The largest total cumulative amount of woody biomass
comes from North Coast private lands, with over 74 million
BDTs. Standardized on a per acre basis, Western Sierra
private lands have the greatest output, 34 BDT/acre, and the
Southern Oregon/Northeast California public lands have the
least output, 12 BDT/acre.

Figure 11,

and the average price at delveryt the biorefnery:

High fire risk areas in California forest and rangelands,
FRAP, 2011

Acres Harvested

Tree nut plantings in California have
Aimond  wainut - increased and hardened water demand
reducing supplies for other crops.

Expansion of tree nut plantings driven by
changing tastes and Asian demand has
altered the state’s agricultural economy

and landscape in an unprecedented way.

Alternative fates for
California’s forests

Biomass energy recovery from
forest residuals and fuel load
reduction can help preserve
forest health and ecosystem
function.

Summary:

1.

Policies stimulate biofuel use and are needed to support biofuel
adoption and innovation.

Optimal feedstocks and fuel types vary locally (one size does not fit all).
Feedstock quality, cost and abundance have favored crop-based
feedstocks, but first generation technologies based on crops can be the
key to adoption of advanced technologies and the use of lower quality
feedstocks.

In California, optimal feedstock-biofuel systems should provide multiple
public goods. Biofuel production and use can help achieve important
environmental public goods like healthy forests, landscape restoration
and pollution reduction, while providing petroleum substitutes.
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The Delta region: Before
and after: 100 years

LIFE CYCLE ASSESSMENT, CARBON ACCOUNTING,
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California has adopted the most aggressive climate focused policy within
the USA and perhaps the world. This policy is justified as necessary based
on projections of severe, future climate-related harms and a judgement that
the higher costs of climate policies are necessary and ethically justified.

“CAis parllcularly vulnerable to the costs Annual Damage Estimates in 2006 USD (billions)
associated with unmitigated climate change. A

S Low HiGH ASSETS AT RISK
warming climate would generate more smoggy Warer A o6 S
days, ozone, and foster more large brush and Eneray 27 75 21
forest fires... by late century, CA will loose 90% Tourism and Recreation 02 75 %
of the Sierra snow pack, sea level will rise by Real Estate 03 39 2500
more than 20 inches, and there will be a 3x to Agriculture, Forestry, 03 43 13
4X increase in heat wave days. This will lead to NIA A 500
increased flood damage, diverse economic Public health 3.8 24.0 NIA
losses and substantial public health costs.” TOTAL 73 466
Assembly Bill 32 Scoping Plan (Executive Fredrich and Foland Holst (2008
Summary).

Land subsidence and dissolved organic matter

Peat sois

Waural levees

Main channel

Ripai
leared
built to cre

Subsidence =
1to3cmfy

Canola intercropped with newly-planted pistachios in Kern County. Pistachios emerge late. There is
alarge amount of land potentially available in new or re-planted orchards and vineyards in California
on ayearly basis that might produce oilseed crops in winter, largely on rainfall or with limited
irrigation. There may be opportunities in young orchards throughout California for both Canola and
Camelina winter inter-crops. These oils can be used for biodiesel production without using new
land while itting poli i 150K acresly

Pollinator co-
benefits

This crop'w
planted
bee pasture




Calgren: integrated biorefinery based ol ported corn grain now (or soon) will produce
biodiesel and CNG, based on biogas from 14 nearby dairies and sale of DDGS to those dairies.
= -

CALIFORNIA'S LOW CARBON FUEL STANDARD AGGREGATED CERTIFIED PATHWAYS TR EEET
Fasdiock | nmaniyvaie | | INEENSItY (C1) values
{acoze/M | | are for corn oil

Facility
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exported to China and burned. This is a
robust pathway for new biodiesel
production in CA. It will integrate biogas
from 14 nearby dairies to produce RNG.

osto. Dlamond Gr
osto. Diamond Gr:

Ensyn Technologies

Fulcrum Sierra BioFuel
(Commerical production scheduled for

rly 2020)
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Energy and renewable energy
consumption of China

* China's energy consumption is growing rapidly
* China is vigorously developing renewable energy

I China has become the world's largest energy consumer

—
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Share of Primary Energy Consumption by Country Primary Energy Consumption by Fuel Type in 2018

The primary energy consumption of China surpassed the United States in 2009, becoming the largest energy
consumer in the world.

Constrained by nature resources, coal accounts for more than 55% of China's primary energy consumption, much
higher than that of the world and developed countries.

Source: World bank, BP Statistical Review of World Energy
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o Energy and ble energy c ption of China

e Current status of transportation energy and liquid biofuels of China

CONTENTS

e Ethanol, Bio-Diesel, Aviation biofuel development in China

° Summary

I World energy consumption is growing steadily
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With the continuous development of the world economy and the improvement of peoples living standards, global
energy consumption has grown rapidly. From 1980 to 2018, the world GDP increased by 7.6 times, accordingly, world
energy consumption increased by 2 folds.

Source: IMF, BP Statistical Review of World Energy

I China's energy consumption is growing fast
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Chinese Energy consumption is closely correlated with economic growth. In the past 40 years, the primary energy
consumption per people of China has increased by 5.5 folds. As China is the largest developing country with the
population of 1.4 billion.

Although the energy consumption per people has been slightly higher than the average value of the world, however,
there is still a big gap between developed countries ( only about 1/3 of USA ) .

Source: World Bank, IMF, BP Statistical Review of World Energy, Bureau of Statisics of China

China GDP, Trillion RMB



IChina has attached great importance to develop and utilize of renewable energy for a long time

|+ In order to fulfill the rapid growth of energy consumption , optimize the energy structures and reduce GHG

emission,

and uti of gy is one of the imp aspects in China’ s energy policy.

1900-1970s

19805

1997

2002

Jan. 2006

2013

2015

2020

Developed Small-scale hydropower, Bio methane and firewood forest in rural area
Government set up renewable energy office to research renewable energy development issues

Issued a national renewable energy development plan for the first time. To support renewable energy
demonstration projects

Signing the Kyoto Protocol, to improve energy efficiency. To develop renewable energy and plant trees to mitigate
climate change

Issued the renewable energy act. Renewable energy has entered a period of rapid development. The act include
Hydropower, wind power, solar power, geothermal, biomass energy etc.

Issued Action Plan of Air Pollution Prevention and Control, Adjusting energy structure, reducing coal
consumption and increasing clean energy supply are important measures to control air pollution

Signed the Paris agreement, China has pledged to reduce carbon dioxide emissions per unit of GDP by 60-65% of
2005 levels by 2030, and increase the share of non-fossil fuels i primary energy consumption to around 20%.

Chairman Xi made the statement of “China will take effort to be peak CO2 emissions by 2030 and to be carbon
neutral by 2060.”

Current status of transportation energy

and liquid biofuels of China

* Road traffic development in China
* China oil market
+ Development of liquid biofuels in China

I Transport fuel consumption is growing rapidly

Nurmber of vehicles, million

3

00

00

ns

2002

ine.and diesel consumption, million
to

o
2005 2004 2005 2006 2007 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 20208

lion tou

With the rapid increase of the number of vehicles, the consumption of transportation fuel has also increased
significantly, correspondingly.

In 2020, the Gasoline and Diesel consumption is about 115 million tons and 140 million tons respectively.
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I China is the world's largest consumer of renewable energy

Since the implementation of the Renewable Energy Law in 2006, renewable energy has become an important
part of China's energy supply.
By the end of 2019, China has became the largest renewable energy consumer in the world. The total

consumption of commercialized renewable energy is about 430 million tons of oil equivalent, accounting for 12.6% of
China's primary energy consumption.

Renewable energy consumption is 2.5 times that of the United States of America, 3.8 times that of Brazil, and 8 times
that of Germany.

" )

Renewable power generation 2 trllion kilowatt-hours =
Biomass energy utilization 12 million tons of il equivalent ; : 3
Liquid Biofuel 3 million tons of oil equivalent i H
i

1.3 billion cubic meter ( 1 million tons of oil
Bio-nature gas ) Ea—— -

equivalent) -

Target: The share of non-fossil fuels in primary energy consumption will be to around 20% by 2030.

Source: {China Renewable Energy Development Report 2019}

I Road traffic of China grown very fast

Vehicle number, Million
g
Anual growth rate

204 2015 2016 2017 2018 2019

By 2019, China" s vehicle number has reached 250 million, which is not including agriculture vehicle and motorcycle, and

the growth rate of passenger vehicle is the fastest segment.

Source: Statistical bureau of China , CPCIF

I China has already become the second largest oil consumer in the world

In 2020, China consumed 620 million tons crude oil, which is the second largest crude consumer in the world,
and China has already become the world largest crude importer.




I Actively promotes transportation energy diversification I China’s main policy for supporting liquid biofuels

o 5 S0 1% i Jan. 2006, Renewable Energy Law.
. «Adtomabile with gasline engine q

A \ Definition: Liquid biofuels refer to liquid fuels such as methanol, ethanol and biodiesel produced from

- = Automebile with diszel sngine \ BIES: resources.
« LLCNG Vehicle
: . P = I The state encourages the production and use of liquid biofuels. Oil enterprises should incorporate the liquid
. B2 B I 1 - EElEAEED biofuels into its fuel blending system conforming to the fuels specification of national level.
o ms me 2w me ws om0
[REEPS—
Aug. 2007, Medium and Long-te Plan for ble Energy.

In response to the rapid growth of transportation energy, China is actively promoting the diversification of transportation. The number of
el g d i i e dpiiiy By 2020, 10 million tons of bio-ethanol and 2 million tons of biodiesel will be used annually.

In 2020, there were 7 million natural gas vehicles in China, accounting for 25% of global natural gas vehicles. EV number has reached 4
millions, growing very fast. Although the growth rate is fast, the share is still pretty low.

Mar. 2008, The Eleventh Five-year Plan for the Development of Renewable Energy.

+ By 2050, There will be a large number of vehicles with gasoline and diesel engine are still in service. ! - . 3
By the end of 2010, fuel ethanol consumption would be 2 million tons per year, and biodiesel consumption
+ Developing and utilization of liquid low-carbon renewable fuels (biofuels) is always an effective way to solve transportation energy would be 200 thousand tons per year.
problems. GHG emission, sustainabl etc.). The Chil has done so.

I China's main policy for supporting liquid biofuels I Development status of liquid biofuels in C

Aug. 2012, The Twelve Five-year Plan for the Development of Renewable Energy. 2 ¢ 20

3
Steady development of bio-liquid fuels. Constantly support the construction of cassava ethanol, sweet g 3 16%
sorghum ethanol, cellulosic ethanol and other projects where conditions allow. E g 12%
Continue promoting the demonstration of the industrialization of biodiesel from woody oil plants ‘g é ? 08% &
represented by jatropha 29,

5% 04%
Scientifically guide and regulate the development of biodiesel industry based on catering and waste animal 2
and vegetable oils. S N B

2002 2004 2006 2008 2010 2012 2014 2016 2018  2020E
s Bio-cthanol mmmBiodiesel s Aviation biofusl ~>-The ratio of ethanol to gasoline - The ratio of liquid biofuel to transportation fuels

Dec. 2016, The Thirteen Five-year Plan for the Development of Renewable Energy.

Sy e e el ot D e G e Supported by the policy, production and consumption of fuel ethanol have risen steadily since 2002.
In 2020, the total consumption of liquid biofuels was round 2.6 million tons of il equivalent, which accounting for 1

The total amount of grain fuel ethanol should be controlled in combination with the consumption of old
grain and heavy metal i grain. of cassava, sweet sorghum and other
fuel ethanol projects.

percent of transportation fuel consumption in 2020.

Currently, liquid biofuels capacity of China is about 9 million tons, including 6 million tons of biofuel ethanol, 2.5

Promoting the industrialization and demonstration application of biomass conversion and synthesis of million tons of biodiesel and 100 Ktons of aviation biofuel.

biofuel and bio-aviation fuel.

I The application of ethanol gasoline in China has long history

The utilization of fuel ethanol in China began during the War I, due to the lack of fuel supply, ethanol partly replaced
gasoline as cars and the military vehicles fuels for the war.

By 1942, China had hundreds of distilleries and consumed 8 million gallons of fuel ethanol at that time.

With the steady supply of gasoline after 1945, the demand of fuel ethanol had declined rapidy.

= | owier | ste ]

Ethanol, Bio-Diesel, Aviation biofuel
development in China

Fang lin Distiller Henan, Nanyang
The first Sichuan Distiller Sichuan, Nefjiang
The Second Sichuan Distiller Sichuan, Zizhong
The Thrid Sichuan Distiller Sichuan, Jianyang
Yunnan Distiller Yunnan, Kunming
Guizhou Distiller Guizhou, Zunyi

Gansu Distiller Gansu, Lanzhou

Zi Zhong Distiller; Sichuan province, 1940
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I The application of ethanol gasoline in China began at the beginning of this century

2002 10 gasoline tenth five year  Zhengzhou, Luoyang, Nanyang, Harbin and Zhaodong were the first batch of

special development plan pilots, stop sale of unlead gasoline
£10 Gasoline Pilot Heilongjiang, ilin, Liaoning, Henan, Anhui, nine cities in Hubei, Seven cities in
2004 expansion program and llli BRI ! ! ;
o Shandong, five cities in Jiangsu, six cities in Hebei are new pilots
Implementation rules

Medium and Long-term
2007  Development Plan for
Renewable Energy

By 2020, 10 million tons of bio-ethanol and 2 million tons of biodiesel wil be used
annually.

The Thirteen Five-year Plan

2016  for the Development of
Renewable Energy
Implementation Plan for

2017  Expanding Biofuel Ethanol  Utilization of fuel ethanol will be expanded nationwide, and primary market

and Promotion of the Use of  operation mechanism should be established by 2020.
Ethanol Gasoline

By2020, the utilization amount of bioethanol should be 4 million tons.

I The Scale Pr ion of Ethanol line Began in the Beginning of 21 Century

The second stage (2004-2017) : Expanded E10 gasoline to 36 cities in 12 provinces.

In 2004, Issued the £10 Gasoline Pilot expansion program.

Expand the pilot experiences of Henan and Heilongjiang to other 12
provinces, which including Jilin, Liaoning, Anhui and Guangxi etc.

6 provinces completely and only have E10 gasoline for sale, 6 provinces have
both E10 gasoline and conventional gasoline for sales.

Fuel ethanol consumption in 2018 was about 280 million tons (930 million
gallons), and E10 gasoline accounted for one-fifth of the nation's gasoline
consumption

China now is the world's third largest consumer of fuel ethanol after the
United States and Brazil

Bioethanol and E10 gasoline has played an important role in agricultural
development, environmental protection and energy diversification.

I China is the world Third largest fuel ethanol consumer

By the end of 2020. Ethanol capacity of China is round 6 million tons. Mainly distributed in Northeast China,
North China, East China, South China.

g. '~ \ :

.. = Northeast = North China s East China = South China
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I The Scale Promotion of Ethanol Gasoline Began in the Beginning of 21 Century

The promotion of fuel ethanol in China was divided into two main stages.

During the tenth five-year plan period (2000-2005), the
government approved four fuel ethanol enterprises, with
a capacity of 1.02 million tons/year, using expired grain
as feedstock

In 2002, lunched Ethanol-gasoline Promotion Pilot
Program, and began to promote E10 gasoline in three
cities in Henan province (Zhengzhou, Luoyang, Nanyang)
and two cities in Heilongjiang province (Haerbin,
Zhaodong).

The pilot had got desire results. E10 gasoline is
applicable in China, and could be expand across the
country.

I E10 will be expanded nationwide

2017, Implementation Plan for Expanding Biofuel Ethanol and Promotion of the Use of Ethanol Gasoline,

£10 will be expanded nationwide, and primary market operation mechanism should be established by 2020.
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I China is the world Third largest fuel ethanol consumer

. By 2020, China is the world third largest fuel ethanol consumer in the world. About one-fourth of gasoline
‘consumed in China is E10.

2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2010 2020

s Ethanol —

In 2001, China launched the Tenth Five-Year renewable energy substitute Plan to promote the use of fuel ethanol.

The first stage (2002-2004) : Began to pilot the promotion of ethanol gasoline (E10) in Henan, Heilongjiang
province.



I Standard for ethanol and E-gasoline

Standard :

Ethanol free
gasoline Sale!

«  Blenderstocks of ethanol gasoline for

motor vehicles, GB22030

ey Sy

Denatured fuel ethanol, GB18350 )

P ~ .
i i EIETR :: -
Ethanol gasoline for motor vehicles it Nsssnesiage - L

(E10), GB18351 P : ik

E10 Sale regiop -~y N
—

GB17930 Gasoline for motor vehicles Conba

I Waste oil is the main raw material of Biodiesel in China

Unlike other regions and countries around the world where biodiesel is being massively promoted, for the
supply of oil is not sufficient. China can not use Edible oil as feedstock to produce biodiesel.

. Doesn't scale
Nonedible | Doesntsc
(Jatropha seed, Xanthoceras, etc ) '

Waste Oil
(kitchen waste, Grease industrial waste)

Other sources
(Microalgae)

Need Technology breakthrough

I Biodiesel

There is no national level mandate for biodiesel in China. Some cities use B5 biodiesel according to their own
regulation.

EU market is more attractive to Chinese waste-oil-biodiesel. In 2019, China export 660Kt biodiesel. It is
estimated that biodiesel production is about 1.2 million tons, and exportation is about 900kt.

Province or City application BS biodiesel o =

2009 Qing mai, Hai nan - o

2011 Kun Ming, Yun Nan 5 oy

2013 Shang Hai ;" mé
Em o

—roticton o Growh e
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I Biodiesel is one of most important low-carbon liquid fuel in China

Jan. 2006, Renewable Energy Law.

Definition: Liquid biofuels refer to liquid fuels such as methanol, ethanol and biodiesel produced from
biomass resources. The state encourages the production and use of liquid biofuels.

Department
2007 {GBIT20828-2007/201412015} , Biodiesel blend stock (BD 100) o diesel engine fuels National standard committee

2009 Renewable Energy Law (Revised edition) National People's Congress

2010 {GBIT 25199-201012014/2015) Biodiesel fuel blend (85) National standard committee

2012 Bioproduct Industry Development Plan State Council

2014 Biodiesel industry development policy National Energy Administration

2016 The Thirteen Five-year Plan for the Development of Renewable Energy National Development and Reform Comm
2017 {GB25199-2017 ) BS diesel fuels. National standard committee

ov1g Pt f odisel eing waste anal and lnt s s rw mterls s subect (02 VAI g, i o Tvation

I Biodiesel capacity is more than 2.5 million tons

There are more than 30 biodiesel enterprises in China, and the capacity is more than 2.5 million tons.
These plants almost use waste oil feedstock.

S

: ®NC WEC =SC ®CC ®NWC = NEC

I Standard for Biodiesel

{GB/T20828-2007)
Biodiesel blend stock (BD 100) for
diesel engine fuels

(GB/T 25199-2010)

Biodiesel fuel blend (B5)

Some technical .
indexes been

modified

(GB/T20828-2014)

(GB/T 25199-2014)
Biodiesel fuel blend (B5)

@

Biodiesel blend stock (D 100) for
diesel engine fuels

{GB/T20828-2015)
sel blend stock (BD 100) for
diesel engine fuels

(GB/T 25199-2015)
Biodiesel fuel blend (B5)




I China's aviation industry is developing rapidly

China's aviation industry is developing rapidly, Jet fuel consumptios

+In with the i of the

Civil Aviation O

emission reduction has been put on the agenda.
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I China's first aviation sustainable biofuel demonstration flight

On October 28, 2011, based on the energy cooperation between China and the United States, Air China, PetroChina,
Boeing and Honeywell UOP jointly conducted China's first aviation sustainable biofuel demonstration flight at Beijing

Capital International Airport.

I Aviation Biofuel commercial use in China

i+ On March 21 2015, the First commercial passenger flight of China, Hainan

Airlines Flight HU7604 (Boeing 737-800 ) with 156 passengers and eight
crew on board, took off from Shanghai Honggiao Airport with Sinopec
No.1 Bio-aviation kerosene (

pl esters and fatty acids ) ,
Landed at Beijing International Airport.

On Nov 21 2017, HNA flight HU497 left Beijing Capital International Airport
for Chicago, marking the first Sino-US green pilot flight with bio-aviation
fuel.

In 2019, China South airline completed over sea flight from Airbus delivery
center in Toulouse to ( sugars )

creasing rapidly.

aviation industry

Growhrate

NEA
CAAC
Petrochina

Management Bureau

1 China Aviation Oil

Aviation Fuel/oll and

certification center of
CAAC

« Boeing
Honeywell/lUOP
+ Pratt & Whitney

I Aviation biofuel start from 2010

cooperation of the "China-U.S. Renewable Energy Partnership,

China-U.S. Advanced Biofuels Forum was held on May 26t 2010 to officially launch the relevant

energy, smart electricity meters and cellulosic ethanol

I Chinese No. 1 Bio-jet was issued CTSOA in 2014

The two sides have signed eight cooperation agreements, including aviation biofuels, natural gas distributed

"+ On March 24th 2013, the Civil Aviation Administration of China (CAAC) issued the No. 1 Bio-jet special flight
permit to China Eastern Airlines. China Eastern Airlines took off on its A320 aircraft after it was filled with Bio-jet

No. 1.

* On February 12 2014, Civil Aviation Administration of China (CAAC) officially issued CTSOA to Sinopec No. 1 Bio-
jet, and has been officially approved for airworthiness and can be put into commercial use.

18 & %M = 9% o B AL ARG £ X

I" dard for Aviation Biofuel

ASTM D4054, Standard practice for
Evaluation of New Aviation Turbine Fuels
and fuel additives

p— — @

ASTM D7566, Standard specification for
Aviation Turbine Fuel Contain synthesized

Hydrocarbons

igntion D7866 - 13

Standard Practicsfor
Evaluation of New Aviaton Turbine Fusls and Fuel
ddiives’

Standard Specificalion for
Aviation Turbine Fuel Containing Synthesized
Hydrocarbor

[RAm——

ASTM D1655, Standard Specification for Aviation Turbine Fuels




I Standard for Aviation Biofuel
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Industrial Development Department

Li Din

e, Senior Engineer, Deputy Director
E-mail : Idj_cpcif@139.com

Tel : +8613718056593, +861084885411
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) China Petroleum and Chemical Industry Federation (CPCIF)
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I Summary

China has long attached great importance to the and utilization of
energy.

Developing and utilization of liquid biofuels is always an effective way to solve transportation
GHG emission.

In 2020, the total consumption of liquid biofuels was 2.6 million tons of oil equivalent.

Currently, China is the world third largest fuel ethanol consumer in the world. About a
quarter of gasoline consumed in China is E10.

China is one of the world's leading producers of biodiesel, which is mainly made from
recycling oil.

China already has the technology for the production of aviation biofuel, which is also being in
commercial use.
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Ongoing review of

potential new

The Aviation alternative fuel
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to study alternative D7566
fuels requirements.
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of stakeholders:
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Sustainable Aviation Fuels

Mark Augustyniewicz
Principle Strategist
Environmental Sustainability
The Boeing Company

February 2021

Sustainable Aviation Fuel on every ecoDemonstrator Program

2012 HEFABlend 2014 & 2015 Green Diesel /HEFA+ Blend

2019+ SAF Delivery Flights

« Alaska launch airline; Egyptair first
deiivery in new program

2019-2020 Commercially Purchased SAF

2018 100% Paraffinic Fuel

Sustainable aviation fuels and local economic development

£ 4

o
governments, environmental N -
organizations, and fuel

N
producers LA

-y

4

Over two dozen collaborations
around the world — airlines,

Soutn Aica: New Cash Crop

The path to 2050: bigger solutions for a smaller footprint

Airline
Fleet
Replacement

Network
Operational
Efficiency

Renewable
Energy
Transition

Future
Airplane
Technology

Incentives and investment needed to scale production

New ways to make the same fuel —
blends with Jet-A

Requires no change to airplanes,

engines or fueling infrastructure

50% to 80%

Reduces lifecycle CO2 emissions by

No negative impact to food security,

fresh water supplies or land-use —
strong, credible sustainability

certification

Alternative
Aviation Fuels

Examples of Boeing Collaborations in China

FLIGHT TEST

Air China conducted
China's first aviation
biofuel test flightin a
Boeing 747-400 using
China-grown, jatropha-
based biofuel.

PRODUCTION

Supported NEA
supervised, PetroChina
led, comprehensive
analysis on potential of
energy crops for biofuel
use.

PASSENGER FLIGHT

Boeing, Hainan
Airlines and Sinopec
partnered for China's
first passenger flight
with sustainable
aviation biofuel.

FUEL PATHWAYS

MOU between Boeing
and NDRC announced
a new initiative to turn
agricultural waste in
China into sustainable
aviation biofuel
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| Biodiesel : defined as “a substitute for, or an addifive to !
1 diesel fuel that is derived from oils and fats of plants, !
1 animals and microbes™ 1
15

H,00CR;

Ry-COOR" GHyOH
Catalyst |
HOOCR, + 3R'OH +——— RyCOOR T”"”‘
Ry-COOR" CHZOH
CH,-00C-Ry
Glyceride Biodiesel Glycerol

Catalyst

R-COOH + R'OH R-COOR’ + H,0

Chemical approaches (alkali, acid)
Transesterification at supercritical condition
Enzymatic approaches (lipase)

Negative effect

lipase

oil *+ methanol Biodiesel +  glycerol

Poor stability and activity of the lipase should be due to the
negative effect of methanol and glycerol. With TU’s novel
technology, the negative effect of both methanol and glycerol on
enzyme activity could be greatly eliminated

yele nuer



Demonstration from lab scale to commercial scale

Industrialization (50,000 tonsly)

Projects A 4EIR H - Biodiesel 245K

ARARRE. SHAR

v/Stability and activity of lipase have
been improved significantly

v"Some cheap oil sources could be used
for biodiesel production

How to deal with the by-product glycerol?
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Cooperation of Biodiesel project
between Tsinghua and COPPE

* Coordinated by CCBCE, Tsinghua’s enzymatic
technology was successfully demonstrated at the
pilot plant in COPPE, Brazil (2011)

Signature Celebration on Cooperative Agreement
between Tsinghua University and MPOB (2018-8-20>

Integrated production of Biodiesel and 1,3-PDO

Tsinghua University has proposed a novel flexible process
for 1,3-PDO production from glycerol or glucose.

Yeast bacteria
glucose =—=glycerol === 1,3-PDO

vegetable oil &biodiesel PTT

More than 50 patents were filed, among which
more than 40 have been granted.



PTT- A Novel Polyester

What s PTT?
o o Made from PDO
Ho O om! Ho ~AoH
Terephthalic Acid | 13 'mgun-diul |
PTA PDO

o o
© O o~ n
Poly Trimethylene Terephthalate
PTT
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S we
The industrial scale production of PDO with capacity of 20,000
tons /year is running in Jiangsu province, China .
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energy expert

CLEAN ENERGY TECHNOLOGIES

A better cleaner and environmentally sustainable future

Energy Efficiency of Biomass
with Zero Emission

High temperature ablative pyrolysis process is the thermic destruction of organic matter without oxygen at a
temperature range of 900-970 deg.C.

ENEX can provide integrated turnkey solutions for production of synthetic (renewable) fuel gas for onsite power
generation and heat energy production in the form of hot water, thermo-oil or steam, including all equipment
required for specific type of organic matter and end customer applications

Electrical
power

Rice husk

Heating
energy

Cooling G 3

Power supply

Industrial
applications

Steam for
technological
processes

igh temperatu
ablative

Pyrolysis
| | coke Natural gas §
Transportation
Activated Zeolite and mineral NEX
carbon adsorbents
APPLICATIONS

Refused derived fuel/solid Agricultural  processing  waste
refused fuel (RDF/SRF) (husks, hulls, sludges)

Municipal wastewater sludge Forestry waste

Confidential 5
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Pyrolysis Technology

Processing of industrial and municipal organic

waste in high temperature ablative pyrolysis

system for renewable high heating value fuel
gas and value-added chemicals

Applications

Industrial solid waste (plastic, Municipal solid waste non-
paper, textile, wood, processed recyclables
food)

Agricultural  farming waste
(straw, stem, biomass, mulch,
drip watering, fumigation
materials, manure, substrates)

Industrial wastewater sludge

Confidential 4

Process flow diagram

Organic waste matter is fed into a course shredder
After shredder it comes to the drying module.

The waste powder has moisture content 2-4% and fraction size 1-3 mm.

Waste organic is decomposed into syngas and pyrolysis char at temperature above 900deg.C.

« Syngas vapor passes through imbedded overheating chamber to decompose condensable polycyclic aromatic hydrocarbons
into hydrogen, carbon monoxide and methane.

« The discharged syngas is supplied for electric and heat power production in ICE gensets, gas turbines or gas boilers.
+ Pyrolysis char is cooled and stored in the buffer vessel for production of value-added chemicals or solid fuel briquettes.
+ Operating mode of the system s continuous 8600 hours per year with scheduled maintenance stops every 4000 hours.



High Temperature Ablative Pyrolysis (HTAP) TECHNICAL SPECIFICATION

* ENEX HTAP technology Equipment assembly HTAP Description HTAPS HTAP10
Capacity, tons per day (dry mass basis) 15 30
Annual capacity, tons (dry mass basis) 5250 10500

Waste to energy application:

1300 2400
Installed electric generation power, kW
Waste to energy application:
Net electric power supply to the grid, 1000 1800
kw
Annual operating hours 8400 ... 8600
Operating personnel (qty per shift) 2

Confidential 7
Zero Emission KEY FEATURES

Zero emissions (no added oxidizing agent, exothermic reaction does
No combustion in the ENEX HTAP process. Induction heating is used for cold start. No exhaust not require external heat supply)
from reactor. TARs breaks down into simpler hydrocarbons because of hot cracking of gas vapor.

Waste sourcing and mixing flexibility

ENEX HTAP Designed for maximizing of high heating value synthetic fuel gas
production
[NOxemission No Zero liquid residue discharge
[COemission No Zero solid residue waste
_ No (used for production of fuel briquettes, adsorbents, soil
_ No amendments, carbon black, construction materials, etc.)
_ High Options for conversion of produced synthetic gas into liquid
_ Yes hydrocarbons (dimethyl ether, methanol)
_ Yes Options for conversion of produced synthetic gas into renewable
hydrogen
Chemical process of high temperature pyrolysis is exothermic reaction by nature. Excess of Modular design for projects implementation time reduction
heating energy is recuperated for drying of raw organic matter. HTAP process has at least 30%
higher efficiency compare to direct incineration.
Poultry farm manure Plywood and fiberboard production waste

Waste source: mixture of wood chips, sawdust, bark from
sawmill and plywood production factory.

Waste source: mixture of cage and bedding poultry farming manure.

This manure has moisture content 50%, ash content 10%, volatiles level Waste has moisture content 40%, ash content 2% and volatiles
84%. level 87%.

Required manure flow for one HTAP10 unit is 58 tpd or 20780 tons Waste required for HTAP5 unit is 24 tpd or 8600 tons annually.
annually. Gross electric power generation from this waste is 1340 kW.

Gross electric power generation from this manure is 2400 kW. Heat from HTAP5 and gensets is partially used for waste
Heat from HTAP5 and gensets is used for waste drying. drying.
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Rice husk

Waste source: rice processing and packaging factory.

Rice husk has moisture content 8%, ash content 20% and
volatiles 68%.

Waste flow for one HTAPS5 unit is 15 tpd or 5375 tons
annually.

Gross electric Power production from this waste is 1000
kW.

Recuperated heat from HTAPS is used for waste drying.

RECOVERY SOLUTIONS

CLEAN ENERGY TECHNOLOGIES

energy expert

For additional question please contact:

Kam Mahdi at kmahdi@cetyinc.com
T: 949-273-4990 X 814

www.cetyinc.com
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HTAP MODULAR ECO-SYSTEM
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Synthetic renewable gas

Electric power
Hot water, Steam,
‘Thermal oil, Chilling

Catalytic conversion

Methanation (SNG)

Dimethyl ether (DME)

Hydrogen
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Global Outlook for Advanced Biofuels

Praveen Bains

US-China Energy Cooperation Program: Biofuels Standards Workshop

2 February 2021

Biofuels: how much and where are they used today?

Global biogas production, 2018
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Today, biofuels account for small portions of global energy use in key sectors: 5% of road transport, 1% of residential

cooking, and <1% of power and heat generation

Bioenergy is a versatile resource

Bioenergy use by sector

Share of bioenergy in end use sectors
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Modern bioenergy can be used as drop-in solutions to existing infrastructure, decarbonise hard-to-abate sectors and

provide negative emissions when coupled with CCS
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Biofuels: how much and where are they used today? (Yo ]

Global biofuel production, 2019-20
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Today, biofuels account for small portions of global energy use in key sectors: 5% of road transport, 1% of residential
cooking, and <1% of power and heat generation

Bioenergy has a key part to play in reaching net zero emissions ed

Global CO, emissions reductions in the Sustainable Development Scenario, relative to baseline trends
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- Net-zero emissions

Bioenergy directly provides 12% of the cumulative emissions reductions needed to reach net zero in the Sustainable
Development Scenario, with biofuels accounting for one-third of this.

The role of biofuels evolves over time to net zero emissions (Yo ]

Global biofuel energy demand for major transport mode in the Sustainable Development Scenario, 2019-70
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Advanced biofuels are first adopted by passenger transport before shifting to freight trucking and finally shipping

and aviation




Advanced biofuels lead the way in decarbonising long-distance transport |@C] Advanced biofuels lead the way in decarbonising long-distance transport |@C]

P . . Global energy consumption and CO, emissions in international shipping in the Sustainable Development Scenario, 2019-70
Global heavy-duty trucking in the Sustainable Development Scenario, 2019-70
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In particular, advanced biofuels help to decarbonise long-distance transport, account for 14%, 20% and 35% of heavy- In particular, advanced biofuels help to decarbonise long-distance transport, account for 14%, 20% and 35% of heavy-
duty trucking, shipping and aviation in 2070. duty trucking, shipping and aviation in 2070.
Advanced biofuels lead the way in decarbonising long-distance transport |@C] Advanced biofuel production ramps up significantly ed
Global aviation fuel consumption in the Sustainable Development Scenario
and total fuel use i the Stated Policies Scenario, 2019-70 Biofuel in the D Scenario, 2019-2070
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In particular, advanced biofuels help to decarbonise long-distance transport, account for 14%, 20% and 35% of heavy- Advanced biofuels, biogas and biomethane grow more than 20 times from today to 2070, underpinned by biomass-to-
duty trucking, shipping and aviation in 2070. liquid routes and anaerobic digestion with upgrading
BECCS helps bring the entire energy system to net-zero emissions 1ea The cost of advanced biofuels are high — policy must close thegap  |&Q
= 40 Levelised production costs of sustainable aviation fuels in 2050
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BECCS is the foundation of negative emissions, working to offset emissions that are hard to avoid and supporting a Even with deployment, the costs of advanced biofuels remain high. Policy measures must be used to close the cost
faster transition to net —zero. Biofuel production with CCS provides around half of these negative emissions. gap between clean fuels and their fossil fuel counterparts.




There still exists innovation gaps along the bioenergy value chain

Biomass production

Algae cultvation

Biofuels production
Bioethanol
Biomethane.
Biodiesel
Other biogas.

Bioethanol w/ CCUS.
Biomethane w/ CCUS

Low-carbon electricity generation

‘Solid biomassired steam-cycle power plant

‘Solid biomass-fired distrct heat boller
Biogas-bioliquid-fred internal combustion

Solid biomass-fired IGEC

Biomass with CCUS.

Technology readiness of bioenergy value chain

Mature.

Early adoption

Demonstration

Large prototype

Bionenergy infrasructure
» Injection blomethane i natural gas »
neork

‘Advanced waste and residue collection
and sorting systems.

Bioenergy use in industry
Drop-in industrial fuel
Charcoal blast furmaces for steel
production
Biomass-based ethylene production
Biomass-based methanol production
Other biomass-based chemicals
Biomass-based hydrogen production

Biomass-based ammonia production

Bioenergy use in transport
Biodiesellbioethano for passenger
vehicles
Biodiesellbioethanol for heavy-duty
trucks.

Biodiesel for shipping.
Biokerosene for aviation

Bioenergy use in buildings

Biomass-fuelled heating
Improved biomass cooking stoves

1ea
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Policy must close the cost and innovation gaps in biofuels (Yo ]

Technology
Readiness

Large prototype

Demonstration

Demonsiration

Eayadopion  Early adoption

Mature.

Goal

Deal with existing
assets

Strengthen

markets for tech

at early stage of
adoption

Develop and
upgrade enabling
infrastructure

Continued
support for
RD&D

Policy Mechanisms

Blending mandates
Low-carbon fuel standards
CO, performance
standards

CO, prices and subsidies
Mandated phase-outs
Public funding for R&D

Loan guarantees
Public-private partnerships

Public funding for RD&D
with knowledge-sharing
Prioritise tech with
spillover potential

Biofuel example
Blending biomethane into gas
rids

Converting petroleum refineries
to biorefineries

Feed-in tariffs for clean power
and heat
SAF offtake agreements

Large-scale waste and residue
collection and sorting systems
CO, transport and storage sites

International test centers for
testing biofuel blends in engines
Biotech spillover: genetic
engineering of algae
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SoCalGas low carbon growth initiatives

2030 — 2050"
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GHG Emission | kenewable tiauified | ¢ on capture
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£ * Hydrogen carbon-utilizing

Bl complements targeted pipeline delivery | transportation ieeero. Beach for e

J 8l renewables programs. 3 transportation e = e

a pipeline system @
manufacturing

= Energy efficiency

* Continued safety | * Repaired * Goal to deliver 5% RNG by 2022 and 20% by 2030 * Exploring * Research,
enhancement multiple non- | = Tyo fuel cell projects completed at SoCalGas facilities in opportunities development +
Pl investments hazardous leaks | mid-2020 demonstration
o since late 2018 projects
& ® Engineering and commercial progress underway; expect to
13 launch demonstration hydrogen projects in 2020 + larger * Exploring
& scale projects in 2022 ~ 2023 partnerships to
commercialize
technologies
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Unitqd States resources

¥ 813 TCFRNG

Available in the US

: ’ﬁ today (and growing)

B Less than 10 dt/SqMile
10-100 dt/SqMile

B 100-500 dt/sqMile

I 500-1000 dt Sq/Mile
Greater than 1,000 dt/SqMile

Renewable Natural Gas is a biofuel that is naturally produced
from the decompo n of organic waste during anaerobic
digestion and has been cleaned to state standards and is,
therefore, ready to be injected into the pipeline.

N

el

» ﬂ
Capture waste from Convert into biogas using Process the biogas to make Inject the biomethane into the
dairies, farms and landfills anaerobic digestion it pipeline-ready pipeline for future use
(biomethane)
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Overview of RNG production facilities in North America

RNG PRODUCTION FACILITIES
IN NORTH AMERICA
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current Fending
CA Senate CA Senate

Bill 1383 Bill 1440

(2016) (2017)
Includes a requirement to reduce methane emissions by Requires the CA Public Utilities Commission
40% by 2030. Two subparts of the bill are significantly (CPUC), in consultation with the State Air
driving RNG projects: Resources Board, to consider adopting specific
= Requires the CPUC to direct gas corporations to biomethane procurement targets or goals for
implement not less than 5 dairy RNG injection pilot each California gas corporation
projects. SoCalGas to commission interconnection .

A procedural schedule for implementation of SB

facilities for four large dairy pilot projects in 2021 1440 has yet to be established by the CPUC
= A 75% reduction in statewide disposal of organic waste by = Autility procurement program can significantly
2025. CalRecycle estimates ~50 to 100 new anaerobic accelerate the RNG market
digestion and/or compost facilities are needed to meet
the requirement

[sccasec .

Examples of projects currently injecting RNG into a CA utility pipeline
With many more under development

RNG used for transportation fuel is helping drive project development

When RNG is used as a transportation fuel from a
qualified feedstock, credits can be generated and
sold which increases the market value of RNG RNG Value ($/MMBtu)

$120.00
*+ California Air Resources Board Low Carbon

Fuel Standard (LCFS) - program to reduce $10000 =
the carbon intensity of California’s $80.00
transportation fuels by at least 20 percent $60.00
by 2030 $40.00
$2000
+ EPA Renewable Fuel Standard (RFS) — s
federal program that requires petroleum Daiy 25
refiners and importers of gasoline to
demonstrate that a portion of the fuel they = Commodity Price WLCFS mRIN
sell is renewable. Fuel volume
requirements currently go through 2022. Assumpions
The trading credit is called a RIN. s o 32 .40 et et ot

2 cmton sy for WP iogas of 30 GCOZ6I), Dy biogas f 276 6CO20ME
2 st b e G it e 255 e oy ol 1 -

[sccaes ..

=

Point Loma Wastewater Treatment Plant (Point Loma CA)

— Capturing more than 1.3 MMcfd of digester gas Point Loma Wastewater.
Treatment Rlant
¢ Mt

— Injecting since 2012 into utility pipeline

— Total project cost of $45 million, 75% was subsidized through
incentives and tax credit

2. CR&R Waste and Recycling Services (Perris CA)

® Two of the four phases are complete with each phase capable of

handling ~83K tons/year of organic waste (~1M DGE/yr of vehicle fuel)
® Green/food waste (previously sent to a landfill) is converted to
produce fertilizer, soil amendment and RNG

* 100% of the RNG produced is used to fuel CR&R trucks
®  Injecting since mid-2018, into SoCalGas pipeline
= Cost: Over $100 million at full buildout

® First RNG-to-pipeline project in SoCalGas’ service territory

(e

SoCalGas has been very supportive of RNG for over a decade

SoCalGas begins to provide RNG outreach and
education to developers, biogas producers,
and various other external organizations

SoCalGas receives CPUC approval

SoCalGas releases the Biomethane Guidance

1o offer a voluntary RNG tariff to RNG outreach Document to assist RNG developers who are

core customers (small commercial and education 2009 interested in interconnecting to the utility
and residentia) pipeline system

RNG tariff
interconnection
SoCalGas announces a goal to SoCalGas receives CPUC approval to offer
deliver 5% RNG by 2022 and 20% a tarff where SoCalGas can own/operate
by 2030 RNG upgrading facilties using
§ shareholder funding and charge the
20% RNG goal SoCalGas biogas customer a monthly tarif fee
by 2030 conditioning/upgrading
services tariff
SoCalGas begins the process to engineer, procure @ SoCalGas begins to procure RNG for
and construct interconnection faciltes for four company owned compressed natural gas
large dairy piot cluster projects that planto  SB 1383 Dairy SoCalGas owned refueling stations
connect to SoCalGas' pipeline system in 2021 Pilot Projects CNG stations

Msicoces ..

Examples of projects currently injecting RNG into a CA utility pipeline
With many more under development

3. Calgren Dairy Fuels (Pixley CA)

* First dairy digester pipeline cluster project in
California and started injecting RNG into
SoCalGas’ pipeline in February of 2019

* Plan to collect biogas from anaerobic digesters at
12 Tulare County dairies by the end of 2019

* The facility will capture the methane produced
from more than 75,000 cows

* SoCalGas will be capable of adding up to 2.26
billion cubic feet of RNG each year to its pipeline
system

— Enough to fuel more than 1,200 Class 8 heavy duty
trucks.

(e

Thank You

[sccaes .
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Transportation Fuels from Biomass in
California and the USA

International Biofuel Standard Workshop
Beijing, China
February 2, 2021

Stephen Kaffka*
University of California, Davis &
California Biomass Collaborative

*srkaffka@ucdavis.edu/530-752-8108
http://biomass.ucdavis.edu,

CALIFORNIA
‘,‘ BIOMASS COLLABORATIVE

Transportation Fuels from Biomass in California and the USA: OUTLINE

1. Policies drive biofuel use at both the national and
state level (Federal: RFS, State: LCFS)

2. Biomass used for biofuels at the national and
state levels (crops, livestock wastes, urban
residuals, forest biomass)

3. The optimal role of biomass for biofuels in
California: helping to achieve public
environmental goods

CALIFORNIA
\4‘ BIOMASS COLLABORATIVE

RFS2 Requirements (billion gals)

Type 2009 2022

Cellulosic - 16.0 <
Biomass diesel 0.5 1.0

Advanced 0.6 (4.0) 21.0

Corn starch 10.0 15.0

Total 1.1 36.0

Advanced: renewable fuel (from qualifying feed stocks like Brazilian sugarcane*, grain sorghum*,...)
anything other than EtOH derived from corn starch, at lest 50% less GHG than petroleum. (Older corn
starch facilities are largely exempt from GHG requirements)

Cellulosic: 1. Crop residues such as corn stover, wheat straw, rice straw, citrus residue, sugarcane bagasse. 2.
Forest material including eligible forest thinnings and solid residue remaining from forest product production. 3.
Annual cover crops planted on existing crop land such as winter cover crops. 4. Separated food and yard waste
including biogenic waste from food processing. 5. Perennial grasses including

switchgrass and Miscanthus.

Biodiesel (> 1 bgy) can substitute for advanced ethanol. *arbitrary classifications

72

Summary:

1. Policies stimulate biofuel use and are needed to support biofuel
adoption and innovation.

2. Optimal feedstocks and fuel types vary locally (one size does not fit all).

3. Feedstock quality, cost and abundance have favored crop-based
feedstocks, but first generation technologies based on crops can be the
pathway to adoption of advanced technologies and the use of lower
quality feedstocks.

4. In California, optimal feedstock-biofuel systems should provide multiple
public goods. Biofuel production and use can help achieve important
environmental public goods like healthy forests, landscape restoration
and pollution reduction, while providing petroleum substitutes.

There are differing biofuel regulations at the federal and state level

The Federal EISA (2007) and the RFS2 mandate the use of
biofuels, mandate minimum Carbon Intensities, and mandate the
amounts of fuels to use. But mandates are subject to review (and
politics).

California’s LCFS mandates reductions in the Carbon Intensity of
Fuels but does not specify which types of fuels or how much
must be used.

These laws are not harmonized and fuel providers must meet
both.

Credits from the RFS and LCFS can be combined and enhance
profitability in the California market.

The implementation of the federal RFS has been mired
in political controversy and the subject of unending
disagreement among biofuel producers, the oil industry,
and organized environmental organizations. It is beset
with lawsuits and policy uncertainty.

“..the contours of the debate haven't changed. Environmental groups such as the National Wildlife Federation maintain that
conventional ethanol isn't the beneficial fuel alternative they'd hoped for when the renewable fuel standard was adopted in the
mid-2000s and is doing more harm than good. The conflict among biofuel groups, environmental organizations and the petroleum
industry will weigh on the Biden administration as it reviews pending regulations under the renewable fuel standard. Proposed
regulations on minimum biofuel volumes for this year are behind schedule, and EPA has withdrawn regulations on the RFS and other
policies that were under review at the end of the Trump administration.” Jan 27, 2021




Signing AB 32: The Global Warming Solutions Act

California leadership |

Ending Global Warming The Low Carbon Fuel Standard

| required a 10% reduction in fuel
carbon intensity by 2020. This was A
achieved. The state also asserted a ':‘
desire to produce biofuels in-state,
but has been less aggressive in
achieving that goal.

[ January 13, 2013 3 | January 13,2014

M i e . gl magesf s 014 Ik e

: Emission Trajectory Towards 2050

Important California Regulations 20 600
H H § o r 500 §
*Global Warming Solutions Act (AB 32), o1 &
13 - 400 o
«Low Carbon Fuel Standard = g
. . 10 + F300 <
« Alternative and Renewable Fuel, Vehicle § @
Technology, Clean Air, and Carbon Reduction Act g 200 §
(AB 118) = ol E
= i
*Cap and Trade o H e,
1990 2000 2010 2020 2030 2040 2050
Year
—e— yearly cumulative emissions
CA Low Carbon Carbon Intensity Values of Current Certified Pathways (2018)
Low Carbon Fuel Standard: @ -
a performance based standard e e
Hydrogen W OO OO
Ethanol - Cellulosic 0
« Creates a framework for transition to low carbon fuels. Ethanel —
Described as a performance standard. 3 25y =
+ Establishes a regulatory precedent or model for others, | o N i
and is only effective if others participate. e -
* Encourages technology innovation. Putatively technology N6 o
neutral, (but now favors electrification and H2) oo Bio-CNG o @ ammono
« Allows for biofuel providers and others to assert e o®
alternative Carbon Intensities, but these are subject to Renewable Diesel - o
Eé\EBS’ review and approval. (CA-GREET, GTAP used for Biodiesel
hitos://snwarb.ca govfuels/lcfs/dashiboarquarterhysummary/20180731 a1 d
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—1 CA Low Carbon Fuel Standard Alternative diesel
Fig 3. Credits (MT) By Fuel Type Transportation Fuels from Biomass in California and the USA: OUTLINE
Q12011- Q12018 fuels have been P

L0000 essential to
oo ~ - meeting the LCFS’
' / \ GHG reduction

oo rgets for fuels.
o his has been a 2. Biomass used for biofuels at the national and
g 600,000 H surprise to the .
£ oom /J/\ ,' /A\ | regulators. state levels (crops, livestock wastes, urban
- ! Renewable diesel . :
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https://www.arb.ca.gov/fuels/Icf ‘quarterlysummary/20180731 g1 y.pdf
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USEPA predictions (Siting Tool), J. Brown 2010
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Volume | July 2016

v Estimated biomass
amounts from forests,
farms and urban areas
suitable for bioenergy

in the USA

Low Capital Costs

U.5. DEPARTMENT OF

@ ENERGY

. " 27 anuary 201
Tabie SKC, Constnucted o proposed advancedigno-caluion o aiga iofue!faclites Inthe United tates
|Company Mgl ersion [Euel Froduct
- 2009 I I T Region (T T There are many types Feedstocks Conversion Fuel Product
[ares Botois o0l 06 oo o MmeseeiRiet v vamesuticsion . Starch & Sugar Ethanol
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- o o N
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Mototem om0 oo on oo oo [N . .
s &% jcherassate short
PO Reoe RPNy SO S 5 production. This is “oatnvessse | § = =
due to feedstock ! e Natural Gas|
1
1

It has been difficult to develop successful businesses in the US based on cellulosic materials. Previously N

proposed, partially developed or built cellulosic bioernergy facilities/companies (2011). Only Amyris and qua“ty (ease of
Fulcrum are operating or about to operate facilities currently. POET, DuPont, and Abengoa constructed co nversion),
facilities but either abandoned or sold them (DuPont, Abengoa) them or idled them. Amyris has shifted .

to production of high value bio-products and uses sugar as a feedstock. abundance and price.

[ oemacmine ]
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Corn and Soybean Yields in the United States/ USDA data
Crop based feed stocks

have dominated biofuel 10
production in the US 160
(and Brazil) because 140
yields steadily increase ’g 120
while resource use S 100
efficiency increases =
simultaneously. This o %
generates a condition of -:—_’ 60
chronic surplus in the 40
USA. Bioenergy use 20
helps sustain the farm o
economy by clearing that 1900 1920 1940 1960 1980 2000 2020

surplus and sustaining
prices. This is expected
to continue.

Year

Transportation Fuels from Biomass in California and the USA: OUTLINE

3. The optimal role of biomass for biofuels in
California: helping to achieve public
environmental goods_some examples

CALIFORNIA
UC AN &‘ BIOMASS COLLABORATIVE

Biogas Potential - Overall

Methane Generation Potential from Biogas Sources

23
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Fotal factor productivity h Real

o lgrowth accelerated

[Rate of output growth (percent per year)
20

|Agriculural prico indox, 1977-79=100 ‘World population, bilions

79612009 796170 " 1071-80 ~ 1981-90 1091-2000" 200109

Sourcee of outpus growh 1900 10 20 30 40 S0 60 70 80 80 2000 10

y = = imigation A

he source of the growth into parts due 1o () agricultural land
Tortizer, machinary, abor, and esiock.

eneor
expansions; () extonsion of Tigation t cropiand; (1) oroator use of
ropland:

brices,
al. 2007) Word population cstimatee as fom the Uniod Nations.
Source: Fughe, o12).

Total factor productivity in agriculture in the USA has increased, leading to
steady surpluses and declining food prices, while input use has declined.
This leads to industrial uses for crops.

T

Focus on California

\—
= Gross Resource
= Techalcal Resouree

Muricipal

Forestry

Agriculture

Total

0 10 20 30 4 50 6 70 8 %
MillionBDT

California has a large and diverse amount of
biomass, approximately equally divided among
urban, forest, and agricultural sources. There are
multiple co-benefits and accepted public goods
that can be supported by prudent and
sustainable biomass use for energy, including for
alternative fuel production. This is much less the
case for the ZEV program.

(& Siowass cowssoume|  https://biomass.ucdavis.edu/

Renewable natural gas potential in California

CA Production Potential

2012 CA
vehicular NG
consumption

14.7 bef

2022 projection
Technical Potential
Existing capacity (all end uses)
N. Parker; Based on Williams (2014)




A Basi Viasiwatr TresmentPant Locaton

California landfilled waste stream by material type N i There are large

amounts of

potentially

usable biomass

in urban areas of
California.

st RSN Creon AOE oo 1 e Example: the Los

- . Angeles region

N Mixed Residue , 0.8% -Glass, 1.4%
Special Waste, 3.9%. | ‘retal, 4.

HHW, 0.3%.

Inerts & non-wood.
D, 14.6%

Textiles, Carpet, 5.4%

C&D Lumber, 14.5% /'

Paper & Cardboard, s

Biomass Components
sum to 59%

Food, 15.5%

CALIFORNIA —

(adapted from 2008 characterization: (Cascadia 2009))
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The San Joaquin Valley is
home to more than

1,000,000 dairy cows,
ANAEROBIC DIGESTION - FLOW CHART -~ primarily in Tulare, Kern
I\ S and Merced Counties.

i
|

The state subsidizes the
capture of CH4 from
dairy waste
management systems.

¥ 4

Post Digester

ey €3 e300 Ci
, Pump ¥ 0

oo s Oigestate Solds Amendments

Photo source: y_Lagoons,

Courtesy of CR&R Environmental Services

Spatial distribution of dairy manure and the NG transmission network

Each of these current ethanol refineries in
California are evolving into integrated
biorefineries. The LCFS and RFS support
investments in innovative technologies and
alternative feedstock uses. First generation
technologies support and are a necessary step to
the devel of later g

Legend % 7

Calgren, Pixley CA; 60 mgy

- \ technologies.

76



Aemetis Biogas Project Supported by LCFS/RFS Value Creation

Dairy

Pipeline

Aemetis (Keyes, 5’ QM

Conditioning & use

Aemetis is building a woody biomass to ethanol facility in cooperation

with Lanza Tech using a i ther ical process

already operating at scale in China, to use woody biomass from retired
orchards. This is made possible by the existence of the core corn
ethanol facility. They will also produce CH4 from manure and biodiesel
from corn oil and other feedstocks.

Local Customer

Older biomass to energy plants have
closed in the Central Valley leading to

Feedstock Gasification

LanzaTech Technology: Biomass to Syngas to Cellulosic Ethanol

LanzaTech Fermentation

Hctidly

R J -

e = Syngas
meum—‘sf -

Waste §
- Orchard Byproducts Ethanol Plant Integration

inded in 2005, Lanzatech has

ed more than $200 million

+ 250 patents
+ Sixplot plants worldwide
+ Building steel millwaste gas-lo-

ethanol plants in Furope and Asia

=== T
) - B

unacceptable levels of open burning AN

The project developed a new statewide resource

Mitchell et a., 2015 (STEPS/ITS)

of forest biomass feedstock. The assessment utilizes a
knowledge base of forestry expertise developed at UC
Berkeley, and the Biomass Summarization Model (BioSum), a
temporally dynamic, spatially explicit, forest stand
development model...that estimates ...on-site woody
biomass resulting from forest operations. BioSum had not
previously been applied statewide in California.

Over the 40-year simulation period, California forests
generate forest residue of about 177 million bone-dry-tons
(BDT) on private land, and 100 million BT on federal land,
for a total of 277 million BDT. On average, this is about 7
million BDT of forest woody biomass per year across the
state.

The largest total cumulative amount of woody biomass
comes from North Coast private lands, with over 74 million
BDTs. Standardized on a per acre basis, Western Sierra
private lands have the greatest output, 34 BDT/acre, and the
Southern Oregon/Northeast California public lands have the
least output, 12 BDT/acre.

Figure 11,

and the average price at delveryt the biorefnery:

High fire risk areas in California forest and rangelands,
FRAP, 2011

Acres Harvested

Tree nut plantings in California have
Aimond  wainut - increased and hardened water demand
reducing supplies for other crops.

Expansion of tree nut plantings driven by
changing tastes and Asian demand has
altered the state’s agricultural economy

and landscape in an unprecedented way.

Alternative fates for
California’s forests

Biomass energy recovery from
forest residuals and fuel load
reduction can help preserve
forest health and ecosystem
function.

Summary:

1.

Policies stimulate biofuel use and are needed to support biofuel
adoption and innovation.

Optimal feedstocks and fuel types vary locally (one size does not fit all).
Feedstock quality, cost and abundance have favored crop-based
feedstocks, but first generation technologies based on crops can be the
key to adoption of advanced technologies and the use of lower quality
feedstocks.

In California, optimal feedstock-biofuel systems should provide multiple
public goods. Biofuel production and use can help achieve important
environmental public goods like healthy forests, landscape restoration
and pollution reduction, while providing petroleum substitutes.
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California has adopted the most aggressive climate focused policy within
the USA and perhaps the world. This policy is justified as necessary based
on projections of severe, future climate-related harms and a judgement that
the higher costs of climate policies are necessary and ethically justified.

“CAis parllcularly vulnerable to the costs Annual Damage Estimates in 2006 USD (billions)
associated with unmitigated climate change. A

S Low HiGH ASSETS AT RISK
warming climate would generate more smoggy Warer A o6 S
days, ozone, and foster more large brush and Eneray 27 75 21
forest fires... by late century, CA will loose 90% Tourism and Recreation 02 75 %
of the Sierra snow pack, sea level will rise by Real Estate 03 39 2500
more than 20 inches, and there will be a 3x to Agriculture, Forestry, 03 43 13
4X increase in heat wave days. This will lead to NIA A 500
increased flood damage, diverse economic Public health 3.8 24.0 NIA
losses and substantial public health costs.” TOTAL 73 466
Assembly Bill 32 Scoping Plan (Executive Fredrich and Foland Holst (2008
Summary).
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Canola intercropped with newly-planted pistachios in Kern County. Pistachios emerge late. There is
alarge amount of land potentially available in new or re-planted orchards and vineyards in California
on ayearly basis that might produce oilseed crops in winter, largely on rainfall or with limited
irrigation. There may be opportunities in young orchards throughout California for both Canola and
Camelina winter inter-crops. These oils can be used for biodiesel production without using new
land while itting poli i 150K acresly

Pollinator co-
benefits

This crop'w
planted
bee pasture




Calgren: integrated biorefinery based ol ported corn grain now (or soon) will produce
biodiesel and CNG, based on biogas from 14 nearby dairies and sale of DDGS to those dairies.
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Energy and renewable energy
consumption of China

* China's energy consumption is growing rapidly
* China is vigorously developing renewable energy

I China has become the world's largest energy consumer
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Share of Primary Energy Consumption by Country Primary Energy Consumption by Fuel Type in 2018

The primary energy consumption of China surpassed the United States in 2009, becoming the largest energy
consumer in the world.

Constrained by nature resources, coal accounts for more than 55% of China's primary energy consumption, much
higher than that of the world and developed countries.

Source: World bank, BP Statistical Review of World Energy
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o Energy and ble energy c ption of China

e Current status of transportation energy and liquid biofuels of China

CONTENTS

e Ethanol, Bio-Diesel, Aviation biofuel development in China

° Summary

I World energy consumption is growing steadily
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With the continuous development of the world economy and the improvement of peoples living standards, global
energy consumption has grown rapidly. From 1980 to 2018, the world GDP increased by 7.6 times, accordingly, world
energy consumption increased by 2 folds.

Source: IMF, BP Statistical Review of World Energy

I China's energy consumption is growing fast

s 120
T s
g 100
i, — _o—
g 6 @
£ o
a s
£, ®
HE B o =
[V} a0
5 4
g .
s bl »
§
g o o
£ 2930 2000 2002 2000 2008 2008 200 202 e s s 20m0e
peosle of the workd peopl of Chin Tos.
pecgle of Usa Toe o illon BB

Chinese Energy consumption is closely correlated with economic growth. In the past 40 years, the primary energy
consumption per people of China has increased by 5.5 folds. As China is the largest developing country with the
population of 1.4 billion.

Although the energy consumption per people has been slightly higher than the average value of the world, however,
there is still a big gap between developed countries ( only about 1/3 of USA ) .

Source: World Bank, IMF, BP Statistical Review of World Energy, Bureau of Statisics of China

China GDP, Trillion RMB



IChina has attached great importance to develop and utilize of renewable energy for a long time

|+ In order to fulfill the rapid growth of energy consumption , optimize the energy structures and reduce GHG

emission,

and uti of gy is one of the imp aspects in China’ s energy policy.

1900-1970s

19805

1997

2002

Jan. 2006

2013

2015

2020

Developed Small-scale hydropower, Bio methane and firewood forest in rural area
Government set up renewable energy office to research renewable energy development issues

Issued a national renewable energy development plan for the first time. To support renewable energy
demonstration projects

Signing the Kyoto Protocol, to improve energy efficiency. To develop renewable energy and plant trees to mitigate
climate change

Issued the renewable energy act. Renewable energy has entered a period of rapid development. The act include
Hydropower, wind power, solar power, geothermal, biomass energy etc.

Issued Action Plan of Air Pollution Prevention and Control, Adjusting energy structure, reducing coal
consumption and increasing clean energy supply are important measures to control air pollution

Signed the Paris agreement, China has pledged to reduce carbon dioxide emissions per unit of GDP by 60-65% of
2005 levels by 2030, and increase the share of non-fossil fuels i primary energy consumption to around 20%.

Chairman Xi made the statement of “China will take effort to be peak CO2 emissions by 2030 and to be carbon
neutral by 2060.”

Current status of transportation energy

and liquid biofuels of China

* Road traffic development in China
* China oil market
+ Development of liquid biofuels in China

I Transport fuel consumption is growing rapidly

Nurmber of vehicles, million
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With the rapid increase of the number of vehicles, the consumption of transportation fuel has also increased
significantly, correspondingly.

In 2020, the Gasoline and Diesel consumption is about 115 million tons and 140 million tons respectively.
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I China is the world's largest consumer of renewable energy

Since the implementation of the Renewable Energy Law in 2006, renewable energy has become an important
part of China's energy supply.
By the end of 2019, China has became the largest renewable energy consumer in the world. The total

consumption of commercialized renewable energy is about 430 million tons of oil equivalent, accounting for 12.6% of
China's primary energy consumption.

Renewable energy consumption is 2.5 times that of the United States of America, 3.8 times that of Brazil, and 8 times
that of Germany.

" )

Renewable power generation 2 trllion kilowatt-hours =
Biomass energy utilization 12 million tons of il equivalent ; : 3
Liquid Biofuel 3 million tons of oil equivalent i H
i

1.3 billion cubic meter ( 1 million tons of oil
Bio-nature gas ) Ea—— -

equivalent) -

Target: The share of non-fossil fuels in primary energy consumption will be to around 20% by 2030.

Source: {China Renewable Energy Development Report 2019}

I Road traffic of China grown very fast

Vehicle number, Million
g
Anual growth rate

204 2015 2016 2017 2018 2019

By 2019, China" s vehicle number has reached 250 million, which is not including agriculture vehicle and motorcycle, and

the growth rate of passenger vehicle is the fastest segment.

Source: Statistical bureau of China , CPCIF

I China has already become the second largest oil consumer in the world

In 2020, China consumed 620 million tons crude oil, which is the second largest crude consumer in the world,
and China has already become the world largest crude importer.




I Actively promotes transportation energy diversification I China’s main policy for supporting liquid biofuels

o 5 S0 1% i Jan. 2006, Renewable Energy Law.
. «Adtomabile with gasline engine q

A \ Definition: Liquid biofuels refer to liquid fuels such as methanol, ethanol and biodiesel produced from

- = Automebile with diszel sngine \ BIES: resources.
« LLCNG Vehicle
: . P = I The state encourages the production and use of liquid biofuels. Oil enterprises should incorporate the liquid
. B2 B I 1 - EElEAEED biofuels into its fuel blending system conforming to the fuels specification of national level.
o ms me 2w me ws om0
[REEPS—
Aug. 2007, Medium and Long-te Plan for ble Energy.

In response to the rapid growth of transportation energy, China is actively promoting the diversification of transportation. The number of
el g d i i e dpiiiy By 2020, 10 million tons of bio-ethanol and 2 million tons of biodiesel will be used annually.

In 2020, there were 7 million natural gas vehicles in China, accounting for 25% of global natural gas vehicles. EV number has reached 4
millions, growing very fast. Although the growth rate is fast, the share is still pretty low.

Mar. 2008, The Eleventh Five-year Plan for the Development of Renewable Energy.

+ By 2050, There will be a large number of vehicles with gasoline and diesel engine are still in service. ! - . 3
By the end of 2010, fuel ethanol consumption would be 2 million tons per year, and biodiesel consumption
+ Developing and utilization of liquid low-carbon renewable fuels (biofuels) is always an effective way to solve transportation energy would be 200 thousand tons per year.
problems. GHG emission, sustainabl etc.). The Chil has done so.

I China's main policy for supporting liquid biofuels I Development status of liquid biofuels in C

Aug. 2012, The Twelve Five-year Plan for the Development of Renewable Energy. 2 ¢ 20

3
Steady development of bio-liquid fuels. Constantly support the construction of cassava ethanol, sweet g 3 16%
sorghum ethanol, cellulosic ethanol and other projects where conditions allow. E g 12%
Continue promoting the demonstration of the industrialization of biodiesel from woody oil plants ‘g é ? 08% &
represented by jatropha 29,

5% 04%
Scientifically guide and regulate the development of biodiesel industry based on catering and waste animal 2
and vegetable oils. S N B

2002 2004 2006 2008 2010 2012 2014 2016 2018  2020E
s Bio-cthanol mmmBiodiesel s Aviation biofusl ~>-The ratio of ethanol to gasoline - The ratio of liquid biofuel to transportation fuels

Dec. 2016, The Thirteen Five-year Plan for the Development of Renewable Energy.

Sy e e el ot D e G e Supported by the policy, production and consumption of fuel ethanol have risen steadily since 2002.
In 2020, the total consumption of liquid biofuels was round 2.6 million tons of il equivalent, which accounting for 1

The total amount of grain fuel ethanol should be controlled in combination with the consumption of old
grain and heavy metal i grain. of cassava, sweet sorghum and other
fuel ethanol projects.

percent of transportation fuel consumption in 2020.

Currently, liquid biofuels capacity of China is about 9 million tons, including 6 million tons of biofuel ethanol, 2.5

Promoting the industrialization and demonstration application of biomass conversion and synthesis of million tons of biodiesel and 100 Ktons of aviation biofuel.

biofuel and bio-aviation fuel.

I The application of ethanol gasoline in China has long history

The utilization of fuel ethanol in China began during the War I, due to the lack of fuel supply, ethanol partly replaced
gasoline as cars and the military vehicles fuels for the war.

By 1942, China had hundreds of distilleries and consumed 8 million gallons of fuel ethanol at that time.

With the steady supply of gasoline after 1945, the demand of fuel ethanol had declined rapidy.

= | owier | ste ]

Ethanol, Bio-Diesel, Aviation biofuel
development in China

Fang lin Distiller Henan, Nanyang
The first Sichuan Distiller Sichuan, Nefjiang
The Second Sichuan Distiller Sichuan, Zizhong
The Thrid Sichuan Distiller Sichuan, Jianyang
Yunnan Distiller Yunnan, Kunming
Guizhou Distiller Guizhou, Zunyi

Gansu Distiller Gansu, Lanzhou

Zi Zhong Distiller; Sichuan province, 1940
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I The application of ethanol gasoline in China began at the beginning of this century

2002 10 gasoline tenth five year  Zhengzhou, Luoyang, Nanyang, Harbin and Zhaodong were the first batch of

special development plan pilots, stop sale of unlead gasoline
£10 Gasoline Pilot Heilongjiang, ilin, Liaoning, Henan, Anhui, nine cities in Hubei, Seven cities in
2004 expansion program and llli BRI ! ! ;
o Shandong, five cities in Jiangsu, six cities in Hebei are new pilots
Implementation rules

Medium and Long-term
2007  Development Plan for
Renewable Energy

By 2020, 10 million tons of bio-ethanol and 2 million tons of biodiesel wil be used
annually.

The Thirteen Five-year Plan

2016  for the Development of
Renewable Energy
Implementation Plan for

2017  Expanding Biofuel Ethanol  Utilization of fuel ethanol will be expanded nationwide, and primary market

and Promotion of the Use of  operation mechanism should be established by 2020.
Ethanol Gasoline

By2020, the utilization amount of bioethanol should be 4 million tons.

I The Scale Pr ion of Ethanol line Began in the Beginning of 21 Century

The second stage (2004-2017) : Expanded E10 gasoline to 36 cities in 12 provinces.

In 2004, Issued the £10 Gasoline Pilot expansion program.

Expand the pilot experiences of Henan and Heilongjiang to other 12
provinces, which including Jilin, Liaoning, Anhui and Guangxi etc.

6 provinces completely and only have E10 gasoline for sale, 6 provinces have
both E10 gasoline and conventional gasoline for sales.

Fuel ethanol consumption in 2018 was about 280 million tons (930 million
gallons), and E10 gasoline accounted for one-fifth of the nation's gasoline
consumption

China now is the world's third largest consumer of fuel ethanol after the
United States and Brazil

Bioethanol and E10 gasoline has played an important role in agricultural
development, environmental protection and energy diversification.

I China is the world Third largest fuel ethanol consumer

By the end of 2020. Ethanol capacity of China is round 6 million tons. Mainly distributed in Northeast China,
North China, East China, South China.

g. '~ \ :

.. = Northeast = North China s East China = South China
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I The Scale Promotion of Ethanol Gasoline Began in the Beginning of 21 Century

The promotion of fuel ethanol in China was divided into two main stages.

During the tenth five-year plan period (2000-2005), the
government approved four fuel ethanol enterprises, with
a capacity of 1.02 million tons/year, using expired grain
as feedstock

In 2002, lunched Ethanol-gasoline Promotion Pilot
Program, and began to promote E10 gasoline in three
cities in Henan province (Zhengzhou, Luoyang, Nanyang)
and two cities in Heilongjiang province (Haerbin,
Zhaodong).

The pilot had got desire results. E10 gasoline is
applicable in China, and could be expand across the
country.

I E10 will be expanded nationwide

2017, Implementation Plan for Expanding Biofuel Ethanol and Promotion of the Use of Ethanol Gasoline,

£10 will be expanded nationwide, and primary market operation mechanism should be established by 2020.
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I China is the world Third largest fuel ethanol consumer

. By 2020, China is the world third largest fuel ethanol consumer in the world. About one-fourth of gasoline
‘consumed in China is E10.

2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2010 2020

s Ethanol —

In 2001, China launched the Tenth Five-Year renewable energy substitute Plan to promote the use of fuel ethanol.

The first stage (2002-2004) : Began to pilot the promotion of ethanol gasoline (E10) in Henan, Heilongjiang
province.



I Standard for ethanol and E-gasoline

Standard :

Ethanol free
gasoline Sale!

«  Blenderstocks of ethanol gasoline for

motor vehicles, GB22030

ey Sy

Denatured fuel ethanol, GB18350 )

P ~ .
i i EIETR :: -
Ethanol gasoline for motor vehicles it Nsssnesiage - L

(E10), GB18351 P : ik

E10 Sale regiop -~y N
—

GB17930 Gasoline for motor vehicles Conba

I Waste oil is the main raw material of Biodiesel in China

Unlike other regions and countries around the world where biodiesel is being massively promoted, for the
supply of oil is not sufficient. China can not use Edible oil as feedstock to produce biodiesel.

. Doesn't scale
Nonedible | Doesntsc
(Jatropha seed, Xanthoceras, etc ) '

Waste Oil
(kitchen waste, Grease industrial waste)

Other sources
(Microalgae) Need Technology breakthrough

I Biodiesel

There is no national level mandate for biodiesel in China. Some cities use B5 biodiesel according to their own
regulation.

EU market is more attractive to Chinese waste-oil-biodiesel. In 2019, China export 660Kt biodiesel. It is
estimated that biodiesel production is about 1.2 million tons, and exportation is about 900kt.

Province or City application BS biodiesel o =

2009 Qing mai, Hai nan - o

2011 Kun Ming, Yun Nan 5 oy

2013 Shang Hai ;" mé
Em o

—roticton o Growh e

I Biodiesel is one of most important low-carbon liquid fuel in China

Jan. 2006, Renewable Energy Law.

Definition: Liquid biofuels refer to liquid fuels such as methanol, ethanol and biodiesel produced from
biomass resources. The state encourages the production and use of liquid biofuels.

Department
2007 {GBIT20828-2007/201412015} , Biodiesel blend stock (BD 100) o diesel engine fuels National standard committee

2009 Renewable Energy Law (Revised edition) National People's Congress

2010 {GBIT 25199-201012014/2015) Biodiesel fuel blend (85) National standard committee

2012 Bioproduct Industry Development Plan State Council

2014 Biodiesel industry development policy National Energy Administration

2016 The Thirteen Five-year Plan for the Development of Renewable Energy National Development and Reform Comm
2017 {GB25199-2017 ) BS diesel fuels. National standard committee

ov1g Pt f odisel eing waste anal and lnt s s rw mterls s subect (02 VAI g, i o Tvation

I Biodiesel capacity is more than 2.5 million tons

There are more than 30 biodiesel enterprises in China, and the capacity is more than 2.5 million tons.
These plants almost use waste oil feedstock.

S
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I Standard for Biodiesel

BT T

{GB/T20828-2007)
Biodiesel blend stock (BD 100) for
diesel engine fuels

(GB/T 25199-2010)

Biodiesel fuel blend (B5)

Some technical
P $
modified
(GB/T20828-2014) (GB/T 25199-2014)
Biodiesel blend stock (D 100) for Biodiesel fuel blend (B5)
diesel engine fuels

@

{GB/T20828-2015)
sel blend stock (BD 100) for
diesel engine fuels

(GB/T 25199-2015)
Biodiesel fuel blend (B5)




I China's aviation industry is developing rapidly

China's aviation industry is developing rapidly, Jet fuel consumptios

+In with the i of the

Civil Aviation O

emission reduction has been put on the agenda.
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I China's first aviation sustainable biofuel demonstration flight

On October 28, 2011, based on the energy cooperation between China and the United States, Air China, PetroChina,
Boeing and Honeywell UOP jointly conducted China's first aviation sustainable biofuel demonstration flight at Beijing

Capital International Airport.

I Aviation Biofuel commercial use in China

i+ On March 21 2015, the First commercial passenger flight of China, Hainan

Airlines Flight HU7604 (Boeing 737-800 ) with 156 passengers and eight
crew on board, took off from Shanghai Honggiao Airport with Sinopec
No.1 Bio-aviation kerosene (

pl esters and fatty acids ) ,
Landed at Beijing International Airport.

On Nov 21 2017, HNA flight HU497 left Beijing Capital International Airport
for Chicago, marking the first Sino-US green pilot flight with bio-aviation
fuel.

In 2019, China South airline completed over sea flight from Airbus delivery
center in Toulouse to ( sugars )

creasing rapidly.

aviation industry

Growhrate

NEA
CAAC
Petrochina

Management Bureau

1 China Aviation Oil

Aviation Fuel/oll and

certification center of
CAAC

« Boeing
Honeywell/lUOP
+ Pratt & Whitney

I Aviation biofuel start from 2010

cooperation of the "China-U.S. Renewable Energy Partnership,

China-U.S. Advanced Biofuels Forum was held on May 26t 2010 to officially launch the relevant

I Chinese No. 1 Bio-jet was issued CTSOA in 2014

The two sides have signed eight cooperation agreements, including aviation biofuels, natural gas distributed
energy, smart electricity meters and cellulosic ethanol

"+ On March 24th 2013, the Civil Aviation Administration of China (CAAC) issued the No. 1 Bio-jet special flight
permit to China Eastern Airlines. China Eastern Airlines took off on its A320 aircraft after it was filled with Bio-jet

No. 1.

* On February 12 2014, Civil Aviation Administration of China (CAAC) officially issued CTSOA to Sinopec No. 1 Bio-
jet, and has been officially approved for airworthiness and can be put into commercial use.
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I" dard for Aviation Biofuel

ASTM D4054, Standard practice for
Evaluation of New Aviation Turbine Fuels
and fuel additives

\q@y e oSt 13 RS

Standard Practicsfor
Evaluation of New Aviaton Turbine Fusls and Fuel
ddiives’

ASTM D7566,

Standard specification for

Aviation Turbine Fuel Contain synthesized
Hydrocarbons

L

igntion D7866 - 13

Standard Specificalion for
Aviation Turbine Fuel Containing Synthesized
Hydrocarbor

[RAm——

ASTM D1655, Standard Specification for Aviation Turbine Fuels
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I Standard for Aviation Biofuel

CTS0-2C701 MH/T 6106-2014
Aviation jet fuels hnological requi of
synthetic hydrocarbons aviation turbine fuel containing

synthesized hydrocarbons

MH

snnnsntRRLE (€150,
SamARSRENARR

seannrmuzanan

Thankyou!

Industrial Development Department

Li Din

e, Senior Engineer, Deputy Director
E-mail : Idj_cpcif@139.com

Tel : +8613718056593, +861084885411
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) China Petroleum and Chemical Industry Federation (CPCIF)
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No.3 Jet fuel
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I Summary

China has long attached great importance to the and utilization of
energy.

Developing and utilization of liquid biofuels is always an effective way to solve transportation
GHG emission.

In 2020, the total consumption of liquid biofuels was 2.6 million tons of oil equivalent.

Currently, China is the world third largest fuel ethanol consumer in the world. About a
quarter of gasoline consumed in China is E10.

China is one of the world's leading producers of biodiesel, which is mainly made from
recycling oil.

China already has the technology for the production of aviation biofuel, which is also being in
commercial use.
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Subcommittees are Subcommittees Aviation Turbine Fuels Hydrocarbons'
established to organize their
»ﬁ address subsets of expertise into N 5 6. Materials and Manufacture
specialized subject Sections or Task otiatcriaisfandtianutacting
matter. Groups. 6.1.1 Aviation turbine fuel. except as otherwise specified in 6.1 Aviation turbine fuel. except as otherwise defined in this
this specification, CTNEEEIEANETSRHE ety shall consist of the following blends of compo-
carbons (see Note 1) derived from conventional sources nents or Tuels:
D02.0J . D02.07 . including crude oil. natural gas liquid condensates. heavy oil. 6.1.1 Conventional blending components or Jet A or Jet A<
Subcommittee on Subcommittee 7 shale oil, and oil sands. The use of jet fuel blends containing fuel certified to Specification D1655: ‘with up to 50 % by
Working Groups Aviation Fuels on Viscosity components from olher sources is permilted only in accordance volume of the synthetic blending component defined in Annex
/, are then used to with Annex Al. Al
write and edit
TABLE 1
standards. Section Section Detailed Requirements of Aviation Turbine Fuels . . TABLE1 .
D02.0J.01 D02.0J.06 Jet A or Jet A-1 Detailed Requirements of Aviation Turbine Fuels
V [ y Hydrecarbons'
Jet A or Jet A-1
Task Group:
WK65432
© ASTM inematoni 2015 s ASTM ematonal

102019 6
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Alternative Jet Fuel: A Need ldentified

4y

Ongoing review of

potential new

The Aviation alternative fuel
industry established feedstocks
industry coalitions complying with
to study alternative D7566
fuels requirements.
[ [

D O a

(]

ASTM International
published D7566
with contributions

from a wide variety
of stakeholders:

© ASTM Inermatonal ASTM Presentajon - WTO Regianal Workshap - Afica

Attributes of Standards Systems that

— ASTM Subcommittee D02.J on Aviation
Fuels provides the forum for discussion
and consensus building.

— Itis Not a Regulatory body.

— Uses the process of D4054 Practice for the
Evaluation of New Aviation Turbine Fuels and
Fuel Additives to review data for new options.

— Fit-for-purpose in existing engines and aircraft
is the desired outcome

— Key Stakeholders Involved:

— Fuel and Feedstock producers

— Additive manufacturers

— Airlines

— Original Equipment Manufacturers
— Laboratories

— Regulatory and Government

frvey

4

Produce International Standards i

Open and Transparent Process

— Direct and equal participation to ASTM for
all people and organizations

— Information on ASTM International
standards are transparent and readily
available online

Impartial, Consensus-Based Model of

Engagement

— Balanced system where producer votes are
equal to those of users

— Impartial, inclusive, and fair to all, with
appeals and protections to avoid abuses

© ASTM Intemational

Effective and Relevant Standards

— Constantly responding to market needs,
keeping pace with industry and innovation

— Relevant to the global marketplace and
performance-based in application

Driven by Research, Data, and Science-

Based Decisions

— Focus on science and technical quality, and
specifically addressing risks and needs

Collaboration with Other Standards

Bodies to Avoid Duplications

— Collaborate with other standards
organizations to avoid duplication and to
pursue international standards work in a
smart way
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Quality Infrastructure

CERTIFICATION
Personiel
Product
Systems

'n\:
1]

STANDARDIZATION

- Technical Regulations

5 METROLOGY

Scientific

4 Industrial
TESTING =
D Quality
e INSPECTION Promotions
e’ - Documents - Marketing &
- - Visual Communications
Performance Information
- - Market
Education
Contacts AEIW
il
ASTM international Ottawa, Canada Lima, Peru

Headquarters

Teresa Cendrowska
100 Barr Harbor Drive
P.O. Box C700

West Conshohocken, PA

19428-2959, USA
tel +1.610.832.9500
tcendrowska@astm.org

Africa
Maria Jiverage

tel +1.610.832.9500
mjiverage@astm.org

www.astm.org

©ASTM Internatonal

Diane Thompson
tel +1.613.751.3409
dthompson@astm.org

Beijing, China

Mrs. HU Yanan

tel +86.10.5109.6033
nhu@astm.org

Maria Isabel Barrios
tel +51.1.205.5502
ASTMLatinAmerica@astm.org

Washington, D.C., USA
Jeffrey Grove

tel +1.202.223.8505
jgrove@astm.org

Brussel, Belgium
Sara Gobbi

tel +32.0.28.405.127
sgobbi@astm.org
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Sustainable Aviation Fuels

Mark Augustyniewicz
Principle Strategist
Environmental Sustainability
The Boeing Company

February 2021

Sustainable Aviation Fuel on every ecoDemonstrator Program

2012 HEFABlend 2014 & 2015 Green Diesel /HEFA+ Blend

2019+ SAF Delivery Flights

« Alaska launch airline; Egyptair first
deiivery in new program

2019-2020 Commercially Purchased SAF

2018 100% Paraffinic Fuel

Sustainable aviation fuels and local economic development

£ 4

o
governments, environmental N -
organizations, and fuel

N
producers LA

-y

4

Over two dozen collaborations
around the world — airlines,

Soutn Aica: New Cash Crop

The path to 2050: bigger solutions for a smaller footprint

Airline
Fleet
Replacement

Network
Operational
Efficiency

Renewable
Energy
Transition

Future
Airplane
Technology

Incentives and investment needed to scale production

New ways to make the same fuel —
blends with Jet-A

Requires no change to airplanes,

engines or fueling infrastructure

50% to 80%

Reduces lifecycle CO2 emissions by

No negative impact to food security,

fresh water supplies or land-use —
strong, credible sustainability

certification

Alternative
Aviation Fuels

Examples of Boeing Collaborations in China

FLIGHT TEST

Air China conducted
China's first aviation
biofuel test flightin a
Boeing 747-400 using
China-grown, jatropha-
based biofuel.

PRODUCTION

Supported NEA
supervised, PetroChina
led, comprehensive
analysis on potential of
energy crops for biofuel
use.

PASSENGER FLIGHT

Boeing, Hainan
Airlines and Sinopec
partnered for China's
first passenger flight
with sustainable
aviation biofuel.

FUEL PATHWAYS

MOU between Boeing
and NDRC announced
a new initiative to turn
agricultural waste in
China into sustainable
aviation biofuel
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| Biodiesel : defined as “a substitute for, or an addifive to !
1 diesel fuel that is derived from oils and fats of plants, !
1 animals and microbes™ 1
15

H,00CR;

Ry-COOR" GHyOH
Catalyst |
HOOCR, + 3R'OH +——— RyCOOR T”"”‘
Ry-COOR" CHZOH
CH,-00C-Ry
Glyceride Biodiesel Glycerol

Catalyst

R-COOH + R'OH R-COOR’ + H,0

Chemical approaches (alkali, acid)
Transesterification at supercritical condition
Enzymatic approaches (lipase)

Negative effect

lipase

oil *+ methanol Biodiesel +  glycerol

Poor stability and activity of the lipase should be due to the
negative effect of methanol and glycerol. With TU’s novel
technology, the negative effect of both methanol and glycerol on
enzyme activity could be greatly eliminated

yele nuer



Demonstration from lab scale to commercial scale

Industrialization (50,000 tonsly)

Projects A 4EIR H - Biodiesel 245K

ARARRE. SHAR

v/Stability and activity of lipase have
been improved significantly

v"Some cheap oil sources could be used
for biodiesel production

How to deal with the by-product glycerol?
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Cooperation of Biodiesel project
between Tsinghua and COPPE

* Coordinated by CCBCE, Tsinghua’s enzymatic
technology was successfully demonstrated at the
pilot plant in COPPE, Brazil (2011)

Signature Celebration on Cooperative Agreement
between Tsinghua University and MPOB (2018-8-20>

Integrated production of Biodiesel and 1,3-PDO

Tsinghua University has proposed a novel flexible process
for 1,3-PDO production from glycerol or glucose.

Yeast bacteria
glucose =—=glycerol === 1,3-PDO

vegetable oil &biodiesel PTT

More than 50 patents were filed, among which
more than 40 have been granted.



What is PTT?.

o i

ol on R

Terephthalic Acid | 1,3 'mgun.diul |
PTA PDO

o o
© O o~ n
Poly Trimethylene Terephthalate
PTT

? 2
(-O-CHQ-CH:’CHQ’O-C-@‘C‘)

PTT- A Novel Polyester
Made from PDO
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S we
The industrial scale production of PDO with capacity of 20,000
tons /year is running in Jiangsu province, China .
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energy expert

CLEAN ENERGY TECHNOLOGIES

A better cleaner and environmentally sustainable future

Energy Efficiency of Biomass
with Zero Emission

High temperature ablative pyrolysis process is the thermic destruction of organic matter without oxygen at a
temperature range of 900-970 deg.C.

ENEX can provide integrated turnkey solutions for production of synthetic (renewable) fuel gas for onsite power
generation and heat energy production in the form of hot water, thermo-oil or steam, including all equipment
required for specific type of organic matter and end customer applications

Electrical
power

Rice husk

Heating
energy

Cooling G 3

Power supply

Industrial
applications

Steam for
technological
processes

igh temperatu
ablative

Pyrolysis
| | coke Natural gas §
Transportation
Activated Zeolite and mineral NEX
carbon adsorbents
APPLICATIONS

Refused derived fuel/solid Agricultural  processing  waste
refused fuel (RDF/SRF) (husks, hulls, sludges)

Municipal wastewater sludge Forestry waste

Confidential 5
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Pyrolysis Technology

Processing of industrial and municipal organic

waste in high temperature ablative pyrolysis

system for renewable high heating value fuel
gas and value-added chemicals

Applications

Industrial solid waste (plastic, Municipal solid waste non-
paper, textile, wood, processed recyclables
food)

Agricultural  farming waste
(straw, stem, biomass, mulch,
drip watering, fumigation
materials, manure, substrates)

Industrial wastewater sludge

Confidential 4

Process flow diagram

Organic waste matter is fed into a course shredder
After shredder it comes to the drying module.

The waste powder has moisture content 2-4% and fraction size 1-3 mm.

Waste organic is decomposed into syngas and pyrolysis char at temperature above 900deg.C.

« Syngas vapor passes through imbedded overheating chamber to decompose condensable polycyclic aromatic hydrocarbons
into hydrogen, carbon monoxide and methane.

« The discharged syngas is supplied for electric and heat power production in ICE gensets, gas turbines or gas boilers.
+ Pyrolysis char is cooled and stored in the buffer vessel for production of value-added chemicals or solid fuel briquettes.
+ Operating mode of the system s continuous 8600 hours per year with scheduled maintenance stops every 4000 hours.



High Temperature Ablative Pyrolysis (HTAP) TECHNICAL SPECIFICATION

* ENEX HTAP technology Equipment assembly HTAP Description HTAPS HTAP10
Capacity, tons per day (dry mass basis) 15 30
Annual capacity, tons (dry mass basis) 5250 10500

Waste to energy application:

1300 2400
Installed electric generation power, kW
Waste to energy application:
Net electric power supply to the grid, 1000 1800
kw
Annual operating hours 8400 ... 8600
Operating personnel (qty per shift) 2

Confidential 7
Zero Emission KEY FEATURES

Zero emissions (no added oxidizing agent, exothermic reaction does
No combustion in the ENEX HTAP process. Induction heating is used for cold start. No exhaust not require external heat supply)
from reactor. TARs breaks down into simpler hydrocarbons because of hot cracking of gas vapor.

Waste sourcing and mixing flexibility

ENEX HTAP Designed for maximizing of high heating value synthetic fuel gas
production
[NOxemission No Zero liquid residue discharge
[COemission No Zero solid residue waste
_ No (used for production of fuel briquettes, adsorbents, soil
_ No amendments, carbon black, construction materials, etc.)
_ High Options for conversion of produced synthetic gas into liquid
_ Yes hydrocarbons (dimethyl ether, methanol)
_ Yes Options for conversion of produced synthetic gas into renewable
hydrogen
Chemical process of high temperature pyrolysis is exothermic reaction by nature. Excess of Modular design for projects implementation time reduction
heating energy is recuperated for drying of raw organic matter. HTAP process has at least 30%
higher efficiency compare to direct incineration.
Poultry farm manure Plywood and fiberboard production waste

Waste source: mixture of wood chips, sawdust, bark from
sawmill and plywood production factory.

Waste source: mixture of cage and bedding poultry farming manure.

This manure has moisture content 50%, ash content 10%, volatiles level Waste has moisture content 40%, ash content 2% and volatiles
84%. level 87%.

Required manure flow for one HTAP10 unit is 58 tpd or 20780 tons Waste required for HTAP5 unit is 24 tpd or 8600 tons annually.
annually. Gross electric power generation from this waste is 1340 kW.

Gross electric power generation from this manure is 2400 kW. Heat from HTAP5 and gensets is partially used for waste
Heat from HTAP5 and gensets is used for waste drying. drying.
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Rice husk

Waste source: rice processing and packaging factory.

Rice husk has moisture content 8%, ash content 20% and
volatiles 68%.

Waste flow for one HTAPS5 unit is 15 tpd or 5375 tons
annually.

Gross electric Power production from this waste is 1000
kW.

Recuperated heat from HTAPS is used for waste drying.

RECOVERY SOLUTIONS

CLEAN ENERGY TECHNOLOGIES

energy expert

For additional question please contact:

Kam Mahdi at kmahdi@cetyinc.com
T: 949-273-4990 X 814

www.cetyinc.com

100

HTAP MODULAR ECO-SYSTEM

a8®

ek

Synthetic renewable gas

Electric power
Hot water, Steam,
‘Thermal oil, Chilling

Catalytic conversion

Methanation (SNG)

Dimethyl ether (DME)

Hydrogen
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Global Outlook for Advanced Biofuels

Praveen Bains

US-China Energy Cooperation Program: Biofuels Standards Workshop

2 February 2021

Biofuels: how much and where are they used today?

Global biogas production, 2018
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Today, biofuels account for small portions of global energy use in key sectors: 5% of road transport, 1% of residential

cooking, and <1% of power and heat generation

Bioenergy is a versatile resource

Bioenergy use by sector

Share of bioenergy in end use sectors
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8
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@ Transport

@ Power generation without CCUS

B Other energy transformation without CCUS
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Modern bioenergy can be used as drop-in solutions to existing infrastructure, decarbonise hard-to-abate sectors and

provide negative emissions when coupled with CCS

105

Biofuels: how much and where are they used today? (Yo ]

Global biofuel production, 2019-20
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Today, biofuels account for small portions of global energy use in key sectors: 5% of road transport, 1% of residential
cooking, and <1% of power and heat generation

Bioenergy has a key part to play in reaching net zero emissions ed

Global CO, emissions reductions in the Sustainable Development Scenario, relative to baseline trends

2019 2030 2040
0

2050 2060 2070 Measures

GICO,/yr

-40

Avoided demand
Other fuel shifts

Technology performance

Electrification
Hydrogen
Bioenergy

ccus
- Net-zero emissions

Bioenergy directly provides 12% of the cumulative emissions reductions needed to reach net zero in the Sustainable
Development Scenario, with biofuels accounting for one-third of this.

The role of biofuels evolves over time to net zero emissions (Yo ]

Global biofuel energy demand for major transport mode in the Sustainable Development Scenario, 2019-70
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Advanced biofuels are first adopted by passenger transport before shifting to freight trucking and finally shipping

and aviation




Advanced biofuels lead the way in decarbonising long-distance transport |@C] Advanced biofuels lead the way in decarbonising long-distance transport |@C]

P . . Global energy consumption and CO, emissions in international shipping in the Sustainable Development Scenario, 2019-70
Global heavy-duty trucking in the Sustainable Development Scenario, 2019-70
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In particular, advanced biofuels help to decarbonise long-distance transport, account for 14%, 20% and 35% of heavy- In particular, advanced biofuels help to decarbonise long-distance transport, account for 14%, 20% and 35% of heavy-
duty trucking, shipping and aviation in 2070. duty trucking, shipping and aviation in 2070.
Advanced biofuels lead the way in decarbonising long-distance transport |@C] Advanced biofuel production ramps up significantly ed
Global aviation fuel consumption in the Sustainable Development Scenario
and total fuel use i the Stated Policies Scenario, 2019-70 Biofuel in the D Scenario, 2019-2070
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In particular, advanced biofuels help to decarbonise long-distance transport, account for 14%, 20% and 35% of heavy- Advanced biofuels, biogas and biomethane grow more than 20 times from today to 2070, underpinned by biomass-to-
duty trucking, shipping and aviation in 2070. liquid routes and anaerobic digestion with upgrading
BECCS helps bring the entire energy system to net-zero emissions 1ea The cost of advanced biofuels are high — policy must close thegap  |&Q
= 40 Levelised production costs of sustainable aviation fuels in 2050
8 3 o 25
5} . 3 B CAPEX
2 Long distance transport 8 20

EOPEX
PSR Heavy industn) 15
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10 W Fossil fuel cost
Sustainable Development Scenario Net-zero carbon balance N ; .
Pl Other demand 05 i NN B Biofuels feedstock cost - low
3 00 §§§ éi

o T Biofuel feedstock cost - high
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1 from biogenic CO; @ Synthetic kerosene cost - high
2019 2030 2040 2050 2060 2070 2 and electrolysis )
E ® Average price
. I Direct Air Capture
BECCS is the foundation of negative emissions, working to offset emissions that are hard to avoid and supporting a Even with deployment, the costs of advanced biofuels remain high. Policy measures must be used to close the cost
faster transition to net —zero. Biofuel production with CCS provides around half of these negative emissions. gap between clean fuels and their fossil fuel counterparts.
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There still exists innovation gaps along the bioenergy value chain

Biomass production

Algae cultvation

Biofuels production
Bioethanol
Biomethane.
Biodiesel
Other biogas.

Bioethanol w/ CCUS.
Biomethane w/ CCUS

Low-carbon electricity generation

‘Solid biomassired steam-cycle power plant

‘Solid biomass-fired distrct heat boller
Biogas-bioliquid-fred internal combustion

Solid biomass-fired IGEC

Biomass with CCUS.

Technology readiness of bioenergy value chain

Mature.

Early adoption

Demonstration

Large prototype

Bionenergy infrasructure
» Injection blomethane i natural gas »
neork

‘Advanced waste and residue collection
and sorting systems.

Bioenergy use in industry
Drop-in industrial fuel
Charcoal blast furmaces for steel
production
Biomass-based ethylene production
Biomass-based methanol production
Other biomass-based chemicals
Biomass-based hydrogen production

Biomass-based ammonia production

Bioenergy use in transport
Biodiesellbioethano for passenger
vehicles
Biodiesellbioethanol for heavy-duty
trucks.

Biodiesel for shipping.
Biokerosene for aviation

Bioenergy use in buildings

Biomass-fuelled heating
Improved biomass cooking stoves

1ea
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Policy must close the cost and innovation gaps in biofuels (Yo ]

Technology
Readiness

Large prototype

Demonstration

Demonsiration

Eayadopion  Early adoption

Mature.

Goal

Deal with existing
assets

Strengthen

markets for tech

at early stage of
adoption

Develop and
upgrade enabling
infrastructure

Continued
support for
RD&D

Policy Mechanisms

Blending mandates
Low-carbon fuel standards
CO, performance
standards

CO, prices and subsidies
Mandated phase-outs
Public funding for R&D

Loan guarantees
Public-private partnerships

Public funding for RD&D
with knowledge-sharing
Prioritise tech with
spillover potential

Biofuel example
Blending biomethane into gas
rids

Converting petroleum refineries
to biorefineries

Feed-in tariffs for clean power
and heat
SAF offtake agreements

Large-scale waste and residue
collection and sorting systems
CO, transport and storage sites

International test centers for
testing biofuel blends in engines
Biotech spillover: genetic
engineering of algae
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February 2, 2021 Senior Director — Business Development

Renewable Natural Gas
= Biofuel Standard Workshop
sy February 2, 2021
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SoCalGas low carbon growth initiatives

2030 — 2050"
Hyd

GHG Emission | kenewable tiauified | ¢ on capture
Reduction Natural Gas | D rogen Natural Gas e
(RNG) (LNG)

B

eployment of apture waste
LNG facility at carbon dioxide

leeded for ontinuous artnership wi

Pl cecades— system agriculture

Bl provides improvement waste stream mitigation = Electrolysis port of Los * Deployin

Bl ffordability + through sectors forRNG | measure +in Angeles/Long .

£ * Hydrogen carbon-utilizing

Bl complements targeted pipeline delivery | transportation ieeero. Beach for e

J 8l renewables programs. 3 transportation e = e

a pipeline system @
manufacturing

= Energy efficiency

* Continued safety | * Repaired * Goal to deliver 5% RNG by 2022 and 20% by 2030 * Exploring * Research,
enhancement multiple non- | = Tyo fuel cell projects completed at SoCalGas facilities in opportunities development +
Pl investments hazardous leaks | mid-2020 demonstration
o since late 2018 projects
& ® Engineering and commercial progress underway; expect to
13 launch demonstration hydrogen projects in 2020 + larger * Exploring
& scale projects in 2022 ~ 2023 partnerships to
commercialize
technologies
(P

Unitqd States resources

¥ 813 TCFRNG

Available in the US

: ’ﬁ today (and growing)

B Less than 10 dt/SqMile
10-100 dt/SqMile

B 100-500 dt/sqMile

I 500-1000 dt Sq/Mile
Greater than 1,000 dt/SqMile

Renewable Natural Gas is a biofuel that is naturally produced
from the decompo n of organic waste during anaerobic
digestion and has been cleaned to state standards and is,
therefore, ready to be injected into the pipeline.

N

el

» ﬂ
Capture waste from Convert into biogas using Process the biogas to make Inject the biomethane into the
dairies, farms and landfills anaerobic digestion it pipeline-ready pipeline for future use
(biomethane)

Msociss ...

Overview of RNG production facilities in North America

RNG PRODUCTION FACILITIES
IN NORTH AMERICA

.

@ 150 OPERATIONALIONLINE 1515, CANADA 1)
@ 35 UNDER CONSTRUCTION (U5, 36, CANADA 1) RENEWRBLE
NATURAL GRS
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current Fending
CA Senate CA Senate

Bill 1383 Bill 1440

(2016) (2017)
Includes a requirement to reduce methane emissions by Requires the CA Public Utilities Commission
40% by 2030. Two subparts of the bill are significantly (CPUC), in consultation with the State Air
driving RNG projects: Resources Board, to consider adopting specific
= Requires the CPUC to direct gas corporations to biomethane procurement targets or goals for
implement not less than 5 dairy RNG injection pilot each California gas corporation
projects. SoCalGas to commission interconnection .

A procedural schedule for implementation of SB

facilities for four large dairy pilot projects in 2021 1440 has yet to be established by the CPUC
= A 75% reduction in statewide disposal of organic waste by = Autility procurement program can significantly
2025. CalRecycle estimates ~50 to 100 new anaerobic accelerate the RNG market
digestion and/or compost facilities are needed to meet
the requirement

[sccasec .

Examples of projects currently injecting RNG into a CA utility pipeline
With many more under development

RNG used for transportation fuel is helping drive project development

When RNG is used as a transportation fuel from a
qualified feedstock, credits can be generated and
sold which increases the market value of RNG RNG Value ($/MMBtu)

$120.00
*+ California Air Resources Board Low Carbon

Fuel Standard (LCFS) - program to reduce $10000 =
the carbon intensity of California’s $80.00
transportation fuels by at least 20 percent $60.00
by 2030 $40.00
$2000
+ EPA Renewable Fuel Standard (RFS) — s
federal program that requires petroleum Daiy 25
refiners and importers of gasoline to
demonstrate that a portion of the fuel they = Commodity Price WLCFS mRIN
sell is renewable. Fuel volume
requirements currently go through 2022. Assumpions
The trading credit is called a RIN. s o 32 .40 et et ot

2 cmton sy for WP iogas of 30 GCOZ6I), Dy biogas f 276 6CO20ME
2 st b e G it e 255 e oy ol 1 -

[sccaes ..

=

Point Loma Wastewater Treatment Plant (Point Loma CA)

— Capturing more than 1.3 MMcfd of digester gas Point Loma Wastewater.
Treatment Rlant
¢ Mt

— Injecting since 2012 into utility pipeline

— Total project cost of $45 million, 75% was subsidized through
incentives and tax credit

2. CR&R Waste and Recycling Services (Perris CA)

® Two of the four phases are complete with each phase capable of

handling ~83K tons/year of organic waste (~1M DGE/yr of vehicle fuel)
® Green/food waste (previously sent to a landfill) is converted to
produce fertilizer, soil amendment and RNG

* 100% of the RNG produced is used to fuel CR&R trucks
®  Injecting since mid-2018, into SoCalGas pipeline
= Cost: Over $100 million at full buildout

® First RNG-to-pipeline project in SoCalGas’ service territory

(e

SoCalGas has been very supportive of RNG for over a decade

SoCalGas begins to provide RNG outreach and
education to developers, biogas producers,
and various other external organizations

SoCalGas receives CPUC approval

SoCalGas releases the Biomethane Guidance

1o offer a voluntary RNG tariff to RNG outreach Document to assist RNG developers who are

core customers (small commercial and education 2009 interested in interconnecting to the utility
and residentia) pipeline system

RNG tariff
interconnection
SoCalGas announces a goal to SoCalGas receives CPUC approval to offer
deliver 5% RNG by 2022 and 20% a tarff where SoCalGas can own/operate
by 2030 RNG upgrading facilties using
§ shareholder funding and charge the
20% RNG goal SoCalGas biogas customer a monthly tarif fee
by 2030 conditioning/upgrading
services tariff
SoCalGas begins the process to engineer, procure @ SoCalGas begins to procure RNG for
and construct interconnection faciltes for four company owned compressed natural gas
large dairy piot cluster projects that planto  SB 1383 Dairy SoCalGas owned refueling stations
connect to SoCalGas' pipeline system in 2021 Pilot Projects CNG stations

Msicoces ..

Examples of projects currently injecting RNG into a CA utility pipeline
With many more under development

3. Calgren Dairy Fuels (Pixley CA)

* First dairy digester pipeline cluster project in
California and started injecting RNG into
SoCalGas’ pipeline in February of 2019

* Plan to collect biogas from anaerobic digesters at
12 Tulare County dairies by the end of 2019

* The facility will capture the methane produced
from more than 75,000 cows

* SoCalGas will be capable of adding up to 2.26
billion cubic feet of RNG each year to its pipeline
system

— Enough to fuel more than 1,200 Class 8 heavy duty
trucks.

(e

Thank You

[sccaes .
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