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Overview

* Integrated Biorefineries
— Dimensions of sustainability practices
e Historical examples
* Across the supply chain to multiple products
— Palm Oil Example
— Best practice integration of heat, power, and efficient use of palm

* Continuous improvement

— Best practice — small scale anaerobic digestion CDM audited projects

* Country-wide best practices

— Communication to the UNFCCC on the inventory of GHG emissions
(non Annex | parties)

— Relevance to Bioenergy
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Key Challenge for Innovation Involves Lowering Risks

De-risking technologies is central to R&D through demonstration that
addresses greater integration and scale: NEW PROCESSES

» BETO is focusing on advancing renewable gasoline, diesel, and jet fuels technologies.
» Technical, construction, operational and financial/market risks.

Hicpower

Simpiified, generic

CONVErsKon iathnai's I
BIOMASS } Pretreaiment

Biopower
to Grid

Biopower

Key Challenges

Pretreatment | __ Conversion | Product ___

* Reliable supply = Biomass feeding, sizing = Products Yields = Separations
* Consistent quality and moisture * Construction materials = Catalytic upgrading
= Affordable delivery = Solids handling = Catalysts * Recycle loops

* Construction materials * Fermentation organisms
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Demonstration and Market Transformation Activities

Myriant
Sapphire

Verenium

Pioneer Scale: POET-DSM INEOS

Pilot Scale: Alpena

http://www.energy.gov/eere/bioenergy/integrated-biorefineries
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Biorefineries — Many Types

Biomass L MENENEE W) Biorefinery Products

Biomass cascading; Low

Pharma & Cosmetics

\

Food & Feed

\

Bioplastics & Polymers

\

Bulk chemicals & Fuels

\

Encrgy & Heat

High
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Sustainability practices dimensions from LCA assessments

Acidification
Photochemical ozone creation Climate change
(atmospheric)

Particulate matter Resource Depletion

Life Cycle Impact Assessment
(LCIA)
most commonly used

Ozone layer depletlo.n Impact Categories Ecotoxicity
(Stratospheric)
Land use Eutrophication
lonising radiation Human toxicity

Environmental Impact of Biofuels, Edited by Marco Aurélio dos Santos Bernardes,

ISBN 978-953-307-479-5, 280 pages, http://www.intechopen.com/books/
how-to-link/environmental-impact-of-biofuels u.s. DEPARTMENT OF | Eneray Efficiency &
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Lifecycle Assessment Benchmarks Corn Ethanol
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Units are Comparative Toxic Units per km driven, which represent potential increase in human morbidity
(or aquatic toxicity), calculated using the EPA USEtox model and TRACI 2.0.

Chum et al., Conversion Technologies to Biofuels and their use, Chapter 12, in Souza, G. M., Victoria, R., Joly, C., & Verdade, L. (Eds.). (2015).
Bioenergy & Sustainability: Bridging the gaps (Vol. 72, p. 779). Paris: SCOPE. ISBN 978-2-9545557-0-6;
http://bioenfapesp.org/scopebioenergy/images/chapters/bioen-scope_chapter12.pdf

Yang, Y. Journal of Cleaner Production (53), pp. 149-157 (2014).
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New Assessment

e i SCOPE = Scientific Committee for
Problems on the Environment

SCOPE » FAPESP » BIOEN « BIOTA » FAPESP CLIMATE CHANGE

Land Use, Feedstocks, Technologies and

BIOenergy & Impacts, Key Findings, Conclusions and
Sustainability:

Policy Recommendations
* 136 contributors from

bndgmg ’[he gaps 81 institut.ions in
24 countries
.. * 779 pages

Glaucia Mendes Souza April 14, 2015
Reynaldo L. Victoria

Carlos A. Joly
Luciano M. Verdade

http://bioenfapesp.org/scopebioenergy/
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Across the supply chain to multiple products example

Palm oil mill (POM)

Palm oil

Fresh Fruit
Bunch (FFB)

From Hans Langeveld et al. u.s DEPARTMENT OF _ | Energy Efficiency &
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Palm Oil Mill - Example of Best Practice —

~continuousimoprovement
Integration of heat, power, and efficient use of the palm plant

Ongoing IEA

POM with Diesel Production Bioenergy Intertask
Hans Langeveld,
- Plantation Heinz Stichnothe.
| FFB{ISIO.ODDt) |
Sepmiet Broduss Can more heat
: S—c1 11301 energy be used in
il ll‘iﬂsl [cpo] these applications?
| | Compost . Blogas CHP CHP G i
e [ “swown | Or others specific
o Y l to the location?
<—{Heat| | Electricity i— Blea:zhlneeanh
CPO refining z 10t Relfznnse:o P:J
1350t Co-digestion
= = _ opportunities?
Biodiesel production 61"’;‘;:' ’ 81'; Tf::

http://www.ieabioenergytask43.org/wp-content/uploads/2014/07/Mobilising-feedstocks-biogas-case
Progress-May-2014 v11.pdf

Biofuel cropping systems: carbon, land, and food / Hans Langeveld, John Dixon and
H. van Keulen, London: Routledge, 2014. D

Energy Efficiency &
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Multiple technological options available

* Pelletizing, briquetting feedstock
 Advanced combustion technologies
* Advanced anaerobic digestion and integration

* Fast pyrolysis technologies producing liquid fuel for heating,
electricity generation, and possibly upgrading in FCC petroleum
refining units to regular petroleum products (e.g., Ensyn Corp.
and partners including Felda, Petrobras/NREL,* and others)

()
RFO Heating Oil
> RFS2 Approved
D
—
RFO Refinery

— Feedstock
RFS2 Approved

O e )
I = Diesel Power

Generation
|

~—

Modular facilities, located
near the biomass feedstock,
producing 5-20 million
gallons year of RFO

http://www.energy.gov/sites/prod/files/2015/04/f21/thermochemical conversion chum 242303.pdf
p:// gy.gov/sites/prod/files/2015/04/f21/ _ ion_chum_242 I
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Sustainability Certification Standards

*Forest Stewardship Council (FSC) *Sustainable Agriculture
1994- Network (SAN)/Rain Forest
Alliance (RA) 2010-
Sustainable Forestry

Initiative (SFI) 1998-

Global Good

Agricultural Practice

Agricultu re (Global GAP) 2000-

Program for the Endorse
of Forest Certification (PEFC) 20q0—

\
N

Dedicated emphasis since 2007

*|SEAL ALLlANCE *Roundtable on Sustainable Biomaterials

Member *Bonsucro
*Roundtable on Sustainable Palm Oils

(Associate member)

Sectors covered

Agriculture Carbon and Fishing Forestry
climate
Manufacturing Mining and Water Emerging
and textiles minerals sectors
= __RTMENT OF

ENERGY
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CDM projects

VALIDATION REPORT SUMDIARY

Best Practice: Small scale anaerobic digestor validated

VALIDATION REPORT

MALAYSIA BIOGAS PROJECTS
PROGRAMME OF ACTIVITIES

CDM PROGRAM ACTIVITIES CPA2 - CPA6

Project Participant:
GenPower Carbon Solutions Services (Malaysia)

Decyanvss: Prapared by:
e—
VI CRSCONAL COCUMINT Was FIINTED 10 PDF; Bowives, con..(wl‘me
TV CHINAL CONTINY REMADNS LNCHANIID, & Assoclates
851 Catty v
Webnetc, Otk
Comn KN 1C2

Ot 319 e
P (19 e
APEIL 30, 2012 =

REF. NO. 077732 (1) - e P e mn

Malaysa fiogas Projecs

s CPAZ: SYNN Bicgas Propct in Tatping, Perak, located m
Penmsular Malaysia

s CPA02 Pontian Fico Biogas Progect, Kinahatangan, Sabah located
m East Malaysia

o CPAOS% Ayer [tem Biogas Propect at Ayer ltem, Johar located in
Penmsular Malaysia

o CPALS Wealth Houses Brogas Progect at Bnuit, Sarawak located 1n
East Malaysia

s CPAOE Yoo Loe Biogas Progect at Budor, Perak locatsed m located in
Peninsular Malaysia

Project Participantiz)

CenPower Carbon Scfutions Services (Malkaysia)

Suzmmary of Project

Waridaias Engineariag. ERvIrasmental, Conatruction. and 11 Services

CenPower Carbon Solutions Services (Malaysia) (Project Participant)
commissioned Conestoga-Rovers & Associates Limuted (CRA) 1o
complete an independent third party validanon of GHG emission
oifsets assocated with the addinos of five now CDM Program
Activities {CPAs) for the existing Programme of Activities (PoA), as
follows:

*  CDM Vahdaton of SYNN Biogas Propect in Taspmng, Perak, located
m Peninsalar Malaysa

¢ CDM Validaton of the Pantian Fico Biogas Propet, Kinahatangan,
Sahah located 1n Fast Malaysa

» CDM Vahdation of the Ayer ltem Biogas Progct at Ayer Item, Jobor
located m Perunsular Malaysia

* DM Vahdanon of the Wealth Houses Biogas Progert at Brust,
Sarawak Jocated m East Malaysia

s (DM Validation of the Yee Loe Biogas Projct at Bidor, Perak
located mn Jocated in Peminsular Malaysia

The proposed COM CPAs are part of an exating PoA for a sencs of
small-zcale hiogas projects developed by the Propct Participant 1o
reduce groenhoase gas (CHG) emassions assocated with Palm O Mall
Effloont (POME) treatment systems. The GHG reductions result from
capturing, of the biogas {i.e., methano) generated from the treatment
systemns {using a biogas recovery system), rather than allowing the

enussions to redease 1o atmosphere. The goal of the PoA is o promote
hogas unlizanon and renewable encrgy production 1n the palm oil
mdustry withm Malaysia The Progect Participant states m the
Pof-DD that most comman and Ieast costly practce for treatment of
POME are open ponds or lagoon systems. [t 15 the anaerobic decay of
the organic matter m the POME that results m the methane
generation/ releases.

The Project Participant utiiaed the CDM methodology entitled
"Methane recovery I wastewater troatment®, Version 16 (AMS 1ILH)
for all propased CDM CPAs. CPA03 was also assessed by CRA's
Progct Team versus the Approved Small-Seale Methadology AMS LA
“Electncity generation by user” Version 14, CPA06 was also assessed
by CRA's Progect Team versus the Approved Seall-Scale Methodology
AMS LF “Renewable electnicity generation for captive use and mim-
gnd” Version (2

The scope of this validation 15 such $hat CRA, as an independent thard
party recognized as a Designated Operational Ennty (DOE) by the
UNFCCC 15 responsible for reviewing the PDDs mcludmg the
monitonng  plan, baseline assessment, and any supporting
documentation. CRA utibzed a nsk based analyss agains: the relevant
mquirements of both the mierpretation from the CDM as apphicable.
CRA also assessed cach CPA against the chigihility cntena presented in
the easting PoA-DD

As part of the vahdation process, CRA reviewed the completeness,
conservativeness, and accuracy of the underlymg ewvidence for the
asumpbons and dams made, and data sources used.  The results of
thus investigahon were then, together wath the results of the review of
other arens, combined to form the necessary input for the vahdahon
report and opinion.

The validation report and associated appendioes document a total of 59
findings for the foar propased CPAs which include

*  Twenty-seven () Comertive Action Roquests (CARs)

*  Thurty-one (31) Oanfication Requests (CLs)

o One (1) Forward Action Roquest (FAR)

Upon review of the documentasion and explanations provided by the

Propct Pariapant, all findings were closed out m a clear and
fTansparent manner.

TG ) Swe— COMESTOGA-RONERS & AGSOCATRS CONCETOGA-ROVERS & AGO0CATES

https://cdm.unfccc.int/filestorage/Y/U/S/YUSEZ7358 AR2VLNGKXCF106MDTIQ9P/
Malaysia%20Biogas%20Projects%20CDM-SSC-CPAs%202-6%20Validation%20Report%20Final.pdf?
t=R258bm9rM3VufDAgC4BtZVPXOueHdeBH1INDA -- 196 pages

U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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Country-wide Best Practices examples
Second national communication to the UNFCCC

Clnate Change Fretection for Presed and Future Geeraton Second National
Communication
to the

UNFCCC

—

IDN/COM/2 E, 2010 MYS/COM/2 E, 2011

http://unfccc.int/resource/docs/natc/indonc2.pdf http://unfccc.int/resource/docs/natc/malnc2.pdf
U.S. DEPARTMENT OF Energy EfﬁCIency &

ENERGY Renewable Energy
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http://unfccc.int/resource/docs/natc/malnc2.pdf

Best practices offer opportunities for sharing lessons

* GHG emissions inventory tied very closely with GBEP

sustainability indicators.
— Usually done by UNFCC/IPCC sectors and not specific to bioenergy but to
overall assessment of the country.

 |PCC AR5 Lead authors for adaptation and mitigation suggest
strongly that the inventories in non-Annex 1 countries be
measured for more accurate data and adaptation and
mitigation strategies

— Best way to show how palm oil production and use is actually improving
the countries emissions directly (not through LCA).

Advancing national greenhouse gas Methods for the quantiﬁcation of GHG
inventories for agriculture in developing ~ emissions at the landscape level for
countries: improving activity data, developing countries in smallholder

emission factors and software technology contexts

Eleanor Milne' =, Henry Neufeldt', Todd Rosenstock ', Mike Smalligan®,
Carlos Edvuardo Cerrt, Danbella Malin®, Mark Easter!',

Martlal Bernouy”, Stephen Ogle', Fellpe Casardm”®, Timothy Pearson”,
David Nell Bird”, Evelyn Steglich ™, Maddlene Ostwald'',

Karolien Denet’ and Keith Paustian

Stephien M Ogle'~, Leandro Buendia®, Klaus Butterbach-Bahl*-,
F Jay Breldt®, Melannle Hartman', Kazuyukl Yagl’, Rasack Nayamuth®,
1 Shannon Spencer’, Tom Wirth” and Pete Smith”
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BIOENERGY TECHNOLOGIES OFFICE

Kristen.Johnson@ee.doe.gov

Sustainabil ity Bioenergy 2015 Conference: Opportunities in a Changing Energy Landscape
Program Manager About the Bioenergy
Technologies Office
Research & Bioenergy 2015 Conference:
pevelopment Opportunities in a Changing Energ
Fucaton s Landscape

Development

On June 23-24, 2015, the U.S. Department of Energy's Bioenergy

o ities Technologies Office will host its eighth annual conference—Bioenergy
nformation Opportunities in a Changing Energy Landscape. Participants, including
https://www.bioenergykdf.net/ Resources stakeholders from the bioenergy industry, Congress, national laboratol

academia, and the financial community, discuss critical bioenergy issu

" BIOENERGY
KNOWLEDGE INSCOVERY FRAMEWORK '_-]
KDF LY. DIPARTNENT OF ENERGY n >

OVERVIEW TOOLS & APPS MAR BIOENERGY LIBRARY

The Boensrgy KDF mpports Ihe deveoqment of & sustEnabie Diosniengy Inousiry w
Dy Prowking a0c0s5 10 A vanely of d3la oty pubacHons, #nd coteboralion andg II
] muappng loobs el sLppon xoenengy reoearchy atulysls, sl decison makng. n

i KDF, s Can seaneh Tof iamsiation, cotlmite data, and e 2w kols and
i inItace fo mynEsize. e, SN VIRASKZO TAVIIABON K1 @ spatially
Jitegratea masier

http://www.energy.gov/sites/prod/files/2014/03/f14/
kdf fact_sheet.pdf

What Would You Like to Do?

AN VISUALIZE DATA > g ey
A Uise me KDF's map ~ o U.S. DEPARTMENT OF i
PG BATA ihertace 10 veve and Energy Efficiency &

.-TV/ Technologies Office e - e EN ERGY Renewable Energy
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