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Renewable Fuels
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The current global energy system is dominated by fossil fuels
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Bioenergy
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Medium-High
E:::;;rz_n% — N Biomass Use Efficiency, 4.1%
e Wind Energy 0.2%
Hydropower 2.3%

—— Geothermal Energy 0.1%

2008 Energy Sources Shares of Total Global Primary Energy Supply
2008 Heat Demand:

Concentrating Solar Power

0.005% | 1 TWh

Photovoltaics 0.06% | 12 TWh All renewables share: 27%

Geothermal Energy . X

0.3% | 65 TWh * Traditional biomass 17%
cooking stoves/heating

Ocean Energy 0.005% | 1 TWh

* Modern biomass 8%
district heating

* Solar thermal/geothermal 2%

2008 Electricity shares
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Theoretical potential
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The technical potential of renewable energy technologies
to supply energy services exceeds current demands.
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Bioenergy
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Latitude, soil conditions, biomass type matter
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U.S. Brazil Bilateral Sustainability Benchmarks
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Commoditization of Biofuels
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Framework to measure, evaluate, and improve sustainability

ldentify relevant

Develop, evaluate,
environmental/social

and disseminate

best practices indicators
Indicators
Data frameworks
. Baseli
ldentify and balance as:n:’nes
tradeoffs and Targets
synergies Establish baselines and
set targets
Indicator Values

Assess progress by
measuring environmental

\ / and social impacts
E,;: U.5. DEPARTMENT OF Energy Efficiency &

& Global Bioenergy Partnership EN ERGY Renewable Energy

K. Johnson, http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2013_events/
GBEP_Bioenergy Week_Brasilia_18-23 March _2013/3.10 JOHNSON.pdf


http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2013_events

Categories for sustainability indicators

Greenhouse gas emissions Social well being

il

_z= .-"'IFII FH i:l 1T 3 . - Social
7] g Soil quality s
- acceptability 4

External
trade

Productivity

S

s
— P> \Water quality Resource EReIgy
diversity L and quantity corservation N security
Air quality Profitability
McBride et al. (2011) Ecological Dale et al. (2013) Ecological
Indicators 11:1277-1289. Indicators 26:87-102.

Recognize that measures and interpretations are context specific
[Efroymson et al. (2013) Environmental Management 52:291-306 ]

1 CBES

Center for BinEnergy = B
sustainability U8 DEPARTHENTOF | Energy Efficiency &

http:/lwww.ornl.gov/scilees/ches/ ENERGY  renewable Energy

K. Johnson, http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2013_events/
GBEP_Bioenergy Week_Brasilia_18-23 March _2013/3.10 JOHNSON.pdf
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Biomass production and nitrogen recovery

* Growing bioenergy crops on underproductive land to recover
nitrogen in ground water from nearby corn fields

* Increasing overall productivity while mitigating non-point source
pollution and GHG emissions from agriculture

Share of GHG Emissions for Corn Ethanol W EtOH Production

total of 5,630 I, with co-product credit
(total of g/gal, with co-product credits) N20 from Cornfield

3.4% 2.2% 1.8%
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Biomass mitigating nitrate transport 4 ft under a corn field

Landscape placement of biomass crop for by-design sustainability.
DeNitrification-DeComposition model results and field validation in Fairbury, IL
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Multiple

Supply Chains,

Systems and Impacts
Feedstocks Products

i

{ Air/GHGs J
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Increase Resiliency of Biofuels and Products Supply
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How Much Lignocellulosic Biomass and at what cost?

Fuel Used for U.S. Transportation,

2011 pE—
o £ Highyield | S——
o
S a
™ 3 Baseline PN Gasoline
(Petroleum)
57%
§m High-yield R
™ Moderate RN 7 23 bgy
_— \ “\Other
4%
0 500 1000 1500 2000 gl Glee Biofuel
. Million dry tons
www.bioenergykdf.net Y Ethanol 12.9 bgy
Biodiesel 0.88 bgy
M Forest residues M Agricultural residues M Energy crops
Source: U.5. Energy Information Administration Monthly

Energy Review Apni 2012, Tables 2.5 and 3.7¢, preliminary
_ data for 2011

2005: Potential to displace ~30% of petroleum-derived gasoline by 2022

2011 BTS (Billion Ton Study): 1 billion tons per year non-food lignocellulosic biomass could become
available for $60/dry ton at the farm gate in the U.S.

*County level data and sustainability considerations included

*Supply logistics for more uniform feed under development, e.g., pre-processing depots link biomass
producers with refiners for year round supply

Microalgae oils - preliminary estimate at ~5 billion gallons per year
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Harvesting residue at sustainable rates

How much agricultural residue can be removed sustainably?

Limiting factors Improved agronomic strategies

* soil organic carbon * reduced or no tillage

+ soil erosion + integrated cropping systems

* management of plant nutrients + removal rates based on specific
» soil water and temperature dynamics field conditions

» soil compaction
« environmental degradation

Soll Grain Yield
Characteristics

I‘ ,
o
I
b Lh” S
——
i
i
1

Topography

15 |daho National Laboratory

K. Johnson, http://www.globalbioenergy.org/fileadmin/user_upload/gbep
GBEP_Bioenergy Week Brasilia_18-23 March 2013/3.10_JOHNSON.pdf
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Uniform-Format Feedstocks
Commodity Vision for Infrastructure Compatibility

Cormnodily Attributes Woody Round Wood and
Residues Woody Energy Crops

Standardized material formats are compatible with
existing solid and liquid supply handling systems and i
infrastructures

e
Feedstock quality is assured through national and m — -“h

international standards

National market systems secure supply and demand in Municipal

a sustainable way Solid Wastes Depot 3-20 Miles Multiple Biorefineries
Biomass feedstocks futures contracts are tradable on
_ 150-300
commodity exchanges. e miles
ALY
Infrastructure Boundaries “ I Rail, Truck,
(Solid System Example) ::-r EsraLl fge

Conversion (Biochemical

Preprocessing Depot to Terminal or Thermochemical)
~ (50to 150-mile radius)

Mtemtate trucks, short line railroad, internal waiemay

transport systems " FON
e TR T
L
Wet Herbaceous Residues Dry Herbaceous Residues
and Energy Crops and Energy Crops




Adding Cellulosic Ethanol

Environ. Res. Lett. 7 (2012) 045905 M Wang et al
Table 6. Energy balance and energy ratio of bioethanol.
Corn  Sugarcane  Cornstover  Switchgrass  Miscanthus
Energy balance (MJ1=")*  10.1 16.4 204 21.0 214
Energy ratio .61 432 4.77 5.44 6.01
* A liter of ethanol contains 21.3 MJ of energy (lower heating value).
1a . o @ PTW
APFTW Blogendc (10,
WTP LUK ErrarBas
— = 100 WIP PEd
i Error Bar E i i IF'.I:I
3 II-"'}D 3 :
5 PO w [
g 0s CHa
E. E |-
§ o 1ol
: | E
w & E
u o -8B
E 02 2
E 10K
09 == = TEREERE IR R
0.2
Gasoling Cam Sugarcane Com Stover  Switchgrass WisEanthUS Gasicling Cam Sugarcane Carn Stower Switchpras Miscanthus

Figure 3. Well-to-wheels results for fossil energy use of gasoline

and bioethanol. COqe for six pathways.
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Figure 4. Well-to-wheels results for greenhouse gas emissions in
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World Economic Forum
White Paper,
Cologne/Geneva,
Switzerland, 40 pp.
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Figure 1: Biofuel Flow. The multiple synthetic conversion routes of major biofuels produced from first and
second-generation biomass feedstock.



Biomass Value Chain Revenue Potentials

Agricultural Biomass Biomass

inputs production trading

Biorefining Biorefining
inputs fuels

* Seeds * Energy crops * Biomass Enzymes * 1st and 2nd
* Crop * Sugarcane aggregation Organisms generation
protection * Short rotation * Logistics Pratreatment biotuel production
* Fertllizers forestry * Trading chem|
DL Biorefining Downstream
...”bio-based products are chemicals chemistry
a realistic supplement to fossil-

* Fermentation e« Poplymerization,
based products but that they of buk s sagtayea
cannot mitigate the rising chemicals reactions
demand for fossil fuels.”

King, D., O.R. Inderwildi, and A. - 65
Williams (2010). The Future of
Industrial Biorefineries. 210610, World * Co-firing
Economic Forum White Paper, * Dedicated
CHP

Cologne/Geneva, Switzerland, 40 pp.

Figure 4: Revenue Potential. There are significant revenue potentials along the entire biomass value chain. The

values given are approximate business potential in US$ billions by 2020.



On-Board Energy Storage Challenges Remain

Alternative fuels and their density
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Hydrogen and Batteries have poor energy

density compared to liquid fuels

17 e

Many options for road transport — hybrids, electric, etc.



Technology Development

Simplified, generic

conversion pathways I

a. Energy crop
development
b. Supply logistics for
crops and residues

c. Conversion

d. Two or more
products

PROTOTYPE/
PROOF OF
CONCEPT

PILOT/ COMMERCIALIZATION/
DEMONSTRATION MATURATION

TECHNOLOGICAL
VALLEY OF DEATH

COMMERCIALIZATION
VALLEY OF DEATH

MATURITY/
PRICE
COMPETITION

Biopower
To Grid

e. Product demand
uncertainty: RFS2, tax...

Market
Surety

Aviation and Military Fuels are areas of opportunity with few competing options



Integrated Biorefinery Projects

11 IBRs will produce
hydrocarbons from
biomass

12 IBRs will produce
cellulosic ethanol from
biomass

Project Scale Key
' Research and Development
o Pilot
@ Demonstration
Commercial
@ Complete/inactive

10 | Biomass Program
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For more information visit:
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http://www.eere.energy.gov/biomass/integrated_biorefineries.html

eere. energy.gov




CleanStar’ ial strat
eanStar’s commercial strategy % CleanStar &% CleanStar

Mozambique Mozambique

CULTIVATION Y PROCESSING & PACKAGING @ DISTRIBUTION Worlds First Sustainable

! Integrated Food and
2 farmers Cooking Fuel Plant

Cooking Fuel Plant

Opened 17 May 2012

NDZiLO

fova Forma de Coziuliar

Urban shops sell
stoves and fuel

Ethanol-based cooking fuel i R
& Ethanol clean cookstove y NDZiLO §
» Clean, safe and fast
# Cheaper than charcoal
» ~20L / month [ family
» ~1ton CO2 saved / month [ family
Company-owned retail network 0
A low-input agroforestry cultivation .!"’40&3!‘!523? PaRY % CiEﬁEﬁEﬁl‘:
- < Morambique

system is at the core of our partnership
with smallholders

* The system hasa 1 ha
agroforestry zone with rows of
fast-growing leguminous g h
trees/shrubs and alleys planted &-on 1' g 1
with annual crop rotations Lo T A . customers visit shops to fulfil orders

g ; 3 and collect stoves & fusl

*  Thisis surrounded by a1 ha
forestry shelterbelt zone that
contains indigenous trees and
Pongamia oilseed trees

*  The system involves a mix of
multi-purpose crops & trees,
incl. cassava, cowpea, soyabean,
sorghum, ground nut, lucaena,
pigeonpea, pongamia and native
tree species

| 1 $
Rotation 3 ,
] -'.':_ £ i b N 1 -
Customers return every day / wesk

to buy more fuel
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Web sites and Resources

 DOE/EERE/Bioenergy Technologies Office http://www1.eere.energy.gov/biomass/

http://wwwl.eere.energy.gov/biomass/pdfs/replacing barrel overview.pdf

http://www1l.eere.energy.gov/biomass/technology pathways.html

http://wwwl.eere.energy.gov/biomass/pdfs/mypp november 2012.pdf

http://maps.nrel.gov/bioenergyatlas/

https://www.bioenergykdf.net/

e Chum, H., A. Faaij, J. Moreira, G. Berndes, P. Dhamija, H. Dong, B. Gabrielle, A. Goss Eng,
W. Lucht, M. Mapako, O. Masera Cerutti, T. Mclntyre, T. Minowa, K. Pingoud, 2011:
Bioenergy. In IPCC Special Report on Renewable Energy Sources and Climate Change
Mitigation [O. Edenhofer, R. Pichs-Madruga, Y. Sokona, K. Seyboth, P. Matschoss,

S. Kadner, T. Zwickel, P. Eickemeier, G. Hansen, S. Schlémer, C. von Stechow (eds)],
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
http://srren.ipcc-wg3.de/
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http://www1.eere.energy.gov/biomass/pdfs/replacing_barrel_overview.pdf
http://www1.eere.energy.gov/biomass
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Complex set of options - approximate development stages (l)

Chapter 2 Bioenergy

Table 2.5 | Examples of stages of development of bioenergy: thermochemical (orange), biochemical (blue), and chemical routes (red) for heat, power, and liquid and gaseous fuels from solid fignocel-
lulosic and wet waste biomass streams, sugars from sugarcane or starch crops, and vegetable oils (IEA Bioenergy, 2009; Alper and Stephanopoulos, 2009; Regalbuto, 2009).

Stage of Development of Process for Product(s) or System(s)
Product Basic and Applied R&D

Demonstration Early Commercial
Densified
Biomass

i T

Type of Type of
Plant

Commercial

W
‘@
2
2 | smalSleGaifiion  ConbusionStowes
3
3 Heat Ciatais
2 . PMOI HomeDistindstil
—d
v
E Combustion Coupled with
g Co-Combution
E | e [cetmwes N DS
or CHP
Gasification (G)
or Integrated

oernte

ORC = Organic Rankine Cycle Ipce Yo



Complex set of options - approximate development stages (ll)

Chapter 2

Table 2.5 | Examples of stages of development of bicenergy: thermochemical (orange), biochemical (blue), and chemical routes (red) for heat, powes, and liquid and gaseous fuels from solid lignocei-
lulosic and wet waste biomass strearms, sugars from sugarcane of starch crops, and vegetable oils (IEA Bioenergy, 2009; Alper and Stephanopoutos, 2009; Regalbuto, 2009).

Type of Type of Stage of Development of Process for Product(s) or System(s)
S Basic and Applied R&D Demonstration Early Commercial Commercial
Anaerobic Digestion to Blogas
i or Power
] or Fuel
=
5 § o T
o o
- O
g' S Microblal Processing’
a L1, ] Goswbedntind ] Scbumobfumt
% Fuels Extraction and Estertfication
. e
L B Extraction and Hydrogenation
ot U el
[
g Extraction and Refining
LY
> _

Notes: 1. ORC: Organic Rankine Cycle; 2. genetically engineered yeasts or bacteria to make, for instance, isobutanel (or hydrocarbons) developed either with tools of synthetic biology
or through metabolic engineering. 3. Several four-carbon alcohols are possible and isobutanol is 2 key chemical building biock for gasoline, diesel, kerosene and jet fuel and other

products. .
pCC we |



Economy+

Global Level Environment+

Social Responsibility+
Millennium Development Goals

* International Standards Organization (UN +)
* Rio 1992 - ISO Series of Environmental

Standards (14000)
* 2006— ISO Series on Social Responsibility
(26000) Sustainability Standards for
 Rio+20
Forestry
ISO to fOSter Bioenergy
Sustainable
Development & more areas (economy and ecosystems) for

Sustainable Development
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DNV sustainability services: Third party certification is a credible
tool to show a company commitment to sustainable development.
DNV Business Assurance provides sustainable biofuels certification
according the RSB and the ISCC certification schemes.

RSB certification requires compliance with 12 principles and criteria. The audit will address the following topics:

. Legality

. Impact assessment and stakeholder consultation

. Planning, monitoring and continuous improvement w
. Greenhouse gas emissions L
. Human and Labour Rights m BUSINESS
. Local Development & Food Security ASSURANCE
7. Conservation (Biodiversity and Ecosystem Services)

8-10. Soil, Water and Air protection

11. Use of technology, inputs and management of wastes

12. Land Rights.

o Uk, WN P

ISCC certification addresses the following topics:
* Conservation (Biodiversity & Ecosystem Services) and land with high carbon stock
* Soil, water & air and the application of Good Agricultural Practices
* Working conditions
* Human, labour and land use rights. Responsible community relations.
* Legality
* Good management practice
* Greenhouse gas emissions.
RSB and the ISCC standards comply to the EU RED Directive.
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Looking at the biofuel supply chain o ree: Nuow: Luowron
In terms of sustainability indicators

Feedstock Feedstock Conversion to . - Biofuel

production i logistics — biofuel Y g End uses
. Harvesting Conversion | Engine type
Land conditions and collection pr:::cess Transport and efficienc
ZENE YR | NS N = N
zzzudll| A T f;j,.;;:;: [F-seder | EzzE ] 255 1222 SR
Feedstock type Processing Fuel type Storage = Blend conditions
FEE NS 111 N = TN TN I
vz o 111 o5 éﬁiiriﬁ T x,ﬁﬁ:i:imll-:: %:E:ETII —1 ks %:E:ilwt__m
Management Storage Co-products
777 3N [ s
3";:35@]""'L T fﬁﬁﬁririﬁ —1 HH %;:;:ﬁ?—-}m
Transport Environmental Socioeconomic
N P 777 Soll quality ZZZZ Profitability
Al o= Water Social well being
f tal. (2013) SS9 Greenhouse gases [ External trade
ro.ymson et al. [N Biodiversity Energy security
Environmental Management 52:291-306. Air quality 803 Resource conservation
Dale et al. (2013) Productivity EEES Social acceptability

Ecological Indicators 26:87-102. [ Categories without major effects



Photosynthetic Microorganisms

Specles
Biology

Hybrid oystems System:

- Harvesting
Systems - Dewatering

[mmmmpm} [Hlmlmphlr.:] [Pmmlruphm] [Hetemflrﬂphm] [ Phototrophic ] :?eﬁﬁﬂ“

Hydrocarbons . . Consolidated Intermediate
[ & Alcohols® ‘ [ Lipids 1 | Carbohydrates ] Proteins [ Biomass l Constituents
* Binlogically produced in-situ by the organism

Biochemical Thermochemical [llrer.:t Anaerobic Conversion

Conversion Conversion Digestion Processes

Renewable o . End Use Fuels

US DOE (2009). National Algal Biofuels Technology Roadmap. U.S. Department of Energy Biomass
Program, Washington, DC, USA, 214 pp
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Routes to Algal Biofuels

DE|ining ﬂ& 2 Microalgae - Macroalgae
a Biofuels - & '
- &aF &

Portfolio

From
Microalgae

e

k.

—
(] - B
L' 'd T -
ipids or - e .
Hydrogen Carbohydrates Biomass
yarog Hydrocarbons ;'— y
-
L) o / ‘
Microalgae:
a source of energy
® Wastewater bioreactors
_ ® [nformation from cell culture aroma
. Exploring relationships between biological objects Ik o
Alkanes or Alcohols
Hydrogen ) Biodiesel FT Liquids Methane
yEros “Green Diesel” (Ethanol) 9
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Preliminary systems design and assessments guided by sustainability indicators

’Sltlng
- Land (cost, location,

tift, geology, soil)
Salar Insofation

- Temperatures

Policy & Regulation; Incentives & Barriers

Design
Feedbacks

f Cultivation

- Autotrophic

- Heterotrophic
- Open systems
- Closed systems
- Hybrid systems

Conditioning

or Treatment

|

Broader
Environment
& Economy
Conversion
carb.uhydrates Biofuels

Harvestlng Dewatering Extractlun 0Oil / Lipids
&/or Drying & Seperation
Proteins & Conversion
Water Capture Other Coproducts
& Re- Use
Co-Gen
Energy

Feedbacks

Electric Power and Pmcess Heat Generation

— N

Capital Construction, Operations, Monitoring, Maintenance, Replacement

Market Externalities: Cost of Energy, Cost of Petroleum & Conventional Fuels,

Demand & Price for Co-Products vs. their afternatives, efc.



/ Biofuels Sustainability \

. . —m\—
Regional European Committeefor | Iso
Initiatives Standardization (CEN TC383) =
pTTmTmmEmEEEEm—_—_———— -~ .
| EURED - Renewable 1 National Initiatives: | International 1SO TC248/13065
| Energy Directive } ational Initiatives i Bodies’ Initiatives under development
__________________________________ Global
— Multi-
Gi+5
1/ Nl - J stakeholder
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Y4 B I
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| Renewable R N - Sweden- L Balanced Scorecard : L Framework :
| Energy 7 UK. Low 5 Brazil SEKAB R N
|  Transport E Carbon i SL:/peprIi»fliaCSIZm ! Us.Renewable ! U.S. Council on Greenergy (Brazilian
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________ - 1 i
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____________ . . . (
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1 Better Sugarcane
| Transport Fuel | : Sustainability i 1 Standard (LCFS) | ( In|t|at|gve Roundtalbleooln S:s'gmable
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N A A
~
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J
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. » \_ originating scheme or country of application acilitating multilateral organizations
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GHG Emissions Reductions Targets

U.S. Volumetric Goal
* Energy Independence & Security Act 2007
o 36 billion gallons renewable fuel by 2022

— 21 billion gallons cellulosic + advanced biofuels (EPA is waiving volume based on
projection of future production each year)

* Renewable Fuel Standard (RFS2) biofuels penetration goals are based on specific GHG reductions
from the fossil fuel replaced considering a full consequential LCA model with LUC
% reduction

Biomass-based diesel 50
— Advanced biofuels 50
— Corn grain-based ethanol 20
— Cellulosic Biofuels 60

EU Volumetric Goal

e Certified reduction of 35% GHG emissions reduction relative to diesel or gasoline
o 10% Biofuel target — proposed to be halved — concerns ILUC
o About 70 producers and bundlers of U.S. corn ethanol meet the European standards

* Indirect Land Use change may be added to GHG
e Sugarcane or corn ethanol ILUC 4 times lower than biodiesel

NATIONAL RENEWABLE ENERGY LABORATORY



	Cover Page
	Outline
	Renewable Fuels
	Resource Potentials
	Bioenergy
	U.S. Brazil Bilateral Sustainability Benchmarks
	Commoditization of Biofuels
	Biomass production and nitrogen recovery
	Adding Cellulosic Ethanol
	Biomass Value Chain
	Contributers
	Web sites and Resources
	Acknowledgments
	Complex set of options
	Global Level
	DNV sustainability services
	Biofuel supply chain
	Photosynthetic Microorganizms
	Routes to Algal Biofuels
	GHG Emissions Reduction Targets

