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Energy Day 7 - TU Eindhoven

21 February 2013
Dr R.E.E. (Raymond) Jongschaap

PLANT RESEARLCH INTERNATIONAL
WAGENING ENDNEE




Outline

" Biomass to energy: not only biofuels

" Photosynthesis: solar energy conversion into biomass
" Production-ecology: vield gaps and crop management
" Competing claims (12 F’'s)

® Realistic potentials?

" Conclusions
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Thermal, biological and chemical routes

Esterification

Oil Extraction

Fatty Acid Ester (FAE)

Hydrotreatment

Hydrotreated Oils (HO)

Sugars

Catalytic /
fermentation

Alkanes

Hydrolysis /

Alcohols

Biomass

fermentation

sl

Pyrolysis /

Furane derivatives

Succinic acid derivatives

liguefaction

Naphthenic compounds

Gasification

Fischer — Tropsch
Process

PLANT RESEARLCH INTERNATIONAL
WAGENING ENDNEE




Photosynthetic mechanisms

" Theoretical energy conversion
® 4.5 - 5% for C3 crops (temperate regions)
@ 5.5 - 6% for C4 crops (tropical regions)
" Max rate of CO, fixation at 2000 pmol/m2/s (30° C)
e 85 umol/m2/s for C3 (4%)
® 110 pumol/m2/s for C4 (5.5%)
" Not reached:
® Respiratory costs
e Canopies not closed
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Energy efficiency
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Water consumption
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Basic production ecological principles

Model-plants
Experiments

@ PLANT RESEARCH INTERNATIONAL Plant Research International - Prem Bindraban
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Potential in current agriculture to increase WUE




Location specific soil management

PLANT RESEARLCH INTERNATIONAL
WAGENING ENDNEE




Optimize rape seed production (NL)
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Realistic perspective on productivity

Production ecological principles drive plant production
Crop characteristics (LGS, RUE, DM allocation)
Radiation
Temperature
Precipitation
Soil characteristics (texture, organic matter, slope)

Socio-economic settings may limit plant production
Crop management (soil, fertilization, etc.)

Abiotic and biotic stresses may reduce
plant production

Pests and diseases
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Rain-fed yield gaps

at African continent
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Upscale from spatial databases to regional
data

technology curve
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Development Index (yield gap), expressed as ratio between
actual productivity and biophysical maximum productivity levels
for cereal and oilseed crops in the 22 UN sub-regions.
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Primary causes of food crisis

" The combination of extreme weather and subsequent
decline in yields and cereal stocks; risks!

" A rapidly increasing share of non-food crops, primarily
bio-fuels;

" High oil prices, affecting fertilizer use, food production,
distribution and transport, and subsequently food prices;

" Speculation in the food markets.
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Global challenge for the coming decades

" How can current and future generations be sustainably
provided with sufficient food, energy, fibres and other
ecosystem services, given the limited area of available
land and natural resources, and increasing world
population?

" Competing claims!
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From Food to Fashion (12 F's of Rudy Rabbinge)
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Requirement/availability of agricultural
land
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Ultimate expansion into forests and savanna

South Asia
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Realistic potentials

" Find candidate crops
® Assess realistic production

" Consider different crop types/products

o
® Lignocellulose, sugar, starch and oil crops ¢

e Annual and perennial crops
® Temperate and tropical crops
® C3 or C4 photosynthetic process

" Assess potential increase by simulation
of biomass production
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Sustainable Production Scenario settings

Food security

" 1st Preserve cropland and grassland for food security
" Population growth until 2050 (per UN sub region)
" Regional diet changes in time

" Extrapolate regional productivity increase (1980-2009)
for lignocellulose and oil crops until regional physiological
maximum!
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Sustainable Production Scenario settings

Resource Use

® | and use as in 2000, no deforestation
" Use cropland and grazing land only

" Multiple growing seasons per year
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Sustainable Production Scenario settings

" Crop rotation

® Rotation requirements set by crop type
(oil/lignocellulose 2:1 and 1:2)

" Rotate with food crops only if possible (higher
production)

" Only annuals on cropland, only perennials on grazing
Flale

" Crop mixes (to produce cellulose, oil, starch or sugar
Crops in an area)

" Optimization set by (local) feed stock preference
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Production volumes per region

" Calculation steps on a regional base:

" Start with acreage cropland and grazing land in year
2000

® Reduce acreage by regional land requirements for diet
production (use local population growth, diet

requirements and expected diet change, productivity and
productivity increase)

" Set aside (do not affect) sugar cane area

" In case of shortage of cropland, use grazing land (with
25% lower productivity)

" In case of continued shortage of cropland and grazing

land: import the required acreages from other regions
based on the caloric productivity
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Production volumes per region

Final steps:

" Use remaining cropland and grazing land for biofuel
production

® Use scenarios to explore potentials
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Scenarios: how to use excess cropland and
grazing land

General

" Only annuals species on cropland, only perennial species
on grazing land

" Oil palm and jatropha only on designated areas

" Maximally use 70% of available grazing land (preserve
biodiversity)

" Productivity on grazing land is 75% relative to
productivity on cropland
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Scenarios: how to use excess cropland and
grazing land

Specific
Maximize oil or lignocellulose production
® Rotation Oil — Lignocellulose 2:1 and 1:2

" In Max oil scenario: If no perennial oil species is
available, use lignocellulose crop

" Include/Exclude grazing lands for biofuel production

Technology scenario

" Solve the ‘yield gap’ in 2050 to the level of Europe /
North America (82%)
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Regional technological development
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Regional cropland availability
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Regional grazing land availability

Note: based on
equal productivity
between regions
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Scenario results

" Technology development
(closing the ‘yield gap’)
avails 186 Mha cropland and
236 Mha grazing land for other
purposes (Total 422 Mha)

" Increasing productivity of grazing
land
is difficult

®" Huge and remote areas,
less productive

" Effects through livestock products
(feed conversion ratios) lag behind
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Excess crop and grazing land for
biofuel production
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Conclusions

Solar energy

Enormous potential, but ...

g annual
" Biology inefficient to fix solar energy demand

10% of all tranport fuels needs 26% or all

crop production!

| fotal energy resources

Totality of world’s crops would produce

13% of world’s primary energy (9% when

efficiencies in appropration included)

(VO version HPLE report Biofuels and Food Security:
www.fao.org/cfs/cfs-hple)

WAGENINGEN
For quality of life
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Conclusions

We have a
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