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What means‘Biornergy’ ? 
•  Energy from biomass 
•  Biomass: organic matter resulting of the 

photosynthetic process  
•  Crops 
•  Wood 
•  Residues (straw, sawdust,...) 
•  Organic wastes (urban wastes, déchets urbains, sludge, 

manure, ...) 
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Reasons for enthusiasm 

Energy 

Climate Agriculture 
ä Income 
ä Employment 

æ GHG emissions 

æ  Dependence on fossil fuels 
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CO2 

Temp. 

Précip. 

Courtesy P. Ciais 
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Principle	  of	  ‘Bioenergy’	  

fossil C 

Photosynthesis 

CO2 

CO2 Substitution effect 
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Plan	  of	  the	  presenta(on	  
•  Overview	  of	  the	  current	  produc(on	  

•  Quan(fying	  the	  environmental	  benefit	  of	  biofuel	  
pathways	  

•  Uncertain(es	  and	  risks	  associated	  to	  the	  
development	  of	  biofuel	  pathways	  

	  
•  Overview	  of	  some	  alterna(ves	  
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Overview	  of	  the	  current	  produc(on	  
and	  poten(al	  for	  near	  future	  
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The different pathways 

WOOD CROPS 
CROP 

RESIDUES 

starchy crops 
maize, wheat, 
barley, potatoe 

oil crops 
rapeseed, palm 
tree, soybean, 

sunflower, 
jatropha 

sugar crops 
cane, beet, 
sorghum 

WASTE 

Heat 
Electricity 

Ethanol 

Saccarification 

Biodiesel 

Esterification 

Biogas 

Anaerobic 
digestion 

Lignocellulosic 
pathway 

= 
2d generation 

Thermo 
chemistry Fermentation 
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Bioenergy	  today	  

•  Solid	  bioenergy	  	  
– Majority	  but	  with	  only	  a	  poten(al	  subs(tu(ng	  effect	  

•  Liquid	  bioenergy	  (biofuels)	  
– Minority	  but	  with	  a	  realized	  subs(tu(ng	  effect	  

81% fossil 

Solid fuels 9,8% 
Liquid fuels 0,2% 

Source: IEA, 2007 from FAO, 2008 

Global energy demand per source in 2005 
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Production evolution 

IEA, 2007 from FAO, 2008 
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Biofuel production per country 

FAO, 2008 



The interactions between climate and bioenergy 
Sofie Spring School - Peking University – April, 8th 2013  

Yields 
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Quan(fying	  the	  environmental	  
benefit	  of	  biofuel	  pathways	  
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Towards	  a	  more	  realis(c	  approach	  
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Life	  cycle	  analysis	  

FAO, 2008 
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Evaluating the energy efficiency 
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GHG	  mi(ga(on	  of	  different	  
pathwaysfilières	  

Source: IEA, 2007 from FAO, 2008 
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Why so much uncertainty ? 

•  Partial accounting of equipment 
•  Non-standardized emission factors 
•  Accounting for Co-products 

– By allocation 
•  Mass basis 
•  Energy basis 
•  Market value basis 

– By system extension (substitution) 
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Treatment of the co-products 
Relative GHG emissions for ethanol from wheat in France 

Substitution w/ 

French elec. mix Mass-based 
allocation  Energy-based 

allocation 

Substitution w/  

Wood-based power  

Source: Référentiel pour les ACV des biocarburants de première génération en France, BioIS/ADEME, 2008. 

GHG emissions 

Mass Energy Market value 

Protein content 

Soybean cake 
Substitution: 

distiller's dried 
grains 
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Present-‐day	  Subs(tu(ng	  effect	  at	  global	  scale	  

•  Biofuel	  produc(on	  es(mated	  at	  ~	  1.5	  EJ	  per	  year	  
(over	  14	  Mha)	  

•  With	  a	  ‘gasoline’	  reference	  at	  86	  gCO2/MJ	  and	  90%	  
reduc(on	  

•  The	  emission	  of	  0.12	  GtCO2	  per	  year	  is	  avoided	  by	  
subs(tu(on	  effect	  
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Global	  GHG	  Emissions	  

•  0.2%	  of	  the	  global	  GHG	  emissions	  
•  1.8%	  of	  the	  emissions	  of	  the	  Transport	  sector	  
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The	  poten(al	  for	  up-‐scaling	  
•  400	  EJ	  en	  2050	  ó	  1500	  Mha	  (IEA	  Bioenergy,	  2008)	  
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Uncertain(es	  and	  risks	  associated	  to	  the	  
development	  of	  biofuel	  pathways	  
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Reducing	  the	  uncertainty	  of	  LCA	  

•  Treatment	  of	  the	  co-‐products	  

•  N2O	  emissions	  

•  Accoun(ng	  for	  Land-‐Use	  change	  (LUC)	  impact	  
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N2O emissions by soils 
•  GHG ~300 times warmer than CO2 
•  Nitrification 

– Oxydation from ammonium (NH4
+) to nitrite (NO2

-) 
and nitrate (NO3

-). N2O = by product 
•  Denitrification 

– Microbial process processus microbien transforming 
des soluble nitrogen oxydes (NO3

-, NO2
-) into 

gaseous compounds (NO, N2O, N2) 

•  Intensity is function of  
•  Soil type 
•  Humidity / Temperature 
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Measurement methods 

•  Static chambers 
– With the measurements of the concentration by 

mean of different methods: 
•  Gas chromotography  
•  Tunable Diode Laser (TDL) 

•  Flux tower  
– By mean of TDL technique 
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N2O Measurement methods 
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High spatial and temporal variability 

Flechard et al., 2007 

N2O emissions (en ng m-2 s-1, FAL, Zürich) at 
Oensingen site (Switzerland) 
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•  Crutzen et al, N2O : Release from agro-
biofuel production negates global warming 
reduction by replacing fossil fuels, ACP, 
2008. 
q Q1: How are the N2O emissions by soil estimated 

in the IPCC methodology ? 
q Q2: Which approach is used in this paper leading 

the authors to revisit the IPCC estimates ? 
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Emission factor 

•  Review of N2O emission data (≠ crops, regions, 
years) vs N-input 

Kaiser et al., 2000 

Envelope of the 'IPCC (1996)' relationship 
~1% of the mineral N inputs 
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A‘top-down’approach 

•  Crutzen et al. (2007) paper 
•  Calculation based on the today and pre-

industrial N2O atm. sources and sinks 
 => Present-day emissions : ~6 TgN2O-N yr-1 

•  Deduction of Industrial Emissions 
 => Agricultural emissions : ~5 TgN2O-N yr-1 

  ~5% of the global mineral fertilisation 
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Accoun(ng	  for	  LUC	  
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•  Fargione et al., Land Clearing and the Biofuel 
Carbon Debt, Science, 2008  
q Q1: What is the process highlighted in this paper 

that increases the CO2 emissions of biofuel 
production ? 

q Q2: What is the definition of the 'carbon debt' ? 
q Q3: Based on this study, on which type of lands, the 

carbon debt of biofuel produciton is the higest ? the 
lowest ?  
 



The interactions between climate and bioenergy 
Sofie Spring School - Peking University – April, 8th 2013  

The associated process 

NEP 

NBP 

NPP 
Harvest 

Wood 

Grazing 

Export - 
+ Rsoil - 

Soil 
Vegetation 

Atmosphere 
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An example 

•  Massive abandonment of cultivated lands in 
former USSR since 1990 

- 20 Mha 

Hurtt et al., Global 
Change Biology, 2006 

20 Mha 
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An example 

•  Carbon stock in abandoned agricultural soils 
sols agricoles à l’abandon 

From Belelli (pers. comm.) 



The interactions between climate and bioenergy 
Sofie Spring School - Peking University – April, 8th 2013  

Deforestation process 

Bellassen, 2008 

Climate Report No 14 – Reducing Emissions from Deforestation and Degradation: what Contribution from Carbon Markets? 

 The timescale of trees: why the atmosphere cares more about deforestation than 
reforestation 

Deforestation emits greenhouse gases for two main reasons: burning and decaying. Farmers use fire to 
get rid of non-valuable woody parts such as stumps and tree crowns, or even stems when their needs for 
wood are already fulfilled. In the short-term, the resulting ashes also act as a fertilizer for the deforested 
plot. Greenhouse gas emissions from biomass burning mainly consist of CO2, but some methane (CH4) 
and nitrous oxide (N2O) is also emitted (see Figure 3). What resists burning is left to decay, which usually 
occurs within 10 years. In the long term, decaying is also the fate of the wood extracted before burning 
though the time-scale varies widely depending on what it is used for.  

Figure 3 - Types of greenhouse gases emitted through deforestation 

,QLWLDO�IXHO� ����W&2�H�RI�GU\�PDWWHU SHU�KHFWDUH
�ELRPDVV��OLWWHU DQG�GHDG ZRRG�

 
Greenhouse gas emissions from deforestation are due to two processes: burning and decomposing. Emissions consist mainly 
of CO2 but some methane (CH4) and nitrous oxide (N2O) is emitted when biomass is burnt. This general pattern does not 
apply to decaying in swamps, but deforested lands are unlikely to be kept under water. 

Source: Mission Climat from IPCC 2006 data. 

The soil can also be a source of emissions. But contrary to icebergs, this hidden part of forest carbon is 
much less affected by clearings. When it is tilled for agriculture and deprived of carbon inputs from dead 
grass, leaves or wood, the soil releases on average 8% of its carbon content. But when forest is 
converted to pasture, the amount of soil carbon varies less and can even increase. In any case, this 
variation is seldom worth the price of measuring it: projects that plant trees for carbon credits are satisfied 
with proving that soil carbon increases but they do not claim carbon credits for it. 

In this process, the timescale is paramount: when a forest is cleared, its carbon stock enters the 
atmosphere entirely within ten years. When a forest is planted, its carbon stock will need more than a 
hundred years to get close to the levels of primary rainforests. In the short term, it thus takes the planting 
of ten hectares of new forests to make up for the loss of one hectare of old-growth forest. 

 One hectare of forest, how much in carbon? 

Assigning an amount of carbon for each hectare of forest is a difficult task. The result depends on three 
parameters: the scope of carbon pools taken into account, the local conditions (soil, climate, species), and 
the management (e.g., primary forest, selective logging, short rotations). 

6 
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The concept of “carbon debt” 

•  LUC may induce a 
carbon loss  

•  Some Bioenergy crops 
will need several years 
for compensating this 
C loss 

Science, 2008 
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•  Lapola et al., Indirect land-use changes can 
overcome carbon savings from biofuels in 
Brazil, PNAS, 2010 
q Q1: What are the two types of Land-use changes 

that are considered in this sutdy? Could you provide 
a definition for both terms ? 

q Q2: What are the different models used in this study 
and what do they simulate ? 
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Up-‐scaling:	  from	  local	  to	  globe	  

•  Impact	  of	  Indirect	  Land	  Use	  
Change	  (iLUC)	  
– US	  Corn-‐base	  ethanol	  
produc(on	  

20%	  GHG	  reduc(on	  

100%	  GHG	  increase	  

Searchinger, 2008, Science 

iLUC 
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Story of a scientific controversy 

•  April 2009 – Implementation of a regulation 
process on Oil in California state (Low Carbon 
Fuel Standard, LCFS) 

•  Precedeed of a public consultation process 
– Controversy about iLUC impacts 
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Overview	  of	  some	  alterna(ves	  
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Cultivating on Abandoned Agricultural 
Lands 

•  Two studies 

Envir. Sci. Technol., 2008 

Trends in Ecology and Evolution, 2007 
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Potential area and associated NPP 
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At global scale 
•  Quelques ordres de grandeur: 

– Global area : ~400 Mha 
– Mean NPP : ~3 tC ha-1 an-1 

– 50% of shoot biomass, 45% C, energy content: 20 
kJ g-1 

 => 5% of global energy demand 
•  Conclusion 

– Maximum to not exceed 
•  On a larger area -> food vs fuel competition 
•  With more inputs -> æ climate benefit  
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2d generation biofuels 

•  For instance, Tilman (2006) 

–  Bioenergy production from perennial herbaceous species 
(Low Input High Diversity (LIHD) grasslands) 

•  Good energy yield 
•  High GHG mitigation potential 

 

Science, 2006 
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Comparison to first generation biofuels 



Contrac(ng	  a	  carbon	  debt	  

Source: IEA Bioenergy, 2008 d’après Fargione, 2008 
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Rather than growing biofuels…plant 
forests 

•  A study of Righelato et al. (2007) based on estimations 
of LUC impact on C budget 

•  The environmental benefit of the sequestration can be 
larger than the one by substitution effect 



Science, 2007 
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At	  least,	  save	  forests	  

LUC 

LUC 

iLUC 
iLUC 

Melillo, 2009, Science 

deforestation intensification 
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Net GHG budget 

Substitution effect 
Net terrestrial C budget 
N2O emission 
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A market-based mechanism 

•  Reduce emissions from deforestation and 
degradation = REDD 

•  Based on a Carbon market, to give a market 
value to the avoided emissions due to 
deforestation 

•  Mitigation potential: ~0.75 GtC yr-1  
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