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Context 
Current trends are leading us to an unsustainable world. Between now and 2050, energy 

needs and associated CO2 emissions are expected to almost double [IEA, 2012a] - fossil 

fuel resource scarcity will increase, especially for oil since conventional oil production has 

already reached its peak [IEA, 2012b]. At the same time, food demand would increase by 

70% [EC SCAR, 2011].  

These driving forces will drastically increase the pressure on land use in order to: 

- Respond to the food challenge 

- Develop bioenergy and biofuels in order to reduce fossil fuels dependence and their 
related CO2 emissions 

- Preserve some areas for CO2 sequestration or for biodiversity 

- Support urbanization and development in emerging countries 

This raises several questions on the availability of land and its ability to respond to these 

different expectations. The types of crops and the  way they are transformed, whether they 

are directly burnt or converted into liquid biofuel or biogas also have important consequences 

on surface requirements, energy produced and CO2 emisisons.  

Objectives 
The main objective of this study is to assess the potential of bio-energy. We maximize its 
benefits along the energetic chain (form production to end-use demand) depending on the 
associated energy vectors (natural gas and liquid bio-fuels), while taking into account land 
use constraints. This study also aims at providing estimates of the global impact of Biomass 
development on CO2 emission and concentration, considering both avoided CO2 emissions 
from fossil fuels combustion and CO2 emissions from land use changes.  

Method 
For this study we have developed a reference scenario, based on current agricultural areas 
and alternative scenarios, combining different assumptions on food regimes, agricultural 
methods and crops, biomass products and uses. We assess the implications of these 
scenarios on land use, CO2 emissions and energy balances.  

The scenario quantification is based on the “Mescalito” Model [Cattier & Wirth, 2010] which 
simulates global long-term energy supply and demand trends. Developed by EDF R&D, 
Mescalito is a four regions model based on the estimation of possible supply on one hand 
and desired demand on the other hand, taking into account fossil and fissile fuel resources 



availability, political, economical or industrial constraints. Mescalito also estimates CO2 
emissions and concentration in the atmosphere.  

For the purpose of this study, the model has been enhanced in order to: 

- Represent different types of land : forest, desert and built-up areas, grasslands and 
pastures, areas for food (based on assumptions of food diet perspectives) and 
available land for energy oriented crops  

- Simulate conversion processes from crops to energy products: take the best value 
from the crops considering the different energy products they can provide: biogas, 
biofuel (first and second generation) and solid biomass and considering the energy 
needs they fullfill (electricity production, fuel for transportation, housing uses, etc) 

To assess the impact of land-use change in terms of CO2 emissions, we rely upon a 
description of carbon content for different biomes. The carbon stock is separated between 
(aboveground and belowground) living biomass, dead organic and litter biomass (usually 
limited) and soil biomass (generally accounted at a 30cm depth or 1m depth). The global 
break-down of the main biomes can be found from IPCC [IPCC, 2000], as well as the carbon 
content (at 1m depth for the soil). A consequent work was conducted to assess the regional 
break-down of different biomes, since we had no clear estimation to recover regional CO2 
content for each biome. 
 
Our methodology relies on carbon content for different biomes and computes land-use 
change emissions from 2005 onwards. This methodology is well-known as a “book-keeping” 
methodology. As a consequence the land-use change emissions scenario does not take into 
account the uptake of carbon content per hectare due to carbon fertilization. This impact is 
estimated in the carbon cycle module with a retroaction coefficient from atmosphere 
concentration on photosynthesis fluxes. Notice that for organic soils such as peat lands, it is 
unclear if a “book-keeping” approach is really accurate since the soil depth taken into 
account is not the same as the 1m IPCC values for mineral soils. However we introduce 
these values in our model, which seem more in line with realistic estimations of impact on 
CO2 emissions. Besides, we do address neither the question of CH4 emissions which may 
partly counterbalance other the GHG effect of peat land drainage, nor the evolution of CH4 
concentration in relation to CH4 emissions which is still not well understood. 
 
For the land-use and agriculture module, we have separated the world into eight regions, 
North Africa, Sub-Saharan Africa, Middle-East, North America (including Mexico), Latin 
America, Asia and Oceania, France (to get a specific insight on this country), Other 
European Countries, Russia and Eastern Europe. We rely on the FAO data [FAO], 
classifying land between agricultural area, forest area, and other lands.  
The projections for land productivity and world food diets are derived from Agrimonde 
scenarios, namely AG0 and AG1 scenarios [Agrimonde 2009]. Scenario AG0 relies on the 
assumption that modern agricultural techniques spread all over the world with subsequent 
gains of productivity as well as a food diet based on meat. Scenario AG1 is an alternative 
scenario based on the assumption of a less energy intensive agriculture and a more 
vegetarian food diet. 
 
 
 
 
 
 
 



Scenarios Definition 
 

Food Diet and land-

use impact

Additional 

agricultural 

surface potential

Agricultural 

Productivity
Fuel preference Scenarios

Agrimonde AG0 Reasonable High Liquid Reference

More meat trend Gas

Low Liquid

Gas

Full High Liquid Intensive-Liquid

Gas Intensive-Gas

Low Liquid

Gas

Agrimonde AG1 Reasonable High Liquid

Less meat Gas

Low Liquid Moderate-Liquid

Gas Moderate-Gas

Full High Liquid

Gas

Low Liquid

Gas  
 
The Intensive Scenario, assumes that all available lands (including tundra and wetlands) are 
progressively used but with a lower productivity. The Moderate Scenario, assumes that only 
the most productive parts of potential agricultural lands are used. Additional assumptions are 
made on the preferred fuel production : liquid or gas fuels. 
 
Our study assumes that the dietary scenarios built-up in Agrimonde constrain the land-
availability for energy. As a consequence the CO2 impact is higher than those calculated 
without such a constraint. Indeed converting food crops into energy crops without any kind of 
compensation is “free” from a CO2 point of view. This kind of result has already been 
mentioned by Padella and al. [Padella, 2012] 
From these features we derived a simple methodology to assess a first global potential for 
energy crops in the world, apart from forest covered potential. The GAEZ study, reported by 
Virginie Pinson [Pinson, 2009], estimates a global cropland potential (with no irrigation), 
differentiated by agricultural productivity level. We affect the land productivity taking into 
account GAEZ classification, so that enlarging the area of energy crops decreases marginal 
land productivity. 
Deforestation is projected until 2050 based on historical trends and economic data. We also 
do not allow further deforestation in order to increase energy crop production. 
We also put as a constraint that global pasture area remains unchanged, which is consistent 
with the assumption that energy croplands should not compete with food production. This is 
actually a simplified view to say that if some pasture is turned into cropland (which most 
probably will be in the future) then the same area of natural grassland will be turned into 
pasture to leave the food production unchanged. The energy cropland potential is then 
limited by the grasslands still available. 
 
We consider different energy carriers, processes and vectors, which are synthesized in the 
following figure. 



 
 
 
Fuelwood, forest residues and wastes production rely mainly on projections based on 
historical trends and according to macro-economic indicators  
Potential agricultural land available for energy crops is divided among 9 types of crops, 
based on FAPRI Scenario up to 2025 [FAPRI, 2012]. These shares are kept constant 
afterwards. FAPRI conversion factors are used to translate agricultural production from ton to 
tons of oil equivalent. 

 

Results 

Globally, agricultural land is almost constant across the period to 2050. Agrofuel potential 
land exists in all regions except Sub-Saharan Africa in the Intensive Scenario, where the 
increasing needs of land for food requires the entire available surface. Major agrofuel 
potentials are located in North-America and Eastern Europe. This view is still quite optimistic 
since it allows full conversion of peatlands and tundra into energy croplands or pastures. If 
we do not include tundra and peatlands, the remaining areas are located in Latin America 
and Sub-Saharan Africa. As a result, main producers of energy crops are North America and 
Eastern Europe in the Intensive Scenario and Sub-Saharan Africa and Latin America in the 
Moderate Scenario. Both the Intensive and the Moderate scenarios show an increase of 
global biomass production. It appears that biogas production is more interesting than liquid 
biofuel from an energetic point of view. Total biomass production represents more than 20% 
of global energy needs in 2050 in the most favorable case.  
 
 
 
 
 
 
 
 
 



World biofuel production 

 
 
The contribution of agrofuels is significant in the global energy balance, but fossil fuels (coal 
and gas) would still represent the majority of energy supply, leading to significant CO2 
emission increases – although lower in the Biomass Scenarios than in the Reference. 
Concerning climate-change impact it appears that land-use change emissions totally offset 
the gain resulting from switching from fossil fuels to bio-energy fuels, even not taking into 
account CO2 content of pesticides and fertilizers used in agricultural processes. This 
difference is explained by the higher carbon content of grasslands compared to croplands. 
The impact of the development of agrofuels on CO2 emissions depends largely on the types 
of land mobilized and on their carbon contents. The relative carbon content of croplands and 
grasslands is a key point in the estimation of agrofuel impact on the greenhouse effect and is 
still under debate. We rely on official IPCC global estimates and the negative impact of 
converting pasture to cropland on CO2 concentration may be exaggerated. In the real world 
it would depend on local conditions and more specifically on the agricultural techniques 
implemented. Nevertheless, under the assumption of a modern industrialized agriculture 
most of the studies conclude to a significant loss of carbon content when converting pasture 
to cropland.  

CO2 concentration in the atmosphere 

 



 

The time horizon is a key point in any politics on CO2 concentration. The impact assessed in 
the study is estimated on a 2050 horizon. Converting pastures to cropland is a “one-shot” 
emission, even if it should be accounted for accross 15 year. Its negative contribution will be 
lowered if considering a 2100 horizon. One could say that the very long term horizon is the 
right frame for our study, but it is questionable, considering the CO2 dynamics in our results, 
leading to rapid climate changes.  
 
Limits of this exercice 
 
CO2 emissions would be worsened if the energy needed to increase land productivity 
(production of fertilizers and pesticides) was taken into account. 
CH4 emissions and concentration are not taken into account. 
Short rotational forest which were not considered in this study could appear to be more 
interesting than current energy crops 
 
Key messages  
 
Biomass potential although important remains limited by land availability. In the absence of 
productivity or food diet breakthrough, agro-fuels would not be able to compensate the 
decline of fossil fuels resources. They would contribute to limit energy dependency. 
Taking into account food constraints and related land-use change emissions, fossil fuels 
seem more interesting than agro-fuels from a climate point of view. 
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