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Report overview 
This report consists of a main report, appendices and databases. The authorship of chap-
ters and databases is shown in the following table. 

Component Description Authorship/ 
Responsibility 

Chapter 1 Introduction IFEU, UU, OEKO 

Chapter 2 Biofuel settings IFEU, UU, OEKO 

Chapter 3 Life cycle energy and greenhouse gas (GHG)  
assessment IFEU 

Chapter 4 Economic viability of the production of liquid 
biofuels UU 

Chapter 5 Global non-GHG environmental impacts of OKEO 

Chapter 6 Social impacts of liquid biofuel production OEKO 

Chapter 7 Next generation of liquid biofuel production UU 

Chapter 8 Fuel and vehicle compatibility UNEP-DTIE 

Chapter 9 Stationary applications OEKO 

Chapter 10 Scale up and integration UU 

Chapter 11 Recommendations IFEU, UU, OEKO 

Appendix A Elements of a GEF project screening tool IFEU, UU, OEKO 

Appendix B Life cycle energy and greenhouse gas 
assessment IFEU 

Appendix C Evaluation of GHG calculation in certification 
systems in the context of GEF IFEU 

Appendix D 
Assessment of next generation biofuel pro-
duction in the Xinjiang Uyghur Autonomous 
Region, PR China 

Xinjiang Academy of  
Environmental Protection  
Science, Urumqi/China 

Appendix E Background data for economic analysis UU 

Appendix F Background data for next generation biofuels UU 

Appendix G Water footprints of biofuel cropping systems 
in Mexico  

Red Mexicana de  
Bioenergía (REMBIO),  
Morelia/Mexico 

Appendix H Background data for global non-GHG envi-
ronmental impacts of biofuels OEKO 

Appendix I Biofuels and employment effects Thailand partners/ 
OEKO 

Appendix J 
Social and socio-economic impacts of  
cassava and sugarcane ethanol production in  
Thailand 

OEKO 

Database 1 GEF Biofuel Greenhouse Gas Calculator 
(MS Excel format) IFEU 

Database 2 Data on air, water and waste (GEMIS format) OEKO 
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Steering committee 
 
The following persons served as steering committee members: 
 
Jérôme Malavelle (UNEP-DTIE, Paris) 
Prof. N.H. Ravindranath (STAP) 
Peerke de Bakker (UNEP DGEF, Nairobi) (until December 2009) 
Conrado Heruela (UNEP, Nairobi) (starting January 2010) 
Martina Otto (UNEP, Paris) 
Fatin ALI MOHAMED (UNIDO, Vienna) 
Rainer Krell (FAO/NRC, Rome) 
Anselm Eisentraut (IEA, Paris) 
Bernd Franke (IFEU) 
André Faaij (UU) 
Uwe Fritsche (OEKO) 

The first project steering committee meeting was held via teleconference on September 
30, 2009 where a detailed Project Work Plan was discussed and endorsed by the mem-
bers. A second steering committee meeting took place on July 20, 2010 in Paris. The 
steering committee members reviewed and commented on the draft final report prepared 
on September 15, 2011. 
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7 Next generation of liquid biofuel production 
More than 99% of all currently produced biofuels are classified as “first generation” (i.e. 
fuels produced primarily from cereals, grains, sugar crops and oil seeds) (IEA, 2008b). 
“Second generation” or “next generation” biofuels, on the other hand, are produced from 
lignocellulosic feedstocks such as agricultural and forest residues, as well as purpose-
grown energy crops such as vegetative grasses and short rotation forests (SRF). These 
feedstocks largely consist of cellulose, hemicellulose and lignin. Conversion to bioethanol 
fuel is via hydrolysis of the cellulose and hemicellulose to sugar, after which fermentation 
of sugar is performed. These feedstocks can also be converted to fuel via gasification or 
pyrolysis to produce synthetic diesel, bio-oil and other fuels. To be competitive with fossil 
fuels, there is a need to overcome several technical challenges – which is the focus of 
current R&D. 

Generally, the advantage of next generation biofuels (over 1st generation biofuels) is their 
ability to utilise many different types of lignocellulosic materials as feedstock and lower 
land use impacts. However, the environmental impact of lignocellulosic biofuels depends 
on the conversion route, the feedstock and site-specific conditions. Moreover, unlike the 
mature 1st generation biofuels, next generation biofuel technologies are still under devel-
opment (pilot and demonstration stages), and commercialisation is anticipated in the next 
decade. 

This section analyses the short term and long term technical and economic performance 
as well as the potential development of next generation biofuel industries in five develop-
ing countries under some defined settings as shown in Table 7-1. 

Table 7-1 Settings for “Component 6” next generation biofuels 

Setting  
No. Country Feestocks Time-

frame 
Land  

quality27 
Biofuel  

technology 
67/68 
69/70 Argentina Switchgrass 2020 

2030 Less suitable BtL/ Next 
EtOH 

58/59 
61/62 Brazil 

Eucalyptus 2020 
2030 

Less suitable/ 
Suitable Next EtOH 

10 Sugarcane 
bagasse 

2020 
2030 - Next EtOH 

71 
73 China Rice straw 2020 

2030 - Next EtOH 

57 
60 Mozambique Eucalyptus 2020 

2030 Less suitable Next EtOH 

63/64 
65/66 Ukraine Poplar 2020 

2030 
Less suitable/ 

Suitable BtL 

72 
74  Wheat straw 2020 

2030 - Next EtOH 

 
Lignocellulosic feedstocks selected for this analysis include: perennial crops, such as eu-
calyptus species in Brazil and Mozambique; poplar in Ukraine; switchgrass in Argentina 
and agricultural residues, such as rice and wheat straw in China and Ukraine.  

                                                
27 Suitable land is equivalent to good agricultural land while less suitable land refers to marginal or 

degraded land 
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7.1 Feedstock production and supply 

The performance of the selected cropping and residue systems for each country is pro-
vided in this section. Development of energy crop plantations involves four major phases: 
site preparation, planting, maintenance and harvesting. Specific activities at each stage 
depend on the site quality which influences the degree of site preparation that is neces-
sary; choice of species, planting density, and rotations; required cultural management and 
soil amendments (fertilisation, weed control, animal control, and pest management); as 
well as transport and logistics. 

At each stage in the production of biomass, cost factors such as labour, machinery in-
vestment, fuel costs as well as chemical and energy inputs have to be accounted for. The 
technical specification of equipment such as tractors is also incorporated into the calcula-
tions. An important aspect in energy plantations, especially short rotation woody crops 
such as eucalyptus, is the ability to coppice over successive rotations periods until it is 
finally stumped out and replanted.  

It is assumed that all feedstock production systems are carried out under well managed 
agricultural systems – meaning the proper application of appropriate amounts of fertiliser 
(to replenish plant nutrient extraction and support high biomass growth), pesticide and 
herbicides (to ensure protection of energy crops against diseases, pests and weeds). It 
also assumes adequate silvicultural management, but does not take into account irriga-
tion. Planting is assumed to be done during the rainy season to take advantage of rain-fed 
growth. However, some water may be applied to young seedlings, during the first three 
weeks of growth, should they encounter moisture stress. 

Appendix 1 provides details of the general approach used to estimate production costs of 
energy crops – from land preparation until biomass is harvested and forwarded to the 
roadside ready for transportation to the processing plant. Key assumptions for each crop 
relate to:  

• Plant spacing and yields 

• Fertiliser, herbicide, pesticide application 

• Mechanised/manual operations 

• Planted seedlings/cuttings 

• Plantation lifetime and coppice cycle  

• Harvesting and forwarding technology  

7.1.1 Eucalyptus production costs in Brazil and Mozambique 

Eucalyptus is considered as the energy crop for Mozambique and Brazil. In Mozambique, 
it is assumed that seedlings are planted manually at a spacing of 3x3-m in a semi-arid 
region. Extensive manual weeding and chemical pesticide application are required during 
the first 3 years, before the eucalyptus trees reach full canopy cover. Harvesting is carried 
out every 8 years over 24 years before the stand is re-established. It is assumed that in 
Mozambique, harvesting is done using chainsaws. Forwarding to the roadside is done 
using a skidder.  
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Table 7-2 Cost elements for eucalyptus production in Mozambique 

Cost Item Description 

Land  Costs of land vary between 20 $/ha/yr (2009) for agricultural land uses 
depending on locations (CPI, 2009). 

Labour Minimum wage is 0.3 $/hr in the agricultural sector 

Diesel 36 litres per ha at cost of 1.02 $/litre 

Seeds 1,333 plants per ha at cost of 0.20 $/plant 

Herbicides 3 litres/ha at costs of 2.23 $/litre 

Pesticide 0,1 kg/ha of fungicides and 0.6 litres/ha of pesticides at average cost 
of 9.55 $/litre 

NPK 60 kg/ha of N fertiliser, 23 kg/ha of P fertiliser and 48 kg/ha of K ferti-
liser at average cost of 0.77 $/kg  

Chemonics and IFCD (2007); Laclau et al (2003); van der Hilst et al. (2011) 
 
Eucalyptus productivity in Mozambique is estimated to vary from 4.5 to 35 tdm/ha (Batidzi-
rai etal 2006; van Eijck et al. (2011); Laclau et al 2003;  Ugalde etal 2001; Savcor, 2006). 
For a given species, the biomass yield is a function of the management applied as well as 
climate and soil conditions. According to Van Hilst (forthcoming), the mean annual in-
crease (MAI) is estimated to be 1.5% per annum. The projected maximum attainable yield 
in 2030 is still well below the estimated maximum attainable yield for Mozambique.  

Table 7-3 Eucalyptus production performance in Mozambique on marginal land 

 2020 2030 
Yield (tdm ha-1 yr-1) 7 10 

Production costs (USD/tdm) 75 62 
Source: Van de Hilst (forthcoming) 
 
The estimated biomass feedstock production from eucalyptus in Mozambique is 3.96$/GJ 
in 2020 and 3.27$/GJ in 2030 at the farm gate. This is equivalent to a production cost of 
37.6 $/ton,wet (2020) and 31.1$/ton,wet (2030) assuming a moisture content of eucalyp-
tus at harvest of 50%. Fertilisation contributes the most to the total production costs at 
30%, while land clearing (18%) and stand establishment (17%) are also significant. Har-
vesting and extraction contributes only 13% to the total costs, because in this case manu-
al harvesting is assumed. 

Future changes in feedstock production cost -- Long term pressure on land is expected 
under a business as usual scenario and thus the cost for land is likely to increase, pushing 
up biomass production costs. Similarly, as Mozambique’s economy grows, it is expected 
that labour wages will increase. When labour costs increase, efficient machinery will be-
come more attractive. Energy input costs are also expected to grow, but with improving 
infrastructure, diesel distribution costs could go down. When diesel prices go up, full 
mechanisation will be less attractive. In the future, improved seeds and breeding as well 
as technological learning about seed technology are expected to result in higher biomass 
yields which will result in decreasing production costs. Globally, fertiliser prices will in-
crease due to higher fossil fuel prices and to P fertiliser scarcity. Locally, prices could go 
down when there is critical mass for the establishment of domestic production. All these 
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factors are expected to have varied impacts on the biomass production costs, but in-
crease in yields is likely to have a much bigger impact on overall costs – and thus future 
costs are expected to decrease. 

Eucalyptus production costs in Brazil -- For Brazil, eucalyptus production costs are esti-
mated using a set of assumptions shown in Appendix 2. For the different soil qualities, the 
required amount of fertiliser and corresponding biomass yields are shown in Table 7-4 
and Table 7-5 respectively. 

Table 7-4 Fertiliser requirements for eucalyptus production in Brazil by land suitability 

Required fertiliser amounts (kg/ha) Suitable Less suitable 

NH4  83 60 

P2O5  32 23 

K2O  67 48 

CaO 97 70 

Total 279 201 
 
The highest reported yield level was 85 m3 ha-1 yr-1 with harvesting at the age of 6 years 
(van de Bost, 2010). In this most optimistic case (using current technology), the cost of the 
feedstock at the plant gate would be reduced to 1.95 $/GJ, or represent 5 $/GJ of ethanol 
at an energy efficiency of 39%. Current Brazilian average yields of eucalyptus are around 
42 m3 ha-1 yr-1, from very marginal soils to the very suitable soils. Projections for the Bra-
zilian potential average vary, but are generally estimated to be around 50 m3 ha-1 yr-1 
(ABRAF, 2009; SBS, 2009; IPEF, 2008). 

Table 7-5 Eucalyptus production performance in Brazil on different suitable land quali-
ty 

 2020 2030 

Land quality  Suitable Less suitable Suitable Less suitable 

Yield (tdm ha-1 yr-1) 22 10 24 12 

Production costs (USD/tdm) 40 56 35 47 
Source: Smeets et al 2009 
 
The various cost items for eucalyptus production in Brazil are listed in Table 7-6 below 
and further details are given in Appendix 2. Land rent differ depending on soil quality and 
range from 49-146 $/ha. Harvesting is assumed to be mechanised using Claas harvesters 
which cost about 322,000$. 

In Brazil, the estimated biomass feedstock production from eucalyptus is given in Table 
7-6 and the cost by component is shown in Figure 7-2. For marginal soils, the cost of bio-
mass production is estimated to be 3.3$/GJ in 2020 and 2.9$/GJ in 2030 at the farm gate. 
This is equivalent to per hectare production costs of 4,684 $ in 2020 and 3,887 $ in 2030. 
Similarly, for the more suitable land quality, eucalyptus production is estimated to be 
about 2.44$/GJ in 2020, while decreasing to 2.22$/GJ in 2030. In per hectare terms, pro-
duction costs are 7,834 $ in 2020 and 6,500 $ in 2030. Due to the use of mechanised har-
vesting, the contribution of harvesting to overall costs is very high in Brazil (at 27% for 
marginal soils and 29% for good quality land). Fertilisation also contributes significantly at 
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21% (for marginal land) and 24% (for good quality soils). Land costs are also high contrib-
uting between 10-14% depending on land quality. As shown in Figure 7-2, other important 
eucalyptus production cost elements include stand establishment (9-15%), extraction (10-
13%) and weeding (5-8%).  

Table 7-6 Value of cost items for eucalyptus production in Brazil 

Cost Item Value Unit Source 

Wages-Field workers 2.87-7.74 $/h calculated 

Tractor 13.13 $/h WSRG, 2004 

Fencing -material and  
machinery 439.17 $/ha Faundez, 2003 

Plant costs 0.07 $/plant various, own calculations 

Herbicides 126 $/ha Faundez, 2003 

Fertilisers 68.6-207.2 $/ha various, own calculations 

Pesticides Chemicals 8.4 $/ha Faundez, 2003 

Fungicides Chemicals 4.2 $/ha Faundez, 2003 

Land rent 49-145.6 $/ha World Bank 

Harvesters - Claas harvester 322 k$/machine Gillard 

Harvesters - tractor & trailer 135.8 k$/machine Gillard 
 

 
Figure 7-1 Eucalyptus production costs in Mozambique and Brazil by component 

In the long term (2030), the contribution of the various cost elements to the production 
costs vary slightly compared to the short term (2020). As expected, land costs increased 
marginally from 10% to 11% for marginal land, and from 14 to 15% for the suitable areas. 
Fertilisation costs increase and their contribution correspondingly increase from 21 to 24% 
for marginal areas, while for good quality land they increase from 24 to 27% of overall 
costs.  
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Figure 7-2 Breakdown of eucalyptus production costs in Brazil (2020 – 2030) 

7.1.2 Poplar production costs in Ukraine 

Currently there is no poplar production in Ukraine except for a few test plantations. Stud-
ies indicate that the optimal planting density of seedlings in Ukraine would be 4,000-6,000 
plants/ha (Fuchylo et al 2009). In this case, a planting density of 5,300 is assumed with 2 
year rotation over 10 years. Poplar productivity is estimated to vary from 6 to 14 tdm ha-

1yr-1 in marginal areas and suitable soils respectively. Table 7-7 shows the corresponding 
amounts of fertiliser input requirements by land suitability. Wages vary from 0.63-2.1 $/hr, 
while land rent is about 38 $/ha. Fuel costs range from 960 $/ton for diesel to 1080 $/ton 
for petrol. Current inflation and discount rates are 10.7% and 17% respectively. 

Table 7-7 Poplar SRC yields and fertiliser inputs in Ukraine by land suitability classes 

 Suitable Marginally suitable 
Yield (tdm ha-1yr-1) 14 6 

NH4 input (kg/ha) 71 34 

P2O5 input (kg/ha) 20 10 

K2O input (kg/ha) 52 24 

Manure (organic ferti-
liser equivalent*) 
(tons/ha) 20 11 

* According to SEC Biomass (2011) manure is used instead of chemical fertilisers 
and estimates are based on a range of 11-40 tons per hectare. Equivalent chem-
ical fertilisers are estimated by Smeets and Faaij (2009). 
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Poplar production costs are estimated to be 3.5$/GJ on marginal soils in the short term, 
decreasing to about 3$/GJ in 2030. Similarly, on good quality land, poplar can be pro-
duced at a cost of 2.26$/GJ in 2020 and at 2.02$/GJ in 2030. Production costs per hec-
tare (without considering the productivity are higher for suitable soils (4,670 $/ha in 2020 
and 3,875 $/ha in 2030) compared to 3,528 $/ha in 2020 and 2,927 $/ha in 2030 (for less 
suitable soils). As shown in Figure 7-3, harvesting represents the largest cost component 
for both marginal (35-38%) and good soils (29-31%), with the latter representing the long 
term. Fertilisation is also an important cost component contributing up to 29% of poplar 
production cost. Another important cost element is stand establishment, ranging from 11-
19%. 

 
Figure 7-3 Poplar production costs in Ukraine by component 

7.1.3 Switchgrass production costs in Argentina 

Switchgrass is already being produced in Argentina and is mainly used for forage produc-
tion for livestock (INDEC, 2006). It is assumed that the switchgrass plantation is estab-
lished solely on marginal soils using imported seeds and the plantation is expected to last 
a lifetime of 15 yrs before it is re-established. The productivity for switchgrass on marginal 
land is assumed to be 5 tdm/ha/year. Future yield increases are estimated to be between 
32–67% in 2030 compared to the current situation (van Dam, et al 2009). 

Land rent in Argentina ranges from 100 to 300 US$/ha/year depending on land suitability 
type and location. In 2030, land prices for marginal land remain constant; however for 
good quality land prices go up from 300 to 450$/ha. Labour wages range from 2.18-3.18 
$/hr and in 2030; labour rates are expected to go up to between 3.98-8.29$/hr. 
Switchgrass seeds are imported from Texas at 20 US$/kg compared to a possible local 
production cost of only 10 US$/kg. Fertiliser costs in Argentina vary from 0.315 US$/kg 
(P) to 0.48 US$/kg (N) (Margenes 2007). Aggregate switchgrass input production costs 
per hectare are shown in Table 7-8. 

Switchgrass production costs are estimated to be 3.22$/GJ (306 $/ha) in 2020 and 
2.97$/GJ (373 $/ha) by 2030. See Figure 7-4 and Table 7-8. The major cost elements in 
switchgrass production are machinery costs (37% short term and 44% for long term). 
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Land costs are also quite significant (at 29% in 2020 and 36% in 2030). Fertiliser costs 
increase significantly from 3% in the short term to 12% in the long term. 

Table 7-8 Cost assumptions of key switchgrass production inputs in Argentina 

Item 2020  2030 Units 

Land rent 110 110 $/ha/yr 

Seeding input 22.5 22.5 $/ha 

Fertiliser input 12.0 49.5 $/ha 

Herbicides input 2.85 6.41 $/ha 

Labour costs  295.87 552.04 $/ha 

Fixed costs machinery   1,964   2,015  $/ha 

Fuel costs 493.11 688.30 $/ha 

Aggregate costs 306 373 $/ha 

 
 

 
Figure 7-4 Switchgrass production costs in Argentina by component 

7.1.4 Rice and wheat straw production 

Rice and wheat straw have advantages as biomass feedstock because utilising them 
does not require recovering land costs, which are already covered in the grain enterprise. 
The cost of the straw supply is taken as the opportunity cost of the agricultural residue at 
a grain plantation (usually taken as its fertiliser value or alternatively compared to the next 
application such as fodder). Cost elements include chopping/cutting/swathing, raking, bal-
ing and on-farm hauling of crop residues. Because unused residues may have value (in 
that they reduce fertiliser needs or soil erosion), appropriate adjustments must be included 
in cost estimates. However, estimating nutrient requirements is very site specific and 
needs detailed soil analysis to evaluate sustainable residue removal rates. 
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Wheat straw production in Ukraine -- Table 7-9 shows the cost estimates for wheat straw 
collection and packaging in a typical Ukrainian facility. Sustainable wheat straw yields are 
estimated to be about 1 tons per ha at 15% moisture content. 

Table 7-9 Cost estimates of wheat straw collecting and packaging in Ukraine 

Straw harvesting activity Tractor Fuel Labour 
 $/ha $/hr $/ha $/hr $/ha $/hr 
Cutting and raking 35 97 35 100 0.4 1 
Baling (square baler + tractor) Bales 30kg 20 33 14.5 25.2 0.58 1 
Forwarding to roadside (500m)/baler pick 
up (tractor front end loaders) 20 40 10 22 0.48 1 

 
The production cost of wheat straw is estimated to be 2.88 $/GJ in 2020 and 1.89 $/GJ in 
2030. As shown in Figure 7-5, cutting and raking wheat straw is the most costly item in 
straw production, contributing nearly 50% of the total costs. Baling is also a significant 
cost adding another 25% to the overall costs while bale collection and forwarding also 
contributes about 21%. Roadsiding and storage adds another 5% to the costs. 
 

 
Figure 7-5 Wheat straw production costs in Ukraine by component 
 
Rice straw in China -- Production of rice straw also involves swathing, raking, baling and 
roadsiding as shown in Figure 7-6. Sustainable rice straw yield is estimated to be about 1 
ton/ha. Rice straw is estimated to cost 2.24 $/GJ in 2020 and 1.47 $/GJ in 2030 at the 
farm gate in China. Swathing and baling dominate the overall costs at 43% and 38% re-
spectively, both in the short term and long term. Raking and roadsiding contribute about 
10% each. 
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Figure 7-6 Rice straw production costs in China by component 

7.2 Supply chain analysis 

Biomass energy supply chains start with the feedstock production until final biomass fuel 
is delivered in the market as shown in Figure 7-7. The number of intermediate stages in a 
chain varies depending on the feedstock characteristics, pre-treatment requirements and 
infrastructure. Generally harvested biomass is collected at production sites and transport-
ed to a gathering point (GP) at a road or railway siding. Trucks provide first transport to 
the GP while second transport to a central gathering point (CGP) is by truck or train. At 
the CGP, biomass undergoes pre-treatment, e.g., sizing, drying, densification but also 
conversion to liquid fuels like bioethanol and synthetic fuels. The purpose of pre-treatment 
is to increase energy density, improve fuel homogeneity and reduce handling costs. 

 
Figure 7-7 Outline of typical biomass energy supply chain logistic elements 

7.2.1 Biomass pre-treatment options 

Pretreatment of biomass is necessary to improve logistic efficiency. It includes sizing, dry-
ing and densification. The purpose of sizing is to meet subsequent step feedstock specifi-
cations and to improve handling. It has been noted that the moisture content of fresh bio-
mass is about 50% and that drying is necessary to meet feedstock criteria at conversion 
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plants: the gasification process, for instance requires feedstock with a moisture content of 
less than 8%. Biomass also needs to be densified to increase its energy density and to 
reduce logistical costs. Key technologies used for densification include baling, pelletising 
and torrefaction. Drying and sizing steps always precede densification, because of strict 
feedstock specifications. 

7.2.2 Conversion 

There are two main promising routes used to process biofuels from lignocellulosic feed-
stock: bio-chemical and thermo-chemical. In the bio-chemical route, enzymes and other 
micro-organisms are used to convert cellulose and hemicellulose components of the feed-
stocks to sugars prior to their fermentation to produce ethanol. The thermo-chemical 
pathway (so-called Biomass-to-Liquids (BtL) technology) employs gasification to produce 
a synthesis gas from which a wide range of long carbon chain biofuels, such as synthetic 
diesel or aviation fuel, can be derived. 

7.2.3 Ethanol production from lignocellulosic biomass (next EtOH) 

The production process of lignocellulosic biomass to ethanol consists of three stages, 
namely biomass pre-treatment, hydrolysis and fermentation. Chemical and physical pre-
treatment breaks down cell structures and separates the lignin from cellulose and hemi-
cellulose and thereby facilitates the hydrolysis (saccharification). Acid or enzymatic hy-
drolysis converts the cellulose and hemicellulose into fermentable monomeric and oligo-
meric sugars, with enzymatic hydrolysis using cellulases and hemicellulases being the 
preferred route. The lignin residue can be used for electricity generation. The sugars are 
fermented to ethanol, which is then purified and dehydrated. 

7.2.4 Syngas based biofuels (BtL) 

Synthetically derived liquid transport fuels are able to use almost any type of biomass, 
with little pre-treatment other than moisture control. Thermo-chemical conversion of bio-
mass to biofuels generally involves higher temperatures and pressure than those needed 
for the biochemical route. It is based on either gasification or pyrolysis. Biomass feedstock 
is pre-treated to required specifications before being fed into a gasifier. The syngas pro-
duced is further cleaned by removing tars, particulates and gaseous contaminants before 
being fed to a Fischer Tropsch (FT) reactor where syngas interaction with catalysts results 
in the production of different types of fuels. The FT process is an established technology 
and is already applied on a large scale in order to produce liquid fuels from coal or natural 
gas. 

7.2.5 Technology status 

Next generation biofuels are not yet produced commercially, although a number of pilot 
and demonstration plants are underway mainly in North America, Europe and a few 
emerging countries. IEA Bioenergy Task 39 estimates that there are 66 pilot- and demon-
stration-sized projects being undertaken worldwide. About 50% of the facilities are opera-
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tional, 25% is under construction or under commissioning, and the remaining 25% are 
planned projects. At the end of 2009, total annual production capacity in demonstration 
facilities (both routes) was around 60,000 tonnes of fuel, and if all planned projects are 
completed, the annual production capacity is estimated to be about 680,000 tonnes by 
2012. Significant progress is being made in R&D and demonstration, and it is likely that 
commercial scale plants will be deployed over the next decade. However, a number of 
technological and cost barriers need to be overcome for the successful commercial de-
ployment of next generation biofuel technologies. 

7.2.6 Lignocellulosic biofuel production costs 

Biofuel production costs include feedstock production costs (see section 7.1), pretreat-
ment costs, transport costs, storage costs and conversion costs. The costs that are ana-
lysed here are very generic, in the sense that it is important to include spatial detail and 
biomass distribution detail to come up with more representative estimates. However, 
country specific information is also included, such as expected transport distances and 
truck transport limitations as well feedstock production costs. See Table 7-10. Technology 
cost estimates are also generic and represent state of the art knowledge in biomass pre-
treatment and conversion, which is expected to be applied in the respective countries in 
2020 and 2030. 

Table 7-10 Key assumptions for biomass transportation in selected countries 

 Mozambique Brazil Ukraine Argentina/China 
Distance from farm to 
conversion plant (km) 

100 200 50 120 

Truck capacities (tons) 20 40 40 40 
 

The next EtOH conversion technology route considered here involves use of physical and 
acid pretreatment followed by enzymatic saccharification of the remaining cellulose after 
which the resulting sugars undergo enzymatic fermentation to produce ethanol. A base 
capacity of 400 MWth input capacity is assumed at a load factor of 90% (see Table 7-11). 
Investment costs are expected to decline from 374 M$ in 2020 to 290 M$ in 2030 due to 
learning effects in conversion technology. 

For BtL conversion, the technology route considered is a combination of circulating fluid-
ised bed gasification and turbular fixed bed FT reactor. A base scale of 400 MWth is also 
assumed at a 90% load factor. Investment costs are expected to decline from 422 M$ in 
2020 to 327 M$ in 2030 due to learning effects in conversion technology. 
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Table 7-11 Summary of biofuel conversion technology costs 

Conversion factor Next EtOH Fischer Tropsch CFB 
 2020 2030 2020 2030 

Base Scale (MWth LHV input) 400 400 400 400 

Base Investment (M$) 374 290 327 327 

Scale factor 0.7 0.7 0.78 0.78 

Lifetime 25 25 25 25 

Load factor 90% 90% 90% 90% 

O&M (% of investment) 4% 4% 4% 4% 

Efficiency fuel only (LHVwet) 40% 40% 45% 45% 

7.2.7 Next generation ethanol production costs from eucalyptus 

Figure 7-8 provides a comparison of next EtOH production costs from eucalyptus in Brazil 
and Mozambique. Conversion costs dominate overall costs, accounting for 48 to 53% of 
the production costs. The higher biomass feedstock production costs on marginal land are 
a major driver of costs in setting 57 (about 20% of overall costs in Mozambique less suita-
ble land – 19.8 $/GJ) and setting 58 (Brazil less suitable land-19.4 $/GJ). EtOH is pro-
duced at marginally higher costs in Mozambique due to higher feedstock production costs 
and higher electricity charges. Future ethanol production costs are expected to fall in line 
with falling feedstock production costs and lower conversion costs (16.8 $/GJ in Mozam-
bique and 16.2 $/GJ in Brazil). Truck transportation is also a significant factor in overall 
costs contributing up to 27%. 

  

 
 

Figure 7-8 Eucalyptus to next EtOH production costs (Mozambique and Brazil) 
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7.2.8 BtL fuel production costs from poplar in Ukraine 

BtL production in Ukraine is estimated to range from 13.9 to 17.8 $/GJ for the selected 
settings, with the latter representing production on more marginal land in the short term. 
There is a 16% difference in costs between the short term and long term, mainly attributed 
to learning effects in agricultural production and conversion technology. See Figure 7-9. 
Truck transport has a lower impact on overall costs (12-16%) due to the shorter distances 
assumed for Ukraine compared to other countries. Feedstock production costs and con-
version costs are the main contributors to total costs, at 14-20% and 57-65% respectively. 

 

Figure 7-9 Poplar to synfuel production costs (Ukraine) 

7.2.9 BtL and next ethanol fuel production costs from switchgrass in Argenti-
na 

A comparison of BtL and next ethanol production from switchgrass in Argentina shows 
that next ethanol production costs are marginally higher (18.5 – 21.0 $/GJ) compared to 
(18.3 – 20.8 $/GJ) for BtL. This is mainly attributed to the higher conversion efficiency for 
BtL, which offset the higher BtL investment costs. As shown in Figure 7-10, conversion 
costs are dominant in the overall costs (43-52%) while truck transport costs are also quite 
high at 23-29%. Storage of switchgrass bales and produced ethanol also contributes up to 
10% of overall costs. Similarly, biomass production costs are also significant at 16%. 
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Figure 7-10 Switchgrass to next ethanol and synfuel production costs (Argentina) 

7.2.10 Next generation ethanol fuel production costs from rice straw in China 
and wheat straw in Ukraine 

Next generation bioethanol production from straw is estimated to cost between 20.1 and 
26.1 $/GJ in China and Ukraine. Bioethanol production from wheat straw in Ukraine is 
cheaper at 20.1-23.4 $/GJ compared to that from rice straw in China (23.0 – 26.1 $/GJ). 
The differences between the two countries can be attributed to the large truck transport 
distances considered for China, which contribute 31-35% of the total costs compare to 20-
23% for Ukraine. Contribution of conversion costs is comparable for the two countries at 
about 35-44%.  

 

 
Figure 7-11 Straw to next ethanol production costs (China and Ukraine) 
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As shown in Figure 7-11, storage costs for straw bales and produced ethanol are also 
high, contributing between 20 to 26% of overall costs. Storage costs for other supply 
chains are very low, at about 2% of total costs. Feedstock (straw) costs are relatively low 
compared to other cost elements (and other supply chains) at about 6-26%. 

Figure 7-12 summarises the biofuel production cost by country for both next ethanol and 
BtL pathways. The BtL route results in biofuel production costs of between 13.9 -20.8 
$/GJ. Bioethanol production costs range between 16.2-26.1$/GJ.  

Production costs are much lower in Ukraine, due to the lower input costs reflected espe-
cially through the use of cheaper organic manure instead of chemical fertilisers in the pro-
duction of poplar. However, the cost of fuel produced from wheat straw is high due to the 
higher logistical costs such as storage and truck transportation. As shown in Figure 7-12 
and Figure 7-13, biofuel production costs in China are relatively higher than other coun-
tries due to the long transportation distances of low energy density rice straw. Truck 
transportation contributes about 8 $/GJ to the overall fuel production costs in China. This 
demonstrates the need for reducing the energy density of agricultural residues by densifi-
cation of straw early in the chain to reduce the logistical costs.  

 

 

Figure 7-12 Biofuel production costs by country 
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Figure 7-13 Biofuel production costs by feedstock type 

 
Sensitivity analysis 
 
Biofuel production costs depend on a number of factors as already shown by the differ-
ences among countries and feedstocks. For feedstock production, the feedstock produc-
tivity is important and developments in plant selection and breeding leading to experi-
ence/technological learning has a significant impact on future feedstock production costs. 
At the conversion stage, the capital investment cost and associated cost of capital are the 
key determinants of the biofuel production cost levels. It is expected that future capital 
investment costs will decrease with technological learning and scaling up of production 
facilities. A sensitivity analysis shown in Figure 7-14 was performed to assess the impact 
of technological learning, interest rates, conversion efficiency and feedstock production 
inputs.  

Table 7-12  Selected variation in parameter used in sensitivity analysis 

Parameter Variation 
Technological learning in conversion facilities 
(progress ratio) 

0.88 - 0.98 

Interest rate 4%-12% 
Conversion efficiency improvements  - EtOH from 39% to 47%  

- BtL from 45% to 53% 
Variation in feedstock production costs Labour increase to 319% in 

2030; land rent by 50%; ferti-
liser by 300%; agrochemicals 
by 121% 

 
The sensitivity analysis show large variations in fuel production from wheat straw (14.0-
17.6 $/GJ) and rice straw (16.6-30.3 $/GJ). These supply chains are influenced by the 
future conversion efficiency improvements, which result in lower feedstock requirements 
and lead to corresponding decrease in logistical costs, especially long distance transport 
and long term storage of feedstock. All the supply chains are heavily influenced by con-
version costs and the lower cost range reflects cheap cost of capital (i.e. 4%) and faster 
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technological learning (progress ration of 0.88). Overall, biofuel production costs vary by 
67% from 10.0 to 30.3 $/GJ. The production costs of next ethanol varies over a much 
wider range from 12.0-30.3 $/GJ, while BtL production costs range are marginally lower at 
10.0-24.0 $/GJ.  
. 

 
 

Figure 7-14 Range in biofuel costs by feedstock type 

For comparison, recent state of the art analysis estimate that second generation produc-
tion costs for bioethanol range from 13-30 US$/GJ, while BtL derived fuels are estimated 
to cost 16-30 US$/GJ. See Appendix 3. 

7.3 Potential development of second generation biofuels in develop-
ing countries 

It is clear from recent investigations and this analysis that significant volumes of next gen-
eration biofuels can be produced at competitive costs in various developing countries. A 
key pre-requisite is that several technological hurdles be overcome and that a large, sta-
ble supply of lignocellulosic biomass be guaranteed. Other important pre-conditions for 
ensuring competitive biofuel production and supply include rationalisation of agricultural 
production in developing countries (which will be essential for realising significant feed-
stock volumes), as well as the availability of efficient logistics (which are needed to ensure 
competitive biomass supply).  

Initial focus on feedstock production 

Given the status of the technology and investment requirements to establish processing 
plants, it is unlikely that second generation biofuels production can be achieved in devel-
oping countries in the coming decade. However, developing countries can already devel-
op a biofuel feedstock production industry, which could be the basis for a strong biofuel 
industry when the technology matures. Investment in feedstock production could offer an 
option for developing countries to profit from the growing biomass market for second-
generation biofuel production outside their borders, provided that transport infrastructure 
is suitably developed. 
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Need for developing capacity, improvement in infrastructure 

Profits could be invested in the rural sector to improve infrastructure and the overall eco-
nomic situation, and at the same time to develop skills for feedstock cultivation and han-
dling. However, there are still risks that small landholders’ interests are ignored when 
large investments are undertaken by foreign companies and this concern needs to be 
carefully addressed through sound policy regulations. Furthermore, only certain feed-
stocks with high energy density (e.g. woody biomass), are suited for long-distance trans-
portation. Poor infrastructure in many developing countries and little experience with bio-
mass production and supply form significant barriers for feedstock trade and can prevent 
international trade in many cases.  

Need for cooperative RD&D and technology transfer 

As a next step, cooperation on R&D at a scientific level would be needed in many emerg-
ing and developing countries to build capacity for second-generation biofuel production. 
Besides exchange of knowledge and capacity building, technology access is ensured 
through cooperation, an important factor to implement a sound second-generation biofuel 
industry in the future. During the transition to second generation biofuel commercialisation 
in developing countries, cooperative RD& D could stimulate technology transfer and gen-
erate important experience. Skills development and adaptation of technology – especially 
the local fabrication of part of the facilities, training of personnel on requisite techniques 
for equipment operation and maintenance and the emergence of private sector participa-
tion are important prerequisites for commercialisation of second generation biofuel tech-
nologies.  

Investment strategies 

For developing economies, where project finance for the capital intensive industries is a 
major barrier to investment, it makes practical sense to develop the biofuels sector using 
the backbone of already existing industries. This goes a long way on reducing the overall 
investment costs of project. A typical example is found in first generation biofuels - the 
establishment of annexed ethanol distilleries on existing sugar mills. An autonomous dis-
tillery would costs significantly more as there is still need to invest in sugar processing 
plant. Similar piggybacking relationship with for example the coal or oil sector could result 
in valuable synergies that can bring costs to competitive levels in the medium term. 


