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Bioenergy plays an important role in delivering the 

emission reduct ions needed between the RTS and 

the 2DS. It provides some 18% of the total annual 

savings in 2060 (5.7 gigatonnes of carbon dioxide 

[GtCO2] out of 31 GtCO2), and is responsible for 

some 17% of the cumulat ive reduct ion in emissions 

to 2060 (128 GtCO2 out of the total of 763 GtCO2) 

(Figure 8). It is therefore an essent ial part of the 

port folio of technologies needed to make these 

reduct ions.

Figure 8:  Cont r ibut ion of bioenergy to emissions reduct ions in 2DS 

Figure 9:  Transpor t  f inal energy demand in t he 2DS
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In the 2DS, final energy demand for transport 

is lower than under the RTS due to efficiency 

improvements and other measures, such as changes 

in transport modes and reduct ions in the need for 

travel (Figure 9). In addit ion:

  Fossil fuel consumption (gasoline, diesel and jet 

fuels) is sharply reduced. 

  There is a major expansion in the role of 

bioenergy in the sector, reaching nearly 30 EJ in 

2060 (nearly 10 t imes 2016 levels), and providing 

29% of total transport final energy demand. 

  Electricity use in transport also grows sharply to 

nearly 27 EJ (26% of total transport final energy 

demand) in 2060.9

9.  Bioenergy w ill also make a contribut ion to electricity 

consumption in transport, as 7% of electricity generat ion in 2060 

w ill come from biomass and waste fuels.
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be considered reasonable, although the risks of 

delivery of sustainable feedstock increase as the 

est imate rises. The principal sources, the condit ions 

under which they could be made available, and 

ranges of the potent ial by 2060 are outlined in 

Table 8 and summarised in Figure 21.

Based on these est imates and given the 

uncertaint ies and issues around deploying the 

resource, a level of primary biomass supply of 

around 145 EJ, as required by the 2DS and B2DS, 

is challenging but achievable. Many low-carbon 

scenarios have similar contribut ions from bioenergy. 

In its Special Report on Renewable Energy and Climate 

Mitigation, the IPCC examined a range of scenarios 

and found that bioenergy contributed between 

120 EJ and 180 EJ to such scenarios by 2050 (IPCC, 

2011). A more recent paper based on the Global 

Carbon Calculator Model finds a global sustainable 

potent ial for 2050 of around 180 EJ (Strapasson et 

al., 2017).

Table 8: Summary of sustainable biomass resources

Bioenergy resource Conditions for sustainability Potential in 2060 (EJ)

Municipal wastes Taking account of the waste management hierarchy, 

which favours waste prevention and minimisation and 

recycling, and evolution of waste management systems 

in economies as they develop.

10-15

Agricultural wastes, 

residues and processing 

residues from wood and 

agro-industry

Respecting the need to reserve some of the available 

resource for animal feed and to leave sufficient residues 

in the field for soil protection, and consistent with other 

uses.

46-95

Wood harvesting residues 

co-products

Used within the context of a sustainable forestry plan, 

which takes carbon aspects fully into account, along 

with measures to maintain other forest characteristics 

including biodiversity.

15-30

Agriculture Produced on land in ways which do not threaten food 

availability and whose use leads to low land use change 

emissions, and subject to a positive assessment on other 

sustainability indicators such as biodiversity and water 

availability and quality. 

Crop or forestry production on degraded and derelict 

land linked to attempts to afforest, reforest or otherwise 

improve the quality of these areas.

60- 100

Figure 21: Potent ial sustainable biomass resources
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Le esternalità ambientali: GHG

Fonte: IRENA



La ñcircolarit¨ò

Fonte: Ontario Federation of Agriculture



Le esternalità sociali: occupazione
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7Waste streams from food industry, or pulp & paper (tall Oil) 
8Oils extracted from algae 
9In co-processing the bio component ends up in all output streams of the refinery 
10Algae: they can be used as biomass in gasification processes or anaerobic digestion or extract algal oils 

and therefore can produce all types of biofuels 
11Produced from lignocellulosic biomass, MSW and other waste streams 
12The ethanol, methanol or methane have to be bio- or RES- 

 

A summary of each type of fuel follows after a summary chapter covering the investment intensity of 

various production pathways. 

 

Figure 16. Summary of production cost data 

6.2 Plant investment 

Plant investment plays a major role when building up the overall production cost of a certain biofuel. 

Different conversion routes show large variations with respect to capital burden and this is most easily 

seen by comparing investment intensity, here defined as investment per produced kW of fuel energy. 

Low investment intensity combined with high conversion efficiency (minimizing effect of increased 

feedstock prices) leads with few exceptions to low overall production costs.  

Fonte: IEA
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Thermochemical conversion plants need to build larger in capacity to benefit of economy of scale. 

These plants have however comparably high conversion efficiencies meaning that the upstream end 

of the plant handles comparable low volumes of feedstock. A plant producing 200 MW of product 

with 65% energy efficiency consumes about 300 MW of feedstock. An ethanol plant producing 80 MW 

of product with 40% efficiency consumes 200 MW of feedstock, 2/3 of the flow consumed by the plant 

producing more than double the amount of product at high conversion efficiency. Figure 17 shows 

investment intensity for different biofuels production processes.    

 

Figure 17. Investment intensity for different conversion routes (EUR per kW of product) 

 

Plant capacities in MW are shown at the bottom of the figure. HVO plants are comparably large 

installation with production capacities over 1000 MW. Cellulosic ethanol plants are typically in the 60-

80 MW range (65,000 to 85,000 t/year ethanol production) while gasification based technologies 

often are planned in sizes around 200 MW (100 ς 300 MW). Bio-methane via anaerobic digestion, on 

the other hand are smaller, typically below 20 MW product.  

The capital intensity for 2G ethanol plants and gasification based plants producing FT products are of 

similar magnitude in relative terms, so in this sense gasification is not a more expensive technology. 

However, in absolute terms the investment differs. As an example: A 65 MW (70,000 t/y) ethanol 

plant costs 65 x 3,000,000 resulting in 195 MEUR if the investment intensity is 3,000 EUR/kW. For 

Fonte: IEA



Bioenergy is the only renewable energy source that is continuously available and
versatile: on the product side; it can contribute to replace fossil fuels in all energy
markets, heat, electricity with base load and flexible capabilities, allowing the
integration of high renewables share (wind, solar) into electricity grid, as well as
fuels for transport, including for aviation.

On the supply side it may benefit from large availability and wide variety of potential
feedstock such as energy crops and wooden biomass, but also residues from both
agriculture and forestry, the organic fraction of municipal and industrial solid waste,
as well as algae and aquatic biomasses. Feedstock flexibility is an important
requirement for future plants as it is important for cost reduction.

SET PlanïDeclaration of Intent on "Strategic Targets for bioenergy and
renewable fuels needed for sustainable transport solutions in the context of
an Initiative for Global Leadership in Bioenergy" - 16 novembre 2016



On the path from resources to the final energy product there are many technologies
used for feedstock preparation on one hand and for the conversion into the final
product, being electricity, heat or transport fuel.

It is due to this versatility that an integrated approach is followed here to enhance
the synergies and economies of scale, to achieve economic benefits in the value
chain to ultimately reduce the production costs and to optimise the greenhouse gas
performance of all bioenergy productsthrough technology and feedstock upgrading.
Although cost structure is heavily influenced by feedstock cost, this document
focuses on R&I needs and targets solely for the conversion step.

SET PlanïDeclaration of Intent on "Strategic Targets for bioenergy and
renewable fuels needed for sustainable transport solutions in the context of
an Initiative for Global Leadership in Bioenergy" - 16 novembre 2016



éFor overcoming the barriers of feedstock and economics of bioenergy production é
it is necessary to improve the performance of the biomass conversion to
intermediate bioenergy carriers analogous to coal, oil and gaseous fossil energy
carriers and thus create the crude energy feedstock basis that could be further
refined to final bioenergy products or directly used for heat and power generation.

The further processing of intermediate bioenergy carriers to advanced biofuels for
transport purposes and the development of heat and power from biomass have
additional particular challenges, related to performance concerning necessary
technological development for improving the conversion and energy efficiency and
reduce the production cost of the end product, but also to sustainability.

On the other hand, sustainability in terms of environmental and social impacts is
essential for increasing public acceptance of bioenergy production and enabling
bioenergy deployment.

SET PlanïDeclaration of Intent on "Strategic Targets for bioenergy and
renewable fuels needed for sustainable transport solutions in the context of
an Initiative for Global Leadership in Bioenergy" - 16 novembre 2016


