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Why Biorefining?

Increasing world  Fossil resource
energy demand depletion ~ Climate change
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Renewable energy sources

Nuclear Hydropower Biomass Geothermal Wind Solar
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Research Objective

A Does biomass refining offer environmental benefits
compared to conventional oil refining?

A How can we achieve a comprehensive sustainability
assessment of biomass refining?
U Technology
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The Multi -Output Biorefinery

Production & Transport:
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Aim of the Analysis

A To analyze the system as a whole

avoiding allocation

A To compare it with conventional oil refinery

Output: gasoline

A To compare with singleoutput biorefinery

Output: ethanol

A To assess the sustainability of biomass refining
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Economic Analysis

A Net Present Value (NPV)
A Internal Rate of Return (IRR)

A Assumptions:

u
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Refinery life time: 20 years

Discounted rate: 10%

Construction period: 3 years

Operation capacity in the ¥ year: 75%
Operation capacity from the 2d year: 100%



Environmental Analysis

A Impact categories:

Abiotic resources depletion potential (ADP)
Global warming potential (GWP)

Ozone layer depletion potential (ODP)
Photochemical oxidation potential (POCP)
Human toxicity potential (HTP)

Ecological toxicity potential (ETP)
Acidification potential (AP)

Eutrophication potential (EP)
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Product Price

Product Price

Ethanol 0.357%/kg

Acetic acid 0.700%/kg
Succinicacid 59B%/kg «———0
Electricity 0.110 $/kW h

A References between 2062009




Product Price

Product Price
Ethanol 0.357%/kg
Acetic acid 0.700%/kg
Succinicacid 1.000 $/kg
Electricity 0.110 $/kW h
Ob’j‘e—ctive, ’ A References between 20602009
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Economic Analysis

(a) Sensitivity analysis on capital investment

Capital investment NPV IRR
(million $) (million $) (%)
Present case 388.75 1,6948 46
Scenarios| 777.5C 1,276.87 26
(2x)
Scenarios | 1,555.00 439.65 13
\ (4x)
Objetiive, Ethanol plant 197.40 59.72 13
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Economic Analysis

(b) Sensitivity analysis on price of succinic

acid

Price of succinic acid NPV IRR
($/kg) (million$) | (%)
Present case 1.0 1,6948| 46
Scenarios| 0.5 474.00 23

(0.5x)
Scenarios | 2.0 4138.43 79

(2x)

Objektive, Ethanol plant - 5972 13
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Environmental Analysis

15 - a
B Gasoline refinery
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Conclusions

To
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The multi-output biorefinery is highly profitable

Advantages of biorefining in ADP & ODP
Remarkable potential of biorefinery in GWP

Overall: importance attached to each impact

Eco-efficiency: build on LCA & beyond LCA



Outlook

A Regional dependency of feedstocks is a crucial
Issue in the development of biorefining

A The choice of product combination should include
criteria on environmental impact

A The amount of different products should be
easily manipulated according to market demand

onjecve. Y Methodology development for system analysis is
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Y of crucial importance
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