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Who we are – What we do 

IFEU - Institute for Energy and Environmental 
Research Heidelberg, since 1978  
•   Independent scientific research institute 

•  Organised as a private non profit company with  
 currently about 70 employees 

•  Research / consulting on environmental aspects of 
     -  Energy (including Renewable Energy) 
      -  Transport 
      -  Waste Management 
      -  Life Cycle Analyses  
      -  Environmental Impact Assessment 
      -  Renewable Resources 
      -  Environmental Education 



Who we are - What we do 

IFEU focuses regarding the topic of biomass 

• Research / consulting on environmental aspects of 
     -  transport biofuels 
      -  biomass-based electricity and heat 
      -  biorefinery systems 
      -  biobased materials 
      -  agricultural goods and food 
      -  cultivation systems (conventional agriculture, 
                                        organic farming, etc.) 

•  Potentials and future scenarios 

•  Technologies / technology comparisons 

•   CO2 avoidance costs 

•   Sustainability aspects / valuation models 



Who we are - What we do 

IFEU - Institute for Energy and Environmental 
Research Heidelberg, since 1978  

•   Our clients (on biofuel / biomass studies) 
     -  World Bank 
      -  UNEP, GIZ, UNIDO, FAO, UNFCCC etc.  
      -  European Commission, IEA 
      -  National and regional Ministries 
      -  Associations (national and international)  
      -  Local authorities 
      -  WWF, Greenpeace, Friends of the Earth etc. 
      -  Companies (DaimlerChrysler, German Telekom, etc.) 
      -  Foundations (German Foundation on Environment, British   
         Foundation on Transport etc.) 
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Background:  D-Factory project 

Call KBBE.2013.3.2-02:  
The Micro Algae Biorefinery 

Project title D-Factory – The Micro Algae Biorefinery 

Grant Agreement No. 613870 
Duration 48 months 
Start 1st December 2013 
End 30th November 2017 
No. of participants 13 partners from 8 different countries 

Total estimated costs 10,083,863.00 Euro 
Total EU contribution 7,177,440.00 Euro 

Hafren Investments 
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Algae Production: photo-bio-reactors 
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Algae Production: raceways 

© ifeu 



25 + years of experience 

1991 
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Algae Production: many options 
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Algae Processing in biorefineries: many options 

Dunaliella 
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Definition 
 

"Meeting the needs of the present generation 
without compromising the ability of future 

generations to meet their needs."  
 
 

Brundtland Commission 1987  

Sustainability 
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Environment 

Social Life Cycle Assessment  
(sLCA) 

Environmental Life Cycle Costing  
(eLCC) 

Life Cycle Assessment (LCA) 

Î   Not sufficient: e. g. technological, 
legal and political issues are not 
addressed sufficiently. 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT 
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Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Technological assessment (TA) 

W S 

T O 

TA-parameters under investigation 



TA results 

Technological assessment (TA) 

Technological assessment within the D-Factory project by P. Harvey (University of Greenwich, UK) 
Technological assessment within the PUFAChain project by  S. Reyer and M. Stehr (IOI Oleo, Germany) 



TA results 

Exemplary results 

Î Current technological improvements are ground-
breaking. 

Î Mature algae cultivation processes may therefore look 
quite different from current visions. 

Î Industrial scale implementation still requires 
improvements. 

Î … 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Life cycle assessment (LCA) 

W S 

T O 
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Algae based biofuels scenario I: 

• Low production rate 

• Low processing efficiency / high energy input 

• Low amount of high value added products 

• High amount of low value added products 
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Algae based biofuels scenario II: 

• Closed production units 

• Typical processing efficiency 

• Use of renewable energy for cultivation / processing 

• Use of low input CO2 
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                             LCA results 

Exemplary results 

Î Up to 90 % reduction in environmental burdens of algae 
based products realistic (environmentally optimised 
upscaling vs. “simple” upscaling). 

Î Feed co-products can save up to 10 times the land that 
is needed for algae cultivation. 

Î A better performance than competing products requires 
highly optimised algae cultivation and processing. 

Î LCA is needed to identify and realise these potentials. 

Î … 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Life cycle-environmental impact assessment (LC-EIA)   
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           LCA              LC-EIA 
Æ Global impacts Æ Site-specific impacts 

Methodologies 

Î   
Î   

Environmental assessment  

Life cycle assessment (LCA) 

Life cycle environmental impact assessment (LC-EIA) 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Life cycle-environmental impact assessment (LC-EIA)   

LC-EIA results: examples 



Life cycle-environmental impact assessment (LC-EIA)   

LC-EIA results 



Life cycle-environmental impact assessment (LC-EIA)   

LC-EIA results 

Exemplary results 

Î Arable land should not be converted into algae 
cultivation sites. 

Î Closed algae cultivation systems can be upgraded by 
meadows underneath and hedges around. 

Î Freshwater and saltwater management requires 
adaptation to local conditions. 

Î Also saltwater algae cultivation and processing can 
require substantial amounts of freshwater. 

Î … 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Life cycle costing (LCC)   

W S 

T O 



Life cycle costing (LCC)   

LCC results 

Socio-economic assessment within the PUFAChain project by 
 M. van der Voort, J. Spruijt, J. Potters, P. de Wolf and H. Elissen (Wageningen Research, the Netherlands) 
Economic assessment within the D-Factory project by P. Goacher and R. Mitchell (Hafren Investments, UK) 



Life cycle costing (LCC)   

LCC results 

Exemplary results 

Î Profitability for algae based products can be reached 
but mostly only in highly optimised systems. 

Î Costs can be significantly lower in rural communities. 

Î Using own solar power instead of grid power for algae 
cultivation and processing can reduce life cycle costs. 

Î Economic assessment e.g. by LCC is necessary to 
identify cost drivers and optimise performance. 

Î … 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Social life cycle assessment (sLCA)   
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Social life cycle assessment (sLCA)   

sLCA results 

Social assessment within the D-Factory project by D. Penaloza and S. Stahl (Research institutes of Sweden, Sweden)  



Social life cycle assessment (sLCA)   

sLCA results 

Exemplary results 

Î Social risks are highly dependent on the country. 

Î At least for algae-based systems, no pronounced 
differences are found within the EU. 

Î Risks need to be monitored. 

Î sLCA is essential to identify social related risks in the 
supply chain. 

Î … 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Strengths, weaknesses, opportunities, and threats (SWOT)   
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Strengths, weaknesses, opportunities, and threats (SWOT)   

SWOT results 

SWOT analysis within the PUFACain project by  
M. van der Voort, J. Spruijt, J. Potters, P. de Wolf and H. Elissen (Wageningen Research, the Netherlands) 

SWOT analysis within the D-Factory project by S. Stahl (Research institutes of Sweden, Sweden)  



Strengths, weaknesses, opportunities, and threats (SWOT)   

SWOT results 

Exemplary results 

Î Additional valuable inputs from different stakeholders 
via SWOT analyses can significantly supplement the 
prior listed findings. 

Î Stakeholders’ views are important in particular if they 
contradict results of detailed analyses. 
• For checking analyses 
• For correcting wrong impressions 

Î Need for SWOT analyses to supplement the analytical 
assessments. 

Î … 
W S 

T O 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Integrated life cycle sustainability assessment (ILCSA) 
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Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT Integrated life cycle sustainability assessment (ILCSA) 

ILCSA results 
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ILCSA results 



ILCSA results 

Exemplary results 

Î No option for an algal product is best in all aspects. 

Î Many optimisations increase efficiency with positive 
impacts on all dimensions of sustainability. 

Î Some trade-offs occur. Example: In some cases energy 
use for additional purifications improves profitability 
but reduces environmental benefits. 

Î Trade-offs need to be identified and managed. 

Î … 



Integrated life cycle 
sustainability assessment 

TA LCA LC-EIA LCC sLCA SWOT 

W S 

T O 

Î Conclusions and recommendations 

Algae based biofuels: boon or bane? 



 
Î Algae based products are not sustainable just 

because they are “bio”. 
Î There is a remarkable potential for sustainable algae 

based products, but they must be developed ... 

Lessons learned (1 of 8) 

– in accordance with all sustainability criteria. 
– in accordance with other goals 

towards a sustainable development 
including alternative use of 
biomass for electricity and heat 
generation, and for industry and 
chemistry. 

Algae 

Not all algae based products are sustainable 



 
Î Do not use arable land – 

exceptions subject to conditions. 

Î Guarantee sufficient availability of freshwater –  
also if saltwater algae are cultivated. 

Î Go to rural communities if possible  
to increase social benefits and reduce costs of land. 

Î Even in Europe, many regions are suitable for algae 
cultivation – if heating can be avoided or provided with 
very low impacts e.g. from waste heat or geothermal. 

Î Take specific requirements of cultivated algae strains 
into account. 

Lessons learned (2 of 8) 

Site selection for algae cultivation is crucial 
 

©
 p

ub
lic

 d
om

ai
n,

  
w

ik
im

ed
ia

 c
om

m
on

s 



 
Î E.g. flue gas from a power plant, cement factory or 

steelworks. 

Î Still, an extension of the service life of e.g. fossil 
power plants for algae cultivation is not justified. 

Lessons learned (3 of 8) 

CO2 for algae cultivation with no or little 
impacts is required 
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Lessons learned (4 of 8) 

Solar power for algae cultivation and 
processing can reduce impacts decisively 
 
Î Use as much of your own renewable energy as 

possible for algae cultivation. 

Î 80 % PV power supply is possible with 
only 15 % to 50 % additional land occupation. 
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Lessons learned (5 of 8) 

Social risks and environmental performance 
in the value chain need to be managed 
 

 
Î High social risks are not a no-go but entail 

obligations. E.g. closely monitor situation to avoid 
negative social impacts. 

Î Select suppliers according to social and 
environmental reporting standards such as GRI or 
EMAS. 



Lessons learned (6 of 8) 

Co-product production can make some 
money and enormously improve land use 
related environmental burdens 
  Î Investigate options to produce co-products next to 

the main algal product. 
Î Convert all algae constituents to value-added 

products. 
Î Investigate if some biomass streams can be used as 

feed or even replace 
animal-based ingredients 
in novel foods. 
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Lessons learned (7 of 8) 

Boundary conditions are important for 
sustainability 
  Algae based products are not yet competitive in most 
cases. 
Î Support development of technologies and market 

introduction for algae based products with a high 
positive impact on sustainable development. 

In the future, solar power may compete for land and 
CCU/CCS may compete for remaining CO2 sources. 
Î Coordination of policies required. 

Î Policymakers and consumers can and 
have to contribute to sustainability, too 



Lessons learned (8 of 8) 

Î Many involved processes still have a substantial 
potential and need for optimisation – as for any truly 
innovative technology. 

Î Comprehensive life cycle sustainability assessment 
helps to identify these processes and suitable 
measures. 

 

Algae cultivation and processing requires 
high expenditures: improvement necessary. 
 

ILCSA 
Algae 

ILCSA: Integrated life cycle 
sustainability assessment 



Thank you very much for your attention 
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Dr Guido Reinhardt 
Tel: +49 6221 4767-0 (-31) 
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