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A bioeconomy vision 
of sustainability…

Consumption in 

a bioeconomy 

will have to be 

managed within 

acceptable limits

M
uch of the interest in biofuels, bioproducts, and the broader bioecon-
omy stems from the quest for environmental sustainability. Biological 
resources are potentially renewable and therefore can form the basis 

of a sustainable bioeconomy, but only if the economy is deliberately designed 
for sustainability.1 A sustainable economy is a tall order. It must use renewable 
resources as much as possible, assure the supply of food and water, minimize 
environmental impact, and provide an acceptable quality of life. For all practi-
cal purposes, the issues of climate change and sustainability of life cannot be 
separated from the issues of hunger, poverty, regional development, and qual-
ity of life. Production of energy, goods, and services is necessary, but it must be 
socially, economically, and environmentally sustainable.1

Mankind once relied exclusively on a primitive bioeconomy. Th e discovery of 
fossil fuels off ered an easier route to growth, but one that is now known to have 
terrible consequences. Greenhouse gas emissions associated with fossil fuels are 
indeed a threat to public health and to our survival. Reducing man-made car-
bon emissions is essential. Carbon neutral biofuels and other renewable energy 
sources must largely displace fossil fuels.

Biofuels, unfortunately, have a bad name. Poor analyses, disregard of facts, 
and pure fantasy have resulted in false starts and outright mistakes in relation 
to biofuels. Not all existing biofuels are environmentally sustainable or socially 
desirable. A major limitation of the existing biofuels is their inability to dis-
place petroleum-derived transport fuels to any signifi cant extent,2,3 but this may 
change. For example, liquid fuels from microalgae have the potential to substan-
tially displace fossil transport fuels.2-5 Production of algal fuels remains expen-
sive, but may become aff ordable in view of the signifi cant developmental eff ort 
now being made.6-8 Algae bioengineered for nitrogen fi xation have the potential 
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to provide fuels without requiring nitrogen fertilizers that represent a signifi cant 
fossil energy input to algae production processes.9 

Biofuels should produce a net benefi t, but not every biofuel type needs to nec-
essarily have a positive net energy balance. For example, the energy consumed 
in producing a gallon of fossil diesel exceeds the energy it contains.10 Similarly, 
as Dale has eloquently argued,11 a negative net energy balance for a biofuel is 
not necessarily bad so long as the total carbon footprint of the biofuel is lower 
than the carbon footprint of the fossil fuel it displaces. Furthermore, the utility 
of a given quantity of energy from diff erent sources is diff erent11 and, therefore, 
equating a megajoule of petroleum energy to a megajoule of bioenergy is an 
unsatisfactory comparison.11 For example, 8400 kilojoules worth of food can fuel 
me for a day, but not the same kilojoules worth of coal. Bioenergy has its own 
value.

Food fuels us and its sustainable production is important. Availability of 
food has always controlled animal population in the wild just as it constrained 
human population for much of our existence. Domestication of crops and 
animals enhanced the reliability of food supply and continual innovation in 
agriculture increased productivity so much so that large populations could be 
supported. Productivity enhancements came from enhanced crop biology, but 
the use of fossil-fuels-based practices and synthetic nitrogen fertilizers contrib-
uted immensely. As a consequence, much of the existing food production is not 
environmentally sustainable. Sustainable biological alternatives to nitrogen ferti-
lizers need to be found and the carbon footprint of agriculture must be reduced 
to a minimum. 

Unfortunately, we are not likely to be able to replace every carbon-emitting 
process with a carbon-neutral alternative. Th erefore, sustainable methods need 
to be found to aff ordably sequester the carbon dioxide that has already accumu-
lated in the environment and that will continue to be emitted to some level in 
any future sustainable economy. Sequestering methods based on microalgae12 
and biochar13 seem to off er promising biological options. 

A bioeconomy will be powered by the Sun through photosynthesis, an ancient 
biological process that is the mainstay of nearly all life on Earth. Photosynthesis 
captures sunlight and converts it to biomass, but has a limited capacity for 
doing so. Genetic and metabolic engineering have a pivotal role in improving 
the productivity of crops and other biosystems;1,2,14-16 for example, by enhancing 
the effi  ciency of photosynthesis. Metabolic pathways need to be engineered to 
allow biosystems to directly produce the desired fuels, chemicals and materials. 
Production processes can be simplifi ed and made aff ordable by genetic and met-
abolic engineering. Engineered biosystems have the potential to greatly enhance 
the supply of food, biofuels, and other materials without relying on inputs of 
 fossil energy. 
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No sustainable economy can provide infi nite amounts of goods and services 
and, therefore, consumption in a bioeconomy will have to be managed within 
acceptable limits. Th e necessary transition to a sustainable bioeconomy will not 
happen overnight and may never happen without supportive governmental poli-
cies.17 Sustainability is a global imperative and demands urgent international 
action. In principle, a bioeconomy can be environmentally, socially and eco-
nomically sustainable until of course the Sun fi zzles out, or some other natural 
catastrophe befalls Earth.

References
 1. Gavrilescu M and Chisti Y, Biotechnology – a sustainable alternative for chemical industry. Biotechnol Adv 23:

471–499 (2005).

 2. Chisti Y, Biodiesel from microalgae. Biotechnol Adv 25:294–306 (2007).

 3. Chisti Y, Biodiesel from microalgae beats bioethanol. Trends Biotechnol 26:126–131 (2008).

 4. Dismukes GC, Carrieri D, Bennette N, Ananyev GM and Posewitz MC, Aquatic phototrophs: effi cient alternatives to 

land-based crops for biofuels. Curr Opin Biotechnol 19:235–240 (2008).

 5. Weyer KM, Bush DR, Darzins A and Willson BD, Theoretical maximum algal oil production. Bioenerg Res, 

DOI 10.1007/s12155-009-9046-x.

 6. Service RF, Biofuels: ExxonMobil fuels Venter’s efforts to run vehicles on algae-based oil. Science 325(5939):379 

(2009).

 7. Voith M, Dow plans algae biofuels pilot. Chem & Eng News 87(27):10 (2009).

 8. Williams D, Algenol Biofuels announces plan to build and operate a pilot-scale algae-based integrated biorefi nery. 

J Can Petroleum Technol 48(8):6–8 (2009).

 9. Chisti Y, Response to Reijnders: Do biofuels from microalgae beat biofuels from terrestrial plants? Trends Biotechnol: 

351–352 (2008). 

10. Sheehan J, Camobreco V, Duffi eld J, Graboski M and Shapouri H, Life cycle inventory of biodiesel and petroleum 

 diesel for use in an urban bus. Report NREL/SR-580-24089, National Renewable Energy Laboratory, Golden, 

Colorado, 1998.

11. Dale BE, Thinking clearly about biofuels: ending the irrelevant ‘net energy’ debate and developing better performance 

metrics for alternative fuels. Biofuels Bioprod Bioref 1:14–17 (2007).

12. Pollard RT, Salter I, Sanders RJ, Lucas MI, Moore CM, Mills RA et al., Southern Ocean deep-water carbon export 

enhanced by natural iron fertilization. Nature 457(7229):577–580 (2009).

13. Gaunt JL and Lehmann J, Energy balance and emissions associated with biochar sequestration and pyrolysis bioen-

ergy production. Environ Sci Technol 42:4152–4158 (2008).

14. Gressel J, Transgenics are imperative for biofuel crops. Plant Science 174:246–263 (2008).

15. Lynd LR, Laser MS, Brandsby D, Dale BE, Davison B, Hamilton R, et al., How biotech can transform biofuels. Nature 

Biotechnology 26(2):169–172 (2008).

16. Alper H and Stephanopoulos G, Engineering for biofuels: exploiting innate microbial capacity or importing biosyn-

thetic potential? Nat Rev Microbiol 7:715–723 (2009).

17. Organization for Economic Cooperation and Development, The bioeconomy to 2030: Designing a policy agenda. 

OECD Publishing, Paris (2009).

Yusuf Chisti
Advisory Board Member

DOI: 10.1002/bbb.232


