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Abstract 

Sustainability of bioenergy production is crucial if bioenergy is supposed to contribute effectively to climate 

change mitigation. The authors explore why under free market conditions undersupply of sustainable bioenergy 

will prevail. Two types of market failures are identified: information asymmetry and production externalities. 

Due to these market failures bioenergy is less sustainable than it could be. Mandatory certification combined 

with binding minimum standards would be an adequate policy choice to ensure sustainability.  

1 Bioenergy: A crucial factor for mitigating global climate change? 

Growing scientific evidence on the negative implications of global climate change induces 

business and governments to take measures to reduce global carbon emissions. Increasing 

production and use of bioenergy, i.e. of energy generated from organic matter, could foster a 

reduction of fossil energy use and contribute to global climate change mitigation. Bioenergy 

could make an important contribution to restrict the global temperature increase to a 

maximum of 2°C and hence help to avoid some severe and irreversible climate change 

impacts. However, recent studies question the contribution of bioenergy to climate change 

mitigation. It has been shown that from a life-cycle perspective the use of bioenergy is not 

necessarily carbon neutral. In fact, the carbon balance of bioenergy can even be negative. It 

critically depends on the choice of feedstock, the management of land resources when 

growing the feedstock, the kind of land use changes induced by cultivation and, finally, on the 

conversion and processing methods used in bioenergy production (Zah et al., 2007; Fritsche 

and Wiegmann, 2008). Hence, not every form of bioenergy use contributes to the mitigation 

of climate change. Furthermore, concerns about potential food scarcity as well as 

environmental and social impacts of bioenergy production heated up the bioenergy debate.   

In order to contribute to the solution of the global climate change problem, bioenergy 

has to be produced in a sustainable way. As yet, this is hampered by two types of market 

failures: the existence of information asymmetries between producer and consumer and the 

existence of externalities in bioenergy production (cf. Schubert and Blasch, 2009). 
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2 Overcoming information asymmetry - a plea for mandatory certification 

One of the market failures originates from incomplete information. Consumers are buyers in 

the bioenergy market. They don’t know the production techniques the seller has used in 

feedstock cultivation and conversion and hence don’t know the respective impacts on climate, 

environment and society. This renders bioenergy products into credence goods (Darby and 

Karni, 1973; Emons, 1997), i.e. buyers are not able to assess sustainability aspects of 

bioenergy products at any time before or after the purchase and use. Hence, they cannot 

distinguish between sustainable and unsustainable bioenergy products without significant 

search and information verification costs.  

At the same time, producers know about the origin of the feedstock used and their 

modes of production
3
. This corresponds to a state of information asymmetry as first analyzed 

in Akerlof (1970). As a result, consumers will not accept to pay a higher price for sustainable 

bioenergy because they cannot be sure about the authenticity of the seller’s sustainability 

claim. Under these conditions, a market for sustainable bioenergy will not emerge. Producers 

will not supply the amount of sustainable bioenergy which is potentially preferred by society 

and instead supply too much of the unsustainable type. This decreases social welfare. 

An important step to overcome the problem of information asymmetry is to credibly 

inform consumers about the characteristics of the production process of the different 

bioenergy products. This can be achieved by introducing product standards and corresponding 

certification and labeling schemes which evaluate the climate mitigation potential of the 

respective bioenergy products and the impact of their production on biodiversity, water 

consumption, soil quality and labor conditions. If consumers are able to identify sustainable 

bioenergy products by means of a label their information costs are reduced. Thus, buyers can 

adapt their purchasing behavior to their intrinsic preferences for environmental and social 

amenities and to the corresponding willingness to pay. Signaling theory implies that the 

reduction of information asymmetries leads to socially preferable market outcomes (see e.g. 

Just et al., 2004; Spence, 1973/74). 

 However, given that the implementation of standards and third party certification - 

followed by periodical monitoring – are costly for producers, the question arises if such a 

standard will be introduced by private actors on a voluntary basis. Generally, private 

companies will only take part in a voluntary certification scheme if this opens up 

                                                 
3
 Of course, incomplete information may also take the form of missing information on behalf of the producer: It 

is possible that a lack of information exists on the exact impact of a certain feedstock, land use and of specific 

production methods on soil and water quality, biodiversity and climate. However, this type of incomplete 

information will not be further examined in this paper. 



 3 

opportunities to differentiate their product range and to achieve a price premium for “green” 

products. Such a price premium, however, will only emerge in the market if consumers 

exhibit the necessary willingness to pay for sustainable bioenergy. Even though voluntary 

certification schemes for biofuels have been created, it can be doubted that these voluntary 

schemes will gain significant market share. Instead, it can be assumed that consumers’ 

revealed willingness to pay is too small and that a large-scale shift from unsustainable to 

sustainable bioenergy production will not occur.  This conclusion is supported by findings of 

Dawes et al. (1977) and Ledyard (1995). They suggest that environmental policies based 

solely on voluntary contributions may not be an effective policy tool, as people’s 

“environmental morale”, i.e. their intrinsic motivation to contribute to environmental 

protection, tends to be unreliable (Frey and Stutzer, 2006).  

This insight leads to the conclusion that government intervention into the market in the 

form of an introduction of mandatory certification and labeling would be necessary to fully 

account for the information asymmetry in the bioenergy market. In the case of mandatory 

certification and labeling, every producer is obliged to disclose the methods of production and 

the origin of feedstock used. Consumers and governments can thus classify all bioenergy 

products according to their environmental and social sustainability and to their contribution to 

climate change mitigation. They can thus choose products corresponding to their preferences 

and willingness to pay.  

3 Addressing externalities – the need for stronger government intervention 

Yet, another type of market failure can be identified, which explains the limited scope of 

voluntary individual contribution to environmental protection: Bioenergy products are subject 

to production externalities, i.e. external effects from bioenergy feedstock production which 

are not compensated by any market mechanism. Externalities of bioenergy production 

typically affect the availability and quality of public goods such as climate, biodiversity or 

soil and water resources. In the bioenergy case the problem of externalities can be looked at 

from two perspectives: On the one hand, the production of sustainable bioenergy will 

contribute positively to the availability and quality of the respective public goods: they are 

thus positive externalities. However, the positive effects are not remunerated to the bioenergy 

producer which will lead to an undersupply of sustainable bioenergy. On the other hand, 

unsustainable bioenergy production will have negative effects on the available amount and 

quality of the respective public goods: Deforestation, over-use of land and water resources, 

soil degradation, air pollution and loss of biodiversity are just some examples of negative 

externalities. Causing these externalities is not costly to single private actors. Thus, 
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individuals have an incentive to over-use the available resources which finally leads to 

environmental degradation. Both forms of externalities result in free-riding behavior and 

finally lead to an undersupply of sustainable bioenergy which causes inefficiency in the 

market.  

Without regulatory intervention, the existence of externalities in the bioenergy market 

will generally lead to production and consumption of unsustainable bioenergy - even if 

certification and labeling schemes are in place. Individuals have no incentives to manifest 

their true willingness to pay for sustainable bioenergy: They profit from other actors’ 

provision of sustainable bioenergy and thus don’t reveal their full demand for sustainably 

produced bioenergy. If production externalities prevail, even stronger government 

intervention will be welfare-enhancing.  

4 Policy choices: taxes or binding minimum standards? 

Governments might consider two policy instruments to achieve the goal of more sustainable 

bioenergy production: Pigouvian taxes on unsustainable bioenergy production or binding 

minimum standards. In case of taxation of unsustainable bioenergy production producers will 

compare their marginal costs of improving sustainability with the taxes they have to pay. If 

the marginal costs of improving sustainability in the production process are lower than the 

taxes they will adapt their mode of production towards higher environmental and social 

sustainability. On the contrary, if their marginal costs are higher than the taxes they will opt to 

pay the tax instead. Theoretically, an efficient tax would have to be set at the level that 

equates aggregate marginal damages of unsustainable bioenergy production and aggregate 

marginal costs of avoiding externalities from bioenergy production. This would lead to an 

internalization of the negative externalities from unsustainable bioenergy production at least 

cost. 

 However, the usual argument in favor of taxation and against standards does not hold 

in the case of a discrete binary standard, i.e. a standard that defines threshold values for all 

relevant sustainability criteria (such as mitigation potential, impact on biodiversity, water 

consumption, soil quality or labor conditions). Such threshold values usually have to be met 

as a precondition for certification of sustainable bioenergy. If the product does not meet the 

threshold in one of the dimensions, it will not be certified. Most certification schemes 

implemented for biomass and bioenergy products work that way. If under these conditions a 

tax on the production of bioenergy labeled as “unsustainably produced” was introduced, it 

would set perverse incentives for producers. In fact, it might be optimal for certain producers 

to pay the tax and to simultaneously cut back on all measures that enhance sustainability of 
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the production process. This would be attractive to all producers who have initially shown a 

low level of sustainability in at least one of the various dimensions of sustainable bioenergy 

production and for whom it would be quite expensive to adapt their mode of production 

according to the overall minimum standard.  

The result would be a “race to the bottom” of sustainability in modes of production in 

the bioenergy market: All producers for whom it would be too costly to adapt their way of 

production to the minimum standard would rather pay the tax and abandon any measures that 

enhance sustainability in the production process. The result of a tax would thus provoke less 

sustainability in the bioenergy market than before government intervention which is certainly 

not desirable. The loss of welfare would be especially high if producers only fail in one 

dimension of bioenergy production but initially show a good performance in all other 

dimensions. In that case the bioenergy products would not be labeled and the producer would 

thus be inclined to cut back on sustainability in all dimensions. Under the assumption that the 

proposed criteria are not correlated, i.e. that meeting the standard in one dimension is not 

necessarily linked to meeting the standard in another dimension, aggregate welfare losses 

could be substantial. The lack of correlation is plausible: the avoidance of indirect land-use 

change, for example, is typically independent of the compliance with basic social standards. 

The predicted loss of welfare could only be compensated by the tax revenues in case 

of a very high tax rate on unsustainable bioenergy production. This assumption can be 

justified with respect to irreversible damages caused, for example, by tropical deforestation, 

uncontrolled use of GMO or child labor (Schubert et al., 2009; Schmitz, 2007). The 

introduction of such a high tax on unsustainable bioenergy production seems politically not 

feasible. Governments know that voters generally disapprove the introduction of new taxes. 

Therefore, they predominantly opt for regulatory solutions such as a mandatory minimum 

standard because this raises no “visible” or “tangible” costs to their voters (Frey, 1992). Thus, 

the chances of political enforceability seem higher for a binding minimum standard.  

In addition, even if a tax would be politically enforceable it would be hard to define 

the efficient tax rate that takes into account all dimensions of sustainable bioenergy 

production. This is a general problem of taxation. However, the argument gets stronger if the 

marginal damages curve is relatively steep and both the position of the marginal cost curve 

and the marginal damages curve are not observable by the government (Weitzman 1974).The 

introduction of a binding minimum standard seems therefore an adequate policy choice to 

effectively regulate the market for bioenergy. 
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5 Conclusions  

Bioenergy can play an important role in climate change mitigation as long as it is produced in 

a sustainable way. Mandatory certification combined with the introduction of binding 

minimum standards is an adequate measure to achieve an effective regulation of bioenergy 

production towards higher sustainability. Only binding minimum standards can eliminate the 

worst environmental and social impacts of bioenergy production and ensure that bioenergy 

really contributes to the mitigation of climate change. Binding minimum standards have the 

advantage that after successful adoption the same or comparable standards could spread out to 

the whole agriculture and forestry sector. This can pave the way for comprehensive 

environmental and social requirements for sustainable land use. Standard setting and 

certification therefore fulfills an indispensable function in a broader package of policy 

measures to support sustainable bioenergy use.  
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