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Introduction 
Bioenergy is renewable energy generated from biological source materials, and includes electricity, 
transportation fuels and heating. Source materials are varied types of biomass, including food crops 
such as corn and sugarcane, non-edible lignocellulosic materials such as agricultural and forestry 
waste and dedicated crops, and municipal and livestock wastes. Fuels produced from the conversion 
of these materials include biodiesel and bioethanol liquid biofuels, and biogases. Some solid fuels 
can be used following relatively little processing, demonstrated by the direct combustion of densified 
wood chips. These varied fuels can be utilized alone or in conjunction with conventional fossil fuels, 
as in blends of bioethanol with gasoline, and the co-firing of wood and coal. Furthermore, fuels can 
be applied towards multiple end uses, including from within shared facilities which can co-generate 
electricity and heat. In these ways, bioenergy allows for diverse end uses from a variety of 
biologically based sources and fuel types. 

While renewable electricity generation includes contributions from solar photovoltaic, wind, and 
hydropower technologies, an increasing amount of generation is supplied by biopower generated 
from biomass (REN21 2015; Pacini et al. 2014). In 2014, global biopower capacity increased to 93 
gigawatts (GW), with 433 terawatt-hours (TWh) generated (REN21 2015).1 In the transportation 
sector, most renewable fuels are liquid biofuels, although the use of biogases is increasing (REN21 
2015). Global annual biofuel production increased in 2014 to 94 billion liters of bioethanol and 29.7 
billion liters of biodiesel, both led by the United States and Brazil (REN21 2015).2 There is increased 
trade in liquid biofuels, involving developed and developing countries, and including activity beyond 
regions of production (UNCTAD 2014). While the primary market for liquid biofuels continues to be 
road vehicles, newer markets include aviation and other transportation sectors (REN21 2015; Souza 
et al. 2015a; Pacini et al. 2014). In addition, bioenergy accounts for most of the heating provided by 
renewable energy sources, which collectively supplied 8% of the global consumption of heat in 2014 
(REN21 2015). Bioenergy, across all of its subcategories, supported an estimated 3 million jobs in 
2014 (Ferroukhi et al. 2015). 

Policies that support bioenergy deployment generally align with goals that include mitigation of 
climate change, increased economic development, improved access to energy, and increased energy 
security (Acosta et al. 2015; REN21 2015; Pacini et al. 2014). 

While bioenergy capacity and generation have increased, several barriers to deployment exist, 
including: 

• Use of edible food crops for biofuels raises significant concerns over impacts to food security 
(Acosta et al. 2015; REN21 2015). 

• Demand for biomass, both edible crops and (non-edible) lignocellulosic feedstocks, can impact 
land utilization and ecosystem stability (Acosta et al. 2015; REN21 2015). 

• Determination of greenhouse gas (GHG) emissions from bioenergy would benefit from improved 
and consistent methodologies for life cycle analysis and land use changes (Macedo et al. 2015). 

                                                           
1 The top countries for electricity generation from biopower include the United States, Germany, China, Brazil, and Japan. 
The top countries for increased capacity are China, Brazil, and Japan (REN21 2015). 
2 The top countries for biodiesel production are the United States, Brazil, Germany, Indonesia, and Argentina. The top 
countries for bioethanol production are the United States, Brazil, China, Canada, and Thailand (REN21 2015). 
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• Subsidies for traditional fuels and nuclear power limit cost competitiveness (REN21 2015).3 

• Uncertainty and sudden significant changes in policy hinder deployment (REN21 2015). 

• Infrastructure and regulation is designed for single fuel deployment (REN21 2015). 

• Policy development for the heating and cooling sector, including mandates for bioenergy in 
buildings, is insufficient (REN21 2015). 

Key aspects of policies for bioenergy deployment are presented here as part of the Clean Energy 
Solutions Center’s Clean Energy Policy Brief Series. The policies presented specifically or broadly 
cover electricity generation, transportation, and heating. Policymakers can adapt these practices in 
the design of country-specific bioenergy policies.  

                                                           
3 Subsidies for fossil fuels and nuclear power are estimated at USD 550 billion to USD 5.6 trillion/year (REN21 2015). 
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Enabling Bioenergy Policies 
A variety of mandates and market mechanisms facilitate the deployment of bioenergy in the form of 
electricity generation, transportation fuels, and heating. Electricity generation is one primary focus of 
renewable energy policies (REN21 2015), and the policy mechanisms employed for biopower are 
shared with other renewable power sources such as solar and wind, and include standards and feed-in 
tariffs (FITs). Bioenergy transportation policies include biofuels standards requiring the utilization of 
specified amounts of liquid and/or gas biofuels. While policies for heating from renewables are seen 
as underdeveloped (REN21 2015), district heating networks allow for the use of varied biomass 
sources for increased energy efficient heating in urban areas. Some policy mechanisms are more 
goal-based, such as carbon tax policies and sustainability standards and certification, which are more 
generally focused on decreased carbon emissions. Additional policy recommendations include 
integrating related policies (such as agricultural and water), integrating diverse energy sources and 
technologies in comprehensive policies, and assisting developing countries. While many of the 
policy mechanisms presented here focus on end-use, sustainability standards and certification 
directly govern biomass sourcing and production. Other policy mechanisms are closely aligned with 
complementary policies that directly support the production of advanced fuels from biomass 
feedstocks, as demonstrated by the alignment between biofuel standards and mandates requiring the 
production of biofuels. Selected good practices and considerations are given for each policy 
mechanism. 

Renewable Electricity Standards 
Mandates such as renewable electricity standards (RESs) set requirements for a certain amount of 
energy to be generated from renewable energy sources (Cox and Esterly 2016a). RESs are one of the 
common renewable electricity policies (REN21 2015). As of 2015, renewable electricity mandates 
have been established in 26 countries at the national level and in 72 states or provinces at the 
subnational level (REN21 2015). These mandates have facilitated the deployment of biopower, 
including biogas and directly combustible biomass, for electricity generation (Lofthouse, Simmons, 
and Yonk 2015; REN21 2015; Souza et al. 2015a). Cox and Esterly (2016a) provide a broad 
summary of RESs, including good practices, at cleanenergysolutions.org/policy-briefs/res.  

Good Practices and Considerations 
• Designing mechanisms to measure and track biopower—By designing mechanisms for 

measuring compliance, policymakers can ensure the identification of suppliers who are out of 
compliance and improve the overall effectiveness of biopower mandates (Cox and Esterly 
2016a). Renewable electricity credits (RECs) represent an amount of biopower generated and can 
be traded separately from the electricity (Cox and Esterly 2016a; Cory and Swezey 2007; Leon 
2012). Credits reduce compliance costs, allowing entities to achieve compliance using various 
sources and technologies regardless of local site limitations (Cory and Swezey 2007). This 
pairing of mandates and credits has been applied in the United States, United Kingdom, 
European Union, Chile, and the Philippines (Azuela and Barros 2011; Devenyi and Mladenov 
2012) and offers opportunity for international trade (Devenyi and Mladenov 2012). 

• Enforcing non-compliance penalties—Non-compliance penalties, such as fines or alternative 
compliance payments, can be applied to suppliers who fail to meet standards, thereby 
encouraging compliance (Cox and Esterly 2016a; Cory and Swezey 2007). To improve the 
effectiveness of this approach, policymakers can ensure that the penalties are enforced by 
specifying an amount and means of collection and discouraging suppliers from passing the cost 
to downstream users (Cory and Swezey 2007). 

https://cleanenergysolutions.org/policy-briefs/res
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• Limiting costs of compliance—By controlling costs of compliance, policymakers can limit 
excessive detrimental economic impacts to a supplier (Cox and Esterly 2016a; Leon 2012).Tools 
such as waivers can protect a supplier from penalties if compliance is difficult to achieve (Cox 
and Esterly 2016a; Leon 2012), while the use of well-defined parameters can ensure these tools 
are applied appropriately (Cory and Swezey 2007). 

• Designing long-term contracts—Policymakers can require long-term contracts between utilities 
and renewable energy developers (ten to twenty years or more) in order to promote sufficient 
financing for renewable electricity generation projects (Cory and Swezey 2007; Grace, Donovan 
and Melnick 2011; Leon 2012). Long-term contracts ensure commitments and an increased 
likelihood of generating revenue, reducing risks from uncertainties that may be inherent in 
applying newer technologies (Cory and Swezey 2007; Grace, Donovan and Melnick 2011; Leon 
2012).  

• Designing provisions for combined heat 
and power (CHP)—By incorporating 
requirements for CHP within standards, 
policymakers can specify the use of 
biomass for the co-generation of heat 
and power from a single power plant, 
increasing energy efficiency (Evans and 
Douraeva 2004). This approach takes 
advantage of the diverse fuel types from 
biomass, as well as the ability to 
combine biomass-based fuels with fossil 
fuels (Evans and Douraeva 2004; IEA-
ETSAP 2015). RES provisions can 
allow CHP to be an eligible biopower 
source similar to other eligible sources, 
treated as energy efficiency, or as a 
specific target (EPA-CHP 2016). Text 
Box 1 details the inclusion of CHP in Arizona’s RES. 

Feed-in Tariffs 
FITs facilitate deployment of electricity from renewable energy, including from bioenergy, by 
resolving market uncertainty through long-term price-controlled agreements (Cox and Esterly 2016b; 
Couture et al. 2010; Klein et al. 2010). As of 2015, there were 108 FITs in place at the national or 
subnational level (REN21 2015). In bioenergy, FITs have been used to increase power supplied by 
biogases and direct biomass combustion (Souza et al. 2015b). Recent trends show an increased 
diversity in the design and application of FITs, including whether payments apply to partial or full 
energy produced (Couture et al. 2015). Cox and Esterly (2016b) provide a broad summary of FITs, 
including good practices, at cleanenergysolutions.org/policy-briefs/fit.  

Good Practices and Considerations 
• Differentiating FIT payments based on technology and fuel type—Policymakers can differentiate 

FIT payments based on technology and fuel type. This can support specific technologies that are 
most compatible with the local context while setting separate payments for each type based on 
the expected energy and revenue generation (Couture et al. 2010). This approach allows 
policymakers to pursue varied types of energy sources, priced according to the expected 

Text Box 1. CHP-Inclusive RES Policy in 
Arizona 
The U.S. state of Arizona established an RES with a 
target of 15% of energy provided by renewables by 
2025 (DSIRE 2016). Arizona later revised its policy 
to include a separate but related standard termed 
Energy Efficiency Resource Standards (EERS), 
which considers energy efficiency in meeting 
standards (EPA-CHP 2016). Only CHP that utilizes 
biomass is eligible for credits under the RES, but 
non-biomass-fueled CHP may be eligible for the 
EERS, depending on the technology (EPA-CHP 
2016). This is in contrast to some states such as 
Massachusetts, which does not specify biomass-
fueled CHP (MA-DOER 2011). 

https://cleanenergysolutions.org/policy-briefs/fit
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performance for each, regardless of higher costs to implement some technologies (Couture et al. 
2010; Klein et al. 2010). In addition, projects that use technologies for the co-generation of heat 
and power from biomass can receive bonus payments to reflect increased efficiency (Couture et 
al. 2010). Text Box 2a describes a FIT policy in Kenya that includes price differentiation by 
energy source. 

• Differentiating FIT payments based on project size—Policymakers can differentiate FIT
payments based on project size in order to roughly equalize the profit from projects with different
generation capacities (Couture et al. 2010; Klein et al. 2010). This approach typically assigns
higher payments to smaller projects (Couture et al. 2010; Klein et al. 2010). This payment
strategy can support projects of varied sizes, creating opportunities for different types of
investors (Couture et al. 2010). Text Box 2b describes a FIT policy in Kenya that includes price
differentiation by project size.

• Designing long-term contracts and guaranteeing grid access—The use of long-term contracts
between utilities and renewable electricity generators can indicate an increased likelihood of
generating revenue from a project, thereby increasing the ability to secure sufficient financial
support (Cox and Esterly 2016b; Couture et al. 2010). Similarly, establishing guarantees for grid
access to renewable projects fosters support by ensuring that electricity generated will be able to
enter the market (Cox and Esterly 2016b). Text Box 2c describes a FIT policy in Kenya that
includes guarantees for long-term contracts and grid access.

Text Box 2. FIT Policy Design in Kenya 
Kenya instituted a FIT policy in 2008 and revised the policy in 2010 and 2012 to accommodate more 
diverse energy sources and specific pricing for smaller project sizes (IEA 2014a; IEA 2014b). 

Text Box 2a. 
FIT policy designed and 

implemented in Kenya includes 
multiple types of renewable 
energy sources, which are 

assigned different payments. 
For example, a wind project with 

0.5–100 MW of power plant 
capacity is assigned a tariff of 

USD 0.12/kWh, while a 
biomass-based energy source 

of similar capacity is assigned a 
lower tariff of USD 0.06–
0.08/kWh (IEA 2014a). 

Text Box 2b. 
Payments are also differentiated 
based on project size, reflected 

in 2012 policy revisions (IEA 
2014b). Energy sourced from 
biomass at a capacity of 0.5–
100 MW is assigned a tariff of 

USD 0.06–0.08/kWh (IEA 
2014a), while smaller projects 
with a maximum capacity of 10 

MW capacity are assigned a 
higher tariff of USD 0.1/kWh 

(IEA 2014b). 

Text Box 2c. 
Kenyan FIT policy sets 

payments for 20 year periods 
and requires grid access 

guarantees from grid system 
operators, as well as priority 
purchase, transmission, and 
distribution (IEA 2014a). The 
Ministry of Energy has final 
authority to assess project 

feasibility (IEA 2014a). 

Biofuel Standards (Transportation) 
Mandates such as renewable fuel standards establish requirements for the incorporation of renewable 
transportation fuels, thereby supporting increased utilization of biofuels (Mosey and Kreycik 2008). 
As of 2015, 64 mandates require blending biofuels with conventional fuels in 33 countries; 31 at the 
national level and 26 at the subnational level (REN21 2015). Requirements for the types and blends 
of biofuels vary considerably across countries and states (Mosey and Kreycik 2008; Lane 2016). 
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Good Practices and Considerations 
• Developing and implementing 

complementary policies—
Policymakers can support the 
production and use of biofuels 
using complementary policies 
including incentives for the 
production of biofuels, 
infrastructure grants for 
improved equipment necessary 
for biofuel dispensing, and tax 
credits for gas stations selling 
higher biofuel blends (Mosey 
and Kreycik 2008). Tax 
incentives for the production of 
biomass are recommended in 
order to ensure sufficient 
feedstocks for production of 
more advanced fuels—such as 
biodiesel and bioethanol—and 
ultimately achievement of 
mandates for use (Paulsworth 
2013). These policies directly 
and comprehensively encourage 
and facilitate the deployment of 
the entire biofuels industry from feedstock cultivation to end use, making it more likely that 
targets set by mandates will be achieved. Policies supportive of flexible fuel vehicles, which can 
utilize varied types and blends of biofuels, can contribute to the demand for biofuels, as 
demonstrated in Brazil (Chum et al. 2015). Text Box 3 discusses complementary biofuel policies 
in Thailand. 

• Designing flexible mandates—Policymakers can design mandates with flexibility to respond to 
technological and market changes by requiring periodic assessment and adjustment to control 
renewable fuel costs and increase the overall effectiveness of these policies (Mosey and Kreycik 
2008; REN21 2015; RFA 2015). Flexible standards also support technological development of 
advanced biofuels by providing a potential market for their deployment (Mosey and Kreycik 
2008; Souza et al. 2015a).  

• Increasing mandates for lignocellulosic biofuels—The increased use of mandates specific to 
lignocellulosic biofuels can facilitate their development and deployment (Eisentraut 2010; Mosey 
and Kreycik 2008; Pacini et al. 2014), mitigating some of the challenges related to the 
competition over crops between biofuels and food (Pacini et al. 2014). These types of biofuels 
are limited to non-edible materials such as agricultural and forestry waste.  

District Heating Networks 
District heating networks allow for the large-scale delivery of heating, commonly in densely 
populated areas, by generating steam or heated water at a centralized location and delivering to 
homes and businesses (Bruton et al. 2012; Foust et al. 2015; Leal et al. 2015). Varied biomass 
sources can be used, including municipal waste, wood, and biogas, allowing for the increased use of 

Text Box 3. Complementary Biofuel Policies in 
Thailand 
Thailand has developed mandates for biodiesel blends, which 
increased to 7% in 2015 (Lane 2016), alongside voluntary 
blends for bioethanol (Sorda, Banse, and Kemfert 2010). 

Thailand has also instituted complementary policies which 
support biofuel production and consumption (Sorda, Banse, and 
Kemfert 2010; Preechajarn and Prasertsri 2010). Mandates 
require the production of specified blends of biodiesel, which 
increase over time (Preechajarn and Prasertsri 2010). While 
ethanol consumption is voluntary, tax incentives ensure that the 
price of ethanol blends is less than gasoline (Sorda, Banse, and 
Kemfert 2010). In addition, tax incentives are in place to support 
investment in bioethanol, as well as tax incentives for flexible 
fuel vehicles that can utilize blends with increased percentages 
of bioethanol (Leal et al. 2015). Thailand produced 8.9 and 10.2 
thousand barrels per day of bioethanol and biodiesel, 
respectively, in 2011 (Youngs et al. 2015). Biofuel consumption 
is substantial in Thailand, reaching 7.0 and 10.2 thousand 
barrels per day for bioethanol and biodiesel, respectively, as of 
2011 (Youngs et al. 2015). 
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renewables (Bruton et al. 2009; Ericsson 2009; Foust et al. 2015; Evans and Douraeva 2004; Leal et 
al. 2015). These large-scale systems allow for the safe use of raw municipal waste that cannot be 
used in more traditional single-residential heating (Ericsson 2009). Also, district heating systems can 
be coupled with CHP plants, which allow for the co-generation of heat and power, increasing 
efficiency while using biomass (Bruton et al. 2012; Ericsson 2009; Evans and Douraeva 2004). 
These networks can also be utilized for cooling, using the same principles as for heating (Foust et al. 
2015). Heating and cooling mandates are not widely implemented and do not always incorporate the 
potential for heat from bioenergy (REN21 2015). 

Good Practices and Considerations 
• Considering diverse applications and fuel sources—Biomass lends itself to diverse applications, 

particularly when utilized in systems that allow for the co-generation of heat and electricity and 
the use of varied biomass mixtures and in combination with traditional fossil fuels (Evans and 
Douraeva 2004; IEA-ETSAP 2015). By designing policies that can harness this flexibility, 
policymakers can achieve more energy efficient systems, ensuring service at lower costs (Evans 
and Douraeva 2004). At the same time, policymakers can improve the effectiveness of heating 
networks by considering the appropriateness of systems and fuels to the local context (Foust et al. 
2015). Text Box 4a discusses the use of and support for systems that allow for the co-generation 
of heat and power in Denmark. 

• Financing new infrastructure over the long term—In areas requiring new or updated delivery 
infrastructure (such as underground piping), the installation costs for district heating systems can 
be prohibitive (Bruton et al. 2012). By financing new infrastructure through long-term repayment 
mechanisms, such as through public utilities, policymakers can reduce the cost barrier (Bruton et 
al. 2012). 

• Designing for mandatory participation of consumers—By requiring mandatory use of district 
heating by consumers, policymakers can ensure a market for the product, reducing product costs 
and risks to suppliers (Bruton et al. 2012; C40 2011). Text Box 4b shows the use of mandatory 
participation in district heating networks in Denmark. 

• Applying taxation strategies and financial incentives supportive of biomass usage—
Policymakers can improve the competitive position of biomass relative to traditional heating 
fuels by applying a carbon tax and related taxes to traditional fuels while exempting (partially or 
fully) renewable energy sources (Ericsson 2009). By supporting the use of biomass, 
policymakers can assist the deployment of biomass-utilization in district heating systems 
(Ericsson 2009). Text Box 4c shows how Denmark applies taxes and other financial incentives to 
support of biomass use in district heating networks. 

• Considering local context in network design– Policymakers can consider local factors when 
determining service area and infrastructure placement in order to supply cost-effective district 
heating (Bruton et al. 2012). These can vary significantly, depending on relative locations and 
levels of energy usage and fund availability (Bruton et al. 2012). Text Box 4d details the 
consideration of local context in network design in Denmark. 
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Text Box 4. District Heating in Denmark 
Denmark applies several good practices toward the use of district heating networks. Overall, 
Denmark obtains over half of its heat from district heating networks (Evans and Douraeva 2004), 
and has also demonstrated decreased carbon emissions and increased gross domestic product 
(GDP) (State of Green 2016). 

Text Box 4a. 
CHP plants, which 
allow for the co-

generation of heat and 
power with district 

heating networks, are 
used extensively 

throughout Denmark 
(State of Green 2016). 
The use of CHP plants 

is supported by 
national law requiring 

co-generation at larger 
plants (Evans and 

Douraeva 2004), as 
well as subsidies for 

CHP plants in 
decentralized areas 
(DEA/DBDH, n.d.). 

Text Box 4b. 
In designated and 
more centralized 

service areas, 
consumer participation 
in the heating network 

is mandatory, 
benefiting suppliers by 

establishing some 
certainty in the market 
for the consumption of 

heating from district 
heating networks 

(Bruton et al. 2012). 
National law allows 

municipalities to 
designate the areas 

with mandatory 
participation, which 
can allow for more 

cost-effective 
networks (Evans and 

Douraeva 2004). 

Text Box 4c. 
Biomass used for 
district heating is 

exempt from a heat 
tax that is applied to 

traditional fuels 
(DEA/DBDH, n.d.). 
Also, subsidies are 

available for the 
development of 
decentralized 

networks that use 
CHP plants 

(DEA/DBDH, n.d). 

Text Box 4d. 
Denmark has various 
network sizes, serving 
both centralized and 

less centralized areas, 
with varying facilities 

and biomass 
utilization capacity 
(Bruton et al. 2012; 
DEA/DBDH, n.d.). 

Carbon Tax 
A carbon tax applies a cost to carbon dioxide (CO2) emissions at the point of production or 
consumption, in effect correcting for negative social and environmental impacts and creating a 
financial incentive for reducing emissions (C2ES 2013; World Bank 2014). As of 2016, 14 carbon 
taxes were adopted, 13 at the national level and 1 at the subnational level (British Columbia) (World 
Bank, n.d.). This includes a tax adopted and put into effect by South Africa in 2016 and a tax adopted 
by Chile in 2014 and scheduled to be implemented in 2018 (World Bank, n.d.). By creating 
incentives for energy sources with reduced carbon emissions, this approach has been credited with 
facilitating the successful deployment of bioenergy (Andersson 2015; Johansson 2000). 

Good Practices and Considerations 
• Designing a flexible carbon tax rate to achieve an emissions target—Numerous factors, such as 

the costs of new emission abatement technologies, influence whether companies choose to reduce 
emissions instead of paying a carbon tax. These factors make it difficult to predict if emission 
reduction targets will be achieved (Bowen 2011; C2ES 2013; World Bank 2014). Policymakers 
can respond to changing conditions by periodically adjusting the emissions target and carbon tax; 
some recommend reassessment approximately every five years (Bowen 2011). Frequent 
adjustments can make it difficult to determine the results of such changes because these changes 
can be affected by numerous factors external to the carbon tax policy (Bowen 2011). While many 
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policies anticipate an increase in the 
carbon tax rate over time (Bowen 2011; 
C2ES 2013), this may not always be the 
case (Bowen 2011). Text Box 5 outlines 
successful carbon tax policy in Sweden, 
which has utilized flexible, increasing 
tax rates (Andersson 2015). 

• Focusing on upstream producers to 
reduce implementation costs—A carbon 
tax can be designed to target upstream 
producers, midstream suppliers, or 
downstream consumers (Bowen 2011; 
C2ES 2013). To avoid the substantial 
administrative costs of implementing a 
tax on an extensive population of 
downstream consumers, many 
recommendations focus on targeting the 
smaller number of upstream producers 
(Bowen 2011; C2ES 2013). 

Sustainability Standards and Certification 
Sustainability standards and certification designate criteria for biomass utilized for bioenergy, 
whether in the form of solid biomass for heating and electricity or liquid biofuels used for 
transportation fuels and electricity. These standards establish requirements for acceptable sourcing 
and production in order to ensure actual reductions in carbon emissions as well as environmental 
goals such as the preservation of biodiversity (EC 2016; Souza et al. 2015a). These standards can 
limit or prevent detrimental practices such as illegal logging of critical forests to obtain 
internationally traded wood biomass, practices that can decrease the benefits of bioenergy (Souza et 
al. 2015a). 

Good Practices and Considerations 
• Aligning national and international 

standards—Efforts to improve alignment 
between national sustainability standards 
and international trade-based sustainability 
standards can improve participation and 
strengthen markets (Souza et al. 2015a; 
UNCTAD 2014). Discontinuities between 
some national- and international-level trade 
standards can have negative impacts on 
participation in international markets 
(UNCTAD 2014).  

• Developing and applying technical 
capacity—In order to establish and apply 
sustainability standards, technical capacity 
must be developed, both in terms of setting 
well-defined criteria as well as the means for 

Text Box 5. Flexible Carbon Tax Policy in 
Sweden 
A carbon tax is considered a significant force behind 
the increased use of bioenergy in Sweden, which 
includes CHP from biomass (Andersson 2015; 
Ericsson 2009; Johansson 2000). Sweden’s carbon 
tax has increased from USD 44 per metric ton of 
carbon dioxide when first applied in 1991, (Sumner, 
Bird and Smith 2009) to USD 168 per metric ton of 
carbon dioxide in 2014, the highest globally (World 
Bank, n.d.). Sweden has simultaneously experienced 
strong growth in GDP and decreased emissions 
(Nordic Council of Ministers, n.d.). While the carbon 
tax complements an existing energy tax (Sumner, Bird, 
and Smith 2009), analysis indicates that carbon tax 
increased bioenergy use (Johansson 2000). 

Text Box 6. Sustainability Criteria and 
Measurement Strategies Developed by 
the European Commission 
The European Commission established 
detailed sustainability criteria for biofuels, 
including initial requirements for a reduction of 
35% in greenhouse gas emissions compared 
to traditional fuels, a percentage which 
increases over time (EC 2016). They provide 
a protocol that establishes how to calculate 
greenhouse gas emissions and includes 
complete life cycle analyses (Alberici and 
Hamelinck 2010; EC 2016). Additional 
protocols specify allowable data sources, 
methods for on-site assessment, and 
definitions of concepts such as biodiversity 
and biodiverse areas (Dehue et al. 2011). 
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measuring specified parameters (Endres et al. 2015; Souza et al. 2015a; Zarrilli 2008). Text Box 
6 details some of the efforts by the European Commission to develop parameters and 
measurements. This technical capacity must be passed along through the supply and production 
chain, including working with producers in developing countries where there may be decreased 
technical resources and varied conditions (Endres et al. 2015; Souza et al. 2015a; Zarrilli 2008). 

Broad Policy Recommendations 
• Integrating bioenergy policies with water, land, and agricultural policies—The success of 

bioenergy policies is impacted by site-specific conditions and policies for water, land, and 
agriculture (Souza et al. 2015a). Policymakers may generate more effective bioenergy policies 
when a policy is integrated with related policies, such as agricultural production and land-use, 
thereby helping to achieve multiple goals and alleviate some competition between food and 
energy for biomass and land (Souza et al. 2015a; UNCTAD 2014). This integrative approach 
may be supportive of more efficient and informed biomass production. 

• Integrating multiple energy sources and technologies in comprehensive policies—Bioenergy is a 
diverse arena that provides electricity, transportation, and heating from multiple sources of 
biological material and fuel types. Bioenergy also allows for flexibility by lending itself to the 
co-generation of end products within shared production facilities, such as both heat and 
electricity from biomass, as well as in combination with traditional fossil fuels, such as co-firing 
biomass with coal (Evans and Douraeva 2004; IEA-ETSAP 2015; REN21 2015). Policymakers 
may improve the effectiveness of energy policies by integrating multiple energy sources and 
technologies (IEA-ETSAP 2015; REN21 2015), while considering their appropriateness (Foust et 
al. 2015).  

• Assisting developing countries—Developing countries can face a number of challenges in 
developing and applying new technologies and policies, including infrastructure development 
(Pacini and Badtidzirai 2011; Pacini et al. 2014) and dissemination of knowledge (Souza et al. 
2015a). Because developing countries may bear higher costs in implementing standards and may 
have different socio-economic challenges than developed countries (Souza et al. 2015a; Zarrilli 
2008; UNCTAD 2014), policies can be improved by incorporating input from developing 
countries, such as in the development of sustainability standards and their implementation 
(Endres et al. 2015; Souza et al. 2015a; Zarrilli 2008). Furthermore, developing countries may 
benefit from policy analysis assistance (Pacini et al. 2014) and from support for producers to 
participate in global markets (Zarrilli 2008; Pacini et al. 2014).  
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Summary 
Table 1 summarizes the good practices and considerations for the design and implementation of 
bioenergy policies that are presented in this paper. 

Table 1. Summary of Good Practices and Considerations 

Policy Good Practices and Considerations 

Renewable Electricity 
Standards 

Designing mechanisms to measure and track biopower  
Enforcing non-compliance penalties 
Limiting costs of compliance 
Designing long-term contracts 
Designing provisions for CHP 

Feed-in Tariffs Differentiating FIT payments based on technology and fuel type 
Differentiating FIT payments based on project size 
Designing long-term contracts and guaranteeing grid access 

Biofuel Standards 
(Transportation) 

Developing and implementing complementary policies 
Designing flexible mandates 
Increasing mandates for lignocellulosic biofuels 

District Heating Networks Considering diverse applications and fuel sources 
Financing new infrastructure over the long term 
Designing for the mandatory participation of consumers 
Applying taxation strategies and financial incentives supportive of 
biomass usage 
Considering local context in network design 

Carbon Tax Designing a flexible carbon tax rate to achieve emissions target 
Focusing on upstream producers to reduce implementation costs 

Sustainability Standards and 
Certification 

Aligning national and international standards 
Developing and applying technical capacity 

Broad Recommendations Integrating bioenergy policies with water, land, and agricultural policies 
Integrating multiple energy sources and technologies in 
comprehensive policies 
Assisting developing countries 
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Appendix. Additional Support and Resources 
The following resources can be used to support more detailed design and implementation of policies 
to support bioenergy deployment. Targeted technical assistance regarding the design and 
implementation of renewable energy policies is provided by: 

• Clean Energy Solutions Center—The Solutions Center’s Ask an Expert service is available at no 
cost to government agency representatives from any country and the technical institutes assisting 
them. If your request qualifies for assistance, you will be matched with the Solutions Center 
expert who is most qualified to help you, for up to 40 hours of assistance. To submit a request for 
assistance, see cleanenergysolutions.org/expert. 

• Climate Technology Centre and Network (CTCN)—The CTCN provides technical assistance in 
response to requests submitted by developing countries via their National Designated Entities. 
Upon receipt of such requests, the centre quickly mobilizes its global network of climate 
technology experts to design and deliver a customized solution tailored to local needs. The 
CTCN does not provide funding directly to countries but instead supports the provision of 
technical assistance provided by experts on specific climate technology sectors. For more 
information, see ctc-n.org/technical-assistance. 

• Additional resources—including good practice resources and publications, policy examples and 
databases, webinars and training resources, and a glossary—are available at 
cleanenergysolutions.org/policy-briefs. 

http://cleanenergysolutions.org/expert
http://ctc-n.org/technical-assistance
http://cleanenergysolutions.org/policy-briefs
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