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The bioenergy and water 
nexus

Bioenergy 

 development 

may increase 

the pressure 

on water, but 

also provides 

 opportunities 

to improve 

water 

 productivity 

and increase 

access to 

water

B ioenergy and water are inextricably linked. In a world where several countries 
already face water stress – and where over 70% of global freshwater use takes 
place in the agricultural sector – bioenergy development might present con-

siderable challenges, from the perspective of water quantity as well as water quality.
At the same time, by leveraging the introduction of effi  cient water manage-

ment techniques and providing energy for water pumping and cleaning, and 
by providing a wider range of land-use options to optimize the use of land and 
water, bioenergy development provides opportunities to improve water produc-
tivity and increase access to water. Proper integration of bioenergy systems into 
forestry and agriculture can even reduce some of the impacts of present land use, 
such as eutrophication and soil erosion.
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Abstract: Water quality is a measurement of the biological, chemical, and physical characteristics of water against 
certain standards set to ensure ecological and/or human health. Biomass production and conversion to fuels and 
electricity can impact water quality in lakes, rivers, and aquifers with consequences for aquatic ecosystem health 
and also human water uses. Depending on how the bioenergy system is located and managed, it can lead to both 
water quality deterioration and to improvements. This review focuses on the effects of bioenergy on water quality, on 
ways to quantify these effects, and on options for reducing negative impacts. © 2011 Society of Chemical Industry 
and John Wiley & Sons, Ltd
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Introduction: Sources of water pollution 
in bioenergy production

T
he growing market for biofuels has raised questions 
in the last years regarding their sustainable produc-
tion throughout the supply chain. Th is involves the 

production of the feedstock and the conversion technologies. 
Several mechanisms to promote a sustainable production 
have been implemented ranging from regulations (e.g. EU 
Renewable Energy Directive 209) to voluntary standards 
(e.g. RSPO, Bonsucro). Some of the sustainability issues con-
sidered include environmental, social, and economic meas-
ures. Nevertheless, among the environmental ones, water 
availability and quality have not been clearly addressed. 

Water quality needs to be considered in an integrated form. 
According to Perry and Vanderklein1 it needs to be account 
for within a wider context including hydrology, chemistry, 
biology, geology, land use, demographics, public attitude, and 
policy. Th e water quality may be aff ected by natural impacts 
(e.g. volcanic eruptions) and by human activities. Bioenergy 
production can aff ect water quality through physical, chemi-
cal, biological as well as thermal pollution loading. Th e fol-
lowing sections present a review of eff ects from forestry and 
agricultural practices that are part of the process chains that 
also include the biomass conversion various to solid, liquid, 
and gaseous biofuels and to electricity. 

Th e examples presented are not exhaustive and this is also 
discussed in the paper demonstrating the need for more data 
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Policy, Regulation and Certifi cation

Introduction 

B
ioenergy, as a major component of renewable energy, 
is recognized as being a help in meeting environmental 
and energy policy goals, including national obligations 

to reduce greenhouse gases. However production of biomass 
is not free of environmental and socio-economic impacts. 
Water is regarded to be one of the core sustainability issues. 
Certifi cation is a tool for decision makers on a project level to 
manage environmental and social concerns. Th is article lays 
focus on a selection of certifi cation schemes for sustainable 
bioenergy production and how these address the water issue. It 
gives an overview of checklists that include criteria and indica-
tors regarding water stress and/or pollution in order to identify 
sustainable - against non-sustainable - bioenergy production. 

Th is survey includes feedstock-related schemes such as the 
Roundtable on Sustainable Palm Oil (RSPO), the Roundtable 
on responsible Soy (RTRS), the Better Sugarcane Initiative 
(BSI); bioenergy-specifi c schemes such as Th e Roundtable 
on Sustainable Biofuel (RSB), the international Sustainability 
and Carbon Certifi cation (ISCC), the Green Gold Label 
(GGL); forestry related schemes such as the Sustainable 
Forestry  initiative (SFI) and the Forest Stewardship Council 

(FSC); agriculture related schemes such as the Sustainable 
Agriculture Network (SAN) Rainforest Alliance; and water-
related schemes such as the Alliance for Water Stewardship 
(AWS). Th is selection is not exhaustive, but encloses a number 
of rather prominent systems covering the large range of 
schemes suitable for  bioenergy crops. 

Th is overview does not claim to analyse the actual perform-
ance of the inquired systems. Most of the systems are just start-
ing operation and need to gain experience. Some established 
systems like SAN, GGL or FSC might represent excellent sub-
jects for investigating the eff ectiveness of certifi cation in terms of 
water confl icts. It is not within the scope of this article to investi-
gate this. However it is the objective to draw up the basic water-
related claims of the selected systems and to give an orientation. 

Existing certifi cation schemes addressing 
bioenergy and water stress/pollution

RSB – Roundtable on Sustainable Biofuels
Th e Roundtable on Sustainable Biofuels* is an international 
initiative that brings together a wide range of  stakeholders. 

How bioenergy related water 
impacts are considered 
by certifi cation schemes
The application of certifi cation schemes can be a way to manage water-related concerns 
on a project level. Many certifi cation schemes for sustainable bioenergy production have 
 identifi ed water as a core issue, and have developed related criteria and indicators. Ambitious 
schemes cover excessive water consumption, water scarcity and protection of water quality. 
Horst Fehrenbach evaluates a number of certifi cation systems and how far the water issue is cap-
tured by criteria and indicators. © 2011 Society of Chemical Industry and John Wiley & Sons, Ltd

View online at Wiley Online Library (wileyonlinelibrary.com); DOI: 10.1002/bbb.313
Biofuels, Bioprod. Bioref. 5:464–473 (2011)
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† This paper is adapted and condensed from a chapter in the United Nations Environment Program’s 2011 report, Zooming in on the Bioenergy and Water Nexus.
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Abstract: Bioenergy expansion can signifi cantly impact water resources in the region in which it occurs. 
Investment, policy, and resource management decisions related to bioenergy should therefore take this criti-
cal consideration into account. Water resource impacts can defy easy quantifi cation because water consump-
tion varies spatially and temporally, different water sources are not necessarily commensurable, and impact 
depends on the state of the resource base that is drawn upon. This perspective offers an assessment frame-
work that operators and policy-makers can use in evaluating projects to avoid or mitigate detrimental effects. 
We adapt water footprint (WF) and life cycle assessment (LCA) techniques to the bioenergy context, describing 
comprehensive life cycle inventory (LCI) approaches that account for blue and green water use as well as for pol-
lution effects, varying sources, coproduct allocation, and spatial heterogeneity. Impact assessment requires that 
characterization (weighting) factors be derived so that consumption values can be summed and compared across 
resources and locations. We recommend that characterization draw on metrics of water stress, accounting for 
environmental fl ow requirements, climatic variability, and non-linearity of water stress effects. Finally, we describe 
some location-specifi c impacts of concern that may not be revealed through common analytical approaches 
and may warrant closer consideration. © 2011 Society of Chemical Industry and John Wiley & Sons, Ltd

Keywords: biofuel; water; ethanol; water footprint; life cycle assessment; LCA

Introduction 

D
uring recent years, concerns about petroleum price 
volatility, energy security, and climate change have 
led many governments to institute policies promot-

ing bioenergy. Th e resulting expansion in biomass use for 
energy, and the attendant shift  in agriculture and forestry 

activity, has raised a number of environmental and social 
concerns, ranging from potentially increased greenhouse 
gas (GHG) emissions to labor rights abuses, deforestation, 
and reduced food security. Another important concern – 
one that has received little attention though it could be 
the ‘Achilles heel’ of bioenergy production1 – is the fact 
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Jatropha production 
on  wastelands in India: 
 opportunities and trade-offs 
for soil and water management 
at the watershed scale
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Abstract: Biofuel production from feedstocks grown on wastelands is considered a means of addressing concerns 
about climate change and improving energy security while at the same time providing an additional source of income 
for the land users. The establishment of biomass plantations on wastelands is likely to affect local livelihoods and 
can affect surrounding ecosystems by infl uencing hydrologic fl ows and processes such as erosion. We present an 
assessment of Jatropha plantation establishment on wastelands, using the ArcSWAT modeling tool. The assessment 
was made for a wasteland located in the Velchal watershed, Andhra Pradesh, India, which recently was converted to 
a biofuel plantation with Jatropha. The previous land use, in this case grazing, could continue in the Jatropha planta-
tions. Several desirable effects occurred as a result of the land-use conversion: non-productive soil evaporation was 
reduced as a larger share of the rainfall was channeled to productive plant transpiration and groundwater recharge, 
and at the same time a more stable (less erosive) runoff resulted in reduced soil erosion and improved downstream 
water conditions. A win-win situation between improved land productivity and soil carbon content was observed 
for the Jatropha plantations. On the other hand, the results indicate that at the sub-basin scale, reductions in runoff 
generation as a result of large-scale conversion of wastelands to Jatropha cropping may pose problems to down-
stream water users and ecosystems. From a livelihoods perspective, Jatropha production was generally positive, 
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Abstract: Promotion of energy from biomass for reducing greenhouse gas emissions has led to increased usage 
of freshwater, especially during the cultivation of biomass. This has raised concerns about the increase in water 
stress, particularly in countries that are already facing water shortages. Attempts are being made to characterize 
the effect of water demand induced inter alia by increased bioenergy usage. Also, alternatives are being developed 
to mitigate such impacts by improved management so that bioenergy can be benefi cially utilized. Future studies 
on bioenergy will need to take into consideration the water aspect so that the trade-offs between climate change 
mitigation and water stress are addressed. © 2011 Society of Chemical Industry and John Wiley & Sons, Ltd

Keywords: bioenergy; water; impacts; assessment

Introduction

F
reshwater is already scarce in some regions of the 
world and under the impact of population growth 
and climate change, the population at risk of water 

stress could increase substantially (water stress index at the 
watershed level is presented in Fig. 11). Estimates show that 
in 2005, about 35% of the world population lived in areas 
with chronic water shortage.2 Water shortages are already 
beginning to constrain economic growth in several places 
in the world, including California, China, Australia, and 
India.3 Th e Global Environmental Outlook estimates that by 
2025, two-thirds of the global population will be living in 
areas experiencing water stress, i.e. where periodic or lim-
ited water shortages can be expected.4 Agriculture accounts 

for about 70% of freshwater withdrawals from rivers, lakes, 
and aquifers – up to more than 90% in some developing 
countries.3

At the same time, a growing population and chang-
ing dietary trends, rapid urbanization and a fast-growing 
demand for most resources mean a sharply rising demand 
for forestry and agricultural products.5 A corresponding 
increase in the demand for biomass results in growing pres-
sure on forestry and agriculture to increase their production 
both through the adoption of more intensive and effi  cient 
practices, but also through expansion in the land used to 
produce biomass. Th e concerns over climate change and 
energy security import dependency have led to the situation 
where many countries promote the use of solid, liquid, and 
gaseous biofuels for heat and power as well as for transport. 

 © 2011 Society of Chemical Industry and John Wiley & Sons, Ltd  387
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The impact of biofuel  feedstock 
production on water resources: 
a developing  country perspective
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Abstract: Worldwide, the demand for energy has grown rapidly over the past decade, resulting in oil prices peak-
ing during 2008 and again in 2011. Utilizing the potential for the production of fuels from alternative sources has 
been a priority for many countries, particularly the developed countries of Europe and America. The production of 
ethanol and diesel from vegetable biomass and oils, (i.e. biofuels) has been promoted as an environmentally friendly 
alternative to oil-based fuels. However, many have warned against the rush to plant large areas of land for bioen-
ergy production, warning against, inter alia, potential consequences for loss of food production, questions about the 
sustainability of many initiatives and, very importantly, queries about the water use of bioenergy production, from the 
crop growth to the fi nal synthesis of the liquid fuel and the inputs required. Many analyses of biofuel feedstock pro-
duction potential are undertaken at macro levels, based on average conditions. However, the reality is that in many 
developing  countries, particularly those of Africa, consideration of biofuel production and its sustainability requires 
specifi c consideration of the high natural variability of climatic and other factors governing its production and impact.

In this paper, perspectives on the water resources aspects of large-scale biofuel feedstock production in 
 sub-Saharan Africa are provided and the approach taken by South Africa in this regard is described. © 2011 Society 
of Chemical Industry and John Wiley & Sons, Ltd

Keywords: bioenergy; biofuel; water resources; environmental fl ows; Africa

Introduction

I
mpetus for the large-scale production of biofuel has been 
growing, particularly in the United States of America 
(USA) and the European Union (EU) since the initiation 

of the Bioenergy Agreement in 1978 by the International 
Energy Agency (IEA).1 In parallel, and oft en in response to 

the demand created by the European Union and American 
markets, many bioenergy crop-based (oil-producing or crops 
of lignocellulose nature) projects have since been initiated in 
those countries, as well as in other, oft en developing, parts of 
the world where land is available and the climate is perceived 
to be favorable for their production. Brazil and countries in 
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Abstract: Bioenergy-related water use can intensify existing water stress, increasing the importance of sustainable 
management of water resources for sustainable bioenergy production and use. This paper presents a review of poli-
cies and instruments that can infl uence how bioenergy production affects water availability and use. It discusses 
policies and instruments of importance for water use for bioenergy production, considering both biomass production 
and the subsequent conversion to solid/liquid/gaseous fuels and electricity. Water policies on the biomass produc-
tion side should focus on ensuring effi cient water use. While environmental policy instruments, such as command-
and-control approaches, support maintaining specifi c water quantities and quality standards for biofuel production, 
market-based tools can help users identify least-cost options and increase effi ciency. For the energy conversion 
side, water quality is the key issue that needs to be addressed with adequate policy instruments, but water scarcity 
can also constrain biofuel industry growth. It is important that policies and instruments for water management on 
the biomass production and energy conversion side are coordinated to ensure that effi ciency is achieved along the 
entire production chain. Finally, the evaluation of water-use policies and instruments for bioenergy production should 
not only relate to their direct impacts on water use, but should also take into account overall impacts on the econ-
omy. This is of particular importance given the likely future large-scale expansion, the potentially large impacts on 
both water and land, and the potentially large benefi ts for rural economies of bioenergy expansion. © 2011 Society 
of Chemical Industry and John Wiley & Sons, Ltd

Keywords: sustainability; policy instruments; regulations; market-based tools; water; bioenergy
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Abstract: This perspective reviews water metrics for accounting total water demand to produce bioenergy at 
 various spatial scales. Volumes of water abstracted, consumed, and altered are estimated to assess water require-
ments of a bioenergy product, providing useful tools for water resource management and planning at local, 
regional, and global scale. Blue-water use accounting, integrated over time and space, provides the most direct 
measurements of the effects of bioenergy production on freshwater allocation among various end-users, and 
on human and ecosystem health and well-being. Measurement of total water demand for crop evapotranspira-
tion, which includes both blue and green water, communicates vital information of how land and water produc-
tivity supports/constrains bioenergy expansion, and helps identify potential areas to increase the productivity of 
agriculture through improved soil and water conservation, changes in crop choice, and improved crop manage-
ment. Life-cycle water use accounting provides a useful comparison of water required for production and conver-
sion of feedstock to various forms of energy, and opportunities to improve water use effi ciency throughout the 
supply chain. In addition, life-cycle water use may be used to account for water use avoided as a result of dis-
placement of products by coproducts of biofuel production; though these applications must be interpreted with 
caution. Local or regional conditions and the objective of the analysis at hand determine which water account-
ing metrics are most relevant and the relative importance of water use impact compared to other impacts, such 
as impacts to soil quality and biodiversity. © 2011 Society of Chemical Industry and John Wiley & Sons, Ltd

Keywords: water footprint; water use indicators; life-cycle analysis; sustainability; biofuels; bioenergy

Overview

Forest bioenergy feedstock
harvesting effects on water supply
Daniel G. Neary∗ and Karen A. Koestner

Water flowing from forested catchments, both unmanaged and managed, is highly
valued in terms of both quantity and quality. Increasing energy production using
wood feedstocks produces varying degrees of impacts and thereby raises con-
cerns about environmental impacts on the highly valued water supply resources
of forest ecosystems. The term water supply encompasses both key components
of water quantity and water quality. Water quantity considers the amount of in-
creases or decreases, timing, consistency, and relative magnitude of water yields.
Plant nutrients (anions and cations), fertilizers, herbicides, ash additions, tem-
perature, dissolved oxygen, pH, bacteria, and sediment comprise water quality.
Within the life cycle of forest bioenergy, operational activities during stand es-
tablishment, midrotation silviculture, harvesting, product transportation, wood
storage, energy production, and ash recycling create variable levels of impacts.
Disturbance levels associated with bioenergy operations depend on their type,
intensity, frequency, duration, timing, area of extent, and the level of best man-
agement practices (BMPs) employed for mitigating of soil disturbances. Feedstock
growing, stand tending, harvesting, and wood transportation are considered non-
point source disturbances since they occur over larger landscapes than energy
production activities, which are usually localized at power plants. Water-quantity
effects of forest bioenergy production are normally associated with vegetation
management and related soil disturbances. Water-quality effects mostly occur as
a result of soil disturbances during harvesting, the use of intra-rotation silvicul-
tural chemicals (ash, fertilizers, and herbicides), and inter-rotation site prepara-
tion for forest regeneration. Using existing practices designed for environmental
protection (BMPs), forest bioenergy programs are completely compatible with
maintaining high-quality water supplies in forested catchments. C⃝ 2012 John Wiley
& Sons, Ltd.

How to cite this article:
WIREs Energy Environ 2012. doi: 10.1002/wene.26

INTRODUCTION

I n 1990, most European countries began the pro-
cess of developing management guidelines and cri-

teria to ensure the conservation and sustainable man-
agement of forests.1 Criterion Five of the Helsinki
Process is to, ‘maintain and develop the role of
forests in water supply and protection against ero-
sion’. A parallel, but independent, effort was initiated
by Canada and joined by other countries with tem-
perate or boreal forests.2 Eight out of 67 indicators
selected in the Montreal Process and endorsed by the

∗Correspondence to: dneary@fs.fed.us
USDA Forest Service, Rocky Mountain Research Station, Flagstaff,
AZ, USA

DOI: 10.1002/wene.26

10 nations that drafted the Santiago Declaration in
1995 pertain to soil, watershed condition, and the
quantity and quality of water resources. Although the
Kyoto Protocol of 1997 did not directly address wa-
ter issues, most countries that were involved in draft-
ing the protocol now recognize that climate change is
having a major impact on water supplies worldwide.3

Thus, there is considerable sensitivity and concern as
to how mitigation responses to climate change, such
as the use of forest bioenergy, could potentially affect
already stressed water resources.

Wood has always been used by humans as an
energy source and once was the chief energy source
for much of the world, although used in a dispersed
manner.4 In the coal, gas, and oil energy period that
characterized the twentieth century, its consumption

Volume 00, Ju ly /August 2012 1c⃝ 2012 John Wi ley & Sons , L td .
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Crop coefficients of Jatropha
(Jatropha curcas) and Pongamia
(Pongamia pinnata) using water
balance approach
Kaushal K. Garg, Suhas P. Wani∗ and A.V.R. Kesava Rao

Jatropha and Pongamia are a potential source of biodiesel and grow in a wide range
of agroclimatic zones and soil conditions. Data and knowledge available on water
requirement of Jatropha and Pongamia are very scarce. Crop coefficients are impor-
tant parameters used for assessing water requirement and irrigation scheduling.
In the present study, crop coefficients of Jatropha and Pongamia were estimated
using water balance approach. Temporal data on soil moisture at different depths
in block plantations of Jatropha and Pongamia at International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT) farm, Patancheru in India, were
collected at 15 days interval between 2007 and 2010. Measured soil moisture data
were analyzed using one-dimensional water balance model. Results showed that
annual water requirement of Jatropha is 750 mm and of Pongamia is about 950 mm
in semi-arid tropics. Crop coefficients of Jatropha ranged from 0.10 to 0.95 and of
Pongamia from 0.30 to 1.10 depending on plant growth stage in different months.
ICRISAT received 820 mm of rainfall in a normal year (data between 2001 and
2010) during the monsoon, of which 52% (430 mm) contributed to evapotranspi-
ration (ET), 34% (280 mm) was stored in soil, and 14% (110 mm) was lost through
surface runoff. Stored soil moisture during monsoon season was subsequently
utilized by the Jatropha and 270 mm converted into ET during nonmonsoonal
period. Pongamia utilized stored soil moisture more effectively than Jatropha as it
could remove water from deeper soil layers even at high levels of soil moisture
suction. C⃝ 2013 John Wiley & Sons, Ltd.
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INTRODUCTION

F ood and energy security are becoming a major
issue both for developing and developed coun-

tries all over the world. Biofuels such as ethanol
and biodiesel are considered as one of the poten-
tial alternatives to reduce fossil fuel dependency,1,2

also to reduce greenhouse gas emission, and to se-
quester carbon.2–4 In recent years, governments of
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article.

International Crops Research Institute for the Semi Arid Tropics,
Patancheru, Andhra Pradesh, India

DOI: 10.1002/wene.88

many countries have targeted use of biofuel by blend-
ing it with conventional petroleum fuel and are pro-
moted for wide industrial adaptability.1,5 In contrary,
it is also hypothesized that biofuel production at
large scale may threaten the food security by com-
peting with food crops and thus affecting the food
supply and prices.6,7 On the other hand, produc-
tion of biodiesel from plants grown in degraded
lands offers opportunities to address the issues of
environmental protection and provide options for
improving rural livelihood especially in develop-
ing countries.3,8,9 Jatropha curcas (Jatropha) and
Pongamia pinnata (Pongamia) are identified as po-
tential biodiesel crops and may be grown in marginal
and degraded lands with a wide range of rainfall and
ecological conditions.4,10–12

301Volume 3, May/June 2014 C⃝ 2013 John Wi ley & Sons , L td .
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GBEP AG 6: Vision 

Good management of resources - benefiting from complementarity of 
different land use systems - can deliver food, materials and bioenergy AND 
improve the state of water.  



GBEP AG 6: Goal 

Identify and disseminate ways of integrating bioenergy systems into 
agriculture and forestry landscapes to improve sustainable management of 
water resources, including waste water. 



Call: Examples of Positive Bioenergy 
and Water Relationships  

•  Contributions from 11 countries across six continents  

•  Selected contributions presented at workshop in August 2015 

•  All contributions presented in report that was published in February 2016 

•  Selected contributions also published (or underway) in scientific journals 

Available at: 
www.globalbioenergy.org 



This event 

Presentation and discussion of selected examples of positive bioenergy and 
water relationships: 

•  Case studies on Positive Bioenergy and Water Relationships 
–  Ronald S. Zalesny Jr., USDA Forest Service 

–  Ioannis Dimitriou, Swedish University of Agriculture Sciences 

•  The experience of the Stockholm Environment Institute 
–  Louise Karlberg, Stockholm Environment Institute 

•  Interactive discussion 
–  Moderator: Uwe Fritsche, IEA Bioenergy 



More info about GBEP AG 6 

•  www.globalbioenergy.org/programmeofwork/working-group-on-capacity-building-
for-sustainable-bioenergy/activity-group-6/it/ 

•  Göran Berndes: goran.berndes@chalmers.se 

•  Uwe Fritsche: uf@iinas.org 

Participants at AG 6 workshop in Stockholm, August - 2015 


