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Abstract

Approaches to the Bioenergy Potential in 2050

Sara Hansson

There is an abundance of reports and articles on the extent of future 
bioenergy usage. Decision-makers might turn to bioenergy projections in 
hopes of making informed decisions for policies or investments. This 
report aims to highlight irregularities and differences regarding 
calculations and results in 15 global bioenergy projection studies for 
the year 2050, and to find underlying connections by applying a meta-
analysis with a methodological focus. Statistical distributions were 
made for the projected global bioenergy potentials. A growth rate study 
based on the projected global bioenergy potentials was made and used as 
a simple “reality check”. Regarding Sweden and the EU it was 
investigated whether decisions has been made based on estimated 
bioenergy potentials. The final aim was to make recommendations for 
bioenergy decision-makers and policy-makers.

There are many statistical distributions fitting the projections
for 2050. The distribution functions showed that with a 95 % confidence 
level, the bioenergy projections in 2050 is 151.3 EJ. The interquartile 
range of all studies included in this report for primary bioenergy in 
the year 2050 was shown to be 120-400 EJ, with minimum value of 30 EJ 
and maximum of 1600 EJ. A mere third of the projection values were in 
the vicinity of a linear or exponential trendline based on historical 
values. The historical annual average growth rate for bioenergy from 
1971 to 2011 was found to be 1.9 percent. A higher growth rate is 
required to achieve the larger quantities that are projected in most 
studies, the most extreme rate was 7.6 percent, which is far above the 
average.

The EU has adopted a biomass action plan partly based on bioenergy 
projections by the European Energy Agency in 2006. National and 
international energy projection reports influence Swedish politics, 
albeit not directly in propositions.

The difference between individual reports and articles projected 
bioenergy level in 2050 is significant. It is recommended to read more 
than one. Most forecasting models and estimates will likely perform 
poorly numerically, so it is recommended to look for underlying 
factors, connected longterm trends, or behavioral consequences.
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SAMMANFATTNING 
Klimatförändringar, energisäkerhet och en annalkande brist på fossila energikällor är allvarliga 
problem som bemöts av politiker, företag och andra beslutsfattare. Man hoppas på att kunna 
fatta informerade beslut, skapa riktlinjer angående energipolitiken eller göra investeringar som 
exempelvis säkrar energitillgången eller minskar utsläppen.  

Bioenergi är energi från biomassa, vilka kräver vatten, näring, gott om organiskt 
material (mull) i jorden och solljus för att kunna växa. I ett modernt jordbruk används fordon 
som generellt sett drivs med fossila bränslen och kemiskt framställda gödselmedel och bekämp-
ningsmedel. Bioenergi har väldigt länge använts för matlagning och uppvärmning på tradit-
ionellt vis genom förbränning av ved. Idag finns en uppsjö med tekniker för att tillgodogöra 
sig energi från biomassa. Till exempel är det brukligt att odla socker- och stärkelserika grödor 
som sockerrör, majs eller vete, samt oljeväxter som exempelvis raps och genom olika processer 
omvandla deras energiinnehåll till drivmedel. Man kan även utvinna drivmedel från lignocel-
lulosa, det vill säga material med ursprung från skogsbiomassa. Biomassa från skog används 
naturligtvis även till uppvärmning, både som ved eller pellets och briketter av olika slag. I 
större kraftvärmeverk omvandlas även biomassa till både fjärrvärme och elektricitet via för-
bränning.  

Bioenergi är ett energislag som möjligen kan innebära den största möjligheten att er-
sätta fossila energikällor (Speirs, et al., 2015) men det finns också osäkerheter över den framtida 
tillgången, framförallt om storskalig bioenergi verkligen kan anses hållbart och till vilken grad 
som den förtjänar subventioner och andra politiska incitament för att öka användningen. Det 
finns många rapporter och artiklar om hur stor den globala bioenergianvändningen kommer 
vara eller skulle kunna vara i framtiden. Potentialer och scenarier framställs av energiföretag, 
myndigheter, organisationer och i vetenskapliga artiklar. 

Detta examensarbete har som syfte att belysa 15 rapporters och artiklars beräknings-
metoder och granska de globala bioenergiprognoserna fram till år 2050 genom att hitta gemen-
samma nämnare och avvikelser. En metaanalys med metodologiskt fokus, statistiska fördel-
ningar och en undersökning av tillväxthastigheter genomfördes. Det studerades även om poli-
tiska beslut i EU och i Sverige har fattats med grund i bioenergiprognoser. Ett ytterligare mål 
med denna rapport var att göra rekommendationer till beslutfattare angående hur man bör 
närma sig bioenergiprognoser. 

Resultaten visade att företag ofta uppvisar en otydlig beräkningsmetod, och att de i 
hög grad förlitar sig på expertomdömen. De beskriver generellt sett inte hur de har gått tillväga. 
Vetenskapliga artiklar stödjer sig ofta på jordbruks- och skogsbruksdata samt använder mer 
avancerade beräkningsmodeller. Det var stor skillnad mellan stora organisationers eller myn-
digheters metodik. Bland dessa använder sig vissa av egna komplexa beräkningsmodeller me-
dan andra förlitar sig på expertbedömningar eller ett fåtal vetenskapliga artiklar. Det finns ett 
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flertal statistiska fördelningar som väl passade de samlade projektionerna för år 2050, exem-
pelvis log-logistisk, lognormal och Pearson 6. Givet ett 95 % konfidensintervall hamnade bio-
energiprojektionen för år 2050 på 151,3 EJ. 

Majoriteten av alla studier som analyserats yrkar som minst på en dryg fördubbling av 
dagens globala bioenergianvändning till år 2050. Dagens nivå ligger på 50 EJ (exajoule, 1018 
joule) i primär global bioenergitillförsel. De som hade högst uppskattade värden visar en ökning 
motsvarande 32 gånger dagens globala användning av bioenergi till år 2050, det vill säga 1600 
EJ. Vetenskapliga artiklar förutsåg de högsta nivåerna för bioenergi år 2050 men det beror 
framförallt på att de fokuserade på den tekniska potentialen samt de fysiska eller miljömässiga 
begränsningarna istället för den mest sannolika eller den ekonomiska potentialen. De mittersta 
hälften av de studerade bioenergiprognoserna hamnade mellan 120 och 400 EJ. Historiskt har 
den globala bioenergin växt med 1,9 procent och enbart en tredjedel av de studerade progno-
serna hamnade i närheten av en extrapolering av den historiska trenden. Den mest extrema 
tillväxttakten som dök upp var 7,6 procent.  

I EU-regionen har man implementerat en handlingsplan för biomassa, delvis baserat på 
bioenergipotentialer framtagna av EU:s energimyndighet. Svenska propositioner däremot stöd-
jer sig inte direkt på bioenergiprognoser från Energimyndigheten utan hänvisar snarare till 
internationella organ eller beställer särskilt underlag från Energimyndigheten. Det framkom 
dock att både svenska och internationella energiprognoser har viss vikt i svensk politik eftersom 
de behandlas och diskuteras av energi- och miljödepartementet eller regeringen.  

 Den främsta rekommendationen som kan ges till beslutfattare som närmar sig bioen-
ergiprognoser är att läsa mer än en rapport eftersom skillnaderna är stora. Rapporter med 
tydliga scenarier kan vara mer användbara då man undersöker konsekvenserna av olika hand-
lingar. Energiprognoser träffas sällan rätt numeriskt över långa tidsperioder. Det är även bra 
att vara medveten om att den historiska tillväxttrenden. Många höga potentialer förutsätter 
en hög tillväxttakt och för att åstadkomma detta måste troligen större investeringar än förut 
göras. Och inte att förglömma, en växt är en växt – det behövs vatten, jord, näring och ljus, 
oavsett vilka nya gener som tillförs eller vilken mark man väljer att använda. 
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EXECUTIVE SUMMARY 
This report aims to highlight the irregularities regarding calculations and results in bioen-

ergy projection studies. A meta-analysis with a methodological focus, statistical distributions 
and a growth rate study were performed. If and when decisions has been made based on esti-
mated bioenergy potentials was looked into, specifically for Sweden and the EU. The final aim 
was to make recommendations for bioenergy decision-makers and policy-makers. 
 
The interquartile range for global primary bioenergy use in the year 2050 of all studies 

cited in this report was 120-400 EJ. The minimum value was 30 EJ and maximum 1600 EJ. 
Current global primary bioenergy use is approximately 50 EJ. 
 
There are many statistical distributions fitting the projections for 2050. The choice of dis-
tribution function for the year 2050 projections data set is not crucial. They all show a clearly 
positive skew. The distribution functions showed that with a 95 % confidence level, the bioen-
ergy projections in 2050 is 151.3 EJ. 
 
The historical trend is bioenergy growth by 1.9 percent annually since 1971. A higher growth 
rate than the historical one is required to achieve the large quantities that are projected in 
most studies, the most extreme growth rate found was 7.6 percent. 
 
The EU has adopted a biomass action plan partly based on bioenergy projections by the 
European Energy Agency in 2006.  

 
National and international energy projection reports influence Swedish politics, albeit not 
directly in propositions. 
 
For decision-makers approaching bioenergy projections, it is recommended that more 

than one report is read; differences are significant. Most models and estimates will likely per-
form poorly numerically. Studies with distinct scenarios may be most helpful since they exam-
ine the consequences of behaviors and actions rather than attempting to forecast the least 
incorrect bioenergy potential.  
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ABBREVIATIONS 
There are many agencies, organizations, and companies which tend to go by their abbrevia-
tions, and also energy reports and calculation models are often shortened. A selection is gath-
ered here for reading support. 
 
BP British Petroleum, public limited company 
EC the European Commission 
EEA the European Environment Agency 
EIA the U.S. Energy Information Administration 
EJ energy unit, exajoule (1018 joule) 
EMEC Environmental Medium-term EConomic model (KI’s model) 
ETSAP the Energy Technology Systems Analysis Program (an IEA-collaboration) 
EU  the European Union 
FAO the Food and Agriculture Organization, an agency of the United Nations 
FAOSTAT Food and Agriculture Organization Corporate Statistical Database 
GEA Global Energy Assessment (IIASA’s report) 
IEA the International Energy Agency 
IEO  International Energy Outlook (the EIA’s energy report) 
IIASA  the International Institute for Applied Systems Analysis 
IPCC  the Intergovernmental Panel on Climate Change 
KI Konjunkturinstitutet (the Swedish National Institute of Economic Research) 
MARKAL Market Allocation model (energy systems model) 
Mtoe energy unit, millions of tons of oil equivalent (106 tons of oil equivalent) 
OECD the Organisation for Economic Co-operation and Development 
PBtu energy unit, peta-Btu (1015 British thermal units) 
SEA (here) the Swedish Energy Agency (Energimyndigheten) 
TIMES The Integrated MARKAL-EFOM System (energy systems model) 
TWh energy unit, terawatt-hour (1012 watt-hour) 
UN the United Nations 
UNDP the United Nations Development Programme 
WEA World Energy Assessment (the UNDP’s energy report) 
WEC  the World Energy Council 
WEO  World Energy Outlook (the IEA’s annual energy report)  
WEM World Energy Model (IEA:s model for the WEO) 
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1. INTRODUCTION 
Why investigate projected bioenergy potentials? 

In attempts to do something about energy and climate issues, can turning to energy predictions 
lead to unwanted or negative environmental and economic effects? Climate change, energy 
security, and oncoming shortages of fossil energy are all serious issues often addressed by pol-
iticians, business owners, and other decision-makers. Scenarios and predictions for how the 
global energy system might develop in the future are strongly influenced by estimations of the 
availability and recoverability of resources yet have a significant role in informing energy policy 
discourse (Speirs, et al., 2015). However, as these future global bioenergy estimates are often 
uncertain, incomparable, and debated (Speirs, et al., 2015), using energy supply or demand 
prediction reports for decision-making may be problematic.  

Bioenergy is an energy type which arguably may have the greatest potential to substi-
tute for oil (Speirs, et al., 2015). But there is also uncertainty over the future availability of 
bioenergy. The question is mainly whether large-scale deployment can be truly sustainable and 
to what amount policy support is justifiable (Speirs, et al., 2015). There is an abundance of 
reports and articles on the extent of future bioenergy usage. Possible and probable scenarios 
and potentials are presented by private enterprises, government agencies, non- or intergovern-
mental organizations, and researchers alike. The methodologies and bioenergy definitions differ, 
as there is not no single method or approach for assessments (Slade, et al., 2011). The level of 
methodological transparency in the reports’ approaches vary as well. Some analyze the under-
lying physical restraints whilst others rely on economic demand projections. Scientific articles 
producing future bioenergy potentials are usually made for the benefit of both the scientific 
community and the rest of society. Several reports (Shell, n.d.; IEA, 2015b; WEC, 2013) in-
cluding bioenergy potentials explicitly aim to aid decision-makers and policy-makers.  

Many reports have already looked critically at global bioenergy potential estimations 
from various sources (Berndes, et al., 2003; Speirs, et al., 2015; Chum, et al., 2011; Haberl, et 
al., 2010; Slade, et al., 2011). Slade (2012) even put forth that there is a viewpoint from 
scientists that it has been “done to death”, but stated at the same time that existing bioenergy 
assessments have failed to convince the sceptics and been called overoptimistic. Unlike most of 
these meta-analyses, this report includes a mixture of sources producing global bioenergy po-
tentials primarily for the year 2050: scientific articles, company reports, and large organizations. 
This study also delves into the past predictions of some prominent sources, as well as bioenergy 
potential reports on the national and EU-level and their connection to political decision-making. 
The use of energy reports, which include estimates on future bioenergy potentials does not 
seem to be out of fashion since many companies and organizations keep producing them annu-
ally for the benefit of decision-makers and policy-makers. Therefore, it is important to highlight 
results, differences, and connections between the various predictions.  
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1.1 Aim & limitations 
The main objectives of this report were to find out how and why the results of global bioenergy 
potential reports vary, and to problematize on their use as basis for decision-making. This 
study intended to raise some awareness on the problems with calculations and incomparability, 
and to discuss how to better approach bioenergy reports in decision-making. To achieve this, 
a full comparative analysis of 15 studies was undertaken (seven peer-reviewed papers, six re-
ports by large organizations, and two reports by companies) regarding definitions, methodology, 
calculations, and other factors relevant for producing an assessment of bioenergy potentials. 
Growth rate analysis was used to investigate the consistency of published bioenergy projections 
when compared with historical patterns using the framework earlier developed by Höök et al 
(2011). Finally, policy analysis was undertaken to examine previous bioenergy decisions and 
how to improve decision support material for future bioenergy policies. 
  
The aims of this report are: 

— To critically analyze differences in definitions used in published assessments of bio-
energy. 

— To categorize dissimilarities and issues concerning methodological approaches in bio-
energy potential assessments. 

— To highlight important irregularities and connections regarding calculations and re-
sults in global bioenergy potential projection articles and reports. 

— To perform a growth rate study based on the projected global bioenergy potentials 
and use it as a simple “reality check”. 

— To investigate if and when decisions has been made based on estimated bioenergy 
potentials, specifically in the EU and in Sweden. 

— To make recommendations on how to better approach bioenergy projections as a  
decision- or policy-maker. 
 

The limitations of this report are: 
— It considers reports or articles published between 2000 and 2015. 
— It does not include sources which only present potentials for one biomass source cate-

gory, e.g. agriculture. 
— It only includes reports or articles presenting a global bioenergy potential for the future, 

no sooner than the year 2030, except for the cases where bioenergy potentials for the 
EU and Sweden were investigated. 

 

1.2 General report outline 
Chapter 2 provides some background facts about bioenergy systems, the definitions of bioen-
ergy potentials, and what plants need to grow. Following this, the third chapter brings up 
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background on the scientific area of energy analysis and the different approaches to it. Chapter 
4 presents the methodology for this report and provides the structure for the results chapter.  

The fifth chapter contains the results including the growth rate study, global bioenergy 
projections separated by different parameters, and two sections on bioenergy decision-making 
in the EU and in Sweden respectively. Chapter 6 discusses the results from this report as well 
as forecast disclaimers, the point of large-scale bioenergy and complicated computation models, 
and finishes with a few suggestions for further research.  

The report ends with conclusions along with recommendations for decision-makers in 
chapter 7. Thereafter, references in chapter 8 and appendices I through IX. 
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2.  BIOENERGY BACKGROUND 
It is important to have an idea of what bioenergy is, where it comes from, and the current 
areas of disagreement to be able to examine projections on bioenergy use and the underlying 
statements, as well as this report. 

There is an inherent vagueness of the concept of energy (Giampietro, et al., 2013).  The 
ambiguity of the definition of energy is good to keep in mind while reading this report as well 
as predictive energy reports that aggregate and compare multiple energy sources. Many times 
the different energy forms have dissimilar qualities and cannot be substantively combined into 
one form (Giampietro, et al., 2013). The U.S. Energy Information Agency (EIA) define energy 
as the ability to do work, and name the different kinds of energy as heat (thermal), light 
(radiant), motion (kinetic), electrical, chemical, nuclear, and gravitational (EIA, 2015a). En-
ergy is indeed a comprehensive term or, as Giampietro et al (2013, p. 13) puts it, a “semantically 
open concept used by the human mind to study and explore the external world”.  

Bioenergy may also be defined quite broadly as energy produced from organic biological 
non-fossil material (Haberl, et al., 2010), although it is often shortened to energy from biomass 
resources. Biomass has been used for ages (Hoogwijk, et al., 2005). The traditional way of 
unlocking the stored bioenergy is to use the biomass as firewood for cooking and heating. 
Nowadays, it is still used for these purposes, as well as for transportation and power generation. 
For example, there are many modern technologies to create liquid biofuels from different crops, 
carry out several pre-treatments steps for a more effective incineration, and digest bio-materials 
and waste to make biogas. There are also technologies for co-firing with coal, making use of 
paper and pulp industry wastes, and combining heat and power production in a plant. Bioen-
ergy today utilizes crops such as sugar cane, corn, and poplar; material from forestry and 
agriculture including residues such as straw, manure, and logging residues; and other wet or 
dry wastes from urban sources (EESI, 2014). 

Apart from including a wide range of feedstocks, bioenergy is distinctive in several ways 
compared to other energy sources. Biomass resources are geographically dispersed in contrast 
to fossil energy sources, which are concentrated to basins in geologically suitable areas (Speirs, 
et al., 2015).  The production of biomass interacts with other land uses and potentially creates 
conflicts with food and wood production, water use, and biodiversity conservation (Speirs, et 
al., 2015).  

In total, the main uncertainties affecting the bioenergy estimations are: 
— physically: land and water availability;  
— technically: conversion efficiencies and logistics;  
— economically: the price of competing fuels and the expected profit relative to competing 

uses for land or biomass;  
— socio-politically: public acceptability and land access;  
— environmentally: biodiversity impacts (Speirs, et al., 2015).  
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Most commonly, the three first areas of concern are addressed whereas the socio-political and 
environmental or sustainability issues are left out. 

There are conflicts regarding bioenergy, such as the food-feed controversy (also named 
“food vs. fuel”). A short description of a few areas of conflict regarding bioenergy is presented 
in Appendix IX. 
 

2.1. Definitions of bioenergy potential 
How to define the future bioenergy potential depends on what one chooses to include in the 
concept. There are several ways to describe or define various classification methods. The ones 
used in this study are summarized here.  

Theoretical potential means to describe the amount of bioenergy that is only limited 
by fundamental physical and biological boundaries, but it may alter if the conditions alter, e.g. 
by climate change (Slade, et al., 2011). It may be calculated for example by assuming that all 
net primary productivity of biomass produced on the total surface of the earth not needed for 
food production could be available for bioenergy purposes (Speirs, et al., 2015). 

Technical/geographical potential is all that can be gathered from the theoretical poten-
tial, taking into account for instance ecological constraints, topographic constraints, and tech-
nological restraints, or alternatively, the proportion of the theoretical potential that is not 
limited by the land demand for purposes such as food and housing (Slade, et al., 2011). As 
some of the articles and reports refer to, the technical potential may change when technology 
advances or is assumed to advance. 

Economic potential is the technical potential that can be realized at commercial levels, 
possibly showed by a cost-supply curve of secondary biomass energy displaying the price of 
where supply meets demand (Hoogwijk, et al., 2005). In other words, it means all the biomass 
available up to a specific price, considering the price elasticity of energy market competitors 
(Slade, et al., 2011). Naturally, as economic circumstances may alter drastically from time to 
time, the economic potential can greatly vary too. 

 Realistic/implementable potential includes all bioenergy available without bringing 
about unacceptable negative social, environmental, or economic impacts, and taking into ac-
count technology and market development constraints (Slade, et al., 2011). It can be assessed 
by applying biomass recoverability or accessibility factors, but deciding the appropriate factor 
is often a matter of expert judgment (Slade, et al., 2011). It is typically used in predictive 
reports aiming to forecast a probable bioenergy level. 

Sustainable potential is similar to both technical and economic potential but has more 
focus – more demands – on social and environmental sustainability, and often less economic 
criteria. It can be defined as the part of the technical bioenergy potential that can be developed 
in an economically viable way so that general principles of sustainable development are fulfilled, 
these can include e.g. reducing global warming and conserving ecology, soil, and water (BEE, 
2008).  Of course, depending on the definition of sustainability, it can either decrease (e.g. 
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through more area dedicated to conservation and less from bioenergy use) or increase the 
biomass potential (e.g. to replace fossil fuels) (BEE, 2008). 
 
 

 
Figure 1: Schematic view of bioenergy potential definitions and their relative sizes. Sustainable 
potentials depend entirely on how severe the environmental limits are considered to be. 

Depending on what type of potential you are looking for, there may be very large differences. 
IEA Bioenergy (2007) has listed current use, technical potential, and theoretical potential for 
some energy sources based on figures by the WEA (2000). Bioenergy was shown to have 50 EJ 
in current use, 200-400 (or more) EJ in technical potential, and 2,900 EJ in theoretical potential 
(IEA Bioenergy, 2007). 

 

2.2 Plant growth and biomass production 
Plant growth requires access to water, nutrients, and light energy (Johansson & Liljequist, 
2009). Plants convert sunlight into chemical energy by transforming the atmospheric carbon 
dioxide, water, and minerals into oxygen and energy-rich carbohydrates such as sugar in the 
process called photosynthesis (Lambers, 2015). The primary nutrients that a plant requires are 
nitrogen, which is mainly absorbed from the air, phosphorus and potassium, which are together 
with minor quantities of other essential nutrients produced through the weathering of rocks 
(Johansson & Liljequist, 2009). The level of soil organic matter, the humus content, is however 
what distinguishes fertile land from infertile land (Johansson & Liljequist, 2009). A high con-
tent of organic matter in the soil ensures good conditions for water uptake, for microorganisms 
to fix nitrogen and to break down old plant matter to make new nutrients available, and to 
keep nutrients from eroding or washing away (Johansson & Liljequist, 2009). Humus content 
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may itself be carried away by wind and water erosion so it is important that organic matter is 
replenished to provide for continued growth. 

Production of biomass generally follows a procedure of planting, growing, harvesting, 
pre-treatment or upgrading, and finally conversion. Some bioenergy feedstocks are grown on 
agricultural land, such as food crops (e.g. corn) and dedicated energy crops (e.g. willow). Now-
adays, the majority of global agricultural production is produced using heavy machinery, made 
from metals which are finite resources produced through energy demanding and carbon emit-
ting processes (Norgate, et al., 2007). The machinery is mainly driven by fossil fuel (Johansson 
& Liljequist, 2009). Chemical fertilizers, produced with natural (fossil) gas and phosphate rock, 
chemical pesticides, and irrigation are also applied in agricultural production (Johansson & 
Liljequist, 2009). All of these factors are meant to guarantee as high yields as possible and an 
efficient harvesting and production system but typically consist of finite resources.  
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3.  ENERGY ANALYSIS BACKGROUND 
The ambiguity of the energy concept has led to the development of the unstipulated interdis-
ciplinary scientific field often referred to as “energy analysis” (Giampietro, et al., 2013). It is a 
term that is often used to describe a broad set of methodological approaches that are applied 
to different problems in various scientific disciplines such as geology, economics, and agriculture 
(Giampietro, et al., 2013). It may be used to estimate the future consumption of energy and 
the subsequent consequences and required policy needs, which are the main issues of this report. 
An awareness of the different methodologies behind bioenergy potentials is important because 
the aggregation and comparison of bioenergy resources is complicated at the very root. 

 

3.1. Energy analysis approaches and known issues 
There are many methodologies to assess bioenergy availability. There are contrasting outcomes 
depending on which method of analysis that is applied and advocates of different types of 
analysis often claim their method is the most appropriate (Nilsson, 1997). There is, for example,  
energy return on investment (EROI), a net energy analysis to the study of energy quality 
(Giampietro, et al., 2013), calculated as joules1 of extracted fuel divided by joules of energy 
required to locate, extract, and refine that fuel. There are also methods expressing the amount 
of solar equivalent energy that has been needed to form 1 g (or J) of the product (e.g. emergy 
analysis). 

The EROI index can refer to inputs and outputs of different kinds of energy carriers 
(such as thermal and mechanical energy), both gross and net energy supply (primary and 
secondary energy), and it only measures energy flows under human control (Giampietro, et al., 
2013). The latter means that certain energy flows, non-manmade, are regarded as “free”. Only 
because of this, may the EROI ratio become greater than 1 (Giampietro, et al., 2013). It is a 
contentious matter whether or not it is relevant to include the costs or production factors of 
energy sources that do not require human effort to produce.  

Most reports in this study does not use net energy analysis, at least not plainly. It is 
common to only present the output energy. Ulgiati (2001) used net energy analysis and found 
that particularly biofuels were not yet a viable alternative. The results were reached using 
economic analysis, energy analysis, as well as emergy analysis. The net energy production was 
so low that it was uneconomic in nearly all cases. Biomass production, as described before, is 
supported by fossil fuels in the form of chemicals, foods and vehicle fuel. Even if a part of the 
biofuel is fed back to the process to reduce fossil fuel inputs, the demand for land, water, 
fertilizers, and labor would amplify accordingly to reach the same output (Ulgiati, 2001). For 

                                        
1 Joule, symbol J, is a derived unit of energy, work or amount of heat in the International System of 

Units (Bureau International des Poids et Mesures, 2006) 
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these reasons, it is wise to be skeptical if bioenergy projection reports do not include any 
descriptions of the energy inputs. 

There are top-down models and bottom-up computer models for calculating bioenergy 
projections. The top-down models focus on the interaction between the energy system and the 
economic system and provides a consistent description of the economy as a whole (Söderholm, 
et al., 2010). The bottom-up models focus on the very detailed modeling the energy systems 
regarding production technologies often to find the technologies which provides energy at the 
lowest cost (Söderholm, et al., 2010). There are mainly three kinds of top-down models: mac-
roeconomic models, neoclassical growth models and computable general equilibrium models 
(CGE models) (Söderholm, et al., 2010). There is a wide range of bottom-up models. If the 
model is integrated, it handles both economic and energy systems modeling. 

There are three familiar problems in energy analysis, some which have been touched 
upon already: the summing of apples and oranges, to add items using a single category of 
equivalence despite being differentiated by several traits; the truncation problem, what should 
be seen as included in the inputs and outputs; and the scale of representation, a conscious 
choice of which categories that are needed to represent the energy transformations and flows 
(Giampietro & Mayumi, 2009).  

To add primary energy sources with energy carriers is also to add apples and oranges. 
Oranges can be simpler to measure, so an orange has to be turned into an apple. This is done 
by using conversion factors, usually based on a selected average, e.g. a representative thermal 
heating plant, to turn secondary energy sources into equivalent primary ones. This is very 
common in quantitative analysis. It is also an issue when aggregating energy on a national 
basis, something which is common in reports and articles that deal with energy forecasting on 
an international or global scale (Giampietro, et al., 2013). There may be large differences 
depending on what factor is chosen. British Petroleum (BP), for example, uses an average 38.5 
percent efficiency for thermal generation of electricity in the OECD countries, which is what 
is applied to bioenergy calculations. This equals an input/output factor of 2.6/1. The Interna-
tional Energy Agency (IEA) generally have three factors for electricity: 3/1 for nuclear elec-
tricity, 2.6/1 for electricity from thermal energy, and 1/1 for hydroelectricity (Giampietro, et 
al., 2013). 

One must be weary not only of the differences in if and how apples and oranges are 
added, but also of that the transformation from an orange to an apple differ based on assump-
tions. In the end, if everything has been summed up as apples, they may not even be apples of 
the same variety.  
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4. METHODOLOGY 
This study applied a comparative meta-analysis with a methodological focus to reports and 
articles producing projections for bioenergy. 15 sources with bioenergy projections were chosen. 
The reports and articles used in the main analyses will be listed below; the reports used in the 
in-depth sections can be found listed in Appendix II: Reference list for the plot series. 
Selection criteria for scientific articles: 

— The online scientific article databases Science Direct and Wiley Online Library were 
used, with search terms “global primary bioenergy potential 2050” and “global primary 
biomass energy potential 2050”.  

— They presented a global primary bioenergy potential for the year 2050, specifically.  

— They were one of the top 25 search results. 
 

Selection criteria for the large organizations or agencies producing energy projections: 
— The selected reports were referred to in investigated scientific articles (e.g. for data, 

computer models or used in comparisons) and appeared as a result using the search 
engine Google with search terms “global primary energy scenarios”, “global bioenergy 
potential future” or “global energy future”. 

— In the Google search, the source could either be found on the first or the second page 
in order to consider popular and influential reports. 

— Their latest available report was considered, except for the in-depth studies where older 
reports were also used. 

 
Selection criteria for companies producing energy projections: 

— The selected reports appeared as a result using the search engine Google with search 
terms “global primary energy scenarios” or “global energy future”. 

— In the Google search the source could either be found on the first or the second page in 
order to consider popular and influential reports. 

— Their latest available report was considered, except for the in-depth studies were older 
reports also were used. 

 
Selection criteria for Sweden and the EU: 

— The report needed to be produced by the Swedish Energy Agency or the European 
Energy Agency respectively. 

— The latest available report was considered. 

— For the in-depth section on Sweden, old reports and short-term reports with projections 
before 2030 were also investigated. 
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Table 1: List of the main references of selected reports and articles. 

Beringer et al., 
2011 

Beringer, T., Lucht, W. & Schaphoff, S., 2011. Bioenergy production potential of global biomass plantations 
under environmental and agricultural constraints. Global Change Biology - Bioenergy, Volume 3, pp. 299-
312. 

Dornburg et al., 
2010 

Dornburg, V. et al., 2010. Bioenergy revisited: Key factors in global potentials of bioenergy. Energy and Envi-
ronment Science, Volume 3, pp. 258-267. 

Fischer & Schrat-
tenholzer, 2001 

Fischer, G. & Schrattenholzer, L., 2001. Global bioenergy potentials through 2050. Biomass and Bioenergy, 
Volume 20, pp. 151-159 

Haberl et al., 2010 Haberl, H. et al., 2010. The global technical potential of bio-energy in 2050 considering sustainability con-
straints. Current Opinion in Environmental Sustainability, Volume 2, pp. 394-403. 

Hoogwijk et al., 
2003 

Hoogwijk, M. et al., 2003. Exploration of the ranges of the global potential. Biomass and Bioenergy, Volume 
25, pp. 119-133. 

Hoogwijk et al., 
2005 

Hoogwijk, M. et al., 2005. Potential of biomass energy out to 2100, for four IPCC SRES land-use scenarios. Bi-
omass and Bioenergy, Volume 29, pp. 225-257. 

Smeets et al., 2007 Smeets, E. M. W., Faaij, A. P. C., Lewandowski, I. M. & Turkenburg, W. C., 2007. A bottom-up assessment and 
review of global bio-energy potentials to 2050. Progress in Energy and Combustion Science, Volume 33, pp. 
56-106 

EIA, 2013 EIA, 2013. International Energy Outlook 2013: With Projections to 2040, Washington: U.S. Energy Administra-
tion. 

IPCC, 2011 Chum, H. et al., 2011. Chapter 2. Bioenergy. In: O. Edenhofer, et al. eds. IPCC Special Report on Renewable 
Energy Sources and Climate Change Mitigation. Cambridge, UK, & New York, NY, USA: Cambridge University 
Press, pp. 209-332. 

IEA, 2014 IEA, 2014a. World Energy Outlook 2014, Paris: OECD/IEA. 
IEA Bioenergy, 2007 IEA Bioenergy, 2007. Potential Contribution of Bioenergy to the World's Future Energy Demand. Exco: 

2007:02, Rotorua: International Energy Agency Bioenergy Secretariat. 
IIASA, 2012 GEA, 2012. Global Energy Assessment – Toward a Sustainable Future, Cambridge, UK, and New York, NY, 

USA: Cambridge University Press and Laxenburg, Austria: the International Institute for Applied Systems 
Analysis. 

WEC, 2013 WEC, 2013. World Energy Scenarios: Composing energy futures to 2050, London: World Energy Council. 
BP, 2014 BP, 2014a. BP Energy Outlook 2035, London: BP. 
Shell, 2013 Shell, 2013. New Lens Scenario: A shift in perspective for a world in transition, The Hague, The Netherlands: 

Shell International BV. 
Historical data (IEA, 
2013) 

 IEA, 2013b. Energy Balances of Non-OECD Countries, Paris: OECD/IEA. 

EEA, 2006. EEA, 2006. How much bioenergy can Europe produce without harming the environment? - EEA Report No 
7/2006, Copenhagen: European Environment Agency. 

Energimyndig-
heten, 2014 

Energimyndigheten, 2014b. Scenarier över Sveriges energisystem: 2014 års långsiktiga scenarier, ett un-
derlag till klimatrapporteringen, Stockholm: Statens energimyndighet. ER 2014:19. 
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The following parameters were studied: 
— Current, past, and projected bioenergy levels. 

— Methodology. The general procedure for producing bioenergy projections which the ar-
ticle or report has applied. In-depth studies of methodology has been done by others 
(e.g. Slade, et al., 2011; Berndes, et al., 2003). 

— What is included in the projected potential: sources of bioenergy, primary bioenergy, 
traditional bioenergy, commercial bioenergy. The inclusion of traditional bioenergy re-
fers mainly to whether or not the amount of firewood used for heating and cooking 
purposes in developing countries has been approximated. It is most often mentioned as 
traditional bioenergy, traditional biomass, or non-commercial bioenergy. Commercial 
bioenergy is typically described as commercial traded bioenergy or biomass, or market-
able bioenergy. 

— The time frame. 

 

The growth rates of future global energy systems is difficult to predict accurately, but it is 
possible to find reasonable rates based on historical experience (Höök, et al., 2012). It is unre-
alistic to expect that future energy system growth patterns will differ greatly from the past, 
and this is why extremely high growth rates on large scales should be seen as rather dubious 
and in need of a comprehensive explanation (Höök, et al., 2012). The annual and total growth 
rate for the reports and articles as well as the historical trend was calculated and analyzed. 
The total expected percentage growth compared to latest presented value and the average 
yearly growth rate was calculated for all sources according to equation 1 and 2 below.  

 
𝑇𝑜𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑔𝑟𝑜𝑤𝑡ℎ = 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒−𝑙𝑎𝑡𝑒𝑠𝑡 𝑘𝑛𝑜𝑤𝑛 𝑣𝑎𝑙𝑢𝑒

𝑙𝑎𝑡𝑒𝑠𝑡 𝑘𝑛𝑜𝑤𝑛 𝑣𝑎𝑙𝑢𝑒             (1) 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 =  ( 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒
𝑙𝑎𝑡𝑒𝑠𝑡 𝑘𝑛𝑜𝑤𝑛 𝑣𝑎𝑙𝑢𝑒)

1
𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑−1            (2) 

 
 
In order to see how the projections were distributed, which level that occurs most frequently, 
a number of functions were analyzed. Distribution fitting program Easyfit was used to produce 
statistical distributions and histograms for the year 2050 projections. Both cumulative distri-
bution functions and probability density functions were fitted. Cumulative distribution func-
tions describe the probability that the function will take a value less than or equal to the 
variable x (PennState Eberly College of Science, 2016a). Probability density functions describes 
the probability of a random variable to fall within a particular range of values using the area 
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under the function (Penn State Eberly College of Science, 2016b). The total area under the 
function is always equal to 1. The following functions were used: 

- Burr 
- Dagum 
- Fatigue Life 
- Inv. Gaussian 
- Log-gamma 
- Log-logistic 
- Lognormal 
- Pearson 6 
- Gen. Logistic 
- Log-Pearson 3 

 
Some hypotheses were tested to investigate what determines the magnitude of the projected 
bioenergy level and to find possible underlying connections. The following parameters consti-
tute the bases of these hypotheses, referred to as “separation parameters” in this report: 

— Explorative, normative, or predictive approach. The sources were classified according 
to definitions by Söderholm et al. (2010, pp. 10-11). Predictive reports attempt to map 
the most probable future given what is known about current trends and policy instru-
ments.  Explorative ones tend to describe a number of conceivable futures of different 
probabilities, based on changing certain parameters. Normative reports often do back-
casting where the starting point is a desirable future and then a prediction is made of 
how the energy system must change in order to reach it. It is not uncommon for reports 
to have a mixture of these approaches. This report will classify the main approaches 
and rank which is the most prevalent. See Figure 2 for a schematic view of these ap-
proaches. 

 

Figure 2: Schematic view of different report approaches. 

— The type of study origin. Is there a difference between the projections of scientific 
articles, large organizations/agencies, and companies? 

— The type of bioenergy potential. Technical, economic, et cetera, as was described in 
chapter 2.1. 
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— Modeling focus. It was classified whether the report’s calculation focused on the demand 
(market) side, the resource (biophysical) side, or had a combination of both. Some say 
that modeling focus is the clearest distinction between estimates of potential (Berndes, 
et al., 2003; Slade, et al., 2011). Demand-focused studies produce assessments that con-
centrate on market factors and analyze the competitiveness of bioenergy to find a prob-
able level, often without identifying what bioenergy sources are used (Berndes, et al., 
2003). The options are characterized by the technology performance and costs for cer-
tain types of biomass. Resource-focused studies produce estimations that direct the 
attention to the total bioenergy resource base and rather the competition between dif-
ferent uses of that resource than competition with other energy sources (Berndes, et al., 
2003). It often involves assessments of land availability, combined for example with 
yield assumptions and residue availability. Some studies combine demand- and re-
source-focus, i.e. there is an integrated analysis of the interaction between demand and 
supply, and this is often achieved through complex modeling. 

— The degree of transparency in methodology, calculations, models, and assumptions. 
Criteria: 

o Low transparency: No explanation of the methodology, assumptions, or calcu-
lations. Basically presents only the final bioenergy potential. 

o Quite low transparency: There are notes on the approaches or assumptions but 
no or little explanation of the methodology or calculations. 

o Medium transparency: Not very clear on the methodology, parts of it may 
have been described in detail. The most important assumptions or uncertain-
ties have been listed. 

o Relatively high transparency: Easy-to-follow descriptions of the methodology 
and models. Most calculations and assumptions are presented. 

o High transparency: Detailed and easy-to-follow descriptions of methodology, 
calculations, models, and assumptions. The limitations, definitions, and system 
boundaries are clear. In some cases, it is possible to have access to the models 
and/or the data. 

— Expectations on whether agricultural land will be abandoned or not. Some studies (e.g. 
Smeets, et al., 2007) rely – at times heavily – on assumptions regarding the efficiency 
of agricultural production for bioenergy forecasting. They may foresee an agricultural 
efficiency progress to the extent where parts of current production land will be aban-
doned. This could enable energy crops to be planted on arable land. 
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— Report or article co-authorship by André Faaij and/or Monique Hoogwijk. The two 
names frequently occurred in the report and article studies and was deemed as an 
interesting lead to follow.  

o André Faaij is appointed Professor in Energy System Analysis at the Coper-
nicus Institute (Faculty of Science), Utrecht University, and holds a Ph.D. on 
energy production from biomass and waste (Faaij, 2015). He advises govern-
ments, the EC, the IEA, the OECD, the energy sector & industry, non-gov-
ernmental organizations and so on (Faaij, 2015). 

o Monique Hoogwijk, is currently the program manager of “Utrechtse Energie!” 
at the Municipality of Utrecht, Netherlands, and holds a Ph.D. on the regional 
and global potential of renewable energy from the Utrecht University 
(Hoogwijk, 2015).  

— The main references and sources of data were studied. It was investigated whether or 
not the IEA had been referred to for data or comparison. 

— The length of the report. More or less than 100 pages was the dividing line. The corre-
lation was analyzed between number of pages and projected bioenergy levels using the 
Pearson product-moment correlation coefficient. The function for this coefficient is as 
follows (for arrays X and Y): 

𝜌 = ∑(𝑥−�̅�)(𝑦−�̅�)
√(∑ 𝑥−�̅�)2 ∑(𝑦−�̅�)2, where �̅� 𝑎𝑛𝑑 �̅� 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑟𝑟𝑎𝑦 𝑋 𝑎𝑛𝑑 𝑌 

 

For all separation parameters above, F- and T-tests were performed. Normal distribution was 
approximated to simplify calculations. T-tests can be done assuming equal or non-equal vari-
ances, therefore an F-test was first used. The aim of the F-test is to see if the variances of two 
populations are equal. For the F-test the null hypothesis H0 was defined as: 

𝐻0:      𝜎1
2 = 𝜎2

2 
Where 𝜎1

2 is the variation of the first population and 𝜎2
2 is the variance of the second popula-

tion. The alternative hypothesis Ha was defined as: 
𝐻𝑎:     𝜎1

2 > 𝜎2
2 

This makes the F-test in this case, an upper one-tailed test. The F-test is as follows: 

𝐹 =
𝜎1

2

𝜎2
2 

Sometimes the F-test uses sample variances but this is for extremely large populations (Navidi, 
2006) and for this study there are 26 data points for the year 2050, therefore true variances 
are used. The null hypothesis is rejected if F is larger than the upper critical value of the one-
tailed F-distribution (Nist Sematech, 2012): 

𝐹 > 𝐹𝛼,𝑁1−1,𝑁2−1 
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Where 𝛼 is the significance level and is set to 0.05 in all the tests for this report, giving the 
tests a 95 % confidence interval. The 𝛼-level is the probability of rejecting the null hypothesis 
when it is true (Paret, 2012). N1-1 and N2-1 are the degrees of freedom. The critical values are 
found in statistics tables. 

A two-tailed T-test for two samples (Snedecor & Cochran, 1989) assuming either equal vari-
ances or unequal variances was performed thereafter depending on the result of the F-test. The 
null hypothesis H0 was now defined as: 

𝐻0:   �̅� = �̅� 
Where �̅� is the mean value of the first population and �̅� is the mean value of the second, i.e. 
the null hypothesis was that there is no difference between the two populations’ mean values. 
The alternative hypothesis was defined as the opposite: 

𝐻𝑎:     �̅� ≠ �̅� 
The T-test is as follows for equal variances: 

𝑇 =
�̅� − �̅�

√(𝑁1 − 1)𝜎1
2 + (𝑁2 − 1)𝜎2

2

𝑁1 + 𝑁2 − 2 ∙ √ 1
𝑁1

+ 1
𝑁2

 

Where 𝜎1
2 and 𝜎2

2are the variances of the populations and N1, N2 the degrees of freedom. The 
null hypothesis was rejected if absolute value of T was larger than the critical value of T-
distribution: 

|𝑇| > 𝑇1−𝛼
2,𝑁1+𝑁2−2 

 
Where 𝛼 is the significance level (0.05). The T-test was performed analogously for when as-
suming unequal variances albeit the formulas became more complicated, e.g. to calculate the 
degrees of freedom. 
 
For the policy analysis, it was investigated if and when policy decisions were made based on 
estimated bioenergy potentials; two cases were specifically looked into: 

— The EU; to find decisions or policies regarding bioenergy at the European Union level 
based on bioenergy projections, and to describe the origin and methodology of those 
bioenergy projections. The European Energy Agency was studied explicitly. The Euro-
pean Union (EU) is a source of many policies, reports, and supranational legislation. 
There are several documents on the topic of biomass at the European Commission’s 
(2015) website. 

— Sweden; to see which decisions or policies regarding bioenergy at the Swedish national 
level has been based on bioenergy projections, and to describe the origin and method-
ology of those bioenergy projections. The connections between Swedish and interna-
tional bioenergy projections and Swedish politics was also studied. The Swedish Energy 
Agency, its energy prognoses and their methodology from 2008 to 2014 was studied as 
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well as the propositions made by the Ministry for the Environment and Energy during 
2012 til April 2015, and the purpose of the newly launched Swedish Energy Commission. 
Only the reference case projections from the long term prognoses were used. 

 

The most commonly found unit in the articles and reports is EJ, exajoule, and is also the 
primary unit in this report. Any other unit was converted to it. The online IEA unit converter 
(IEA, 2015a) was used for this purpose. The following unit conversion factors were applied 
where relevant: 

1 TWh = 0.0036 EJ 
1 Mtoe = 0.04187 EJ 
1 PBtu = 1.05506 EJ 

 

 
Figure 3: An example of a line diagram displaying energy projection scenarios, the figure 2.1 in 

the World Energy Outlook 2014 (IEA, 2014a, p. 55). 

The grand part of the results is presented in box-and-whiskers plots; for an explanation on how 
to interpret these, please see Appendix I. Projections are also presented line diagram without 
errors bars, where each line is a separate scenario. The uncertainty of the projectionsis inher-
ently embedded in the assumptions, so error bars are not displayed. This is an energy projec-
tions plot type used by many scientific and corporate authors in the field (EIA, 2013a; Höök, 
et al., 2012; Hoogwijk, et al., 2005; IEA Bioenergy, 2007; IEA, 2014a; WEC, 2013; Chum, et 
al., 2011; Berndes, et al., 2003), see Figure 3 as an example. The other common way to present 
energy projections, which is not done in this report, is by bar charts where each bar is a 
separate scenario and there are no error bars (Berndes, et al., 2003; EEA, 2006; IEA, 2014a; 
Dornburg, et al., 2010; EIA, 2013a; Slade, et al., 2011; Shell, 2013; WEC, 2013). 
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This thesis report, along with most studied reports, equals “biomass potential” with 
“primary bioenergy potential”, i.e. the inherent biomass energy before any conversions have 
been made. Secondary bioenergy is regarded as biomass energy after some conversion, enhance-
ment or treatment. Any kind of bioenergy presented in the studied reports or articles are 
treated equally for the purpose of this comparative analysis. The number as summarized and 
presented in the plots without conversions. This is part of this study, but it is commented on 
where it has been deemed necessary.  

A note on definitions: at certain points in the report the word “biofuels” is used, and 
this refers to liquid biomass products used for transportation means. All kinds of fuels from 
biomass will simply be called bioenergy. 
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5.  RESULTS 
The results chapter first presents methodology and projected bioenergy potential parameters 
in the reports and articles. Thereafter, plots of the majority of the reports and articles are 
shown, and then the calculated growth rates and statistical distributions are presented. This 
is followed by separations of the reports and articles, as well as two combinations, based on 
the hypotheses parameters described in the methodology chapter. The sections on the EU and 
Sweden are subsequently presented. In Appendix II, the references structured for all the plot 
series in the results chapter is provided. In Appendices IV, V, and VI, tables of characteristics 
and data of the different studies are gathered. In Appendix VII, the data for all box-and-
whiskers plots can be found, i.e. the exact numbers for each box and the connected whiskers. 

As it is very common for bioenergy projections reports and articles to include both a 
lower and a higher estimation, these are included in figure 4-18.  

 

5.1. The methodology of the reports and articles 
Table 2 shows the summarized methods for each paper. The methodology for producing bio-
energy potentials differs greatly between studies. The least complex approach relies on expert 
assessments (e.g. IPCC, 2011) and the most complex approach involves the use of integrated 
models (e.g. IEA, 2014). 
 

Table 2: The summarized bioenergy potential derivation methods. 

Large organizations 
or agencies 

IPCC, 2011 Expert review of available literature 

 
WEC, 2013 

MARKAL, the global multiregional version, a  
bottom-up model, 60 experts 

 
IEA, 2014 

World Energy Model, partial equilibrium model, six sub-
modules, an integrated model 

 IEA Bioenergy, 2007 Refers to three scientific articles 
 

IIASA, 2012 
Literature review, expert assessment, statistics, some own 
calculations, possibly some modeling 

 EIA, 2013 WEPS+ model, an integrated model, several modules 

Companies Shell, 2013 Unclear calculations, expert assessment  
 BP, 2014 Some analytical tools, expert assessment 

Scientific articles  Fischer &  
 Schrattenholzer, 2001 

IIASA integrated model, it is a general equilibrium model 

 Hoogwijk et al., 2003 Partly IMAGE, an integrated model 
 Hoogwijk et al., 2005 IMAGE, an integrated model 
 

Smeets et al., 2007 
Quickscan model, a bottom-up Excel model for bioenergy, 
and literature review 

 Dornburg et al., 2010 Literature review, some own modeling 
 Haberl et al., 2010 Literature review, some own calculations 
 Beringer et al., 2011 LPJmL a crop yield model, further calculations 
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5.2. Projected bioenergy potential parameters and the time frame 
Table 3 presents a few characteristics for the investigated reports and papers. It can be noted 
that the Swedish Energy Agency was the only one to present a resulting mixture of primary 
and secondary bioenergy. All the documents included commercial use of biomass (e.g. ethanol, 
pellets). There were some that did not include so called traditional use of biomass which occurs 
mainly in developing countries: the American EIA, British Petroleum, and the Swedish and 
European (EU-25) reports. Both the EIA and BP focus only on marketable energy sources. 

The encompassed time frame is also presented in Table 3. All were found to have 
different time frames yet most stretch till 2050.  

 
Table 3: Projected bioenergy potential parameters and the time frame of the reports and articles. 

 Primary bioenergy 
presented 

Commercial 
bioenergy 

Traditional 
bioenergy 

Time 
frame    

SWEDEN: Energimyndigheten, 2014 Both primary & sec-
ondary mixed. 

X  1990-2030 

EU-25: EEA, 2006 X X  2003-2030 

IPCC, 2011 X X X 2011-2050 

WEC, 2013 X X X 2010-2050 

IEA, 2014 X X X 1990-2040 

IEA Bioenergy, 2007 X X X 2007-2050 

IIASA, 2012 X X X 2005-2050 

EIA, 2013 X X  2009-2040 

Shell, 2013 X X X 1960-2060 

BP, 2014 X X  1990-2035 

Fischer & Schrattenholzer, 2001 X X X 1990-2050 

Hoogwijk et al., 2003 X X X 2003-2050 

Hoogwijk et al., 2005 X X X 2005-2100 

Smeets et al., 2007 X X X 1998-2050 

Dornburg et al., 2010 X X X 2010-2050 

Haberl et al., 2010 X X X 2000-2050 

Beringer et al., 2011 X X X 2000-2050 
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5.3. Plots of the majority of the reports and articles 
The regional data from the EU (reported in EEA) and Sweden (reported by the Swedish energy 
agency) were excluded. Also the data from EIA and BP were excluded because they aggregate 
all commercial renewables, not only bioenergy.  

Figure 4 shows that for 2050 the median is at 270 EJ, the mean value is at 360 EJ and 
that 50 percent of the potentials are between 120 and 400 EJ. Total global primary energy 
demand is circa 500 EJ and global primary bioenergy demand is about 50 EJ currently (IEA, 
2014a). For an explanation of how to read a box-and whiskers plot like the one in Figure 4, 
see appendix I. 
 

 
Figure 4: Plot over the investigated articles and reports, excluding the EEA, the Swedish En-

ergy Agency, the EIA, and BP. 

Figure 5 shows the great span of projected bioenergy levels in 2050 as well as the comparison 
to current primary energy and primary bioenergy demand. The figure is not meant to be read 
in detail; its main purpose is to illustrate the large spread in projections as well as give a sense 
of how high some projections are compared to current levels. There are notably some extremely 
high values: 1576 EJ (Smeets et al., 2007), 1135 EJ (Hoogwijk et al., 2003), 1100 EJ (IEA 
Bioenergy, 2007), 657 EJ (Hoogwijk et al., 2005), and 500 EJ (Dornburg et al., 2010). These 
values are all the higher limit or optimistic scenario in each study respectively. 
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Figure 5: Plot over the investigated articles and reports, excluding the EEA
, the Sw

edish Energy A
gency, the EIA

, and B
P.
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5.4. Growth rates and the historical trend 
Table 4 shows what the projected levels imply for the growth in total percentage and the 
annual average. The growth is calculated for their individual time frames. One can see that 
historically global primary bioenergy use has approximately doubled over a period of 40 years 
with an average annual growth rate of 1.9 percent. This result is confirmed by Höök et al, 2012. 
Historical data is provided by the IEA (2013a). There is a large variance in the expected growth 
including an extreme value with a total growth of 3400 percent  (Smeets et al., 2007) compared 
to the last, by them, identified level of bioenergy use. The lowest projected annual growth rates 
is -0.66 percent (Hoogwijk et al., 2003, pessimistic case). The highest projected annual growth 
rate is +7.6 percent (IEA Bioenergy, 2007, optimistic case) which translates to a doubling of 
bioenergy use every decade.  

All historical experience of global energy system growth rates shows that decades-long 
sustained annual growth rates never exceeded a few percent (Höök, et al., 2012). The seemingly 
most extreme case is oil growth with a +7 percent annual growth rate lasting a century (Höök, 
et al., 2012). 
 

Table 4: Projected total growth and average annual growth rate for all documents, including a 
comparison to the historical global trend.  

 
Projected total percentage in-
crease compared to latest 
known value 

Projected average annual 
growth rate since latest 
known value 

SWEDEN: Energimyndigheten, 2014 22 % 1.1 % 

EU-25: EEA, 2006 250-350 % 4.7 - 5.7 % 
Historical global trend (IEA, 2013) 110 % (1971-2011) 1.9 % 
IPCC, 2011 100-300% 1.7 - 4.4 % 
WEC, 2013 44-69 % 0.97 - 1.3 % 
IEA, 2014 44 % 1.3 % 
IEA Bioenergy, 2007 (-11)-2340 % (340-790 %) (-0.37) - 7.6 % 
IIASA, 2012 250-490 % 2.8 - 4.0 % 
EIA, 2013 114 % all renewables 2.7 % all renewables 
Shell, 2013 46-108 % 0.92 - 1.8 % 

BP, 2014 
300 % all renewables, 
93 % biofuels only 

6.4 % all renewables,  
3.0 % biofuels only 

Fischer & Schrattenholzer, 2001 700-880 % 3.5 - 3.9 % 
Hoogwijk et al., 2003 (-27)-2420 % (-0.66) - 7.1 % 
Hoogwijk et al., 2005 590-1360 % 3.8 - 5.3 % 
Smeets et al., 2007 680-3400 % 4.3 - 7.5 % 
Dornburg et al., 2010 300-900 % 3.5 - 5.9 % 
Haberl et al., 2010 220-440 % 3.0 - 4.3 % 
Beringer et al., 2011 160-440 % 2.5 - 4.4. % 

 
Figure 6 displays a linear extrapolation of the historical global primary bioenergy use data. 
The projection trends most parallel to the extrapolation are also shown. They are from four 
large organizations: IEA (2014), WEC (2013, both scenarios), IPCC (2011, lower limit), and 
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IEA Bioenergy (2007, pessimistic scenario); the company Shell (2013, both scenarios); and 
three scientific articles: Hoogwijk et al. (2003, lower limit), Haberl et al. (2010, lower limit), 
Beringer et al. (2011, lower limit). The linear extrapolation shows a bioenergy level of 80 EJ 
in 2050. The goodness-of-fit (R2) value is 0.9854, i.e. the data is very close to the fitted line. 
 

 
Figure 6: Linear extrapolation of the historical global primary bioenergy use data along with 

the neighboring projections. 

 
 

Figure 7: Exponential extrapolation of the historical global primary bioenergy use data along with the 
neighboring projections.  
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The exponential extrapolation of the historical data in Figure 7 shows a future global primary 
bioenergy level of 110 EJ in 2050. The projection trends most parallel to the extrapolation are 
also shown. The goodness-of-fit (R2) value of the fitted trendline is 0.9957. The extrapolated 
annual growth is 1.82 percent. 
 

5.5. Statistical distributions 
Table 5 shows the calculated statistical parameters for the 2050 projections (some of which 
were already revealed in chapter 5.3) and the data for the histograms. Figure 8 and Figure 9 
shows the statistical distributions. There is a clearly positive skew, it is not a normal distribu-
tion (also called bell curve).  
 
Table 5: Descriptive statistics parameters for all the year 2050 projections used for the statis-
tical distributions and histograms. 

Parameters  Unit   Slot Frequency 
Mean value 360,8 EJ   100 5 
Standard error 73,5 EJ   200 7 
Median value 270 EJ   300 4 
Typical value 270 EJ   400 4 
Standard deviation 374,6 EJ   500 2 
Variance 140300    600 0 
Kurtosis 4,097    700 1 
Skewness 2,057    800 0 
Variation range 1543 EJ   900 0 
Minimum 33 EJ   1000 0 
Maximum 1576 EJ   1100 1 
Sum 9381 EJ   1200 1 
Sample number 26    1300 0 
Confidence level (95.0%) 151,3 EJ   1400 0 
     1500 0 
     1600 1 
     Other 0 
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Figure 8: Probability density functions and histogram
 for the year 2050 projections. 
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Figure 9: C
um

ulative distributions functions for the year 2050 projections. 
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5.6. Separation parameters 
5.6.1. Projection approach 

The majority of the global primary bioenergy projections for 2050 are produced with an ex-
plorative approach, see Table 6. The category “Mainly explorative” in Figure 10 includes reports 
or articles with an explorative approach as their only or most dominant approach. The category 
“Mainly predictive” includes the ones with a predictive approach as their only or most dominant 
approach. No report or article was found to have a completely normative approach. The inter-
quartile range for mainly explorative reports or articles is 110-390 EJ, with a mean value of 
370 EJ, well above the median value of 235 EJ. The interquartile range for mainly predictive 
reports or articles is 170-390 EJ, with a mean value of 340 EJ and a median value of 285 EJ.  

 
Table 6: The projection approach of the reports and articles. 

 

Approach 
(first approach is  
most dominant) 

IPCC, 2011 Predictive/Explorative 

WEC, 2013 Explorative 

IEA, 2014 Predictive/Normative 

IEA Bioenergy, 2007 Predictive/Explorative 

IIASA, 2012 Predictive 

EIA, 2013 Predictive 

Shell, 2013 Explorative 

BP, 2014 Predictive 
Fischer & Schratten- 
holzer, 2001 Predictive 

Hoogwijk et al., 2003 Explorative 

Hoogwijk et al., 2005 Explorative 

Smeets et al., 2007 Explorative 

Dornburg et al., 2010 Explorative/Predictive 

Haberl et al., 2010 Explorative 

Beringer et al., 2011 Explorative 

 
 
The F-test showed that the null hypothesis, i.e. that the variances are equal, could not be re-
jected. The T-test assuming equal variances showed that the null hypothesis, i.e. that the 
mean values of the categories are equal, could not be rejected. This means that one cannot 
statistically see a difference in the separated categories based on mean value. See Appendix X 
for the F- and T-test values and p. 23 for F- and T-test methodology.  
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Figure 10: Plot of the 2050-projections separated 
by type of study origin. 
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5.6.2. Study origin 
Figure 11 has the bioenergy projections for 2050 divided by company, large organizations or 
agencies, and scientific articles. It shows that the greatest variance is for scientific articles. 
They hold both the extremes of 33 EJ and 1600 EJ along with an interquartile range of ap-
proximately 220-500 EJ. Organizations and agencies have a smaller span of circa 100-300 EJ. 
Shell is the only company with projected numbers for 2050. Shell has produced two future 
scenarios with a bioenergy demand of between 80 and 115 EJ in 2050. Table 2 (p. 27) shows 
which report and article belongs to which category. BP has not projected until 2050.  
 

 
Figure 11: Plot of the 2050-projections separated by type of study origin. 

 
The F-test showed that the null hypothesis could not be rejected for large organizations com-
pared to scientific articles or compared to corporations. However, the F-test for scientific ar-
ticles compared to corporations showed that the null hypothesis could be rejected. The T-test 
showed that the null hypothesis could not be rejected for large organizations compared to sci-
entific articles or corporations. It could however be rejected for scientific articles compared to 
corporations.  

This means that one can only statistically see a difference in the separated categories based 
on mean value for scientific articles compared to corporations. See Appendix X for the F- 
and T-test values.  
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5.6.3. Type of bioenergy potential 
Only three definitions needed to be applied: technical potential, realistic potential, and sus-
tainable potential, see Figure 12.  More than half of the reports were looking to project a 
technical potential (see Table 7). The interquartile range for technical potential is between 190 
and 500 EJ, with a high mean value of 470 EJ. WEC (2013) and Shell (2013) were the only 
ones with bioenergy projections for 2050 who projected the realistic potential. IEA, EIA, and 
BP were also defined as aiming to project realistic potentials but does not project until 2050. 
The quartile boundaries for the realistic potential is 92-110 EJ with a mean and median value 
of circa 100 EJ. The sustainable potential has an interquartile range of 170-270 EJ as well as 
mean and median values around 250 EJ. Only Beringer et al. (2011), Dornburg et al. (2010), 
and Haberl et al. (2010) produced a sustainable potential. 
 

Table 7: The type of bioenergy potential in the reports and articles. 

 
Type of bio- 

energy potential 

IPCC, 2011 Technical 

WEC, 2013 Realistic 

IEA, 2014 Realistic 

IEA Bioenergy, 2007 Technical 

IIASA, 2012 Technical 

EIA, 2013 Realistic 

Shell, 2013 Realistic 

BP, 2014 Realistic 
Fischer & Schratten- 
holzer, 2001 

Technical 

Hoogwijk et al., 2003 Technical 

Hoogwijk et al., 2005 Technical 

Smeets et al., 2007 Technical 

Dornburg et al., 2010 Sustainable 

Haberl et al., 2010 Sustainable 

Beringer et al., 2011 Sustainable 

 
 

The F-test showed that the null hypothesis, i.e. that the variances are equal, could be rejected 
for any category compared to the other. The T-test showed that the null hypothesis, i.e. that 
the mean values of the categories are equal, could not be rejected for technical compared to 
sustainable potential but that it could be rejected for realistic potential compared to either 
technical or sustainable. See Appendix X for the F- and T-test values. 
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Figure 12: Plot of the 2050-projections separated by type 
of potential. 
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5.6.4. Modeling focus 
The majority of the studies are resource-focused, Shell (2013) is the only demand-focused in 
Figure 13 with bioenergy projections until 2050, having an interquartile range of about 90-105 
EJ. WEC (2013) and the IIASA (2012) are the only reports with a combined focus with 2050-
numbers, see Table 8. The interquartile range for a combined focus is 110-190 EJ. The inter-
quartile range for resource-focused studies is 190-460 EJ, with a mean value of 420 EJ to be 
compared with the median value of 310 EJ. 

 
Table 8: The modeling focus in the reports and articles. 

 Resource-
focused 

Demand-
focused 

IPCC, 2011 X  

WEC, 2013 X X 

IEA, 2014 (X) X 
IEA Bioenergy, 2007 X  

IIASA, 2012 X X 

EIA, 2013  X 

Shell, 2013  X 

BP, 2014  X 
Fischer & Schrat-
tenholzer, 2001 

X  

Hoogwijk et al., 2003 X  

Hoogwijk et al., 2005 X  

Smeets et al., 2007 X  

Dornburg et al., 2010 X  

Haberl et al., 2010 X  

Beringer et al., 2011 X  

   

 
 
The F-test showed that the null hypothesis could be rejected for resource-focused compared 
to “both” and to demand-focused; it could not be rejected for demand-focused compared to 
“both”. The T-test also showed that the null hypothesis could be rejected for resource-focused 
compared to “both” and to demand-focused and that it could not be rejected for demand-fo-
cused compared to “both”. See Appendix X for the F- and T-test values, and p. 23 for F- and 
T-test methodology. 
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Figure 13: Plot of the 2050-projections separated by  
modeling focus. 
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5.6.5. Transparency degree 
Table 9 shows that scientific articles mainly were rated as relatively high or high, companies 
as low or quite low, and the large organizations’ reports as everything from quite low to high. 
The majority of all the studies, however, were rated as high or relatively high. 

The interquartile span of all transparencies are around 100-400 EJ in Figure 14. The 
third quartile, for all the transparencies is around 350-390 EJ. The studies with low transpar-
ency (IEA Bioenergy, 2007; Shell, 2013) show the widest span and lowest potentials.  
 

Table 9: The methodological transparency in the reports and articles. 

 
Level of methodology 

transparency 

IPCC, 2011 Medium 

WEC, 2013 Relatively high 

IEA, 2014 High 

IEA Bioenergy, 2007 Quite low 

IIASA, 2012 High 

EIA, 2013 High 

Shell, 2013 Low 

BP, 2014 Quite low 
Fischer & Schratten- 
holzer, 2001 

High 

Hoogwijk et al., 2003 High 

Hoogwijk et al., 2005 High 

Smeets et al., 2007 High 

Dornburg et al., 2010 Medium 

Haberl et al., 2010 Relatively high 

Beringer et al., 2011 High 

 
 
 
The F-test showed that the null hypothesis, i.e. that the variances are equal, could not be re-
jected for any category compared to the other. The T-test null hypothesis, i.e. that the mean 
values of the categories are equal, also could not be rejected in any instance. See Appendix X 
for the F- and T-test values. 
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Figure 14: Plot of the 2050-projections separated by level of 
transparency in the study’s methodology and modeling. 
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5.6.6. Expectations on the abandoned of agricultural land 
Figure 15 shows the studies divided by their expectations on abandoned cultural land. Approx-
imately half of them are assuming abandoned land and the other half are not, see Table 10. 
The studies expecting agricultural area to be available has an interquartile box of 220-490 EJ 
for primary bioenergy, compared with the studies not expecting land to be available for energy 
crops with values from 110-270 EJ.  

 
Table 10: The expectations on the future abandonment and availability of agricultural land. 

 

Expecting aban-
doned agricultural 

land 

IPCC, 2011 Yes 

WEC, 2013 No 

IEA, 2014 No 

IEA Bioenergy, 2007 No 

IIASA, 2012 No 

EIA, 2013 No 

Shell, 2013 No 

BP, 2014 No 
Fischer & Schratten- 
holzer, 2001 Yes 

Hoogwijk et al., 2003 Yes 

Hoogwijk et al., 2005 Yes 

Smeets et al., 2007 Yes 

Dornburg et al., 2010 Yes 

Haberl et al., 2010 Yes 

Beringer et al., 2011 No 

 
 

 
The F-test showed that the null hypothesis, i.e. that the variances are equal, could not be re-
jected. The T-test null hypothesis, assuming equal variances, also could not be rejected.  This 
means that one cannot statistically see a difference in the separated categories based on mean 
value. See Appendix X for the F- and T-test values.  
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Figure 15: Plot of the 2050-projections separated by ex-
pectations of future abandoned agricultural land. 
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5.6.7. Co-authorship by Faaij and/or Hoogwijk 
Approximately half of the studies have either Hoogwijk or Faaij as co-authors, Table 11, but 
as mentioned before, IEA, EIA, and BP do not have bioenergy potentials for the year 2050. 
There is therefore a majority that has Faaij and/or Hoogwijk as co-author in Figure 16. The 
interquartile range of the bioenergy projections with Hoogwijk/Faaij is within the span 170-
475 EJ. Those that were not co-written by them has a span of approximately 110-300 EJ.  
 

Table 11: Co-authorship by Monique Hoogwijk and/or André Faaij in the report or article. 

 
Hoogwijk/ 

Faaij? 

IPCC, 2011 Yes  

WEC, 2013 No 

IEA, 2014 No 
IEA Bioenergy, 2007 Yes 

IIASA, 2012 Yes 

EIA, 2013 No 

Shell, 2013 No 

BP, 2014 No 
Fischer & Schrattenholzer, 
2001 No 

Hoogwijk et al., 2003 Yes 

Hoogwijk et al., 2005 Yes 

Smeets et al., 2007 Yes 

Dornburg et al., 2010 Yes 

Haberl et al., 2010 Yes 

Beringer et al., 2011 No 

 
 
 
The F-test showed that the null hypothesis could be rejected. The T-test null hypothesis, 
assuming unequal variances, could however not be rejected. See Appendix X for the F- and T-
test values and p. 23 for F- and T-test methodology. 
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Figure 16: Plot of the 2050-projections separated by whether 
Faaij, A. and/or Hoogwijk, M. has co-authored the document. 
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5.6.8. Main data sources 
Related to source of authorship is source of data. The most common references or data sources 
for the investigated papers are IEA, EIA, IPCC, and FAOSTAT, the latter is especially true 
for scientific articles. See Appendix VI for more information on the different paper’s references. 
In principal, large organizations or agencies and companies referred to other large organizations 
or each other, and scientific articles used FAOSTAT as a basis for modeling. Almost all of the 
studies had referred to IEA for data, comparison, or the current global primary bioenergy use. 
For more information on the IEA and its World Energy Outlook as well as a plot over their 
previous bioenergy projections, see Appendix IX. 
 

5.6.9. Report length 
Figure 18 shows the data divided by the amount of pages written, specifically whether the 
study has resulted in more than or less than 100 pages. IEA (2014) and EIA (2013) have reports 
over 700 and 300 pages respectively, yet as before do not have projections for the year 2050. 
The remaining long reports belong to IPCC (2011), WEC (2013), and IIASA (2012), the latter 
remarkably publishing a report of 1884 pages. The shorter papers primarily consists of the 
scientific articles, but also includes company reports and the IEA Bioenergy (2007) report, see 
Table 12 for detailed information. 

The long reports show an interquartile range consisting of bioenergy projections be-
tween 100 and 240 EJ; the short ones between 150 and 460 EJ. There is approximately 250 EJ 
difference between the two mean values and 150 EJ difference between the two median values, 
with the shorter papers presenting the larger 2050-potentials.  

The correlation between number of pages and projected bioenergy level in 2050 was 
calculated to -0.147, which is a weak negative correlation. See Figure 17.

 

Figure 17: Scatter plot showing projected bioenergy for the year 2050 plotted over number of 
pages in the report/article. 
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Table 12: Number of pages in the report or article. 

 
No. of 
pages 

IPCC, 2011 124 

WEC, 2013 288 

IEA, 2014 748 
IEA Bioenergy, 2007 12 

IIASA, 2012 1884 

EIA, 2013 312 

Shell, 2013 49 

BP, 2014 96 
Fischer & Schrattenholzer, 
2001 9 

Hoogwijk et al., 2003 14 

Hoogwijk et al., 2005 32 

Smeets et al., 2007 50 

Dornburg et al., 2010 9 

Haberl et al., 2010 9 

Beringer et al., 2011 13 

 
 

 

The F-test showed that the null hypothesis could be rejected. The T-test null hypothesis, 
assuming unequal variances, could also be rejected. This means that one can statistically see a 
difference in the separated categories based on mean value. See Appendix X for the F- and T-
test values. 

The results of the F- and T-tests for the separation parameters should be taken with a 
grain of salt. There are overall few data and in certain categories, only one or two reports/ar-
ticles. Normally these statistical tests are applied to independent data but here there are several 
articles that have the same co-authors. As chapter 5.5 showed the data is not distributed 
normally but positively skewed; this also affects the reliability of the tests (Markowski & 
Markowski, 1990). The T-test is quite robust even when the underlying distributions are not 
normal, but the sample size should be sufficiently large (usually over 25 or 30) (Zaiontz, 2014).  

 

5.7. Bioenergy decision-making in the EU  
The European Union has a Biomass Action Plan (COM(2005) 628, final). It was produced 
because biomass is considered the largest renewable energy source in absolute terms and is 
foreseen to continue supplying the majority of the primary renewable energy in the future in 
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Figure 18: Plot of the 2050-projections separated by the num-
ber of pages in the document. 
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the EU (COM(2009) 192, final). The action plan highlights the need for policy coordination 
and provides 33 actions for improving demand and supply of biomass, to overcome technical 
barriers, and to develop research (COM(2009) 192, final; COM(2005) 628, final). This plan is 
still active today, which is shown in the COM(2009)192, which also addresses the implemen-
tation of the action plan. 

The Biomass Action Plan (COM(2005) 628, final) was made through “extensive consul-
tations”, e.g. public consultation campaigns, and meetings with stakeholders, member-state 
representatives, and biomass experts. In the action plan, future EU biomass production poten-
tials are presented and the projections data source is a report by the European Energy Agency 
(EEA).The report was made in 2006 and studies how much bioenergy the EU-252 countries 
could produce without causing environmental damage (EEA, 2006), i.e. the European sustain-
able bioenergy potential. The report was produced with a methodology that is resource-focused 
rather than demand-focused yet only includes commercial bioenergy. The report is highly trans-
parent in relation to its methodology. All assumptions are located in its appendices, albeit the 
computation models could have been explain more thoroughly. The method is to first formulate 
a number of environmental criteria for different sectors (agriculture and forestry), then use 
model-based estimations or spatial data to assess land availability, and then finally determine 
crop type and yield. For the waste sector, the assumptions were regarding population growth 
and waste management practices. It is not co-authored by Hoogwijk or Faaij and the main 
references are EU-sources, such as their own reports and EC material. 

                                        
2 EU-25 was made up of Austria, Belgium, Germany, Denmark, Spain, Finland, France, Greece, 

Ireland, Italy, Luxembourg, Netherlands, Portugal, Sweden, United Kingdom, Czech Republic, Cyprus, 
Estonia, Hungary, Lithuania, Latvia, Malta, Poland, Slovenia, and Slovakia. Now, there are three more 
countries in the EU: Bulgaria, Romania, and Croatia. 
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Figure 19: EEA:s bioenergy projections for the EU-25 countries. The 2003-number is from the 
Biomass Action Plan (COM(2005) 628, final). 

Figure 19 shows the EEA’s bioenergy projections. In 2030, they foresee a commercial bioenergy 
level of 10-13 EJ, compared to 3 EJ in 2003. This is a 250-350 percent total increase or an 
annual average growth of between 4.7 and 5.7 percent. The EEA (2006) expects agricultural 
land to be abandoned in the future and foresee that the largest potential for bioenergy lies in 
planting energy crops on that land. For Sweden specifically, a slight increase is projected over 
the coming years, from 0.49 EJ in 2010 to 0.57 EJ in 2030 (EEA, 2006). 

 

5.8. Bioenergy decision-making and politics in Sweden 
Sweden is a well-forested country with a large forestry industry. This makes forest-originating 
bioenergy the most apt source for substantial increases in bioenergy deployment (Lundmark, 
et al., 2015). Already today about 90 percent of the bioenergy used in Sweden comes from the 
forestry sector; other sources are e.g. municipal solid wastes, peat (arguably a part of renewable 
bioenergy), and a small part is from crops (Energimyndigheten, 2013a). 
 

5.8.1. Swedish Energy Agency - Energimyndigheten 
5.8.1.1 Short-term prognosis 

The short-term prognosis is produced by the SEA on assignment from the government 
and is used mainly by the financial department to calculate tax revenue for spring and autumn 
budgets (Energimyndigheten, 2013b). The report generally contains an assessment of the cur-
rent Swedish energy system and an estimation of its progress for the coming three years. Apart 
from the government, municipalities and environmental organizations, especially within 
transport, are frequent readers of the short-term prognosis (Meijer, A., 2015, e-mail comm., 31 
March).  
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It is stated that it is a consequence analysis of assumptions and conditions, and despite 
its name not an actual prognosis. The methodology is similar to that of the long-term prognosis, 
which will be addressed below, in the sense that it is the results of modeling partly with an 
economic model, and economic assumptions such as fuel prices. The short-term prognosis is, 
however, based on different statistical sources and different modeling base years than the long-
term, so fuel prices and other preconditions may differ. 

 

 
Figure 20: The Swedish Energy Agency’s short-term prognoses on bioenergy supply in Sweden, 

as well as historical data from SCB (2015). 

Figure 20 shows the SEA’s short-term prognoses for bioenergy supply and some historical data. 
It can be observed that bioenergy has been increasing from 0.4 EJ in 2008 to just below 0.5 EJ 
in 2012. The forecasts for bioenergy from reports produced in the last few years have been 
quite stable around 0.5 EJ, although a somewhat upwards trend may be discerned. 

 
5.8.1.2 Long-term prognosis 

The long-term prognosis is first and foremost a basis for the Swedish emissions  
report as a part of the climate report sent regularly to the European Commission 
(Energimyndigheten, 2013b). The report has from 2014 been renamed to Scenarios for Sweden’s 
energy system as it is, much like the short-term prognosis, a consequence analysis rather than 
a downright prognosis. 
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Figure 21: The Swedish Energy Agency’s long-term prognoses on bioenergy supply in Sweden, 

as well as historical data and a linear trendline based on the historical data. 

Figure 21 shows the SEA’s long-term prognoses. The historical data is included as well as a 
linear trendline based on the historical data. The trendline suggests a bioenergy level of just 
above 0.8 EJ in 2050. It can be observed that the bioenergy use is increasing yet not drastically. 
The latest long-term report “Scenarier över Sveriges energisystem” expects an average annual 
growth rate of 1.1 percent until 2030. 

The production of the long-term prognosis is rather long and complicated. The reports 
were rated as having medium transparency as it is quite hard to understand the actual method, 
even after e-mailing employees at the SEA. See Appendix III for a description of their meth-
odology and the results of an external examination of their methodology as well as a current 
project on linking macroeconomic models to an energy systems model. 
 

One explicit proof that the SEA reports are used and read by politicians comes from 
the party leader debate prior to the Swedish elections in September 2014. The Center Party 
leader attempted to hand over the SEA 2012 long-term prognosis to the Social Democrat leader, 
now the Prime Minister, implying that he should educate himself on the energy situation and 
current predictions (TV4-gruppen, 2014). He replied that he had read it many times. 
 
 
5.8.2. Ministry for the Environment and Energy – Miljö- och energide-

partementet 
The Ministry for the Environment and Energy is in charge of, for example, policies regarding 
chemicals, the climate, and sustainable development. 

y = 0,0096x - 18,905
R² = 0,9605

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1970 1980 1990 2000 2010 2020 2030 2040 2050 2060

[E
J]

[Year]

Long-term 2008

Long-term 2010

Long-term 2012

Scenarier över Sveriges
energisystem, 2014
Historical data, SCB, 2015

Linear (Historical data,
SCB, 2015)



Uppsala University 
Master Thesis in Energy Systems Engineering, 1FA392 

Sara Hansson, 2017-01-15 
 

49 

 

 
5.8.2.1 Propositions 

There are few propositions concerning bioenergy made by the Ministry for the Environment 
and Energy between 2012 and April 2015, and none that refer to the SEA’s long-term (or 
short-term) prognosis. There are two propositions involving bioenergy that mention the SEA 
or international reports which can be brought up:  

— The proposition to annul the law on quota obligation for biofuels. It refers to a calcu-
lation by the SEA, not a prognosis, to judge whether annulling the law would adversely 
affect Sweden’s ability to reach the target of ten percent biofuels in 2020 
(Näringsdepartementet, 2013). It was found not to affect the target as the amount of 
biofuels was already at 12.6 percent in 2012, and subsequently the proposition was 
endorsed by all the appropriate political bodies. 

— The proposition on research and innovation for a sustainable energy system. It refers 
to IEA’s report on energy technology perspectives. The IEA-WEO, the IIASA and their 
GEA report, and the European Commission were mentioned as important for interna-
tional collaborations (Näringsdepartementet, 2012). The Swedish Energy Agency had 
received a mission to prepare background papers for the proposition and one of the five 
suggested topics to be prioritized was to increase bioenergy use. This proposition was 
also approved. 

 
5.8.2.2 Energy Commission - Energikommissionen 

The Energy Commission is a newly launched political initiative meant to provide a way of 
reaching long-lasting political bloc-transcending agreements for the future of the Swedish en-
ergy system.  The two main goals are to achieve long-term stability and favorable conditions 
for Swedish industries and energy companies, and to work to improve the climate and the 
environment (Miljö- och energidepartementet, 2015b). The commission is meant to produce 
proposals for future energy politics. The work means to build on reality and the best projection 
reports for the future, and the deadline is January 1st 2017 (Miljö- och energidepartementet, 
2015b).  

It is probable that the commission will be looking at the SEA’s future scenarios as one 
of many reports, but the commission’s work will stretch further in time than what the SEA 
projects and they will also focus on electricity only whilst the SEA reports study the entire 
energy system (Andersson, A., 2015, e-mail comm., 16 March). They will probably not have 
need for the short-term prognosis as their forecast horizon is too near (Meijer, A., 2015, e-mail 
comm., 23 March). 

  
5.8.2.3 People at intersections between Swedish and international bioenergy politics 
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Figure 22: Swedish Minister for Energy Ibrahim Baylan and IEA chief economist Dr. Fatih Bi-

rol on the 5th of December 2014 as the WEO-2014 was presented in Stockholm. Photo by Anders Hell-
berg (2014). 

It is not only agencies and ministries that may affect the future of bioenergy in Sweden. Two 
key people were identified as being close to the hub of Swedish and international bioenergy 
politics: 

— Ibrahim Baylan, the current Minister for Energy. One example of his closeness to in-
ternational bioenergy politics is when he held the opening speech at the Dagens Industri 
Energy Conference on the 5th of December 2014 and introduced Fatih Birol, the chief 
economist for the IEA. He, in turn, was there to present the World Energy Outlook 
2014. Baylan (2014) stated that he was confident that the WEO would offer a wide 
range of valuable findings and insights. Afterwards, he also commented that the WEO 
report is very useful as it provides us with tools to understand the current developments 
and actions needed in order to reduce global warming, and concluded that it is very 
important for the report to be presented (Miljö- och energidepartementet, 2014).  

— Bo Diczfalusy, the appointed administrative director of the Energy Commission. He has 
long experience working in the energy sector, within Swedish government and Swedish 
industry. He has also been a part of the IEA Governing board and he has been Director 
of the Directorate of Sustainable Energy Policy and Technology at the IEA (IEA, 
2010a).  
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6.  DISCUSSION 
This section contains discussion points on this report’s results, some matters beyond the scope 
of this report as well as comments on further research. 

 

6.1. Regarding this report’s results 
This subsection discusses eight results chapters: methodology of the reports and articles, the 
growth rates, five of the separation parameters (type of bioenergy potential, modeling focus, 
expectations on abandoned agricultural land, co-authorship by Faaij/Hoogwijk, and main data 
sources), as well as connections in Swedish politics concerning bioenergy decision-making. 
 

6.1.1  Methodology of the reports and articles 
Computation models for bioenergy projections usually combine data from a range of sources, 
including sub-models and databases (Slade, et al., 2011). Typically the main uncertainties are 
regarding assumptions for land use and yield levels. 

The studies reviewed in this report reveal that company methodology often is unclear 
and reliant on expert assessments. The models are likely confidential, if applied. Scientific 
articles mainly rely on data from FAOSTAT, the Food and Agriculture Organization Corpo-
rate Statistical Database, and use advanced models or simply perform a literature review. The 
IPCC-SRES scenarios are often used if the scientific articles choose to apply scenarios. There 
is a wide difference in methodology between large organizations and agencies. Some use very 
complex integrated models of their own design while others rely on expert reviews of available 
literature or a few scientific articles. 
 

6.1.2 Growth rates 
The majority of the projections would require rather substantial exponential growth from now 
on to reach bioenergy levels of 120-400 EJ in 2050, the interquartile range of all investigated 
sources except the EEA, the Swedish Energy Agency, EIA, and BP. The exponential extrapo-
lation of the historical data, with an annual growth rate of 1.82 percent, resulted in a future 
bioenergy value below 120 EJ for the year 2050. 

Biomass resource estimates nowadays are, unlike the historical trendline, typically de-
rived from models rather than from extrapolating (Speirs, et al., 2015). Although, extrapolation 
occurs sometimes for when data is insufficient (e.g. in Smeets et al., 2007; Beringer et al., 2011; 
Fischer and Schrattenholzer, 2001). There is all in all a very wide span of future bioenergy 
estimates. Data is naturally uncertain for the upper estimations since large-scale bioenergy 
systems are planned for but there are few systems of that size today to base projections on 
(Lynd, et al., 2011). 

The most extreme annual growth rate was 7.6 percent (IEA Bioenergy, 2007, optimistic 
case). Is it reasonable to expect bioenergy growth parallel to the most extreme historical event 
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(the oilboom) (Höök, et al., 2012)? It is questionable whether energy planning should be based 
on the idea that the now desired major energy sources can grow faster than anything before in 
history (Höök, et al., 2012). 
 

6.1.3 Type of bioenergy potential  
The realistic potentials found in this report come closer to the extrapolation of the historical 
data (80 and 110 EJ respectively for linear and exponential trend fitting) compared to the 
other types of potential. This imply that the limiting factors for high bioenergy deployment 
are not technical or environmental, but rather related to cost and market demand which is 
included in the realistic potential.  

The study by Fischer and Schrattenholzer (2001) predicts a technical potential of be-
tween 350 and 450 EJ. The study states that 50 percent of their lower estimate, i.e. 175 EJ, 
reflects the extent to which their estimates describe an economic potential. It furthermore 
implies, according to the study, that fairly realistic economic assumptions, such as higher car-
bon taxes, may lead to a global bioenergy level of more than 150 EJ. If one were to use the 
rough calculation that Fischer and Schrattenholzer (2001) used to go from technical to eco-
nomic potential (one-half fraction of the lower limit), it would be half of 200 EJ – which is 100 
EJ – and thus come close to the historical extrapolation for 2050. This suggests that it is a 
useful rough estimate when one needs to judge the validity of technical bioenergy potentials.  

Even if the potentials in a report may belong to a genre, e.g. technical potential, what 
is actually included in that concept in the specific report or article may be very different. As 
Slade et al. (2011, pp. 13-15) pointed out, Smeets et al (2007) define technical potential as the 
part of the theoretical potential which is limited by land availability, conservation efforts, need 
for infrastructure, and demand for food and housing, but also taking technological advances 
into account. Hoogwijk et al.’s (2005) technical potential “excludes technological advances but 
includes conversion losses”. Slade et al. (2011) asserts that this means that the authors’ results 
cannot be directly compared. Both of the mentioned articles are included in this report and 
classified as looking for technical potentials. It is only important to keep in mind that a part 
of the potential span may be not only due to methodological differences but also definition 
differences. Fischer and Schrattenholzer (2001) agrees that strict comparability of all total 
potentials is difficult as many different assumptions goes into the estimations and suggest 
bioenergy yields per hectare-year as comparison instead. Bioenergy relies on plant growth and 
ensuring favorable conditions for this, so comparing yields may be a sound idea. 
 

6.1.4 Modeling focus 
Demand-focused modeling implies lower bioenergy potentials compared to resource-focused, if 
one compares the mean and the median values for the different focuses. Resource-focused stud-
ies have a wider and higher interval of projections. The resource-focused studies in this report 
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are primarily not looking for a realistic bioenergy deployment level but rather for technical or 
sustainable potential. Bioenergy demand estimates are generally lower than most supply esti-
mates mainly due to the competition with other energy sources and this is especially true in 
power generation (Dornburg, et al., 2010).  
 

6.1.5 Expectations on abandoned agricultural land 
The study providing the most extreme future bioenergy value of 1,600 EJ (Smeets, et al., 2007) 
proposes that between 15 and 72 percent of the agricultural area used in 1998 could be made 
available to energy crop production. This corresponds to 7.5-35.9 million km2 or approximately 
6-28 percent of the earth’s land area excluding Antarctica and Greenland (Haberl, et al., 2010). 
The prerequisite for such a large deployment of bioenergy is a more advanced agricultural 
system with increased amount of fertilizer and pesticides, and geographically optimized crop 
production. Fertilizers are often produced with natural gas and pesticides are typically chemical, 
so to produce more bioenergy it could mean an increased use of fossil fuels. Assuming extensive 
land abandonment also contradicts international assessments of future changes in land use as 
they instead foresee a further expansion of current agricultural lands (Beringer, et al., 2011). 
A decrease in meat consumption globally could potentially reduce land demand for food and 
feed production, and provide opportunities for biomass production, but recent trends in dietary 
habits does not suggest a decline in global meat demand (Beringer, et al., 2011). 

Hoogwijk et al. (2005) is another report that has large expectations on bioenergy 
cropland availability. It projects a possible availability of 29-37 million km2, or 22-28 percent 
of the earth’s land area excluding Antarctica and Greenland (Haberl, et al., 2010). However, 
the report forecasts a bioenergy level of 300-660 EJ whereas Smeets et al. (2007) found the 
upper limit to be 1600 EJ. They have different assumptions on biomass yield levels. Hoogwijk 
et al. (2005) assume 10-18 MJ per m2 and year can be extracted, whilst Smeets et al. (2007) 
assume 29-39 MJ per m2 and year. Therefore, not only area abandonment assumptions play a 
part in the bioenergy potential numbers, but also on future increases in yield. 
 

6.1.6 Co-authorship by Faaij and/or Hoogwijk 
The idea to divide the studies based on whether André Faaij and/or Monique Hoogwijk had 
co-authored the report or article emerged because their names kept recurring in bioenergy 
literature. They are prominent people within the area of bioenergy forecasting. For example, 
Faaij has not only written scientific articles but was also one of the Convening Lead Authors 
of the bioenergy chapter in the 2011 IPCC Special Report on Renewable Energy (Chum, et al., 
2011). 

The results showed that studies not co-authored by Hoogwijk or Faaij have a more 
conservative span and lower extreme values. 
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6.1.7 On F-tests and T-tests 
The F- and T-tests on the separation parameters shows that in some cases the null hypotheses 
can be rejected and sometimes not, implying that the statistical significance of the separation 
could be disputed. The tests could be performed without assuming normal distribution but 
rather applied as log-normal or other skewed distributions with inherent impacts on the sta-
tistical reliability. However, the issue that data points that are not independent remains (i.e. 
co-authorship and similar interdependencies among studies), and the fact that there are very 
few usable data points (between 2 and 20 depending on separation) compared to the common 
samples sizes of >25/30 to ensure robustness.  See Appendix X for a compilation on all the 
relevant statistics regarding the hypothesis tests and whether the null hypothesis can be re-
jected or not. 
 

6.1.8 Main data sources 
It was considered to separate and plot the documents that used IEA as a data source or referred 
to it from the ones that did not. As it turned out, almost all of the studies had referred to IEA 
in one way or another so the plot was not performed. This is an interesting outcome in itself. 
It confirms that the IEA is indeed an authoritative data source for energy forecasting. 

The primary data source for scientific articles producing global bioenergy estimates is 
FAOSTAT, the statistical database of the Food and Agriculture Organization of the United 
Nations (Slade, et al., 2011). This is a heterogeneous database of global agricultural production 
and land use collected from country surveys, satellite imaging data, projections and estimates, 
and made available by the FAO (Slade, et al., 2011). FAOSTAT is the only comprehensive 
and standardized set of global data, despite criticisms directed at the data quality. The data-
base has been questioned for having under- or overreported data, containing discrepancies in 
time scales and spatial resolution, as well as having other problems because the data is mixed 
from different sources (Slade, et al., 2011).  

 
6.1.8 Swedish politics 

There is more connection between Swedish politics (in the sense of putting forth propositions), 
international projection reports and specific SEA assignments rather than Swedish politics and 
SEA projection reports, at least considering the topic of bioenergy. It is likely, however, that 
the SEA prognoses have impact on Swedish politics, and bioenergy decision-making therein, as 
they are produced by request of the government. 
 

6.2. Matters beyond this report 
This subsections discusses three issues that are related to this report and its research. The first 
deals with the disclaimers provided by the large organizations or agencies, the second discusses 
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the aim of large-scale bioenergy itself, and the third comments the purpose of complicated 
computer models. 
 

6.2.1 Forecast disclaimers 
The reports from large organizations or agencies often have an explicit goal of providing ma-
terial for decision-making and policy-making (e.g. WEC, 2013). Interestingly, the reports often 
come with a disclaimer. 

Shell has stated on their website that their scenarios have helped governments across 
the world to draw better strategic conclusions and guided decision-makers at major historical 
moments (Shell, n.d.). In their scenarios, however, it is made clear that they are not intended 
to be predictions of likely future developments and that investments decisions should not rely 
upon them (Shell, 2013). There is furthermore a long disclaimer on forward-looking statements 
which includes definitions, examples and states “readers should not place undue reliance” on 
these sort of statements (Shell, 2013, p. 47). 

In EIA’s IEO-2013 report, it is stated that the paper is provided as a service to managers 
and analysts in both governments and in the private sector, and that the projections are used 
by for example international agencies, and other planners and decision-makers (EIA, 2013a). 
It is also clarified that even if the EIA has strived to make the projections reliable and useful 
they should not be a substitute for a complete analysis of public policy initiatives (EIA, 2013a). 
In the IEO-2004, it was additionally stated that it is important for users of the IEO or any 
other projection series to realize the limitations of the forecasts (EIA, 2004). This line is not 
included in the latest reports. 

It was difficult to find indications of that the Swedish Energy Agency’s projections were 
used in Swedish politics directly. It would seem that it is common procedure to use forecasting 
reports but to refrain from referring to them, perhaps as a means of covering ones backs or 
indeed because of the disclaimers. It could be a form of legal protection but it is interesting 
that reports specifically providing decision-making material encourages you not to make deci-
sions based on them. This strengthens the impression that energy reports may be influential—
in the sense that they are read, discussed and studied—yet are not commonly found in the 
reference list of political propositions or business investments. 

 
6.2.2 Why do we strive for large-scale bioenergy? 

Is energy from biomass the most efficient way of harnessing the solar energy? Is large-scale 
bioenergy desirable in that regard? For example, an extremely low fraction of the sunlight 
reaching America is captured by plants (Pimentel & Patzek, 2005). On average the sunlight 
captured by plants is only about 0.1 percent, which is low in contrast to photovoltaics that 
capture 10 percent or more sunlight (Pimentel & Patzek, 2005). The FAO states that the 
theoretical maximum of photosynthetic conversion for plants is 11 percent but that due to 
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limiting factors, such as reflection, the overall efficiency is between 3 and 6 percent (FAO, 
1997). Already in 1985, Gilland studied the theoretical maximum crop yield based on percent-
age absorption of solar energy for certain common cereal crops and found it to be between 2.5 
and 4.5 percent (Gilland, 1985).  

Perhaps a discussion should be had on to what end bioenergy should be deployed on a 
large scale? There seems to be other more efficient technologies, at least concerning electricity 
production. Would we rather cover large areas with solar panels or energy crops? Perhaps less 
land would need to be appropriated for energy purposed if other technologies are utilized? 

 
6.2.3 To what purpose are complicated models made? 

Another musing is why put time into models that are going to be incorrect anyway? Does a 
more complex model better serve the purpose of making decisions or predictions? According to 
Söderholm et al. (2010) no prognostic model can with great accuracy predict the energy system 
in surroundings which are characterized by a large number of socioeconomic, technical, and 
environmental interactions, no matter the level of complexity. But as Giampietro et al (2013, 
p. 34) puts it “all models are wrong, some are useful”.  

Long-term forecasts tend to perform poorly numerically but can be valuable still, if 
they highlight the consequences of different behaviors (Söderholm, et al., 2010). There is often 
a discussion on methodology and model types but the results will nonetheless be difficult to 
judge as being correct or probable. There are often so many different factors and assumptions 
influencing the end results. One can imagine that it could be more beneficial to study the long-
term effects of certain actions and to discuss the general trends or coupled consequences. 

 Craig et al. (2002) set forth that a study with the purpose of describing the long-term 
development of the energy system can be considered successful if it helps energy planners, 
influences the public or the energy policy-makers’ perceptions, expresses the current under-
standing of underlying physical and economic principles, or highlights the recent significant 
social or economic trends. This would mean that more time and effort instead should go into 
making clearer scenarios which present the possible consequences of decisions and policies. For 
decision-makers and policy-makers this would mean searching for scenario-focused reports ra-
ther than ones striving to produce the least incorrect future bioenergy level. 

 

6.3. Further research 
As the discussion section on abandoned agricultural land brought up, assumptions on future 
increases in bioenergy plants’ yield impact future projection levels greatly. It would be inter-
esting to see a comparison between all the studies’ yield assumptions. 

More bioenergy projection sources would be desirable to increase the validity of the 
statistical analyses. Only two reports produced by companies are included in this study, and 
Shell (2013) is the only one that has projections stretching all the way to 2050. Many company 
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reports that were investigated did not have the right scope, and could therefore not be included. 
A lot of the scientific literature seems to be produced by authors from the same methodological 
camp. This may decrease the range of the results in this study, compared to having a larger 
number of papers to refer to. However, there often seems to be close collaborations between 
many authors and researchers within the field of bioenergy and biomass potential research 
which would make it difficult to avoid a certain camp.  

It would be interesting to expand further and more in detail on methodologies as they 
differ greatly from one report or article to another, but there are already many excellent reports 
discussing methodologies (e.g. Slade et al., 2011). 
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7.  CONCLUSIONS 
The interquartile range of all studies had a span of 120-400 EJ of bioenergy for the year 2050, 
and a minimum value of 30 EJ and maximum of 1600 EJ. Scientific articles had the widest 
and highest interquartile range for 2050, of 220-500 EJ, as well as both of the extreme values. 
This is seemingly because scientific articles often look for technical or sustainable potential 
levels, and that the focus is on resources alone. Reports with a combined demand- and resource-
focus for modeling, or demand-focus only, produces more conservative estimates. Method trans-
parency was found to be a poor indicator of projected bioenergy level; both high and low 
transparency resulted in high projected bioenergy numbers. Short reports or articles were found 
to in general present much higher bioenergy projections and this is mostly because scientific 
articles are short. 

The conclusion from the growth rate analysis based on the projected global bioenergy 
potentials is that there is a large variance in expected growth of global primary bioenergy levels, 
including an extreme value with a total growth of 3400 percent. The historical trend is bioen-
ergy growth by 1.9 percent annually since 1971. Figure 6 and Figure 7 showed that only about 
a third of the projections were close to a linear or exponential extrapolation of the historical 
trend. All other projections were higher. The historical reality check showed that more than a 
few percent or even up to 7.6 percent in annual growth is not unrealistic. It is however very 
optimistic to believe that bioenergy would grow as fast as the most extreme cases in the past, 
most notably the oil boom. 

The fitting of statistical distribution functions revealed that there are several types of 
functions (such as log-logistic, log-normal, inv. Gaussian) that adequately describe the distri-
bution in the histogram. The conclusion is that the choice of distribution function for the year 
2050 projections data set is not crucial. The data is clearly positively skewed and not a normal 
distribution. The distribution functions showed that with a 95 % confidence level, the bioenergy 
projections in 2050 is 151.3 EJ. 

The policy analysis revealed that the EU has adopted a biomass action plan partly 
based on bioenergy projections made by the European Energy Agency in 2006. This action 
plan is still operative. It was also identified that national and international energy projection 
reports influence Swedish politics, albeit not directly in propositions. The Swedish Energy 
Agency (SEA) receives specific missions or tasks to contribute to propositions instead. It is 
expected that the new Swedish Energy Commission will use energy projection reports, from 
e.g. the SEA, in the shaping of Sweden’s future energy politics. It is also likely that the IEA’s 
World Energy Outlook will be one of the papers studied in the commission’s work.  

 
Recommendations for decision- and policy-makers on how to better approach bioenergy pro-
jections: 
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— Look at more than one study or find a good review paper. The difference between 
individual reports and articles is significant.  

— Find studies with clear and separate scenarios to get a better view of which type of 
measures or actions that might lead to certain developments. Most forecasting models 
and estimates will likely perform poorly numerically, so it is more advantageous to look 
for underlying factors, connected long-term trends, or behavioral consequences.  

— If the upper limits of bioenergy deployment is of interest: search for studies assessing 
technical or sustainable potential. The sustainable potential might be better as bioen-
ergy nowadays is often talked about as a way of substituting for fossil energy, and 
would hence preferably need to be environmentally sound. Limits to bioenergy must be 
recognized. Scientific articles are a good source of these potentials. 

— If a small estimation span including all interactions possible to model is needed: look 
for long reports (>100 pages) from large agencies (e.g. IEA, IIASA, WEC). 

— If realistic or conservative potentials are needed: look for studies that assess realistic or 
economic potential, that have a modeling focus on demand or potentially demand and 
resources combined, and with little or no expectations of increasing arable land availa-
bility for bioenergy crops. 

— Be aware of the historical trend. Bioenergy has grown annually on average by 1.9 per-
cent since 1970. It does not have to be true for the future or necessarily imply an upper 
limit for growth but could be useful for judging the studies projections. It is wise to be 
mindful that sustained annual growth of 7 % or more has historically only been achieved 
for oil. 
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APPENDIX I: THE BOX-AND-WHISKERS PLOT EX-
PLAINED 

The “box” in the box-and-whiskers plot shows the interquartile range, i.e. the middle half of 
the data. The lower boundary is the first quartile, which is the lower limit of the box, under 
which 25 percent of the data is. The upper boundary is the third quartile, which is the upper 
limit of the box, under which 75 percent of the data is. Therefore, between the first and the 
third quartile lies the middle 50 percent of the data. The line in the middle of the box represents 
the median which is also called the second quartile. The median splits the data set in half. The 
whiskers represent the minimum and the maximum values in the data set, showing the extreme 
values.  

The mean value is also added to the plots, represented by a diamond shape. The mean 
and the median values are in line if the statistical distribution is symmetrical. If the distribution 
is skewed in any direction there will be a difference between the mean and the median. If the 
mean value is higher than the median, this indicates that the higher values, above the third 
quartile, are more extreme than the lower values below the first quartile. Figure 23 shows an 
example of a box-and-whiskers plot along with the different definitions. The data set “Group 
2” shows a case of where the data is slightly skewed because of high values. 
 

 
Figure 23: An example of a box-and-whiskers plot. 
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plots presented throughout the report, figures 4-20 and 25. 

 
National or international organizations or organs 
EEA, 2006 – For the 2003 historical potential: COM(2005) 628, final. Biomass Action Plan, Brussels: 

Commission of the European Communities. For the 2010, 2020, 2030 projected potentials: EEA, 2006. 
How much bioenergy can Europe produce without harming the environment? - EEA Report No 
7/2006, Copenhagen: European Environment Agency. 

EIA, 2013 - EIA, 2013. International Energy Outlook 2013: With Projections to 2040, Washington: U.S. 
Energy Administration. 

Energimyndigheten, 2014 or Scenarier över Sveriges energisystem, 2014 - Energimyndigheten, 2014b. 
Scenarier över Sveriges energisystem: 2014 års långsiktiga scenarier, ett underlag till klimatrapporte-
ringen, Stockholm: Statens energimyndighet. ER 2014:19. 

Long-term, 2008 - Energimyndigheten, 2008. Långsiktsprognos 2008, Stockholm: Statens energi-
myndighet. ER 2009:14. 

Long-term, 2010 - Energimyndigheten, 2011b. Långsiktsprognos 2010, Stockholm: Statens ener-
gimyndighet. ER 2011:03. 

Long-term, 2012 - Energimyndigheten, 2013e. Långsiktsprognos 2012 - En konsekvensanalys av 
gällande styrmedel inom energi- och klimatområdet, Stockholm: Statens energimyndighet. ER 
2013:03. 

Short-term, 2011 - Energimyndigheten, 2011a. Kortsiktsprognos - över energianvändning och 
energitillförsel 2011-2013, Stockholm: Statens energimyndighet. ER 2011:15. 

Short-term, 2012 - Energimyndigheten, 2012. Kortsiktsprognos - över energianvändning och 
energitillförsel 2012-2014, Stockholm: Statens energimyndighet. ER 2012:22. 

Short-term, 2013 - Energimyndigheten, 2013c. Kortsiktsprognos - Över energianvändning och 
energitillförsel 2013-2015, Stockholm: Statens energimyndighet. ER 2013:15. 

Short-term, 2014 – Energimyndigheten, 2014a. Kortsiktsprognos - Över energianvändning och 
energitillförsel 2014-2016, Stockholm: Statens energimyndighet. ER 2014:14. 

Historical data, SCB, 2015 – SCB, 2015a. Energibalanser efter energibärare och energiflöden, 
efter näringsgren SNI 2002. År 1983 - 2009. [Online]  
Available at: http://www.statistikdata-
basen.scb.se/pxweb/sv/ssd/START__EN__EN0202/EbAr/?rxid=6e29e53b-8c1b-46de-a27a-
1e3e0f4e4383 
[Accessed 13 05 2015]. And SCB, 2015b. Energibalanser efter energibärare och energiflöden, 
efter näringsgren SNI 2007. År 2007 - 2011. [Online]  
Available at: http://www.statistikdata-
basen.scb.se/pxweb/sv/ssd/START__EN__EN0202/EbAr07/?rxid=5b5d3b44-ded6-4585-



Uppsala University 
Master Thesis in Energy Systems Engineering, 1FA392 

Sara Hansson, 2017-01-15 
 

71 

 

b770-59af7d0e9f86 
[Accessed 13 05 2015]. 

 

IPCC, 2011 – Chum, H. et al., 2011. Chapter 2. Bioenergy. In: O. Edenhofer, et al. eds. IPCC Special 
Report on Renewable Energy Sources and Climate Change Mitigation. Cambridge, UK, & New York, 
NY, USA: Cambridge University Press, pp. 209-332. 

IEA, 2014 - IEA, 2014a. World Energy Outlook 2014, Paris: OECD/IEA. 

IEA, 1998 - IEA, 1998. World Energy Outlook 1998, Paris: OECD/IEA. 

IEA, 2000 - IEA, 2000. World Energy Outlook 2000, Paris: OECD/IEA. 

IEA, 2002 - IEA, 2002. World Energy Outlook 2002, Paris: OECD/IEA. 

IEA, 2004 - IEA, 2004. World Energy Outlook 2004, Paris: OECD/IEA. 

IEA, 2006 - IEA, 2006. World Energy Outlook 2006, Paris: OECD/IEA. 

IEA, 2007 - IEA, 2007. World Energy Outlook 2007 - China and India insights, Paris: 
OECD/IEA. 

IEA, 2008 - IEA, 2008. World Energy Outlook 2008, Paris: OECD/IEA. 

IEA, 2009 - IEA, 2009. World Energy Outlook 2009, Paris: OECD/IEA. 

IEA, 2010 - IEA, 2010b. World Energy Outlook 2010, Paris: OECD/IEA. 

IEA, 2011 - IEA, 2011. World Energy Outlook 2011, Paris: OECD/IEA. 

IEA, 2012 - IEA, 2012. World Energy Outlook 2012, Paris: OECD/IEA. 

IEA, 2013 - IEA, 2013a. World Energy Outlook 2013, Paris: OECD/IEA. 

Historical data, IEA, 2013 – IEA, 2013b. Energy Balances of Non-OECD Countries, Paris: 
OECD/IEA. 

IEA Bioenergy, 2007 - IEA Bioenergy, 2007. Potential Contribution of Bioenergy to the World's Future 
Energy Demand. Exco: 2007:02, Rotorua: International Energy Agency Bioenergy Secretariat. 

IIASA, 2012 - GEA, 2012. Global Energy Assessment – Toward a Sustainable Future, Cambridge, UK, 
and New York, NY, USA: Cambridge University Press and Laxenburg, Austria: the International 
Institute for Applied Systems Analysis. 

WEC, 2013 - WEC, 2013. World Energy Scenarios: Composing energy futures to 2050, London: World 
Energy Council. 

 
Companies 
BP, 2014 – BP, 2014a. BP Energy Outlook 2035, London: BP.  

BP, 2011 – BP, 2011. Energy Outlook 2030, London: BP. 

BP, 2012 – BP, 2012. Energy Outlook 2030, London: BP. 

BP, 2013 – BP, 2013. Energy Outlook 2030, London: BP. 

Historical data, biomass, geothermal and other, BP, 2014 - BP, 2014b. Statistical Review of 
World Energy, London: BP. 



Uppsala University 
Master Thesis in Energy Systems Engineering, 1FA392 

Sara Hansson, 2017-01-15 
 

72 

 

Historical data, renewables, BP, 2014 - BP, 2014b. Statistical Review of World Energy, London: 
BP. 

Historical data, biofuels, BP, 2014 - BP, 2014a. BP Energy Outlook 2035, London: BP. 

Shell, 2013 - Shell, 2013. New Lens Scenario: A shift in perspective for a world in transition, The Hague, 
The Netherlands: Shell International BV. 

Shell, Mountains, 2013 – Shell, 2013. New Lens Scenario: A shift in perspective for a world in 
transition, The Hague, The Netherlands: Shell International BV.  

Shell, Oceans, 2013 – Shell, 2013. New Lens Scenario: A shift in perspective for a world in 
transition, The Hague, The Netherlands: Shell International BV. 

Shell, Current predictions, 2011 – Shell, 2011. Energy Scenarios to 2050, The Hague, The 
Netherlands: Shell International BV. 

Shell, Scrambles, 2008 – Shell, 2008. Energy Scenarios to 2050, The Hague, The Netherlands: 
Shell International BV. 

Shell, Blueprints, 2008 – Shell, 2008. Energy Scenarios to 2050, The Hague, The Netherlands: 
Shell International BV. 

Historical data, Shell, 2013 – Shell, 2013. New Lens Scenario: A shift in perspective for a world 
in transition, The Hague, The Netherlands: Shell International BV. 

 

Scientific articles 
Beringer et al., 2011 – Beringer, T., Lucht, W. & Schaphoff, S., 2011. Bioenergy production potential of 

global biomass plantations under environmental and agricultural constraints. Global Change Biology 
- Bioenergy, Volume 3, pp. 299-312. 

Dornburg et al., 2010 – Dornburg, V. et al., 2010. Bioenergy revisited: Key factors in global potentials 
of bioenergy. Energy and Environment Science, Volume 3, pp. 258-267. 
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APPENDIX III:  THE SWEDISH ENERGY AGENCY AND 
THEIR BIOENERGY PROJECTIONS 
The Swedish Energy Agency (in this report abbreviated as the SEA) is one of 13 agencies 
reporting to the Ministry of the Environment and Energy. Previously, the SEA reported to the 
Ministry of Enterprise and Innovation (in Swedish, Näringsdepartementet). The SEA operates 
in different sectors in the society to create the conditions for efficient and sustainable energy 
use and a cost-effective Swedish energy supply (Miljö- och energidepartementet, 2015a). It 
collaborates with businesses, municipalities, energy companies, and the research community 
(Ministry of the Environment and Energy, 2014). The SEA, like all other agencies, receives an 
annual appropriation directive from the government. It states goals and economic frames as 
well as ordinances containing various administrational plans (Government Offices 
Communications Department, 2011). The Swedish Energy Agency also participates in 23 tech-
nical collaborations, so called Implementing Agreements, at the IEA, to secure future energy 
supply and to redirect the energy system toward larger shares of renewable energy 
(Energimyndigheten, 2014c). 

When the SEA produces a long-term prognosis, the first thing is to decide the general 
conditions and which sensitivity analyses that will be performed. Projections for fuel prices and 
amount of emission allowances are made, along with preliminary electricity and district heating 
prices. The next step is that KI, the Swedish National Institute of Economic Research, produces 
the underlying macroeconomic scenarios with its EMEC model, a top-down economic model. 
After that, the SEA produces own scenarios for the demand of different sectors (industry, 
households, transportation). 

 The next step is performed by the company Profu. They calculate energy supply using 
the model MARKAL-Nordic which produces the long-term development of the stationary en-
ergy system (i.e. excluding transportation) in the form of electricity and district heating supply 
and the resulting emissions (Profu, 2014). MARKAL is a dynamic bottom-up technical-eco-
nomic energy systems model.  MARKAL contains a database with input data, an equation 
generator producing a system of linear equations to be solved with a target function, and a 
reporting of results in the form of tables and figures (Profu, 2014). The target function is to 
minimize system costs, i.e. to find the overall most low cost solution. This is based on the idea 
of that the market always looks for the lowest prices. You can however add a number of 
conditions to the target function, for example, the aim could be to reach the lowest system 
cost providing the system does not exceed a certain emissions target. The model optimizes the 
technical energy systems from the target function, the conditions, and the prognoses for the 
developments in the system’s environment (Profu, n.d.).  

The results for biomass supply in the different sectors is produced endogenously in the 
MARKAL model, i.e. it is a result of calculations. This is based on cost-supply-curves for 
different fractions of biomass. These data are produced in collaboration between Profu and the 
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Swedish Energy Agency and is a joint estimation, not based on e.g. available land area (Unger, 
T., 2015, e-mail comm., 7 May). Most of the input data is decided between Profu and the SEA; 
some of the data Profu selects are based on previous experiences and some are retrieved from 
authoritative sources, e.g. fossil fuel prices from the IEA(Unger, T., 2015, e-mail comm., 7 
May). 

In summary: the KI, using EMEC model, produces macroeconomic scenario; the SEA, 
using own models, produces demand for the different sectors; and Profu, using MARKAL-
Nordic, optimizes the energy system according to price and a few other conditions and produces 
the energy systems mix presented as electricity and heating supply as well as emissions results. 
After some further revisions by the SEA, the report is ready. Bioenergy supply is the result of 
model calculations and not spatial data or yield estimations. See Figure 24 for an illustration 
of the methodology.  
 

 
Figure 24: The methodology by the Swedish Energy Agency for producing the long-term prog-

nosis, partly adapted from Söderholm et al. (2010, p. 63). A more detailed illustration can be found in 
Söderholm et al. (2010, p. 78). 
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Söderholm et al (2010) reviewed the SEA models and the overall methodological approach 
when making long-term projections. The work was financed by the Swedish Energy Agency.  

The review strongly recommend that the SEA has more focus on developing scenarios 
and for the scenarios to be much bolder. Prognoses tend to be regarded as truths so scenarios 
would be more appropriate as they instead underline a number of possible outcomes (Söderholm, 
et al., 2010). It is preferable to have a few possible directions rather than trying to find the 
most likely. The SEA long-term prognosis should also become more transparent and have a 
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The report dealt with the fuel price setting. The starting point for bioenergy prices is 
the SEA statistics. Bioenergy prices are a combination of statistical data, industry statistics, 
and estimations of future demand and supply. This produces the cost-supply curves for the 
different biomass fractions which was mentioned above. Unlike fossil fuel prices, the biofuel 
prices are not considered independent of domestic demand. The price is set via an interaction 
between the supply and the predetermined demand. Söderholm et al. (2010) conclude, however, 
that this is a reasonable approach to price setting as Sweden consists of a small but open 
market economy. 

 Other countries’3 reports are also reviewed. Overall there is a tendency to direct work 
towards finding the most likely outcome using a business-as-usual assumption where little 
attention is given to breaks in current trends and separate scenarios (Söderholm, et al., 2010). 
It is common for current energy and environmental policies to remain unchanged for 20-25 
years in the modeling. There are large differences regarding modeling quality and level of 
documentation in English. Fossil fuel prices are often based on IEA and it is common to have 
sensitivity analyses on oil price. There are different approaches regarding macroeconomic and 
energy systems modelling, some have integrated model, such as the EIA. Sweden and the 
Swedish Energy Agency does rather well in an international comparison. The other countries 
also need to be more transparent and focus more on clear scenarios, according to Söderholm et 
al. (2010). 
 
A project on linking a macroeconomic model to an energy systems model 

The Swedish National Institute of Economic Research (KI), Luleå University of Technology, 
and Chalmers University of Technology participated in a project financed by the SEA on 
energy systems modeling and the connections between two modeling perspectives: EMEC and 
TIMES (Berg, et al., 2012). The project constructed a soft link between the macroeconomic 
model EMEC and the economic-technical energy systems model TIMES-Sweden. TIMES is a 
continuation of MARKAL; the same basic modeling but with some improved features; both 
are models from the IEA implementing agreement ETSAP.  

The point of linking an energy systems model to a macroeconomic model is to be able 
to in a transparent way keep both the models’ strengths and to improve the modeling overall. 
EMEC’s strength lies for example in offering a consistent picture of how the economy’s different 
sectors interacts while TIMES’s strength lies within the technical description of the energy 
system and the interactions therein (Berg, et al., 2012). The conclusion of the report is that it 
is important to link two models like this when studying energy and climate policy instruments. 
With the same exogenous parameters the soft link produces a new depiction of the economy 
and the energy system in the future. There is still work to be done with the link as the iterations 
are very time-consuming. It was found however that the soft link would provide more accurate 

                                        
3 Belgium, Denmark, Ireland, the Netherlands, Great Britain, the US. 
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material for decision-making processes, and that it should be used for that purpose (Berg, et 
al., 2012). 

At the moment, the Swedish Energy Agency is not using the soft link between models 
but they might be, in the future. They are however switching from MARKAL-Nordic to 
TIMES-Nordic in the supply modeling, possibly next year (Pers Gustafsson, A., 2015, e-mail 
comm., 7 May).  

 

 
Figure 25: A symbolic illustration of the linking between the macroeconomic top-down EMEC 
model and the bottom-up technical-economic TIMES-Sweden energy systems model. 
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-0.66 - 7.1 %
 

H
oogw

ijk et al., 2005 
Yes 

x 
x 

311-657 EJ (7400-15700 M
toe) 

590-1360 %
 (1998) 

3.8 - 5.3 %
 

Sm
eets et al., 2007 

Yes 
x 

x 
350-1576 EJ (8400-37600 M

toe) 
680-3400 %

 (2001) 
4.3 - 7.5 %

 
Dornburg et al., 2010 

Yes 
x 

x 
200-500 EJ (4800-11900 M

toe) 
300-900 %

 (2010) 
3.5 - 5.9 %

 
H

aberl et al., 2010 
Yes 

x 
x 

160-270 EJ (3800-6400 M
toe) 

220-440 %
 (2010) 

3.0 - 4.3 %
 

Beringer et al., 2011 
Yes 

x 
x 

130-270 EJ (3100-6400 M
toe) 

160-440 %
 (2011) 

2.5 - 4.4. %
 

H
istorical data (IEA) 

 
 

 
 

110 %
 (1971) 

1.9 %
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 V
: LIST O

F C
H

A
R

A
C

T
ER

IST
IC

S A
N

D
 D

A
T

A
 PT

.2 

 
Type of bio- 

energy potential 

Approach 
(first approach is 
m

ost dom
inant) 

Tim
e fram

e 
Resource-

focused 
Dem

and-
focused 

Level of m
ethod  

transparency 

Expecting aban-
doned agricultural 

land 
SW

EDEN
, Energi-

m
yndigheten, 2014 

Realistic 
Predictive 

1990-2030 
(x) 

x 
M

edium
 

N
o 

EU
-25, EEA, 2006 

Sustainable 
Predictive/ 
N

orm
ative 

2003-2030 
x 

 
H

igh 
Yes 

IPCC, 2011 
Technical 

Predictive/ 
Explorative 

2011-2050 
x 

 
M

edium
 

Yes 

W
EC, 2013 

Realistic 
Explorative 

2010-2050 
x 

x 
Relatively high 

N
o 

IEA, 2014 
Realistic 

Predictive/ 
N

orm
ative 

1990-2040 
(x) 

x 
H

igh 
N

o 

IEA Bioenergy, 2007 
Technical 

Predictive/ 
Explorative 

2007-2050 
x 

 
Q

uite low
 

N
o 

IIASA, 2012 
Technical 

Predictive 
2005-2050 

x 
x 

H
igh 

N
o 

EIA, 2013 
Realistic 

Predictive 
2009-2040 

 
x 

H
igh 

N
o 

Shell, 2013 
Realistic 

Explorative 
1960-2060 

 
x 

Low
 

N
o 

BP, 2014 
Realistic 

Predictive 
1990-2035 

 
x 

Q
uite low

 
N

o 
Fischer & Schratten- 
holzer, 2001 

Technical 
Predictive 

1990-2050 
x 

 
H

igh 
Yes 

H
oogw

ijk et al., 2003 
Technical 

Explorative 
2003-2050 

x 
 

H
igh 

Yes 

H
oogw

ijk et al., 2005 
Technical 

Explorative 
2005-2100 

x 
 

H
igh 

Yes 

Sm
eets et al., 2007 

Technical 
Explorative 

1998-2050 
x 

 
H

igh 
Yes 

Dornburg et al., 2010 
Sustainable 

Explorative/ 
Predictive 

2010-2050 
x 

 
M

edium
 

Yes 

H
aberl et al., 2010 

Sustainable 
Explorative 

2000-2050 
x 

 
Relatively high 

Yes 

Beringer et al., 2011 
Sustainable 

Explorative 
2000-2050 

x 
 

H
igh 

N
o 
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I: LIST O

F C
H

A
R

A
C

T
ER

IST
IC

S A
N

D
 D

A
T

A
 PT

.3 

 
N

o. of 
pages 

M
ain references/data sources 

IEA? 
BP? 

H
oogw

ijk/ 
Faaij? 

SW
EDEN

, Energi-
m

yndigheten 
105 

U
nclear 

Yes 
N

o 
N

o 

EU
-25, EEA, 2006 

72 
EC, EEA, other EU

-connected sources 
N

o 
N

o 
N

o 

IPCC, 2011 
124 

Dornburg et al, 2008, 2010; Krausm
ann et al, 2008; H

oogw
ijk et al, 2005,2009; Berndes 

et al, 2008; 15 IEA in the reference list; Sm
eets (and Faaij), 2007 

Yes, 15 sources 
in the list 

N
o 

Yes 

W
EC, 2013 

288 
IEA, EIA, W

EC 
Yes 

N
o 

N
o 

IEA, 2014 
748 

IEA, U
SGS, N

EA/IAEA, EC, FAO
 is m

ain source on biom
ass feedstock supply potentials, 

also IIASA to som
e extent. 

Yes 
Yes 

N
o 

IEA Bioenergy, 2007 
12 

Faaij, W
EC, W

EA, H
oogw

ijk, IEA, Dornburg, Sm
eets 

Yes 
N

o 
Yes 

IIASA, 2012 
1884 

BP, IEA, U
N

, EIA 
Yes 

Yes 
Yes 

EIA, 2013 
312 

487 footnotes, difficult to tell 
Yes 

Yes 
N

o 
Shell, 2013 

49 
IEA, EIA, Booz & Com

pany, CSIS 
Yes 

N
o 

N
o 

BP, 2014 
96 

BP Statistical Review
, IEA, EIA, Rühl et al 

Yes, but only to 
com

pare w
ith. 

Yes 
N

o 

Fischer & Schratten-
holzer, 2001 

9 
FAO

 FAO
STAT Statistics Database 

N
o 

N
o 

N
o 

H
oogw

ijk et al., 2003 
14 

FAO
 FAO

STAT Statistics Database. IPCC's scenarios are the source for population pro-
jections and expected grow

th for pulp. 
N

o 
N

o 
Yes 

H
oogw

ijk et al., 2005 
32 

IPCC, FAO
 FAO

STAT Statistics Database 
Yes 

N
o 

Yes 
Sm

eets et al., 2007 
50 

FAO
 FAO

STAT Statistics Database, U
N

DP, 
Yes 

N
o 

Yes 
Dornburg et al., 2010 

9 
H

ard to tell, m
any references 

Yes 
N

o 
Yes 

H
aberl et al., 2010 

9 
H

ard to tell, m
any references 

Yes 
N

o 
Yes 

Beringer et al., 2011 
13 

M
any scientific references but FAO

 FAO
STAT statistics, IPCC SRES em

ission trajecto-
ries, and IEA current energy levels seem

 to play a bit part. 
Yes 

N
o 

N
o 
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 V
II: A
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O

M
PILA

T
IO

N
 O

F TH
E IN

T
ER

Q
U

A
R

T
ILE R

A
N

G
ES A

N
D

 T
H

E M
IN

IM
U

M
 A

N
D

 
M

A
X

IM
U

M
 O

F A
LL T

H
E C

A
T

EG
O

R
IES IN

 T
H

E BO
X

-A
N

D
-W

H
ISK

ER
S PLO

T
S 

 
Categories 

Interquartile range [EJ] 
M

in-m
ax [EJ] 

Categories 
Interquartile range [EJ] 

M
in-m

ax [EJ] 
Corporations (only Shell) 

87-104 
78-112 

2020 
60-62 

24-65 
Institutions/large organizations 

103-293 
40-1100 

2030 
61-68 

43-74 
Scientific articles 

218-488 
33-1576 

2040 
73-84 

67-126 
Resource-focused 

190-463 
33-1576 

2050 
117-393 

33-1576 
Dem

and-focused (only Shell) 
87-104 

78-112 
Technical potential 

190-502 
33-1576 

Both 
108-188 

97-270 
Realistic potential 

92-111 
78-112 

H
igh or relatively high transparency 

153-390 
33-1576 

Sustainable potential  
170-270 

130-500 
M

edium
 transparency 

175-350 
100-500 

M
ore than 100 pages 

103-243 
97-300 

Low
 or quite low

 transparency 
87-350 

40-1100 
Less than 100 pages 

153-463 
33-1576 

Expecting abandoned agricultural land 
218-488 

33-1576 
IEA 2010 

52-53 
50-53 

N
ot expecting abandoned agricultural land 

108-270 
40-1100 

IEA 2020 
60-61 

54-65 
Faaij and/or H

oogw
ijk as co-author 

170-475 
33-1576 

IEA 2030 
67-69 

57-74 
N

ot Faaij and/or H
oogw

ijk as co-author 
108-295 

78-450 
IEA 2035 

72-73 
71-73 

M
ainly explorative 

112-388 
33-1576 

 
 

 
M

ainly predictive 
170-393 

40-1100 
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APPENDIX VIII: THE IEA AND THEIR BIOENERGY PRO-
JECTIONS FROM 1998 AND FORWARD 

The International Energy Agency was founded in 1974 in the wake of the oil crisis, and was 
meant to help countries organize a collective response to major disruptions in the supply of oil 
(IEA, 2015d). This remains a key aspect of its work but the IEA has expanded to provide 
energy statistics and analysis. The four main areas of IEA focus are energy security, economic 
development, environmental awareness, and global engagement to find solutions to energy and 
environmental issues (IEA, 2015d). It is still also the main cooperation body for the OECD 
countries regarding energy issues; it has 28 member countries and the European Commission 
is involved too (Energimyndigheten, 2013d). Sweden participates at every level of IEA to follow 
developments, monitor Swedish interests, and partake in technical collaborations 
(Energimyndigheten, 2013d). 

Their annual report World Energy Outlook (WEO) is one of the world’s most author-
itative source of energy market analysis and projections, providing understandings into energy 
demand and supply trends (IEA, 2015b). As stated on their website, the WEO is used by the 
public and private sector for policy-making, decision-making, and planning (IEA, 2015b). 

The definitions of bioenergy has changed throughout the years but always been reported 
in the Mtoe unit. In the 1998 and 2000 WEO report bioenergy can be found as CRW, combus-
tible renewable waste. In WEO-2000 it was changed to biomass. Between 2004 and 2011 it was 
biomass and waste, and from 2012 it is simply called bioenergy. This reflects both the increasing 
interest in bioenergy as an energy source but also the development of bioenergy as a concept. 
The names of the scenarios has also changed throughout the years. Figure 26 has only plotted 
data for the baseline scenarios: first named Business-as-usual scenario, then Reference scenario, 
and presently Current Policies. 
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Figure 26 shows bioenergy projections from WEO-1998 to WEO-2014 along with their data on 
historical use of bioenergy. In the early 2000’s the expectations for bioenergy were lower; the 
WEO-2002 forecasts approximately 55 EJ for 2030. The latest projections from WEO-2014 are 
more optimistic and foresees that bioenergy reaches 80 EJ in 2040. Compared to other reports 
the difference between the reports’ projections is quite small. The IEA looks for the realistic 
potential so conservative estimations are to be expected. The trend is a steadily increasing level 
of bioenergy. 
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Figure 26: IEA bioenergy projections, from WEO-1998 to WEO-2014, and historical data on 
bioenergy use. 
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APPENDIX IX: A FEW EXISTING CONFLICTS RE-
GARDING BIOENERGY 

There are conflicts regarding bioenergy, such as the food-feed controversy (also named “food 
vs. fuel”). This was highly debated back in 2007-2008 during the world food price crisis, and 
still is a source of discussion. At that point, transportation fuels from corn and other crops 
were being highly promoted and subsidized, particularly by the U.S. and the EU, while food 
prices were high along with an ensuing rise in world hunger (Vidal, 2010). It is questionably 
ethical when edible crops are used for vehicles while people are starving. 

The topic of using bio-ethanol as a transport fuel is a highly polarized topic. The green-
house gas benefits of ethanol from agricultural crops has been argued to depend on local con-
ditions and calculation methods; that there is “good” and “bad” ethanol (Börjesson, 2009). 
Several requirements may need to be fulfilled to produce good ethanol, for example avoiding 
cultivation on carbon rich lands (such as forests or peat land) and using by-products effectively 
(Börjesson, 2009). Not only has the environmental effects side been debated but also the net 
energy gains of producing ethanol. One study, albeit in 2005, found that the ethanol energy 
outputs when ethanol was produced from e.g. corn, and wood biomass were less than the fossil 
fuel inputs for production (Pimentel & Patzek, 2005). There is even a 300-page book called 
“The Biofuel Delusion” (Giampietro & Mayumi, 2009) which provides an interesting and a most 
critical read about large-scale agro-biofuels.  

There are also discussions on which biomass end use that creates the largest environ-
mental benefit and how to ensure that bioenergy is used in a sustainable way. Sathre & O’Con-
nor (2010) compared the substitution of wood products for non-wood materials, for example in 
housing, to when wood in the form of biofuels substitute for fossil fuel. The displacement 
(emissions reduction) factor was found to be lower for biofuels than that of the average wood 
product substitution. This suggests that wood may be used more environmentally beneficial in 
other ways than for transportation. Eriksson et al. (2007) also explores wood substitution and 
forest management. Product use was found to have the most significant impact on net carbon 
emission, whilst for example forest management practices and forest residue extraction mat-
tered less. The greatest net carbon emission reduction was reached when wood was used as 
construction material. 
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 X
: F-T

EST A
N

D
 T

-T
EST D

A
T

A
 

For the F-test the null hypothesis H
0  w

as defined as 𝐻
0 : 𝜎1 2

=
𝜎

2 2, w
here 𝜎1 2 is the variation of the first population and 𝜎

2 2 is the variance of the 
second population. For the T

-test the null hypothesis H
0  w

as defined as 𝐻
0 : 𝑥

=
𝑦, w

here 𝑥 is the m
ean value of the first population and 𝑦 is the 

m
ean value of the second, i.e. the null hypothesis is that there is no difference betw

een the tw
o populations’ m

ean values. T
he T

-test w
as perform

ed 
either assum

ing equal or unequal variances depending on the outcom
e of the F-test. See p. 23 for m

ore on the F- and T
-test m

ethodology.  
 

Com
pared 

categories 
F-test 
value 

F-critical 
value 

Reject? 
Assum

ing equal variances 
Reject? 

Assum
ing unequal variances 

Reject? 
T-test value 

T-critical value 
T-test value 

T-critical value 
Projection approach: M

ainly explorative/ M
ainly predictive 

2.02 
3.01 

N
o 

0.23 
2.06 

N
o 

 
 

 

Study origin: Scientific articles/ Large organizations 
1.86 

3.05 
N

o 
1.15 

2.07 
N

o 
 

 
 

Study origin: Large organizations/Corporations 
164 

241 
N

o 
0.80 

2.23 
N

o 
 

 
 

Study origin: Scientific articles/ Corporations 
305 

245 
Yes 

 
 

 
3.19 

2.14 
Yes 

Type of bioenergy potential: Technical/Sustainable 
11.0 

4.62 
Yes 

 
 

 
1.72 

2.09 
N

o 

Type of bioenergy potential: Sustainable/Realistic 
70.1 

9.01 
Yes 

 
 

 
2.84 

2.57 
Yes 

Type of bioenergy potential: Technical/Realistic 
770 

8.70 
Yes 

 
 

 
3.32 

2.13 
Yes 

M
odeling focus: Resource/Both resource and dem

and 
26.5 

8.67 
Yes 

 
 

 
2.72 

2.07 
Yes 

M
odeling focus: Resource/Dem

and 
280 

248 
Yes 

 
 

 
3.62 

2.09 
Yes 

M
odeling focus: Both resource and dem

and/Dem
and 

10.6 
216 

N
o 

1.07 
2.78 

N
o 

 
 

 

Transparency degree: H
igh/Low

 
1.05 

4.62 
N

o 
0.38 

2.09 
N

o 
 

 
 

Transparency degree: Low
/M

edium
 

5.55 
9.01 

N
o 

0.22 
2.31 

N
o 

 
 

 

Transparency degree: H
igh/M

edium
 

5.83 
8.70 

N
o 

0.57 
2.10 

N
o 

 
 

 

Expectations on abandoned agricultural land: Exp./N
ot exp. 

2.16 
2.76 

N
o 

1.46 
2.06 

N
o 

 
 

 

Co-authorship by Faaij/H
oogw

ijk: Yes/N
o 

9.99 
3.48 

Yes 
 

 
 

1.85 
2.07 

N
o 

Report length: Less than 100 pp. / M
ore than 100 pp. 

20.66 
4.57 

Yes 
 

 
 

2.47 
2.07 

Yes 

 


