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FOREWORD

In the last half year an international social and political debate
has arisen about biomass. That debate is often pursued in a
furious tone. Understandably so, because at stake are key themes
such as world food and energy provisions. Itis therefore a

complex and emotionally charged debate.

It is important to carry out the debate on the basis of a clear
oversight of the relevant facts and a reliable analysis. These
however are often missing. That is of course because of the
theme’s complexity and the interests at stake. Furthermore I
would like to emphasize that biomass can and must contribute
to make the Dutch energy household more sustainable, a task to

which the Taskforce Energy Transition is dedicated.

I am therefore grateful to the Biobased Raw Materials Platform
for successfully making such a clear analysis in this publication.
The Platform has created oversight and space. It analyses the
potential of biobased raw materials in contributing to world
food provisions and the demand for industrial raw materials and
energy, but then within the well-indicated and acceptable
preconditions. It also indicates the potential of biobased raw

materials to give agriculture a new impulse to renew itself all

over the World and thereby offer many people 1n develop“_

countrles a new perspectlve

Although of course the last Word has not been spoken 1n t

pubhcatron New facts and progresswe 1nsrght w111 contlnu :to

country

Theo Walthle, ‘ P
Chalrman of the Taskforc

négrgyE Tr}:znsi;itioin
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SUMMARY

The use of biobased raw materials for energy and material has
been brought into discredit in the past years. The use of bio-
energy is repeatedly held responsible for the recent food crisis
and for the deforestation of rainforest, and questions are being
asked about the advantages to the climate. As a result of this
discussion, the joint Platforms in Energy Transition have once
again considered their position in respect to biomass. Along with
the Biobased Raw Materials Platform, these are the Chain
Efficiency Platform, the New Gas Platform, the Sustainable
Mobility Platform and the Sustainable Electricity Supply
Platform.

The Platforms share the concerns existing in wider circles.
Bio-energy must not be produced at the cost of food provisions.

At the same time the Platforms are of the opinion that biomass is
essential for achieving a sustainable energy system. The
Platforms will maintain ambitious objectives in this field, on
condition that application of biobased raw materials takes place
in a sustainable and intelligent fashion, where agriculture can
still produce enough to feed the world. The discussion about the
sustainability of bio-energy is essential and the Platforms seek a
balance in this discussion. It appears from scientific research that
agriculture can produce sufficient food and energy and materials.
The productivity of agriculture continues to increase, even though
the efforts required have not come up to mark in large parts of the

world during the last decade. Limits for retaining biodiversity are

respected 1n the 1ntell1gent use of blomass no: damage to natural

areas for new productlon Care 1s taken of Improved perfo ; c

in crops less artlﬁc1al fertlllzer hlgher y1elds Types o
agrlculture that are beneﬁc1al to the env1ronment labour

condltlons and local economy are stlmulated 1n the productlon

countrles The efﬁc1ency of the ent1re cha1n from plant to food
and use of blofuels is 1ncreasmg contlnually Wthh 1n turn 1
decreases the emlss1on of greenhouse gases Waste product are
used usefully New crops w1th h1gh y1elds are bemg developed
And new products are be1ng made and new apphcatlons are :

being! opened up w1th the neW technolog:les

Clever crops and clever technologles form an essent1al part of‘

the 1ntelllgent use of bmmass Plenty of such crops and
technolog1es are belng develope itep

the whole crop Important parts of the harvest such as straw__‘

and fol1age often remarn u used They could be used for ene

and mater1als Wood llke crops and grasses w1th a h1gh yleld:_

at t at of food crops) can be planted on fallow

land, on margmal and degraded so1ls and - 1f the food s1tuat n

permlts - also oni arable land

Innovatlon in: these areas 1s happemng at hlgh speed

Boundarles that appear now can be sh1fted W1th sufﬁc1en . ffo
far away 1n ten years t1me The efﬁc1ency can be 1ncreased
clever technologles not only for the energy and materlal ch

but also for the food cham
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It goes without saying that world food production, local as well
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the use of biomass

ﬂevéeloi_)'e'diin'lfpio}jasé'd Faiwv nate 1a S
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balance and little environmental impact. ;
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‘biomass is essential

“S Want to

din a'sus :_ain'_abli_e ari:d inte igéint . ¢ cleverly. Furthermore the world is slowly becoming convinced

Way, wheréby é_agrf;iculiturie pxé"odléaceé: enioug%h té feéd the v:f:vorj:d aénd that fossil fuel use must be reduced because it is very expensive

sustalnabllltyls guaranteed ¢ and the reserves are limited. The reserves are spread unevenly
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around the globe, resulting in the supply to industrial countries
such as the Netherlands being vulnerable to disruptions. And
finally, the Platform foresees new chances for the Netherlands
because of its unique location and the advancement in the
economy, imports, processing and the transit of biobased raw

materials.

The debate about biobased fuels has gained momentum since
2007. One application in particular is being discussed: the use of
food crops for making transport fuels. Palm oil and Cole seed oil
for example are processed into biodiesel. Sugar cane and corn
are used for bio-ethanol. This use of biofuels has been going on
for some time, particularly in Brazil, who made the decision to
be less dependent on imported petroleum thirty years ago and
set up their own industry for the production of bio-ethanol.

In Europe and the US the use of biofuels began around 2000 -
and it is now starting to take off just at the moment world food
prices are rising and access to food by the poorer parts of the
world'’s population is threatened .

The relationship between hunger for energy and the actual
hunger of people is easily made and that has not helped biofuels.
People are more important that cars, three Latin American
presidents agreed this in April 2008, thereby distancing
themselves from Brazil. “Converting food into fuel is a
monstrous activity,” stated Fidel Castro on 7 May 2007. Jean
Ziegler, food rapporteur from the UN, says: “The right to live
goes before a full tank.” He calls the European guideline that

10% of all transport fuels must be of biobased origin by 2020

“a crlme galnst humanlty More cr1t1c1sm comes from

conservatlonlsts Who Watch helplessly as Jungle IS cut do
countrles such as Brazﬂ Indone51a and Malaysm and wh
a (m) d1rect hnk W1th the estabhshment of sugar cane and

oil plantatlons for the productlon of’ b10 energy

There are reactrons to the attacks on blofuels
The Braz111an Pres1dent Lula defends hlS country s pohcy

“The prlce of food 1s 1ncrea51ng because the poor are eatlng

more, not because of b10fue1 produotlon He argues further that
the supply of food 1s 1nadequate not because of blofuels but
because the rlch West 1s protectlng thelr agrlculture W th

subs1d1es and trade barrlers For that reason oth

will not mcrease thelr food productlon ause they cannot

export the surplus accordlng to Lu : And Professor and former_h_”_
Deputy D1rector of the FAO Loulse Fresco Wrote 1n her column ’
in the NRC Handelsblad on;

the eve of mass famlne noW that the prlce of food 1s 1ncrea51ng7

March 2008 Are We standlng_at

Is World peace : anger" The short answer 1s no Food is not oil
Food stocks ﬂuctuate but the whole hne 1s never exhausted
unless: ‘a planetary dlsaster occurs Food 1s after all a
sustalnable resource ( ) the stocks are replenlshed after each _____________
growmg season ‘ A
A couple of comments are necessary about the current food/

dlscussmn and 1n partlcularly, on: the Way they are conduc
The ﬁrst react1on 1s that the dlscussmn about the allocatlon of

land and harvests is of all tlme Agrlculture 1s not only for
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The third reaction is that the food/fuel controversy 5;conéceri‘gs the |

f)roélucfiori of biofuel%s 1n pai‘ticillair, 1n ot}éler %/vofzds:%bioidieise :
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Controversies

Biomass and famine, now and in the future

The world anno 2008 is on the eve of a great food problem. Food
riots are taking place in many countries. In Pakistan, where the
flour price has doubled, the army has had to protect storage
depots and transports from attacks. In Egypt long queues have
formed in front of the subsidised bakeries and fighting has
broken out. In Yemen and Cameroon there have been dozens of
deaths during food riots. Other countries where riots have
occurred are Ethiopia, Haiti, Indonesia, Mexico, the Philippines
and Senegal. In Thailand rice is stolen at night from the fields so
that armed villagers are forced to defend their fields.

Lester R. Brown from the Earth Policy Institute, who provided
this data, is of the opinion that we are contending with a
situation without precedent in modern history. World food
production is increasing, but less and less, while there are

70 million more mouths to feed every year. The increase in
agricultural productivity is levelling off: while between 1950
and 1990 the production of grain per hectare rose by 2.1 % per
year, calculated over the whole world, these increases amounted
to 1.2% per year between 1990 and 2007. Climate change also
applies here. In Australia continual drought has led to crop
failure. In Asia the glaciers are melting resulting in too little
water in the in the rivers during the dry season. Water
provisions for agriculture are becoming acute in increasingly

more areas.

Up untll OW 1o actual food shortages have been reported The

acute food problem comes from pr1ce 1ncreases as a result
Wthh the poor can buy less food World food programm 3
Darfur for example are confronted Wlth sudden shortages

questlon is: can the World produce enough food’7 Qulte apar :

food to feed tw1ce the world populatlon ays UN rapporteur

Jean Zlegler Improvement progra mes must reach all the_

farmers 1n the world to: substantlate th1s in the future Th.__

so- called green revolutlo rted in the ﬁftles of the las

century, Was only partly successful 1n th1s Why should 1t;._ ow

The IAASTD (Internatlonal Assessmeut of Agrlcultural :
Knowledge Smence and Technology for Development) report _____________
from Aprll 2008 1nd1cates the necess1ty for 1mprovements t
markets rather than to technology The best 1ncent1ves for
1ncreas1ng productlon are sufﬁc1ent demand for agrlcultur 1
products and that farmers can earn a reasonable 1ncome Th
IAASTD also pomts out Just asi Pre31dent Lula from Brazﬂ doe

the trade barrlers and sub51d1es in the 1ndustr1al countrles But
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1d will have to work harder to

Farmers over the whole w

' PrOdll_lf??__epq_lvlg_hpI}_ the available arable ground so that the

, production of  amounts bio-energy will become possible.

. percentage of world .f.OQd..pr..oductlon cannot keep pace with the

growing demand. Extra growth of agricultural production will

--prlces Wlll glve rlse to be necessary to enable reliable exploitation of bio-energy,

productlon combined with improved utilization of the harvest by biorefining

and biocascading. We will have to consider whether the right
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crops are been cultivated in the right places. An optimisation
battle is possible resulting in the use of artificial fertilizer and

water also being limited and the production growth sustainable.

Biomass and price increases
The growing demand for biofuels coincides with the explosive

price increase of food. That can hardly be a coincidence... Or can it?

Firstly we must note that the price of nearly all raw materials
has exploded in the last ten years.

The dollar price of aluminium has doubled, nickel quadrupled,
copper has increased fivefold and lead has increased six fold. The
price of raw materials is generally stated in dollars. The price
increase in Euros amounts to about half the dollar increase
because the value of the Euro has almost doubled in respect to

the dollar in this period.

Secondly it is noticeable that the prices of most important foods,
such as grain, rice and edible oils, has in fact dropped in the
period immediately before 2001 (see 4.8). Roughly speaking the
prices only started to increase in 2001 resulting in them reaching
the 1996 price in 2007 and only going higher in 2008. The price
drop in 1996-2001 is not unique, on the contrary. It is the
continuation of a long existing trend: since about 1900 the prices
for agricultural products have dropped constantly. The actual
price of agricultural products (worldwide) in 2000 was only 45%
of the 1973 price.

There are many actors bes1des blofuels that have affected the

prlce 1ncreases FA World Bank etc state the followmg

1nﬂuences

- The pr1ce of fossﬂ fuel affects the cost pr1ce of agr1cul ur

products v1a d1esel 011 fertlhser and pestlcldes

- The cost prlce 1s also 1ncreased by the growmg scarcrt .......
resources such as fertlle land and water
- Speculatron as a result of less stock pushes the prrce u
Flnan(;lal markets have also become 1nterested in:
agrlcultural products promotlng extra speculatlon L
- In: 2006 a large number of harvests falled through dro.___
and other natural dlsasters '_ Lo
- Income growth translates dlrectly to 1ncreased consum

of food in many developlng Countrles

Itis expected that the demand for some crops w111 1ncrease

greatly resultlng in the pressure on prlces remalnlng An

example s soya lts consumptlon w111 grow due to 1ncrea51ng'___

prosperlty an_ more consumptlon Of meat (soya 18 an 1mportant

constltuent of cattl ' d) But there 1s st111 a hnk between the

use of blofuels and the prlce of agrlcultural products such as

sugar cane and palm 011 We w111 fol w Schmldhuber s

argument (FAO) and take the cultlvatlon of st gar cane as an

example

Ethanol from Brazﬂlan sugar cane competes w1th petrole m

upwards from a prlce of about $ 35 a barrel From thls prlce

upwards the ethanol prlce ﬂuctuates w1th the 011 prlce because
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Biomass and deforestation of tropical rain forest

Palm oil and bio-ethanol have been put in a bad light by the
suspicion that tropical rain forest has been cut down for their
production. The Western hunger for energy would be at the cost
of irreplaceable natural areas. In reality it is more subtle. The
most important driving force behind cutting down tropical rain
forest, in Brazil as well as in Indonesia and Malaysia, is the
acquisition of tropical hardwood. The WNF and the FAO have
monitored the situation in Indonesia and Malaysia in the past
years. From this it appears that in the period from 1990-2005
about 30 million hectares have been deforested, an area ten
times the size of the Netherlands. Over the years the size of o0il
palm plantations has grown by 6.5 million hectares, of which
about 50% was already cleared ground. Overall therefore, 10 to
15% was deforested for the sake of building oil palm plantations
in the period. And no more than 1.5% is intended for biofuels in

the palm oil market.

A very large area of deforested land lies in Indonesia (20 million
hectares, it is said). There is not much incentive to build oil palm
plantations: new infrastructure has to be created and the big
money-maker (tropical hardwood) has already disappeared. But
that area does have the potential for additional production of
palm oil, without cutting down anymore rain forest. Suppose
half that area, 10 million hectares, could be successfully planted
with oil palms, a yield of 4 tons of oil per hectare would supply
40 million tons of palm oil per year, while the current world

market amounts to 37 million tons. Expansion of palm oil

but enforcement

:problem

In Brazﬂ there is; also hardly any dtrect relatlonshlp betwee

ethanol productlon for sugar can and cuttlng down Jungle i

Amazon The pressure of sugar cane n thi :rea is notably less

than that from soya Th1s has economlc reasons. Soya ylelds LTS R W A

much more per ton (peas $ 400/ton, 011 $ 1 200/ton) than sugar ' e
cane ($ lOO/ton) On the other hand the sugar harvest is muc
bigger, around 14: tons/ha as opposed to 3 tons/ha for s

beans. Cultlvatlon of! sugar cane for export 1n the deepest
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Decreasing the use of artificial fertilizers in agriculture as

much as possible is desirable for other reasons as well. The

emission of nitrogen compounds during the cultivation of
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crops and intensive cattle farming leads to eutrophication,
acidification and adverse impacts on human health and
bio-diversity. Biofuels from food crops often have a bad
greenhouse gas balance (except for ethanol from sugar cane).
The so-called second generation biofuels (including ethanol
and biodiesel produced from wood-like material and waste
products), as well as biogas from manure or sludge
fermentation, have a much better greenhouse gas balance.
The greenhouse gas balance is also improved when the whole

plant is used, as happens in biorefining and biocascading.

All the fossil energy input (in the form of energy consumption
during the production of artificial fertilizer, transport and the
use of tractors), plus further greenhouse gas emissions in the
chain from cutting down rain forest, for example, are compared
with the output of biofuels and other products, to calculate the
greenhouse balance in a biomass application. Besides CO,
emissions, the other greenhouse gases such as N, and CH, are
included to calculate the impact to the climate by the production
and use of biofuels. The recent design guidelines from the EC
state that the limit for allowing biofuels is that they generate at
least 35% less CO, emissions, compared to an equivalent
quantity of fossil fuel. it is proposed that this percentage is
raised to 50% by 2015. In this discussion, the Netherlands
suggests employing stronger criteria: 50% and 60% later.
Bio-ethanol from sugar cane complies amply with these limits:
typically 74% decrease. Bio-ethanol from corn and biodiesel

from palm oil perform less well: typically 56% resp. 57%

(DDGS) a protem rlch co product Cake that is produced du ln

the product1on of b10d1esel from Cole seed also has these

propert1es For that matter the greenhouse gas balance does not

form the ult1mate benchmark for the 1ntell1gent use of b1omass

The fact 1s that b1omass is hardly ever Wasted 1n the greenhouse

gas balance In Braz1l the (manual) harvestmg of sugar cane 1s

still preceded by settmg ﬁre to the crop 1n the ﬁeld in more than

half the cases Snakes and scorplons are chased away and.the

harvest de ¢ easter Dnly the dry follage lS burnt (W1th‘a lot of_»

env1ronmental pollut1on) not the mo1st sugar holdlng stalk
This i 1s ani 1nefﬁ01ent use of b10mass because the energy co.ntent

from the fohage coul also have been used usefully Further 'or

the dlstlllatlon of ethanol often take 'place 1n obsolete

usefuluseofthewholeplant : T TR
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biobased raw materials. They can contribute to larger harvests

and a smaller chances of crop failure, reduction of the

environmental impact of cultivation or increase the useful yield
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through the stimulation of production of worth-while
substances. The Platform Groene Grondstoffen is of the opinion
that GM crops could have great advantages but that broad
debates would have to reveal whether the advantages outweigh
the possible disadvantages. Up until now the discussions have
been mainly about the application in food crops. The balance of
pros and cons in the EC public debates will possibly be different
if this technology is applied to non-food crops in protected
environments (for example when algae is cultivated) or with the

specific cultivation of energy crops.

Shared visions

Now that we have discussed the most important controversies, it

should also be noted that the verdicts in a number of fields differ

much less:

— The use of organic residues is in general judged positive. It
scores positively on the greenhouse gas balance. The
problems are therefore mainly economical: how can waste
products be collected at low cost? Waste products are often
wet, which restricts their use in most processing methods.
Moisture has to be evaporated at the cost of much energy.
Extracting all the waste products from the land must be
avoided because this could disturb the mineral and carbon
balance in the soil.

— There is hardly any objection to burning waste wood or other
fibres to produce electricity and/or heat. A point for attention
is whether or not indirect competition exists (through the use

of the land) with the production of food and other consumer

goods (paper, furnlture etc ) or that the Wood is not

extracted at the cost of b10d1ver31ty, and Whether conv
1nto useful energy can take place W1th sufﬁc1ent pro
W1thout pollutlon ' [ P :
Concordance W1th the des1rab1hty for the fast development

technologles of second generatlon fuels ex1sts 1n W1de c _cl

Th1s 1s the general name for hqu}d and gas fuels made from
ﬁbrous materlal and the parts of' plants Wthh are not :
surtable for food Many compames are Workmg hard to
Cornmermahse these second generatmn technolog1es at the |
moment B10mass 1s Converted more efﬁc1ent1y 1nto blofuel by
second generat1on technolog1es resultlng 111 the land '

belng reduced and the greenhouse gas balance 1mpr0v d

and the productmn of foo
matter 1nclud1ng the productlon of ﬁrst generat1on b1 -
the total

: ergy yleld from one hectare can bejust as ;
When producmg second generatlon blofuels W1de approv
ex1sts for the 1dea of dual purpose agrlculture 1n other
words cult1vat10n Where part 1s destmed for food and the

other part for the productlon of energy and/or mlnerals But

dlsruptlon of the carbon and n1tr0gen balance m the s01l g

Warned agalnst Carbon (1n the form cf humus) and n1tr g_e
(as general nutrlent) are essent1al for plant growth If th
Whole plant isi harvested and m1nerals carbon and n1trogen

are not replaced the so11 W1ll deterlorate qulckly We Wlll




CONTROVERSY AROUND BIOMASS 19

dlscuss exampIes of dual'E urpose agrlcultur in Ch pter 3
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When used 1ntelhgent1y, blomass could mean a new, valuable

source of 1nc0me for farmers all over the World
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A small amount is used in pure form (high blends). Pure
biodiesel (B100) can be used in older diesel engines, but a
warranty would as a rule elapse if used in new engines. In
Germany B100 is available at 2,000 filling stations, but subsidy
cutbacks have caused the collapse of this market. An automobile
has to have a modified (flexifuel) engine for almost pure
bio-ethanol (E85). Favourable financial and other incentives
policies ensure a growing market share for E85 in countries such
as Sweden, Germany and France. However the Netherlands does
little or nothing on the consumer side to stimulate the use of
biodiesel en bio-ethanol in high blends. The Netherlands

implements the EC guidelines in the most minimal form.

These EC guidelines mean that 5.75% of the volume of engine
fuels must consist of biofuels by 2010, with the prospect of this
proportion growing to 10% by 2020. The simplest manner of
acting on this is by blending. Car and truck engines do not need

to be modified with these percentages.

The most important range of application for biomass is however

electricity and heat production from wood and other fibres.

There are four main routes:

— The co-firing of wood chips and other fibrous material in
coal-fired power stations. These power stations can cope with
a blend of up to 30% biomass, but this will be limited to 20%
in practice because of the extra air pollution from
incinerating biomass. The production of electricity and heat

from waste incineration (a large part of the energy content of

household Waste comes from blomass)

- The fermentatlon cf anure and the waste products f m
i)iture of CH, and €O }, fo;t wed

agrrculturelnto blogas 1, and €O,

by the generatlon of electrlclty and heat form thls gas An

alternatlve 1s to upgrade blogas rnto replacement for

natural gas (blogas) P : P b
- The ga51ﬁcat10n of blomass a st111 experlmenta techn'
whereby synthe31s gas or syngas is created prmcrpa ]

con31st1ng of CO and H or a mlxture w1th CH from wh':' h

synthetlc natural gas (SNG brogas) Can be made

Bloreﬁnlng or blocascadlng and the productlon of blomaterla S

(blobased materlals) can be 1ncluded as other 1mportant ranges

of apphcatlon

These apphcatlons are not stlmulated by volume demands such

as for blofuels for haulage but by means ‘of sub51d1es In the

Netherlands :the sub31dy for sustalnable energy Was stopped n
August 200 but the SDE (Stlmulerlng Duurzame P '

Energleprod : 1e [Sustalnable Energy Incentlve Scheme]) ha '

been i 1n force smce pr11 2008 Of all the routes mentloned

fermentat}on [by 7 ct/m3 gas) further small scaIe co ﬁr1ng of

blomass and the (hmlted) productron of blogas are

recompensated 1n the SDE Large scale c

not recompensated m the new regulatlons there are st111 ......

long- term contracts that fall under the old regulatlons
From Chapter 1 1t emerges that the use of blomaSS is

accompanled by many stumbhng blocks When the SDE Was
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Criteria for sustainable biomass
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Manual harvest of sugar cane

Under the influence of these movements a system of self-
regulation is gradually being created for important markets such
as palm oil and soya. In other words: Criteria will be drawn up
by so-called Round Tables for the sustainable production of
these raw materials and, by raising the pressure of public
opinion, an effort will be made to have these regulations
endorsed by more and more producers and customers. Not only
non-governmental organisations such as Solidaridad and WNF
have earned their spurs in this field, Dutch companies such as

Essent and Unilever are linking themselves more and more to the

Enghsh system Renewable Transport Fuel Obhgatlon (RTFO}_“

went 1nto force

Governments have also recogmsed the 1mportance of blomass

certlﬁcatron The Netherlands and the Unlted Klngdom Were the

first countrles to develop pohcy for thls purpose In Netherland
this was accompllshed by appomtlng a commlssmn chalred by

Prof. J quehne Cramer the current (2008) Mlnlster of Hous i

- Asufﬁmently posltlve greenhouse gas: ﬁ . R T T U O T

- No competltlon w1th foodstuff or other local uses such as .......

medlcmes or bulldlng materlals
- No adverse effects to: the vuinerable blOleerSItY

- No adverse effects to: the enV1ronment
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f;hesie iréldiﬁect%efféctsi pef;iod'_icalglly.;E b as the sugarcane harvest when cut is not set alight is an
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example. On the hand the need for labour is much smaller. In the
case in Brazil, the redundancy of labourers can be absorbed
reasonably easily in a relatively prosperous province such as Sao
Paulo. But in older sugar areas such as Recife and Pernambuco,
the social effects of mechanisation are perhaps so great that an
argument can be made for the temporary continuation of manual
cultivation and harvesting, including the adverse environmental

impact.

Certification by Round Tables is beginning to get going and can
be supported by governments. In the United Kingdom for
example the criteria in the Better Sugarcane Initiative were
indicated as the formal benchmark on 15 April 2008 in the report
obligation for transport fuels (the RTFO).

Certification brings extra costs in the form of arranging
administrative procedures, investment in the infrastructure
(roads, waste water purification, wildlife corridors), and the
costs of the certification. If the starting situation is good then
the additional costs are limited. The proceeds should consist of a
higher price for the certified product. User countries can
influence this price by demanding certification. The incentive for
sustainable work would be counteracted if there was a too low a

premium for certified palm oil for example.

Certified palm oil can be traded in various ways. If the
certificates are traded separately from the physical product,

their expected price is $ 10-20 per ton on the market, in itself an

attract1ve prlce but only 1 to 2% of the market pr1ce for the 01l

On the other hand the marglns are no ery large (produc 10

150 300 per ton market prlce more than $i1 000 p
S0 that ai shghtly smaller margln for sustalnable 011 would ot

a drawback at the moment

Sustalnahle productlon can also be encouraged by ﬁnan a
compensatmn for the conservat1on of the quahty of the

env1ronmental hy the productmn countrles as 1n debt for nature

swaps A developmg count \% Would rece1ve rem1ss1on of cleb

exchange for h1s pledge to. Conserve an 1nd1cated nature a

The result of th1s coul e: that new palm 011 or soy planta i

are estabhshed on undeveloped land and that v1rg1n forest is
chopped down Another poss1b1l1ty goes through the Clean
Development Mechamsm put 1n place by the Kyoto Protocol in

which: 1ndustr1al countnes 1nvest 1n a prOJth abroad whereby

the em1ss1on of greenhouse gases 1s restrlcted
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But indirect effects such as competition with food supply are not
highlighted by certification. At the same time and because of
this, monitoring the food situation, regionally and worldwide, is
necessary to prevent the use of biomass causing food shortages.
The same applies to effects such as indirect deterioration of the
greenhouse gas balance or indirect damage to biodiversity

caused by moving crops to natural areas.

Increasing agricultural production

The productivity of agriculture over the whole world is
increasing every year (see 4.6). Only because of this the
agricultural sector remains capable of feeding the world. This
growth will have to continue if bio-energy is to be obtained from
agriculture. The belief that this growth will continue for the
time being is partially based on the large differences between
the average yields and the yields of experimental farms in many
countries. Much can be achieved with good agricultural
information, as long as the markets work well and farmers can
expect their products being sold. There are also opportunities to
increase the yield in countries with a well-developed
agricultural sector, for example by precision farming. The use of
subsidies for increasing agriculture will have to be aimed at
stimulating the cultivation of the right crop at the right place

within the environmental preconditions.

New crops can contribute to this production increase. Among the
candidates for biomass production are crops with very high

yields, such as miscanthus, switch grass and willow. These are

crops that typlcally sultable for the productlon of second

generatlon blofuels Bloreﬁnlng ex1st1ng crops can also 5

consrderably 1ncrease the y1e1d 1n energy terms

Fallow ground 1n the E,C appears to be very sultable for groyymg

energy crops Pohcy to decrease food productlon Wh11e

malntalnlng the farmer s 1ncome has been carrled out i

Marglnal and degraded 5011 can also be con31dered for ener
Ccrops. Perennlal energy crops couId be planted 1n areas that _____________
have been damaged by erosmn Thls serves a dual purposez.
water retentlon (the ablhty to hold onto ralnwater) is 1ncre
and use is made of ground that Would otherw1se be left fall
The pohcy of energy productlon frOm blomass not competln
with food productlon is belng 1mp1emented by g1v1ng pr10r1ty to

fallow, marglnal and degraded 5011
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Improved utilization of bioiias

enbmcascadlng
intél-hg%-enti;usé"of blom

3§'i§ further ciiaracte:rls:ed by the ¢ Biorefining is still being developed. One of the possibilities is
i;ncréeas%e of efﬁcieéncyé in ithe%chaiin through thie ut:iiliz:iatic‘{)n dff ‘ further division of the plant’s components whereby proteins and

z%llteirnaitivei pr(i)duicts 1n ef_xisi;ing griic Eturgge. Pirodiuct:$ such és other chemicals can be extracted, so that the value of the
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harvest and the (indirect) energy yield increase further. A
considerable energy yield can be booked by extracting chemicals
from biobased raw materials: energy-intensive production of

these materials from petroleum and natural gas is avoided.

Another example is the biorefining of wheat, for which the
British company Ensus is now building a large factory. Ensus
say they will make use of the surplus wheat on the European
market. As well as 400 million litres of bio-ethanol (first
generation), this factory will also produce a protein-rich product
for animal feed which will take the place of soy as an additive.

Furthermore CO, will be removed for use in greenhouses and

Ensus will produce electricity and heat from waste products

(straw). The company says they will achieve a greenhouse gas Sugar bieetsi

balance that is comparable to that of ethanol production from
sugar cane. This balance is even better when the decrease in the

necessary surface area for soy is taken into account. The Improved utlhzatlon of blomass second generatlon blofuelszu

company sees opportunities of increasing wheat production in Better: apphcatlons for blomass must be contlnually sought One

the enlarged EC (by making up for the backlog in East Europe es 1s the development of’; second generatlon

and with continual crop improvement) so that the EC can reach brofuels Th1s means generally blofuels w1th hrgh energy
its goal of 10% biofuels and at the same time produce enough efﬁc1ency and 1mproved greenhouse gas balance that are made

wheat for their own food supply. from wood and other ﬁbrous materlal Wlthout d1rect compet

to the food supply

by ECN (see 4. 13) Second generatlon blofuels clearly deserve

preference it emerges from thls report For second generatlon
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Improved utilization of biomass: chemicals

The Biobased Raw Materials Platform foresees chemicals
developing into an important sales area for biomass in 2030:
25% of the fossil fuels that are now used in the chemical sector

in the Netherlands could be replaced by biobased raw materials.

Chemicals are a premium market for biobased raw materials.
Biorefining is necessary to divide the biobased raw materials
into useful components. Use is made of enzymes and (modified)
micro-organisms in further processing; these processes are

called by the collective name of white biotechnology.

The first big steps towards applying biomass in

chemicals are being set at this moment. The polyactic acid, or
PLA factory for short, from NatureWorks (part of Cargill) was
the trendsetter. But now other factories have announced that
they are going to make large quantities of ‘biobased’
polyethylene (PE), together more than a half million tons per
year. These are DOW Chemicals (jointly with Crystalsev, a large
Brazilian player in the field of ethanol) and Braskem, an
important Brazilian producer of petro-chemical polymers.
Dupont is making propaandiol from corn starch;

polyurethane foam is made from this in Canada. Solvay in
France produces epichlorohydrine from bioglycerol; methanol is
made from this by BioMCN in Delfzijl. And DSM, Dutch leader in
sustainable chemicals, has announced they will be making
succinic acid in France and polyhydroxyalkanoates in China.

And these are only a few examples.

bulk chem1cals and that 1n vxew of the early stage of |

development great progress oould be ach1eved in th1s ﬁeld

Accord1ng to BREW many 1nterest1ng opportun1t1es and L
breakthroughs can be expected 1n the long term But in the first

place the challenge 15 economlc partly because the necessar?_‘
enzymes and fermentatwn prooesses are too expenswe and
partly because the raw ma‘r,er1als are st1ll too expenswe afte
convers1on to bei able to compete w1th bulk ohem1cals from t

petro- chem1cal 1ndustry Because of the great dlfferences'_ n

pr1cesi he lowest sugar prlce 1s 1n Braz1l for example) the ﬁrst '

generatlon fact Wlll probably be bullt 1n countr1es Where

the prlces for raw mater1als are low Opportumtles for: Europe

are malnly expected_ hien

nocellulose can be unlocked
(second generatlon technolog ' : ‘

The enV1r0nmental and cl1mate 1mp of these developments

are assessed by BREW as very favourable Conversmns usm

white blotechnology often need much less energy t an those
the petro chem1cal 1ndustry and the Waste products are .......

generally much less po1sonous The emlss1on of greenhouse

gases can be reduced cons1derably (for some substances and
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sugar, 12 ton bagasse and 12 tons of foliage. A problem when
assessing the various processing routes is that the CO, criteria
score negatively for the use of fossil fuels and not positively for
the efficient exploitation of biomass. Therefore reuse of biobased
products does not recur in the greenhouse gas balance and we
cannot find wasteful use of foliage and bagasse in the scores
either while much can be won here. Brazil as well as the users of
bio-ethanol score well with a 1/8 energy content of fossil fuels in
bio-ethanol, while they could do much better. In the short term
improvements can achieved by condensing bagasse, for example
by torrefaction. But there is no incentive in the existing criteria
for improvement. The Brazilian government has a policy
whereby burning the harvest on the land is being permitted less

and less, with a view to a total ban in 15 years.

It will be even better with biorefining and second generation
conversion technology, when it becomes available. The plant can
be harvested earlier (no maximum sugar production, just like
sugar beet). After splitting into components the protein can be
used for cattle feed. The foliage and bagasse can be used for

second generation bio-ethanol.

Decreasmg the need for water and food

Water shortage is 1ncreaslngly more 1mp0rtant as the hm'

agrlculture often go hand 1n hand w1th access to water (ra1n r
1rr1gat10n) for many crop : In large parts of the World ther :
already a shortage of Water The need for Water is grow1ng_
almost everywhere because of the growmg populat1on in
comb1nat1on W1th the 1ncrease in welfare expans1on of

agr1culture and further 1ndustr1al1sat1on Generally speakmg

there i 1s no shortage of Water 1n the temperate chmate zon s (see
4.10). In dry chmates 1t is also poss1ble that there 1s enough :
water because water is carrled in by rlvers But large are
suffer from ai shortage of Water or; w1ll meet th1s s1tuat1on in th
near future There are some areas W1th no phystcal shortages .
but Where the locals lack the buymg power or the 1nfrastru e, o
for good prov1s1on of Water (especrally in Afrlca) N T T e

Crops balance precarlously W1th natural Water prov1s1on in

form of ramwater All mo1sture i

the atmosphere comes fro
evaporatmn partly from 5011 and surface water (evaporatlon ______

partly from trees and plants (transplratlon) knownJmntly as

evapotransp1rat1on Thoughtless cuttlng down of natural areas

can cause dehydratmn because not enough Water can evaporate

for ra1n
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locally, they can save the money for diesel oil and reinvest it in
the community.

There are various candidates for such small-scale projects with
biodiesel. The most well-known is the jatropha plant, a tropical
plant with great potential. The berries from the jatropha bush
contain much oil and are not edible. Therefore there is no direct
competition with the provision of food. Jatropha oil in pure form

can be used as a fuel in older diesel engines.

Jatropha can cope with drought: the plant will not grow further,
but will not die. Cultivation of this crop is pre-eminently
suitable for marginal soil in areas that are regularly subjected to
drought, in the Sahel and East Africa. It can be planted in
plantations, but also in hedges around arable fields so that the
use of ground does not compete with food production. Marginal
soil in east Africa for instance could be the residential areas of
the poorest groups of the population. Large scale planting would
be at the cost of their way of life. Consideration must be given

here to the lay-out of plantations.

Cultivating jatropha is recent and it is not clear whether the crop
can substantiate the high expectations. Although the bush can
cope with drought, it is clear that the yield improves
considerably with rainfall or irrigation. This means that
competition with food provision from jatropha is more than only
theoretical. Certification of jatropha is also useful, partly to

check whether the local economy is indeed positively affected.

Jatropfm nuts

Another example is the sugar palm st1mulated on Kallmantan
by forester W1ll1e Sm1ts who is commltted to the orang utan

and by the World Bank 1n Afr ca The sugar palm 1s a labot ur-

1ntens1ve crop, for: small scale companres The sugary

sap is very su able for processmg 1nto blo ethanol Smlts wants

to plant 680 000 hectares of sugar palm on Kahmantan

New crops P : TS VOV VOTTO00S VOO0 FOTPUIOS VOOTOOOS ORI OO
New crops can encourage the achllSlthIl of blO energy A s. e01

category of new crops are the mlcro algae o j ﬁ ______
Micro- algae are vegetable mlcro organlsms that use sunllgh
and i 1norganlc nutrlents for the1r growth 1n part1cularly CO

n1tr0gen compounds and phosphate The algae are grown 1n ope

or closed ponds and cultlvat1on is very productlve 1n terrns of
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Conclusions from the Platforms

hy bio-energy should either be

open arms. In view of the risks in

new source of income for farmers all over the world.
Certification of biomass, monitoring the food situation and

macro-effects such as land usage are the key variables for
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the successful application of biobased raw materials.

— Quick development of technologies which enable high
efficiency in the chain (particularly biorefining, biocascading
and second generation technologies) are necessary to
counterbalance the tension between the ambition of the
current (European) policy and the (current and future) world
agricultural production.

A large potential of biomass can be developed in a responsible

fashion with intelligent use and consideration to the conditions

in force.
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TEN CRITICAL QUESTIONS AND ANSWERS

1 Is the use of biomass for energy responsible for the

current increase of food prices?

There are many reasons for the recent increase of food prices

and the development of bio-energy is one of them.

— For many years the governments of industrial countries have
tried to stabilise the food market. Stopping surpluses and
regulating production were the most important remedies.
This policy was abandoned not so long ago. Consequently
food stocks have decreased. And now the demand is
increasing; not only from bio-energy but particularly
through increasing prosperity and population size in
emerging economies such as China and India.

— Rising prices lead to reactions which increase the prices even
more. Food exporting countries are closing their borders in
an attempt to prevent further national price increases. This
leads to shortages on the world markets and further price
increases.

— Rising prices also lead to speculation. Farmers and traders
are holding on to their stocks in the hope that prices will rise
even further which also leads to shortages. Furthermore
speculators, frightened by the unrest on the financial
markets, have begun to invest their money in raw materials,

including food. This leads to new price increases.

And alongs1de all th1s the preva1l1ng oplnlon of analysts 1s
n the market Th

that there are no physical shortag

why 1;he recent pr1ce rise seems to be an extreme react'

BIO energy does 1ndeed need food crops such as corn :p _m

used for energy generatlon at the moment amounts t :l 5%.
Larger percentages are reached reglonally At the moment

20% of corn productmn in the US| goes to b1o ethanol b__ut he
Amerlcan corn farmers report that 1n splte of th1s exp t
surpluses are 1ncreas1ng Two thlrds of the European:
productmn of rape seed goes to b1od1esel but part of t

seed 1s grown on land that was set as1de by mandatory

European regulat1ons to prevent overproductmn

An 1nd1rect effect isi d1splacement of land usage An example

is the 1ncrease of the corn surface area 1n the US at the cost
of other crops 1n partlcular soy Th1s could 1nﬂuence the

pr1ce of soy

A more profound reason for the 1nﬂuence of blo energy;on _h
pr1ce of food 1s that some food namely sugar can be used f
two markets now Brazﬂlan farmers often have the ......
opportunlty to dlspose of the1r product as sugar or as :
ethanol as they have processmg 1nstallat1ons for both of
these The sugar prlce must then follow the pr1ce of: foss11 ______
fuels if they go above a certa1n level otherwrse all the sugar

would be converted to ethanol The two markets have become

l1nked However at the same t1me the 011 pr1ce also deﬁnes

the max1mum sugar pr1 e.
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2 Is the deforestation of tropical rainforests in

Indonesia and Malaysia caused by planting palm oil

plantations for biodiesel?
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3 Is the deforestation of tropical rainforests In Brazil

caused by planting sugar cane plantations for bio-

ethanol?

The Amazon area is actually too wet for cultivating sugar cane.
Even so sugar cane is grown in this area, but due to the high
transport costs to the coast it is probably mostly for local use.
There is an indirect influence: expansion of the sugar cane
surface area is at the cost of cattle farming and the cultivation
of soy, resulting in them being driven even further into the
Amazon area. The Brazilian government is trying to counteract
this partly by more intensive grazing, whereby more cattle are
being kept per hectare and the expansion of pastures is no

longer necessary.

Other areas in Brazil are also under threat. An example of such a
threat is sugar cultivation in the Pantanal wetlands on the
border with Paraguay (large impact on nature). The same is
happening in the Mata Atlantica where only 8% of the tropical
forest remains. Indians are recruited to harvest in very poor

conditions: for example they are paid with food and alcohol.

But there are better initiatives. The investment company,
AdecoAgro, which includes George Soros as a participant, wants
to prove that large-scale production and modern sustainability

(people, planet, profit) can go hand in hand with sugar cane. The

enterpr1se cultlvates sugar cane on a large scale on 120 000

hectares in the Mata Atlantlca blome wh1ch Was cut down fo
years ago The sugar cane is cult1vated on marglnal so1l w

the cattle have left and wh1ch is gradually belng restored b

modern techmques For the cultlvatlon of sugar cane AdecoAgro

uses sustamable technology w1 _ h1gh productlvlty Th
company is completely mechamsed So called zero t1llage is used
for the cult1vat1on the vegetable materlal rema1ns on: the.l_and
with n1trogen ﬁxatlon 1n the so1l Art1ﬁc1al fert1l1zer 1s used
matr1x system 1s used for crop rotatlon optlmlsmg shor ;
med1um and long cycle crop rotatmn ThlS can 1ntens1fy

productmn from 80 to 140 ton/ha

Accordmg to: Braz1llan law 20% of the surface area in theEM a
Atlantlca b10me Inust reta1n a natural funct10n (80% 1n the i
Amazon area) AdecoAgro 1s trylng to keep to th1s by means of a
Cluster programme W1th the reg1onal farmers among other

th1ngs An 1ntegrated env1ronmental plan Wlll be set up for the

most vulnerable areas

Ina nutshell sugar cane for b10 ethanol 1s only partly

respon51ble for the deforestatmn of the troplcal raln forest i

Brazﬂ
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4 Ts it true that the production of bio-ethanol from corn
has a negative CO, balance?

For which biofuels does this also apply?

There are many other factors which impact on the

Thls effect%wa%s déterémif;lediin téhe é;:o us;on?s of two environment, humanity and the economy: the impact of

éonﬁrox}iers%ial istué:lie in ithe%Febiru iry 2008 isisue%of $cie§nce§ cultivation and processing on biodiversity, water and air
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quality, social aspects etc. as expressed in the Cramer
criteria. Furthermore efficient use of biomass is important.
This cannot be been found in the CO, score because it only
scores negatively for the use of fossil fuels, and not positively
for the efficient use of biomass. A sustainability indicator has

not yet been set out for this.

In answer to the question above: yes, under American conditions
corn, just like soy, scores less well for the CO, balance than most
of the other crops used. When the coal is replaced by waste heat
from a power station as the energy source for distillation, the
CO, balance for ethanol from corn looks much better. But all the
production conditions have to be known to ascertain the precise

balance.

5 while visiting the Netherlands on 12 April 2008, the
Brazilian president Lula called ethanol from his
country a biobased alternative for fossil fuels. He
demanded that the debate about sustainability is
carried out with technical and rational arguments
and objected to ideological prejudices that place
ethanol in a bad light. Is he right?

One Can do no more than a ply rough generahsatlons Whe

assesslng the entlre B 5 ilian; productlon of ethanol

condltlon it can be stated thatthe Bram :_'an efforts inia numbe

Braz11 1s now so far tha E1t can export energy :

The blggest problems seen through Western ;eyes are he
labOur condlt ons on! suga ne plantatlons '_ )

the wages are 1ow and the labour condltlons bad ThlS s th

result of great contrast power and mcome in Bra21
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6 Preferably applying biomass from residues from

agriculture and forestry (i.e. straw) and from the food

industry (discarded fat, waste from abattoirs etc.) is
a wonderful aspiration. But are we anywhere near
the quantity needed for the existing Dutch and

European objectives?

o OutSide' .........................................................
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7 Is it not so that massive use of bio-energy will always

be at the cost of agricultural land and thereby cause

hunger or worldwide deforestation — or even both?

No, that is not the case. Malthus's theory, formulated at the
beginning of the nineteenth century, states that the growth of
agricultural production cannot keep up with the growth of the
population and has proved incorrect time and time again.
Through the expansion of agricultural surface areas, but
particularly due to a large innovation battle, agriculture since
that time has continually produced enough to feed the world.
Even the current food crisis is not the result of production

shortcomings but from a lack of spending power.

There is a deep divide between what agriculture could yield and
what it actually does yield, certainly in third world countries.
The low food prices of the last years were partly responsible:
this slowed down worldwide investments in agriculture. When
yields increase, farmers can once again invest, even if only in
good seed. Most analysts assume that harvests will increase
again with the impulse of higher yields and that the prices will

drop or remain stable.

There are also sufficient improvement opportunities in
agriculture in the long term, whereby the expansion of the

agricultural surface area for producing more food and to be kept

be dlfﬁcult better productlon methods have not reache

farmers or they do: not have the means to 1nvest 1n them

Agrlcultural potentlal is estlmated hlgh in the recent IAAS D
study, Whlch has a non technolog1ca1 slant Better funct1on g

agrlcultural markets 13 urged in th1s study 50 that farmers re

encouraged to 1ncrease productlon

In conclusmm agrlculture has been neglected 1n the

developmental agenda for thlrd World countrles for decades

Even ten years ago When food prlces were low :850

people Went hungry The suggestlon that the h ger problem:_”

could be solved for a large part by forb ‘ 'ng blofuels does not

cut 1ce Even the UN food rapporteu : egler does not takex__h

stand, however cr1t1ca1 he 1s about b1ofuels
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8 If the growth of biomass takes off, will India and
China then not monopolize such a large part of the

growth that nothing will remain for West Europe?

9 Isn't all the fuss around biomass a big hype that will

die away when oil prices drop?
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10 What alternatives are there for CO, reduction in

traffic and transport, what is their potential and

will biofuels then be superfluous?

Biofuels are not the only way of reducing the CO, emissions in
traffic and transport. Measures relating to the choice of
technology (such as purchase of more economical vehicles and
the use of fuels with better greenhouse gas performance),
transport choice (such as collective instead of individual
transport, more bicycles, more inland shipping for freight) and
behaviour (such as a more economic style of driving or less
travel from working at home or teleconferencing) are possible.
These choices will be influenced by information instruments
(such as energy labels), price measures (such as financial
greening and distance related road charging) and instructions

(such as economic demands on vehicles).

Five measures take a central position in the government policy
of attaining a target of 20% CO, reduction by 2020 (see figure).
The majority are expected from the European standard for more
economical cars followed by the use of biofuels and distance
related road charging (congestion charges). It is expected that
the motorist will then consider more critically whether a journey

is really necessary, so that there will be less driving.

The government is not doing well with these measures.

The env'l onmental movement is pleadlng f‘or even sharper

successfully lessened the economlcal standards for prlva

veh1cles Support for d1stance related road chargmg lS under

pressure due to: dlfferences 1n op1n1on about the reductlon of the
tax on passenger cars and motorcycles Controversy about

blofuels 1s handled extenswely 1n th1s book

It is obv1ous that the pol1cy s proﬁt w1thout b1ofuels w1ll be ver E

small In: the short term (the comlng ten years) llttle CO

reduct1on can be expected from us1ng hydrogen and elect:

for dr1v1ng because large scale market 1ntroduct10n w' 1

come up for d1scu551on around 2020

Relatlve 1mportance of ; measures from the Dutch Clean ‘an|

Efﬁment Programme

r
1 Financial greening Change of behaviour 3%
1 7%
1
1
1 Blending
of biofuels [UUUUOSSOTURUON SOTUUUTE FOUUOOS SOUROOS SOPOOSS
: 32%
' i
! I
1 European standard e s S e
1 for CO, I
efficient cars
! 36% Paying 1
1 per kilometre 1
1 22% I

Source: Sttchtmg Natuur en Mllleu, 2008
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ACCOUNTABILITY

ThlS book came abou

RN an '

Materla Es PIatform and was 'led by one'of t;'e Workmg'groups'

Engelen Smeets (S

Research for thls boo

_ bl Mob11
: he Sustalnable Electr1c1ty Supply Platforms

1ty, New G
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4 A LIST OF FACTS ABOUT BIOMASS 4.1 Some important biomass sources

This chapter shows a number of key figures relating to biomass. Bio-energy is the collective name for energy originating from

biobased material (biomass). Bio-energy can be produced from

4.1 Some important biomass sources many different biomass sources:
4.2 What is biomass used for?
4.3 Use of bio-energy
4.4 Overview of production figures and development Natural vegetation
of agricultural crops such as forests, grasses
4.5 Use of land
4.6 Developments in yields per crop per hectare Agricultural crops
and per country such as sugar beet, corn, palm oil
4.7 Energy vield per hectare
4.8 Price development of agricultural crops Energy cultivation
4.9 Use of genetically modified crops such as jatropha, grasses, poplar, algae
4.10 Water requirement of agricultural crops
4.11 Estimates of the proportion of bio-energy in world Biomass waste and waste products
energy in 2030 such as biogas, straw, household waste, manure

4.12 Production potential of bio-energy
4.13 Second generation bio-energy
4.14 Biorefining: an example using sugar beet A number of distinguishing properties follow now for each

biomass source.
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Agricultural crops

RAP

E SEED

Rape seed produces two products: an
oil for industrial and edible use and
protein-rich cattle feed.

Rape seed is used in Europe
increasingly for the production of
biodiesel; Germany is the biggest
producer of biodiesel in the world.
Relatively low net energy yield,
partly as a result of the high energy
demand during production;
fermentation of straw and pulp
could increase the energy yield.
Frequent crop rotation .

Annual crop.

The most cultivated oil-containing
crop.

In 2006: principally used for the
cattle feed industry, besides food
(processing).

Good price/quality ratio due to high
yield of protein per hectare in
comparison with other protein
suppliers.

Increasingly used for biodiesel,
although small biodiesel yield per
hectare compared with other oil-
containing crops.

Can grow in temperate and tropical
climates.

Annual crop.

SUG.

AR BEET

The largest production takes place in
the northern hemisphere; Europe,
the United States and Russia are the
largest producers.

An increasing quantity of sugar is
fermented into ethanol; less yield
per hectare than sugar cane.

Notable yield of primary and
secondary waste products (beet tops,
foliage, pulp), fermentation into
biogas is possible.

In Europe, the energy market offers
new chances for sugar beet farmers
(production was not profitable after
subsidies were withdrawn).

Annual crop.




COR

N

The most important food for many
people; contains starch.
Increasingly used for the production
of ethanol (second to sugar cane).
The United States are leaders in the
production of ethanol from corn (are
planning to produce even more corn
and ethanol in the coming years).
China also chooses ethanol from
corn.

Net energy from corn and
contribution to CO, reduction is
lower than with sugar cane.

Annual crop.

GRA

IN

Farinaceous crops.

The most important source of food
for people worldwide.

Canada and Europe want to increase
their ethanol production from grain
in the coming years.

Ethanol yield per hectare and CO,
reduction is often less than for corn
and sugar cane.

Energy vield is increased by the use
of straw, chaff etc.

Annual crop.
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AR CANE

Sugar cane provides the raw
material for sugar; mainly cultivated
in tropical climates.

Increasing use of sugar cane for bio-
ethanol (via fermentation); waste
products (bagasse) are used to
produce electricity.

Most important crop for ethanol
production in order of size anno
2006.

Brazil is the largest producer of
sugar cane and ethanol in the world;
45% of the harvest is for producing
ethanol.

Can realise high CO,

emissions compared to

use of fossil energy.

Perennial crop.
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Energy crops

PAL

MOIL

Vegetable oil extracted mainly from
the fruits of the oil palm.
Important product in the food
market. Also an important raw
material for soaps and detergents.
Used for biodiesel, electricity and
biogas.

Malaysia and Indonesia together
produce more that 80% of the
market.

Perennial crop.

JAT

ROPHA

Main new oil-containing crop (along
with soy and palm oil); waste can be
used for the production of
electricity.

0il is not suitable for food
(poisonous).

Bush grows on poor and very dry
soil; fertile soil and water increase
the yield.

Several harvests per year are
possible in some areas.

India especially has chosen jatropha
(aim 10 million hectares), but
insufficient supply of seeds.

Perennial crop.

wo

0D CULTIVATION
Examples of fast-growing wood:
poplar, willow, eucalyptus, bamboo.
Harvest every 3 to 10 years.
Availability partially dependent on
other demands for wood, current
production of wood is insufficient.
Worldwide potential through
diversity of crops (flexibility for
production in various soils and
climates).
Production is also possible on poorer
and degraded soil with the potential
advantages of soil recovery, carbon
storage and more biodiversity value.
Much marketing
experience with the
cultivation of wood
(such as fibre production
for paper).

Perennial crop.
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ALGAE GRASS CULTIVATION

— Vegetable micro-organisms which — Examples: elephant grass, other
are cultivated in open ponds or in grasses.

so-called photo-bioreactors. New crop, almost no market
Productivity of algae is very high: experience.

doubling the amount per day Worldwide potential through crop
minimum. diversity (flexibility for production
Versatile raw material for energy in various soils and climates).
sources. For example, experiments Pilots indicate that grasses will
carried out with biodiesel from possibly reach a higher yield per
algae. hectare than trees.

Variety of algae type, cultivation and Production is also possible on poorer

processing methods are in and downgraded soil with potential

development. advantages such as soil recovery,

carbon storage and higher

biodiversity values.

Perennial crop,
harvested at least __ :

once a year.




58 BIOMASS, HOT ISSUE

Residues

AGRICULTURAL WASTE PRODUCTS

Waste from agricultural production.

Examples: straw from grain, palm
kernels, cacao husks, bagasse from
sugar production.

Now used to fuel power stations
(also for heat).

Utilization of waste products for

producing biofuels (new
technologies, new application
opportunities).

Growth expected due to increasing
productivity of agriculture.

Points for attention: collection and

local versus international use,

competition with other applications.

WASTE WOOD

Wood production provides important
waste products (solids and dust).
Wood chips and other wood waste
(wood from demolition and building
waste for example) are already used
for producing energy.

Most important suppliers: North
America, Baltic states, Scandinavia.
Utilization of wood waste for
producing biofuels (new
technologies, new application
opportunities).

A point for attention is the

infrastructure for collecting.
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4.2 What is biomass used for?

The majority of the biomass produced is for food and cattle feed.
In 2006 only 1% of the entire world's arable land was used for
producing bio-energy'. This portion is growing. Another
application is chemicals. Biomass can be used as a raw material

for chemicals.

Therefore on average only a small percentage of the world
production of arable crops is used as a source of bio-energy.

Locally however there are big exceptions.

It is unclear how the use of the various sources of bio-mass will
look in future. This depends mainly on the results of the
fundamental discussions about the use of crops for energy being
carried out now and the moment advanced technology
breakthroughs happen which could convert the waste products

which are more difficult to process into high-quality products.

Example 1: Corn in the US

In the US 19% of the harvest was used for ethanol production in
the 2006/2007 production year. This was only 6% in the
1990/1991 production year. The increased ethanol production is

covered by the increased corn production?.

Corn Production Utilization (1990/91 Crop Year U.S.)

Corn Production Utilization (2006/07 Crop Year U.S.)

Fuel Alcohol [l Food/Seed
Industrial
(excludes fuel alcohol)

Il Feed Use/Residual B Exports

1 International Energy Agency, 2006.
2  Source: Informa Economics, Inc., http://www.informaecon.com
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x thousand ton

Example 2: Rape seed in the European Community 700
The increased production of rape seed in the European 600
Community is intended for the biodiesel industry. Germany is 500
world leader in biodiesel production. The European Community 400
has been a net importer of rape seed since 2007; an exporter in the .
300
years before that.
200
2001/ | 2002/ | 2003/ | 2004/ | 2005/ | 2006/ | 2007/ 100
2002 2003 2004 2005 2006 | 2007* | 2008
Total 4,00 4,15 4,39 5,38 6,65 7,09 7,82 0
2001 2002 2003 2004 2005 2006 2007*
Food sector 2,88 2,70 2,62 2,67 2,62 2,59 2,82
Energy/Fuel industry [ Technical industry Il Feed industry M Food industry
Non-Food 1,12 1,45 1,77 2,71 4,03 4,50 5,00
- % biodiesel 28 35 40 50 61 63 64 Source: Product Board MVO,2008
*Estimate

Estimated production utilization of rape seed oil (in million tonnes) u
Food industry

2001-2008 in the European Community?
. Feed industry

Example 3: Palm oil B rechnical industry
Energy/Fuel

Palm oil is a product with high energy value per hectare. It is .
industry

used mainly for co-firing in power stations and for the
production of bio-diesel. At the moment about 0.5 million tons of
biodiesel are made worldwide from palm oil. This is 1.5% of the

world production of 37 million tons. Palm oil is not being used at

the moment for energy production because the price is too high.

In the Netherlands palm oil was used mainly between 2005 and Use of Palm oil in the Netherlands, 2007*
2006, but when the relevant subsidy arrangement was *estimate
withdrawn this sort of use dropped to almost nil.* Source: Product Board MVO, 2007

3  Product Board MVO, 2007.
4  Product Board MVO, www.mvo.nl, 2008.
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Example 4: Sugar cane in Brazil 4.3 Use of bio-energy

In Brazil about 55% of the sugar cane harvest is intended for
sugar production; 45% is used for producing ethanol®. Biomass is the most important sustainable source of energy,
with a contribution of almost 10% (46 EJ) to the worldwide

demand for primary energy of 489 EJ (2005). Bio-energy can be

Brazil 850 . .. . .
used for heating, electricity or fuel. The lion’s share of biomass
Total preserved areas and other uses* | 510 (60%) . .
’ (37 EJ) is non-commercial and relates to the use of charcoal,
Total Arable Land 340 (40%) % of total land | % arable land . .
’ wood and manure for cooking and heating, usually by the poorer
1. Cultivated Land: All crops 63,1 74 18,6 . . .
population of developing countries.
Soybeans 20,6 2,4 6,1 . . .
Y Modern usage of bio-energy (for industry, generation of
Corn 14,0 1,6 4,1 .. . .
electricity or for transport) amounted to 9 EJ in 2005 and this
Sugar cane** 7.8 0,9 2,3 . .
¢ amount is growing fast®.
Sugar cane for ethanol*** 34 0,4 1,0
Oranges 0,9 0,1 0,3
50
2. Pastures 200 23,5 58,8
. . 45
3. Available land (ag,livestock) 77 9,1 22,6
40
*  These areas include Amazon Rain Forest, protected areas, conservation areas and
reforestation, cities and towns, roads, lakes and rivers 35
**  Cultivated area
*** Harvested area for ethanol production 30
25
20
15
10
5
2> .
& 2 N e £ Q o & &
5 Data presented by Unica (Brazilian Sugarcane Industry Association) in Londen, ‘;*‘ ¥ J""gf‘ G\‘\Q eoo“?@& & chrg. ‘-}\b &
14 april 2008. Source: IBGE, Conab en Unica. ¥ < K <&
6 Dornburg et al., 2008. 7

Share of bio-energy in total energy supply in several

7 International Energy Agency, 2006. parts in the world in 2004 (in %).
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World use of biomass for energy can be split up as follows (2007

estimate)®.
Global biomass consumption
45 EJ (+ 10)
Traditional biomass for Commercial biomass
cooking/heating 9EJ(x1)
36 EJ (x9)
24EJ 4,0 EJ 2,6 EJ Biomass
25% 80% 65% Conversion efficiency
Electricity Heat Biofuels

N

Includes combined
heat and power

63 billion litres ethanol

4 billion litres biodiesel
The largest part of commercial biomass is used for heating at the
moment. Electricity and biofuels have an equal share. The
conversion efficiency is however more with biofuels than for

electricity whereby more useful energy can be obtained.

Biofuels

In the transport sector biofuels are one of the few opportunities
for replacing fossil fuels (oil). The increased supply of bio-energy
is expected to apply to biofuels in the near future — in view of the
current policy, for example the policy relating to blending

transport fuels (Refuel, 2008).

8 Combined information from United Nations Development Programme et al.
(2004), International Energy Agency (2006), International Energy Agency
(Energy statistics).

The world ethanol production for use as fuel more than doubled
between 2000 and 2005, while the production of biodiesel almost
quadrupled in this period. On the other hand, oil production was
7% higher in the 2000-2005 period (Worldwatch Institute, 2006).

Ethanol production in 2005 (million litres) 16500

16500 16230
I I 2 950 300 250 150 60 60 1998
—_ —
S 2 g > @
N o L L& @ R ' N N 'S (3
N o SPOINS & & & &L 9 &
2 o N Ny 5 N BN &
& CSEs Y ¢ ¢ & §F &

NB. About a quarter of the ethanol production is destined for alcoholic beverages or for
industrial use (solvents, chemical raw materials, etc.)®.

Main sources for ethanol production: Brazil - sugar cane,
United States - corn, European Community - sugar beet, wheat,

sorghum, India - sugar cane.!

Ethanol production per country (in %)
0,8 07 04 0,20,2 M Brazil

M United States
M China
M European Community
M India

Canada

Colombia

Thailand

Australia




Biodiesel production in 2005 (million litres)

1921

3524

S 3 S g & > S > S S ¢ > & >
&'§ «"‘\Q & f\ 4"5 &J‘&c& £ & o qx”'hz o“’qvp & oke ~x\°\\
S &
& < & &S &L g & COENC

N.B. A small percentage of the biodiesel produced is used for heating houses.

Biodiesel production per country (in %)

Main sources for biodiesel production: Germany -
rape seed, France - soy, United States - rape seed,

Italy - rape seed.”

9 Worldwatch Institute, 2006.

10 http://earthtrends.wri.org/updates/node/180.
11 Worldwatch Institute, 2006.

12 Worldwatch Institute, 2006.

13 http://earthtrends.wri.org/updates/node/180.
14 International Energy Agency, 2006.

B Germany
M France
M Italy
Austria
M Denmark
M United Kingdom
H Czech Republic
M Poland
M Spain
M Sweden

M Europe (other)
M United States
W Other

15  Source: http://faostat.fao.org/site/339/default.aspx, april 2008.
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4.4 Overview of production figures and development for
agricultural crops

The production of many crops has increased greatly in the last
twenty years. The reasons for this are various; the most
important is the growing world population and altered
consumption patterns. The proportion of arable crops used for

energy is still limited.™

Production growth during the years (in hundred thousand tonnes)™

16000
13924
14000
12000
10000
9347
8000
6952
6000 6059
5287
4782
4000
2863 2564
2000 1772 2215
944 1386
198 490
-
o 83 g 2 & ———— @373
1986 1991 1996 2001 2006

— Sugar cane —4— Wheat —l Corn —&— Sugar beet

—=— Barley —Hl— Soy —®— Rape seed —— Palm oil




64 BIOMASS, HOT ISSUE

The numbers on the production growth diagram (hundred- Corn production has shown a constant growth totalling 45% in
thousand ton crops) relate to various units: twenty years, while soy production has more than doubled. Rape

seed production has increased by 150% and wheat by 15%.

— Palm oil: clean, dry seeds; extraction of oil: 17-27% per On the other hand the production of barley has fallen by 20%.
bunch, 4-10% of the seed. The production of sugar beet is 10% less.

— Soy/ rape seed: clean, dry seeds. 4.5 Use of land

— Sugar cane/ sugar beet: production data for harvested crop The land surface of the world is estimated to be 13,200 million
sent to the factory; reasonably clean but still wet. Sugar hectares (excluding the large areas of ice). The table below
cane contains 75% water and 10-15% sugar. Sugar beet has a roughly shows how this land is used. The most important
similar moisture content and 10-18% sugar content categories are forestry and non-productive use (including semi-
(sucrose). deserts, mountainous areas and urban areas). About 11% of the

surface is used for arable production.

— Corn: clean, dry weight.
Categories of land use | Million hectares | Remarks

. . Agriculture 1,500 Includes grassland for inten-
— Wheat/barley: clean, dry weight (moisture content & ] 8 i
sive cattle farming

estimated at only 10%).

Pasture/grassland 3,500 More extensively managed
Forest 4,000 Includes natural production
They are difficult to compare due to the different units used for forests
the various biomass sources. The quantity of energy yielded by Inproductive 4,200 Includes (semi-)deserts,

the various crops is the principal in this publication. This will mountainous terrain and

built-up areas

be discussed in paragraph 4.7 (Energy vield per hectare).
Total 13,200 Global land surface (excludes

large ice sheets)

The production of many crops has increased substantially in the
last twenty years.
Palm oil production has more than quadrupled and sugar cane

production has grown by 50%. 16 Hoogwijk et al., 2003.
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This figure shows how much surface in the world — as a
percentage of the total arable area — is used for the arable crop
production that is important to bio-energy at this moment 17.
This is land use in 2006. Although in that year only 1% of all the
arable land was used for the production of bio-energy. Wheat
has the largest surface area of all the arable crops researched
with 13.22%, followed far behind by corn with 8.83%.

Land use in the world (%) in 2006

Palm oil Sugar cane Sugar beet

0,60% 1,25% 0,33% Corn
8,83%

Soy

5,69%
Rape seed
1,70%

/ Wheat
13,22%
64,99% Barley

3,40%

17 Sources: http://faostat.fao.org/site/339/default.aspx and Product Board MVO.
The total land use in 2006 is estimated from Dornburg et al., 2008 (p. 49 in
the ‘Main Report’). In 1999 1.608 million hectares are used for agriculture. For
2015 a total agricultural area of 1.669 million hectares is estimated. For 2006
(this figure) an estimate of 1.635 million hectares is made.

4500
4000
3500
3000
2500
2000
1500
1000
500

Land use per crop
The tables below show how much land was used in 2006 for

certain arable crops.

Palm oil producing countries

The palm oil area increased substantially between 1990 and
2006. In Indonesia by 550%; in Malaysia by 110% and by 75% in
the rest of the world. This is mainly because of the increased
demand from the food sector and more demand for raw materials

for soap and detergents.

Land use palm oil, mature fruit-bearing trees (thousand hectares)

4050
3720

2004

Indonesia Maleisia Other countries

W1990 M1998 M 2006

18 Product Board MVO, http://www.mvo.nl/duurzame-productie/download/
071108%20MVO-FactsheetPalm%20NL.pdf.
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Agricultural crops

Land use agricultural crops (thousand hectares)
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% % ®

W1986 HM1991 M1996 2001 2006

The use of land for sugar beet decreased by almost 40% between
1986 and 2006, partly because it was less attractive for the

European farmers to produce (decreasing subsidies).

On the other hand the area for sugar cane has increased by 25%
(gap caused by falling sugar beet production filled by increased
demand for ethanol) and corn by almost 10% (partly because of

the production of cattle feed and biofuels).
Land use for soy has increased by almost 80%, particularly
because of the increasing demand for meat (in particular soy is

by the the cattle feed industry). The area for rape seed has grown

19 Source: http://faostat.fao.org/site/339/default.aspx, april 2008.

by 80% (mainly due to the use of Cole seed for biodiesel).

The area of wheat and barley was less in 2006 than in 1986, with
dips of 5% and almost 30% respectively.

One of the reasons for this dip is the European Community
regulation created to restrict the over-production of grain:
farmers receive compensation for leaving their land fallow.
Changing crops has also occurred as a result of the low grain

prices.

4.6 Developments in yields per crop per hectare and per

country

The tables on the following pages show how the yields per
hectare (kg/ha) have developed in the last twenty years.

Growth and dips of the yields through the years

The average yield per hectare for all the crops in the world has
increased during the last twenty years. This means that higher
production can be achieved without extra land being needed.
There are opportunities to increase production with better
management and better technology especially in regions where

the yield per hectare has been left behind.
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Yield differences between the various biomass sources Sugar cane
High yields per hectare can be found for sugar cane, corn and 90000
sugar beet; the lowest yields are for soy and rape seed. This has 80000
nothing to do with the efficiency of the use of the yield. Will this, 70000
for example, be divided into a part being used for food and 60000
another for energy and materials? Or will a part of the crop be gz 50000
seen as unusable waste? It also says nothing about the energy " 40000
yield a crop ultimately supplies per hectare. 30000
This last information can be found in paragraph 4.7. 20000
10000
Difference in yield between the production countries of the )
same biomass sources Brazil china india werld
The yields can substantially differ between countries, but also Wiose Whoer Hieee  fzoon 2006
in the countries. Soil condition, access to water, climate and In the last twenty years the yield per hectare has increased by more than 10%. Brazil and

. . . (especially) China are efficient producers with high yields per hectare
management are aspects which influence the yield.

Soy

3500

3000

2500

£ 2000
<
S
2

1500

1000

500

0

Argentina Brazil United States World

W1986 M1991 M1996 2001 2006

In the last twenty years the yield per hectare has increased by more than 25%. Argentina
and the United States are performing better than average in 2006.
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Barley
Corn
7000
10000
6000
9000
8000 5000
7000
6000 , 4000
<
3 e
£ 5000 =
g 3000
4000
3000 2000
2000
1000
1000
0 o]
Brazil China United States World Germany Russia Ukraine World
W1986 M1991 MW1996 2001 2006 20 W1986 M1991 M1996 2001 2006 21
During the last twenty years the yield per hectare has increased by more than 30%. US and During the last twenty years the yield per hectare has increased by more than 10%.
Brazil are the leaders. US produces twice as much per hectare compared to the global Germany produces far more than average.
average, whereas Brazil stays behind.
Sugar beet
Wheat
90000
5000
4500 80000
4000 70000
3500 60000
2 ©
5 3000 < 50000
£
2500 40000
2000
30000
1500
1000 20000
500 10000 I
[o] o]
Canada China Russia United States World France Russia United States World
1986 M1991 MW1996 2001 2006 20 W1986 M1991 M19%6 2001 2006 21
During the last twenty years the yield per hectare has increased by more than 20%. China is During the last twenty years the yield per hectare has increased by over 40%. France

the world’s top producer when it comes to yield per hectare. produces above average.
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Rape seed 4.7 Energy vield per hectare

4000
3500 The yield from a crop per hectare says nothing about the energy

3000 yield. Which crop provides the highest energy yield per hectare?

The table below gives an indication of the energy yield per
2500

hectare per year for a number of crops in various circumstances.
2000

kg/ha

The current commercial conversion technology is assumed for
1500

starch and wheat crops (wheat, corn, sugar beet and sugar cane)
1000 and oil containing crops (soy, palm oil, jatropha). This means
500 fermentation for converting starch and sugar into in ethanol;
(0]

estrification for converting oil-containing seeds into biodiesel.

o

canada China Germany World Other conversion technology is needed for wood and grasses that
M19g6 M1991 M1996 2001 [72006 2 have not yet been used commercially: second generation
During the last twenty years the yield per hectare has increased by over 25%. It is possible teChnOlOgY (see paragraph 4.13).

to increase production even further. Germany for instance produces twice as efficient as the
global average.

The range shows that the yield varies, depending on the

Palm oil
2500 environmental factors. The production of ethanol from sugar
4000 cane in Brazil provides more biomass per hectare than in India.
3500
3000
£
S 2500
g
2000
1500
1000
500
(o]
Indonesia Maleisia Brazil World
Mi9s6 M1991 M1996 M 2001 [ 2006 =
During the last twenty years the yield per hectare has increased by more than 15%. Brazil 20 Source: http://faostat.fao.org/site/339/default.aspx, april 2008.
stays behind compared to the global average. Maleisia is the most efficient producer. 21 Source: http://faostat.fao.org/site/339/default.aspx, april 2008.

22 Source: http://faostat.fao.org/site/339/default.aspx, april 2008.
23 ISTA Mielke (Oil World Annuals 1999, 2004, 2007, Oil World 2020).
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Energy yield per hectare Furthermore marginal (poor in nutrients) soil can only be
Crop Biomass yield Energy yield in fuel usefully planted with perennial wood and plant types. Decent
(odt/ha*yr) (GJ/ha*yr) i i

energy yields can be gained here.
Wheat 4-5 ~ 50
Corn 5-6 ~ 60

4.8 Price development of agricultural crops
Sugar Beet 9-10 ~110
Soy Bean 1-2 ~ 20

The price increases of agricultural products in the last period are
Sugar Cane 10 - 25 ~ 200

not a continuation of the earlier price increases. In reality the
Palm Oil 10-15 ~ 160

actual prices of agricultural products have fallen sharply in the
Jatropha 5-6 ~ 60

last decades. Actual prices are how the price develops in relation
SRC temperate climate** 10- 15 100 - 180

to the general price level. Even if the price paid for the product
SRC tropical climate** 15-30 170 - 350

increases (nominal price), that does not mean that the actual price
Energy grasses good conditions 10-20 170 - 230

also increases.
Perennials marginal/degraded lands 3-10 30-120

* 0dt = oven dry ton, or dry material yield 24

** SRC= short rotation coppice, or short circulation wood production
with harvesting every 3-7 years

Conclusions from table

Wood and grasses in the majority of cases are expected to have a
higher net energy yield per hectare than the arable crops which
are now being used (perhaps up to three times as much). This
does not include sugar cane: this crop scores highly in regard to

energy yield per hectare.

24 International Energy Agency (2006), Energy statistics International Energy
Agency and United Nations Development Programme et al. (2004).




Trends in real commodity prices

1000

/

Maize
Sorghum

Cocoa

100

o : i

1970s 1980s 1990s Average 2003 2004 2005
2000-05

25

Base year is 2000

Basis for prices for individual commodities:
banana Ecuador (US$/tonne),

beef Argentina (US cents/lb),

butter New Zealand (US cents/lb),

cocoa ICCO indicator price (US cents/lb),
coffee ICO indicator price (US cents/lb),
cotton and hides (US (US cents/lb),

jute Bangladesh (US$/tonne),

maize (US US$/tonne),

rice Thailand (US US$/tonne),

rubber Malaysia (US cents/lb),

sisal East Africa (US US$/tonne),
sorghum US (US US$/tonne),

sugar ISA indicator price (US cents/lb),
tea FAO indicator price (US US$/kg),
wheat Argentina (US US$/tonne).
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Price development of wheat HRW 2 Kansas City in real terms, 1913-2006, $/t.

Source: Association Générale de Producteurs de Blé et autres céréales (AGPB)
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0il prices effect prices for agricultural products, even if they are not used for bio-energy (e.g. rice)

25 Trends in real commodity prices, http://maps.grida.no/go/graphic/trends-
in-real-commodity-prices.

252 Vanhemelrijck, Johan (EuropaBio), 2008.

26 Presentation International Food Policy Research Institute (IFPRI),
Joachim von Braun, februari 2008 (data van FAO 2007 en IMF 2007),
http://www.ifad.org/events/lectures/ifpri/presentation.ppt#4.
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Linking the sugar price and oil price

The market for petroleum and sugar is integrated more than for
other crops. This is to do with the fact that Brazil has produced
large quantities of ethanol from sugar cane since the seventies.
Ethanol and oil operate in the same market; the result being
correlation between the prices. The high oil price has pushed up
the price of ethanol in the last years. The sugar price follows the
petroleum price — Brazilian farmers can choose the end product
during the production process: refined sugar or ethanol. If the
sugar price does not increase, the farmers will choose ethanol
(which consequently ensures scarcity on the sugar market and

increasing prices).

The correlation has been out of step in the past year. The sugar
supply has risen sharply mainly through the liberalisation of
policy in certain countries. The market has become saturated.
The continuously rising oil prices and the political decisions
already taken in the field of biofuels will increase the demand
for ethanol. The prices of sugar and petroleum are also expected

to become closer again in the near future?.

0il and sugar

100 ~ T 20

90 ~ 18
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707 14
2 60- 2 S
2 a
8 ©
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'00 > ]’z ,0'5 OD‘ 0"’ g A
& ol X X X & & X
S S & & & S < &
) > » © > > > »

27
* WTI = West Texas Intermediate, a type of natural oil used as
benchmark for oil prices
** Rawsugar contract nr. 11, NYBOT, refers to world trade in raw sugar
by the New York Board of Trade

Data: NYBOT and EIA, J. Schmidhuber (2007)

27 Based on a presentation by Schmidhuber, J., senior economist at the Food
and Agriculture Organization of the United Nations (FAO) during the 16th
International Sugar Organization seminar in London, november 2007. Title of
the sheet: Oil and sugar - have they lost the track for good? Data from NYBOT
and Energy Information Administration (United States) and J. Schmidhuber
(2007).

28 Based on a presentation by Schmidhuber, J, senior economist at the Food
and Agriculture Organization of the United Nations (FAO) during the 16th
International Sugar Organization seminar in London, november 2007.



A glimpse into the future

An estimate of the price course of a number of products up to
2016 is given in the Agricultural Outlook 2007-2016 (OECD/FAO).
Diagrams of grain, oil-containing crops and sugar can be found

below.

The price of grain, oil-containing seeds and sugar has risen
considerably in the last period. The demand from the
bio-energy corner comes to a market which has been
distinguished in the last year by breakdowns in the balance

between supply and demand (through crop failure in an

Index nominal prices, 1996 = 1
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1.4 14

Coars grains
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environment of increasing demand resulting in the pressure on
the diminishing world supplies becoming even greater, for
example). How will this develop further?

The price increases are expected to level out (partly through
increasing the supply), but the prices will remain higher than
before due to the increased demand. Population growth, changing
eating patterns and bio-energy contribute to this (to what degree
each factor contributes is unclear). The future demand for bio-
energy is also uncertain. New policy and the development of the
second generation can make the demand bigger or even smaller

and also influence the price developments °.
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29 OECD/FAO Agricultural Outlook 2007-2016.
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4.9 Use of genetically modified crops

Cotton, corn, rape seed and soy are the top four genetically
modified crops in the world. If we compare the land used for
these crops with the surface area needed for cultivating
genetically modified crops, we can make a careful estimate that
the proportion of genetically modified crops amounts to approx.

1/4 for corn, 1/5 for rape seed and 3/5 for soy.

An overview of the surface area of corn, Cole seed and soya
—which are all used for the production of bio-energy — can be
found here and on the following page. The use of genetically
modified crops has increased greatly in the last ten years, as can
be seen from the diagrams. The complete production of these

products often takes place in only a couple of countries.

Land use for genetically modified corn (million hectares)

35
30
25

20

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

—— World —8—USA —A—Argentina —®—Canada

The proportion of genetically modified corn in the total corn production in
the United States in 2007 is 77% (1997: 9,5%)3°
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Land use of gentetically modified soy (million hectares)
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The proportion of genetically modified soy in the total soy production in 2007 in the Uni-
ted States is 94% (1997: 4%).

The proportion of genetically modified soy in the total soy production in Brazil is 64%
(1997: 10%). Between 1999 and 2002 genetically modified soy was grown illegally, figures
are an estimate.

The proportion of genetically modified soy in the total soy production in Argentina in 2007
is 99% (1997: 22,6%).%

Land use of genetically modified rape seed (million hectares)

: e

| e
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—&— World ——-yUsA —® Canada

The proportion of genetically modified rape seed in the total rape seed production in Ca-
nada in 2007 is 87% (1997: 44,4%)

The proportion of genetically modified rape seed in the total rape seed production in the
US in 2007 is 82% (1997: 10,6%)**

30 Data from http://www.gmo-compass.org/eng/agri_biotechnology/gmo_plan-
ting/341.genetically_modified_maize_global_area_under_cultivation.html. De
Figures are based on international agricultural statistics; partly on estimates
and non-verifiable publications in media.

31 Data from http://www.gmo-compass.org/eng/agri_biotechnology/gmo_planting/
342.genetically_modified_soybean_global_area_under_cultivation.html.
Figures are based on international agricultural statistics; partly on estimates
and non-verifiable publications in media.

32 Data from http://www.gmo-compass.org/eng/agri_biotechnology/gmo_planting/
344.genetically_modified_rapeseed_global_area_under_ciltivation.html.
Figures are based on international agricultural statistics; partly on estimates
and non-verifiable publications in media.
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4.10 Water requirement of agricultural crops

Agriculture is the largest consumer of fresh water in the world
(about 70%). The map below shows an overview of water
extraction for agriculture (irrigation) in 2001. The areas with

far-reaching water extraction lie Africa and Asia in particular.

The opportunities for expanding or intensifying agriculture
often go hand in hand with access to water (rain or irrigation)
for many crops. In large parts of the world there is already talk
of water shortage, when water is in greater demand because of
the growing population, expansion of agriculture and further

industrialisation.

Proportion of water withdrawal for agriculture, 2001

33

Ws0-75%
W 75-90%
W 75-90%

In some areas the availability of water provides opportunities
for cultivating biomass, while water shortage is a serious
impediment in other areas.

The large regional variations in climate and hydrology demand a
detailed and local analysis of the possibilities per crop: which
crops thrives under local conditions? (Dornburg et al.,2008) Can
the water requirements be satisfied? Which crops help retain
water in the soil or lessen evaporation? What opportunities are

there for improvement in areas where water is critical?

The largest area where water is potentially available lies in
Africa but access is limited for other reasons. For example
through lack of capital or institutional agencies that organise
access (economic water shortage). Partly for those reasons Africa
is viewed as a continent where arable productivity could be

greatly increased.

Good water management offers many opportunities. As shown

by the International Water Management Institute:

“75% of the additional food we need over the next decades could
be met by bringing the production levels of the world’s low-yield
farmers up to 80% of what high-yield farmers get from
comparable land. Better water management plays a key role in

bridging that gap.”*
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Areas of physical and economic water scarcity

. Economic water scarcity

.Little or no water scarcity

Physical water scarcity Not estimated

.Approachinq physical water scarcity

33 Agricultural water withdrawals as proportion of total water withdrawals,
http://maps.grida.no/go/graphic/agricultural-water-withdrawals-as-proportion-
of-total-water-withdrawals.

34 Areas of physical and economic water scarcity, http://maps.grida.no/go/
graphic/areas-of-physical-and-economic-water-scarcity

35 International Water Management Institute, 2007.

36 International Energy Agency, 2006, http://www.iea.org/textbase/country/
graphs/weo_2006/gr1.jpg.

Mtoe

4.11 Estimates of the proportion of bio-energy in world

energy in 2030

The World Energy Outlook estimates the primary energy demand
in the world every year®®. In 2006 it was estimated that 14 million
hectares of land was used for the production of biofuels and by-
products (almost 1% of the available arable land worldwide).
According to the World Energy Outlook 2006, if policy does not
change, an estimated 35 million hectares will be needed in 2030
to satisfy the growing demand for biofuels (2.5% of the available
arable land in the world). 3.8% (53 million hectare) could be
needed if more objectives in the field of bio-energy are included

in the policy.
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4.12 Production potential of bio-energy The figure below shows the result of the WAB assessment.*’

The demand for land, water and biomass will increase in the

1600
coming decade due to population growth, changing eating - ‘ultimate” technical potential 2050
patterns and growing welfare. Now a new demand for bio-energy
has been created. Is there the potential to satisfy this demand?
1000

The potential of crop production for bio-energy is the subject of
many studies. The WAB assessment (2008) compared these 800 @?}fe
studies and calculated the potential, taking into account:
— availability and demand for water .
— production and demand for food g 600
— the energy demand *
— the impact on biodiversity and agricultural-economic A

parameters 400 ';;r’igmgu‘gl

techr4|\oloqy
Information about figure = exc%us'on
200 e

Assessed studies Surplusmforestry Range studies
Various studies recording the biomass supply potential have ,esiﬁues
been compared. The quantity of biomass sources considered ° )
varies somewhat, just as the assumptions regarding scenarios @g”f) ééé
and methods. The result is: great differences in respect to é’q;&z \{p‘\;
estimates of the biomass potential in 2050: between 0 and 1500 é?i&\éx «é;é‘é\

EJ per year.

37 Dornburg et al., 2008.
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Analysis of WAB assessment of energy crops is 70 EJ/year. This includes a large area

The potential supply of biomass — taking into account the where water shortage causes restrictions and where

various uncertainties that were researched in this study - degradation of the soil is serious; protected areas are

comprises three main categories: excluded from biomass production (‘no exclusion’ in the
figure).

1. Waste products from forestry and agriculture and organic c. Learning effects in agricultural technology can add about
waste residues: 140 EJ/year to the abovementioned potential of energy
these include a supply of 40-70 EJ/year, with an average of Crops.
about 100 EJ/year. This portion of the potential biomass is The three categories together lead to a biomass supply potential
almost certain, although competitive uses for biomass could of about 500 EJ.

push the net availability to the lower limit of the range. This

last mechanism must still be researched better, using Demand for biomass
improved models, for example, which include the economic Energy demand models, that calculate the biomass use on the
aspects of these uses. grounds of the cost of competitive energy options at various

quantities of CO, load, calculate a demand of 50 to 250 EJ/year

2. Surplus forestry: along with the waste products from of biomass for the year 2050. This demand for biomass for

forestry, an extra quantity of about 60-100 EJ/year can be energy production is less than the estimated available supply.
obtained from additional forest growth.
World energy demands
3. Biomass produced via energy crops: The total world demand for primary energy in 2050 is estimated
a. An estimate of the contribution made by energy crops at between 600 and 1040 EJ/year.
to the possible available surplus of arable and pasture
ground results in 120 EJ/year, taking into account 4.13 Second generation bio-energy

corrections for water shortage, degradation of soil and

new claims on land for nature reserves (‘with exclusion of Second generation bio-energy is looked forward to. Optimists
areas’ in the figure). estimate that this can be used between 2010 and 2015. Expected
b. The potential additional contribution of areas with water advantages are®®:

shortage, marginal and degraded soils to the production
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Further reduction of CO, emissions (better greenhouse gas
balance).

Utilization of waste products from wood and agricultural
products.

Utilization of crops (energy farming) which do not directly
compete with food and cattle feed (wood-like and grass crops,
the so-called lignocellulose containing crops).

Less pesticides/artificial fertilizers are needed (therefore
less damage to the environment).

No impact (back and forth) on food prices.

Higher output: less land needed for the same energy yield.
More types of land can be utilized, marginal soil as well.
Products from first generation (oil, starch and sugar crops)
often require qualitative good soil for adequate production.

Cheaper to produce per unit of energy.

Possible disadvantages:

Introduction barrier caused by large demand for first
generation biomass sources.

High investment costs for processing and production:
sensitive to price of bio-energy.

More limited sales opportunities: food market drops away.

Competition for land and water remains.

38 Refuel, 2008.
39 Refuel, 2008.

Biofuels share (%)

A number of the expected advantages of second generation
bio-energy are shown in the diagram below.
The following generation of bio-fuels offering opportunities to

various sectors is assumed.

Transport, logistics: increasing trade flows g
\ .

Oil companies, car manufacturers: optimise Pid

distribution and motoring to new (blend) fuels L

Agri-industry: new supply chains
/

Agri/forestry: increase
residues availability
(FT-diesel, ethanol, DME, SNG)

High cost reduction and learning

potential
—————
First generation biofuels (biodiesel, ethanol)
Limited cost reduction and learning potential 30
2005 2010 2015 2020 2025 2030

The utilization of the second generation depends on technology
persevering in producing bio-energy from new crops and with
new techniques. The quicker this happens, the quicker second

generation bio-fuels can compete with the first generation.

In the diagram below it is assumed that second generation can
be relied upon from 2010 onwards. The use of first generation
crops from Europe are expected to increase in the coming years
as the import of electricity grows, and then to decrease in

importance after 2020.
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On balance second generation bio-energy is expected to bring in
more per hectare. It is estimated that the highest energy yield

per hectare will be obtained in East Europe.

Feedstock (Mtoe biofuel output/year)

41

4.14 Bio-refining: an example using sugar beet
In this diagram, originating from Prof. Johan Sanders (WUR)

and produced by the Platform for Chain Efficiency, the

possibilities of biorefining sugar beet are explained.
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The current chains are illustrated through process A in this
diagram (shown by the top number in each square on the figure).
On the existing Dutch surface area of 75,000 hectares, 15 PJ,
converted into energy, is harvested in the form of sugar. Pulp,
after evaporation, is used for cattle feed (4 PJ). However an input
of 2 PJ in the field and 4 PJ in the factory is necessary for the
total yield of 19 PJ, so that the net harvest amounts to 13 PJ.

In chain B2 (the middle number in each square) the area is
extended to 85,000 hectares. Not only is the beet harvested, but
also the tops and tails. Diffusion does not take place (heating
and expelling of the sugar with water), but the harvest is heated
and pressed. Sugar ends up in so-called raw thin juice; the sugar
yield is 10% less that by A, but due to the larger area, the crystal
sugar yield is still almost as large. Pressed cake remains,
consisting of left-over sugar and pulp. The sugar from the
pressed cake is converted into ethanol (8 PJ), which is distilled
and sold as bio-ethanol. The pulp is not dried but converted into
biogas (3 PJ). The gross yield is 26 PJ, but in the process

3 PJ is needed on the field and 3.3 PJ in the factory (which can
almost all be absorbed by biogas), so that a net yield of approx.
20 PJ remains. In chain B2 50% more is produced in energy
terms all in all, while the sugar yield remains the same and the
area is increased by approx. 13%. Watch out: these results were

achieved with a first generation ethanol production method.

Chain D2 (the bottom number in each square) is similar to B2,
but now the foliage of the beet is also used, mainly for cattle
feed. The net yield of this chain is 23 PJ, an energy yield of 75%,
while the sugar and cattle feed yield remains the same compared

to process A.

Processing methods B2 and D2 for sugar beet as shown here are
a simple example of biorefining:

the technology which separates the harvest into a number of
components that are each processed and marketed. Biorefining is
still being developed. One of the possibilities is the further
division of the plant’s components so that proteins and other
chemicals can be extracted, which further increases the value of
the harvest and the (indirect) energy yield. A considerable
energy yield can be booked by extracting chemicals from
biobased raw materials: energy-intensive production of these

materials from petroleum and natural gas is avoided.

If GM sugar beets are permitted, other varieties can be planted
in which will raise the quality of the raw materials for bulk
chemicals is improved. Another approx. 10 PJ fossil input can be

avoided with this relatively small area.
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