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Biomass statistics

Globally the official figures for the use of biomass as an
energy resource shows that it is approximately 13 % of all
primary energy used. This is according to the World Bank
figures.

If we go back 30 years the official figure was almost 0 %. The
reason for the difference is that in 1980 only material that
was traded was registered and accounted for.

As it was obvious that bioenergy was very important in many
countries although not being traded, the new figures were
estimated.

The figure 13 % then has principally been kept for 25 years,
although the total global energy use has increased by 30
40%.

In reality much more is used indirectly as food, building
materials etc, but t hen not consi dered
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In 2013 UN estimated the world population to
be 7 124 543 962inhabitants globally.

Of these 53,0 % were living in urban areas.
This shows that now more people live in urban
areas than rural. The situation differs between
low income countries, middle income and high
Income countries.

In low income countries only 28,7 %were
living In urban areas, in middle income 50,1 %
while 80,5 % in high income countries 2013.



iIncome, middle income and high
Income countries distributed on regions

SoAsi |SubSa|MEas
EurCA |sia LatAm |a h NAf NAmM |Total
1 3 26 0 0 35

Low

;s

Middle

iIncome 21 21 29 5 21 13 0 110

High

income 35 11 10 0 1 8 3 68
Global

total 58 35 40 8 48 21 3 213




Regional distribution of global population

AS=East Asia; ECS=Europe and central Asia; LCN=Latin& central america;
MEA=Midlle eastand North Africa; NAC=North America; OED=0OECD
RUS=Russia; SAS= SouthAsia; SSFAfrica south of Sahara; WLD World

Population (Total)
8E+09

7E+09
6E+09
5E+09
4E+09
3E+09

2E+09

- || | I ‘ “|
0 I “I I T[N R III S III il I

EAS ECS LCN MEA NAC OED RUS SAS SSF WLD

H1962 m1972 m1982 m1992 =2002 m2012



Population growth (annual %)
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erent average income per capita
different categories of countries

=
El from fossil |[consu |Energ |Fossil
fuel % mp y use |[fuel

1970 2009 1970 2008 2008 2008 2008 2012

kWh/c kgoe/ % of US$/ca
ap cap total p
Low

income 1296 1952 17,9 31,4 222 350 30,1 444

Middle
income 1515 3202 37,2 73 1606 1255 81,3 2696
High
Income 2766 5448 71,7 62,9 9515 5127 82,7 31583
\WeYd[o
wide 1829 3513 61,6 67,2 2874 1834 81,1 9197




ibution of Agriculture, arable and

orest land on economic categories

Agricul Arable [Land
+forest land |area Cereal Forest Total

ha/capi % of 9% of cereal

ta tot tot prod production area  area in landarea
% of
ha ton km”2  tot km”2

2008 2008 2008 2008 2009 2010 2010 2009

Low 88349 172000 4154 15 043
iIncome 1.9 37,8 9,3 486 000 870 27,6 470
Middle 473 000 1510 26420 80 675
income 16 378 10,9 000 000 000 030 32,8 467
High 147 000 803000 9629 33 842
Income 3.1 37,3 10,9 000 000 420 28,8 634
World 708 000 2490 40 204 130 000

wide 37,7 10,7 000 000 000 320 31,1 000



Global biomass production

Today’s biomass production appr 160 000 - 270 000 TWhly

I agriculture incl straw 95 000 - 190 000
| forests 65 000 - 80 000

This can be compared to the 150 000 TWh energy used today per year
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Conclusion

The natural resources are relatively equally distributed between rich and poor
countries at a high level.

There is principally enough biomass to cover all needs

We have gone from a difference in wealth between countries to a difference
within countries

The distribution of wealth is directly correlated to use of energy, especially
electricity



Use of agricultural and
arable land

We have 4900 million ha agricultural land
and 1400 million ha arable land globally.

By more efficient milk production 150
million ha agricultural and 67 million ha
arable land could be usedfor other purposes
than breeding animals

700 million ha is usedfor cereal production
as acomparison



Pathways for the photosynthesis

The most common is called the C3 system . This is

most common in colder and tempered climates, and
produces 3-carbon organic acid (3-phosphoglyceric
acid).

The second main system is more common in warm

climates. It is called the C4 system , as the first

product is 4-carbon organic acids (malate and
aspartate).



Pathways for the photosynthesis

This means that increased CO2 concentration will be
beneficial for C4 plants, but may be inhibiting C3 plants.

Well-known C4 crops are Sorghum, Sugarcane, Maize,
Miscanthus and Cord grass.Most species still have the
C3 system.

The third enzyme system for photosynthesis is called the
CAM system, or Crasulaceanacid metabolism.

Two crops are of agricultural interest from this group i
pineapple and sisal (kind of Agave that gives strong
fibers).



Soy bean

The beans contain 40% protein. Soyis one offew plants that
provide a complete protein as it contains all eight amino acids
essential for human health.

Soybeanthus is a very good alternative tomeat as food. 2009 the
world production was 222 million ton. If we would distribute the
production on all population in the world it would be 13 kg per
capita or almost 100 g protein per day per capita.

This could replace all animal and fish protein we eat today. Still,
only a little more than 10% of soy bean isused as direct human
food (www.soyatech.com/soy_facts.htm. 2010-12-12).

Therest is used to feed18.6 billion chicken and hen, 1.4 billion
cows and bulls and 940 million pigs worldwide annually. Today
soybean is produced in many countries, and unfortunately often
at former rain forest areas in e.g. Braazil.




Rice

Rice is a crop fortropical and subtropical countries .

The global averageproduction is 3. 9 tons per ha and
year

The yield may be much higher where there is
Intensive irrigation like in  Australia with 9.5
tons/ ha,y and Eqgypt with 8.7 tons/ ha,y.

Somecountries having ntradit
Republic of Congoon the other hand have
production levels as low as0.75 tons/ha,V!

Thus 75% of the world production of rice is
harvested at the 55% of the area that is irrigated.




Rice

The global production of rice was 678 million
tons in 2009.

In China with a total production of 197 million tons
2009 the average yield was6.6 ton/ ha,y.

From a total production point of view India comes
as number two with 131 million tons 2009, but with
only 45 % ofthe production per ha compared to
China.

If India could increase its productivity to the same
level as in China it would mean another 100 million
tons per year. This could feed 400 million people as
staple food!!




Wheat

The world production of wheat is 690 million tons
per year . The biggest producer isChina with 114.5
million tons produced 2009

Wheat is considered being the most important crop
from a food perspective globally.

Unfortunately the production varies quite a lot between
years




Wheat

The straw production from cereals will be

around 700 million tons/y , corresponding to
approximately 3 500 TWh/y if used as fuel. Straw
IS generally not used very efficiently from an

energy point of view, and here we have a huge
potential.




Corn (Zea mays)

The major producer of Corn is USAwith a
production of 333 million tons/year (2009). As
number two comes China with 163 million
tons/year. The total annual production was 817
million tons  globally grown at 159 million ha in

20009.

The biomass in the blast is at leastthe same
amount as in the grains.



Corn (Zea mays)

Before corn is ripe it produces a very powerful antibiotic
substance 2,4-dihydroxy -7-methoxy-1,4-benzoxazin-3-
one (DIMBOA ) which is accumulated in the crop. This
IS a natural defense against a wide range of pests,
Including insects, pathogenic fungi and bacteria.

Due to its shallow root system corn is sensitive to
droughts, and should be grown on soils with enough
nutrients. It may also be sensitive to strong winds.

Different species of Maize have been grown and
compared. Different species gavell21 tons DS/hafor
similar conditions.

In the US and Canada85 % of the Maize produced 2009
was genetically modified (GMOQO)



http://en.wikipedia.org/wiki/DIMBOA
http://en.wikipedia.org/wiki/Pathogenic
http://en.wikipedia.org/wiki/Bacteria

Sugar cane

Sugar cane is an important crop for production of
sugar, but also for ethanol in e.g. Brazil.

Sugarcanewas the world's largest crop in 2010 with
respect to production. Worldwide harvest of 1.69
billion tons

Brazil was thelargest producer of sugar cane in the
world. The next five major producers, in decreasing
amounts of production, were India, China, Thailand,
Pakistan and Mexico.



Cassava

Cassava Is the third largest carbohydrate source
for humans with 136 million tons  produced in
1985.

More than 1/3 is grown in Africa, where it is
very important as food crop.

It Is good as feed stock to ethanol production as
well.



Animals

Cow, pig, sheep and hen are the most common, but at
least 1400 types of insects are also used as food
especially in tropical countries in Africa, Asia and
South America. (Nystrom, 2012).

To produce 1 kg of Beef 10 kg fodder is needed, while
10 kg fodder may produce 9 kg of insects In Thailand
grass hoppers are common as food. In Cambodia
Tarantel spiders are fried and eaten. In China many
different types are eaten.




Insects as food in China
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Giant Kings Grass

Giant Kings Grass has been able to produce up td.00
tons DS/ha,y at a farm in China by Viaspacecompany
(reference Carl Kukkonen).

It can grow with high yields also on marginal land if
there is enough water through rain or irrigation. There
may be 2-3 harvests per year and the need for
fertilizers is relatively low.




itch grass



Switch grass

Switch grassis seen as a potential important energy
crop. Yield has been 5.2-11.1 tons/ha,y in test fields in
the US. The net energy yield (NEY) has been 60
GJ/-ha,y.

Switch grass has been used as feed stock for bio-
ethanol production and then has gained 5- 40 times
more renewable energy as ethanol than fossil energy
consumed for the production. This means areduction
of green- house gas (GHG) by up to 94% compared to
gasoline when used as a fuel.

It can also be pelletized orbricquetized




Algae

Theseare primarily micro -algae and macrcalgae.
Micro -algaelike green algae produce large amounts of
fatty acids and fatty oil, which from a human
perspective Is interesting as a biofuel.

Macro-algaeare among others brown algae like Kelp,
which can grow by 0.5 meter per day under favorable
conditions, and exist in large guantities in many
regions. Along the Californian coast and at Faeroe
Islands where it is estimated to grow some 15TWh of
Kelp (Ocean Forests, 2010).
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Algae

The total world production of algae for commercial
use is around 10 000 ton per year according to
BenemanJ. (2008).

The total growth rate of algae globally is very difficult
to calculate, but we are talking about at least 100th or
even 1000th of TWh/y if we include both micro -algae
and macro-algae.



Algae for combined biomass production and WWT




