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Objective

* To provide an overview of experiences and
concepts for sustainable production (and use) of
biomass for energy:

1A Overview of present and improved agricultural
practices

1B Overview of present and improved biomass energy
production systems, including environmental and
social impacts

2 Insight in biomass production potentials and
contribution to energy supply, income and
employment generation and ecological impacts in the
South African region.
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Vorführender
Präsentationsnotizen
Thanks to all the partners for their contributions! 




Present and improved biomass
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energy production systems (objective 1B)
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Present and improved
agricultural practices

o Key targets for improvement
— Increase use of fertilizers
— Increase efficiency of the use of irrigation water
— Increase use of machinery
— Increase pest and disease management

— Increase use of improved genetic crop varieties and
livestock

— Reduce post-harvest lossess

1 _ Copernicus Institute
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Vorführender
Präsentationsnotizen
Pests and diseases are a major limiting factors in crop yields. Besides increasing the use of pesticides and herbicides also an integrated pest management can contribute significantly to the further development of agriculture. 



The improvement of irrigation can possible enhance agricultural management further as only 4% of agriculture is irrigated and water use efficiency could be 3 to 4 times higher. The current efficiency is around 20-30%. 50% is a good benchmark. 



FAO concludes from an analysis of yield gaps, that average yields in Sub-Saharan Africa could for example increase by about 3-5 tonnes grain equivalent per ha in regions where one crop is cultivated each year and by about 3-17 tonnes grain equivalent per ha in regions with 2 to 3 cropping cycles per year. Important factors in such an ‘integrated sustainable intensification’ are the improvement of genetic potentials, water availability, plant nutrition, soil fertility, labour and control of weeds, pests and diseases.



The reduction of post harvest losses, which amount currently to about 10 to 100%, is a major area for improvements.


Present and improved agriculturale? vumevea:
practices - Technical bioenergy
potentials in 2050
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Vorführender
Präsentationsnotizen
The impact of improved agricultural management is demonstrated in this slide.


Present and improved
agricultural practices - Agroforestry

Soil nutrients and organic
matter

Other effects soil

Others

Taking up nutnents released
by rock weathering in deeper
layers and recycling it tot the
surface

Mitrogen fxation by
leguminous and non-
leguminous frees

Production of a range of plant
itter of differant quality

Increases of soil organic

matter carbon fixation in
photosynthesis and transfer

via litter and root decay
Preveantion of soil erosion and
loss of organic matter and
nutrients

Improvement of soil physical
properties, e.g. structure,
porosity, WHC, breaking up
of indurated layers
Exudation of growth
promoting substances

Beneficial effects on soil flora
and fauna

Modification of soil
temperature axtremes

Heduction of soil acidity
through addition of plant litter

Heduction of salinity or
sodicity

Atmospheric input by trapping
rainfall, dust and nutrients

Wind effects: act as

windbreaks and therefore as
anti-erosive agents

Capture industrial asrosols
and thersfore purifies air and
reduces air pollution
Rehumidify air streams

Control air temperature by
evaporative cooling

Moise reduction
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Vorführender
Präsentationsnotizen
Agro-forestry systems use a wide variety of management practices and species. They range from afforestation and reforestation with slow growing species, to woodlots for fuelwood production of short rotation (coppice) wood, to systems that combine annual food crops with wood production. Besides the possible use of lingo-cellulose from these systems, they also reduce the pressure on forest resources for the production of timber, fuelwood and other products and have additional benefits on soils and the environment (see Table). 
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Present and improved agricultural %s
practices - Agroforestry in Tanzania

Agroforestry system that consists of crops, trees and
livestock to enhance fuelwood and fodder production and
to improve soill fertility in Shinyanga in Northern Tanzania

Tree establishment Tree fallow Cropping New tree fallow
and intercropping phase phase phase
phase
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Vorführender
Präsentationsnotizen
Several case studies / examples are presented of improved agricultural practices, including agroforestry case studies. 



During the first phase trees and crops are planted. After 2-3 years of tree growth, the tree crown cover starts to block too much sunlight and tree roots compete too much with crops, which causes crop yields to become uneconomical. In this phase the area is left fallow and cattle is allowed to graze. Basically, the woodlot is then managed as a traditional ngitili. At the start of the last phase, the trees are harvested and crops are planted in between the tree stumps. Coppice shoots are pruned so that a single new stem is growing. Trees not only have the capacity to provide wood and fodder, they can also function as a natural fertilizer by fixing nitrogen in the soil, which increases crop yields. Yields can thus be maximized by using ‘smart’ combinations of trees and crops.


bioenergy systems

)
Present and improved traditional

» Use of traditional fuelwood leads to:

—  Deforestation
—  Carbon emissions
— Gender issues

= Universiteit Utrecht

— Indoor air pollution (10 million premature deaths by 2030 !)

—  High labour / time input
— Inefficient use

— Accidents Table: The efficiency of charcoal kilns
Percentage recovery Percentage recovery air
Kiln type oven dried wood dried wood
Casamance earth kiln 31 I
Metal channel earth kiln 29 25
Modified metal channel Kiln 258 21
Earth mound Kiln {control) 25 21
Pit Kiln 15 13

| Copernicus Institute
@ Sustainable Development and Innovation Management

Remarkable high efficiency of C/
traditional earth mound kilns! ™%



Vorführender
Präsentationsnotizen
most low-cost improved charcoal kilns have demonstrated high efficiencies under test conditions, none of the developed designs have attained substantive dissemination, largely because of the nature of charcoal production in many developing countries and the surprisingly high efficiency of some traditional kilns under field conditions. A comparative study of five different kiln types showed that with the exception of the pit kiln, traditional kilns can attain similar levels of performance to improved metal kilns.


Present and Improved traditional
bioenergy systems

E Universiteit Utrecht

Key drivers for improved cooking stoves and charcoal kilns:

—  Combustion efficiency
— Heat transfer efficiency

—  Safety
— Costs
—  Durability
Energy Stove type Efficiency Cost(US%) Lifetime Costof heat
carrier (USS$/GJy)
Wood J-stone stove T% free - 28
Wood {Improved) mud 22 5% 1.43 2 &
stove maonths
Wood {(Improved) 29% 33.20 5 years T
bumed brick
stove
Charcoal Traditional stove 16.5% 1.66 3 years 35 Legal
21 lllegal
Charcoal Improved stove 45% a8.00 3 years 13 Legal
8 Illlegal
Kerosene Kerosene stove 38% 12.45 3 years 95
Electricity Electricity stove 68% 49 80 5 years 42

The performace of traditional and improved cooking stoves

From left to
right: the BP
Oorja Stove, the
Philips Wood
Stove and the
Kuni Mbili
firewood stove



Vorführender
Präsentationsnotizen
Already small improvements in stoves can increase the efficiency by several tens of percent points, reduce the costs and also avoid or reduce the other negative effects associated with traditional biomass energy systems. Switching fuels is sometimes less attractive due to the increased costs. E.g. switching to kerosene and gelfuels and the use of advanced equipment can lead to high investment costs. The potential for improved traditional biomass energy systems is enormous, as projections indicate that traditional biomass energy systems will be the main energy system for households in sub-Saharan Africa. Crucial for the success of improved traditional biomass systems are the local conditions and socio-economic impacts of these systems.


Present and Improved modern

bioenergy systems

* Biogas from residues and waste

e Heat and electricity from institutional stoves and large
scale boilers from residues and waste or dedicated
woody crops and grassess

* Pure plant oil from jatropha and other oil crops
. | Ethanol from cassava, sugar cane, sweet sorgum

= Universiteit Utrecht

Construction of a 20 m3 biogas
digester for processing sewage
wastewater, food scraps and
chicken litter



Vorführender
Präsentationsnotizen
One of the most important advantages of biogas is its feasibility in rural areas, where it offers the prospect of sustainable development projects. The scale of the digesters can vary to suit the energy needs of a household or small community, and the only input (organic waste) is readily available in rural areas. 



There is a large demand for heat and electricity in SSA. Various small and medium scale technologies are available that are potentially interesting, particularly in regions where residues are available at low costs, such as the use of bagasse for cogeneration in sugar mills.



Ethanol: Various biofuels programmes are currently being implemented in several countries in sub- Saharan Africa (Malawi, Ethiopia, Uganda, Tanzania, Sudan, South Africa, Kenya), which focus on first-generation biofuels, both for local use and for export. However, the export of these fuels is hampered by various economic barriers (high production costs, high import tariffs in industrialized countries) and the export market is largely policy driven and thus uncertain.



Pure plant oil from e.g. jatropha and palm trees can be used directly in diesel engines to drive grain mills or water pumps. Pure plant oil can also be used for the production of biodiesel for rural electrification, using diesel engines or for road transportation. Also the export pure plant oil or biodiesel is a potentially promising option, although the export market is largely policy driven and thus uncertain.



On the longer term, second generation biofuels, which are made from lignocellulosic biomass, are expected to become economically competitive with conventional gasoline and diesel, assuming that several technological hurdles will be overtaken. Sub-Saharan Africa has the potential to become an important, low-cost, large-scale producer and exporter of second generation biofuels. But also the production and export of untreated lignocellulosic biomass to industrialized countries is a potentially interesting option.


Socio-economic impacts of

Universiteit Utrecht

bioenergy systems

4 1ssues are addressed:

1 _ Copernicus Institute 009_!\
& Sustainable Development and Innovation Management

Best practice on stakeholder involvement

Women participation in management levels and decision
make processes

Indigenous people participation in management levels
and in decision make processes

Competitiveness of energy crops with respect to other
(food) crops
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Socio-economic impacts of
bioenergy systems in Tanzania

e The socio-economic impacts of three biomass energy
supply systems for rural households in Shinyanga (TZ):

—  Small-scale forestation and fuelwood project for carbon
sequestration under the Clean Development Mechanism
(CDM)

— A short rotation woodlot for the production of fuelwood or
charcoal, optionally with intercropping.

— A jatropha curcas plantation for cooking fuel, export or
diesel substitute for off-grid household electrification or for
soap production.

 Parameters:
— Net present value
— Return on labour
—  Cost of energy

- Copernicus Institute Source: Wiskerke et aI., 2008 CO?&Fﬁ

& Sustainable Development and Innovation Management
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Vorführender
Präsentationsnotizen
It can be concluded that from a smallholder perspective rotational woodlots are preferable for

maximizing income and producing low-cost household energy. Jatropha oil is only economical as a

local diesel substitute or as an ingredient for soap production. From a government perspective,

the positive socio-economic and ecological effects of carbon forestry might compensate for the

financial gap between costs and benefits, caused by the low growth increment in semi-arid

Shinyanga.


Insight in biomass production potentialSit% veesicse:
and contribution to energy supply, income and
employment generation and ecological impacts

In the South African region (objective 2)

* Three systems (ethanol cassava, jatropha oil, woody
crops fuelwood) (o~ v
e Technical potential
« Economic potential
* Net present value
 Employment generation
* GHG emissions
e Other env. impacts
(soil nutrient removal,
water, biodiversity)
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Technical biomass production
potentials in Southern Africa

— Technical and economic potentials, excl.:

* Protected areas

Cropland
Pastures
Unsuitable areas

(cities, bare rock, deserts, ...)
» High biodiversity areas and

biodiversity hotspots
» Steep slopes (>8%)

— Yields are estimated

using crop growth models
and values from literature

~ Copernicus Institute
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Closed canopy forests
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MNote: Overlap of land cover,

slope, high biodiversity and
pastureland
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LT Source: H. Watson, WP 1,

plus additional analysis
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Technical biomass production

potentials in Southern Africa
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‘Botswana: Burkina - Kenya

mMha Ar€as = Faso

Total area 580 - 273 58.6
- Semi-arid area 454 145 22.8
- Arid area 12.5 0.5 23.3
- Non arid/semi-arid 0.0 12.3 12.4
Excluded area 47.2 14.8 41.8
- Unsuitable -

-- Cities, bare rock,.. 0.7 0.0 0.8

-- Steep slopes (>8%) 6.1 3.1 19.6
- High biodiversity

-- Protected areas - 187 2.0 3.2

-- Biodiversity hotspots . 0.0 0.0 11.6
-- Closed canopy forest . 2.9 0.0 2.3

and wetlands

- Agricultural land -

-- Cropland 42 9.0 2.7

--Pastureland 21.7 3.2 15.9
Available area ) 107 . 0.2 4.3

- Semi-arid 62 - 02 2.5

- Arid area 4.6 0.0 1.8

Mali

- Senegal : South : Tanzania Zambia

: _ Africa 1
19.7 122.2 94.6 75.5
98 ¢+ 524 : 31.8 16.1
1.5 37.9 0.0 0.0
8.3 31.9 62.7 59.4
10.9 83.6 30.7 15.3
0.2 1.0 0.3 0.2
0.8 63.7 14.7 5.1
2.8 5.8 6.5 5.3
0.0 18.2 6.1 0.0
0.0 7.3 11.6 4.5
7.1 14.2 4.7 2.4
3.1 48.5 13.4 53
0.5 6.6 1.1 0.7
0.3 2.3 1.1 0.7
0.2 4.3 0.0 0.0



Vorführender
Präsentationsnotizen
The table indicates that in most countries the most important limiting factor in land availability is agricultural land. While in Burkina Faso and Senegal cropland is more important, in all other countries pastureland affects land availability the most. In Kenya, South Africa and Tanzania also steep slopes and biodiversity hotspots are important aspects that reduce land availability. 



In total between 1.65% to 19% of the total semi-arid area is available. 


B Universiteit Utrecht

)
Technical biomass production
potentials in Southern Africa

~ Bots- Burkina. Kenya | Mali Senegal. South ' Tanza- ' Zambia

InPJy' Potentials . wana : Faso . Africa : nia
Cassava ethanol 123 0 2 1 82 | 69 | . 62 @ 3% | 14

6 | :
- arid 29 2 2 ¢ 1 27 0 0 00
5

- semi-arid 9 2 70 47 35 35 14
Jatropha oil 208 0 6 8 | 71 ! 10 ! 105" @ 29 | 19

o

_arid 47 19 3 . 2 . 45 0 | 0

- semi-arid 160 | 6 1 64 1 34 | 8 60 1 29 | 19
Fuelwood 743 | 49 | 902 | 389 | 70 | 565 | 293 | 144

- arid 57 0 33 173 26 112 0 0

- semi-arid 687 . 48 567 216 45 453 . 293 144
o | N 308 | 74 28

oo

7 . 58
0 | 0 | 0

Final consumption of energy 2006 ~ data _data
95 | 6 | 3

- coal and peat 0
11 0 0

- petroleum products 14
- combustible renewables & waste 41 49 66 21

—iIN OO W
—_ ) O A =

- electricity 2

83 1 3

High potentials compared to domestic energy consumption ! Com\


Vorführender
Präsentationsnotizen
Fuelwood has a higher potential than cassava ethanol or jatropha oil (Table). Despite the lower potential of cassava ethanol or jatropha oil, all three crops can significantly contribute to current energy consumption in the eight countries. And thus bioenergy can play a significant role in future provision of energy in these countries. 


Economic biomass production - —
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Vorführender
Präsentationsnotizen
A large variability in production costs compared to market prices of gasoline can be observed. Some regions and countries are competitive producers of cassava ethanol, such as Kenya, Mali Tanzania and Zambia. Further, it is important to mention here that country average market prices are shown for gasoline and diesel, which may be significantly lower than those prices in remote areas, such as many semi-arid and arid regions are. 
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Vorführender
Präsentationsnotizen
The same goes for jatropha: in some regions jatropha oil can be produced competitive, while in other regions this is not the case due to the high labour costs.  


“Economic biomass production
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Vorführender
Präsentationsnotizen
The production of fuelwood is attractive in almost all most regions, except for Botswana and South Africa. The costs in these regions are higher, this also goes for the two other system. The main reason is the high labour costs in Botswana and South Africa compared to other Sub-Saharan African countries.



Further, it should also be noted that the production and use of fuelwood can also contribute to deforestation, reduced carbon emissions, reduce the time needed for fuelwood collection. And when combined with new and improved stoves also the costs, security of supply, indoor air pollution and risks of accidents can be decreased. 
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Socio-economic and
environmental performance

Parameter -~ Units  Cassava Jatropha = Woody
77777777 . crops

Technical potential  PJ y™* 1251 1621 10929

“Production costs € t* product 16-40 23-81 7-21

‘Production costs € I'* eth/oil 04 03-04 na

NPV £t 2-170 67  43-72

""’Labor generat|on hours ha™ 901 1376 177

'GHG emissions gCo2egMJ* 75 26 9

_GHG emission % reduction 8 64 -

" Copernicus Institute Co ;
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Vorführender
Präsentationsnotizen
The results show that jatropha production results in a negative NPV, while the NPV of the production of cassave and woody crops results in postive NPV’s. However, jatropha is the crops that is currently the most labour intensive and thus contributes most to employment. The number are impressive. The technical potentials require that more than 30% of thhe current labour force would be needed to realise these potentials. 



Further, the GHG emissions are calculated. The GHG emiossions of gasoline are 82 g MJ-1 and 88 g MJ-1  for fossil diesel. The GHG emission savings by cassava ethanol are 8% and of jatropha oil 64%. GHG emission savings from fuelwood production are not determined here due to the complexity of the avoided potential deforestation and degradation of the land. 
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Some concluding remarks

 Large potential to improve agricultural production systems
In Africa (agroforestry!)

 Large potential to improve traditional biomass energy
systems (stoves and charcoal kilns)

« Potentially promising biomass systems are:
— Pure plant oil for domestic use or for export
— Ethanol from cassava, sugar cane or sweet sorghum
— Biogas from residues and waste
— Second generation biofuels from lignocellulose biomass
— Electricity and heat from lignocellulose biomass
— Heat from lignocellulose biomass & improved traditional biomass
energy systems ! !'|
e Large variation in socio-economic and natural conditions
and _prloduction systems; more local analyses and data are
CrucCla

_ Copernicus Institute
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Vorführender
Präsentationsnotizen
There are large potentials to improve agricultural production systems in Africa via 

Increased use of fertilizers 

Increased efficiency of the use of irrigation water 

Increased use of machinery

Increased pest and disease management

Increased use of improved genetic crop varieties and livestock

Reduce post harvest lossess



Especially some agro-forestry systems are potentially interesting, although the systems need to be carefully designed so that the system is optimised for the different products and needs of the people that are involved. Agroforestry seems less viable for large scale energy systems.



Several potentially promising biomass energy systems are identified. Sub-Saharan Africa has the potential to become an important, low-cost, large-scale producer and exporter of plant oil, biodiesel en bioethanol. However, the costs of production are a potentially bottleneck. The production of second generation biofuels is also feasible. However, the large investments that are needed might not be realistic under African conditions. Yet, also the production and export of untreated lignocellulosic biomass to industrialized countries is a potentially interesting option, because second generation biofuels plants will most likely be build in industrialized countries. But for the near future especially the COMBINATION of the production of woody energy crops for use in improved traditional biomass energy systems seems especially interesting due to the low costs, high potentials and many negative socio-economic and environmental impacts of present traidtional woodfuel:

Reduce deforestation

Reduce carbon emissions

Improve pressure on women 

Reduce indoor air pollution

Reduce labour / time needed for fuelwood collection

Reduce accidents

This is confirmed by the results of the analysis of biomass potentials in SSA, that showed that fuelwood is the biomass energy system with the highest potential and lowest costs compared to jatropha oil and cassava ethanol. 
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