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Executive Summary

Ethanol Production

Due to a number of issues, including high oil prices, international awareness of global
warming and concerns about energy security world production of ethanol is rising.
For producer countries ethanol offers a range of opportunities, both for domestic
energy supply and for export, such as the example of Brazil, the only developing
country to have so far gone to scale with ethanol production. Although Africa’s
ethanol base is less developed than those in Latin and North America, several
countries are increasing production and there is significant potential for the African
biofuels industry to expand. Despite recent growth however, the global market for
biofuels is still in its relative infancy.

The dominant current consumption of ethanol is for transport fuel-blending, but there
is also significant demand and use of ethanol in the industrial sector. However, in
developing country contexts where household energy accounts for 75-90%,' ethanol
has also been shown to have potential as a cleaner and healthier household fuel.
Developing a stable domestic ethanol household fuel market is considered to have
potential to offer substantial economic, health and environmental multiplier benefits at
local, national and international levels. This potential has been partially
demonstrated in Africa (e.g. Ethiopia), but also setbacks have been observed linked
to poor stove technologies (e.g. Malawi), fuel forms (e.g. South Africa) and policy
inconsistency (e.g. Ethiopia). If ethanol to achieve it's potential as a household fuel
then these lessons must be learned in developing new sectors in countries such as
Madagascar.

Ethanol can be produced from any biomass containing significant amounts of starch
or sugar. Production scales can be categorised as: large scale, micro-distilleries and
artisanal scale. Artisanal production is very accessible to poor rural producers due to
low capital costs enabling local level benefit distribution, however low ethanol quality
and strength at poor conversion efficiencies (implying more fuelwood use per litre of
ethanol), creating a higher cost product make it non-viable for a widespread
household ethanol programme. The close association of this type of production with
drinking, the higher market price per litre for this application, and the difficulties of
policing production at this scale appear to preclude its serious consideration for
household ethanol market creation.

Large scale production is relatively well known internationally and is the typical scale
of production in Brazil and other large ethanol producing economies, offering good
efficiencies, quality, strength and low cost per litre. However centralised plants will
not necessarily promote maximum benefit distribution along the supply chain and
high capital barriers exclude local people from direct participation, other than as
waged labour or raw material suppliers. As such, the structuring of agreements with
out-grower sugarcane suppliers for example, can have a strong influence on
inclusivity and development impacts. Micro-distillation is a relatively new scale of
production but it appears from international experience to offer many of the energy
efficiency and ethanol quality benefits of large-scale production, but with increased
levels of decentralisation of production and corresponding dispersal of opportunities

"WHO, 2006. Stockholm Environment Institute Policy Brief, June 2009.
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and benefits. Although a detailed analysis of costs of production is needed for each
new installation, available micro-distillation technologies internationally appear to also
be capital cost competitive per litre of ethanol produced compared with large scale
installations. The lower total cost per installation also allows production to be
dispersed closer to cane production and household ethanol consumers, and lowers
the capital barriers to market entry.

International experience however shows ethanol markets to be strongly dependent
on government policy. Particularly given the volatility of international fuel markets
and the multiple potential applications of ethanol at different price points — stable and
progressive government policies will be important if the ethanol household fuel
market is to develop sustainably. In initial stages it may be necessary to ring-fence
and prioritise sufficient ethanol fuel for the household energy market to ensure that a
failure in the supply chain for ethanol (perhaps linked to international price
fluctuations or a fuel blending mandate) does not destroy the burgeoning market for
stoves which would also be created. Ethanol fuel pricing is very vulnerable to
commodity prices of existing fuels, for example charcoal, fuelwood and fossil fuels,
particularly kerosene - and if multiplier benefits of ethanol to health, the environment,
rural incomes and balance of payments are to be realised — then government policy
must mediate price fluctuation to some extent, especially in initial stages.

In order to succeed, the Malagasy household ethanol programme must learn from
the international experiences described in this chapter, and put in place measures to
overcome challenges encountered elsewhere, and replicate successes.

Ethanol Supply in Madagascar

Approximately one-half of Madagascar is potentially cultivable, but little more than
5% of the land is currently under crops Taken together cropland and crop/natural
vegetation mosaic accounts for 13% of land cover, with approximately 21% of the
total land area is covered by forests and 63% by shrub-land, grassland and savanna.
However the demand for cultivatable land is on the increase, and is not being
matched with an increase in land allocated for agricultural use. Any expansion of
sugarcane production needs to ensure it does not encroach on sensitive ecosystems
and land required for agriculture and food production, and that sugar cane production
does not result in food price rises and decrease food security. Madagascar has
problems of land ownership, land tenuring and land taxation, all of which are unlikely
to stimulate farmers to invest in small-scale sugar cane production.

Madagascar also has a recent history of land degradation and any increase in sugar
cane production must be sure to not result in forest clearance or increased land
degradation. In general the agriculture system in Madagascar is underperforming,
and requires significant investment in improved techniques and technologies to
improve soil quality and production. The use of land for sugar cane to produce sugar
and ethanol has the great potential to reduce poverty if managed effectively, but
requires a strategic and large scale investment to ensure high yields can be achieved
sustainably. Producer cooperatives and associations might be an avenue for
increasing productivity and ensuring the local farmers derive the most benefits. The
extent to which foreign investment is sought to increase sugar cane production needs
to be carefully assessed to ensure that benefits to local farmers are maximised and
the household ethanol fuel market is not ignored. To ensure that the potential
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benefits of sugar cane production to increase ethanol supply, it needs to be fully
integrated into the national agricultural planning.

Madagascar is very susceptible to increases in oil price rises and so local production
of fuels such as ethanol would be of great benefit to the country. The use of ethanol
as a household fuel would create a large sustainable market local that would result in
a number of significant benefits to the country. Currently Madagascar’s sugar cane
production is quite low and there is significant potential to increase its production
through just efficiencies and technology. Small-scale sugar cane production is also
widespread, but generally with very low yields, and almost exclusively used to
produce toaka gasy, the locally manufacturer rum for human consumption. The
supply of ethanol in Madagascar is set to increase steadily over the next 5 years,
which could be directed towards use as a household cooking fuel. It has been
suggested that artisanal toaka gasy production could be improved, to be used as a
fuel instead, but it is unlikely that ethanol of a high enough grade can be produced
efficiently, sustainably and competitively from such scale of production, and it is
recommended that the installation of micro-distilleries be promoted instead of
artisanal scale production.

Both wood and charcoal use in Madagascar has been growing steadily, and has
directly led to increased deforestation. Electricity is generally not used for cooking,
and Kerosene and LPG only accounts for a relatively small sector of the market,
compared to both charcoal and wood, particularly in rural areas. Madagascar’s
forests are some of the most diverse and fragile in the world and increased efforts
need to be made to reduce their destruction. This can be carried out through
investment in sustainable forest management and more efficient charcoal production,
but serious consideration needs to be given to how ethanol production for household
fuel can contribute to protecting Madagascar’s forests. The transport of household
cooking fuels is a big issue in Madagascar, particularly due to the relatively poor road
network, which is another reason why micro-distilleries located throughout
Madagascar could make a lot of sense for developing a more decentralised
sustainable energy production.

Ethanol Demand in Madagascar

It is estimated that 95% of households in Madagascar depend on woody biomass,
primarily fuelwood and charcoal, for their household energy (annual consumptions of
9.026 million m?® of wood as firewood and 8.575 million m® as charcoal (IRG Jariala,
2005)). Fuelwood is the predominant fuel for poorest, poorer and middle income
quintiles, whilst charcoal predominates for the richer and richest quintiles. Electricity,
natural gas and kerosene capture very little of the market even for the richest quintile.
Most city households use charcoal rather than wood fuel, while the use of natural gas
is recorded as almost 11% of the main cities, but negligible in the small cities.

The household sector in Madagascar is expected to be heavily dependent on wood
fuels for some time to come, with the FAO predicting an increase in household wood
fuel consumption, with little substitution with electricity or kerosene due to the high
costs of the fuels and appliances. Fuelwood may be extracted free of charge
provided that it is not commercially traded, but an official permit must be obtained in
order to sell wood, however illegal cutting is commonplace, particularly in areas
where fuelwood is in short supply.
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User preferences for household fuels were investigated, and the major concerns
were the speed of cooking, followed by convenience, cleanliness, and costliness of
the fuel. Smoke, dirt, suffocation and bad health, were some of the factors that made
fuels unfavoured by the surveyed households. Within the project area, spending on
fuel was widely distributed in both the wet and dry seasons, with the majority of
households spending around MGA 2,500 with more affluent households spending up
to MGA 10,000 to MGA 15,000 per week. Ethanol compares favourably in cooking
cost comparisons amongst domestic cooking fuels in Madagascar, being significantly
cheaper than LPG and kerosene and only marginally costlier than cooking with wood
fuel on an open fire. If non-financial measures of fuel-stove combinations are
introduced, ethanol cooking with a good quality ethanol stove will be preferable to
currently available fuels.

An initial estimation of the potential market of ethanol for household cooking (based
on relative cost of fuels and the purchasing capacity of households) indicates that
there are at least 180,000 households who might substitute their primary cooking
fuels with ethanol (LPG, kerosene and charcoal users). The rate of market
penetration for a new technology usually follows a logistic curve, with slow initial
take-up, fast growth in the middle and saturation at the end, and it is believed that the
market penetration of ethanol stoves will follow such a route over a period of 20-25
years. Following this scenario the associated requirements for household ethanol
fuel would be 0.7 million litres in 2011, reaching 105 million litres by 2030.

Cook Stoves

A number of stoves were tested to address issues of stove safety, usability,
performance, design, efficiency, preferences of cooks/households and initial indoor
air pollution. The study can act as an indicator of likely acceptability, and any
corresponding stove development needs, but it cannot be presented as a full
assessment of the viability of the stoves in the long term and as part of a commercial
scale up. Feedback from the three CCT cooks stating that of all the stoves, the ones
they liked best were the modified wood and the modified charcoal should act as a
warning to promoters of ethanol stoves in Madagascar. In order to enter the
household cooking market, ethanol and ethanol stoves will have a substantial
challenge in order to overcome existing patterns of preference, low cost and
familiarity.

Positive feedback on ethanol was noted for all ethanol stoves in the Focus Group
Discussion feedback on their cleanliness and perceived environmental benefits. It
should be noted from the reactions to ethanol from the Usability survey that the stove
in which the ethanol is used has an impact on the perception of the fuel, particularly
in terms of safety, usability and smell. The success of ethanol introduction will
therefore be a function of both the fuel and stove, as well as linked fuel issues of
price, local availability, quality, purchase volume options and bottle/tank options as
well as ethanol specific requirements like denaturing.

The Proimpex stove in its current form does not appear to represent a viable
alternative to charcoal or compare favourably with other ethanol stoves available in
Madagascar, due to safety concerns. The stove also generated IAP levels higher
than the competing ethanol stoves in the testing. In terms of convenience,
responses from CCTs and Usability tests revealed long cooking times, difficulties in
lighting and difficulties/attention required in fuel regulation. Two out of three of the
users of the smaller Proimpex stove considered it too small for cooking typical meals
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and with an average cooking time of over 65 minutes for a standard meal it took
more than twice the time taken by the other ethanol stoves and the traditional and
modified wood stoves.

The ISPM stove performed consistently better than the Proimpex stove (large and
small) on most measures. With scores on a par with the other stoves in
consideration the ISPM stove deserves further consideration for possible introduction
and commercialisation. It shares many of the potential advantages cited for the
Proimpex in the previous section in terms of local ownership and initiation, but
without several of its drawbacks. It is recommended that the ISPM undergoes further
development and testing where budget additions to accommodate it may be made.

In general the CleanCook stove delivered the best performance of the four ethanol
stoves in evaluation screening, CCTs, CCT Cooks feedback, Usability tests and IAP
testing. It would be considered therefore as a stove which, if fuel of appropriate
quality was made available at a price which people could afford, would be safe,
accepted and offer substantial IAP improvements over existing wood and charcoal
stoves. However, key challenges from a wider perspective with the CleanCook
include its imported origin, its up-front cost, and the need for 95% pure ethanol,
which may not be as easy to produce in the current local distilleries. The Cooksafe
stove was not available for field testing and seems to no longer be in production at
the present time.

Financial and Economic Analysis
Financial Analysis

The financial assessment of the three scales of ethanol plants show that the net
present value (NPV) is positive for all the 3 types which is an indicator of the financial
profitability of the ethanol schemes with however sharp differences according to the
scale. Over the 15 year time horizon, the NPV of the large scale distillery plant is
estimated at 62.69 million US$, while the NPV of the community and artisanal plants
is US$67,459 and US$12,674 respectively, much lower than the large scale ethanol
scheme.

A sensitivity analysis carried out with the 2 key parameters of ethanol prices and
sugar cane yields, shows that the NPV of the large scale plant becomes negative if
the production of the sugar plant is reduced by 35%. For the two other plants, the
NPV will become negative if there is a further reduction of the 2 parameters; for the
community scheme, the NPV will become negative if there is a 40% decrease of the
productivity, while in the case of the artisanal plant the NPV will become negative if
there is a decrease of 43% of the productivity with an ethanol price of just US$0.11
per litre.

With respect to the financial analysis of household cooking stoves, the NPV over a
10 year period is negative for the three ethanol stoves. On the other hand, the NPV
for the improved and semi improved charcoal stoves is positive with overall savings
(energy savings and investment costs) of US$260 and US$202 per stove
respectively compared with the traditional charcoal stove. The sensitivity analysis
indicates that ethanol stoves are only more profitable than traditional charcoal stoves
if ethanol retail prices drop down to between 63 and 84%. Changes with regard to
the price of charcoal also have a strong effect on the viability of the ethanol stoves.
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Nevertheless, even with an increase of 200% the NPV of an improved charcoal stove
will still be higher than the NPV of the first ethanol stove.

Economic Analysis

The economic analysis of household cooking stoves demonstrates that from the
society’s point of view ethanol stoves are more preferable than improved charcoal
stoves in the case of non-managed forests. However, the results indicate that
improved charcoal stoves also have a high positive impact on the national economy if
the charcoal production is based on sustainable forest management system.

The analysis of the entire ethanol programme (including sugar cane production,
ethanol distilleries and ethanol stoves), compared with the costs and benefits of
traditional charcoal stove and non-sustainable forest management, demonstrates
that an ethanol programme based on artisanal scale ethanol production with a
subsidised ethanol stove will bring the greatest economic return.

Considering the impact of ethanol stove dissemination on household’s income,
resulting from fuel and investment savings, there will be a negative impact even in
the best scenario. Improved charcoal stoves have the most positive impact on
household’s income. As far the impact on forest cover is concerned, a penetration
rate of 10% over 15 years will allow a substitution of 892,139 tons, saving 187,424 ha
assuming the charcoal is produced from non-managed forests combined with
traditional charcoal stoves. However the combination of managed forests and
improved charcoal stoves can save over 243,000 ha over 15 years, just above the
savings of an ethanol programme.

With respect to greenhouse gas emissions, over a period of 15 years, the ethanol
programme will allow the avoidance of 7.5 million tons CO, equivalent, equating to
more than US$27.5 million based on a market price of US$3.5/t of CO2. The
dissemination of improved charcoal stove will avoid only 33% of these emissions
compared with the base line scenario. However, the impact on greenhouse gas
emissions of the sustainable forest management option coupled with the diffusion of
improved charcoal stoves will be close to the impact of the ethanol programme (7.2
million tons CO2 equivalent). With regard to the health monetary impact, the ethanol
programme will save about US$12million resulting from avoided non-working days
due to iliness, whereas the introduction of improved charcoal stoves will avoid about
US$9million.

From the society’s point of view ethanol programs are highly profitable. Compared to
traditional household energy production and supply systems - non sustainable wood
production in combination with the use of traditional charcoal stoves - ethanol
programs at different scales will have a positive impact on forest cover, greenhouse
gas emissions and public health. However, the burden of each ethanol program will
be the consumer acceptance; in comparison to actual charcoal prices the costs
ethanol is still too high.

LPG (USS) Ethanol (USS) Charcoal (USS)

Annual Total Cost 302.82 107.61 63.76
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Currently about 2.7% of the urban households (167,000 habitants) are using LPG as
a primary type of cooking fuel. Compared to other energy sources, non-subsidised
LPG is the most expensive source of household energy and both. Based on a
financial analysis, ethanol is more profitable than the utilisation of LPG as a cooking
fool; stove and fuel are less expensive for ethanol as shown in the table above, and
these LPG users could provide a potential market for next years. A higher share in
the market can only be obtained if ethanol retail prices fall and the price of charcoal
increases.
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1. Introduction and Overview of the Economic
Assessment

The purpose of this report, Component B of the Ethanol as a Household Fuel in
Madagascar project, is to evaluate the potential role of ethanol as a transformational
sub-sector within the Malagasy household energy sector. This report has been
prepared for the World Bank by a consortium, led by Practical Action Consulting
(PAC), to provide a broad-based cost-benefit analysis of possible household ethanol
development scenarios drawing on both international sector experience and primary
data and contextual factors in Madagascar.

Through consultations with local stakeholders, partners and relevant experts during
the kick-off meeting in Madagascar in December 2008, the Component B team
started to build an understanding of the local situation in the project target towns of
Vatomandry and Ambositra, as well as make the necessary connections to develop
an overview of the national picture regarding future plans for ethanol production and
utilisation. Based on the overall work plan requirements and the local conditions, the
team drafted an outline for the Component B report and made progress towards local
and international data collection as well as selecting specific scenarios and
sensitivities for the modelling work. The steering committee provided additional
insights into the most relevant scenarios and sensitivities to be applied in the
modelling.

The team drafted a master list of data needed and set up channels of communication
with the World Bank Country Office in Antananarivo and with local partners Tany
Meva and local sector experts to pull together the diverse and dispersed information
required to feed into the modelling. Specific tasks under Component B were divided
among the team and the work was structured into various sections which form the
chapters of this report.

Chapter 2 provides a comprehensive review of the experiences internationally with
large scale ethanol production versus small-scale production, giving specific country
experiences as examples, as well as a review of available technologies and their
application.

Chapter 3 provides a detailed review of the possible production scenarios for
Madagascar given the national situation and trends in terms of land use, agriculture,
energy, forestry, regulatory frameworks, and industrial sector capacity for production
at varying scales. In order to provide an adequate picture of the economic factors
affecting the production of ethanol from sugar cane in Madagascar, the analysis
addresses large-scale commercial production, small scale community production and
artisanal scale production, over a ten-year time horizon. The data collected and
analysis presented encompasses the entire ethanol production system including
plant design, construction, operation, maintenance, feedstock/fuel procurement,
transportation, and distribution.

At the large industrial scale, the analysis considers current and projected domestic
ethanol production capacity, projected domestic and international demand, and likely
market prices. The study also examines international demand for alternative sugar
cane products and its implications for domestic ethanol production in the future.
Based on likely demand and production capacity, the analysis considers the
availability of land for ethanol production, and its competing uses for food and other
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products, as well as the environmental impact and disposal of residues from ethanol
distilleries. Furthermore, the analysis considers co-generation opportunities, such as
the sale of power to the national grid as additional income for large distilleries.

At the small-scale, the analysis considers the capital investment needs and
production costs of ethanol using Ethanol Micro Distilleries (EMD) in Madagascar,
including their technical and financial feasibility, to supply the household fuel market,
under different distillery sizes and operational configurations (sole ethanol producers
versus sugar cane multiple products). The study reviews the existing technical and
industrial capacity to manufacture EMDs in Madagascar, with a list of domestic and
international manufacturers and their prices, the existing and required regulatory
framework in Madagascar for EMDs, and the environmental and social impacts of
EMD for small farmers and communities, including competing use of land for food
and other needs.

Chapter 4 provides an analysis of the actual and projected ethanol demand side in
Madagascar, including a detailed overview of future demand scenarios incorporating
also fuel blending with gasoline for the transport sector and export. The international
market for ethanol with reference to supply and demand trends and the likely impacts
on household fuel price has also been included.

Chapter 5 provides an examination of available ethanol cook-stoves, through
examining energy efficiency, capital and operating costs compared with existing
improved charcoal and fuelwood stoves, kerosene, LPG, and electricity. Information
was gathered on ethanol stoves’ maintenance, durability, value, safety, acceptability,
emissions and overall performance, based both on user trials, and controlled cooking
tests conducted in Madagascar and through independent testing by an internationally
recognised stoves laboratory (Aprovecho), assessing both ethanol cook stoves
available in Madagascar as well as on the international market. Estimates were
made of the economic value of the emission reductions and improved health
outcomes (based on the data collected in Component A), as well as the
environmental benefits of ethanol stoves compared with alternatives. When data and
information was not available in Madagascar, proxy data was used from other
relevant experiences worldwide.

Chapter 6 provides an outline of the modelling approach and results, respectively,
against a range of scenarios based on the scale of ethanol production in
Madagascar, to understand the impact of a number of sensitivities on the
development of a future household ethanol market, as well as a risk analysis to
identify potential pitfalls. The sensitivities include oil price, national regulation and
policy and international climate change agreements. The three scenarios modelled
include: large-scale distillation using out grower sugarcane production; community
scale distillation of community farmer sugarcane production; and artisanal distillation
at sugarcane farmer level. The methodology for estimating the economic impact of
ethanol production in Madagascar includes a computer-based spreadsheet that
combines the direct, indirect and induced impacts, with the indirect and induced
effects being assessed using input-output model-derived multipliers. The analytical
method covers the entire ethanol production system including plant design,
construction, operation, maintenance and feedstock/fuel procurement, transportation
and distribution, including the price of sugarcane, and the cost of capital, labour,
energy and distribution. The competing uses of land for ethanol production versus
food production (and other uses) are also analysed, in order to establish the
opportunity costs of land use changes. The analysis includes the potential cost
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advantages of large-scale ethanol production against the livelihood and fuel security
benefits of micro-distilleries. An analysis of the existing legal framework is also
included, including restrictions on ethanol production at both large and small scale,
ethanol consumption by households, stove manufacturing and related intellectual
property rights.

Based on the assessment of the economics of ethanol production at small and large
scales, and the assessment of the comparative advantage of ethanol cook-stoves,
the analysis examines the economics of a household ethanol programme, including
cost structure, seasonal price variation, ethanol fuel distribution and logistics, quality
control of the fuel, marketing, local manufacture versus import of stoves, user
training, level of taxation, opportunities and needs for micro-finance, and the potential
for exploiting Clean Development Mechanism (CDM) revenues. Finally the analysis
considers the risks of diverting ethanol cooking fuel to other uses, such as drinking
and transportation, and incorporates an energy-cycle analysis focusing on the energy
inputs versus energy outputs of the production of ethanol as a cooking fuel, and the
renewable energy share of the total cycle, from both large and small scale production
units.

The results of the modelling are interpreted using the Rural Livelihoods Framework
and are presented according to the expected impacts on Natural, Economic, Human,
Social and Physical capitals in Madagascar. The analysis concludes with an
assessment of the environmental, health, economic and social costs and benefits of
a widespread shift to ethanol as a household cooking fuel.

Chapter 8 presents the overall conclusions and recommendations based on the
proceeding research and analyses.
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2. International Experience: Large and Small Scale
Ethanol Production

2.1. Global Overview

World ethanol production has seen a rapid increase over the past decade in
particular in terms of expansion and diversification (Figure 2.1). Between 2000 and
2007 international production increased by a factor of three to over 52 billion litres.?
In recent years the United States has become the leader in global production, with an
output of 16.14 billion litres of corn-based ethanol in 2006°, increasing to 20 billion
litres in 2007*, while Brazil produced 16 billion litres in 2006. The main ethanol
producers in Asia are China and India, which produced 3.7 billion and 2.3 billion litres
in 2007, respectively5. Production for all Asian countries reached 7.4 billion litres in
2007 and was anticipated to surpass 8.1 billion litres in 2009.°

Figure 2.1: World Ethanol Production (million litres)
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During this time, the production of ethanol in Madagascar showed a steady decline
because of neglect of the state-owned sugar factories, their distilleries and the farms
supplying them. However, there is now a private-sector-led effort to rehabilitate the
sugar factories and associated distilleries and among three plants, Ambilobe,

2 Towards Sustainable Production and Use of Resources: Assessing Biofuels, [United Nations Environment |
2009

3 Brazil Ministry of Agriculture, Livestock and Supply

‘4 REN 21, 2008

°5 Sugarcane Based Bioethanol Energy for sustainable development, November 2008

® FO Licht World Ethanol and Biofuels Report, Vol. 7, No. 4, 23-10-08. FO Licht production figures are similar but
show higher values. U.S. production is reported as 24.5 billion litres in 2007 and 34 billion in 2008. Brazilian
production is reported as 20 billion litres in 2007 and 24.5 billion in 2008. China shows 5.25 billion in 2007 and 5.38
in 2008. India shows 2.62 billion in 2007 and 2.48 (a decline) in 2008.
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Namakia and Morondava, some 8.5 million litres of ethanol were produced in 2009.’
This is expected to increase 20% by 2011.

There is renewed investor interest in the Malagasy sugar holdings. Tany Meva
reported that 11 investor groups are known to be looking at properties in
Madagascar. These are in three areas—the north, west and eastern sugar cane
areas. Of the 11 investors, two groups have completed feasibility studies. These are
JWE Ltd. in Katsepy-Boeny Region and SAIM in the Ambilobe-Diana Region.
However, the unsettled political climate continues to slow the progress of
international investors, and most projects are on hold®.

2.2. The Ethanol Outlook

High oil prices, international awareness of global warming, and the decline in energy
security have all lead to an increase in global interest in biofuels; however, despite its
recent growth, the global market for biofuels is still in its infancy. The future global
potential for biofuel production is also difficult to estimate, due to a number of factors
including the limits of natural resources and the need for food security above biofuel
use. However, early studies of biomass availability have concluded that by 2050, the
possible contribution of biomass to global energy supply could vary from 100 EJ/year
to 400 EJ/year, which represents 21% to 85% of the world’s current total energy
consumption, estimated at 470 EJ°. Although biofuels are only a fraction of total
biomass, biofuels still have the potential to play a significant role in meeting future
global energy demand, if developed through appropriate channels.

With most biofuels, including ethanol, production is consumed through domestic
markets; however, as the interest in biofuels production continues to increase,
international trade is expected to increase, creating new implications for developed
and developing countries. Many European biofuels companies have already
invested in Africa and Latin America, ensuring the global status of the biofuels
industry. Of particular note is that investment in the biofuels industry directly impacts
rural development, which is a key priority of global policies such as the Millennium
Development Goals (MDG). The current biofuels production trend has mainly
focused on large-scale industrial plants, but as more countries turn to biofuels, this
trend must include medium and small-scale biofuels enterprises which are targeted
more towards impacts on poverty reduction through community and local farmer
involvement.

Latin American and Caribbean countries have moved into the ethanol market most
quickly, based on strong economic interests in exporting to other countries, mainly
the United States. The major global ethanol market player is Brazil, being the largest
biofuels exporter, currently supplying 50% of the international demand for ethanol™.
Due to Brazil’s early inclusion of biofuels into their energy portfolio and aggressive
government-supported expansion through PROALCOOL, Brazil has led the
international biofuels movement. The Brazilian climate is well suited for sugarcane
production, labour costs are relatively low, and much biofuels research and

" Email correspondence with Mr. Henri Tsimisanda, former general manager of Sirama Sugar Factory and later
Secretary General of Industry and Commerce, dated 23 Aug. 2009. U.N. Data shows that less than 50,000 litres of
ethanol were produced in 2006, while FO Licht shows that some 12.3 million litres were imported.

8 Email correspondence with Ravaka Ranaivosan, Tany Meva, dated 2-9-10.
? Bioethanol, Sugarcane based Bio-ethanol. Energy for Sustainable Development

1L| http://www.iied.org/pubs/pdfs/G02587.pdf|
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development has already taken place. For these reasons and others, Brazil is
promoting their experience as biofuels diplomacy around the world. Brazil is also the
country which exports ethanol to the greatest number of countries, thus promoting
technology transfer, and many Brazilian organizations advise and support other
countries’ bioethanol industries. The country is estimated to have saved an
estimated US$43.5 billion between 1976 and 2000 and the Brazilian bioethanol
industry directly employs half a million people. In only the last five years, biofuels
have been recognized as a potential means of achieving multiple policy goals,
and many countries are starting to use the Brazilian experience to design their own
energy portfolios.

The dominant current consumption of ethanol is for fuel-blending, but there is also
significant demand and use of ethanol in the industrial sector. Around 60% of
industrial ethanol is used as a solvent in the manufacture of pharmaceuticals, paints
and lacquers. However this use of ethanol is now subject to environmental
restrictions because it is classified as a volatile organic compound (VOC), and this
may well play into the hands of ethanol production for use as a household fuel.

2.3. Ethanol as a Household Fuel

The household energy sector accounts for 15-25% of primary energy use in
developed countries’ and 75-90%, or more, in developing countries.” Developing
countries are looking for more efficient and affordable household energy, which
implies a combination of both a fuel and the appliance technology in which the fuel
operates, and only when an efficient combination is produced, does household
energy improve. In many developing countries, particularly in rural areas, traditional
fuels such as fuel wood, charcoal, dung, and agricultural waste, constitute a major
proportion of total household energy consumption. Although varying between
different settings, the efficiency of a traditional fuel wood cooking stove is as low as
30 to 35% of a liquefied petroleum gas (LPG) stove.

For developing countries, the key determinants of household energy demand are:

o Prices and availability of fuels and appliances

o Disposable income of households

. Stove and fuel emissions

o Cultural preferences

. Fuel and stove efficiency

o Inconvenience of fuel transportation and storage

Within a country, great disparities are often seen between the household energy use
of rural and urban populations and high and low income groups. The major factors
contributing to these differences are levels of urbanization, economic development,
and living standards.

In most developing countries when income increases and changes in lifestyles occur,
households tend to move from the cheapest and least convenient fuels (biomass) to

" Dzioubinski, O., and Chipman, R., Trends in Consumption and Production: Household Energy Consumption,
United Nations Department of Economic and Social Affairs, April 1999.
12 WHO, 2006. Stockholm Environment Institute Policy Brief, June 2009.
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more convenient and more expensive fuels. Eventually households will switch to the
most convenient and most expensive types of household energies, in the same way
the developed world made its transition. There is also a significant correlation
between the choice of cooking fuels and urbanization; urbanization tends to lead to
higher levels of household energy consumption, although it is difficult to separate
these effects from the increases in income levels that generally accompany such
urbanisation.

Most countries are looking for more efficient, long-lasting and sustainable fuels to
replace unreliable, polluting and inefficient household fuels. The household fuel
market is enormous and research is required to determine exactly which types of fuel
and stoves are required for particular regions of the world.

Ethanol as a household fuel is considered to have enormous potential as a clean and
healthy fuel for the user as well as offering substantial economic, health and
environmental benefits at local, national and international levels. This report seeks to
determine the extent to which this is true in Madagascar. However, in order to gain a
greater understanding of the potential future growth paths of ethanol as a household
fuel market in Madagascar, it is useful to look at other countries which currently host
ethanol household fuel markets.

2.4. The Manufacturing Process

2.4.1. Raw materials

Ethanol can be produced from any biomass containing significant amounts of starch
or sugar. In the case of Brazil, it is predominantly sugarcane, mainly due to the high
fuel yield per hectare of planted sugarcane. Through various centres of research,
about 6 new varieties of sugarcane are released each year, so that, in actuality, close
to 500 varieties are grown. Each variety is adapted to different conditions of culture
and climate, increasing a crop’s productivity. '

Crops containing starch, such as cassava, are processed in a similar way to the
sugar-to-ethanol process but require additional steps to convert the starch to sugar,
including reducing the size of the tubers, and exposing the starch to enzymes that
convert the starch to sugar in a chemical reaction called hydrolysis.

Sucrose extracted from sugar-cane accounts for just over 30% of the chemical
energy stored in the mature plant; 35% is left in the leaves and stem tips in the fields
during harvest, and 35% is in the fibrous material (bagasse) left over from pressing.

This bagasse is an important by-product of the process, and can be burnt in a
processing plant to produce electricity. Alternatively the wet residues from
fermentation and distillation can be used as an animal feed or, with further digestion
by bacteria, to create biogas which can be used to power the process itself.

Although the vast majority of ethanol comes from plant-based feedstocks, this is not
always the case, as in South Africa, ethanol is synthetically produced from coal and
gas using technologies developed by SASOL, the chemical conglomerate world
leader in coal and gas to liquid technologies, which produces 400 million litres of

¥ CTC and Canavialis
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synthetic ethanol per annum. Mossgas, a gas to liquid plant produces a further 160
million litres per year™.

An number of potential alternative bio-feedstocks have also been identified for
ethanol production which might become good investment opportunities once the
ethanol industry in a country becomes more mature.

The basic conversion of a sugar crop to ethanol begins with processing the
feedstock. In the case of sugar-cane and sweet sorghum, this consists of washing,
crushing and filtering to separate the bagasse from the sugar. The sugar is sterilized,
concentrated and then fermented, using yeast, to produce alcohol solution, which is
subsequently distilled to concentrate the alcohol to about 95%. Carbon dioxide is a
by-product of the fermentation process. If the resultant alcohol is to be used as a fuel,
a denaturant is added to the mixture to make it unpalatable, and unsuitable for
consumption.

2.4.2. Ethanol Quality — Impurities in distillation that affect ethanol as a
fuel

Water

Alcohol at 75% ABYV is the minimum required to fire a boiler. Alcohol at 85% ABV is
generally the minimum required to run a generator or an internal combustion engine
(Blume, 2007)". A fuel injection system requires at least 92.5% and preferably 96%
ethanol (Blume, 2007)'®.

The Aprovecho Research Laboratory tests on the ethanol stoves performed for this
study, detailed in Chapter 5, suggest that while ethanol at 50% ABV will ignite,
ethanol at 60% to 65% is the minimum necessary to support a stable flame, and
ethanol at 80% is necessary to obtain a robust flame.

Aldehydes and Ketones

The presence of these more volatile compounds in ethanol, while usually very low,
can be significant if a distillery has not been operated properly or if the concentration
of these compounds in the starting material was high. Aldehydes and ketones are
generally concentrated in the head or foreshot in batch distillation and come off in the
first 15% of the run (Blume, 2007). If possible, these lighter compounds should be
separated, if the distillery equipment is adequate to allow this to be done easily.

Acetic Acid

In bad fermentation batches, undesirable bacteria may produce high amounts of
acetic acid, which has a low enough boiling point to be distilled with the last part of a
run in batch distillation. High acetic acid together with low proof creates a corrosive
fuel. If the alcohol falls below a pH of 6.0 this has been known to be acidic enough to
cause problems in auto engines. For this reason, it is standard procedure to
neutralize mash to pH 7.0, before distillation, by adding lime.

14 (Castro JFM, 2007 — Biofuels Overview, Final Report, May 2007)
'3 David Blume, pp. 196-197.
'® David Blume, pp. 377.
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Fusel Qil

Fusel oil is a mixture of higher alcohols such as
amyl, isoamyl, propyl, isopropyl, butyl and
isobutyl alcohols and acetic and lactic acids.
The term fusel is German for “bad liquor”.
During distillation,  fusel alcohols are
concentrated in the “tails” at the end of the
distillation run. They have an oily consistency,
which is noticeable to the distiller, hence the
term fusel oil (Blume, 2007). While acetic acid
can be corrosive, the various esters that
comprise fusel oil are known to deposit gum or
carbon on valves in automobile engines.

In the CleanCook stove pilot studies in Ethiopia,
fusel oil led to an oily crust of unburned carbon
on the top of the exposed fibre at the mouth of
ey kvis e | the canister, which became progressively worse
AR SR over several months of use of the contaminated
Figure 2.2: Ethanol laden with  fuel. This was because of a serious failure of
fusel oil. The top of the canister  the distillery’s fusel oil collection system, and
was removed for this photo provides a useful lesson on the negative impact
(Gaia Association). of fusel oil. In continuous distillation, fusel oil is
extracted from the distillation column and is
harvested for sale as its own product. Fusel oil may be separated from alcohol by
use of a soft-wood charcoal filter. Another method for removing fusel oil from
beverage alcohol is to induce phase separation and to decant it (Guymon, 1958"").

2.4.3. Continuous versus Batch Distillation

Unlike simple pot stills or artisanal stills, modern batch distilleries use a distillation
column, somewhat like a continuous distillation process. However, these distillation
columns are generally not as tall and are not as difficult to operate, and thus may not
need an automated system to control temperature and pressure.

In continuous distillation, the fermented mash is pumped into the lower part of the
distillation column, called the stripper, where it meets an upward flow of steam. In
contrast, in batch distillation, the mash is boiled and alcohol and water vapour enter
the base of the column and move up the column. In batch as in continuous
distillation, the column works on the principle of enrichment and counter-current flow
(steam and alcohol vapour move up the column while water or mash move down the
column). In batch distillation, when almost all of the alcohol has been removed from
the mash, the distillery is shut down and a new batch of mash is prepared. In
contrast, continuous distillation involves the distillation column running for months at
a time, with a steady stream of mash being prepared and pumped into the stripper
section of the column to be distilled.

R Guymon, James F., Principles of Fusel Oil Separation and Decantation, American Society for Enology
and Viticulture, 9:2:64-73 (1958)
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Continuous distillation has a number of advantages and it can be run on a micro-
scale, although Blume states that below 35 to 50 gal/hour (130 to 190 litres per hour)
it may not be as cost-effective as batch distillation (Blume, 2007), the primary issue
being the original capital cost of the plant. Other advantages include tighter control
over the production of alcohol, both with regard to quantity and quality and the
efficiency and the ability to recycle and reuse the heat generated in the system more
effectively. A third factor may be that less labour is required due to a more
automated process, so that the system essentially runs itself. Disadvantages include
a higher capital cost for the plant, a taller distillation column (1:42 diameter to height
for a continuous column versus 1:24 for a batch column), which is harder to build,
using perforated plates rather than simple packing. There is also a greater need for
automation, achieved through the wuse of electronic controls and even
computerization, as well as it being less convenient to shut down and restart.
Therefore, if the plant is to be run on a batch basis, is should be designed as a batch
plant.

For fuel production, the tail of the distillation run can be added to the next batch for
re-distillation. This is also referred to as the recycling of the “low wines” (Blume,
2007), and reduces the loss of the alcohol.

Table 2.1: Volume and alcohol content distribution in batch distillation

. Total volume Alcoholic Ethanol Fraction of the
Fraction L) strength (°GL) volume (L) volume of alcohol
9 in wine (%)

Original Wine 1000 8.5 85.0 100

Distillate head 7 67 4.7 55

Distillate heart 160 46 73.6 86.6

Distillate tail 20 21.5 4.3 5.1

Vinasse 813 0.3 2.4 2.8

Table 2.1 shows the amount of the ethanol in the mash that is distilled off in the
head, the middle cut (or the “heart”) and the tail, with most of the ethanol coming
from the middle cut (86.6%) and smaller amounts coming from the head (5.5%) and
the tail (5.1%). Thus, if this ethanol is redistilled, more of it is separated successfully
from the impurities and less is wasted.

Batch plants can exhibit many of the advantages of a continuous process and can
even be run for extended periods using two or more fermentation lines on the front
end. So while batch processing may not be quite as efficient as continuous
distillation, it can come close. The choice between selecting a continuous or batch
plant should depend upon the particular project for which the plant is to be designed.

2.4.4. Scale of Ethanol Production

The effects of scale of manufacture can be seen in the quantities of ethanol produced
relative to unit input and capital cost, the raw feedstock costs, manpower, and uses
of markets for the manufactured fuel. Typical large scale plants may have an output
of many million litres per annum. For example, the lllovo Sugar, Merebank plant in
South Africa, produces 40 million litres per year. By comparison artisanal producers
may output only 200-300 litres per day, and only for part of the year, depending on
the particular country and feedstock. Between these two extremes, micro-distilleries
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are of growing interest, as initial capital costs for each distillery are low, and as recent
distilleries have produced ethanol efficiently, using the wastes from the process to
provide energy for running the distillery and co-products for sale or beneficial reuse,
they have become more competitive.

One of the main concerns about ethanol production is the energy balance'®, the total
amount of energy input into the process compared to the energy released by burning
the resulting ethanol fuel. This balance considers the full cycle of producing the fuel:
cultivation, transportation and production, including the use of oil and fertilizers. A
comprehensive life cycle assessment'® commissioned by the State of Sdo Paulo
found that Brazilian sugar-cane-based ethanol has a favourable energy balance,
varying from 8.3 for average conditions to 10.2 for best practice production® (for
average conditions one unit of fossil-fuel equivalent is required to create 8.3 energy
units from the resulting ethanol). The USI distillery produces a similar output with the
same feedstock.

In must be noted that a distinction is made in this report between pot or “artisanal’
stills and micro-scale distilleries with modern stripper units. Crude, traditional,
handcrafted stills should not be grouped together with engineered micro-distilleries
that take advantage of the latest advances in distillery science. Micro-distilleries are
generally considered to range in capacities from 100 to 5,000 litres per day, after
which they start to be referred to as small scale (Horta, 2006). This distinction is
based largely on regulation that was put in place in Brazil in the 1970s governing the
use of financial incentives for distilleries. Larger plants were favoured over smaller
plants, many feel incorrectly.?’

2.5. Manufacturing processes for different sizes of distillery

2.5.1. Artisanal (or Batch) stills

Artisanal stills are typically very small, up to a few hundred litres of production per
day, and they rely on batch processing. They are generally not efficient and their
energy inputs are large compared with the output of distilled product.

The traditional method for producing ethanol in Madagascar is from sugar, in the
form of rum, or toaka gasy. It comprises a number of stages beginning with the
cutting of cane stalks by the farmer, which are then transported by foot (about 15-20
stalks at a time) to the distillation point, often several kilometres from farms. At the
distillation point the stalks are cut into smaller pieces in preparation for crushing,
which is carried out manually, usually by two men using ‘rammers’, which can take
several hours. Extracts of local plants are added to the cane stalks during crushing
to add flavour to the cane juice. The mixture is then placed in a traditional metal
barrel, protected from wind and rain, and left to ferment for up to one week (Figure
2.3). Fermentation can take less than one week if the producers are in a hurry to get
the toaka gasy to market.

'8 http://en.wikipedia.org/wiki/Energy_balance

19 http://en.wikipedia.org/wiki/Life_cycle_assessment

%), Azevedo Ramos da Silva, 2004

# Horta Nogueira, Luiz, ed., Sugarcane-based Bioethanol: Energy for Sustainable Development, BNDES-CGEE,
2008, Chapter 6, pp. 148-150.
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The distillation process involves bringing the mixture to the boil by lighting fuelwood
under the container, evaporating the water, to produce a concentrated toaka gasy
which is then mixed with less concentrated alcohol to make it safe to drink. The
producer tastes the alcohol a number of times during the process to check if the
concentration level is appropriate for drinking. Once he is happy with the product,
the alcohol is ‘bottled’ in jerry cans and transported to market. Often the distillation
takes place on the same day as the market so that the toaka gasy is still ‘sparkling’,
an attribute which is appreciated by the consumer.

Artisanal stills range in size from 10’s to 100’s of litres per day, to more developed
pot stills built for high-end commercial beverage making, producing several hundreds
of litres of 45-55% alcohol per day. While more sophisticated pot stills can be quite
efficient, artisanal stills are generally not very efficient and their energy inputs are
large compared with the distilled product output. Basically they are suited for making
beverage alcohol not fuel-grade ethanol.

Artisanal distilleries, despite equipment limitations, can be well designed and
operated to produce good quality drinking alcohol. To distil alcohol to 80-90%, or up
to hydrous grade at 95%, the beverage distiller, with the same equipment, would
have to redistill the alcohol several times to remove enough water, using more time
and energy, making the product more costly, and possibly using more energy to
produce the can be derived from the fuel.

Basic stills will differ from well-engineered micro-distilleries in five key ways:

o Heat is provided to the process by burning wood, not in a boiler or even a
firebox but with an open fire which is very inefficient

o Fermentation is by batch and is controlled by the skill of the “cook” or operator

. The alcohol content of the fermented beer or wine produced is often lower,

not reaching higher than 40-50%, due to inefficiencies such as requiring more
heat than necessary to distil the alcohol

o The batch can more easily spoil, producing no alcohol produced, causing
great wastage
o Impurities may be produced, which may find their way into the distilled

product (acetic acid, ester and higher alcohols - although not methanol which
is produced only in trace amounts)
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Figure 2.3: Artisanal and Batch Stills

Clockwise from left to right — An artisanal Toaka Gasy still near Toliara in SW Madagascar; The
Proimpex batch still outside of Antananarivo; The Vale Verde cachaca distillery in MG, Brazil showing
traditional alembics; The distillery designed by Prof. Juarez de Sousa e Silva at the Federal University of
Vigosa. The stills on the left are pot stills; the stills on the right use distillery columns.

2.5.2. Small and micro-scale ethanol manufacture

Micro-distilleries typically range from 75 up to 5,000 litres per day, after which they
are referred to as small scale (Hulett, 1981; Horta, 2006). There are currently no
clear definitions of micro and small scale, although this size threshold may have been
set by regulations in the Brazilian Programa Nacional do Alcool (1975) or the
subsequent Conselho Nacional do Alcool (1979) that provided subsidies for the
construction of large distilleries and discouraged or excluded smaller and “micro”
distilleries (Hulett, 1981; Ortega, 2006). This size distinction is only used today as a
matter of convenience.

As an approximation, a small-scale or micro-distillery can process a truck supplying
about 12 tonnes of cane per day, and permitting a daily production volume of 780
litres of ethanol, requiring a cultivated area of approximately 24 hectares. Usually the
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distillation process is based on the extraction of sugars by milling or diffusion, before
the fermentation stage. After fermentation, the “wine” is distilled 2

As previously discussed artisanal methods of ethanol manufacture cannot provide
fuel-quality ethanol at an affordable price, so this section provides details on the
smallest type of distillery that can effectively produce ethanol for the fuel market,
referred to as micro-scale production. Annex 1 describes in detail the manufacturing
equipment for the USI small-scale distillery, highlighting the advanced systems which
are now available.

Historically, small-scale distillation was not cost-effective due to the use of cruder
technology, providing lower efficiencies than large distilleries possessing more
modern equipment and operating systems. Small systems often suffer from uneven
quality control and the logistical and regulatory difficulties of reaching large, profitable
markets. Recently, however, small-scale distilleries with capacities of 400 to 5000
litres per day have been designed, which address these problems (see Annex 2 for
more details of an ethanol micro distillery in Nigeria). These distilleries are
decentralized, increasing the flexibility and security of fuel access through local
distribution and capacity to use multiple feedstocks and alternative feedstocks,
available in small quantities (Blume, 2007).

Small-scale ethanol production units generally require more manpower than larger
plants for similar outputs, which can be viewed as providing decentralized
employment opportunities and thus the opportunity for jobs in rural areas, but will
increase the manufacturing costs. According to estimates carried out in Minas
Gerais, Brazil, during the 1980s, manpower requirements are typically 42.4 workers /
day / hectare. For units using less modern technology, twice this number of workers
may be needed, as was noted in north-eastern Brazil (SEME, 1985). However, with
small and micro-distillery operations, the operation can be integrated into other
operations, such as farms, where they are part of the overall management of the
farm structure.?® This is due to their reduced complexity, and because of their size
and the context into which they fit — allowing the by-products to be used on farm, and
have value. Feedstocks may be produced on the farm itself, using bio-residues
(such as bagasse) to reduce costs.

As a result, engineered micro-scale distilleries can achieve efficiencies and
economies comparable with industrial distilleries, and their competitiveness
enhanced by managed use and sale of by-products - now frequently referred to as
the biorefinery concept (Horta et al, 2008). With reference to Madagascar,
realistically, Brazilian ethanol can be delivered with current pricing for around US
$0.45. The opportunity for Malagasy ethanol to compete could be securely placed
between $0.45 and $1.00 for the cost of a litre of ethanol. The manufactured cost in a
modern distillery is $0.15 to $0.30. This is the same cost range that an efficient
micro-distillery can achieve, especially where co-products can earn revenue. So if
locally produced ethanol can be manufactured for about $0.30 to $0.50 cost, it can
be competitive. One of the advantages of small distilleries over large distilleries is the

22 Bjoethanol from Sugarcane
% Blume, David, Alcohol Can Be a Gas! Fueling an Ethanol Revolution for the 21% Century, 2007. (See Chapter 26,
pp458-9, Economics of Alcohol Fuel Production.)
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considerable economy in transport for both cane and alcohol, as such distilleries can
be located close to their raw feedstock source and in the midst of their market.*

Figure 2.4 shows the micro-distillery portion of a farm operation in the boxes
enclosed in the dotted red line.”® Additional value added products include hot water
and steam for milk pasteurization and stillage from the pre-distill step for animal feed.

Figure 2.4: Added value from micro-distilleries
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Figure 2.5 compares ethanol production on a small and large scale. In large scale
production, best practice today is to process and use stillage and other liquid wastes.
Bagasse is used as boiler fuel to generate steam with excess to electricity. In small
scale and artisanal production stillage may or may not be used, and woodfuel is used
for direct firing, rather than for the production of steam.

Large-scale plants will produce de-watered stillage that can be sold for cattle-feed or
fertilizer, as shown in Figure 2.5, as well as chemical by-products such as fusel oll,
as described earlier. Consequently, the differences between micro/small and
large/industrial distilleries should be viewed as having different advantages and
disadvantages, because of the differences in management, operations, end-products
and transport costs.

Products from the micro-distillery may also be marketed differently than products for
an industrial distillery because there is less in quantity to sell and products that may
be of agricultural use (eg fertilizer). The market is much closer to the production,
possibly right at its door. Therefore, there is more opportunity for marketing retail
rather than wholesale.

% Scholtes, Fabian, Status quo and prospects of smallholders in the Brazilian sugarcane and ethanol sector: Lessons
for development and poverty reduction, Center for Development Research (ZEF), Bonn University, July 2010.

% Silva, Juarez de Sousa (2007) Department of Agricultural Engineering, Universidade Federal de Vigosa, Braz
Producgéo de Alcool Combustivel na Fazenda e em Sistema Cooperativo. Universidade Federal de Vigosa, Brasil.
Graphic is from a report originally prepared for Winrock International and Project Gaia, Shell Foundation Project #
21316, July 2006.
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Less product to market means that it can be absorbed into a smaller geographical
area and costs less to get to market. A micro-distillery selling fuel alcohol for cooking
or for tractor or generator fuel may be able to sell all of its ethanol at its door, in a
pump dispenser.

2.5.3. Physical and technical differences in technology and process

Figure 2.5: Processes of Small and Large Scale Production
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Today, engineered micro-distillery equipment that optimizes the efficiency of each
step in the ethanol production process, from processing the feedstock to dehydrating
the alcohol, is available for sale (see Annex 4 for a list of suppliers). Technical
simplicity, without a loss of technical sophistication, has been achieved through
engineered processes. This is possible because the process of distillation, unlike
many physical and chemical processes, lends itself well to scalability. With modern
cooler-temperature enzymes and tighter controlled cooking and fermenting, the
chemistry of ethanol production has been improved, with the result that fully
optimized micro-scale distilleries can now achieve efficient production systems,
similar to those of large scale distilleries (Ortega, 2007%°; Hulet 1961%", Junior,

% Ortega, Enrique, Marcos Watanabe and Otavio Cavalett, 2007, Production of Ethanol in Micro and Mini-Distilleries,
Laboratory of Ecological Engineering FEA, Unicamp, Campinas, SP, Brazil. Accessed January 20, 2010 at:
|http://www.unicamp.br/fea/ortega/MarcelloMello/MicroDistillery-Ecounit.pdfiiinior, Adriano Garcia Rosado, Hilton
Machado Coelho, Norton Ferreira Feil, Andlise da viabilidade econémica da produgdo de bio-etanol em
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2008%%). Each step of the production process can be operated efficiently and tightly
controlled.

This ability to efficiently manage the entire process has reduced the technological
advantages of large-scale industrial production, which used to be overwhelming.
Now a micro-scale distillery can operate efficiently, through controlled processes, and
take advantage of the factors in its favour that bring a range of opportunities,
including economic and financial ones.

2.5.4. Capital costs and return on investment

With regard to return on investment, Hulett claimed, writing at the time of the creation
of the National Alcohol Council (CNAL) in Brazil, when ProAlcool began to be
implemented (Horta, 2008), that the investment cost per litre of alcohol from his
2,400 litre/day micro-distillery was approximately one-third that of a conventional
120,000 litre/day distillery, and that ‘for the same initial investment as that of one
120,000 litre/day conventional distillery, one hundred and forty seven (147) Micro-
distilleries, producing a total of 352,000 litre/day, can be installed’ (Hulett, 1981). The
apparent unit cost of production of Hulett's distillery was low, at $0.44 per annual
gallon in 1981, which today would possibly be about $1.10 per annual gallon.

It is useful to conduct a feasibility analysis for each micro-distillery before it is built,
especially since the aspects or business opportunities of a particular micro-distillery
project might be quite unique. Annex 1 outlines an example of a micro-distillery
feasibility study, and Junior, et al., 2009, outlines a feasibility study using the Usinas
Sociais Inteligentes 1,000-litre/day micro-distillery case study®.)

From these studies it can be seen that Return on Investment (ROI) can be
competitive for advanced small and micro-distilleries. Operating costs can be low
where, for example, labour costs can be absorbed, to some extent, by staff having
other farm duties, and where feedstock production is internal to the business and
valued low.

For all distilleries, factors that will affect the ROI will need to be determined on a
plant-by-plant basis: fuel costs, use of process heat, maintenance costs, power
generation, transport costs. For small-scale production, the two factors that will most
impact profitability are feedstock cost and co-product use or sales (Blume 2007), and
managing these two key factors will be critical to the profitability and repayment of
capital costs.

Perhaps the most recent new ethanol plant in Africa is the Metahara Sugar Factory
Distillery just completed in Ethiopia, at the southern end of Lake Awasa. The
Metahara distillery was engineered by KBK Chem-Engineering Company, Pvt. Ltd.,
an Indian company. It has a nameplate capacity of 12.5 million litres/year and was

microdestilarias, Universidade Federal do Rio Grande do Sul (UFRGS), 2008. Available at:
|http://www.slideshare.net/quest5b121/microdistillery-feasibility-study-brazil)

< Hulett, Deon, The Development of a Micro Distillery for Fuel Alcohol in Brazil, Proceedings of the South Africa

Sugar Technologists’ Association, June 1981, pp. 64-66.

2 Janior, Adriano Garcia Rosado, Hilton Machado Coelho, Norton Ferreira Feil, Andlise da viabilidade econémica da

producéo de bio-etanol em microdestilarias, Universidade Federal do Rio Grande do Sul (UFRGS), 2008. Available
Th - - — e -

econdmica da producgédo de bio-etanol em microdestilarias. Universidade Federal do Rio Grande do Sul (UFRGS).
Brazil, 2009.
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built at a cost of $8.5 million.*® It includes many of the latest advances in process
and environmental controls, including a completely computerized operating system.

The unit cost of production for this plant would be the plant cost, at $8.5 million,
divided by capacity, at 12.5 million annual litres, equaling $0.68/annual litre or
$2.58/annual gallon. During the first year of operation, this plant is actually
anticipated to produce 10 million litres. It falls into the category of a small plant, yet it
is large for Ethiopia.

The 1,000 litre per day USI distillery, which is the subject of the study attached in
Annex 8, is estimated to cost just under $150,000%". The cost of production of this
plant is estimated at $0.50/annual litre or $1.90 per annual gallon. Therefore, it
actually results in a lower production cost per litre than the 12.5 million litre Metahara
Distillery.

From Gallagher we learn that the unit cost of production of a 15 million gallon-per-
year (MGY) dry mill corn-to-ethanol plant in 1988 dollars was $1.40 per annual
gallon, which would be $2.63 per annual gallon in 2010 dollars. The Gallagher study
determined that the range of values for similar plants fell between $2.36 to $3.23
annual gallons per year, expressed in current dollars (Gallagher, 2005).

David Blume, of Blume Distillation, LLC, provides a prospective cost on a 400 gallon
per day (1,500 litre per day) Blume distillery of $135,000. Expressed as unit cost of
production, this is only $1.13 per annual gallon (Blume Distillation, 2010)%.

Although a detailed analysis of costs of production is needed for each new
installation, current international micro-distillation technologies appear to be capital
cost competitive per litre of ethanol produced compared with large scale installations.
The lower total cost per installation also allows production to be dispersed closer to
cane production and ethanol consumers, and lowers the capital barriers to market
entry.

2.5.5. Case studies for micro- and small-scale distillation

Case Study 1: USI Modern Micro-distillery, Brazil

The Usinas Sociais Inteligentes (USI) micro distillery is designed to work with
efficient agricultural technologies for sugar-cane -cultivation. It uses modern
equipment and processes low cost sugar-cane as feedstock, with the residual cane-
waste (bagasse) being used to produce process heat and power. The reduction in
these costs keeps the production costs low, and provides a favourable energy
balance (output energy/input energy). A front end has been designed for the
distillery to allow it to use multiple feedstocks, such as sweet sorghum or cassava.

Because of the higher production capacity, and the use of equipment that produces
from 400 to 1500 litres per day, the biorefinery is suitable for a group of small farmers
or growers who wish to combine their production power. An important opportunity for
such groups of producers is the possibility of diversifying crop production, because

® |nterview on site with Engineer Andualem Bekele in charge of plant construction, July 29, 2010. Engineer
Andualem is the project manager of the Metahara Distillery construction.

3 Obueh, Joe, Bio-refinery Mini-Plant Model USI 1000 Proposal for the Okokhuo Community, Edo State, Nigeria,
July, 2010.

%2 Blume Distillation LLC, Confidential Private Placement Memorandum, February 1, 2010.
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the biorefinery is designed to accept multiple feedstocks. With the diversity of
feedstocks, the opportunity to recover agricultural residues from carefully selected
crops for animal feed is enhanced.

USI has taken advantage in the advances in biotechnology to streamline the front
end and increase the production of alcohol in the fermentation step. Likewise, USI
has taken advantages of optimized agronomic practices to boost production and
yield. The following table shows the yield that can be expected with different
feedstocks.

Table 2.2: Ethanol Production from Different Feedstocks

Crop Crop Production | Ethanol Ethanol Yield
(tonnes/hectare) | (litres / tonne) | (litres / hectare)
Sugar-cane 85 83 7055
Cassava 40 200 8000
Cassava 30 200 6000
Sweet Potato 20 140 2800
Sweet Sorghum | 40 55 2200
Corn 10 400 4000

Annex 3 goes into more detail about the potential of other bio-feedstocks for ethanol
production. The USI distillery is able to produce ethanol for in the range of 22 cents
per litre for high quality ethanol, compared with (typically) 40 cents per litre (500 to
1000 Ar/L) of rum produced in Madagascar. Industrial ethanol costs approximately
25% more in Madagascar to produce than in Brazil, extrapolating from current ex-
work prices being charged by COMPLANT, presumably because of lower efficiencies
system wide®. However, the barrier to the more efficient production of ethanol is the
purchase cost of the USI distillery or any good small plant, which will come at a
substantially higher price than a “home-made” distillery.

Case study 2: The Alcompac distillery

The Alcompac distillery technology envisions building ten small, compact units of
10,000 litres/day and placing these in a single complex for a total daily production of
100,000 litres or 30 to 35 million litres per year. Each distillery would be placed in the
middle of its own plantation, to achieve the highest raw material efficiency, as well as
its own juice extraction equipment (shredder, diffuser), fermentation tanks using
continuous fermentation, distillation unit, steam boiler and turbine and drying beds for
the spent stillage (vinasse) - in short each would have its own complete plant. All ten
plants would be served from a central power plant and ethanol storage would be
aggregated through pipelines to a central tank storage (see Figure 2.6). The intent of
the design is for the equipment redundancies to be offset by advantages in raw
material handling. The designers of this system, Alcompac (Destilaria Compacta de

% Based on data provided by Henri Michel Tsimisanda on pricing ex-works at COMPLANT Distilleries.
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Alcool) claim the equipment redundancies are advantageous, as when one distillery
is down, the others would take up the slack®.

Proximity to feedstock and efficient handling, for example swift processing of cane to
avoid sugar loss, are advantages that a small distillery can have over a large
distillery. Avoided transport costs for cane to the plant and alcohol to market, as well
as for liquid and solid wastes to disposal offsite, are other potential advantage for
small plants.

Figure 2.6: Alcompac Fuel Ethanol Compact Plants

This modular approach of 10 compact ethanol plants, to build capacity, is detailed as follows:
1. distillery, 2. bio-digester, 3. natural gas tanks for power supply, 4. alcohol storage tanks, 5.
sugar cane plantation, 6. power plant, 7. sanitary buffer and area for growing food crops.

Case Study 3: Small-scale ethanol production in the USA

One of the first significant steps towards creating an ethanol industry was in the late
1970’s and 1980’s, when the U.S. government, through the Energy Security Act,
promoted small-scale production. The government provided up to $1 million in loan
guarantees to small ethanol producers (with less than 1 million gallon output per
year). Another measure the government took was to place a tariff on foreign-
produced imported ethanol which promoted domestic production of ethanol.

According to the American Coalition for Ethanol, farmers and local investors are the
largest producers of ethanol in the country, representing about 40% of national
ethanol production. These famers and investors form either closed cooperatives or
limited liability cooperatives to raise money necessary for operation. Backyard
ethanol stills produce 180-200 proof alcohol which the federal Alcohol and Tobacco
Tax and Trade Bureau (TTB) requires to be denatured to prevent entrance into the
beverage trade and consumption.*® Home-owned distilleries are quickly becoming
an emerging American market capitalized on by entrepreneurs.

3 Alcompac Fuel Ethanol Compact Plant, Company presentation, November 2007, accessed on the

web June 15, 2010 at[http://www.sag.gob.hn/arch_desc/otros/Alcompac(english).pdf]

% Melcher, Joan. Lunar Power: Running on Moonshine. Miller-McCune, Science & Environment. May,
2008.
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2.5.6. Large-scale ethanol manufacture

The manufacturing process for large-scale ethanol is widely documented, and the
quality of the produce is not dependent on the precise plant. This section looks more
at the scale of specific technologies, particularly in Africa, and the role of government
in their promotion and commercial aims.

Ethanol production in Africa is concentrated on the Southern tip of the continent
(Table 5.3), with the Republic of South Africa accounting for approximately 70% of
the total®® and leading the export market among the African nations.

Table 2.3: Ethanol Exports from African Countries (cubic metres)

2008 2007 2006 2005 2004
South Africa 188,215 175,778 289,937 329,290 146,653
Zimbabwe 7,647 13,998 8,968 12,526 12,389
Senegal 0 0 0 0 285
Egypt 36,267 40,467 39,035 22,846 9,137
Kenya 15,000 12,370 17,766 8,239 6,637
Congo DR 2,238 0 0 2,343 449
Mauritius 6,552 11,028 5,569 3,909 4,637
Total 255,919 253,641 361,276 379,152 180,196

Source: F.O. Licht, 2009

South African production is on a large scale and, like Brazil, the industry has
consolidated to large scale, despite having advocates for small scale (Hulett, 1981).
Large projects are also coming to other African countries and in some cases have
already arrived. Sudan commissioned a distillery in late 2009 with a nameplate
capacity of 61 million litres per annum. Industrial plants have come to other
countries, albeit at a smaller scale. A new 12 million litre plant has commenced
operation in Ethiopia and a similar-sized plant has begun producing in Senegal.

Multiple and very large projects have been announced in a number of countries, as
the table below, compiled from F.O. Licht intelligence, indicates. A stunning 3.7
billion litres of new capacity has been announced as being planned, with a small
amount already under construction.

Table 2.4: New Planned African Ethanol Production Capacity

New Capacity Announced or Under Construction Ethanol
'000 Cubic Meters

Angola 180 | Mozambique 758
Ethiopia 94 | Niger 19
Ghana 156 | Nigeria 952

%36 Berg, C (2001) World Ethanol Production 2001, July 31, 2001
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Kenya 282 | South Africa 142
Madagascar 39 | South Africa 590
Malawi 12 | Sudan 24
Mali 15 | Tanzania 440
Mauritius 27 | Zambia 13
Total 3743

(F.O. Licht Intelligence on New Projects, April 25, 2009)

Even if just 10% of these announced projects are built, this would be equivalent to
adding the current capacity of South Africa to Africa’s total production, or 400 million
litres of new capacity. If this happens over the next three years, this is a growth rate
for Africa of 16% per year. African ethanol capacity is already growing at 20% per
year based upon the increase of 139 million litres in 2008-2009 (F.O. Licht, 2009).

Figure 2.7 shows African ethanol production compared to imports, exports, and
South Africa’s share of this production. What is significant is that exports nearly
equalled imports, and therefore the ethanol production was in largely used
domestically, not exported. Figure 2.10 shows the production trends of Kenya,
Malawi, Mauritius, Swaziland and Ethiopia. Several of these countries are positioned
to show significant capacity increases in the next few years. Since 2005, the growth
trends are moving upward.

Figure 2.7: African Ethanol Production — Imports and Exports
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Figure 2.8: Ethanol Production in 5 African Countries
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Although Africa’s ethanol base is less developed than those in Latin and North
America, there is significant potential for the African biofuels industry to expand, and
this appears to be beginning to happen. Two pioneer initiatives have been the
Ethanol Company of Malawi (ETHCO), which has been in operation since 1982, and
a bioethanol fuel programme implemented in 1980 in Zimbabwe, which was halted in
the early 1990s due to a serious drought, but which has recently resumed production.
Many projects have recently come on board, some financed by European, Brazilian,
American and Chinese businesses, and some financed within Africa. Currently, at
least 11 African countries are creating rules for bioethanol production and trading,
including South Africa, Angola, Mozambique and Benin.*’

2.5.7. Government support for household energy access

The governments of many countries in Africa are much more involved in large-scale
manufacture, and a positive policy environment for access to fuel by the household
sector is vital. Many governments set targets for ethanol production; for example, the
South African government’s aim is for biofuels to account for 40% of South Africa’s
renewable energy in order to achieve their target of 10,000 GWh of renewable
energy by 2013.% Besides cushioning the effects of oil prices, the large scale
production of biofuels in South Africa is projected to provide several other benefits,
which include job creation, rural development, and foreign exchange savings.

¥ PISCES Bioenergy Policy Brief 2010. Unpublished.
%38 Energy and Resources, Country Profile for South Africa [http:/earthtrends.wri.org/pdf library/ |

count| rofiles/ene _cou 710.pdf
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It is important that the government is actively involved in promoting the household
sector, as well as the transport sector, in countries where it has control over fuel
sales. For example, in Ethiopia, the fuel blending market is prioritised by the
government for the transport sector due to soaring global prices of fossil fuels, and
the household sector and local industries are on the waiting list to get locally
produced ethanol. The government biofuels policy is aiming for massive upscaling of
local production coupled with using ethanol for both the transport and household
cooking sectors. It has signed an agreement with fuel companies to blend ethanol
with gasoline, starting with a 5% ethanol blended gasoline for the transport sector,
but this percentage is set to increase in the coming years. Reduced outputs of raw
feedstock due to poor harvests that lead to a shortfall in ethanol can be very
destructive of an emerging technology such as ethanol stoves. Government policies
and legislation need to ring-fence and prioritise sufficient ethanol fuel for the
household energy market to ensure that a failure in the supply chain for ethanol does
not destroy the burgeoning market for stoves.

2.6. International experiences relevant to Madagascar

Madagascar has recently imported ethanol from France, Mauritius, Germany,
Belgium and South Africa, for a range of uses, including pharmaceuticals, cosmetics,
inks, and industrial-grade chemical products®?, from both sugar cane, sugar beet and
rape seed feedstocks. Figure 2.11 shows the importation of both denatured and non-
denatured ethanol of all strengths to Madagascar between 2004 and 2008 (FO Licht,
2008). Madagascar imported 21,000 tons of sugar from Brazil in 2008, up from
10,500 tons in 2006 (UNICA, 2009).

Figure 2.9: Madagascar — ethyl alcohol imports (cubic metres)
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This section details a variety of still evolving experiences with ethanol production
around the world, with the general drivers for sector development being the need to
modernise the sugar industry, on the supply side, and domestic fuel blending
mandates on the demand side. Often there is direct state support for the sugar

% Charts Compiled from FO.Lichts Vol. 7, No 17./1/05/2009, Vol. 7, No 16/28.04.2009, Vol. 7, No. 12/02.03/2009,
Vol. 7, No. 4/23.10.2008
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industry and/or for fuel blending, even when there is not an adopted biofuels policy.
A key lesson for Madagascar is that while fuel blending may drive sector expansion
and address petroleum import issues, if only blending is encouraged then the
household fuel sector for ethanol may not develop. Consumers who cannot afford a
clean fuel such as LPG may not be able to gain access to ethanol as a household
fuel and will thus receive little benefit from such fuels unless through equitably
arranged agricultural livelihoods strategies in fuel production (e.g. small scale
production and distributed supply and sales). Such challenges are likely to be
exacerbated through explicitly export-oriented strategies, which may be a temptation
if markets like the EU continue to demand increasing amounts from international
supply at higher and higher prices.

In terms of production scenarios, the focus for industrial ethanol fuel development in
most other countries has been towards large scale production. However, trends in
this are changing as the industry matures and development benefits are being sought
more explicitly within biofuels policy in developing countries. As such smaller scale
efficient production and distillation technologies are becoming available as outlined in
the previous section and this offers an additional route for the Malagasy ethanol
sector which may not have been available in previous years.

Experience with small and micro scale ethanol production has been especially rich in
Brazil, the United States, India, South Africa and a few other countries, and there are
lessons to be learned and technology to share from these countries. The micro scale
experience comes from not only the beverage industry (formal or informal) in these
countries but also from agriculture and the search by farmers both for cheaper fuels
and value-added products.

It must be noted that while ethanol has been used on a limited basis for cooking,
heating and lighting in many cultures, formal, international experience of ethanol as a
commercial household fuel is limited and relatively recent, with programs in other
countries struggling, usually for one or more of the following reasons:

e Inefficient or unpopular stoves being promoted which are then not taken up by
households. Examples are gelfuel stoves in southern Africa (South Africa,
Malawi, Zimbabwe, Mozambique), which have suffered from being under-
powered and of requiring frequent refuelling.*

e Ethanol supply mandates to fuel blending programmes, pulling affordable
domestic supply away from household markets. A recent example is Ethiopia
where the government pulled ethanol from the operating ethanol stove program
for a government run fuel blending program when production shortfalls caused a
supply constraint. This left over 3000 stove users without ethanol.

e Quality (energy content and form) of the ethanol fuel not being suitable for
widespread use. Where beverage and farm-scale stills operate, in most instances
they produce only a low grade ethanol, in the range of 40 to 55% ABV. This is
true for Brazil as for India and selected African countries.

e Lack of supportive policy or policy swings on biofuels, undermining sector
confidence in both the fuel and stoves, requiring both to remain relevant as a

0 UNDP-Malawi GSB for Poverty Reduction Program Report, Feasibility Study for the Use of Ethanol as a Household
Cooking Fuel in Malawi, prepared by Ethio Resource Group and Gaia Association, November 2007. See also: Lloyd,
P and Visagie, E., The Testing of Gel Fuels and their Comparison to Alternative Cooking Fuels, Energy Research
Centre, University of Cape Town, Cape Town, South Africa, April 2007.
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viable option for consumers despite supply interruptions. Fuel blending in both
Kenya and Ethiopia suffered interruptions, as has the ethanol stove program in
Ethiopia.

o Ethanol fuel pricing is very vulnerable to commodity prices of existing fuels, for
example charcoal, fuelwood and fossil fuels, particularly kerosene. Ethanol for
domestic fuel may have to compete with ethanol priced for export to developed
economies. An example is Eastern Africa, which is developing a robust trade in
ethanol to the E.U countries, encouraged by European businesses that are
looking to diversify from Brazil. Sudan exports all of its new 60 million litres of
capacity to Europe.

If the Malagasy household ethanol programme is to overcome these challenges it
must learn from the experiences described here and put in place consistent and
substantial measures for overcoming them. Such a programme needs to be based
on a sustainable domestic supply of ethanol. If it is able to do so at scale, it will be
the first country to achieve this and in so doing will achieve the multiple benefits
which are foreseen from the development of ethanol as a household fuel.

2.6.1International African Ethanol Production Experience

Annex 5 gives a detailed overview of large-scale ethanol manufacture for a number
of countries worldwide, particularly in Africa, and this section provides a short
overview of the future government policy from each country.

2.6.1.1 South Africa

South Africa’s energy profile was changed through the introduction of ethanol gel fuel
as a substitute for paraffin, supported by the Department of Minerals and Energy,
due to lack of progress in finding safe paraffin appliances. Unfortunately emissions
from gel appliances were high and ethanol gel stoves produced only low heat
outputs. No standards were set to control ethanol gels, and products containing less
than 70% ethanol reached the market, which do not burn well (Lloyd and Visagie,
2007).

Ethanol gel continues to be manufactured and sold in South Africa and several
gelfuel stoves are sold. “GreenGel” is one example."’ SAFE cooking gel is
another.*> The gel stove, however, does not seem to have received widespread
acceptance. One South African stove, the Cooksafe, was tested as part of this study
(Chapter 5).

In 2006, South Africa’s cabinet approved a National Biofuels Industrial Strategy,
which proposed that 4.5% of liquid road transport fuels*® should be biofuels, allowing
the country to produce around 40% of its own fuel supply.** The strategy was
predominantly driven by the need to address the issues of poverty, rural
development, and Black Economic Empowerment (BEE). In 2007, the South African

*! Seefhtp:/[www.greengel.co.za/
“2 Seelhttp://www.safepremier.com/]
4343 Mayet, M (2006) South Africa, Bioethanol and GMOS: A Heady Mixture: African Centre for

Biosafety, May 25 2006|www.biosafetyafrica.net|
“44 Nilles, D (2006) Biofuel Requirements Going Global: Ethanol Producers Magazine, available at:

http://www.ethanolproducer.com/article.ijsp?article id=2574
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cabinet announced that the country would aim for biofuels to account for 2% of its
total fuel production by 2013.

2.6.1.2 Ethiopia

An important lesson for Madagascar is the effort made by Ethiopia to raise the issue
of domestic needs. This persuaded the government to cease exporting ethanol and
focus on developing local markets. Ethanol export was halted in 2008. Ethanol was
provided to an ethanol stove pilot study in 2004-5 and to refugee camps through the
UNHCR in 2006-9. An experimental fuel blending program commenced in late 2008.
With increasing production, the government plans to raise the gasoline-ethanol
blending ratio and supply the household cooking sector. A biofuels policy favouring
fuel blending and stove fuel use over export has been adopted by the government.
The government, while leaving ethanol stove and fuel market development to the
private sector, has taken direct ownership of implementing fuel blending and
marketing while tasking the oil companies build the costly infrastructure.

Since ethanol as a cooking fuel was new to Ethiopian households, it was essential to
measure the impact of the new technology on air quality in the household, assess the
safety of ethanol fuel and stoves, and understand the impact on livelihoods. Results
on both stoves and fuel were very positive; however, a recent shortage of ethanol
and the government’s decision to prioritise fuel blending over the household sector
resulted in a supply interruption to the ethanol stoves operating in the country. Policy
stability in favour of the household fuel market development is required for successful
and sustained uptake.

As early as 2002, the Ethiopian government experimented with marketing a fuel
known as “K-50” (an ethanol and kerosene mix) in Addis Ababa as a cooking fuel for
use in ordinary kerosene wick stoves. The kerosene-ethanol mixture, in these poorly
suited stoves, proved to be too volatile and resulted in several house fires and
serious burns.

Bioethanol is expected to create employment and opportunities for local Ethiopian
agriculture and agro-industry; however, with the government’s focus on large scale
centralised production, benefits in the value chain may not be as widely spread as
may be hoped. The World Bank is supporting a micro distillery and stoves project in
Ethiopia during 2010-2012, which may result in the turn to small or micro scale
production as one solution to supplying ethanol to the household sector.

Ethiopia is expanding its sugar factories to scale up sugar and ethanol production,
and existing sugar factories will be expanded to 700,000-tonnes a year from the
current 300,000 tonnes a year. Tendaho, a new sugar factory being built, will
produce 600,000 tonnes of sugar annually when it starts to operate in 2013. The five
main sugar factories will have a combined production capacity of 1.3 million tonnes of
sugar per year.45 Ethanol production is expected to reach 130 million litres per year
by 2013-15.46

45 Ministry of Mines and Energy, 2008
46 Ibiddi.

47



PRACTICAL ACTION

Consulting

2.6.1.3 Kenya

Bioethanol production is an agro-based industry which can, if structured correctly,
provide on-farm and off-farm employment opportunities especially in the rural areas.
Ethanol production could boost the agricultural sector which contributes up to 26% of
Kenya’'s Gross Domestic Product (GDP) and provides employment for 80% of rural
people. Ethanol plants can be expected to attract other industries and employment.

The tax base in Kenya is low, making it difficult for the government to provide social
services. The Kenyan government is under pressure from international funding
organisations to increase its tax base and reduce its dependence on foreign aid.
Jobs and taxes (income and VAT) in a formal ethanol sector could contribute to
government revenues.

Kenya’s relatively inexpensive labour force makes production costs competitive in the
world market, and surplus ethanol could be exported to the world market. By 2001,
eight European member states had introduced carbon taxes, and Kenya has a
geographical advantage with their port to export ethanol to other countries.

The export of ethanol to other countries could be favoured by free trade agreements
between Kenya and other African countries especially the East African Community
(EAC), Kenya, Uganda and Tanzania, and through the free trade agreement between
the Common Market for Eastern and Southern African (COMESA) of which Kenya is
one of 20 member states.

The Kenya Bureau of Standards (KEBS) has produced a standard for 10% ethanol
fuel blending, but as there is no existing regulation on biofuels or alcohol fuels
standards, it is not possible to determine whether or not it is currently permissible by
law to produce or sell biofuels to the public. Prior to the creation of a biofuels
standard, KEBS is required to conduct an environmental impact assessment which
will analyze the effects of such regulations.*’®

The UNDP, in cooperation with the Ministry of Energy, has funded an ethanol stove
commercialization pilot study to be undertaken in 2011-12, using the same stove
technology that was successfully tested in Ethiopia and scaled up in refugee camps.
Spectre International, Ltd., the leading ethanol producer in the country, is
participating in the study, which will take place in Western Kenya. Socio-economic
impact studies and indoor air monitoring, as well as the development of a
commercialisation plan, will be a part of this study.*®

2.6.1.4 Malawi

Recently the supply of molasses to produce ethanol has not been inconsistent, and
Malawi has had to import molasses from neighbouring Mozambique and Zambia.
The increased demand and capacity in producing ethanol by local factories has
produced periods of feedstock deficit (which interrupts fermentation). Malawi has
consistently exported half of its ethanol to other East African countries and smaller
amounts to Mozambique, Zambia, and Botswana.

In Malawi, at the current market price of ethanol, the stove market segment in Malawi
is only approximately 2% of the urban population (representing 7,000 households)

“8 UNDP-Kenya Project Identification Form, Sept. 10, 2009.
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which currently rely on kerosene and LPG fuel. If the price of ethanol can be
reduced, ethanol will become more competitive with charcoal. This is significant
because around 4% (representing 14,000 households) of urban households might be
persuaded to switch to ethanol for its positive attributes.

Two private entities BluWave and D&S Gelfuel Ltd. manufactured ethanol gel fuel for
domestic cooking between 2002-2005. However, without appropriate stove
technology being put in place, this production was discontinued.

2.6.1.5 Mozambique

Mozambique has a substantial amount of natural resources ranging from fossil fuels
(natural gas and coal) to renewables (solar and hydro); however most of these
resources remain untapped. Most of the energy demands in the country are fulfilled
by biofuels. In 2008, the government of Mozambique approved a $296 million project
for ethanol production. The 44,000-acres of sugarcane associated with the project
are estimated to produce three million tonnes of cane, which should, in turn, produce
56.3 million gallons of ethanol yearly.

Since Mozambique is a traditional African sugarcane producer, and well positioned
with good ports and trade infrastructure, it has a big potential to become a net
exporter of biofuels. While Brazil leads in global exports, many low-cost African
producers are expected to become biofuels exporters in the next few years, which is
one reason Mozambique is drawing high profile foreign investments. Translation of
this interest and investment into sustainable benefits for the poor in the country
remains the key challenge.

In the last few years there has been a transition to the implementation of wide-scale
biofuel development projects, which include both small and large scale initiatives.
Procana, a private company has already released plans to invest US$150 million to
develop 30,000 hectares of land for sugarcane feedstock and a plant producing
bioethanol. These plans also encourage rural development with the use of out-
grower schemes to add additional hectarage. In fact, out-grower schemes are
becoming increasingly popular as the Mozambique experience shows out-grower
farming, less than a hectare, can bring in more income than factory employees
earning a large salary. These integrated projects are taking off in Mozambique with
the companies, Mozambique Principle Energy (large and small-scale) and Elaion
(small-scale jatropha), investing in the country.*®

A private company, CleanStar Ventures, has started developing a project in Sofala
Province in central Mozambique with the aim of producing ethanol as a household
cooking fuel, but it is currently still in the piloting phase.

2.6.1.6 Nigeria

Even though the country is rich in fossil fuel resources it is still considered by the
government and analysts to be an important country for ethanol production due to
ethanol’s potential for diversification of Nigeria’s economy, foreign exchange savings,
new economic opportunities, job creation and rural development.

949 www.iied.org/pubs/display.php?0=170591IED
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As ethanol burns very cleanly, producing much less particulate matter and carbon
monoxide than wood or kerosene, its use as a cooking fuel would reduce deadly
indoor air pollution that afflicts millions of households in Nigeria. A 2007 WHO report
attributed the total deaths to the use of solid fuels in Nigeria at 79,000 so far, the
highest level in Africa.

The total market volume of ethanol in Nigeria is estimated to be around 90 million
litres, the largest part of which is supplied by South Africa, Brazil, and Spain (Utria
Berg 2001). Estimates from the Central Bank of Nigeria put the national annual
ethanol consumption in Nigeria at 88,000 MT, while the Federal Office of Statistics
estimates Nigeria’s annual ethanol imports, besides the importation of fuel ethanol for
fuel blending, at 42,600 MT. Based on current demand for gasoline in the country, at
10% blend ration with fuel ethanol, about 1.3 billion litres of ethanol will be required
for the country, and is estimated to increase to about 2 billion litres by 2020. Policy
commitment to the development of a national programme on biofuels, as well as the
few planned and on-going private sector-led initiatives on bio-ethanol are centred
around the use of cassava and sugar cane as feedstock. All ethanol currently used
in Nigeria, particularly the industrial and pharmaceutical grade ethanol, is imported.
There are companies importing either sugar cane molasses or crude ethanol for
other ethanol production in Nigeria.

2.6.1.7 Tanzania

A national biofuels policy and strong government support may encourage foreign
investment, bolstering the local economy. The President of Tanzania played a major
role in the promotion of domestic energy by inviting potential biofuels stakeholders to
invest in the country. However, this trend was seen by many to have gone too far,
too fast, in favour of foreign-owned export-oriented enterprises not delivering enough
benefits in Tanzania to justify the areas of land and resources they would be
occupying.

Tanzania created the National Biofuels Task Force, a body responsible for drafting
guidelines and ensuring safeguards are met and incorporating the full range of
stakeholders. This should allow Tanzania to diversify biofuel production models;
from foreign large-scale investment to the local out-grower schemes targeted at
fortifying rural development

An increase in national biofuels production is considered to be a potentially cost-
effective way for Tanzania to save on imports of costly oil. The international
community, including major biofuels companies and governments has been
promoting investment in biofuels to promote energy security. Tanzania is one of the
African countries on the forefront of this trend. In fact, over 4 million hectares of land
has already been requested for biofuels investment (jatropha, sugarcane, and oil
palm). As of June, 2009 only 640,000 hectares had been allocated for this use, and
only 100,000 of those acres have been formally granted the right of occupancy.*®
National policies which promote biofuels production, also attracts foreign investment
and already some countries have proposed biofuels projects which have attracted
investments of a few billion USD over the next two decades.”® According to official
government figures, about 20 companies had requested land for commercial biofuel
production by March 2009 (varying from 30,000 to 2 million hectares).*® There is
considerable variation of biofuel production models in Tanzania, with some relying
only on smallholder out-grower schemes while others requiring large swaths of land
owned and farmed by the producer/investor.
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2.6.1.8 Uganda

Uganda has taken stock of its natural resources in an attempt to use a variety of
feedstocks for producing alternative energy. Although no plans have been set,
Uganda wastes a huge amount of agri-wastes from sugar production. Most of these
wastes are burnt in situ, while they could be used for energy generation.

Due to a lack of local facilities to refine oil, Uganda pays a higher price for fuel than
neighbouring countries like Kenya and Tanzania which import crude oil and refine it
locally. As such, Uganda has a high incentive to invest in infrastructure to produce
domestic alternative energy. However, Uganda already distils and produces ethanol,
the grand maijority for the beverage industry; most of these crude beverages are
locally distilled using very old inefficient distillation systems to yield a more
concentrated and strong beverage called waragi, with an ethanol concentration of up
to 40% (v/v).*>. WHO estimates Uganda has the highest per capita ethanol
consumption rate of 19.4 litres per capita per annum (adults over age 15). This
suggests the technology to produce ethanol exists in Uganda, but separating fuel
ethanol from beverage ethanol safely and economically will be a major challenge in
policy and practice.

Alternative energy is seen as a way for Uganda to reduce is heavy dependence on
charcoal as a cooking fuel. The use of charcoal is escalating dramatically, as urban
migration rates increase at 6% per year, creating an unsustainable demand for
charcoal90

Uganda has investigated its potential for production of ethanol from sugar molasses
and cassava. In 2002, cane crushed in Uganda amounted to 1,707,000 tonnes with
an estimated ethanol production potential of 119,490,000 litres. In 2003 the total
production of cassava was 5,265,000 tonnes while stock residues produced 326,430
tonnes, and currently the Uganda Cassava Development Program (UCDP) is working
to improve this cassava production. The government is targeting the transport sector
since it is consuming fuel that is costing the country too much in terms of foreign
currency. According to the plan, it is envisaged to reach 20% gasoline blending in
order to reduce the rising costs of fossil fuel imports.®’

2.6.1.9 Zimbabwe

Zimbabwe was one of the earliest African ethanol producers, commencing operations
in 1980. During this initiative, an estimated 40 million litres of oil imports were
displaced, providing huge earnings to the local economy. Low sugar prices allowed
Zimbabwe to take advantage of investment in a secure energy supply

One success of the Zimbabwe ethanol production model was the ability to maximise
the use of local materials (60% locally sourced), construction and labour. A new
agricultural industry was created which provided many new jobs. Even though the
programme had a clear pricing policy, the biofuel programme faltered due to the
collapsing economy and the lack of management to oversee these programmes
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An obstacle Zimbabwe faces is a declining water supply and susceptibility to drought.
The quantity of water depends mainly on the water requirement of the feedstock
related to the relative scarcity of water in a specific water basin. For example, in
Zambia, Zimbabwe and Mozambique 60% of the total water supply of the Zambezi
river basin is used for sugarcane production

Zimbabwe’s government has established a policy to support biofuels such as
biodiesel and ethanol-based fuels, to reduce fossil fuel use, thereby reducing carbon
emissions and helping to curb climate change and global warming.

2.6.2 International Non-African Ethanol Production Experience
2.6.2.1 Brazil

Brazil is one of the earliest ethanol producing countries, utilising vast sugarcane
resources, and basing the development of its industry on an aggressive fuel-blending
programme that was heavily subsidised by the government. Brazil's interest in
ethanol as a motor fuel dates back to as early as 1903 and the first blending mandate
was instituted in 1931.52 The national alcohol development program for which Brazil
is well known, the Programa Nacional do Alcool, referred to as Proalcool, was
enacted in 1975. Blending mandates, paired with subsidies, helped to keep the price
of ethanol competitive with oil, despite great swings in pricing of fuels, and eventually
led to the rapid expansion of the ethanol industry. Today, hydrous ethanol fuel in flex
cars is poised to overtake gasoline use. Domestic use of ethanol is targeted to
expand to 53 billion litres in 2017, which would supply 80% of the vehicle fleet.>®

From an economic point of view, the estimated cost of implementing Proalcool,
between the years of 1975 and 1989, was approximately $7.1 billion, of which $4
billion was paid for by the government and the rest by private investment.** It is
estimated that during this time the Proalcool program saved Brazil $195 billion in
foreign exchange, $69 billion in avoided imports, and $126 billion in avoided foreign
debt interest.”®

At a critical time in the building of Brazil’'s ethanol industry, incentives instituted under
Proalcool were written to favour large plants over small ones, a source of contention
and even bitterness among members of the industry, including Brazil's many small-
scale sugarcane growers. The debate in Brazil about the importance and relevancy
of small and micro producers, and their ability to produce for the fuel market, still
carries on. In part because of the tradition of the cachaga or sugarcane rum
enterprises and in part because of the interest of farmers in value-added production,
a robust micro distillery movement continues, despite the government’s clear
preference for scale, and some micro distilleries continue to aspire to produce for the
fuel market. Even though the industry has been heavily consolidated to large scale,
which dominates in areas where production is high, many smaller producers continue
to opgsrate, particularly in areas where production is much lower, as shown in Figure
2.12.

%2 Horta Nogueira, Luiz, ed., Sugarcane-Based Bioethanol: energy for Sustainable Development, 2008.
% This was Liz’s addition, | think. This needs a citation but | don’t have it.
* Horta Nogueira, 2008.
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Figure 2.10: Scale of Sugar Cane Production and Number of Sugar/Ethanol Plants
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Source: Sugarcane-Based Bioethanol, 2008, p 156

Interest has grown in trying to find a role for micro distilleries in the Brazilian fuel
economy as well as in determining if the particular know-how possessed by small
producers and distillers could be transferred to other countries.®’

As a

result, a good deal of work has been done not only to build micro distilleries for

efficient fuel production but also for easy and affordable replication. With regard to
replication in other countries where small scale might make sense, one study
concluded as follows:

The extreme concentration of the bioethanol production industry that has
taken place in Brazil is not inevitable.

The concentration of bioethanol production in Brazil is due to past and current
economic practices and conditions that could be subject to alternative
policies.

Small-scale ethanol is promising for remote energy supply and related value
chains, for example in rural Africa, especially for uses and markets other than
transportation. Separate markets for small-scale ethanol producers, such as
household appliances and isolated mini-grids may provide smallholders with
income opportunities from sugarcane that are more secure than the large
sugarcane-for-industry/transportation market.

The ease of integrating cane and ethanol production via small-scale
distilleries creates the opportunity for cane-producing smallholders to profit.

Regulation and other policy measures may be necessary to limit market
concentration and encourage small-scale sugarcane and ethanol
production.®

57 Scholtes, Fabian, Status quo and prospects of smallholders in the Brazilian sugarcane and ethanol sector: Lessons
for development and poverty reduction, Center for Development Research, University of Bonn, July 2010.

53




PRACTICAL ACTION

Consulting

Brazilian ethanol is competitive around the globe because it is generally produced
and priced more cheaply than ethanol traded from other countries. Brazil produces
in adequate quantities to allow it to respond to international demand with a robust
and growing export market. Ethanol exports are expected to increase quickly along
with global demand for ethanol as a source of alternative energy.

Brazil has been able to address household energy needs at home through the use of
its domestic reserves of natural gas, complemented with cheap, imported natural gas
from neighbouring Bolivia. A small portion of this natural gas is separated as butane
and propane, providing the supply of liquefied petroleum gas (LPG), which, like
ethanol for fuel blending, was stimulated by incentives to promote its uptake for
cooking fuel. At the height of the program, 98% of Brazil's households had access to
LPG for cooking. Brazil's “LPG miracle” has not been replicated in many other
countries, making Brazil a special case in this regard.59

Brazil has invested millions in R&D of ethanol production processes and
technologies. Currently, Brazil is advising emerging markets on how to create
successful ethanol industries. It does so through its Ministry of External Affairs
Energy Office and through various promotional, technical and research units. The
Energy Research Company (EPE) has put in place a ten-year plan for the period of
2008-2017, anticipating that demand for ethanol fuel in the domestic market will rise
from 20 billion litres to 53 billion litres, a growth rate of 165%.%° As for international
demand, the expansion of Brazilian exports has been leveraged by external events,
such as U.S. and European law which broadened the goals of their use of biofuels.
In 2007 Brazil exported 3.5 billion litres of ethanol. In 2008, this increased to 5.1
billion litres®', yet producers still had more to trade. Fuel blending mandates around
the world are on the rise, yet blending rates remain low. Brazil’s expectation is that
exports will increase steadily and that its production will grow and will be able to meet
this demand.®?

2.6.2.2 India

India’s ambitious biofuels policy is comprehensive in the way it included ethanol
distilleries, R&D organizations, and policy planners. Government mandates for
ethanol have increased India’s capacity to produce ethanol substantially.
Furthermore, the government provided financial incentives to produce ethanol as well
as cogeneration from the bagasse.

The history of India’s ethanol industry clearly shows how government policies affect
the supply chain, as they can intervene during depression of sugarcane production,
feedstock or molasses production and cost. India subsidized and provided tax
exemptions to production facilities using molasses and sugarcane as an
encouragement to produce ethanol. A focus on fuel blending in ethanol policy has not
led to any impact from ethanol as a household fuel in the country in which vast

% Scholtes, 2010.

% Lucon, O., Coehlo, S., and Goldemberg, J, LPG in Brazil: Lessons and Challenges, Energy for Sustainable
Development, Volume VIII, No. 3, September 2004

 EPE is a government business located in the Ministry of Mines and Energy — www.epe.gov.br.

' Brazilian Secretariat of Foreign Trade, elaborated by UNICA, accessed on the web 9-15-10 at
|http://english.unica.com.br/dadosCotacao/estatistica/l

®2 “Ethanol — fuel of the future” by Marcelo Junqueira.
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numbers of people are still wholly reliant on fuelwood and dung as fuels. Such fuels
are strongly linked to health impacts as assessed in Component A of this project.

In May 2009, the Petroleum Ministry of India proposed to lower the import duty on
denatured alcohol from the present 7.5% to 5% and that on molasses from 10% to
5%. The government’s 5% petrol blending plan has been affected due to the decline
in molasses production in India which arose from a decrease in sugarcane
production. Currently, the Ministry’s proposal is awaiting clearance from the Cabinet.
Analysts are of the view that at 5% blending the requirement for ethanol is about 600
Mit/y and there has been a shortage of about 40%. The oil marketing companies are
unable to take up blending in the areas of Tamil Nadu and Kerala due the taxation
policy of these State Governments. A major hindrance to the blending programme
has stemmed from the erratic supply of ethanol. The original plan to make 10%
blending available from October 2008 has still not been implemented. Contracts for
1,320 M litres of ethanol had been signed for by oil companies, but as of January
2009, they had only received 120M litres.

2.6.2.3 United States of America

A diversified energy portfolio can meet different markets, as seen in the U.S.
example of distributed energy and small-scale approaches to making ethanol. This
approach particularly engages local entrepreneurs. After receiving significant
backlash from producing corn-based ethanol, the U.S. government is investing
heavily in R&D of cellulosic ethanol facilities. This ethanol is expected to be
produced from a variety of feedstocks and waste materials and to be close to CO2
neutral.

The U.S. case is an example of the limitations of fuel-blending. Ethanol blending is
capped at 10%, and the U.S. market for ethanol will hit a “blending wall” which is
estimated to be 14 billion gallons. The country has created a strong base of small-
scale famers by providing loans to jumpstart productivity. The U.S. ethanol’s
domestic market is protected, with the government levying a 51% per gallon tax on
any imported ethanol. This tax is widely debated, but protects U.S. farmers and the
national ethanol industry

Due to the additional steps in biochemical conversion, the U.S. has not yet
commercially produced cellulosic ethanol. In the last few years however, intensive
research and government incentives have advanced the agenda for the development
of cellulosic ethanol plants. At the start of 2008, the Department of Energy pledged
$114 million to support the creation of cellulosic bio-refineries at a small-scale. One
of the goals is to test new and various feed-stocks to create a multiplicity of biofuel
and bio-products.®® Furthermore the Department of Energy chose six projects to
fund over four years, with the aim of demonstrating that bio-refineries can operate
profitably and with greater net energy yields once the construction cost is paid, and
this the model can be replicated. Cellulosic ethanol is enticingly desirable to U.S.
production since the final fuel product contains a net energy yield which is close to
CO, neutral.

% U.S. Department of Energy. Alternative Fuels and Advanced Vehicles Data Center. http://www.afdc.energy.gov
/afdc/ethanol/production_cellulosic.html, February, 2009
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2.6.2.4 European Union (EU)

Based on the EU’s current ethanol targets for fuel blending, 17.7 billion litres of
ethanol will be required by 2020. Local production capacity may reach 12.16 billion
litres by 2015 and might remain constant thereafter based on the current trajectory of
first generation and cellulosic projects entering the market. In short, as a result of the
EU’'s mandated targets, and individual ethanol and biodiesel targets in several
countries, the growth of demand in the EU will be significant and above its internal
production capacity. Imports will continue to make up the difference between
domestic supply and demand and are likely to play an important role in global ethanol
trade.

2.7. Conclusions

World production of ethanol is rising linked with high oil prices, international
awareness of global warming and concerns about energy security. For producer
countries ethanol production offers a range of opportunities, both for domestic energy
supply and for export. In Brazil, the only developing country to have so far gone to
scale with ethanol production, ethanol appears to have delivered reduction in oil
importation and improved security of energy supply. Africa’s ethanol base is less
developed than those in Latin and North America, but several countries are
increasing production and there is significant potential for the African biofuels
industry to expand. Despite recent growth however, the global market for biofuels is
still in its relative infancy.

The dominant current consumption of ethanol is for transport fuel-blending, but there
is also significant demand and use of ethanol in the industrial sector. However, in
developing country contexts where household energy accounts for 75-90%,%
ethanol has also been shown to have potential as a cleaner and healthier household
fuel. Developing a stable domestic ethanol household fuel market is considered to
have potential to offer substantial economic, health and environmental multiplier
benefits at local, national and international levels. This potential has been partially
demonstrated in Africa (eg. Ethiopia), but also setbacks have been observed linked
to poor stove technologies (eg Malawi), fuel forms (eg. South Africa) and policy
inconsistency (eg Ethiopia). If ethanol to achieve it's potential as a household fuel
then these lessons must be learned in developing new sectors in countries such as
Madagascar.

Ethanol can be produced from any biomass containing significant amounts of starch
or sugar. Production scales can be categorised as: large scale, microdistilleries and
artisanal scale. Based on the information collected from international experience, the
table below summarises the relative merits of these scales in terms of key attributes
relating to fuel production and impacts (XXX being “most preferable” for each
attribute).

64 WHO, 2006. Stockholm Environment Institute Policy Brief, June 2009.
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Artisanal Micro-distilleries | Large-Scale
Energy Efficiency X XXX XXX
Low capital barriers XXX XX X
Cost of litre produced X XXX XXX
Distribution of benefits XXX XXX X
Ethanol quality X XXX XXX
Alcohol % concentration X XXX XXX
Risks of leakage into drinking X XX XXX

Artisanal production is very accessible to poor rural producers due to low capital
costs enabling local level benefit distribution, however low ethanol quality and
strength at poor conversion efficiencies (implying more fuelwood use per litre of
ethanol), creating a higher cost product make it non-viable for a widespread
household ethanol programme. The close association of this type of production with
drinking, the higher market price per litre for this application, and the difficulties of
policing production at this scale appear to preclude it's serious consideration for
household ethanol market creation.

Large scale production is relatively well known internationally and is the typical scale
of production in Brazil and other large ethanol producing economies, offering good
efficiencies, quality, strength and low cost per litre. However centralised plants will
not necessarily promote maximum benefit distribution along the supply chain and
high capital barriers exclude local people from direct participation, other than as
waged labour or raw material suppliers. As suchm, the structuring of agreements
with outgrower sugarcane suppliers for example, can have a strong influence on
inclusivity and development impacts.

Micro-distillation is a relatively new scale of production but it appears from
international experience to offer many of the energy efficiency and ethanol quality
benefits of large-scale production, but with increased levels of decentralisation of
production and corresponding dispersal of opportunities and benefits. Although a
detailed analysis of costs of production is needed for each new installation, available
micro-distillation technologies internationally appear to also be capital cost
competitive per litre of ethanol produced compared with large scale installations. The
lower total cost per installation also allows production to be dispersed closer to cane
production and household ethanol consumers, and lowers the capital barriers to
market entry.

International experience however shows ethanol markets to be strongly dependent
on government policy. Particularly given the volatility of international fuel markets
and the multiple potential applications of ethanol at different price points — stable and
progressive government policies will be important if the ethanol household fuel
market is to develop sustainably. In initial stages it may be necessary to ring-fence
and prioritise sufficient ethanol fuel for the household energy market to ensure that a
failure in the supply chain for ethanol (perhaps linked to international price
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fluctuations or a fuel blending mandate) does not destroy the burgeoning market for
stoves which would also be created. Ethanol fuel pricing is very vulnerable to
commodity prices of existing fuels, for example charcoal, fuelwood and fossil fuels,
particularly kerosene - and if multiplier benefits of ethanol to health, the environment,
rural incomes and balance of payments are to be realised — then government policy
must mediate price fluctuation to some extent, especially in initial stages.

In order to succeed, the Malagasy household ethanol programme must learn from
the international experiences described in this chapter, and put in place measures to
overcome challenges encountered elsewhere, and replicate successes.
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3. Madagascar Production Scenario

This chapter seeks to analyse the main factors affecting the proposed production of
ethanol in Madagascar through a household fuel programme. The analysis starts
from a consideration of the current patterns of production in evidence then goes on to
consider how these might be affected by an increase in ethanol production from
sugarcane.

3.1 Land

3.1.1 Land Use

The total surface area of Madagascar is 587,041 square kilometres and the
population density is 33.5 persons per square kilometre (UN Data, 2007). About
one-half of Madagascar’s land area is cultivable, but little more than 5% of the land is
currently under crops, with a large part of this cultivated area under irrigation (40%)%.
Of this, less than 2 million hectares is permanently cultivated (World Bank, Rural
Development Support Project, 2008); taken together cropland and crop/natural
vegetation mosaic accounts for 13% of land cover (Earthtrends, 2009).
Approximately 21% of the total land area is covered by forests and 63% by
shrubland, grassland and savanna (Earthtrends, 2009). Sparse vegetation, snow
and ice account for 1% of land cover and wetlands/bodies of water account for 2%.
Less than 1% of land area is urban/residential (Earthtrends, 2009), as described in
Figure 3.1.

Figure 3.1: Ecosystem Areas by Type, Madagascar 1992-93

M foreste
O shrublands, savanna, and
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W wetlands and water bodies

®*Madagascar Ministry of Agriculture, http://www.maep.gov
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Due to the high population growth rate in rural areas, demand for new agricultural
land is high (Figure 3.2). Data from a survey by IFPRI/FOFIFA in three regions in
Madagascar showed that while rice land area grew by about 5% on average for all
regions over a ten year period, the area of cultivated upland where it is grown
increased by about 24% (Minten and Zeller, 2000).

Figure 3.2: Madagascar Agricultural Land History®
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The fact that the agricultural frontier can still be expanded in many Malagasy villages
is evident from the survey data: 59% of villages report that there is additional land
available for expanding upland cultivation, 50% for expanding irrigated land, and 35%
for both types of land. Despite this, the average holding of upland per household has
declined over time. Clearly, growth in population has outpaced growth of agricultural
land in many communities and pressures for agricultural intensification have tended
to increase over time (Minten, Cornell 2001).

Implications for the Household Ethanol Programme of Land use policy

In this context, any policy aimed at integrating the expansion of sugarcane production
for the ethanol market in Madagascar would require careful zoning and planning of
agricultural encroachment into new areas (at any scale), to ensure that neither food
production nor the delicate ecosystem was put in jeopardy.

3.1.2 Land Ownership and Rights

Traditional and modern land rights co-exist in Madagascar. Legally, all non-titled
lands belong to the State while in practice, even land in inhabited areas is often
allocated through traditional rights (Minten Cornell paper, 2001). As of 2006
approximately 10% of the national territory in Madagascar was legally occupied with
title or certificates. The current land tenure system dates back to the 1960s when the
government of Madagascar established rules for proving traditional property rights
(World Bank, 1994, discussion paper). For traditional property rights to be granted,
the intended owner of the land must prove that the land has been continuously
worked, and then an administrative body must verify that the working of the land is
consistent with legally specified conditions (World Bank discussion paper, 1994).

% Africa Agricultural Statistics
|http://www.nationmaster.com/time.php?stat=aqr agr lan sq km&country=mal|
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During the same period, the government set up procedures for granting rights to
individuals claiming ownership of public, untitled lands that they have occupied. This
complicated process involves making a formal request to a special land register,
which is later passed over to the sub-provincial officer of the Direction of Public Land
and Agrarian Reform (World Bank, 1994, discussion paper). It is a lengthy process,
and the outcome does not provide the applicant with the right to occupy the land
permanently. This may only be obtained if it can be proven that the land in question
has been under continuous agricultural use for ten years (World Bank, 1994,
discussion paper).

Problems inherent in the Land Tenure System

The requirement of continuous cultivation for ten years before ownership can be
granted is problematic for a number of reasons. Most smallholder farmers in
Madagascar practice a traditional shifting slash-and-burn agriculture known as Tavy.
Typically, this involves upland cultivation of rice in areas recently burned and cleared
of vegetation, a highly unsustainable practice which quickly leads to loss of soil
fertility and the soil itself. The rule requiring continuous cultivation encourages
farmers to slash-and-burn entire plots in order to stake a claim, rather than
conserving some forest vegetation to protect against soil erosion. Moreover, since
Tavy involves three years of cultivation, followed by up to five years of fallow, it is not
possible for farmers to adhere to the 10 year continuous cultivation required prior to
application for tenure (World Bank, 1994, discussion paper).

Research shows that in order to obtain a land title, citizens have to follow a lengthy
and costly procedure. The registration process includes numerous governmental
departments, who have insufficient staff to deal with the cases. Furthermore, the
institutions lack material and financial resources (Falloux en Talbot 1993: 49,
Teyssier 2004: 5-6). The net result of all this is that the state is still unable to grant
effective title to land, or even properly register or strike rights from title deeds, which
has brought the national registration campaign to a halt. The reality remains that
much rural land has yet to be registered (Direction Générale des Domaines et des
Services Fonciers 2000: 4-6).

Reforming the Land Policy

In 2005, the Government launched the National Land Tenure Program with the goal
of facilitating land tenure transactions and establishing 21 land tenure offices by
December 2006. The government believes that increased land tenure is a means of
enhancing small holder agricultural productivity, as well as a way of attracting
investment, both domestic and international, in large scale agriculture. According to
the government, the current system of land titling is insufficient for stimulating private
actor involvement in agriculture and does not meet the requirements of small holder
peasant farming.

To address the deficiencies in the system, the government has incorporated a series
of measures into the Madagascar Action Plan (MAP).

The main strategies outlined by the government for increasing small holder land
tenure are as follows:

1. Modernise (including computerisation) the land property and topographic
records
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Decentralise land property management at commune (region) level
Reform the legal framework
Strengthen the capacity of the staff of land tenure services

Create a land bank for investments in tourism, agri-business and manufacturing

2N T

Harmonise the intervention of development partners in the National Land
Tenure Policy

Conflicts between Traditional and State Land Ownership Systems

In practice State rules recognise neither village territories nor the local authority to
manage lands which have not been titled, are not farmed continuously, and are
considered part of the national domain (Muller, Evers, 2007). For the most part, state
authorities have not concerned themselves with what happens on cultivated and
fallow lands that the village considers its own. Tensions between state and local
tenure systems are more common on forested lands.®’

Implications for the Household Ethanol Programme of Land Ownership
Schemes

Although some studies have shown that the private economic benefits of land titling
would be minor and would not exceed the costs of doing so under the current system
(Jakoby & Minten, 2007), it is widely held that the absence of land titles for 90% of
rural households is the main reason why most farmers tend not to invest in their land
and diversify their production (African Economic Outlook, 2008). Without land title it
is difficult for farmers to approach banks or credit unions for investment or harvest
loans, thus land tenure policy may have considerable implications for small-scale
sugar-cane production. Without security of land ownership, it could be argued that it
would be highly risky for households not already involved in sugar-cane production to
engage in out-grower schemes. Indeed, the complicated nature of the land tenure
system could prove to be a major disincentive for investment in larger scale ethanol
production.

3.1.3 Land Taxation

Madagascar’s land tax is applied according to the size of the holding. A total of six
categories are distinguished with nominal tax amounts for the first five categories and
a 1% rate for lands that fall into the last category (World Bank, 2003). The land
taxation system is severely deficient in a number of ways; tax collection is almost
non-existent, inflation adjustments on nominal tax amounts are not made; and land
holdings are typically undervalued (World Bank, 2003). The weak land tax system is
a major contributor to decreasing agricultural productivity as it does not encourage
the transfer of underutilized lands to more efficient uses (World Bank, 2003).

Implications for the Household Ethanol Programme

67|http://www.fao.org/docrep/v5595e/V5595e02.htm#n4 .1
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The creation of an effective ethanol production system with the associated long-run
tax revenues accruing to the state may require linked reform and regularisation of the
land tax regime.

3.1.4 Land Degradation

Land degradation is one of the most serious and widespread problems for the
agricultural sector in Madagascar. The degradation dynamics in the uplands and
lowlands are often linked, reinforcing each other. With the stagnation of yields in the
irrigated lowland areas and demographic growth, farmers extend their agricultural
activities to the hillsides. Upper watershed land use is often based on extensive and
unsustainable management practices, the most important being lack of erosion
control and lack of improved soil fertility management on agricultural plots, slash-and-
burn agriculture (or Tavy), and the frequent burning of pastures. Land degradation is
also caused by deforestation for agricultural purposes, with the consequence of
increased carbon emissions, biodiversity loss and diminishing ecological services.
These practices not only contribute to the degradation and low productivity of
uplands but also significantly impact on lowland agriculture. Upland soil erosion and
water surface run-off causes sedimentation of downstream infrastructure,
contributing to the reduction of cultivated area under irrigation, local flooding of rice
paddies in the rainy season and water shortages in the dry season (World Bank,
Project Information Document, Watershed Management Project, 2006).

The principle threats to Madagascar's biodiversity come from the small-scale but
widespread clearance of habitats, primarily for firewood and charcoal production.
Other threats include subsistence agriculture, overfishing and the effects of climate
change on marine ecosystems (WWF).

Implications for the Household Ethanol Programme of Land Degradation

The clearance of forests should be avoided during the development of the supply
chain for the ethanol household fuel program. This includes clearance for sugarcane
growing as well as woodfuel potentially used in the distillation processes.
Ecologically sensitive areas should be avoided, and the use of fuel wood should be
carried out using sustainable methods.

3.2 Agriculture

The 2008 agricultural sector performance figures were disappointing, despite the
liberalisation of the economy, the sharp devaluation of the exchange rate and the
privatisation of state enterprises. The under-performance of the agricultural sector is
a major cause of the deep poverty in rural areas. Weak infrastructure hampers the
transportation of produce, whether for export or for the domestic market. Agricultural
productivity is also hampered by lack of access to agricultural technology, inputs and
other agricultural services. Agricultural extension services are all but non-existent.
Only 1.5% of Madagascar’'s small farmers have access to credit, and a mere 5% of
total lending goes to agriculture. Traditional land tenure systems do not give farmers
sufficient security as discussed in previous sections (World Bank, 2006).

Agriculture in Madagascar is typically practiced on very small holdings, the median
and average cultivated areas being 1.0 hectare and 1.71 hectares respectively
(World Bank, 2003). Food crops, including rice, tuber crops and maize, account for
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approximately 75% of agricultural production in Madagascar. Farming systems are
still very traditional with two-thirds of rural households farming on small plots and
living on a subsistence level. Rice is the main crop, accounting for 70% of total farm
output. The productivity of food crops is very low due to numerous constraints along
the supply chain, from production and processing to marketing (World Bank, 2003).
A rising population and growing food insecurity has led to a focus on staple food
production.

In 1993 agriculture provided nearly 80% of exports, constituted 33% of GDP, and
employed almost 80% of the labour force. Export crops, including vanilla, cloves and
coffee, cover approximately 17% of cultivated area, mostly in the east of the country
and constitute the second most important category of agricultural production (World
Bank, 2003). Revenues from this sector, although significant, are in decline primarily
due to problems of security, liquidity and price-quality differentiation (World Bank,
2003), as shown in Figure 3.3.

Industrial crops, including cotton, sugar, sisal and groundnuts cover approximately
8% of total cultivated land (World Bank, 2001). The industrial crop sector is also in
decline, due, in particular, to a lack of diversification and efficiency in the sugar and
cotton industries. Livestock is widespread, with about 60% of rural families
depending on it for their income, and fishing and aquaculture are becoming
increasingly important sub-sectors of the Malagasy economy (World Bank, Rural
Development Support Project, 2008).

Coffee production averaged 1.1 million bags during the 1980s but fell sharply in the
‘90s with a low of between 300,000 and 400,000 bags in the year 2000. Production
and exports fluctuate sharply owing to occasional cyclone damage, and the impact of
individual severe cyclones is clearly visible in longer term export statistics. The last
restrictions on coffee exports were removed in 1997 and the trade in coffee is now
entirely liberalized.  Coffee in Madagascar is almost entirely produced by
smallholders, with 350,000 producers accounting for 90% of the total coffee
cultivated area. They are widely dispersed, often in areas that are not easily
accessible. The average small farm occupies between 1-1.5 hectares and coffee is
typically grown on just 10-15% of the holding. A number of growers exploit coffee
trees that have literally become a wild forest crop, harvesting whatever fruit is
available once a year (http://www.eafca.org/madagascar.htm).

Figure 3.3: Areas under agriculture in 2000 (ha)
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Regional Breakdown of Agricultural Production

Rice is grown in practically every part of the country, with the exception of the South
and South West where the predominant crops are maize and tubers. In 1998, the
Highlands, including the Lac Alaotra region (a major surplus area and the rice basket
of Madagascar), as well as several zones of intense rice production such as
Antananarivo, Fianarantsoa and Vakinankaratra, accounted for 39% of total rice
production (Minten and Randrianarisoa, 2001). The East Coast is characterized by a
high relative importance of cassava, representing 41% of national production, as well
as up to 95% of national production of coffee, vanilla and cloves (Minten and
Randrianarisoa, 2001). Besides scattered sugar-cane production by small farmers in
the Highlands, most sugar-cane production is concentrated near the sugar-
processing industries; SIRAMA in the North, North West, and East (in Brickaville),
and SIRANALA in the Center West. Cotton production is mostly located in the
Western part of the country (Minten and Randrianarisoa, 2001).

Implications for the Household Ethanol Programme of agricultural production

In order for economic and efficient yields to be achieved in sugarcane production it
will be necessary to provide extension support to the agricultural sector to improve
practices and address issues of security, liquidity and price-quality differentiation.
This is likely to be the case for whichever scale of production is promoted, or
combined. However, the predominance of small-holder farmers offers the potential
for effective out-grower schemes if the terms are agreed and producer co-
operatives/associations are engaged or developed.

3.2.1 Sub-Sector Analysis: Rice Farming

Importance of Rice

Rice cultivation is the single most important economic activity in Madagascar with
direct value-adding, and in 1999 contributed to 12% of GDP (World Bank, Sector
Review, 2001). However, average paddy yield per hectare in Madagascar has been
stagnating for the last forty years, with yields of less than 2000 kilogram per hectare.
Since 1980, domestic rice production has not kept pace with demand. Madagascar,
a country that used to export rice, has come to rely on imports to compensate for the
deficit. Rice consumption per capita has steadily declined, while consumption of
cheaper alternatives such as cassava has increased (World Bank, Sector Review,
2001). Yields of rice are highest under irrigated conditions and, as discussed
previously, very poor where the Tavy method is used. Although the conditions for
high yield rice production are inherently favourable in Madagascar, the potential has
largely been unmet (Figure 3.4). Green Revolution technologies for agricultural
productivity did not reach Madagascar, and improved practices such as the System
for Rice Intensification (SRI) have generally not been adopted. Rice yields have
stagnated or decreased compared with other countries where fertilizers, soil health
improvements, and/or improved seeds were adopted (World Bank, 2003). Access to
credit is extremely low in rural areas and small farmers generally do not have the
capital required to invest in farm inputs needed to increase yields.

Moreover, without access to equipment, hired labour and animal draught power, it is
difficult for small rice farmers to improve their yields; although results from a World

65



PRACTICAL ACTION

Consulting

Bank study showed that diversification of agricultural production systems can have a
positive impact on rice yields (World Bank sector Review, 2001).

Figure 3.4: Cassava and Rice Production®®
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Smallholder sugar-cane cultivation could provide such diversification and thus
improve the rice yields while supplementing farmers’ incomes. However the potential
for such initiatives to succeed and bring long term benefits will depend on farmers
having access to credit and agricultural inputs.

Below, in Table 3.1, is a brief analysis, provided by the Ministry of Agriculture, of the
rice farming sector in Madagascar. The main factors contributing to the decline in
productivity are categorized as physical, technical, economic and institutional. Many
of the barriers which exist for enhancing small-scale rice productivity could be
assumed to exist for small-scale sugar-cane production.

Table 3.1: Analysis of the Rice Farming Sector in Madagascar
1. Physical - Weather, including cyclones and changes in intensity of rainfall
Barriers - Isolation of production zones
- Deterioration of the natural environment and declining soil fertility
- Underdeveloped irrigation system
2. Technical - Lack of equipment
Barriers

Low application of improved agricultural techniques

3. Economic
Constraints

High cost of labour

Scarcity and high cost of credit, limited range of financial instruments
Scarcity of land tenure, complexity of land acquisition procedures
Deficiency in rural markets, fragmentation of rice market

Fear of financial risk

Strong competition in the international market

% FAO data
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4. Institutional - Concentration of resources on irrigation and extension

Barriers g

- Slow approach to decentralisation

- Tax policies: exemption from customs duties and import taxes on
agricultural machinery and equipment, technical, economic and
institutional constraints

The proposed solution for Madagascar is to double or triple production by 2009-2012,
or to reduce population growth to a rate in line with current production levels (GoM
website).

Implications for the Household Ethanol Programme of Rice Production

The crisis in agricultural productivity is already recognised across many sectors in
Madagascar and the Ethanol as a Household Fuel Program should take linked
initiatives, particularly around important sectors like rice. In this way it is possible that
linkages may be made and the potential for sugarcane production for ethanol acting
as a support to on and off-farm income diversification may be realised.

3.2.2 Foreign Investment in Agriculture

The Government of Madagascar has previously stated that, in order to enhance
productivity and development in the rural sector, agriculture and food policy relating
to small-scale farming, must be complemented with the opening up of the sector to
investors, both domestic and foreign (Interim Poverty Reduction Strategy Paper).
This approach has led to a recent call by the Government for investment in rural
development resulting in a number of bids for agricultural developments in various
sectors including jatropha and rice.®® In November, 2008, Daewoo Logistics of South
Korea was reported to have secured a large tract of farmland in Madagascar to grow
food crops (corn and palm oil) to send back to Seoul, in a deal that diplomats and
consultants said was the largest of its kind. The company leased 1.3m hectares of
farmland from Madagascar (constituting an estimated 50% of the total arable land)
for 99 years (Financial Times, 2008). The Government of Madagascar insisted that
the deal with Daewoo was in line with its broader policy direction regarding rural
development; however the agreement was suspended following political unrest which
culminated in the ousting of President Ravalomanana by the opposition leader,
Rajoelina, in March 2009. Foreign investment has been encouraged in the sugar
industry, with the government recently leasing two of the Sirama sugar production
sites, Ambilobe and Namakia, to a Chinese company that is already leasing the
Siranala and Morodava sites (La Vérité, October, 2008). However, the agreement
with Daewoo demonstrates the previous government’s eagerness to attract large
scale foreign investment in the agricultural sector, and could indicate that similar
investment would be sought in the future for the scale up of the sugar industry. It
remains to be seen whether the new government will be take the same approach to
foreign investment in the agricultural sector.

Implications for the Household Ethanol Programme of Foreign Investment in
Agriculture

% Madagascar Ministry of Agriculture, http://www.maep.gov
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The guidance of the project steering committee will be required in order to establish
the extent to which foreign investment in sugarcane production is sought, but if the
Chinese deal reaches fruition then foreign players may become dominant factors in
the sector. Such a scenario would present a significant challenge to the Ethanol
Household Fuel programme in that foreign investors are unlikely to target the
domestic household ethanol market or support local small-holder farmers since
foreign markets will almost certainly appear more lucrative, and development benefits
accrued in Madagascar may not be factored into their activities. The Government of
Madagascar may consider building local supply proportions and out-grower
commitments into lease conditions or ensure that other local players are also
encouraged into the sector to mitigate this.

3.2.3 Food Security and Food Prices

Currently 67% of all Malagasy people (59% of all households), live in a condition of
food insecurity. The highest rates of food insecurity occur in the eastern provinces,
highlighting a direct relationship between poverty and food insecurity. Following
decreasing real per capita incomes, the calorie intake per person per day has gone
down over the last 25 years, falling from 2,490 calories in 1975, to 2,021 calories in
1995, and to just 2,001 calories in 1998 (Bergeron, 2002). Food intake in
Madagascar is not diversified, but consists of essentially two staples: rice
(303g/person/day) and cassava (209g/person/day) (World Bank sector Review,
2003). Cassava-growing is of particular importance as it provides households with a
nutritional buffer during lean crop periods.

The Government of Madagascar recognizes that small holder agricultural productivity
must be improved if these high rates of food insecurity are to be addressed. It is
believed that increased food crop productivity would (World Bank sector Review,
2003):

e Improve food security
e Free up land and labour for diversification

e Reduce pressure on Madagascar’s precious ecological assets

Implications for the Household Ethanol Programme of Food Security and Food
Prices

The causes of food insecurity are multiple and interlinked and a household ethanol
fuel program cannot seek to solve these. However such a programme can ensure it
doesn’t exacerbate any existing food insecurity issues by ensuring that land currently
used for food production is not turned over to fuel crops. It can also play an
important role in enhancing food security by providing additional incomes for farmers
in rural areas as an additional cash crop. Ensuring that these outcomes are
achieved rather than the possible harmful impacts of exploitative ethanol production
exacerbating hunger and income disparity must be a main focus of the design of the
household ethanol fuel programme.

3.2.4 Policies and Regulations

The Ministry of Agriculture, Livestock and Fisheries (MAEP) is responsible for
drafting, implementing and coordinating the Malagasy State's policy on agriculture,
livestock and fishing, as well as on State-owned and private land, which was
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redefined in the 2003 poverty reduction strategy (Chapter IlI). The National Rural
Development Programme (Programme national pour le développement rural or
PNDR), adopted in 2005, focuses on raising income in rural areas, in principle taking
into account environmental aspects. According to the ‘Madagascar Action Plan’
(MAP) concerning the country's economic and social development strategy for the
period 2007-2011, rural development will consist of a ‘sustainable green revolution’
and agri-business centres will be set up to assist in training and in meeting needs
such as irrigation, seeds, fertilizer and storage facilities. The expansion in production
needed to accomplish this green revolution will be achieved through more intensive
cultivation, expansion of the area under crops, as well as the supply of seeds and
fertilizer and assistance in using them. The authorities hope that this green
revolution will lead to greater food security and to surpluses that can be exported to
sub-regional markets (WTO, 2008).

At present, the principal tax-related support measures for farmers, livestock breeders
and fishermen are: exemption from company profits tax (IBS); the minimum tax on
new companies engaged in agriculture for the first two financial years with a 50%
reduction for the third financial year; the summary tax (applicable to individuals or
companies whose turnover or annual gross income does not exceed MGA 6 million)
at a reduced rate of 6%; as well as various other tax benefits under the free zone
regime for export-oriented companies (Chapter IV, WTO, 2008). Since 2002, the
import of agricultural inputs such as seed, fertilizer and herbicide has been subject to
a zero tariff, although VAT must be paid (WTO, 2008).

The main objectives of the agricultural sector are the expansion of rice production to
achieve self-sufficiency, increased quality while limiting the increase in export
products, diversification into other crops, most particularly oilseeds, and developing
the capacity of national agricultural research in plant breeding and pest control.
These policy options have resulted in the launching of several programs supported
by donors, mainly the World Bank. Among the current programs are: the National
Agricultural Extension (PNVA), and the Agricultural Research and the Rural Finance
Program. Others currently being negotiated include the Program for Promotion of
Agricultural Exports and the Environment Program (the latter benefitting from funding
provided by large consortium of donors, including the International Fund for
Agricultural Development (IFAD)).”

Implications for the Household Ethanol Programme of Policy and Regulations

Production of sugarcane for ethanol, particularly with reference to household fuel,
should be firmly incorporated into the national planning on agriculture in order to
avoid possible overlap or conflict between these inherently interlinked policy areas.

3.3 Household Energy

In total, 5.9 million m® of fuelwood is produced annually for household cooking and 2
million m® for charcoal production (IRG Jariala Report, 2005). The UN Data Centre
gives the non-commercial wood harvest total as 11 million m® in 2005 and 13.1
million m®in 2007 (these are FAO statistics on non-commercial wood production’").
It places charcoal production in 2005 at 910,395 tonnes and in 2007 at 989,100
million tonnes (UNdata at{http://data.un.org).

70 Madagascar Ministry of Agriculture, http://www.maep.gov
™ At[http://data.un.org/Data.aspx?q=Madagascar+wood&d=F AO&f=item Code%3a1628%3bcountryCode%3a129
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Figure 3.5: Madagascar External Debt (% GDP) and Debt Service (% of exports of
goods and services)
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Although Madagascar has both onshore and offshore oil and gas deposits, none are
yet commercial. Thus while Madagascar may eventually become an oil and gas
producing economy, it is not yet so and it could be many years before oil and gas are
produced commercially, much less processed or refined. As elsewhere, most
sectors of the economy are dependent on petroleum fuels, therefore, the current high
price of oil is a great handicap for Madagascar’'s economic growth’?. As an importer
of oil, the energy sector in Madagascar remains very vulnerable to oil price
fluctuations; the price has almost tripled since 2001 and there have been several
shocks during the decade, notably 2007-2008, which negatively affected all non-oil
producing Sub-Saharan African countries. Countries which had received debt relief
began to find their debt mounting again, shown in Madagascar in Figure 3.5 (African
Economic Outlook, AfDB/OECD 2007).

According to the IMF African Department (IMF-AD 2008), the effect of the oil cost
increase caused by the oil price shock of 2007-2008 (caused by the increase in the
cost of oil and its refined products), equated to 3.1% of Madagascar's GDP.
Madagascar’s overall account balance for 2008 was minus $2.26 billion or 24.4% of
GDP. The impact of the oil price increase on Madagascar was less than for other
countries (such as Ethiopia and Malawi) because there are no explicit subsidies on
fuel products in Madagascar, and its budget was exposed only via direct operational
costs and additional transfers to the state-owned electricity company. This
accounted for only about 0.1% of GDP in 2007 (IMF-AD 2008), but about 0.5% of
GDP in 2008 (IMF Country Report 09/11, January 2009).

Such price increases have a direct impact on Madagascar's economy, and the
Government tried to limit distributors’ and taxi drivers’ transfer of energy through
costs to consumers. In 2008 it proposed budgetary items worth 0.4% of GDP to
offset rising prices, such as a temporary suspension of VAT on lighting and cooking
fuel and fuel subsidies for certain categories of urban transport. The IMF-AD
discouraged this intervention and encouraged the government to permit the full pass-
through of international oil prices to domestic prices (IMF-AD 2008).
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In contrast, the IMF recommended lower electricity price increases for first-time units
of consumption (new users) to alleviate the impact on the poor, as well as endorsing
temporary VAT reductions on lighting fuel.

Figure 3.6: SSA Reserves and BOP Impact of Food and Oil Price Shock of 2008
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Figure 3.6 highlights the IMF’s “Countries of Concern” in regard to the oil price
increases, highlighted in red. Madagascar qualified both because the oil price shock
was greater than 2.5% of GDP and also because it was very close to the 50% of
international reserves mark for Madagascar. The countries at or above the line, and
towards the top left are the most vulnerable to such oil price changes (IMF African
Department, The Balance of Payments Impact of the Food and Fuel Price Shocks on
Low-Income African Countries: A Country-by-Country Assessment, June 30, 2008).

3.4 Sugar Cane Production

3.4.1 Overview

Industrial Scale Sugar Cane

In the past, the sugar industry was among the most important food processing
industries in Madagascar, in 1986 accounting for 60% of the value of total food
processing output. Developing its agro-industry was one of the goals pursued by the
government after independence, and, since the time of independence, the sugar
industry has been protected. Nominal Rate of Assistance (NRA) trends started to
reverse after 1984, when imports sharply increased due to reduced domestic
production. Sugar-cane farmers continue to be implicitly taxed as their production
prices are very low relative to world price. Cane out-growers not only face price
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disincentives but also long delays in receiving payment for crops delivered to the
state processing factory.”> SIRAMA and SNCBE, the two original state-owned sugar
companies, were rehabilitated in 1985 and 1987 when the companies were merged.
Prices for the domestic retail market were then fixed by the Ministry of Trade until
liberalisation in 1989 when wholesalers and retailers were free to fix their own
margins.

Currently the local production of sugar is at a low - 20,000 MT in 2007, down from
70,000 MT in 2000 and a high of over 100,000 MT in 1996. The SIRAMA sugar
factory is operating at a fraction of its processing capacity. This low capacity,
combined with relatively low sugar-cane yields and the high cost of fuel and other
inputs, results in sugar production costs being substantially higher than those of other
Southern African countries as well as Mauritius (Integrated Framework, 2003;
UNData). Imported sugar, which has exceeded 100,000 MT in recent years, is 50-
60% less expensive than SIRAMA’s sugar, even taking account of high tariffs and
other taxes applied to imported sugar (Integrated Framework, 2003; UNData on raw
and refined sugar; UNICA Data)’®. This low capacity combined with relatively low
sugar-cane yields and comparatively high costs for fuel and other inputs results in
sugar production costs being substantially higher than those of several other
Southern African countries (Integrated Framework, 2003). Imported sugar, which
has exceeded 30,000MT in recent years, is 50-60% less expensive than SIRAMA’s
sugar, even taking account of high tariffs and other taxes applied to imported sugar
(Integrated Framework, 2003).”

Although Madagascar has been a net importer of sugar since 1991, it has had export
quotas since 2001 of 7,258MT to the USA and 10,760M to the EC’. With various
technical difficulties facing the state sugar company, production has recently been
poor, with Madagascar barely filling its quota to the EU, and stopping its export to the
US.”” The favoured export price under the preferential access given by Europe to
ACP countries has been decreasing and was due to expire in 2009.

By 2001 privatisation of the state monopoly was supposed to have occurred as part
of a market led approach, but to date this is still being debated. Instead, technical
assistance relating to control of management was contracted to private firms up to
the end of 2006. Where privatization has moved forward, the process has been
slowed by recent political uncertainties.

Estimates of Consumer Tax Equivalent (CTE) for processed sugar showed an
average reduction of 35% during the period 1988 to 2005 suggesting that
government policy actually created an implicit subsidy to consumers (Figure 3.7).
Local communities have grown dependent on a policy-dependent sugar industry,

73 Payment to growers is basically done in three parts. The first at delivery at a firm’s gates (where the price is fixed
by a joint commission represented by the company), the Centre Malgache de la Cane et du Sucre (CMCS) (an entity
responsible for the supervision and regulation of the sugar industry value chain), and the growers. The Queensland
formula is used to calculate the pre-campaign price, and for the second and third part of the payment, the price is
75% revised post-campaign. [Source CMCS]
“http://data.un.org/Data.aspx?g=sugar+imported&d=ComTrade&f= 11Code%3a18
http://english.unica.com.br/dadosCotacao/estatistica/
http://www.integratedframework.org/files/english/Madagascar_dtis aug03 en.pdf

7® UN Data shows that in 2008 6,340 MT of raw sugar were exported and 4,070 MT of refined sugar, just enough to
fqulII its EU quota.

According to the Sugar Protocol of the Lome Convention, Madagascar has a quota of 10,760 tonnes per year of
sugar with the EU, a quota of 7,258 tonnes per year of brown sugar to the United States, another quota of 2,500
tonnes under the Special Preferential Sugar (SPS), and a quota of 4,200 tonnes in the Everything But Arms
framework (EBA) (La Vérité, October, 2008). Under all agreements, exporters receive guaranteed minimum prices
from the EU, which are highly beneficial to the exporting countries.
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which makes the political cost of reform high (Akyiama et al, 2003). Domestic
distribution of sugar is inefficient, with only five firms licensed to wholesale sugar in
the domestic market (Fenohasina Maretniel, 2006, Agricultural Distortions Research
Project Working Paper).

Figure 3.7: NRAs’® and Consumer Tax Equivalent for Sugar-Cane and Refined Sugar
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Potential Capacity of Existing Production Sites

The sites at Ambilobe and Namakia are Sirama’s two most important, with sugar
production capacities of 70,000 tonnes and 23,000 MT, respectively. If Sirama’s four
sites are considered together, they have an annual production capacity of 119,000
tonnes of sugar, 10 million litres of pure alcohol (from molasses) and 400 tonnes of
yeast. These production figures have been falling steadily since 1998, reaching
20,000 MT of sugar, representing less than 20% of their full capacity (La Vérité,
October, 2008). At the same time, domestic consumption of sugar has declined
significantly in recent years, due to the low purchasing power of households,
estimated to be 7.13 kg / capita / year in 2006. This represents only 10% of local
sugar production for the artisanal (small-scale) production of raw sugar ‘Siramamy
Gasy’ (La Vérité, October, 2008). Currently the industrial demand for sugar is 10,000
MT per year and is only being partially satisfied domestically, imported sugar is
coming from Brazil and other countries.

According to one source, the Malagasy sugar industry needs 160 million Euros to
revive itself. The sugar sector in Madagascar is facing a difficult situation
characterized by a deterioration of agricultural infrastructure, roadways failing and
serious delays in the maintenance of Sirama’s various facilities. The sector employs
4,800 seasonal employees, and 15,000 direct employees. As mentioned previously,
the government has leased two of the Sirama production sites, Ambilobe and
Namakia, to a Chinese company that already holds the contract lease of Siranala at

78 During the 1980s Mozambique shifted from being a net exporter to a net importer, but during the 1990s when
protection was granted to the domestic market, production increased but oriented towards the national market as
import substitution (relatively profitable), and exports were limited to the more profitable preferential markets.
Protection is high, as sugar has a large positive Net Rate of Assistance (NRA) based on a very high import
surcharge.

http://www.tralac.org/unigue/tralac/pdf/WP11%20Sandrey%20Future%20prospects %20Afr%20sugar%20FINAL %201 |
8122007.pdf]
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Morodava, with a total Chinese investment of $54 million. The future of the
Maromamy site at Brickaville and the Djamandzar site at Nosy Be remain uncertain.

Small-scale Sugar-cane

Small-scale sugar-cane production takes place in almost every region of
Madagascar, but is particularly common in the Ambositra region. In most cases,
small-scale production is used to make foaka gasy, a locally made rum (see section
4 for more information on its production process). Sugar-cane is rarely sold at
market because the producers earn a higher price for toaka gasy which is easier to
transport.

Policies and Regulations

The sugar industry accounted for 60% of the total food processing output value in
1986, but farmers continue to be implicitly taxed as their production prices are very
low relative to the world price. Since 1991, Madagascar has become a net importer
even if exports rebounded in 1999. Despite the fact that sugar imports are subject to
import tax (35%) and VAT (20%), inefficiencies associated with low capacity
utilization, low yields, and high input costs lead to high production costs for domestic
sugar and therefore make imported sugar cheaper. As mentioned before, local
communities have grown dependent on a policy-dependent sugar industry, which
makes the political cost of reform high (IFPRI, 2007, Future Prospects).

Implications for the Household Ethanol Programme of Sugar-cane Production

The household ethanol programme has the potential to create a very substantial new
domestic market for one of the co-products of sugar cane, but if domestic production
of sugar cane is to increase to meet this opportunity then efficiency and productivity
improvements will be needed at all scales of the sugar cane industry. This might
take the form of eliminating Government import duty on better equipment, public-
private partnership with foreign micro-distillation vendors and Malagasy
entrepreneurs, and investment in large scale production facilities.

In an interview conducted with the former General Manager of SIRAMA, M. Henri
Tsimisanda, he stated of domestic sugar cane production: “One should not panic
about the yields. They have been very bad because of extremely poor management
dating to 1990. Cane has been untidily cared for because of misappropriation of
funds and because of lack of investment and maintenance. . . . In well irrigated fields,
we have achieved 90 to 100 TC/Ha on a crop with peaks of 120 TC/Ha for seed
cane. This can be achieved on ground level but former Sirama cane fields have to
be refurbished.” ™

™ Interview by email with Henri Michel Tsimisanda, former General Manager of Sirama Sugar Factory,
conducted 13 Jan 2010.
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3.5 Ethanol

3.5.1 Overview — Existing Capacity

The government of Madagascar is in the process of finalising plans for the
implementation of an ambitious national bio-ethanol program. The programme will
initiate the development of industrial scale ethanol production facilities linked to the
existing sugar factories as well as the development of small scale production (micro-
distilleries). Artisanal ethanol production is carried out at the village level in many
parts of Madagascar, with the ethanol produced serving the local alcohol (rum)
beverage market, which may or may not be useful experience for the development of
a fuel ethanol industry. The alcoholic beverage industry is illegal and therefore what
is taking place is essentially unregulated and trade of the locally produced rum,
known as Toaka Gasy, occurs outside of the formal economy. Toaka Gasy
producers face hefty federal fines if caught transporting or retailing their product,
which is very inconsistent in quality.

It has been suggested that the government's strategy regarding this artisanal
production should be to legalize it and encourage its transition from beverage to fuel-
grade ethanol production (CNRIT, 2005). Currently the automotive fuel sector in
Madagascar is extremely small, while the market for ethanol as a household fuel
could be quite large.’ Whatever ethanol production strategy is developed in
Madagascar, the most important recommendation is that the household ethanol
market is fully incorporated into any expansion plans, at any scale, if the benefits of
this expansion are to be distributed amongst the Malagasy population. The impacts
on health and the environment of increased Malagasy production of ethanol as a
household fuel are analysed in Component A, and in later Chapters of this report,
and should be factored into public ethanol policy and commercial plans. Currently
artisanal scale ethanol production is not an effective or efficient way of producing
high quality ethanol and as such it would make more sense for policy to support
micro-distillation production rather than artisanal scale.

3.5.2 International regulations and drivers

Ethanol is an internationally traded commodity, and the growing global market
opportunities for ethanol are governed by factors such as countries’ targets for
renewables, market liberalization, technology development for enhancement of
ethanol production, international prices of petroleum fuels and prices of feedstock for
ethanol production.

Requirements of countries to meet their emissions quotas and national biofuels
targets are major driving forces that open enormous opportunities for ethanol
production. Recent revision of the national biofuels strategy in the U.S., targets 17
billion gallons by 2017, equivalent to the replacement of 20% of transport fuels within
the next ten years. Economic and environmental concerns in Brazil, Europe, India
and China are forcing governments to set new targets and incentives which aim to
increase production and consumption of renewable fuels and reduce the use of

& Madagascar ranks 129 out of 133 countries ranked for number of automobiles owned. NationMaster
[http://www.nationmaster.com/} shows Madagascar at one vehicle per 100 persons, comparable with Ethiopia, Mali
and Nigeria, and just above Malawi and Afghanistan. See Section 3.8.
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petroleum®’, with each of these countries aiming to replace between 5 to 20% of their
gasoline consumption with ethanol. Market liberalization through national import-
export policies will further stimulate the global market for ethanol. Growing ethanol
demand coupled with market liberalization will drive investments in research in
technology development for enhanced production of ethanol.

With  rising  petroleum

orices, the demand for Figure 3.8: World fuel ethanol production (1980-2007)
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other factors, such as the
overall supply and demand of ethanol and its competitive uses.

3.5.3 Global Ethanol Production

Historically, Brazil has been the world’s leading producer and consumer of ethanol.
Since 1980 Brazil’s ethanol production has grown by five-fold from less than 4 billion
litres to about 24 billion litres with 80% of it being consumed locally as fuel (Fig. 3.8).

An unprecedented ethanol production growth rate has been seen in the U.S. since
2002, and by 2007 U.S. production had surpassed that of Brazil. Besides the U.S.
and Brazil, China, Canada, France, Germany, Spain, Russia, Ukraine, South Africa,
India, Pakistan, Thailand, Indonesia, the U.K., Colombia, Argentina and Australia are
major producers but together contributed less than 10% of the world total in 2007,
given the dominance of Brazil and the U.S.

Although the contribution by producers other than U.S. and Brazil is relatively small
at the moment, it is expected that in the very near future the installed capacity in
these nations will surpass 8 billion litres.

3.5.4 Ethanol Fuel Trade Flows and Prices
Brazil is the major producer, consumer and exporter of ethanol in the world. Ethanol

export from Brazil has continuously grown reaching over 5,118 million litres by
2008%%. In the same year, the price of ethanol reached US$ 450 per cubic meter

& Ethanol 2020: Global market survey, trend analysis, and forecasts, Emerging Market Online, 2008.
8 FQ Licht, World Ethanol and Biofuels Report, Vol. 7, No. 4, 23 Oct 2008.
8 Brazilian Secretariat of Foreign Trade, elaborated by UNICA (Brazilian Sugarcane Industry Association. Accessed

on the web at:|http://english.unica.com.br/dadosCotacao/estatistica/|
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(US$0.45/litre), which is slightly lower than the current price of ethanol in
Madagascar (US$0.48]/litre).

Without major investment, technology transfer and training, countries like
Madagascar will not be able to compete in price with major producers and exporters
of ethanol in the world market. In particular small producers need to carefully
consider their strategic market advantage, namely which demands they should serve
first i.e. local consumers of ethanol for household cooking.

The need for foreign earnings may compel poorer countries to export their ethanol
even at prices lower than the international market.** Technology limitations and
handling issues associated with gasoline blending, joined with the high capital costs
necessary to provide or upgrade the infrastructure for fuel blending, may limit the
advantages that can be obtained from substitution of transport fuels by ethanol.

The value of ethanol in the household sector as a substitution for imported fuels may
be overlooked if the fuels that are intended to be replaced are firewood and charcoal,
rather than kerosene or LPG. The health, social and environmental advantages that
can be obtained from the use of ethanol in place of solid fuels may not be valued. In
Ethiopia, where kerosene is widely used in the cities for cooking, the value of import
substitution has been recognized and valued by the government. However, in
Madagascar, where kerosene is not widely used, the opportunity for import
substitution may not be significant. If ethanol is to replace petroleum fuels, either in
the transport or household sectors, its price will certainly be influenced by the price of
the fuels being displaced.

% In the years 2003-2006, Ethiopia exported ethanol from its first industrial distillery at several cents per litre below
market price. This was due to several factors, among them the small amount of ethanol available for sale, and the
cost of the buyer to deliver it to port (Ethiopian Petroleum Enterprise Agency).
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Figure 3.9: Ethanol commodity price relationship with gasoline

CBOT Ethanol Nearest-Futures versus NYMEX RBOB Gasoline Nearest-Futures

Rolling 1-yr Correlation: 0.238
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The price of ethanol when it is traded internationally generally follows the pattern of
the price of petroleum; thus, the wholesale price for ethanol in the U.S. was the
highest when the petroleum price peaked in mid 2008 (Figure 3.9). The price of
ethanol reached a high, US$3 per gallon, when the oil price was above US$140 per
barrel. In early 2009, the ethanol price dropped following the price drop of petroleum

fuel.

Figure 3.10: Price of Ethanol exports in Brazil and Ethanol imports and price in USA
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However, the price of ethanol is also governed by the price of production, the
seasonal and the global supply picture. Figure 3.10 (left) shows the increase in the
average price of ethanol exported from Brazil and Figure 3.10 (right) shows the price
paid in the U.S. market. These trends are affected not only by the price of gasoline
but perhaps more directly by the supply and demand relationships in the country of
export and the country of destination.

3.5.5 Ethanol Demand and Supply Projection in Madagascar

Projected ethanol production in Madagascar is calculated from the projection for
scaling up of sugar cane production. It is also assumed that the current usage of
ethanol in Madagascar is only for clinical and industrial applications, mainly in
hospitals, chemical and beverage industries.

The projected production of ethanol from the three sugar companies, namely Sirama,
Morondava, and Nouvelles Unites, is 12.7 million litres, but this is expected to grow
to 23 million litres by 2015. With the plan to increase ethanol production, the need to
use ethanol for gasoline blending will no doubt come, and the current gasoline
demand for Madagascar is estimated to be about 60 million litres per year. The total
demand for ethanol in Madagascar for gasoline blending (E-10), industrial and other
applications is estimated to be 7 million litres at present and is expected to grow to
about 10 million litres by 2015 (Table 3.2).

Table 3.2: Ethanol production and demand estimation, 2008-2015 (million litres)

Ethanol production 2008 2009 2010 2011 2012 2013 2014 2015

Sirama 6.4 8.3 9.6 10.3 10.6 10.7 10.9 10.8
Morondava 1.5 2.1 2.2 2.2 2.2 2.2 2.2 2.2
Nouvelles Unites - 0.5 0.9 2.8 4.6 6.4 8.3 10.1

Total supply from 79 109 127 153 174 194 214 232

Madagascar (L)

Gasoline demand 50.0 53.5 571 61.1 65.3 69.8 74.6 79.8
Ethanol (absolute)

demand for blend (E10) 50 53 57 6.1 6.5 7.0 7.5 8.0
Ethanol demand for 1.0 1.1 1.1 1.2 13 1.4 15 1.6

industrial & other uses

Export (committed) —
Not Available

Total demand in

Madagascar (D) 6.0 6.4 6.9 7.3 7.8 8.4 9.0 9.6

Ethanol available for 19 4.4 5.9 8.0 9.6 110 124 136
cooking (S — D)

Can cover demand 5.3 123 163 222 265 305 345 37.8
from: (‘000 households
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@ 360L/household )

*Sources SIRAMA (PGS) — CMCS (Malagasy Centre of Sugar Cane)

The amount of ethanol available for household cooking is estimated as the surplus
after the demands for transport fuel and industrial applications have been met.
Assuming a consumption of 1 litre of ethanol per day per household, there will be
enough ethanol to supply over 16,000 households in 2010, with the number of
households that could be served growing to 38,000 by 2015, provided that ethanol
supplies keep pace with predicted demand.

Potential for Ethanol Production

Madagascar produced 0.86 Million tonnes of sugarcane in 2008 and processed
about 100,000 tonnes of sugar. Domestic production of sugar covers about 70% of
the domestic demand, the rest is imported. The Government of Madagascar (GOM)
plans to increase domestic sugar production to meet the domestic demand and start
to export sugar. The plan is to increase sugar output three-fold, to 0.3 million tonnes
of sugar, by 2015. If this expansion is accompanied by ethanol production from
sugarcane molasses there is potential to produce 23 million litres of ethanol by 2015,
which will be enough to meet the cooking demand from 65,000 households.

3.5.6 Future Plans

The Malagasy industrial sugar producer, SIRAMA, has sugar-cane plantations and
factories located in 3 regions: SOFIA (Ambilobe, Namakia, Nosy-Be), ATSINANANA
(Brickaville) and MENABE (Morondava), which include implanted land plantation of
sugar-cane and factories. The initial construction of industrial scale units for ethanol
production at Ambilobe, Katsepy and Brickaville/Farafangana was due to begin in
2009, and the plants will have the capacity to produce sugar, ethanol and electricity
from bagasse. It is projected that there will be 18 such plants fully operational in
Madagascar by 2012 (WB Overview of bio-ethanol program).

Plans for Improving Artisanal Production

The production of local beverage alcohol from sugar-cane has become a significant
source of revenue for Malagasy households and is a widespread activity in rural
Madagascar. The practice is particularly prevalent among communities in the district
of Ambositra in the region of Amoron’l Mania. Given the importance of the activity for
diversification of rural livelihoods, the government, including the President of the
Consultative Council for the Development of the Region Amoron’l Mania, has
launched a programme to improve the production and market diversification of sugar-
cane alcohol in the region (CNRIT, 2005).

Toaka gasy is produced in various parts of the country in artisanal and small
distilleries. The Masoala peninsula, as well as the eastern central region of
Madagascar (especially in and around Tsinjoarivo), is a high production zone. A
survey of producers in the Tsinjoarivo region showed that the minimum yearly
production for one producer was very small, around 400 litres, with the maximum
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production being 2,790 litres (Irwin, 2004).%° Although national statistics for toaka
gasy production are difficult to find, one survey does show that in 2004, 24% of
Malagasy farmers manufacture rum using small artisanal distilleries for their own
consumption, for use during festivals, and for sale between villages.®” Although large
quantities of toaka gasy are produced in Tsinjoarivo, local consumption is low, and
the bulk of production is sold to wholesalers in 20-25 litre jerry cans who then
transport it to Antananarivo and other urban centers. Although officially illegal, the
production and sale of foaka gasy is a vibrant cash market in Madagascar. The main
markets are located in Ambohimitombo, Fahizay, Kirisiasy, Ambinanindrano, and
Miarinavaratra, and the sale of the alcohol takes place in at least one of these
locations every day except Sunday. Thus, the sellers typically travel from market to
market selling their toaka gasy and collecting more from the producers as they go.
The toaka gasy markets are specific to it, but toaka gasy is also sold clandestinely in
regular markets.

The price per litre is variable, depending on its quality and the location of the market.
The toaka gasy retails for up to 6,000 fmg (1,200 ariary) per litre during holiday
periods and 3,000 fmg (600 ariary) during the rest of the year. The price per litre can
be 5,000-7,000 fmg (1,000 — 1,400 ariary) in Ambositra and up to 15,000 fmg (3,000
ariary) in Antananarivo. In the Tsinjoarivo region, prices range between 300-800
ariary per litre.®

Improving Toaka Gasy Production

It has been proposed by CNRIT that the technical process of distillation could be
much improved by the dissemination of new techniques and equipment designs. For
example, stainless steel piping could be used to avoid contamination of the product
from rusted pipes (CNRIT). More efficient means of heating could be used during
distillation to reduce the demand for fuelwood and the associated negative
environmental impacts. It has been suggested that bagasse from the cane stalks
could be used instead, in improved burners or boilers. It has also been proposed
that regulating the production and sale of artisanal alcohol would lead to
improvements in production processes and standardization of the quality of the final
product.

3.5.7 Scenarios for ethanol stove uptake

The following section models 3 ethanol stove alternatives, in addition to an improved
biomass, an improved charcoal, and a traditional stove, and seeks to understand
how their uptake in the Malagasy economy can be predicted. The ethanol stove
alternatives are:

e Stove 1: An introduced ethanol stove built of high-grade materials with no price
subsidy, costing US$40 (80,000 MGA)

% Jrwin, Mitchell T., Ravelomanantsoa, Hasina Vololona. Illegal rum production threatens health of lemur population
at Tsinjoarivo, eastern central Madagascar: Brief report and request for information. Lemur News, Vol. 9, 2004.
Pages 16-17
®"Thttp://deposit.ddb.de/caibin/dokserv?idn=970953313&dok_var=d1&dok_ext=pdf&filename=970953313.pdf|

% Irwin, Mitchell T., Ravelomanantsoa, Hasina Vololona. lllegal rum production threatens health of lemur population
at Tsinjoarivo, eastern central Madagascar: Brief report and request for information. Lemur News, Vol. 9, 2004.
Pages 16-17
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e Stove 2: Same stove technology priced with cost reductions strategies (local
manufacture, materials substitution, subsidy, etc.), costing US$20 (40,000 MGA)

e Stove 3: A stove of local design, costing US$10 (20,000 MGA)

Absorption Model for Ethanol Stoves in a Low Income Economy

To introduce a new technology such as an ethanol stove into Madagascar the
population needs to be broken down into target groups, ranked according to the
likelihood for new stoves to be purchased first by these groups, before moving on to
other target groups. Not one, but several, economic or social groups should be
selected, with a different rate of absorption postulated for each group. Such a model
can be used to predict how and at what rate stoves can be absorbed into an
economy such as Madagascar.

How target groups or populations are identified and the hierarchy (taxonomy) of
indicators that is chosen to identify these target groups may be critical to
understanding the market. A target group can be identified with the following key
indicators:

Fanuly City Haz bank Uses modern | Chuldren
Income Houzehold account "| fuels already "| in School

This may be quite different from a target group that is identified with the key
indicators in a different order:

City 1 Woman head Chaldren [Jzes char- Family
3 3 N e > > 3
Household of houzehold m School coal stove Income

In short, family income may not necessarily be the best indicator for who the buyers
are, and thus how to reach them. Given the heavy dependence on wood use in
Madagascar, side by side with the difficulty of meeting wood fuel supply sustainably,
both now and as a growing problem in the near future, a model needs to be
constructed, and a strategy developed, for the introduction and uptake of ethanol
stoves into rural markets. This is particularly the case if small or micro-scale
distilleries can be developed which can produce the cooking fuel on a widely
distributed basis, within the rural markets being served. The following indicates the
taxonomy of two groups of users that could be identified and prioritized as market
leaders:
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Rural Woman head Chaldren C'ell phone Family
Household ™ of household ™ m School Pl family [ Income
Rural Cell phone Entrepren- Cluldren m Has mmproved
Household ™ i family eunal class School » wood stove

In both examples, family income is important but not necessarily an effective way of
identifying who the early users/market leaders will be. In the first case, a woman
head of household may indicate she’s receiving a remittance income from abroad,
indicating a higher spending power, yet the household should be identified not
because of outward signs of income, but rather because the house is headed by a
woman and there are children in school, particularly if the children stay in school to
secondary level. Thus, a household run by a woman, with older children in school,
even if it is currently uses a wood burning stove, could be an ideal customer for a
modern ethanol stove.

In the second example, all rural homes with at least one family member in the home
owning a cell phone might be identified as a target market, as it might be that these
homes are also engaged in entrepreneurial activity, which is why they own a phone,
as well as a reason why they can afford a phone, and might be able to save to buy
an ethanol stove. They might be farming families that sell produce directly, or sell
charcoal or wood at the roadside, or have a loom and sell woven fabrics, but the
possession of a mobile phone might be an important indicator.

If a household has purchased and is using an improved wood stove, such as the
Fatana Pipa stove, which is not an inexpensive stove, then this is another significant
indication that the family could be a candidate for an ethanol stove. Charcoal stove
users are also a good target audience for an ethanol stove dissemination
programme.

Examples of other absorption models which may hold significant lessons for the entry
of ethanol stoves into Madagascar are detailed in Annex 4, and include the
Absorption Model of Millennium Gel Fuels carried out in Ethiopia in 2003, the
Millennium Gel Fuel Absorption Model carried out in Madagascar in 2004, and the
Private Sector CleanCook Stove Market Study carried out in Ethiopia in 2007.

Implications for the Household Ethanol Programme of ethanol manufacture

A serious concern with artisanal ethanol production is related to its inefficient process
of distillation. Toaka gasy typically only contains around 40-50% alcohol by volume,
which is much lower than is needed for use as a fuel. Traditional distillation involves
boiling the fermented sugar-cane juices in a pot still for many hours, even several
days, which requires a significant amount of firewood. Unless the fuel for distillation
can be substituted, for example for bagasse, which is usually discarded, and the fuel
requirement reduced, then promoting artisanal ethanol production may be
problematic. The problem remains to bring this alcohol up to a standard suitable for
fuel use. For this, new distillation equipment will be necessary. Toaka gasy
manufacturers will essentially have to replace their pot stills with distillation columns.
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It has been suggested that foaka gasy producers could sell their product to a
redistiller who would distill the 40 to 50% ethanol up to a fuel grade ethanol. This has
been proposed in the literature on micro distilleries in Brazil, with cachaca producers
linked in a dairy cooperative (Scholtes, 2010).3° While this is certainly possible, it may
not be financially feasible, as the inherent inefficiencies in the transaction between
small distillers and the redistiller might result in an ethanol too costly for sale as fuel.
Levels of control would need to be sufficient to ensure that the legal production of
toaka gasy did not bring with it increased health problems associated with excess
alcohol drinking before denaturing took place.

3.5.8 Policy and Regulations

The draft biofuels policy document outlines the legal and regulatory framework for the
production, sale and distribution of biofuels in Madagascar, as well as the required
licensing and taxation procedures. Article 4 of the draft policy states that the
production, import, export, processing, transport, storage and distribution of biofuels
is open to:

o Any person of foreign nationality or Malagasy
o Any legal person incorporated under Malagasy law (Draft Biofuels Policy)

Thus, the government affirms its openness to the possibility of foreign investment in
the sector. The policy also aims to ‘promote socio-economic development, improve
living standards in rural areas and environmental protection through support of the
biofuels industry in the national territory’ and to ‘promote Public - Private Partnerships
and between foreign investors and Malagasy’ (Draft Biofuels Policy).

Article 18 states that ‘Approval of use of biofuels is a property right, transferable,
transferred, leased, likely to mortgage and pledge.” This would suggest that similar
procedures apply to obtaining a license to produce biofuels as do for titling land or
registering property. If this is indeed the case, it could mean that obtaining a license
might well involve lengthy and complicated procedures.

Article 24 states that ‘Madagascar will apply to biofuels standards, codes and
practices established by organizations recognised in the international biofuels
industry in terms of quality, industrial safety and environmental protection.” This
suggests that the government is open to exporting biofuels and is concerned with
ensuring quality and sustainability of the product.

Article 25 states that ‘the price of biofuels and margins will be freely determined by
supply and demand’, implying that the government is not planning to subsidize these
products.

Crucially, Article 26 states that ‘biofuels which are produced in pilot activities for
technological development of cleaner products shall be exempt from excise duty, the
total exemption of charges of OMH and the environmental tax.’

Moreover, the same article states that the producers of biofuels benefit from the
exemption of business tax, the suspension of customs duties on imports of materials
and equipment, exemption from IBS on the first 5 years then 10% of profit from the

8 Scholtes, Fabian, Status quo and prospects of smallholders in the Brazilian sugarcane and ethanol sector: Lessons
for development and poverty reduction, Center for Development Research, University of Bonn, 2010.
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6th year. This is a very significant tax break for a new business and could be a
strong incentive for foreign investment in biofuels production.

3.6 Water

3.6.1 Overview

In Madagascar there are five hydrographical areas (WaterAid 2002):
J The slopes of Ambre mountain in the north of the Island

o The slopes of Tsaratanana in the north-west

o The eastern slopes which go down to the Indian Ocean

o The western slopes facing the Mozambique Channel

o The southern slopes of Mandrare, Manambovo, Menarandra, Linta and the
Mahafaly plateau which have neither surface water nor rivers

Two major basin groups can be distinguished in Madagascar; one draining to the
west to the Madagascar Channel and one draining to the east to the Indian Ocean.
Rainfall in Madagascar varies from that of tropical rain forest to near desert
conditions. The types of irrigation vary according to the three main ecological
regions of the country: the Highlands, the West and the narrow East Coast. Because
of the high altitude, the Highlands are cool in the dry season (June-October), which
limits crop production.

The West is hot and the dry season is very long, up to nine months in the far south-
west, with rainfall less than 400 mm/year. The East Coast is warm and humid with
rainfall that can exceed 3000 mm/year and with almost no dry season. Irrigation
potential has been estimated at 1.5 million hectares and over 70% of this area
already benefits from irrigation, although large areas need rehabilitation, as shown in
Table 3.3 (FAO, 1997, Irrigation Potential in Africa: a Basin Approach).
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Table 3.3: Madagascar - Irrigation potential, water requirements and areas under

irrigation
Country Irrigation Gross potential irrigation water Area under
potential (ha) requirement irrigation (ha)
per ha (m%ha per total
year) (kmslyear)

West 1000000 16000 16.000 700000

East 500000 14500 7.250 387000

For Madagascar 1500000 23.250 1087000

The renewable water resources are estimated at 337km?3/year, which is almost 15
times the total water required for the development of Madagascar’'s irrigation
potential.

3.6.2 Irrigation Capacity

Irrigation occupies an important place in the agricultural sector, supplying water to
more than one million hectares, or 40% of cultivated lands (as compared to 6% on
average in sub-Saharan Africa). Irrigated crops represent 15% of Gross Domestic
Product (GDP), whereas 70% of agricultural production and 88% of rice production
originates from irrigated agriculture. It is estimated that 85% of the active farming
population are directly or indirectly employed by the irrigation sector. Since the
1950s, irrigation has benefited from public investment, however the impact of these
investments on rural incomes is mixed, and sustainability is far from imbedded. The
rapid degradation of infrastructure requires frequent rehabilitation, and many
schemes are caught in a vicious cycle of poor yields, low capacity of water users to
pay for operation and maintenance (O&M), and rapid degradation of the schemes.
Weak capacity to pay is accompanied by low willingness to pay, reinforced by
institutional weakness of Water Users' Associations (WAS) and a lack of support
from local authorities. Moreover, erosion of upstream watersheds is weighing heavily
on the cost of maintenance of downstream irrigation schemes (World Bank, 2006).

3.6.3 Irrigation of sugar-cane

Sugar-cane requires approximately 800 mm of irrigation per hectare to produce an
average yield of 1,333 litres of ethanol (FAO, 2008, p 64). Henri Tsimisanda, former

General Manager of SIRAMA Sugar Factory, states that in well irrigated fields, typical
crops of 90 to 100 TC/Ha are achieved, with crop peaks of 120 TC/Ha for seed cane.

Rain irrigated cane, which is the norm for the eastern part of Madagascar, provides
yields of 60 to 70 TC/Ha. With rain-watered cane, the most crucial requirement is
weed control and drainage of excess water from the fields.*

% Interview with Henri Michel Tsimisanda, January 13, 2010.
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3.6.4 Charcoal Supply

Most charcoal is produced traditionally (very inefficiently), which means that only 10-
15% of the total wood energy is converted to usable charcoal (Gade and Perkins-
Belgram, 1986). In addition, the charring process normally requires up to two weeks
to complete, after which it must be cooled for several days before it can be bagged
and shipped (Gade and Perkins-Belgram, 1986). As per Gade and Perkins-Belgram,
a one hectare coppiced eucalyptus grove yields about 350-400 m® of firewood or, if
carbonized, about 1,500 sacks of charcoal.

In most cases, the retail price of fuelwood is double that at its place of production
(Gade and Perkins-Belgram, 1986). Constrained supply during the rainy season
forces prices to rise by up to 70% over those in the dry months (Gade and Perkins-
Belgram, 1986). It is estimated that sustainable wood production will fall annually by
approximately 100,000 m® for a number of reasons, including poor management and
the set aside of additional forest lands for conservation purposes (IRG Jariala, 2005).
Figure 3.11 shows projected levels of production of fuelwood, charcoal and wood for
construction.

Figure 3.11 Projections for the annual production by type of wood in million m®

2005 2010 215 2020 2025

In 2003 the average market price for eucalyptus wood was 520,833 MGA per m® and
for ordinary wood was 778,482 MGA per m®. The price per kilogram of firewood is
approximately 140 MGA/Kg (IRG Jariala 2005).

Charcoal production in 2007 from charcoal manufacturers who are tracked is
989,000 MT, up from 950,000 MT in 2006 and 910,000 MT in 2005 (UNdata web
portal for Madagascar, |http://data.un.org/Data.aspx?d=EDATA&f=_cmlID%3aCH]|
accessed 1-12-10). Charcoal produced on a small scale in the informal sector may
add to these figures. The U.N. data shows no imports of charcoal and an export
value of 29,000 MT per year over the last decade. The U.N. data shows a national
consumption rate by all users of 960,000 MT, up from 921 in 2006 and 881 in 2005,
but these are estimates.

The latest source that could be found estimates contemporary wood use for charcoal
production at 8.5 million m® (IRG Jariala Report, 2005). This is 2.55 million tonnes of
wood using a conversion factor of 1 to 3.3 (metric ton to meter cubed, stacked wood)
(http://Bioenergy.ornl. gov/). This is over 250% of the value shown for the charcoal
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manufacture, above, but within a range of magnitude. It is a value that probably
captures both formal and informal manufacture of charcoal. It provides a reasonable
range in which to situate the scope and scale of charcoal manufacture in
Madagascar.

Charcoal manufactured from plantation biomass is produced primarily from the wood
of eucalyptus trees in operations organized by entrepreneurs who purchase standing
trees from woodlot owners (Gade and Perkins-Belgram, 1986). The entrepreneurs
pay local farmers to make the charcoal, as well as providing jute sacks for the
farmers to bag the product and haul it to market in trucks or ox carts.

Figure 3.12  Growth in Charcoal Consumption 1979-2007
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The charcoal making season typically extends from July to October (i.e. the dry
season) when wood is driest and time can be spared from the busiest phases of rice
cultivation (Gade and Perkins-Belgram, 1986).

Traditional charcoal-making involves covering a pile of logs and branches with fresh
leaves and soil to exclude most air (aside from some vents to allow smoke to
escape), and setting it on fire. To achieve the levels of heat needed for
carbonization, most of the energy in the wood is consumed, and only 10-15% of the
total wood energy is converted to usable charcoal, making the process highly
inefficient (Gade and Perkins-Belgram, 1986).

Eucalyptus woodlots are started on previously cultivated land, with seedlings, four to
five months old, planted in pits from nursery plants. The first harvest, 10 to 15 years
after planting, is generally used for construction wood if the boles are straight.
Suckers that sprout from the stump develop into stems that in six to eight years are
used as woodfuel, either cut into firewood pieces or converted into charcoal.

Coppicing of the stumps is repeated three or four times, after which the trees lose
their vigour and the woodlot must be replanted. During its lifetime, a one-hectare
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coppiced eucalyptus grove yields about 350-400m* of firewood or, if carbonized,
about 1,500 sacks of charcoal®' (Gade and Perkins-Belgram, 1986).° The charring
process normally requires up to two weeks to complete, after which the charcoal
must be cooled for several days before it can be bagged and shipped (Gade and
Perkins-Belgram, 1986).

The need for more efficient methods of production has been recognized by the
government and the donor community and a number of improved charcoal making
projects are currently underway. To date, successful projects have involved the
dissemination of improved techniques such as better insulation and the addition of
metal chimneys to increase efficiencies (CARAMCODEC, 2008). Improved
techniques can double the efficiency of the carbonization process and reduce the
amount of wood required by 50% (CARAMCODEC, 2008).

In the informal sector, charcoal is produced by local inhabitants where the trees are
cut, then transported by ox-cart to locations along the highways accessible by large
trucks. The bagged charcoal is then sold to distributors who transport in into the
urban areas for sale (http://www.cipec.org/research/madagascar.html| Centre for the
Study of Institutions, Population and Environmental Change (CIPEC)). It is also sold
to individuals, either independent truckers or commuters on their way into the city.
They often buy smaller quantities (whatever they can afford to buy or haul) for
personal use or re-sale. Each new road that is built or improved provides another
conduit for charcoal into the city, where there is a cash economy to pay for it.

At least one fifth, and perhaps more, of the cost of charcoal, when sold in the city, is
accounted for transportation to the city (Gade and Perkins-Belgram, 1986). This cost
increases as plantations decline from extended coppicing and charcoal comes into
the city from further and further away. Antananarivo is the largest market for
charcoal and charcoal is often transported from 200km or more, coming by rail from
Antsirabe or along the five main highways into the city. According to Gade and
Perkins-Belgram (1986), more than 50% of the charcoal sold in the capital comes
from the Llempora region, 100km south on the Antananarivo-Antsirabe rail line. This
is undoubtedly from the eucalyptus and pine plantations in that region.

' Smaller bags of charcoal in Ambositra weigh from 0.5 kg, 1 kg, 5kg, to 10kg. Larger bags weigh, generally, 20kg,
30kg or occasionally 45kg (project survey data).

%2 This yield was cross checked by reference to several yield studies of coppiced eucalyptus plantations in Brazil and
elsewhere and found to be reasonable, indeed conservative. Yields of 1,500 sacks (at 50 kg) of charcoal per hectare
over the 30-year life of a eucalyptus plantation, even with less than ideal charcoal manufacture practices, are
reasonable and likely.(Betters, Wright and Couto, 1991)

Betters, David R., Wright, Lynn L., and Couto, Laercio, Short Rotation Woody Crop Plantations in Brazil and the
United States, Biomass and Bioenergy, Vol. 1. No. 6, PP. 305-31 6, 199I.

Gade, D.W. Prof. Dr., and Perkins-Belgram, A. N., Department of Geography, Woodfuels, Reforestation, and
Ecodevelopment in Highland Madagascar, GeoJournal 12.4, 1986, pp. 365-374.
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Figure 3.13:Unit Price of Charcoal in Quantity Sold
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Figure 3.13 shows how the unit price of charcoal decreases quite substantially as the
weight of the bag increases. This trend favours middle and upper income buyers,
who can afford to purchase the larger bags of charcoal, while disadvantaging lower
income buyers who purchase smaller bags of charcoal at a higher unit cost. The
cost of a large bag of charcoal (30-50 kg) along the roadside ranges to 16,000 MGA
per bag, and the closer to the city, the more expensive it becomes (Figure 3.14).
Charcoal quality is quite variable and affects price, and prices along the roadside are
usually negotiated between the buyer and seller. Families in the middle income
range try to buy their charcoal outside of the city in large bags, so they get the best
price. The most commonly available large-sized bags in the city markets are 30kg in
weight (PAC survey data). These bags typically last an average family 1 to 1.5
months (Tiana Razafindrakoto, field report, January 2010).

The cost of charcoal in Antananarivo is double the cost in the countryside, and as of
January 2010 was about 286 MGA per kg. One large hand-full of charcoal (two
hands held open together) costs about 200 MGA and will fill the fuel compartment of
an improved charcoal stove. Most families of lower income cannot afford to buy
large bags of charcoal and must buy their charcoal on a daily basis in small
quantities. In this case, a family of 5 members cooking three times a day, will spend
between 500 and 800 MGA (Tiana Razafindrakoto, field report, January 2010).
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Figure 3.14:Sale price of charcoal delivered to Antananarivo and surrounding areas -

April 2010

Charcoal from Eucalyptus wood in 35 kg sacks (approximate weight; price in Ariary)
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*The price of firewood in Arivonimamo is 8,000 Ar for a cartload (about 2 cubic meters) and
5,000 Ariary in Manjakandriana.

Reference: FOFIFA: Centre de Recherche Agricole, INSTAT: Institut National de la
Statistique

Sale Price of Charcoal

In 2008 in Antananarivo the price of charcoal was about 200 Ar/kg. For ten years,
charcoal and wood prices have increased, in parallel, with the rising cost of living.
Between 2000 and 2008, the price of charcoal doubled, paralleling cost of living
increases. As in many African countries, charcoal price increases seem to have
been restrained by the lack of purchasing power of consumers. Charcoal prices are
generally not directly correlated to those of other domestic energy prices (fuelwood,
kerosene and butane gas), and the consumption patterns of these other fuels appear
inelastic, which can be explained by the difficulty of households to change their
energy consumption patterns, given income, eating habits and preferences, and
ownership of cooking equipment.

The prices are relatively higher in the richer provinces, namely those of Antananarivo
and Antsiranana, which reflects both higher purchasing power of consumers and the
remoteness of the sourcing of the fuel (affected by transportation cost and quality of
the roads). Prices are lowest in the province of Toamasina, which is relatively rich in
forest resources. Prices are 10% higher during the rainy season (January to April)
because the production conditions (humidity) and transportation (accessibility of the
roads) are more difficult (Moser and Minten, 2008). In the rainy season, the yield is
about 30% lower than that obtained in the dry season and 50% of the roads are
impassable.

For over 30 years, Madagascar has not experienced any charcoal supply shortages.
But the supply in the city is minimal, and inventories held by producers as well as the
traders are small. In the 1990s, retailer inventories accounted for less than a week of
consumption. Few traders have sufficient cash to purchase large volumes, but the
lack of supply crises is a sign that effective channels exist to deliver charcoal to the
market in quantity and with regularity (PPIM Summary: Mahajanga Integrated Pilot
Program for a pattern of domestic energy supply, 1999; PNEBE, 1999-2000).
However, some supply problems still occur each year in the rainy season when the
passage on the roads is so difficult that the supply chain is interrupted.
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Figure 3.15: Average price of charcoal in main cities (Unit = Ariary/ 1kg):

Year Price per 1 kg
Bag (MGA)
2001 135
2002 158
2003 155
2004 192
2005 214
2006 235
2007 247
2008 257
2009 269
Average 206.9

Source: INSTAT/DSM (based on statistics from the Antananarivo, Fianarantsoa, Toamasina,
Mahajanga, Toliary, and Antsiranana).

As shown in Figure 3.15 above, the retail price for a small bag of charcoal,
purchased by lower income families, has been steadily increasing over the last nine
years. Within the last decade, the cost of one small bag of charcoal (1 kg) has
essentially doubled.

3.6.5 Wood

Non-commercial wood production has been fairly steadily increasing over time in
Madagascar, with production passing 12 million cubic metres in 2005-6 (Figure 3.16).
Under Malagasy law, rural households have certain rights to wood from non-
protected forests and woodlots close to their villages. Firewood may be extracted
free of charge provided that it is not commercially traded (Gade and Perkins-
Belgram, 1986). An official permit must be obtained in order to sell wood, however
illegal cutting is commonplace, particularly in areas where fuelwood is in short

supply.
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Figure 3.16: Non-commercial Wood (Fuelwood) Production 1979 - 2007
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Fuelwood is typically transported from rural areas to urban markets for sale. Most
firewood sold in Antananarivo is transported from 60km or more away, although
some wood is collected for sale on the outskirts of the city (Gade and Perkins-
Belgram, 1986). In most cases, the retail price of fuelwood is double that at its place
of production (Gade and Perkins-Belgram, 1986). Constrained supply during the
rainy season forces prices to rise by up to 70% over those in the dry months.
Fuelwood expenditure accounts for between 10% and 20% of annual income for
most households in Antananarivo (Gade and Perkins-Belgram, 1986).

In 2003 the average market price of eucalyptus wood was 520,833 MGA per m® and
for preferred local species the price was 778,482 MGA per m® (Jariala Report). The
price per kg of firewood in city markets is approximately 140 MGA per kg (Jariala)
(Tiana Razafindrakoto). Woodlots and plantations cover some 320,000 hectares,
and together with coppiced trees on farms, these forests supply the majority of
fuelwood consumed in rural areas as well as a significant level of urban consumption.
Some 80,000 of the 320,000 hectares are industrial plantations of fast growing pine
and eucalyptus. A USAID-funded project (the Jariala Report®), in which the U.S.
Forest Service provided technical guidance, stated in a 2005 report that the
productivity and efficiency of harvesting and regeneration of these forests had to be
improved in order for their management to become sustainable (Reforesting
Madagascar - A Concept for Success, 2005).

The Jariala programme estimated demand or consumption of woody forest products
(fuelwood, charcoal, poles and lumber) would grow from 20 million m® per year in
2005 to 23 million m® per year by 2025. Under existing constraints, sustainable
production of these products is estimated to be no more than 17 million m? per year.
However, production would be significantly impacted by the creation of new forest
preserves being planned on 5 million hectares of important remaining forests. Given
anticipated restrictions on the extraction of wood from these areas, the sustainable
production of forest products would decline to about 9 million m® per year, resulting in

9 Jariala Report. See also: Reforesting Madagascar — A Concept for Success, January, 2005, accessed October 10,
2009 on the web at:
http://www.irgltd.com/Resources/Publications/Africa/lmproving_Forest Management in Madaqascar.pdfl
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a deficit between supply and demand for woody forest products of 14 million m* by
2025 (Jariala report).

The Jariala Report notes that most of the industrial plantations and farm woodlots lie
outside of the sensitive conservation areas. It states that the success of the long-
term protection of the forest preserves would depend on the ability of Madagascar to
shift to alternative sources of supply for forest products, and the ability of the
preserved areas to yield some revenue, livelihoods and local incomes. The Jariala
report made clear the need for considerable efforts to be made to promote good
management not only of the conservation areas, but also of the productive forest
lands outside of the forest preserves. Jariala recommended not only the
development of additional fast growing commercial forestry plantations, but also the
rehabilitation and restoration of the large expanses of cut-over, depleted forest lands.
The report notes that in the last 40 years 12 million hectares of forest in Madagascar
has been cut and lost, primarily to slash and burn agriculture (tavy). In contrast the
amount of agricultural land has only increased by some 100,000 hectares, less than
1% of the amount of land converted from forest, since cleared and temporarily
cultivated tavy lands are abandoned after production drops. These degraded and
abandoned lands, together with the farmed lands, could be used, Jariala notes, to
reforest Madagascar to allow it to meet the nation’s needs for forest products. Jariala
states that it will be necessary to expand the area of plantations by some 38,000 to
41,000 ha each year.

A key finding of the Jariala report states (Jariala, Sustainable Environment and
Forest Ecosystems Management, Jan 2005, p. 27):

“There is an urgent need to move ahead with the support of income generating
livelihoods linked to the development of forest-based enterprises and with the
promotion of plantation forestry, farm forestry, widespread tree planting and other
measures to develop forest resources as an integral part of rural production systems,
on a scale that corresponds to the growing demand for forest products and services.”
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Figure 3.17: Fuelwood and charcoal sales along road from Fianarantsoa to Ambositra

Photo by International Resource Group (USAID, January 2005)

Charcoal and fuelwood produced from locally managed trees on farms, woodlots and
small scale plantations are sold along paved roads (Figure 3.17). Increasing demand
is being placed on these farm woodlots and the remaining forests outside of
preserved areas. These are a significant contributor to forest product supplies,
particularly for the growing urban centres.

A new forest conservation programme is now beginning in Madagascar, under the
U.N. Reducing Emissions from Deforestation and Degradation (REDD) programme,
described in the next section.

U.N. REDD in Madagascar: Reducing Emissions from Deforestation and Forest
Degradation

Madagascar is currently engaged in a significant expansion of its protected area
system, moving from a protected area network based principally on strict
conservation areas to a system, begun in 2009, that includes new categories of
protected area which have many more residents and allow for many more human
uses of natural resources. These new protected areas are based on community
forest management agreements where certain rights and responsibilities are
transferred from the national government to local community associations through
time-bound contracts. Using this new approach, the protected area network has
more than tripled in size (Ferguson, Barry, REDD in Madagascar: An Overview of
Progress, Madagascar Conservation and Development 4, 2: 132-137, 2009.)
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An important feature of REDD is the intent to manage from a human economic needs
perspective, especially on a local level, as well as from a conservation perspective,
providing resources for both objectives. Madagascar is fully engaged with the REDD
process, both in- country, through a national working group with five pilot REDD
projects, and internationally, with support and engagement from the Forest Carbon
Partnership Facility (FCPF) and USAID’s Translinks Project (Ferguson, 2009).

Madagascar is considered to have a high potential for REDD and for CDM-funded
activities because of its historically high rate of deforestation and its relatively low
forest cover. The idea of linking avoided deforestation to carbon finance for
Madagascar first began in 2000, and took form in 2008 with the establishment of a
Madagascar REDD technical committee, known as the REDD Task Force (Ferguson,
2009). Knowledge about deforestation rates and the capacity to monitor it is
currently NGO-led, but the Malagasy government has allocated resources for
improving its own capacity for monitoring forest cover (Ferguson, 2009).

Forest Carbon Partnership Facility (FCPF)

Madagascar is one of the first group of countries to formally enter the World Bank
Forest Carbon Partnership Facility (FCPF), which it did so in July 2008 (Aquino,
2008)™. Madagascar submitted a REDD Readiness Project Identification Note (R-
PIN) to the Forest Carbon Partnership Facility (FCPF) in March 2008 (GoM,
2008a)®, which was approved in July 2008. This allowed the Government to
proceed to the next step for receiving funding through the REDD preparation
mechanism. The Malagasy REDD Technical Committee (CT-REDD) has contracted
with a consultancy firm to provide support to the CT-REDD to develop a final action
plan. The focal point for climate change is the Directorate for the Valorisation of
Natural Resources (DVRN) in the Ministry of Environment and Forests (MEF).

Deforestation Rates and the Potential for REDD in Madagascar

Madagascar is a biodiversity hotspot in part because of the high rates of
deforestation it has sustained over a number of years (Ferguson, 2009), although
there is some controversy over Madagascar's cumulative rate of deforestation
because of disagreement about its original natural forest cover. However, this can
be viewed as an issue of academic or scientific importance rather than practical
economic importance. Whatever the original percentage, the national rate of
deforestation in the period since the introduction of remote sensing is very significant.
Harper et al. (2007)%, as quoted in Ferguson (2009), estimate that between 1950
and 1970 Madagascar experienced a rate of deforestation of 0.3% per annum,
accelerating to 1.7% between 1970 and 1990 (the socialist era), and slowing with the
advent of conservation programs to 0.9% between 1990-2000. Recent estimates for
1990-2000 suggest a slightly lower rate of 0.83% per year, and a rate of 0.53% per
year for the most recent period analyzed (2000-2005). This relatively high rate of
deforestation, combined with the low level of remaining forest cover (15.88%) has

% Aquino A, 2008a REDD en Madagascar Organizando el proceso REDD en Madagascar — Curso Internacional
Disefio de Actividades Turrialba, Costa Rica — October 29.

Aquino A, 2008b, FCPF Launch Presentation World Bank Building, Anosy District, Antananarivo, 7-08.

% GoM, 2008a, The Forest Carbon Partnership Facility (FCPF): Readiness Plan Idea Note (R-PIN) for Madagascar,
April, 2008.

% Harper GJ, Steininger MK, Tusker CJ, Juhn D & Hawkins F, 2007 Fifty years of deforestation and forest
fragmentation in Madagascar, Environmental Conservation 34 (4): 1-9. As quoted in Ferguson, 2009.
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identified Madagascar as a candidate for REDD and for CDM Reforestation Credits
(Westholm et al. 2009:78)%".

3.6.6 Other Sources of Household Energy Supply

Electricity

In rural areas, only 0.02 to 0.07% of households have access to electricity
(INSTAT/DSM/EPM2005). Electricity production peaked in 2004 due to a large
increase in the number of industrial subscribers. Madagascan electricity has been
heavily subsidized since the 1970s, but this is now changing. The state-run electricity
provider, JIRAMA, relies heavily on expensive diesel-fuelled power plants, and the
rising cost of diesel fuel over the past two decades has led to the inevitable
elimination of subsidies, which is already bringing a significant increase in electricity
costs to the consumer. In 2005, when JIRAMA was forced to cut back on its
consumption of diesel fuel, the result was widespread blackouts which crippled
businesses and caused nation-wide protests (BBC, December 2006).

Restructuring of the state utility company has been repeatedly delayed even though
electricity sector reforms are desperately needed to reduce costs. To forestall an
electricity price shock in 2007, the authorities postponed tariff increases until October
2008, but even following a tariff increase of 15% in October 2008, the state utility was
still operating at a sizeable deficit. The prospect of continued rate rises is a certainty,
and electricity sector reforms have been established by MAP as a priority (IDA and
IMF, 2008)%

Kerosene and Liquefied Petroleum Gas (LPG) Supply

Madagascar depends completely on foreign imports to satisfy its oil needs, but
refines some petroleum for export and therefore produces some LPG in its refinery.
The household consumption trends for both kerosene and LPG are shown below, in
Figure 3.18, and both generally show an increase over time, but a drop in refinery
production from 1999.

9 Westholm L, Henders S, Ostwald M, Mattsson E. 2009 Assessment of Existing Global Financial Initiatives and
Monitoring Aspects of Carbon Sinks in Forest Ecosystems — the Issue of REDD, FOCALi Report, Gothenburg,
Sweden. As quoted in Ferguson, 2009.

International Monetary Fund, Republic of Madagascar Poverty Reduction Strategy Paper, Joint Staff

Advisory Note, IMF Country Report 09/11, January 2009. Accessed 6-15-10 at

http://www.imf.org/external/pubs/ft/scr/2009/cr0911 .pdf!
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Figure 3.18: Kerosene and LPG Household Consumption (UN data)
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3.6.7 Policy and Regulations

Broad policy objectives for the energy sector include assisting the poor directly,
through the provision of a sustainable supply of good quality energy at a reasonable
price, and focuses on the following three fundamental principles:

e Economic: streamline supply conditions, production, distribution and consumption
of energy

e Environmental: respect the fundamental ecological balance and encourage sound
management of rural areas in the use of forestry for energy use

e Social: enable people in rural and urban areas to access a minimum level of
energy service

In the medium term, among the main strategies highlighted by the government for
achieving these objectives is a plan to ‘establish the truth behind the price of
petroleum products’ by liberalising the import of petroleum fuels and eliminating
subsidies along the entire chain of the oil sector (Energy Sector Policy). This could
result in significant price increases on kerosene, making it less affordable for cooking
in urban areas. Assuming that locally produced ethanol will be competitive with
kerosene in terms of price, if kerosene subsidies are eroded, it is likely that ethanol
will substitute kerosene as a cooking fuel in urban areas. Other medium term
strategies outlined in the policy include implementing a programme to promote gas
and kerosene in rural areas as an alternative to wood for cooking and lighting.

Implications for the Household Ethanol Programme

Production of sugarcane for ethanol should be incorporated into the national planning
on energy, including supply and demand scenarios, in order to avoid possible overlap
or conflict between other aspects of the energy policy.

3.7 Forestry

3.7.1 Overview and Trends

The forestry sector in Madagascar represents 5% of GDP and 17% of the primary
sector. Recent surveys conducted by PAGE (a US-funded program) show that out of
the total average annual household agricultural income of US$240, over $110 comes
from forests products, especially non-timber products. Forest-related activities
provide the primary source of cash income in rural areas, primarily through
employment, with over 16 million work days per year paid in cash (World Bank PID,
2003).

Malagasy forest resources have, for several decades, been in a state of regression.
The principle causes of deforestation are land clearance for agriculture, wild fires and
for fuelwood for household energy. The indirect causes are population growth,
particularly in the rural areas, extension of the Tavy agricultural system (discussed in
previous sections), the use of fire for managing pasture land, household dependence
on wood fuel for energy, use of wood for construction as well as institutional
problems relating to forestry governance and an ambiguous framework of land rights
(IRG Jarialy). Forest cover constitutes less than 25% of the total land area of
Madagascar (FOSA 2000).
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According to the World Wide Fund for Nature (WWF), most of Madagascar’'s dry
forests have been cleared for slash-and-burn agriculture, pasture, firewood, or a
construction material, which is now largely covered by secondary grasslands (WWF,
2007)%. Madagascar has already lost 80% of its natural areas, and continues to lose
an estimated 200,000 hectares annually to deforestation. Recent studies by the
Centre for Applied Biodiversity Science at Conservation International (CABSCI)
indicate that if the rate of forest reduction remains at current level (i.e. 0.55% per
annum as shown in Figure 3.19), all of Madagascar’s forests will be lost within 40
years (WWF, 2007)'%.

Figure 3.19: Deforestation Rate Madagascar 1990-2005
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3.4.2 Sources of Deforestation

Given that only 4% of the land in Madagascar is cultivated, and more than 77% of the
population depends on agriculture for their livelihoods, it is easy to see how the
demand for farm land has led to the large scale clearing of forests. The population of
Madagascar has more than tripled since 1950 (UN 2001), and continues to grow at
nearly 3% per year (UNDP 2003), thus the demand for cultivable land is set to
increase, and with it, the threat to its forests.

Although the majority of deforestation can be attributed to agricultural clearing, it is
estimated that direct consumption of forest products accounts for between 5 and
20% of all deforestation (Jarialy). The Jariala programme estimated demand or
consumption of woody forest products (fuelwood, charcoal, poles and lumber) would
grow from 21.7 million m® per year in 2005 (Table 3.4) to more than 23 million m® per
year by 2025.

Table 3.4: Estimation of annual consumption of various wood products (Jarialy)

Type of wood

Rural (m3lpers)

Urban (m3lpers)

Total (millions m®)

Fuelwood 0.686 0.134 9.026
Charcoal 0 1.75 8.575
Construction 0.24 0.22 4.127

-
=

http://www.worldwildlife.org|
199 http://www.worldwildlife.org]
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Total 0.93 1.97 21.728

The same report estimates that in the immediate future, the total amount of available
forest product (wood) will be 18.5 million m?, of which 7.9 million will be available for
charcoal production and 5.7 million for construction and services (Jarialy).
Importantly, the report points out that 20% of the total productivity for charcoal will be
provided by eucalyptus plantations (Jarialy), as shown in Table 3.5. Total
sustainable production is predicted to decrease by 100,000m? per year in the coming
years. Given that consumption of forest products is set to increase, it is predicted
that by 2025, forest production will no longer be able to meet demand (Jarialy).

Table 3.5: Assumptions of sustainable productivity per hectare for various types of
forest

Forest Type Average Annual increase (m3lha)
Dense Humid 5.89
Dense Dry 1.04
Thorny 0.84
Mangrove 5
Pine Plantation 15
Eucalyptus Plantation 20
Total: 47.77
Ref: Jarialy

3.4.3 Forestry Regulations

Commitment to the conservation of the natural environment is a key feature of the
Madagascar Action Plan (MAD) and forest protection has been recognized by the
Government as central to this aim. In 2003, the President of Madagascar reaffirmed
the countries’ commitment by announcing plans to expand national conservation
areas from 1.7 million hectare in 2003 to 6 million hectare in 2008 (Jarialy). In 2004
an inter-ministerial decree was promulgated to ensure that conflicts between the
mining and forest sectors would be avoided during the time that it takes to identify
sites for protection and implement the required legislation. Under this decree, the
granting of mining and forest licenses was suspended in the zones reserved as
‘conservation sites’ (Jarialy).

Madagascar is currently implementing the third phase of its 15-year National
Environmental Action Plan (PNAE), with the support of a consortium of development
assistance agencies through a well coordinated Environmental Program (EP3). Over
the past 10 years, significant progress has been achieved in establishing a new
National Environmental Office (ONE) and in restructuring the institutional framework
for the management of Madagascar’s national parks and protected areas (USAID,
2005). The network of parks and protected areas has greatly expanded, under
management of a new institution, ANGAP (National Association for the Management
of Protected Areas), as highlighted in Table 3.6.

Table 3.6: Forest Cover by Type of Protected Area

Category of Forest Number Total Surface Area % of Total
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Integral Natural Reserve 8 329 4.6
National Park 15 1,007 14.2

Special Reserves 23 382 54
Classified Forests 166 2,735,836 38.6

Forest Reserves 89 1,494,939 21
Perimeters of Afforestation and 151 1,129,372 15.9

Restoration
Forest Stations 2 17 0.3

3.4.4 Problems of Governance

As mentioned previously, all natural forests are the property of the state and all
extraction from forest areas (Figure 3.20), whether for commercial or subsistence
purposes, even from private properties, requires a permit (World Bank, rural sector
review, 2003). ANGAP exerts direct control over access to biodiversity resources
within protected areas. However, in terms of regulating access to forest resources,
the capacity of the forests administration is weak and is mostly restricted to issuing
permits to commercial loggers at the regional level (World Bank, rural sector review,
2003). At the local level, permits are usually only issued for subsistence users if the
forest administration is located nearby. Moreover, permits are often issued without
any field verification or monitoring for compliance and in very remote areas where
forests are abundant and the authorities are not present, and access to forests is
often free and open (World Bank, rural sector review, 2003).

In more densely populated areas there is typically some sort of local regulation of
forest access, usually connected to traditional land tenure rights and/or local taboos
(World Bank, rural sector review, 2003). In areas where the state is also present,
problems may arise when permits are issued for logging on land that is informally
administered by the community (World Bank, rural sector review, 2003).

Generally, governance within the forestry sector is poor and is characterized by a
high frequency of illegal permits for logging, failure to adhere to official quotas for
protected species and a high level of tolerance for petty corruption within the forest
institutions. It has been observed that the majority of forest products which arrive at
the market, originate from illicit exploitation (Jarialy).
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Figure 3.20: Increase in Natural Forest Conservation Zones (USAID, 2005)
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in 87% of the remaining natural forests of Madagascar or within proposed conservation sites (red zones)

Implications for the Household Ethanol Programme

The Ethanol as a Household Fuel Programme should not exacerbate existing
challenges in the forest sector and should not add pressure to deforestation.
Regulatory linkages between agriculture, energy and forestry are necessary in order
to minimise negative impacts, offer livelihoods generating alternatives and reduce
damage to the dwindling forest resources. A properly designed and implemented
ethanol programme should by contrast reduce pressure on forests by growth of
sustainable sugarcane and production of ethanol without unsustainable reliance on
woodfuel.

3.8 Industrial Capacity

3.8.1 Transport Infrastructure

The national figure for road coverage in Madagascar is 6 kilometres of paved road
per 100 square kilometres (World Bank sector review, 2003). Of about 50,000 km of
classified roads or highways, only some 5,800 km are paved, or less than 10%'"".
The severely underdeveloped road network in rural Madagascar contributes to high
levels of rural isolation and market stagnation and increases downstream collectors’
margins to 17-25% (World Bank sector review, 2003).

Madagascar ranks 129" out of 134 countries in number of vehicles, equating to one
motor vehicle per 100 persons, or one vehicle per quarter square mile. This may

" United Nations World Statistics Pocketbook and Statistical Yearbook 2008, accessed 8-16-10 at

|http://www.nationmaster.com/country/ma-madagascar/tra-transportation] See also:
Africa South of the Sahara 2004, Europa Publications 2003, 33" Edition, pp. 636-7.
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mean that there are 200,000 to 250,000 vehicles operating in Madagascar, possibly
50% of which are spark engines (using gasoline), and 50% of which are
compression-ignition engines (using diesel fuel). About 95,000 spark-ignition-engine
vehicles were imported in 2008, and about 1,300 diesel-engine vehicles (UNdata,
2008)'2. Madagascar ranks on a par with Nigeria, Ethiopia and Mali for number of
vehicles per capita; among African countries, only Malawi ranks lower.

The northeast region of Madagascar includes Toamasina, Madagascar's major port,
and secondary ports such as Manakara, Mananjary and Tolagnaro, which could be
developed into attractive ports. However, road infrastructure remains very poor,
limiting such development. Transportation in the Centre sub-region remains
especially underdeveloped. There is no direct road connection from the populous
Northeast to the populous Southeast sub-region, and the most accessible route is the
Pangalanes canal (Minten, 2001), which runs 600 km from Toamasina to
Farafangana, and not all of this length is navigable (Europa, 2003)'®®. The National
Road (RN2) links the Northeast region to the Highlands from Toamasina through
Antananarivo, while a series of roads link the Southeast to Fianarantsoa and then to
the central Highlands. There is also the railway connecting Manakara to
Fianarantsoa and three rail lines in the north, one linking Antananarivo to Toamasina;
however, these lines are frequently damaged by cyclones.

Implications for the Household Ethanol Programme

A deficient roadway infrastructure could have serious negative implications for the
expansion of industrial sugar and ethanol production and the development of a large
domestic ethanol fuel market. A functioning road network is essential for transporting
ethanol to distant cities and paved roads are important for the movement of heavy
ethanol tankers, tandem tankers hauling upwards of 45,000 litres. The main large
scale sugar and ethanol sites are in the North near Ambilobe and in other coastal
areas such as Toliara, Ankaramena and Mahajanga, all distant from Antananarivo,
with Brickaville-Toamasina being the sugar cane region closest to the capital. Is
must be noted that an improved road network could give rise to a corresponding
increase in road ftraffic as well as an increase in illegal logging and charcoal
production (and reduced costs of transporting charcoal), as well as positively
affecting ethanol production.

The absence of a well developed national highway system might be conducive to the
development of more decentralised markets, and improving the rural road system is
important for the development of smaller scale, less centralized alcohol production.
This would be especially true for the small-producer model where farmers bring low
grade ethanol to a central distillery for distillation.

Conversely the underdevelopment of the transportation system has positive
implications for a household ethanol program, given that relatively few gasoline
vehicles exist in Madagascar (possibly less than 150,000), with the demand for
ethanol for gasoline fuel blending likely to be much less than in a country with a more
vibrant transport sector. Projections from Ethiopia show that the stove fuel market is
much larger than the gasoline fuel blending market, which is quite limited

Table 3.7 shows the 2010-11 projection of ethanol production in Ethiopia and the
ethanol that will be consumed under a number of scenarios of the transport sector,

192 YN Data portal, accessed 8-16-10 at[http://data.un.ora/
193 Africa South of the Sahara 2004, Europa Publications 2003, 33 ed., p. 636.
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with the highlighted yellow rows being the most likely scenario. If the Ethiopian
government decides to blend ethanol at a rate of 10% for automobiles in Addis
Ababa and its region (65% of national use), 15.8 million litres will be required. As the
projected production for 2010-11 is 18 million litres, this leaves a potential 2.2 million
litres for stove fuel use. This scenario of a limited need for ethanol for fuel blending,
but a large need for ethanol for a household fuel, is typical for many developing
countries, including Madagascar.

Table 3.7 highlights that by 2015-16 over 111 million litres of ethanol will be produced
and that only 20 million litres will be absorbed into the fuel blending market, leaving
91 million litres of ethanol for the stove fuel market, which is indicative of what might
happen in Madagascar. Unless the Government values its local household fuel
needs above its balance of payments, there is a serious risk that all the ethanol will
go to developed countries, whilst imports of fossil fuels are not reduced.

Table 3.7: Projected Ethanol Markets in Ethiopia — Fuel Blending vs. Stove Fuel

Year 2009/10 | 2010/11 | 2011/12 | 2012113 | 2013/14 = 2014/15 | 2015/16
Ethanol Production '000 litres 7100 18,000| 34,665 46,765, 74027 106.488| 111,204
' Ethanol Demand ‘
| Gasoline consumption ('000 liters) \
Country Level 231.610| 243,190| 255 350( 268,118 l 281,523 265594( 310,379
Addis Ababa (65% of country level) | 150.547| 158.074| 165.978| 174,277 | 182990 192.139| 201,746
| Ethanol for Fuel blending l
| 5% blending rate |
Country Level 12,160 12,768 13.406| 14076  14.780 5
Addis Ababa 7.527 7.904 8,299 8714  9.149 9.607
10% blending Rate "
Country Level 24319 25,535 26,812 28.152 29.560| 31,038
| Addis Ababa 15.807| 16,598 17.428| 18.299| 19.214| 20,175
Ethanol available for cooking
5% blending rate ;
Country Level 5.841| 21.898| 233.359| £59.951 91.708| 95,685
Addis Ababa -427 10,096 26,366 38.051| 64878 96.881| 101.117
10% blending Rate i
Country Level -6,319 9,130 19,953 | 45875 76,928 80,166
| Addis Ababa 2,193 18,067 29.337| 55728/ 87.274| 91,029

(Ethiopian fuel blending and stove fuel scenarios for Ethiopia, Mekonnen Kassa for Project
Gaia, July 2010, based on data from the Ethiopian Petroleum Enterprise Office, Addis
Ababa.)

3.8.2 Technology and implementation

A series of technologies will be required in Madagascar if ethanol is to succeed as a
household fuel including various production, processing and appliance technologies
at various scales. Kenya, Zimbabwe and others have shown that it is possible to
build a production system for ethanol using mainly indigenous resources, but it
remains to be seen whether Madagascar can replicate this. However ethanol has
been produced in Madagascar on an industrial in the past few decades and is widely
produced on an artisanal scale. Therefore, the know-how on ethanol production, and
growing and processing sugar cane, already exists in the country; Madagascar is no
stranger to ethanol distillation. Some industrial capacity continues to exist for
building, repairing and servicing distilleries, and local businesses were involved in the
construction and repair of the Sirama distillery at Ambilobe.

105




PRACTICAL ACTION

Consulting

There is a parallel interest in home and farm-scale distilleries and several were built
to enable the ethanol stove testing (the Component A part of this study) to be carried
out. Again, technology sharing will allow more advanced micro-distilleries to be built
in Madagascar, with the right level of support. With the exception of the electronics
and some valves and fittings, it is likely that a modern micro-distillery could be built in
Madagascar. Eventually semi-standard models of micro distilleries could be
developed, built in Madagascar, increasing the chances of wider dissemination.

Implications for the Household Ethanol Programme

Interest and expertise exists in Madagascar around ethanol production, processing
and appliance technologies and should be built on and supported as far as possible
in the evolution of a sustainable ethanol household fuel sector in Madagascar.

3.8.3 The Business Climate

In 2009, the World Bank ranked Madagascar 144 out of 181 countries for ease of
doing business (World Bank, 2008). This ranking is based on how Madagascar
features on a number of indicators relating to ease of conducting business, including,
for example, starting a business, access to credit, payment of taxes, protection for
investors and cross border trade.

One of the most important indicators for assessing a countries’ business climate is
the ease of starting a new business. When entrepreneurs draw up a business plan
and get things under way, the first hurdle they face is the procedures required for
incorporating and registering their new company to allow them to operate legally.
Economies differ greatly in how they regulate the entry of new businesses; in some
the process is straightforward and affordable; in others the procedures are so
burdensome that entrepreneurs may need to bribe officials to speed up the process
or may decide to run their business informally (World Bank 2008). In 2009
Madagascar was ranked 58 out of 181 economies (up from 65" place in 2008) for
ease of starting a business. On average, it requires 5 procedures, takes 7 days, and
costs about 11% GNI; overall, the number of required procedures, the time required
and the cost involved in establishing a new business in Madagascar has decreased
in recent years, and is well below the average when compared to Sub-Saharan Africa
(World Bank, 2008).

However, obtaining a construction permit is significantly more time consuming and
expensive. On this indicator, Madagascar ranks 102 out of 181 economies, up from
136 in 2008 (World Bank, 2008). On average, it requires 16 procedures, takes 178
days, and costs almost 765% GNI per capita to build a warehouse in Madagascar
(World Bank, 2008).

Registering property and titing land is extremely important for economic
development and is a key indicator for ease of doing business. The inherent
problems in the land tenure system in Madagascar have been discussed in previous
sections and these constraints are reflected in Madagascar’s ranking regarding
property registration; in 2009, Madagascar was ranked 145 (up from 168 in 2008) for
ease of registering property. On average, the process requires 7 procedures, which
is much higher than the average in Sub-Saharan Africa. Moreover, it takes 74 days,
and costs almost 8% of property value to register the property in Madagascar (World
Bank).
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Lack of access to credit is often one of greatest barriers to starting a business. As
mentioned above, a lack of access to credit is a major reason for economic
stagnation in the agricultural sector in Madagascar. Not surprisingly, Madagascar is
not highly ranked in this regard. In 2009, the country was placed 172 out of 181 for
ease of access to credit. This represents a deterioration of 1 place, from 171 in 2008
(World Bank, 2008).

Implications for the Household Ethanol Programme

Although Madagascar is showing improvement in overall ranking in terms of ease of
doing business, there is still a long way to go in terms of improving its ranking in
terms of indicators such as access to credit and property registration, crucial to
starting a new business, as well as actually doing business. Complicated, expensive
and time consuming procedures for titling land, constructing buildings and registering
property could prove to be major disincentives for investment in ethanol production at
any scale in Madagascar. Access to credit and difficulties securing land tenure could
make it extremely challenging, if not impossible to regulate small-scale artisanal
ethanol production.

3.9. Conclusions

The total surface area of Madagascar is 587,041 square kilometres and about one-
half is cultivable, but little more than 5% of the land is currently under crops, with a
large part of this cultivated area under irrigation (40%)".. Of this, less than 2 million
hectares is permanently cultivated; taken together cropland and crop/natural
vegetation mosaic accounts for 13% of land cover. Approximately 21% of the total
land area is covered by forests and 63% by shrubland, grassland and
savanna. However the demand for cultivatable land is on the increase, and is not
being matched with an increase in land allocated for agricultural use. Any expansion
of sugarcane production needs to ensure it does not encroach on sensitive
ecosystems and land required for agriculture and food production, and that sugar
cane production does not result in food price rises and decrease food security. The
lack of clear land ownership and land tenuring, with an estimated 90% of land titles
for 90% of land, is believed to be a real hinderance to farmers investing in land and
still needs to be addressed. Farmers are unlikely to invest in small-scale sugar cane
production without greater security of land ownership. Madagascar's weak land tax
system is equally hindering the investment in land by farmers, such as sugar cane
production. Madagascar has a recent history of land degradation and any increase
in sugar cane production must be sure to not result in forest clearance or increased
land degradation. In general the agriculture system in Madagascar underperforms,
and requires significant investment in improved techniques and technologies to
improve soil quality and production. The use of land for sugar cane to produce sugar
and ethanol has the great potential to reduce poverty if managed effectively, but
requires a strategic and large scale investment to ensure high yields can be achieved
sustainably. Producer cooperatives and associations might be an avenue for
increasing productivity and ensuring the local farmers derive the most benefits. A
large scale sugar cane initiative can learn lessons from other sectors such as rice
production which has recently gone through significant changes to allow farmers to
diversify into this potentially profitable production area. One concern is the amount of
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water that sugar cane requires and this needs to be factored into any production
plans. The extent to which foreign investment is sought to increase sugar cane
production needs to be carefully assessed to ensure that benefits to local farmers are
maximised and the household ethanol fuel market is not ignored. To ensure that the
potential benefits of sugar cane production to increase ethanol supply, it needs to be
fully integrated into the national agricultural planning.

Madagascar has both on and offshore oil and gas deposits but none are yet
commercial and it imports all its fossil fuels. Madagascar is very susceptible to
increases in oil price rises and so local production of fuels such as ethanol would be
of great benefit to the country. The use of ethanol as a household fuel would create
a large sustainable market local that would result in a number of significant benefits
to the country. Currently Madagascar’s sugar cane production is quite low and there
is significant potential to increase its production through just efficiencies and
technology. Small-scale sugar cane production is also widespread, but generally
with very low yields, and almost exclusively used to produce toaka gasy, the locally
manufacturer rum for human consumption. Ethanol production has been growing
globally with Brazil and USA being the main producers, but with other actors such as
China increasing production, largely due to its increased as a blended fuel for
transportation. The supply of ethanol in Madagascar is set to increase steadily over
the next 5 years, which could be directed towards use as a household cooking
fuel. It has been suggested that artisanal toaska gasy production could be improved,
to be used as a fuel instead, but it is unlikely that ethanol of a high enough grade can
be produced efficiently, sustainably and competitively from such scale of production,
and it is recommended that the installation of micro-distilleries be promoted instead
of artisanal scale production. Both wood and charcoal use in Madagascar has been
growing steadily, and has directly led to increased deforestation. Electricity is
generally not used for cooking, and Kerosene and LPG only accounts for a relatively
small sector of the market, compared to both charcoal and wood, particularly in rural
areas. Madagascar’s forests are some of the most diverse and fragile in the world
and increased efforts need to be made to reduce their destruction. This can be
carried out through investment in sustainable forest management and more efficient
charcoal production, but serious consideration needs to be given to how ethanol
production for household fuel can contribute to protecting Madagascar’s forests. The
transport of household cooking fuels is a big issue in Madagascar, particularly due to
the relatively poor road network, which is another reason why micro-distilleries
located throughout Madagascar could make a lot of sense for developing a more
decentralised sustainable energy production.
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4. Madagascar Demand Scenario

4.1. Socio-demographics for households in Madagascar
4.1.1. Poverty levels

The household energy demand in Madagascar is greatly influenced by its poverty
rate, which soared to 80.7% in 2002 in the crisis following the contested presidential
elections in 2001, well above the 70% rate of 1990. Subsequently, the poverty rate
fell to 67.5% by 2006, but still very far from the nation’s poverty reduction goal of
35% by 2015. The relatively small impact that strong economic growth has had on
poverty reduction is likely the result of the type of growth Madagascar has recently
experienced, with large, capital-intensive mining projects having limited linkages with
the local economy. (African Economic Outlook).

The World Bank poverty assessment estimates that 70% of the population can be
defined as being poor while 59% are extremely poor. Almost 80% of the rural
population is poor compared with about 50% of the urban population. Two-thirds of
the rural population is extremely poor and a third of the urban population (World Bank
Poverty Profile for Madagascar, |http://go.worldbank.org/UBQUYJZEMO| accessed
10-10-09).

Education Levels in Madagascar

The country has made major progress in universal primary education, with enrolment
rising from 71% in 1997 to 96.2% in 2006. The primary education completion rate
rose from 39% in 2002 to 52% in 2006. The government is now raising compulsory
school attendance from five to seven years, which should be in effect nationwide by
2012. The provision of safe drinking water, school kits and canteen services at
school has helped boost attendance, as well as the recent increase in the Ministry of
Education’s budget (African Economic Outlook).

Many children from the poorest quintiles still don’t enter school, and the result is that
families in the lower quintiles receive less support from the government than children
in the higher quintiles, because they access the delivery systems, such as primary
school, less frequently.

The primary-level education subsidy is the most equitably distributed among all
wealth quintiles. At the secondary level, the subsidy is biased heavily towards the
richest quintiles, with the richest quintile receiving about 10 times the amount
received by the poorest quintile on a per capita basis. At the tertiary level, the
average per capita subsidy is absorbed almost entirely by the richest quintile.
Students in urban areas receive a per capita subsidy that is three times larger than
which students in rural areas receive (World Bank Poverty Profile). If the educated
person does not find proper employment and emigrates abroad, as part of an
employed diaspora, this educated member may still affect consumption patterns at
home, and may in fact purchase consumer goods for the extended family through
remittances which he or she sends home periodically (Gupta, et al, 2007). The effect
of remittances on consumer purchases is discussed in more detail in Annex 6.
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4.2. Madagascar’s household energy market

4.2.1. Household energy distribution

It is estimated that 95% of households in Madagascar depend on woody biomass,
primarily fuelwood and charcoal, for their household energy needs, although LPG is
used by around 10% in the larger towns. According to the USAID-funded IRG/Jariala
report on production and consumption of woody biomass, Madagascan families
annually consume approximately 9.026 million m® of wood as firewood and 8.575
million m® as charcoal, as shown in Table 4.1 (IRG Jariala, 2005).

4.2.2. Energy Consumption by End-Use Device

The amount of fuel consumed by the domestic sector depends on the type of stove
used, and is presented, per annum, in Table 4.1. Per capita energy consumption by
fuelwood stoves is less than that of charcoal stoves, and for both wood fuel and
charcoal stoves the energy consumption is less when an improved stove is used
(Table 4.1).

Table 4.1: Per Annum Energy Consumption by the Domestic Sector End-Use Devices

End-use device Energy consumption/annum (kg)
Per capita Per family
Charcoal - -
Improved metal stoves 104 100 495
Improved clay stoves 105 100 460
Traditional stoves 106 135 660
Fuelwood - -
Improved metal stoves 107 80 390
Improved clay stoves 108 66 325
Traditional stoves 109 - -

N.B. Number of persons per family is assumed to be 4

Within Madagascar as a whole, the monthly household energy consumption and
expenditure in various cities is presented in Table 4.2 (Bazile), and shows that the
highest share of monthly expenditure for fuelwood and charcoal is demonstrated by
Toliara. It also shows that most city households use charcoal (79%) rather than
wood fuel (18%).

1% http//www.hedon.info/improvedstovesAsAMeansOfPovertyAlleviation

1% http//www.hedon.info/improvedstovesAsAMeansOfPovertyAlleviation

1% hitp:/ieea.erba.hufieealfileshow.jsp?att_id=64141

17 http//www.hedon.info/improvedstovesAsAMeansOfPovertyAlleviation

1% http//www.andrewleestrust.org/Reports/energy-fact-en-May08pdf

1% http//www.hedon.info/improvedstovesAsAMeansOfPreventingDeforestatio-MythOrReality
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Table 4.2: Monthly Energy Consumption in Various Cities of Madagascar
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4.2.3. Energy Use by Income Group

Fuelwood is the predominant fuel for poorest, poorer and middle income quintiles,
whilst charcoal predominates for the richer and richest quintiles (Figure 4.1).
Electricity, natural gas and kerosene captures very little of the market even for the
richest quintile (Figure 4.2).

Figure 4.1: Fraction of households with firewood as primary cooking fuel by wealth
quintile and region, Madagascar 2003
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The table shows that 100% of the poorest and the poorer, 98% of middle income,
and 74% of the richer group rely heavily on fuelwood and straw; while, in the reverse
order 90% of the richest income group, 24% of the richer and 2% of the middle
income group use charcoal fuel.
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Household Cooking Fuel by Wealth Quintile (%)

Wealth | Electri- | Natural | Bio- | Kero- | Coal, Char- Fuelwood
quintile city Gas gas | sene | Lignite coal or straw Dung Other | Total
Poorest | 0 0 0 0 0 100 0 0 100
Poorer 0 0 0 0 0 100 0 0 100
Middle 0 0 0 0 0 98 0 0 100
Richer 0 0 0 0 1 24 74 1 0 100
Richest | 2 6 1 0 1 90 0 0 0 100
Total 1 3 0 0 0 43 52 0 0% 100
Source: Demographic and Health Survey, Madagascar 2003
Figure 4.2: Primary Household Cooking Fuel in Urban/Rural Areas
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Source: Demographic and Health Survey, Madagascar 2003

Table 4.4: Estimation of annual consumption of various wood products (Jariala)

Type of wood Rural (m3lpers) Urban (mslpers) Total (millions m3)
Fuelwood 0.686 0.134 9.026
Charcoal 0 1.75 8.575
Construction 0.24 0.22 4127
Total 0.93 1.97 21.728
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Figure 4.2 and Table 4.4 highlight a picture of primary household cooking fuel use in
Madagascar, taken from the Demographic and Health Survey (EDSMD-III)
undertaken in Madagascar from November 2003 to March 2004. In particular it
highlights the predominance of wood over charcoal use. Although charcoal
dominates in the cities, wood use dominates overall. The EDSMD-III'"® contains
information collected from 8,420 households, 7,949 women aged 15-49 and 2,432
men aged 15-59 years. The results are significant at the level of residence (capital,
other cities, total urban and rural) and at the level of the six provinces. The data was
sorted by fuel use, residence type, location and family income.

Table 4.5: Use of Wood and Charcoal for Household Cooking by Wealth Quintile (%)

Primary Fuel for Cooking based on Household Report (Wood & Charcoal)

Wealth Quintile Charcoal Firewood/straw Dung Other Total
poorest 0% 100% 0% 0% 100%
poorer 0% 100% 0% 0% 100%
middle 2% 98% 0% 0% 100%
richer 24% 74% 1% 0% 99%
richest 90% 0% 0% 0% 90%
Notes:

Based on a sample size of 8414 households

Source: Demographic and Health Survey, Madagascar 2003

Those that use wood typically fall into the rural and/or lower income category. Those
that rely on charcoal typically fall into the urban and/or higher income category, as
shown in Table 4.5 (Demographic and Health Survey Madagascar, 2003).

Urban energy use

Charcoal is the primary cooking fuel in approximately 63% of urban homes and
almost 80% of homes in the capital or main province cities, while 15% of homes in
the main cities use modern fuels like electricity and LPG (Table 4.6). Almost no
kerosene is used for cooking. These households belong primarily to the two highest
wealth quintiles of the population. Charcoal use remains high in smaller cities, but
drops off steeply in rural areas, where most of the workforce is employed in
agricultural labour (Table 4.4). In Antananarivo province, 86% of the wealthiest
quintile use charcoal, which climbs to 96% in Fianarantsoa province and 98% in
Toamasina and Toliary provinces. But charcoal use drops off very quickly for the
second wealth quintile and is barely used by the third. For Toliary charcoal use
drops to 49% for the second quintile and 4% for the third. This pattern is consistent
throughout the country.

Use of natural gas (LPG or bottled gas) is recorded as almost 11% of the main cities,
but negligible in the small cities. This suggests that bottled gas use could be greater
if a distribution infrastructure were built to supply the smaller cities, however, since

"0 |nstitut National de la Statistique (INSTAT) [Madagascar] and ORC Macro. 2005. Enquéte Démographique et de
Santé, Madagascar 2003—2004: Rapport de synthése. Calverton, Maryland, USA: INSTAT and ORC Macro.
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roads are narrow and sometimes unimproved, and the distances are often quite long,
this may be a barrier and may be the reason why bottled gas use does not show up
in the small cities. Since charcoal use is still large in the small cities, at 55.5%, and
this is the preferred fuel of the wealthiest quintile, it suggests that bottled gas use
could be higher.

Bottled gas supply and distribution are highly centralized and charcoal supply and
distribution highly localized. Bottled gas use drops off by 90% from large to small
cities, while charcoal use only drops by 30%. Some use of bottled gas shows up in
the countryside, although this is very small. Almost no kerosene is used for cooking,
whether in main cities, small cities, or the countryside.

Table 4.6: Primary Cooking Fuel Use by Residence Type and Urban/Rural Status

Primary Cooking Fuel in Household by Capital Primary Cooking Fuel in Household
city/Urban/Rural Status (%) by Urban/Rural Status (%)

Fuel Type Capital | Small City Rural Fuel Type Urban Rural
Electricity 2.63 0.48 0.06 Electricity 1.11 0.06
Natural gas 10.66 1.1 0.47 Natural gas 3.88 0.47
Biogas 1.51 0.03 0 Biogas 0.46 0
Kerosene 0.66 0.08 0.06 Kerosene 0.25 0.06
Coal, lignite 0.53 0.67 0.16 Coal, lignite 0.63 0.16
Charcoal 79.86 55.51 11.52 Charcoal 62.57 11.52
Firewood, straw 3.55 42.01 87.47 Firewood 30.86 87.47
Dung 0.53 0.05 0.22 Dung 0.19 0.22
Other 0.07 0.05 0.03 Other 0.06 0.03

Source: Demographic and Health Survey, Madagascar 2003

Firewood as the primary fuel is used in only 3.55% of households in the main cities
while it is close to parity with charcoal in the small cities and dominates in the
countryside at almost 90%.

Rural energy use

The USAID-funded Jariala Report (2005) estimates annual consumption of firewood
in rural areas at between 480 kg and 945 kg per capita, while in the urban areas, per
capita annual consumption of firewood is estimated at only 94 kg. Annual charcoal
consumption per capita in the urban areas is estimated to be 110 kg (IRG Jariala
Report, 2005)""".

" Support Sustainable Environment and Forest Management in Madagascar, Report on an Action Plan

to improve Governance in the Forestry Sector, International Resources Group (IRG), January 2005.
Jariala is the Malagasy name for the USAID funded SEFEM project/ IRG contract.
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In rural households the primary source of energy is fuelwood, followed by charcoal.
By contrast, in urban areas charcoal is the most commonly used household fuel.
According to IRG Jariala, current annual consumption of fuelwood in rural areas is in
the range of 480 to 945 kg per capita per year, which is quite high, while in the urban
areas, per capita annual consumption of fuelwood is approximately 94 kg per year.
Total annual consumption of fuelwood was estimated as 9.02 million m® in 2005 of
which 8.37 m® was consumed in rural areas and 0.65 m® in urban areas. Moreover,
annual charcoal consumption per capita in the urban areas is estimated was
estimated at 110 kg (IRG Jariala 2005).

4.2.4. Cooking Energy Used by Regions

It can be seen that by provincial region, the proportionate use of wood and charcoal
is fairly consistent, with the exception of Antananarivo province, which shows a
reverse relationship between wood and charcoal use (Table 4.7).

In Fianarantsoa, charcoal use is around one third of wood use, while it is has been
calculated as 50%, 53%, 48% and 78% of wood use in Toamasina, Mahajanga,
Toliary, and Antsiranana provinces, respectively. On the other hand, it is more than
twice the wood use in Antananarivo province. This is the wealthiest region, with the
most widely spread cash economy, and no doubt it is the top two or three wealth
quintiles, particularly in terms of income, that are responsible for this high rate of
charcoal use. This suggests that there is a significant commercial trade of charcoal
into Antananarivo province and into the city in particular.

As detailed in Table 4.7, charcoal and fuelwood are the main household fuels used in
most regions of Madagascar. Antananarivo predominantly uses charcoal (62%), but
correspondingly uses less wood fuel, whilst Fianararitsoa predominantly uses wood
fuel (72%), but uses less wood than the rest of the indicated regions.

Table 4.7: Primary Energy used for Cooking by Region, Madagascar 2003

Fuel Type Antanana | Fianaran | Toamasin | Mahajang | Toliary | Antsiran
Dung 1.00% 0.00% 0.00% 0.00% 0.00% | 0.00%
Biogas 1.00% 0.00% 0.00% 0.00% 0.00% | 0.00%
Charcoal 62.00% 27.00% | 33.00% 34.00% 32.00% | 42.00%
Kerosene 0.00% 0.00% 0.00% 0.00% 0.00% | 0.00%
Electricity 2.00% 0.00% 0.00% 0.00% 0.00% | 0.00%
Coal, lignite 0.00% 0.00% 0.00% 1.00% 1.00% | 1.00%
Firewood, straw | 28.00% 72.00% | 66.00% 64.00% 67.00% | 54.00%
Natural gas 6.00% 0.00% 0.00% 1.00% 0.00% | 2.00%
Source: Demographic and Health Survey, Madagascar 2003

4.2.41 Future trends

The household sector in Madagascar is expected to be heavily dependent on wood
fuels for some time to come, with the FAO predicting an increase in household wood
fuel consumption (Figure 4.3), with little substitution with electricity or kerosene due
to the high cost of the fuels and appliances (FOSA, 2000). Moreover, without
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significant investment in the development of hydropower, it is unlikely that electricity
will be an affordable option for the average household in Madagascar (FOSA, 2000).

Figure 4.3: Predicted Trends in Household Biomass Energy Use, Madagascar (FOSA
2000)
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Figure 4.4 predicts how the price of LPG is likely to rise over the next twenty years,
taking into account the historical price trends of LPG plus the inflation rate. The LPG
price has been increasing steadily, noticeable even on a monthly basis, and from
January to September 2010, the price of LPG increased by about 135% (Source:
Interview with Vitogaz personnel - VitoGAZ Madagascar).
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Figure 4.4: Prediction Curve for Price of LPG in Madagascar
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Source: Price history for LPG trend provided by Edouard de Montmarin of VitoGaz, April 14,
2010.

4.2.5 Fuel use by type
4.2.5.1 Fuelwood

Under the law of Madagascar, rural households have certain rights to the wood from
non-protected forests and woodlots close to their villages. Fuelwood may be
extracted free of charge provided that it is not commercially traded. An official permit
must be obtained in order to sell wood, however illegal cutting is commonplace,
particularly in areas where fuelwood is in short supply.

Figure 4.5: Households Wood Fuel as Primary Fuel Use — Madagascar
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Source: Demographic and Health Survey Madagascar 2003

Madagascar’s urban population is estimated at 30% of the total, with the urban
population growing at an estimated 3.8 to 4.5% (World Fact Book 2009 and UNEP
2008).

4.2.5.2 Charcoal

Charcoal is a very popular cooking fuel as it is easy to transport (because it is
lightweight), store and use, and because it is relatively smokeless and has an energy
content double that of fuelwood (IRG Jariala 2005). It is the preferred cooking fuel in
Madagascar, chosen over fuelwood by those who can afford it in all regions.

Figure 4.6: Household Charcoal as Primary Fuel Use - Madagascar
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Source: Demographic and Health Survey Madagascar 2003

Consumers in the top three wealth quintiles use charcoal, although this usage rate
drops precipitously, from 85% to 95% for the highest quintile, from 15% to 50% for
the second quintile, and from 2% to 6% for the third quintile (Table 3.2). .
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Figure 4.7: Growth in Charcoal Consumption 1979-2007
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4.2.5.3 Electricity

The national electricity coverage rate is 15% (MAP), with less than 3% of people
living in rural areas having access to electricity. Hydro power accounts for 66% of
electricity generation and thermal plants for 34% (IAEA, 2008). Total annual
electricity production in 2005 was only 0.83 TWh (IAEA, 2008). Figure 4.8 shows the
lack of correlation between the household electricity service and electricity supplied
cooking. Even in Antananarivo where 31% of households receive electricity, the
DHS 2008-9 household surveys, show that only 0.5% of households claim to use
electricity as their primary means of cooking; of these households 34.8% use
charcoal as their primary fuel and 62.8% use wood. Thus, it can be seen that
electricity is not likely to be an important source of cooking energy in Madagascar for
the foreseeable future. It is in fact unlikely that enough electricity could be generated
to meet a large cooking load. Promoting electricity for cooking could be ill-advised
for this and other reasons, one of which is that electricity is perhaps more urgently
needed for industry and commerce than for use in cooking at relatively low efficiency

rates when compared to the direct combustion of modern fuels in efficient stoves''2.

"2 Source: Macro International Inc, 2010. MEASURE DHS STATcompiler.[http://www.measuredhs.com| September
2 2010.
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Figure 4.8: Correlation of Electricity in House and Type of Cooking'"
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In rural areas only between 0.02 to 0.07% of households has access to electricity
(INSTAT/DSM/EPM, 2005). Electricity production peaked in 2004 (Figure 4.9) due to
a large increase in the number of industrial subscribers while household accounts
have increased slowly but steadily (UN Data). Electricity in Madagascar has been
heavily subsidized since the 1970s, through the state-run electricity provider,
JIRAMA, which relies heavily on diesel-fuelled thermal power plants for its electricity
generation, with many of its power plants being outdated and in need of substantial
repair. The rising cost of oil over the past two decades has led to the gradual erosion
of subsidies and significant increases in the cost of electricity to consumers. In 2005,
when JIRAMA was forced to cut back on its consumption of diesel fuel for power
generation, the result was widespread blackouts which crippled businesses and
caused public protests (BBC, December 2006), and these public protests spurred by
electricity outages continued well into 2007 (BBC, May 17, 2007).

Electricity consumption by households increased throughout the decade, but the rate
of growth was much lower than the 1990’s. The rate of growth in the 90s was 550%,
but between 2000 and 2008 it fell to 144% and almost flat between 2005 and 2008
(Figure 4.9).

"3 DHS Online Data Statcompiler, DHS Data for 2008-9 and 2003-4.  Accessed 8-15-10 at

http://www.statcompiler.com/start.cfm?userid=320470&usertabid=345779&action=on&catflag=1&CFID=9082187&CF |
TOKEN=61833650& #indicators)

120


http://www.statcompiler.com/start.cfm?userid=320470&usertabid=345779&action=on&catflag=1&CFID=9082187&CFTOKEN=61833650&_#indicators
http://www.statcompiler.com/start.cfm?userid=320470&usertabid=345779&action=on&catflag=1&CFID=9082187&CFTOKEN=61833650&_#indicators

PRACTICAL ACTION

Consulting

Figure 4.9: Evolution of Electricity consumption by households and industries
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The cost of electricity in Madagascar is high relative to other Sub-Saharan African
nations, and rates throughout Sub-Sahara Africa are some of the highest in the
world, while consumer subscription rates are the lowest. The high cost of electricity
is retarding the growth of industry and the expansion of residential customers in
Madagascar; only 15% of the population benefit from electrification (Table 4.8).
Frequent power cuts and power outages have forced increased reliance on diesel
generators, which is a very costly way of producing electricity. A plan in 2007 to
raise electricity rates was put off to avoid hurting consumers, already affected by the
rapid increase in petroleum fuel prices. When the rate increase finally came, in
October 2008, it was a sizeable 15%, but still meant that JIRAMA did not start
making profits for another year, and requiring a government subsidy in 2008 of 0.5%
of GDP (IMF Country Report No. 09/11, January 2009).

Both the Madagascar Action Plan (MAP) and the IMF call for the restructuring of
JIRAMA, to modernize it and bring new power generation online, and several new
electricity plants were commissioned in 2008. MAP calls for some deregulation in the
power sector with more power to be generated by Independent Power Producers
(Business Week, Special Section, January 22, 2009).

4.2.5.4 Kerosene and LPG

Liquified Petroleum Gas (LPG) or bottled gas is a much more important cooking fuel
in Madagascar than kerosene, which is little used for cooking. The Demographic and
Health Survey of 2003 showed that in the main cities, 10.66% use LPG whilst only
0.66% of homes use kerosene as their primary cooking fuel. The current cost of
kerosene is about 2,000 MGA per litre (about US$1), and a kerosene stove costs
about 28,000 MGA ($14.50) (Tany Meva, 2010). LPG costs 56,000 MGA for a 12.5
kilogram bottle and 170,000 MGA for a 39 kilogram bottle (Ministry of Energy and
Mines, 2009). Household consumption of kerosene is currently at 110,000 MT per
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annum, is used by approximately 4.19% of households in Antananarivo, and costs
MGA 2000 per litre (2008).

Another report places the average price of LPG at 4,000 to 4,500 MGA per kilogram,
and small 4-9 kg bottles of LPG are available for household use as well as the
standard 12.5 kilogram bottle (Tiana Razafindrakoto, 2010). A small gas bottle was
introduced by Vitogaz, but because of lack of response has been discontinued. The
smallest bottle currently available is 9 kg. Madagascar depends entirely on foreign
imports to satisfy its petroleum fuel needs, but until 2005 engaged in refining of
petroleum fuels for a share of its local needs, as well as for export. It has been
reported that domestic refining has ceased since 2005.

The supply of all kerosene and LPG in Madagascar comes from imports, either
directly or from refining from crude petroleum. Figure 4.10 shows the supply and
demand of LPG between 1991 and 2007.

Figure 4.10: LPG Supply and Demand from 1991-2007 in Madagascar
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Source: UNData for Madagascar (Accessed 6-15-10)

The spike in LPG usage most likely corresponds to the start of operations of a new
local LPG producing company called Vitogaz (http://www.vitogaz.mg/index.html) in
2005. Raw materials are imported to Madagascar and the final product is produced
at a local refinery. The bottled gas from Vitogaz is in direct competition with another
gas bottling company, the Galana refinery, which is the former state-owned SOLIMA
Company.

Vitogaz launched with a half-sized bottle of 3.5 kg to try to reach the maximum
number of families, and organized a big campaign including a cheap gas stove
directly fitted onto the gas bottles, which was supported by the USAID-funded
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BAMEX project, the purpose of which was to lighten pressure on forest wood. These
small half-sized bottles are no longer available due to lack of demand.

Vitogaz took part in an extensive project to promote LPG for household use, funded
by a UNDP managed programme called Growing Sustainable Business (GSB). GSB
funded the creation of a profit making company to sell bottled gas and stoves to the
low income sector, but the project failed because the Malagasy government gave no
positive support to Vitogaz and did not respond to Vitogaz's request for a tax
exemption or a tax holiday on the LPG to be sold in the small bottles and stoves to
the low income market.

Vitogaz now sell gas in bottles of the following sizes: 9 Kg, 12.5 Kg, 25 Kg, and 39
Kg, and the stove (Fatapera) is still offered with the 9 kg bottle (Reference:
Interpretation from Henri Tsimisanda: from an email from Henri Michel Tsimisanda to
Harry Stokes, April 8, 2010).

Figure 4.11: LPG Price Escalation in Antananarivo
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The steady increase in the price of LPG, which is sold in 9 kg and 12.5 kg bottles (the

standard-size for retail in Madagascar), is shown in Figure 4.11. Itis estimated that a

12.5 kg bottle of LPG will last a maximum of about 30 days for an average sized
family.

4.3 Results of Project Socio-Economic Survey

A socio-economic survey was conducted by the project team in 270 households in
180 small communities in the Vatomandry and Ambositra regions as part of
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Component A of this study, providing the baseline for the entire field study conducted
under Component A.

The Household Sampling Criteria for this baseline were as follows:

. Households have at least one child under 5 (to ensure that people are at
home for at least part of the day)

. Households generally cook at least two meals on the same stove per day

. Households regularly buy at least half of their fuel (otherwise more affluent

ethanol users will be compared with less affluent wood gatherers)

The sample size, of 270 households, carefully preserved all the key segments of a
sample, including a control group, an awareness group, as well as biomass stove,
charcoal stove and ethanol stove groups, with sample sizes of n equal to or greater
than 30. Data from the baseline survey was compiled in SPSS and subjected to a
number of analyses, and the data is provided in full in the Component A baseline
report.

4.3.1 Household Energy Use

The types of stoves used by the domestic sector depends on a number of factors,
including access, performance, price and other issues related to the fuel and the
stove itself. These factors will determine the growth of technology, and thus they
have to be examined carefully prior to determining the market and product launch.

4.3.2 Type of Fuel Used

The type of fuel used by the domestic sector depended on the season, with the
survey showing that charcoal and wood were the preferred cooking fuels in both dry
and wet seasons (Tables 4.8a and 4.8b). In the project areas, approximately 69%
and 30% of the respondents used charcoal and wood, respectively, as their main
cooking fuel in both seasons. As a secondary fuel, though charcoal and wood
remain most popular, their percentage share decreased to an average of about 47%
and 40%, as households tend to use other fuels, such as bottled gas (6.4%),
electricity (3.8%), kerosene (1.3%), and agricultural residues (1.3% in the dry season
only); their order of use is shown in Table 4.8c and 4.8d.

Table 4.8: Cooking fuels

a) Primary cooking fuel - wet season b) Primary cooking fuel - dry season

Fuel type Percent Fuel type Percent

Charcoal 69.1 Charcoal 69.4
Wood 30.9 Wood 30.6
Total 100.0 Total 100.0

c) Secondary cooking fuel - wet season

d) Secondary cooking fuel - dry season

Fuel type Percent Fuel type Percent
Charcoal 48.7 Charcoal 46.2
Wood 39.7 Wood 41.0
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Bottled gas (LPG) 6.4 Bottled gas (LPG) 6.4
Main electricity 3.8 Main electricity 3.8
Kerosene 1.3 Agricultural residue 1.3
Kerosene 1.3
Total 100.0 Total 100.0

Fuelwood

In the wet season, of households who used wood fuel, about 86% bought it, about
5% gathered it, and the remaining 9% both bought and gathered it. In the dry season
about 90% of households depended on purchased wood fuel for all their needs,
whilst a further 8% purchased and gathered wood fuel.

In the study, in both the wet and dry seasons, the amount of wood fuel used was
measured in bundles. For those who use wood fuel, the maximum number of
bundles bought by a household in a week was about 140, with the majority buying 28
bundles per week. The total maximum weight of wood fuel bought per week in both
wet and dry seasons was 280kg, whilst the median value was 56kg (each bundle
weighed around 2kg). The total amount spent on wood fuel per week varied from
MGA 0 to 14,000 in both seasons, with the most common weekly amount spent
being MGA 2800. Wood fuel is generally collected by everyone; women, men, and
male and female children.

Charcoal

According to the survey, April 2009, charcoal was the most used fuel type in the
surveyed population, and was bought by households in different sized bags. The
weight of small bags varied from 0.5kg - 2kg, and large charcoal bags from 5kg to
50kg, highlighting the large range of bag sizes, between 5kg-20kg, used by the
surveyed communities.

The most common sizes for small purchases and large purchases were 1kg and
30kg respectively, and this had a big impact on what was paid for charcoal on a per
unit basis. The cost of small bags ranged from MGA 100-1,500, with about 46% of
the bags costing MGA 200. Price per kg for small purchases generally ranged from
MGA 180 to 200, with the cost of the larger bags ranging from MGA 800-6,000 (this
is up to 20 kg bags), with 30% costing MGA 2,500. When charcoal was purchased in
medium bags (5 kg to 20 kg) the price per unit dropped to around MGA 140 to 160.
When charcoal was purchased in large bags, 30 kg to 50 kg, the price may drop to
MGA 100 to 110.

The survey results showed that about 65% of respondents bought their charcoal in
large bags, 34% in small bags, and 1% in both large and small bags. The study also
indicated the purchase of large bags was preferred in the wet season, with 1 bag
being bought by about 60% of respondents per week, leading to an overall spending
of between MGA 200 and MGA 15,000 per family per week, with the largest
percentage (14) of surveyed households spending MGA 2,500 per week.

Kerosene
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Kerosene was used by very few households for cooking. In the present study all
those respondents reported used only kerosene for lighting, reported a price of
between MGA 50 and MGA 700 for kerosene per day, with the vast majority paying
either MGA 100 or MGA 200 (Figure 4.12).

Figure 4.12: Kerosene spend per week for lighting
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Bottled gas (LPG)

The bottle sizes of LPG available on the market are 9kg, 12.5 kg, 25 kg and 39 kg,
with approximately 60% of households using the 9kg bottle size. The cost per
kilogram is now almost MGA 4,500 (US$2.25), and about 40% of customers reported
that they spent MGA 35,000 per month, suggesting a usage rate of slightly less than
9 kg per month. A more typical usage rate was 12 to 15 kg per month, which
suggests that in homes where LPG is used, it is supplemented with another fuel -
probably charcoal. In both dry and wet seasons, gas bottles last between 45-120
days, with 40% of respondents claiming their gas bottles lasted for about 90 days.

Electricity

The price of electricity is 310-360 MGA/kKWh, in both dry and wet seasons. The
survey results showed that nearly one third of the respondents who use only
electricity for lighting pay MGA 5,000 per week for the electricity they use, whilst the
remaining two-thirds pay about MGA 9,000 per week (Figure 4.13). This is used
almost exclusively for lighting.
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4.3.3 Rationale for Fuel Preference

A number of reasons were given by Table 4.9: Reason for choice of fuel (percent)

the survey respondents regarding
their choice of fuel.

Speed of cooking (i.e. less cooking
time) was seen by 36% of the
respondents as the major criteria for
fuel selection.

This was followed by convenience,
cleanliness, and less costliness of the
fuel (Table 4.9).

By contrast, the most common
reasons noted by the respondents for
not liking a cooking fuel were related
to health impacts.

Smoke, dirt, suffocation, bad health,
were some of the factors that made
fuels unfavoured by 58% of the
surveyed households (Table 4.10).

Speed of cooking 24.0
Saves time 15.0
Easy to use 14.4
Cleaner 7.6
Cheaper 6.8
Other 32.2

Table 4.10: Reasons for not liking cooking fuel

(percent)
Smoke 271
Dirt 15.3
Bad effect on health 9.0
Suffocation 6.6
High cost 4.9
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In terms of cooking fuel, LPG was
observed to stand out as the prime
fuel, followed by electricity, kerosene
and charcoal.

Ethanol was only the fifth priority
preference gaining the interest of
6.4% of the surveyed households
(Table 4.11).
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Other 371

Table 4.11: Preferred type of cooking fuel
(percent)

Priority

order
1 LPG 57.1
2 Electricity 14.2
3 Kerosene 9.6
4 Charcoal 7.4
6 Ethanol 6.5
7 Other 5.0

The main reason that households gave for not using their preferred stoves and fuels
(LPG, electricity, kerosene, charcoal, improved charcoal stoves and solar) was given
as non-affordability by the surveyed groups. With ethanol, the primary reason for not
using it was its newness and the lack of awareness by the surveyed respondents of
its existence. Ethanol was observed to be used as a fuel for lighting by a minority

group (0.3%).

4.3.4 Energy Expenditure
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Figure 4.14: Weekly amount spent on fuel for
project households (MGA)

Within the project area, spending on fuel is
widely distributed, as shown in Figure 4.14,
and this pattern is repeated for both the wet
and dry seasons.

The majority of households spend around
MGA 2,500 with more affluent households
spending up to MGA 10,000 to MGA 15,000
per week.

The survey data shows that households
spent the most, per week, on charcoal, with
fuelwood being the second most expensive
energy source (Table 4.12). Median values
are higher for wood fuel consumption than
for charcoal as it is a cheaper source of
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Table 4.12: Weekly spending on fuel by the majority of households (MGA)*

Wet season Dry season % use
Max Median Max Median
Charcoal 15,000 | 2,100 17,000 2,100 81
Wood 14,000 | 2,800 14,000 2,800 41
Kerosene 200 200 200 200 0.3
LPG 6,220 | 4,670 6,220 4,670 1.6
Electricity | 9,000 | 9,000 9,000 9,000 0.9

*Households may use more than one fuel, so total % use is >100%

Electricity is generally an additional fuel expense in households that can afford it
rather than replacing other fuel types.

4.4 The Ethanol Domestic Cooking Fuel Market

4.41 Potential and Rationale for Using Ethanol for Domestic Cooking

Ethanol is currently not used for domestic cooking in Madagascar, however a
rationale for adopting a strategy to use ethanol as a domestic cooking fuel in
Madagascar is outlined below.

Economic

At the macro level, a switch from imported petroleum products (kerosene and LPG
for cooking) to ethanol, reduces the government’s exposure to international oil prices
and the impact this has on the trade balance. Although the volume of petroleum fuel
used for cooking is relatively small in Madagascar at present, it can be expected to
grow rapidly with a rising population and income levels. Removing the need to
import petroleum fuels for cooking will be a positive move for saving hard currency.

At the micro or household level, increasing prices for cooking fuels can be a
significant burden to households, especially those in the lower income groups. As
illustrated elsewhere in this section, households allocate 7% of their income to
cooking fuel purchase (higher for lower income groups), and fuel price increases
erode what is available for other basic requirements. In recent years, households in
Madagascar have suffered substantially due to the very rapid price rise of petroleum
fuels (international petroleum prices have increased by 200-300% in the past two
years) and depreciation of the local currency. For both petroleum fuels and wood
fuels further price rises can be expected due to resource allocating and other
constraints.

Production and use of ethanol locally will create significant employment in
Madagascar, through the development of a local ethanol production industry,
including the manufacturing of ethanol production equipment and stoves, as well as
fuel distribution.

Environmental
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The non-sustainable use of wood fuel has had a significant impact on forest
resources and loss of productivity of land due to soil erosion. Madagascar is
reported to have lost about 80% of its forests, half of them in the past forty years
(Bergeron, 2002). Land fragmentation, increasing population, demand for food and
for fuel are listed as the reasons for this massive deforestation. The World Bank
estimates that environmental degradation caused by deforestation reduces GNP by 5
to 15% each year (Haan et. al., 2000). Clearly forest removal for either food or fuel
must be stabilized, and wood fuel consumption at present levels can clearly not be
supported. Madagascar is a country of exceptional biodiversity, but it is threatened
with uncontrolled deforestation through food and fuel demands.

Solid biomass fuel use in poor countries in Africa is reported to be a significant health
risk, especially for children under 5 and women over 30 (WHO, 2007). Hundreds of
thousands of people in Madagascar are at risk of death or disability due to IAP
caused by solid biomass fuel combustion from traditional stoves.

Social and Political

Domestic production of ethanol for domestic fuel will create sustainable employment
and reduce resource conflicts that might arise for a diminishing resource such as
wood fuel and charcoal, and should gain a wide acceptance by the public and local
businesses.

Lessons for Madagascar from Other African Countries

Chapter 2 details ethanol case studies from around the world which provide
important lessons for Madagascar, including a number of African countries. In both
Ethiopia and Malawi the ethanol is produced from sugarcane molasses, due the
priority of blending ethanol with gasoline (E5 to E10), but in both countries ethanol is
also promoted as a domestic cooking fuel. The main finding of studies conducted in
these countries (UNDP/Malawi, 2007, UNDP/Ethiopia, 2006) indicate that the
application of ethanol for domestic cooking is more attractive, environmentally and
socially, than for gasoline blending.

o The household ethanol markets are larger than the blending mandates. In
Ethiopia, at a maximum blend mandate of E10 only about 20 million litres of ethanol
can be absorbed, while there already exists a ready domestic cooking market of 100
million litres

J Using ethanol for domestic cooking entails few changes in the petroleum
distribution infrastructure, and is much easier to regulate

o Application of ethanol for domestic cooking is socially more equitable because
any gains in better access and reduced costs are more equitably distributed among
different income classes (for gasoline blending on the other hand, gains tend to go to
the highest 5% income group)

4.5 Stove Absorption Modelling

It is a common assumption that improved stoves must be low-cost to be absorbed
into the local economy when incomes are very low. Thus, if incomes are between
US$1-5 per day, a stove must cost in the range of US$1-5, or perhaps US$5-10, to
be adopted. Many improved stove programmes are tailored to this assumption, and
have often gone to great lengths to develop very low cost stoves. However, this

130



PRACTICAL ACTION

Consulting

approach is limited if the pursuit of a low-cost stove compromises its performance
and durability and, moreover, reduces the ability of poor households to exploit fuels
other than wood or charcoal.

It is interesting to look at the uptake of mobile phones in Madagascar as an example
of a modern technology, as there are many similarities between mobile phones and
ethanol stoves insofar as the profit is in the ongoing cost (calls versus ethanol fuel)
and not in the capital item (mobile phone versus stove), and is detailed in more detail
in Annex 7.

Generally, low-cost stove programmes focus on the exploitation of traditional solid
fuels rather than modern, processed fuels such as liquid biofuels, except in a few
cases. The Milennium Gel Fuel Initiative (Utria, Energy for Sustainable
Development, 9-04), took the approach of gelling or partially solidifying ethanol with a
gelling agent (calcium acetate) in order to burn it safely in a simple receptacle
beneath a burner or pot support (Annex 8). If liquid ethanol was congealed, the
assumption was that it could be simply contained, requiring a simpler, less expensive
stove than one designed to hold and deliver liquid fuel to a burner. A number of
simple gelfuel stoves were designed, costing just a few dollars, but have serious
performance and functional limitations, and as a result, have not been widely
embraced by consumers and no gelfuel stove programmes are in operation today.

The question of whether a more expensive, better performing stove can be absorbed
into a low wage, low income economy still needs addressing. Related to this is how,
and through what means, the absorption or uptake of stoves can be promoted,
whether through subsidy, finance or other means, including supportive government
policies and programmes.

At one time, the ‘Energy Ladder was thought to explain how people behave with
regard to choosing stoves and fuel. As their income rises, consumers ‘move up the
energy ladder’ from solid fuels to liquid and finally to gaseous fuels. But studies have
shown that many economies require a multi-fuel, multi-stove approach to cope with
changing conditions, thus in some households, an LPG or kerosene stove might be
used as well as a wood or charcoal stove. In Ethiopian urban households typically
use a kerosene wick stove, a charcoal stove, and an electric stove for cooking, and a
wood stove in an outside kitchen for baking injera bread. Some households also
occasionally cook with other fuels such as dung. Household surveys need to find out
about all stoves and fuels used, not just the main one, and the potential for modern
stoves to penetrate households must be evaluated in light of multi-fuel/multi-stove
household characteristics. Households that are recorded as relying on wood or
charcoal may in fact use other stoves some of the time, which might be a more
modern stove.

The cost of fuelwood and charcoal is not always lower than more modern fuels.
During the last decade the price of kerosene was lower than the price of biomass
fuels in many African countries, before its sustained price increase (and the
consequent deregulation of kerosene pricing in many African countries made
necessary by balance of trade deficits created by the importation of costly fuels),
making it too expensive. Kerosene escalated in price to the extent that it is no longer
cheaper than fuelwood in urban settings, but it did used to be the cheapest fuel
(Seboka, Yisehak, Kassa, Mekonnen, et al., Situation Analysis Biomass Energy
Strategy Methodology, Ministry of Mines and Energy, Ministry of Agriculture and
Rural Development, FDRE, August 15, 2008).
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Even when an improved fuel is cost competitive with traditional fuels, it might have
barriers to entry; a regular and on hand supply, the cumbersome weight of the fuel
tank, or the requirement to purchase several month’s supply of fuel at once (all
features of LPG). The barrier associated with an improved fuel may not just be on
price, but convenience, cash flow (how much users can afford at the time of
purchase) or limitations in the household. Urban areas are likely to possess more of
the positive factors that allow a new stove and fuel to be adopted, than rural areas.
These include the expense of purchasing traditional fuels that have to be transported
long distances, the existence of suitable infrastructure, the presence of media and
educated consumers, a cash economy, and sufficient purchasing power (Heltberg, et
al, 2003).

In examining the household energy economy in Madagascar the factors that might
predict the likelihood of a household buying a new stove include:

e Household income

e Type of employment

e Location of household

e Current fuel use

e Presence of improved stoves

e Experience with LPG, kerosene, electricity and/or natural gas/biogas
e Employment status of the head woman in the household

e Status of head woman in the household

e Presence of other appliances in household (radio, TV, refrigerator, etc.)
e Access to finance

e Remittance assistance from family members abroad

e Possession of cell phone by household members

National statistics on key indicators such as the number of improved stoves sold
(improved charcoal and Fatana pipa), number of kerosene and LPG stoves sold,
number of refrigerators, TVs sold, number of bank and cell phone accounts can all
help show how easily a modern stove and fuel might be absorbed into an economy.

Heltberg, et al, rightly points out that the type of stove currently used in a household
is a good predictor of the willingness of a household to take on a new stove.
Household surveys conducted in Addis Ababa in 2004-2006 with the CleanCook
stove (Bilan Kassa/Gaia Survey Reports) showed that there was a high propensity of
urban household cooks to replace their kerosene wick stoves and charcoal stoves
with ethanol stoves. Interviewed cooks stated that they disliked the smell of
kerosene fuel, and it tainted the taste of the food, whilst ethanol did not. They
accepted ethanol stoves in place of charcoal stoves for other reasons, because
ethanol stoves cooked like charcoal stove, could be turned down to a temperature
appropriate for particular foods cooked on charcoal (e.g. coffee) and had flames like
charcoal flames. Some households said they used the charcoal stove for coffee-
making for special occasions but the ethanol stove for coffee-making otherwise, or
they used the ethanol stove when they did not have charcoal in the house (Gaia
reports).
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4.5.1 Potential Market Segment for Domestic Cooking with Ethanol
Madagascar is a low income economy; however it must be noted that significant
differences exist between income levels and purchasing capacities. It should also be
noted that despite low incomes, the actual level of expenditure on cooking fuels in
Madagascar is substantial (US$146 per household per year for the average
household).""* Therefore a substantial market for a good quality and accessible fuel
and stove already exists within the Madagascan domestic fuel market.

Factors Determining Adoption of a New Stove (Heltberg, et al, 2003)115

—_

The Availability and Price of Traditional Fuels (mainly wood and charcoal)

2. Urban or Rural residency
a. How much access do rural households have to free biomass?
b. What is the cost of wood and charcoal supplied in urban settings, and how
easy is it to buy and transport?
C. Dwelling type: Are city residents allowed to cook with wood or charcoal in
their dwelling?
3. Cooking Habits and Preferences
a. What similarities or differences do the new stove and/or fuels have with
what is currently used?
b. How does the new cooking of food vary from, or match, the cooking of food
using traditional stoves and fuel?
4, What are the opportunity costs of the current cooking fuel/practices?
5. What is the level of household education and ‘upward mobility’?
6. Is the household served with electricity?
7. Is the woman in the household employed?

Ethanol compares favourably in cooking cost comparisons amongst domestic
cooking fuels in Madagascar (Table 4.13). It is significantly cheaper than LPG and
kerosene and only marginally costlier than cooking with wood fuel on an open fire. If
non-financial measures of fuel-stove combinations are introduced, ethanol cooking
with a good quality ethanol stove (e.g. CleanCook) will be preferable to all currently
available fuels.

Table 4.13: Daily Fuel Expenses of Household Cooking Stoves

Fuel-stove Ethanol Improved |Charcoal |LPG Kerosene |Electricity |Wood
Stove Wood Jiko Standard |Wick standard |3_stone

Unit Litre kg Kg kg Litre kWh kg

Daily need (unit/family) |1.0 4.3 2.1 0.6 0.9 6.8 6.4

114

Per capita GNI was US$410 in 2008 (World Bank, online, World Development Indicators). This is equivalent to

US$2050 per household. In urban areas where charcoal is the main cooking fuel, daily expenditures are about Ariary
600 to 800 (equivalent to US$0.40 or US$146/year). This implies that 7percent of total expenses from the average
household go towards cooking fuels. The proportion will be higher for lower income households.

s Heltberg, Rasmus, Factors Determining Household Fuel Choice in Guatemala (December 15, 2003). Environment and
Development Economics, December 15, 2003.
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Price (MGA/unit) 950 140 3002 3750° (1600  |340 140

Daily fuel expense
(MGA) 950" 602 630 2,250 1,440 2,312 896

Notes: Year of price: "% (2003), ® (NA), * (Dec 2006)

Source: Amount of fuel displaced by a litre of ethanol used with the CleanCook stove is taken from the
study for Malawi: UNDP/Malawi, 2007. Feasibility Study for the Use of Ethanol as a Cooking Fuel in
Malawi.

A first estimate of the potential market segment for ethanol household cooking
(based on relative cost of fuels (Table 4.14) and the purchasing capacity of
households) indicates that there would be at least 180,000 households that may
substitute their primary cooking fuels with ethanol (Table 4.15). This segment
includes all LPG and kerosene users in both urban and rural areas as well as about a
third of charcoal users in urban areas.

Table 4.14: Ethanol Market Segment for Madagascar — 2010

All Geography | Income Fuel Main fuel choice Estimated House
Quintile criteria Ethanol
% market holds
Poorest Wood 100 Cost, access
Poorer Wood 100 Cost, access
Middle Wood 100 Cost, access
) Richer Wood 85 Convenience,
2 access, cost
X 3
o 8 é Charcoal 15 30% 10,800
o c
& 3 S Richest | Charcoal | 87 Convenience, 30%
L o E access 62,640
3 ~
o - LPG 10 100% 24,000
(0]
3 Kerosene | 1 100% | 2,400
N
5 Electricity 2
E Poorest Wood 100 Cost, access
g Poor Wood 100 Cost, access
o
g @ Mid Wood 100 Cost, access
o =2
é - % Richer Wood 75 Convenience,
= S 8 access, cost
@ c Charcoal 25
é % Richest Wood 0 Convenience,
© access
N
Charcoal 95 10% 53,200
LPG 5 100% 28,000
Total 181,040
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4.5.2 Adoption Rates for Domestic Cooking with Ethanol

The target population of households who might use ethanol for cooking in 2010 is
estimated at 180,000 households (100,000 urban, 80,000 rural), which is believed to
be a conservative estimate. This has been based on fuel costs (Figure 4.15) and the
cost of a locally produced high quality stove selling at around US$20, or MGA 40,000
(Table 4.15). The upper income households should be able to afford such a stove,
considering its benefits of very low emissions, safety, and attractiveness.

Table 4.15: Potential Ethanol Stoves Market in Madagascar

Stove Type Price Locally Useful O&M Convenience
uUs$ Made Life Costs Usability

!mported high guallty stove, 40 No 10 Lower High

imported materials

Imported h!gh quality stove, 20 No 5 Lower High

local materials

Locally produced low 10 Yes 5 Lower Medium

quality stove

The adoption of ethanol for domestic cooking using a locally-produced high-quality
stove is estimated based on the following assumptions:

o The target population in 2010 is 180,000, with this segment expected to
increase by 2.7%/year, due to population growth, reaching 300,000 by 2030.
The segment can be expected to grow faster if incomes increases at a higher
rate (per-capita income growth is currently 4.2%/year)

o The urban and rural adoption rate will be different, with faster uptake generally
in urban areas

The rate of market penetration for a new technology usually follows a logistic curve,
with slow initial take-up, fast growth in the middle and saturation at the end, and it is
believed that the market penetration of ethanol stoves will follow such a route over a
period of 20-25 years. The early adopters will be few, estimated at around 2,000
households in the first year, growing to 10,000 in year 5, peaking at 25,000 in year
10, and then declining thereafter (Figure 4.8). Following this scenario the associated
requirements for ethanol fuel would be 0.7 million litres in 2011, reaching 105 million
litres by 2030.
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Figure 4.15: Estimated Ethanol Fuel / Stove Adoption: 2011-2030

300,000 30,000
250,000 25,000
200,000 20,000
150,000 15,000
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------- Annual adopters
2010 2015 2020 2025 2030

A methodology for estimating the potential take up of ethanol stoves in Madagascar
is detailed in Annex 15, estimating the household ethanol market in Madagascar up
to 2026. The methodology looks at the potential for the introduction of stoves, using
different prices for both stoves and fuel, and observing the sensitivity of the price on
uptake for both fuel and stoves.

4.6 Conclusions

It is estimated that 95% of households in Madagascar depend on woody biomass,
primarily fuelwood and charcoal, for their household energy. Madagascan families
annually consume approximately 9.026 million m® of wood as firewood and 8.575
million m*® as charcoal (IRG Jariala, 2005). Fuelwood is the predominant fuel for
poorest, poorer and middle income quintiles, whilst charcoal predominates for the
richer and richest quintiles. Electricity, natural gas and kerosene capture very little of
the market even for the richest quintile (Figure 4.2). Most city households use
charcoal (79%) rather than wood fuel (18%). Use of natural gas (LPG or bottled gas)
is recorded as almost 11% of the main cities, but negligible in the small cities.

The household sector in Madagascar is expected to be heavily dependent on wood
fuels for some time to come, with the FAO predicting an increase in household wood
fuel consumption, with little substitution with electricity or kerosene due to the high
(and rising, in the case of LPG) cost of the fuels and appliances (FOSA,
2000). Under the law of Madagascar, rural households have certain rights to the
wood from non-protected forests and woodlots close to their villages. Fuelwood may
be extracted free of charge provided that it is not commercially traded. An official
permit must be obtained in order to sell wood (for example to urban populations),
however illegal cutting is commonplace, particularly in areas where fuelwood is in
short supply.

User preferences for household fuels were investigated by the project. The major
concern in fuel selection was speed of cooking with 36% of the respondents citing it
as the major criteria for fuel selection. This was followed by convenience,
cleanliness, and costliness of the fuel. Smoke, dirt, suffocation and bad health, were
some of the factors that made fuels unfavoured by the surveyed households. Within
the project area, spending on fuel was widely distributed in both the wet and dry
seasons. The maijority of households spend around MGA 2,500 with more affluent
households spending up to MGA 10,000 to MGA 15,000 per week.
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Ethanol compares favourably in cooking cost comparisons amongst domestic
cooking fuels in Madagascar. It is significantly cheaper than LPG and kerosene and
only marginally costlier than cooking with wood fuel on an open fire. If non-financial
measures of fuel-stove combinations are introduced, ethanol cooking with a good
quality ethanol stove will be preferable to currently available fuels.

A first estimate of the potential market segment for ethanol household cooking
(based on relative cost of fuels and the purchasing capacity of households) indicates
that there are at least 180,000 households who might substitute their primary cooking
fuels with ethanol (LPG, kerosene and charcoal users). The rate of market
penetration for a new technology usually follows a logistic curve, with slow initial
take-up, fast growth in the middle and saturation at the end, and it is believed that the
market penetration of ethanol stoves will follow such a route over a period of 20-25
years. The early adopters will be few, estimated at around 2,000 households in the
first year, growing to 10,000 in year 5, peaking at 25,000 in year 10, and then
declining thereafter (Figure 4.8). Following this scenario the associated requirements
for ethanol fuel would be 0.7 million litres in 2011, reaching 105 million litres by 2030.
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5 Controlled Cooking Tests and Comparison of
Ethanol Cooking Stoves

5.1 Summary

Madagascar is one of the world’s least developed countries where population
pressures and an over reliance on traditional biomass fuels have contributed to
widespread deforestation. The combustion of unsustainably harvested biomass
releases greenhouse gases into the atmosphere and when burnt indoors has been
strongly linked to a host of health problems, including acute respiratory infections, a
significant cause of death in developing countries — leading to nearly 12,000 deaths
per annum in Madagascar alone (Estimated deaths & DALYs attributable to selected
environmental risk factors, by WHO Member State, 2002; WHO, 2007).

This chapter presents an assessment of three different ethanol stoves developed to
provide a cleaner alternative to biomass stoves. These ethanol stoves were
evaluated against each other, and against charcoal and wood stoves, and the test
findings are divided into field-based cooking tests, and laboratory tests. The decision
to introduce the CleanCook ethanol stove to 30 households in Ambositra and 30
households in Vatomandry, was based on the findings of these tests.

5.2 General Background

According to Madagascar's National Energy policy, the country remains almost
entirely dependent on biomass fuels, which account for 95% of the total energy
consumption, comprising of firewood, charcoal and crop residues. Firewood is the
primary source of energy for rural households, followed closely by charcoal, whilst in
urban centres charcoal is the most commonly used household fuel. In Antananarivo

91.1% of households rely on charcoal for cooking (Bazile, 2001)"®.

Current annual consumption of firewood in rural areas is estimated to be between
480 and 945kg per capita, whilst in the urban areas, per capita annual consumption
of firewood is only about 94kg (IRG Jariala Report). The annual charcoal
consumption per capita in urban areas is estimated to be 110 Kg (IRG Jariala
Report). In total, 5.9 million cubic metres of firewood is produced annually for
household cooking, and 2 million cubic metres for charcoal production (IRG Jariala
Report).

The national electricity coverage rate is 15% (MAP), whilst less than 3% of people
living in rural areas have access to electricity. Hydro power accounts for 66.1% of
electricity generation in Madagascar, and thermal plants for 33.9% (IAEA, 2008), with
the annual electricity production in 2005 being 0.83 TWh (IAEA, 2008).

On a global level the combustion of biomass has major implications for climate
change, due to the release of large quantities of carbon dioxide (CO;) and other
greenhouse gases (GHGs). Whilst much of the CO, is absorbed back into plants
during photosynthesis, if fuel wood is unsustainably harvested this absorption effect
is largely negated by the reduction in forest cover. In addition, the use of open fires

"8 Fuel wood (charcoal and firewood) is the main source of household energy in Madagascar; a

situation which is alarming because the country’s forest areas are decreasing by 2.5% per year.
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and cook stoves makes household energy usage a large source of pollution, with the
burning of biomass indoors being strongly linked to acute respiratory infections
(ARIs) and other health problems. As women are most likely to undertake the
cooking, it is they (and their young children who often spend long periods of time by
their sides) who are at highest risk from these health problems. Indeed it is
estimated that worldwide, ARIs are the biggest killer of children under age five,
resulting in over 2 million deaths annually (WHO, Fuel for Life) and around 60% of
cases of mortality are directly related to cooking stoves.

Considering both environmental impacts and the negative health effects of burning
poorly prepared firewood in inefficient hearths, the Government of Madagascar is
seeking alternatives to firewood for domestic cooking. One of the supported
initiatives, in collaboration with donors and the private sector, has been the promotion
of ethanol as a fuel, including the development of two locally manufactured stoves
that burn ethanol (potentially with a high water content).

As part of this research, the Ministry of Energy, the World Bank and the NGO, Tany
Meva Foundation, evaluated the Madagascar Proimpex ethanol stove and the
Madagascar ISPM stove, and seek to develop an appropriate plan to disseminate
ethanol stoves to fully exploit the potential of ethanol as a promising clean cooking
energy.

5.3 Stove Evaluation Background

The evaluation was carried out in June and July 2009, by a PAC-led consulting team
based in Ethiopia and Madagascar, with representatives from the Ministry of Energy
and the Tany Meva Foundation. The study team submitted three stoves to a
Controlled Cooking study and to a usability study to assess their appropriateness for
use in Component A of this World Bank funded project.

While a stove may be technically feasible and operational, for it to be widely
disseminated and accepted, and remain in use, it needs to meet three basic criteria:

o It must be safe
o It must be convenient to use and operate
o It must quickly and easily cook the locally demanded food

To assess a stove against these criteria, research was carried out through a series of
laboratory and field tests, as well as ethanol market research, to determine how the
stoves perform and how their performance compared with stoves using other fuels
also selected for testing. The ethanol stoves were assessed against both traditional
and modified wood and charcoal stoves in use in Madagascar as well as the local
ISPM and international CleanCook ethanol stoves in the controlled cooking tests
(CCT) with cooks in Antananarivo. An additional usability test was conducted only on
the ethanol stoves in one of the project locations in Vatomandry, rural Madagascar.

This study was guided by the Aprovecho/VITA international methodology on
improved stove programmes, which concludes that improved stove testing should be
focused on users who already spend a substantial proportion of their income on
cooking fuels. These users are the most immediate beneficiaries of improved stoves
and consequently are best placed to determine whether they would adopt any given
improved stove. Both controlled condition and field studies were conducted in
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Madagascar with complete transparency to allow for interaction and feedback
between stove designers, testers and users.

5.3.1 Statement of Impartiality

The PAC-led team carrying out the study, included staff from one of the consortium
partners, GAIA Association, which has internationally recognised experience with a
range of ethanol stoves, but is a promoter of the CleanCook ethanol stove, currently
manufactured in Eastern Europe by Dometic, a Swedish company. As the
CleanCook is one of the stoves considered in the stove testing, a potential for conflict
of interest has been identified and noted in the contract between PAC and the World
Bank. In order to mitigate any issues relating to this conflict of interest, PAC has
involved non-GAIA staff in all components where GAIA staff has been involved, and
has independently reviewed all work for balance and fairness. Tests were conducted
by randomly selected Malagasy cooks and households chosen by Tany Meva,
evaluations (where required) were conducted by committees, tests were witnessed
by non-GAIA staff, reporting was checked by PAC, and the results presented here
are considered to be impartial by PAC.

5.4 Categories and types of stoves tested

A briefing meeting was held with Tany Meva Foundation and the Ministry of Energy
at the beginning of the study, and the stoves to be tested were selected by Tany
Meva, in coordination with PAC, as follows:

o The CleanCook - manufactured by Dometic

. The Cooksafe — a traditional gelfuel stove design

o The Britelyt - a low-pressure stove using Petromax lantern parts
o The NARI stove — a pressure stove from India

o Proimpex — a locally-developed stove

o ISPM stove — a second locally produced stove

Table 5.1 shows a summary of these stoves and fuels. Unfortunately, both the
Britelyt, NARI and Cooksafe stoves were not available for testing.

Table 5.1: Types of stoves tested

Local Stove Stove
No. Category | Type of Fuel Name of Description | Identifier Remark
of Stove stove type and
Stove el
Identifier
MWS Portable clay
Wood Fatana Modified stove, available
1 . . Wood .
Modified/ burning pipa wood stove for the whole
Improved study
Biomass Modified MCS Portable metal
Charcoal
2 . Charcoal Fatana charcoal and clay stove,
burning :
stove available for the
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TCS Portable metal
Charcoal Traditional stove - most
burnin Charcoal Fatapera | charcoal commonly used
9 stove stove in the
country
3 | Traditional STWS Most commonly
Biomass used in rural
Wood Three stone areas, only one
burnin Wood - or traditional CCT was
9 wood stove conducted due
to time
constraints
ProS Single round
4 Proimpex | Proimpex burner; available
Small Small for the whole
study
ProL Single round
burner with the
Proimpex | Proimpex addition of six
5 o small burner
60% Large Large L
Ethanol openings;
available for the
whole study
Institut ISPM Single round
Supérieur burner, similar
6 ISPM Polytechniq system to the
Ethanol Ethanol ue de Proimpex stove;
Fuelled stove Madagascar available for the
stove whole study
CCs Stainless steel
7 CleanCoo | CleanCook smgle. bumle';)l
K stove stove; available
95% for the whole
Ethanol study
. . BriS Stove was not
8 Britelyt | Britelyt available for the
CCT study.
GFS Stove was not
available for the
: Erare | Galel | ool e
tested with the
CO monitor
5.5 Stove Screening Evaluation
5.5.1 Screening Criteria

The purpose of the testing was to evaluate objectively the performance of a range of
stoves that are currently available, or could be made available in the future, to the

Malagasy market.

Table 5.2 shows the screening criteria used to evaluate and

compare the available stoves. For statistical validation, each stove was tested at
least three times with the possibility of an additional repeat test in case of anomalous
data. Using the Controlled Cooking Test (CCT) protocol developed by VITA/Bailis
and with the assistance of three cooks, test engineers were able to test the seven
different stoves in one week.
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Table 5.2: Screening criteria: Ranking''’: - High = 4; Medium = 3; Low = 2; Minimal =1

No. Criteria Group Criteria Rank Range

1 Stove Safety Stability Yes or No

2 Handling 1to 4
Heat Protection 1to4

4 Sharp Edges 1to4

5 Stove Functionality Ease of lighting 1to 4

6 Power regulation 1to4

7 Ease of shutting down 1to 4

8 Time between refuelling 1to 4

9 Practicality/ Ease of use 1to 4

10 Stove Design Durability 1to 4

Explanation of Criteria

. Stability — the tendency of the stove to resist falling over when tipped due to
actions performed during cooking

. Handling — portability, size and weight

. Heat protection — any surface of the stove body that has to be touched
during cooking should not be too hot to handle safely

. Ease of lighting — how difficult is the stove to light? how long does it take to
properly ignite?

. Power regulation — how easy is it to adjust the power or flame size? how fine
is the adjustment?

. Ease of shutting down — how easily and quickly can the fire be
extinguished?

. Time between refuelling — how long does the stove cook when charged
with fuel?

. Practicality/ ease of use — convenience while cooking and in refuelling

. Durability — sturdiness of the stove and various parts of the stove:
workmanship, quality and durability of materials used

5.5.2 Stove Screening Result

All stoves were evaluated in the state they were received, and the preliminary
evaluation (screening) was carried out by the committee, consisting of
representatives from the Energy Ministry, Tany Meva Foundation and the PAC study
team. Based on the results, the stoves were ranked according to their most
important characteristics and cooking performance, using a straight-forward,
transparent evaluation method. Table 5.3 and Figure 5.1 show that the CleanCook

"7 Most of these criteria are taken from Safety Protocols developed by Nathan G. Johnson from lowa

State University.

142




PRACTICAL ACTION

Consulting

stove was given the highest performance rating and the three-stone traditional wood
stove was given the lowest rating. The committee decided to do the CCT for all of
the stoves even though some of the stoves received low scores.

Table 5.3: Stove Screening Results

Criteria Weight Rank (1 to 4) and weighted value
No. G Criteria
roup % |ISPM| ProL [ ProS| CCS| TCS | MCS | MWS | STWS
Stove Safety 275 | 2.5 25 4 25 3.5 4 2
1 Stability 15%
40% 0.41 |1 0.375(/0.375| 0.6 | 0.375 | 0.525| 0.6 0.3
2.5 2.7 3 4 3.25 | 2.75 2 2.33
2 Handling 5%
0.125|0.135| 0.15| 0.2 | 0.162 | 0.138| 0.1 0.116
Surface 10% 3 2.5 2.7 3.5 1.5 3 3.2 1.33
3 o
temperature 03 | 025|027 |035| 015 | 0.3 | 0.32 | 0.133
4 Sharp . 10% 3 225 | 2.25 | 3.75 1.5 325 | 3.5 2.67
edges/points 0.3 |0.225| 0.225| 0.375| 0.15 |0.325| 0.35 | 0.267
Stove
s | Functionality | Ease of o | 278|178 2 4 | 25 | 25 | 3 | 233
lighting
50% 0.275| 0.175| 0.2 0.4 025 | 0.25 | 0.3 | 0.233
, Power PPl B P 70 [ R R
regulation 0.25 | 0.125| 0.15 | 0.375| 0.25 | 0.25 | 0.3 | 0.233
Ease of 3 2.75 | 2.75 4 1.75 | 1.75 2 1.67
8 shutting 10%
down 0.3 |0.275| 0.275| 04 | 0175 |0.175| 0.2 | 0.167
Time 275 | 3.25 | 3.25 | 2.75 2.5 25 | 3.25 | 2.33
9 between 10%
refuelling 0.275| 0.325| 0.325| 0.275| 0.25 | 0.25 | 0.325| 0.233
10 Practicality/ | o0, [ 27°] 2 | 2 | 4 3 3 | 3 2
ease of use 0275/ 02 | 02 | 04 | 03 | 03| 03 | 02
Stove Design 3 2 2 375 | 1.75 | 2.75 4 3
11 Durability 10%
10% 0.3 0.2 0.2 | 0.375| 0.175 | 0.275| 0.4 0.3
| Sum (out of 40) 28 23 |23.95| 37.5 | 22.75 | 27.5 | 30.95| 22.99
Tota
Weighted (out of 4) | 2.81 2.0 | 237 | 3.75 | 2.2375| 2.78 | 3.195| 2.3325
Total 70 57.5 | 59.87 | 93.75| 56.87 | 68.75| 77.37 | 57.47
Percentage
Weighted average | 70.31| 57.13| 59.25| 93.75| 55.94 | 69.69| 79.88| 54.56
Rank based on weighted average 3 6 5 1 8 4 2 7

Key: ISPM = ISPM stove; ProlL = Large Proimpex stove; ProS = Small Proimpex stove; CCS =
CleanCook stove; TCS = Traditional charcoal stove; MCS = Modified charcoal stove; MWS = Modified
wood stove; STWS = Stone traditional wood stove
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Figure 5.1: Stove ranking
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5.6 Controlled Cooking Tests (CCTs)

5.6.1 Selection of test protocol

The Controlled Cooking Test (CCT) seeks to assess stove performance according to
local conditions by measuring both the mass of food and fuel used, as well as the
time taken to cook a typical meal. The test gives a more realistic idea of
performance of a stove in practice than the Water Boiling Test (WBT) which is often
used as a standardised stove performance test. Although realistic in terms of
monitoring food appropriate to the local area, by standardising the meal, the amount
and type of food can be cooked, and the person doing the cooking, greater
standardisation is achieved than is possible using household monitoring.

o For the CCT, the fuel consumption is expressed in grams of fuel used per
kilogram of food cooked. The CCT, in addition to measuring energy input versus
energy output, also measures energy used per gram of food cooked and total
cooking time per defined task.

o The WBT provides a standardised test for emissions and performance testing
but does not always predict the performance of the stove in a cooking task. Stove
performance may vary according to the type of food being cooked; a stove that
performs well for cooking one particular food may not perform as well when cooking
another type of food.

The study team opted for the CCT in field conditions (using the most common meal,
comprising staple foods in the study area), in order to assess stove performance in
real conditions. For the laboratory emissions testing (conducted at the Aprovecho
Stove Research Laboratory in the USA), the standardized WBT was used in order to
provide emissions data to compare with stoves used elsewhere.

Limitations of the CCT include not precisely determining the performance of a stove
in that there is no unequivocal mechanism for judging when the food is properly
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cooked, as opposed to when water boils for the WBT. There is some subjectivity
involved on the part of the cook to judge when the food is properly cooked. Often the
more the food is cooked the lighter it becomes, as more water is boiled away, and
more fuel is used in evaporating it. Because of this, the fuel consumption
measurement is doubly affected and can incorrectly measure the performance of the
stove. All CCT protocols attempt to take this subjectivity into consideration, by
aggregating the cooking results of several cooks - in this study three cooks were
used to measure each stove.

The CCT protocol used in this study was recommended by the Aprovecho Stove
Research Laboratory, however an additional efficiency calculation was added to help
to account for the evaporated water and the energy actually absorbed by the food,
and to help correct for the variability in the way that cooks cook their meals. The fuel
used is adjusted for the moisture content and the fuel leftover at the end of each test.
The moisture content of the fuel was measured on a wet weight basis and this
amount was subtracted from the total weight of fuel used. The energy that is
consumed to evaporate the water within the fuel was also calculated and deducted
from the measured weight of fuel. The energy output is thus the energy absorbed by
the food, taking the specific heat of the rice and water into consideration.

The amount of heat released by the fuel was calculated, along with:

o Power Output (the rate at which energy is being absorbed by the food)

J Power Input (fire power, or the rate at which heat is being released by the fuel)
. Efficiency ([Energy Output/Energy Input]*100%)

This enhanced protocol was used in developing an improved injera (Ethiopian diet
staple) stove in Ethiopia as part of the World Bank Energy 1 project.'”® The protocol
was adapted to the Malagasy situation, cooking rice and sauce - rice is normally
served with beef sauce, which is boiled meat with vegetables and onions. There
were thus two major cooking tasks, the preparation of the sauce, which has a
number of steps and takes an average 98 minutes to prepare, and the preparation of
the rice, which took, on average, about 35 minutes to cook.

5.6.2 Description of Test Setup and Execution

The chosen meal was typical for a low-income urban family in Antananarivo and
included rice, meat, a green leafy vegetable and onion sauce (Figures 5.2 & 5.3), and
the total food weight cooked was over four kilogram, enough to feed five adult men.
After agreeing the cooking task, the food preparation and cooking requirements were
recorded so that all stove users and stove testers could understand and repeat.

Standard meal protocol

A standard rice cooking procedure was agreed to as follows:

. Bring 1.5 litres of water to the boil
. Add 690 gm of rice when the water reaches approximately 60°C
. Simmer until it cooks (approximately 35 minutes)

e Feasibility study for the use of ethanol as a household cooking fuel in Malawi [ERG, 2007]
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. When the rice is well cooked, turn off stove
A standard sauce cooking procedure was agreed to as follows:
. Chop into pieces a 500 gm piece of meat and fry in a pot
. After 25 minutes, add 45 gm of oil
3 After cooking for 10 more minutes, add 55 gm of onion
3 After 30 more minutes, add 930 gm of washed green vegetables; continue to cook
. After 23 more minutes, add 680 gm of water and 15 grams of salt
. Simmer until it cooks; approximately 10 minutes
. Turn off stove

Total approximate cooking time is 98 minutes

Figure 5.2: Beef and greens sauce with onions Figure 5.3: Sauce and rice. The sauce took 98
and oil minutes to prepare and the rice 30 minutes

Before the CCTs were begun, demonstrations of the Proimpex (Pro L and Pro S),
ISPM, Modified wood (MWS) and the CleanCook (CCS) stoves were given to the
study team.

Preparation for each CCT began approximately 20 minutes before the start of
cooking, including background information (weight, temperature, etc.) on the rice,
sauce, mass of water, temperature of water, temperature of air, mass of fuel with
stove and time to light the fire, and the same measurements were taken again after
the CCT’s were completed.

The CCTs were performed with the Proimpex single burner stove (ProS), the
Proimpex multiple burner stove (ProL), the ISPM, the CleanCook (CCS), the modified
wood stove (MWS), the modified Charcoal stove (MCS), the traditional charcoal
stove (TCS) and the stone (e.g. 3-stone) traditional wood stove (STWS).

5.6.3 Equipment used for the Controlled Cooking Test

The tests were conducted in the Tany Meva Foundation kitchen in Antananarivo, with
each stoves being tested one at a time. A total of twenty five tests were conducted
on eight different stoves and using four different fuels (wood, charcoal and full
strength and diluted ethanol).
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The test facility was equipped with digital balances with 1 gm precision and 30
kilogram capacity, digital thermocouples with 1°C precision, and moisture meters for
measuring wood moisture as a percentage of the total wet weight. A hydrometer was
available for measuring the specific gravity of the ethanol fuel. A HOBO CO data
logger'"® was used to measure how much carbon monoxide (CO) was present in the
room during each test, an indication of the stove’s impact on Indoor Air Pollution
(IAP).

Kitchen: The kitchen was a well-ventilated model kitchen (two windows that opened
and one door). In order to avoid differences between the tests, all stoves were
placed at the same location in the kitchen. IAP measurements were taken according
to the University of California, Berkeley’s standard protocol. Three cooks conducted
all the tests; and each cook had a chance to cook with every stove.

Pot: A metal pot with a capacity of five litres was used for cooking the rice. The
height and inside top diameter of the pot were measured at 150 mm and 270 mm,
respectively, with the weight of the pot and lid being 1455 grams. A second metal
pot with a capacity of four litres was used for cooking the sauce, with the height and
diameter of the pot being 125 mm and 250 mm height and diameter respectively and
weighing 925 gm. Unlike the WBT, any types of pot can be used for the CCT, and
local cooks commonly do not use a standard pot for rice. The three cooks use the
same type of pot for the entire study.

Fuels

o Ethanol: The ethanol fuel was from three sources and varied in percentage of
alcohol by volume, according to the requirement of each ethanol stove being tested
(Table 5.4). Grain alcohol at 95% was purchased at a local liquor store, with 5%
assumed water content. The Proimpex stove team brought 51% alcohol for their
stove test and it was checked using a hydrometer. An additional CCT test was run
with 60% ethanol, which was obtained by adding water to the 95% ethanol to reduce
it to 60% by volume. The Higher Heating Value of the pure ethanol was assumed to
be 29.7 MJ/kg as recommended by the NIST Chemistry WebBook .

It is important to note that the calculation of water content by volume is different from
the moisture content on a wet mass basis as used in WBT calculations. Give that the
density of water is 1 g/ml and the density of pure ethanol is 0.789 g/ml, moisture
content on a wet basis is calculated as follows (Aprovecho Research Center, 2009):

MCwet = (1*Vol Water Present + 1*Vol WaterAdded) /
(1*Vol Water Present + 1*Vol Water Added + 0.789 * Vol Ethanol Present)
=0.12

"*This device, an electrochemical sensor that converts CO gas to an electric signal, measuring CO in
the air, is produced by the Onset Corporation. See http://www.onsetcomp.com/.

'*webbook.nist.gov/chemistry/
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Table 5.4: Percent ethanol by volume and moisture content by weight

Percent Ethanol by Volume MCwet%
60% 45.8%
52% 53.9%
96% 6.2%

MC = Moisture Content

e Charcoal: Charcoal is primarily produced from the wood of eucalyptus trees and
is manufactured by entrepreneurs who purchase standing trees from the owner of a
woodlot (Gade and Perkins-Belgram, 1986). The entrepreneurs most often pay rural
people to make the charcoal, whilst providing jute sacks to bag the product and then
haul it to market in trucks or ox carts. The charcoal used in the test was purchased
from the local market.

e Wood: Eucalyptus tree wood was purchased at a local market for all of the tests
needing fuelwood.

5.6.4 Testing

e Proimpex Ethanol Stove (Pro S and Pro L): The Proimpex ethanol stove has
two models based on size and burner design. The smaller version has a single
round burner opening of approximately 6 cm diameter (Figure 5.4). The larger stove
(Figure 5.5) possesses the same 6 cm burner opening, but with the addition of six
small burner openings approximately 1 cm in diameter arrayed concentrically around
the central opening.

The larger stove weighs 5.5 kilogram and the smaller stove weighs 3.5 kilogram.
Both stoves have round bodies, circular pot supports, and are mounted on four legs
on a circular base. The stoves are stable, particularly the larger stove.

Each stove has a detachable ethanol fuel tank made of a 2 litre drinking water bottle,
normally of polyethylene terephthalate (PET) plastic, which is inverted and supported
in a metal tripod stand separate from the stove. Ethanol is conveyed to the burner
through a clear plastic tube. This is hospital grade disposable tubing probably made
of polyvinyl chloride. The tube is primed by squeezing a small charging chamber at
the base of the bottle. Once the tube is full of ethanol and the ethanol begins to flow,
the flow continues until it is shut off by a simple squeeze valve (flow rate regulator) at
the end of the tube adjacent to the stove (Figure 5.6).
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Figure 5.4: Top view of a single Figure 5.5: Top view of multiple burner stove
stove burner

This squeeze valve can rest