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Foreword

Most of the millions of small-scale brick producers in developing countries use
wood-fired clamps to fire their bricks. Clamps suit them, because they require
no investment and can be built near any clay deposit whenever some bricks
have been moulded. Even their sizes can be adjusted to the available quantities
of dried bricks. A major drawback of these clamps is their low fuel efficiency,
particularly if they are small. This is contributing to the depletion of wood
resources in brick producing areas and threatening the environment. Beyond
that, it is now threatening the livelihoods of small-scale brick producers
themselves. The increasing scarcity of wood has motivated some authorities to
altogether ban its use for activities such as brick production. Elsewhere, scarcity
has increased its cost so much that it now exceeds half of the overall cost of
producing the bricks. As a result, many small-scale brick producers have gone
out of business or are at risk. '

Both brick producers and development agencies have been looking for ways
to resolve this fuel problem. The ideal option would be to produce fuelwood in
a sustainable way, but this rarely happens. Another option is to increase the fuel
efficiency of brick production, thus reducing the demand for wood. But, whilst
some improvements can be made to clamps, the biggest gains in efficiency are
acquired by moving towards fixed kilns. These do, however; require a substantial
investment and changes to the ways of working, which often put them beyond
the reach of small-scale producers. Whilst this book occasionally touches upon
fuel efficiency and ways to increase it, that is not its major focus. Instead, it
considers a third opticn, that is to substitute a large proportion of the fuelwood
by residues. '

Agriculture and industry in developing countries produce millions of tonnes
of residues which generally are considered to be waste materials. Many of these
have a substantial calotific value. They include, for instance, sawdust, bagasse,
rice husks, coffee husks, cotton stalks, various straws, coconut shells, coal dust
and ashes, and various types of dung. Whilst several of these residues could find
other uses, these are often not exploited. Thus, they are left to rot, or are burned,
or even dumped in waterways; these ways of disposal all negatively affect the
environment, to a varying extent. Yet, they could be used in many production
processes that require some form of energy, including brick making, Apart from
substituting fuelwood, which is the major benefit, some types of waste can also
be mixed into the brick clays, up to a degree. That will save clay, which is another
scarce resource. The waste may also act as a flux, reducing the temperature
hence the energy required to fire the bricks. Finally, it can reduce breakages. All
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Practical Action, formerly known as the Intermediate Technology
Development Group, has been working with small-scale brick producers in
developing countries for around 30 years. The fuel question has always been
central to this work, in the context of improving the livelihoods of the producers
and the sustainability of theit ways of production. This book draws in the first
place on Practical Action’s experience of working with brick producers on fuel
substitution in three particular countries: Peru, Sudan and Zimbabwe. These
cases are set within a context of developments in this field world wide, and of
overall environmental considerations which are increasingly coming to the
fore. The book’s author, Kelvin Mason, has worked with small-scale brick
producers in half a dozen countries, for Practical Action as well as other agencies.
He has previously written Brick by Brick (ITDG Publishing, 2001) which addresses
the issue of fuel efficiency in more detail.

This book concludes that there is some real potential in using residues as a
substitute for fuelwood in brick firing. It can have a significantly positive
environmental impact, particularly in cases where waste is currently burned ot
left to rot anyway. The case studies presented, as well as experience from
elsewhere, suggest that the use of residues as fuel is technically feasible and
often cost-efficient. Proven technologies include the incorporation of fine waste
in brick clays, spreading waste in voids strategically situated in clamps or kilns,
and the use of low-pressure briquettes in firing tunnels. The use of waste can
save large quantities of fuelwood, e.g. 75% in the Sudan.

But the experience so far is not uniformly positive. There are some potential
drawbacks in the use of residues, and these need to be carefully assessed and
managed. First of all, the use of residues could lead to less complete combustion,
hence more pollution, than when wood is fired. It is therefore important to
adapt the clamp to allow adequate air to access the fuel, to achieve near complete
combustion. Another constraint could be transport: if the waste materials are
located too far from brick making siies, any environmensally ot econoimic gains
in brick production could be reduced substantially by the burden of transport.
Finally, using waste is likely to affect the quality of the bricks produced, either
positively or negatively. In the latter case, the percentage of waste used should
be limited to levels that guarantee the production of bricks of suitable quality.

The use of waste in brick production merits further dissemination. That will
require various stakeholders to play their part. Authorities need to elaborate and
adopt policies that make this possible, within the context of broader sustainable
development. Development agencies need to support further research and testing
to adapt cdlamps and Kilns to locally available residues, And brick producers will
have to contribute their local knowledge and skills as well as carrying some of
the risk. This book will form a good starting point for all those involved in
small-scale brick production in different capacities,

Paul Hassing
Deputy Director
Department of Environment and Water
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CHAPTER 1
Small-scale brickmaking around the world

:Kelvin Mason

Up until the present day, development politicians have viewed ‘poverty” as
the problem and ‘growth’ as the solution. They have not yet admitted that
that they have been largely working with a concept of poverty fashioned by
the experience of commodity-based need in the northern hemisphere. With
the less well off homo-economicus in mind, they have encouraged growth
and often produced destitution by bringing multifarious cultures of frugality
to tuin. For the culture of growth can only be erected on the ruins of frugality,
and so destitution and dependence on commodities are its price... Whoever
wishes to banish poverty must build on sufficiency. (Sachs, 1999)

Introduction
The Intermediate Technology Development Group (ITDG), recently renamed

" Practical Action, has been involved with small-scale brickmaking projects in

so-called developing countries - I prefer to use the term ‘majority world countries’
- for thelast 25 years at least. The principal objective of this work continues to
be assisting brickmakers to secure more sustainable livelihoods from their
enterprises. An associated objective is reducing the local and global
environmental impacts of brickmaking. As an example of alocal impact, consteer
the landscape degradation caused by excavating soil. The contribution to
greenhouse gas emissions, specifically carbon dioxide, is an example of a global
impact. This catbon dioxide contribution arises from both the burning of fuel
to fire bricks and also, if wood is used as the fuel, the deforestation which that
can cause. If woodlands ate not sustainably managed, i.e. trees are not replanted
on a complementary cycle, then burning wood means that natural sinks to
absorb carbon dioxide are reduced. The same reasoning holds for any type of
biomass. As is now almost universally accepted, the build-up of greenhouse
gases due to human activity is transforming the life-giving greenhouse effect
into the greenhouse problem, whereby the effect contributes to potentially
catastrophic climate change via global warming.

With respect to both livelihoods and the environment, energy efficiency in
brickmaking is critical. Not only does increasing energy efficiency serve to
rediice hrickmakere’ fial focte and hence increace their income it also reduces
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we will see, energy efficiency is combined with approptiate fuel substitution,
sometimes known as co-firing, particularly when considered with respect to
thermal power stations, then the beneficial effect on both income and the
environment canbe significantly enhanced. Efficiency and not wasting wastes,
being frugal with resources, can therefore be the basis of truly sustainable
livelihoods and is, in fact, the thesis driving this book. In Chapter 2 we will
discuss the environmental aspects of brickmaking in much more detail.

In addition to objectives pertinent to brickmakers’ livelihoods and a broad
definition of environment, Practical Action has always been aware of the role
that a secure supply of appropriate building materials, locally produced and
affordable, can play in alleviating the shelter crisis that persists throughout
much of the world. The story is not a simple one, however. If, for example,
Practical Action is assisting brickmakers on the fringes of Zimbabwe's capital,
Harare, to secure sustainable livelihoods in the prevailing conditions in 2005/
06 then simply introducing the technology to make their operations more
energy-efficient in isolation is unlikely to have the desired effect. Cleaily, the
‘market’, i.e. the building materials needs of the mass of Harare’s citizens, must
be considered. As many people are living in so-called squatter camps or other
forms of shelter that do not have official approval, then even making appropriate
and affordable building materials available is not enough. For, who will be
prepared to invest in a dwelling that they may be forced to pull down around
their own ears at any time? Because the discourses on building materials and
shelter are entangled and particular to place, Practical Action has integrated
building materials and shelter programmes in a number of countries. These
programmes address not only technology but also the social, environmental
and political issues associated with the provision of housing and community
facilities.

Considered globally, the scale and scope of the shelter crisis is extremely
daunting. UN-HABITAT, the United Nations Human Settlements Programme,
has been mandated by member states to improve the lives of at least 100 million
slum dwellers by the year 2020. Though 100 million is an immense number of
people to aim to assist in such a relatively short time, it is actually only some 10
per cent of those living in slums worldwide. UN-HABITAT forecasts that,
unchecked, this number will increase threefold by 2050. So, by then we could
be talking of 3 billion people who are inadequately housed in sociéllly and
environmentally unsustainable communities.

As our towns and cities grow at unprecedented rates setting the social,
political, cultural and environmental trends of the world, sustainable
urbanisation is one of the most pressing challenges facing the global
community in the 21st century. In 1950, one-third of the world’s people
lived in cities. Just 50 years later, this proportion has risen to one-half and
will continue to grow to two-thirds, or 6 billion people, by 2050. Cities are
now home to half of humankind. They are the hub for much national
production and consumnption — economic and social nrocesses that cenerate
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povéfty. In many cities, especially in developing countries, stum dwellers
number more than 50 per cent of the population and have little or no access
to shelter, water, and sanitation. (UN-HABITAT, 2003)

In 1989, having recently graduated from the Engineering Design and
Appropriate Technology degree programme at the University of Warwick, I
went to wotk in Zimbabwe. As a volunteer with International Cooperation for
Development (ICD/CIIR), I began a professional involvement with brickmaking
and building materials production that has lasted into the new millennium and
continues as 2006 looms and I begin writing this book. The principal focus of
my own efforts is the energy efficiency and environmental impact of small-
scale building materials production. For most of the last 17 years I have been
involved with Practical Action and its partners. In that time, I have had the
privilege of working directly with building materials producers in Zimbabwe,
Malawi, Kenya, Peru, Ecuador, Thailand and India. It is from these people thatI
draw the inspiration to make my small contribution to the enormous and vital
challenge that confronts us all.

For the most part, the small-scale producers I have worked with understand
not only the potential benefits of technological innovation to their own
livelihoods, but are also very aware of the global environment and the duty that
all of us have to protect it for both the present and also future generations. The
Bruntland definition of sustainable development as ‘development that meets
the needs of the present without compromising the ability of future generations
to meet their own needs' (WCED, 1987} is globally embedded, even if the practices

Photo 1.1: Dharavi, Mumbai, said to be the largest slum in Asia. Credit: Theo
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of richer nations, particularly, continue to defy their rhetorical commitment.
When members of a brickmaking cooperative in Zimbabwe, hard-pressed to
sustain their own livelihoods, express their concern to reduce emissions of
carbon dioxide for the sake of the now- and future-Earth, however, 1 can hold
faith in humanity despite the worst efforts of multinational corporations and
their political allies to ensure that this generation remains in poverty and the
environmental futuze in jeopardy.

Susan George argues that ecology (the Logos) should be the guiding principle,
superseding economy (the Nomos) which is merely the set of rules employed to
for living up to that principle. She also highlights the conflict between
sustainability and economic growth:

(C)apitalism and environmental sustainability... are logically and
conceptually incompatible, Two worldviews, the ecological and the economic,
are locked in warfare, whether or not this war has yet been generally
recognised. The outcome of the war will decide nothing less than the future
of humanity and indeed whether or not humanity even has a future. (George,
2004)

There is a need to comprehend the difference between quantitative expansion
(growth) and qualitative improvement (development), a difference which
Herman Daly, Senior Economist in the Environment Department of the World
Bank from 1988 to 1994, suggests is the defining feature of sustainable
development (Daly, 1996): the core question is whether society has an economy
ol sociely is an economy. When economic development is measured in purely
quantitative terms, such as Gross Domestic Product (GDP) per capita, it reflects
nothing about sustainable livelihoods and environmental sustainability.

Loss of resources, cultural depletion , negative social and environmental
effects, reduction in quality of Jife - these ills can all be taking place, an entire
region can be in decline, yet they are all negated by a simplistic economic
measure figure that says economic life is good. (McDonough and Braungart,
2002)

Over the years, | have written numerous technical briefs on behalf of
Practical Action and published books on the design, construction and
operation of small-scale vertical shaft lime kilns (Mason, 1999) as well as on
participatory technology development in brickmaking (Mason, 2001). |
hope it will not depress the reader, or indeed myself, too deeply when I
record that, since I began work in this sector, the overall shelter crisis has
worsened substantially. Today's figures from UN-HABITAT paint a bleaker picture
even than the introduction I wrote to Brick by Brick in 2001, which was bleak
enough:

However the problem is viewed, all statistics indicate that very little impact
is being made on the world’s huge housing deficit. As late as the 1980s,
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~ ‘Shelter for all by the year 2000!". In retrospect the exclamation mark appears
sadly ironic... The slum areas that surround most Third World cities are a
cause of suffering not only to inhabitants; they are also a threat to the nearby
enclaves of the better off; and they are a blight on the economic development
of the whole city... Just as the environment cannot be preserved with a quick
fix, so the shelter crisis requires a long-term view and will ultimately have to
involve rich people in developed countries making sacrifices in their standard
of living [the quantity of their consumption rather than the quality of their
well-being]... The trend towards a more open global economy [the neo-
liberal project that is most often termed globalization] has meant that
governmeits in the developing wozrld have been obliged to be more market
oriented and export driven. Public sector budgets have shrunk, and this has
meant that support for the social sector has declined. (Mason, 2001)

As I'write in November 2005, riots throughout France indicate that the problem
of social polarization is not confined to so-called developing countries; excluded
people living in deprived areas on the periphery of French cities do indeed pose
‘a threat to the nearby enclaves of the better off’. Returning to the majority
world context, though, it is evident that, despite the rhetorical commitment of
UN'member states, the work of Practical Action and the many other organizations
striving to alleviate the shelter crisis is but a drop in a very large ocean. And yet,
if there were genuine global political will, T am confident that the work Practical
Action and others have done would stand us in good stead. Technologically, for
example, I am certain that, resources permitting, we could help to improve the

Photo 1.2 Practical Action building materials and shelter work. Credit: Practical
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practice of small-scale brickmaking worldwide to the advantage of brickmakers,
builders, the homeless and ill-housed, and the environment.

The challenge remains to disseminate the positive experiences of building
materials and shelter programmes, such as those of Practical Action, on a mass
scate. Too often, it seems, non-governmental organizations (NGOs) working at
the grassroots are condemned to endlessly reproduce demonstration and pilot
projects on the fringes while widespread worst-practice continues unabated at
the core. In Zimbabwe in the 1990s, while the brickmakers whom Practical
Action assisted strove to produce bricks that met the specifications for the urban
market, we could only watch horrified and helpless as a new ‘high-density’
suburb was constructed from imported steel and cement. This mammoth project
was funded by international donors and so, perforce, endorsed by the central
government. '

Not only was the market for locally produced buildin 2 materials decimated
virtually at a stroke, but the materials used were energy-intensive and,
considering the transport energy alone, environmentally damaging. Moreover,
the houses built were hot in summer, cold in winter and generally uncomfortable
to inhabit. The architecture and site planning, meanwhile, can only be described
as brutal: square boxes crammed together with not a tree left standing and no
space for gardens or communal areas. This is not an example plucked from an
inhumane colonial past, though the houses built are on a par with the worst of
that era; this is a case of contemporary mass development practice. Lessons need
to be learned. Appropriate technology is essential and, for me, that means the
Schumacher ideal (Schumacher, 1973) as developed by Practical Action, i.e.
building on small-scale, low-cost, environmentally friendly and non-violent
local knowledge and skills via a dynamic and participative process.

With that conceptualization in mind, this book seeks to offer information
gathered from grassroots projects that could be utilized on a mass scale. One of
the technologies that has always attracted the interest of small-scale brickmakers
and Practical Action alike is fuel substitution. Most small-scale brickmakers in
the majority world use wood as their main fuel. Others, typically those based in
urban or peri-urban areas whose production volume is higher, burn coal. In
both instances, the price of fuel is continuously rising and can typically amount
to 50 per cent of production costs. Moreover, secure and legitimate supplies of
fuelwood are becoming scarce. People increasingly have to forage for fuelwood
over long distances and perhaps risk breaking conservation laws, a situation I
have witnessed first-hand in arid regions of Peru. Hence, brickmakers are
universally quick to recognize the advantage of potential substitute fuels if they
are readily available and affordable. Early in my experience as a fieldworker, 1
too perceived the possible benefits for both brickmakers and the environment.

Not only could burning waste save on the consumption of higher grade and
perhaps scarce primary fuel, it could also be a valid means of disposal. Regardless
of any calorific contribution to the process, toxic wastes or sewage could be
rendered less harmful to human health by burmng in a brick kﬂn for example

E T T S S L B T T T IR
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be éeriously considered. Burning non-toxic wastes in brickmaking might be an
environmentally valid and technologically straightforward means of disposal,
however. Some wastes might act as fluxes, moreover, easing the process of
vitrification in the clay brick and hence reducing primary fuel demand. Still
other wastes might improve the moulding properties of the clay, reduce drying
cracks in bricks, or improve the characteristics of the final product: enhancing
appearance, increasing strength or inhibiting water absorption. Simpler yet,
incorporating some wastes might reduce the volume of brick clay required, a
consideration where clay reserves are scarce and could be conserved or where
labour for extraction might be beneficially reduced. All in all, then, the
substitution of wastes for fuel, for raw material, as a flux, or even utilizing brick
firing as a means of waste disposal are all technologies that have potential
livelihood and environmental benefits.

Through theory, reviewing appropriate literatures and, most of all, recording
the everyday experience of Practical Action and our brickmakin g partners, we
will, in the course of this book, investigate the benefits and potential drawbacks
of using a variety of wastes in brickmaking: Which wastes or residues can be
safely and advantageously burned? Are sufficient quantities available to make
technological exploration worthwhile in a particular setting? Do the wastes
require processing prior to use? What percentage of the principal fuel or raw
material can be advantageously replaced? What happens to the wastes if they
are not used in brickmaking? And thence what is the net effect on the
environment?

The history and extent of fired clay hrickmaking

The history of moulding clay and firing it to yield bricks for building purposes
has been traced from 5000 sce through to the present day, and it makes very
interesting and recommended reading (Campbell and Pryce, 2003). Conguering
Roman legions, for example, utilized mobile kilns and sodisseminated
brickmaking widely throughout the empire. The reasons for firing clay biicks
remain unchanged from pre-Roman times: to increase their resistance to water
and weathering along with their strengtl, enabling more durable and extensive
structures to be built. Brickmaking is, then, a very useful, well established and
widespread technology, but one which retains a plethora of local variations
worldwide. Small-scale brickmaking in particular has not yet been subject to
any globalized process of standardization. From country to country and region
to region, bricks, as well as floor and roof tiles, are formed in a variety of ways -
moulded, pressed or extruded - into diverse shapes and sizes, dried naturally or
mechanically, and fired in a range of clamp and kiln designs (with kilns generaily
taken to be permanent structures while clamps are constructed solely from the
bricks to be fired) that accommodate anything from a few thousand to millions
of bricks, and which utilize different fuels and variations thereof (e.g. fuelwood,
wood peltets, wood chips, charcoal or sawdust).
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Photo 1.3 Use of bricks in ancient times. Credit: Theo Schitderman

To get an idea about the nature, scale and scope of brickmaking in the world
today we can compare Britain, which can perhaps be considered as something
of a post-industrial economy, with India, a nation still substantially embroiled
in industrialization. Although the available statistics are not always in directly
comparable forms, the comparison is still enlightening. According to information
from the Brick Development Association approximately 6,000 people are directly
employed in brickmaking in Britain and many more work in ancillary industries
(BDA, 2000). In terms of scale of enterprise ownership, only about 30 companies
are involved in brickmaking, with just five being responsible for 84 per cent of
production. The annual consumption of clay is around 8 million tonnes and
this equates with 5.4 terawatts of energy consumption in drying and firing.
Flsewhere the BDA translates this data into more comprehensible quantities,
highlighting the energy and environmental advantages of using wastes as fuels
in the process of so doing: ' :

The UK industry produces currently around 2.8 billion dlay bricks per year
Over the last 20 years the energy requirement of their manufacture has been
reduced by over 20%... Emissions from the firing processes have also been
greatly reduced. The UK brick industry uses large quantities of waste
materials: for example landfill gas is utilised for firing some bricks and il
others colliery spoil, pfa [pulverized fly ash which will be explained and
elaborated upon in Chapter 3] and blast furnace slag are used as fuel additives.
(BDA, 2001)

SMALL-SCALE BRICKMAKING AROUND THE WORLD 9

The BDA claims that forecasts indicate that areund 3 million additional homes
will be built in the UK by 2020, Combined with the demand for bricks to
renovate existing buildings, then, the market looks quite healthy, though, at
2.8 billion, 2001 saw the lowest demand for more than five years. Meanwhile,
the industry is quite heavily regulated by a number of authorities concerned
with resource conservation, energy efficiency and pollution. These authorities
include the Department of Trade and Industry (DT1), the Department for the
Znvironment, Food and Rural Affairs (DEFRA), the Envircnment Agency and
the Local Authority. Emissions of hydrogen flucride and particulates are Hmited
by law, while newly built or redesignied plants are also limited in their permissible
emissions of nitrogen oxides, hydrogen chloride and sulphur oxides. By 2010
the brick industry has undertaken to achieve a 10 per cent reduction in its
specific energy consumption. This undertaking involves 28 manufacturers
operating at 103 sites across the four nations of the UK.

Areport by the Indian organization TERI (The Energy and Resource Institute)
notes that bricks are one of the most important building materials in their
nation (TERI, 2000). The Indian brick industry is reported to be the second
largest in the world, dwarfed only by the burgeoning economic behemoth that
is China. India has mere than 100,000 brickmaking sites, producing about 140
billion bricks per year and consuming more than 24 million tons of coal and
several million tonnes of biomass fuels, including of course fuelwood.
Firickmaking is one of the largest employment generating industries in India,

employing millions of workers’. To quote the TERI report further:

1A |arcs ket i .
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Kilns are also notorious as highly polluting establishments, affecting not
just flora and fauna, but also posing threats to human health. Higher energy
costs and the inability of the industry to meet environmental standards has
ralsed serious concerns about the survival and well-being of the industry. -

Brickmaking is obviously key to economic development and the provision
of shelter, creating jobs and producing an ever-popular and durable building
material. When one considers the scale of brickmaking worldwide, however,
particularly the growing significance of production in India and China, it is
evident that, if livelihoods and the environment are io be sustainable, then
everything possible must be done to achieve energy efficiency and maximize
the use of appropriate wastes as fuel substitutes, These technological innovations
are, of course, in addition to adequate and enforceable environmental regulation
of the industry. At present the per capita carbon dioxide emissions of India and
China are somewhere around a sixth of those of the UK's 7-15 toanes. Imagine
the environmental impact of only the brickmaking sector if these twao
industrializing giants take the same energy-intensive, environmentally
destructive path to the same sort of economic development as the UK and other
‘developed’ nations. : '

While the global environmental impact of small-scale brickmaking in other
regions, particularly the African continent, does not approach the same levels
of significance as India and China, brickmakers face an intensifying struggle to
sustain their livelihoods and the localized environmental effects are critical at
that scale of concern. When bricks are underfired and therefore of less value
because insufficient fuelwood is available, brickmakers lose out. When the local
environment is plundered of every standing tree for miles around a brickworks,
soil degradation and erosion are the likely result, often leading to the increased

marginality of the land for food production. For a somewhat different range of .

reasons, then, fuel efficiency and utilizing wastes as fuels are equally significant
concerns for brickmakers in more static, or indeed contracting, economies.

In the next chapter we will consider energy use and the environmental
impact of brickmaking in more detail, beginning by defining what we mean by
environment, Chapter 3 moves on to examine the technologies of fuel

substitution and co-firing, considering a range of agricultural, industrial and

other wastes and their potential for use in brickmaking, whether as fuels or
otherwise. In Chapter 4, the use of coal-dust, coal-dust briquettes, waste oil, rice
husks and sawdust in Peru is investigated. Chapter 5 looks at the case of Sudan
and using a variety of agricultural wastes, including cow-dung-and bagasse (a
residue of sugar cane processing). The use of boiler waste in Zimbabwe is the
subject of Chapter 6. Chapter 7 then offers a glimpse into possible alternative
futures for brickmakers, reviewing the latest innovations in waste utilization in
the industry worldwide. Considering the evidence from this review and the
case studies in Chapters 4-6, particularly, Chapter 8 ponders the net

environmental implications and the likely livelihood outcomes of the increasing
Jien Ewmaractae Thic b artar afema ~romcidare +ha ralitical cirirmart Aar 1acl afit that
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might be mobilized in favour of energy efficiency and fuel substitution in the
small-scale brickmaking sector around the world. Finally, the chapter attempts
to draw everything together and conclude on possible courses of action for
policymakers, fieldworkers and brickmakers.



CHAPTER 2
The environmental impact of using wastes

Kelvin Mason

The fight against pollution [cannot] be successful if the patterns of production
and consumption continue to be of a scale, a complexity, and a degree of
violence which, as is becoming more and more apparent do not fit into the
‘laws of the universe to which man is just as much subject as the rest of
creation. (Schumacher, 1973)

Environment

We are working from the thesis that substituting wastes into the brickmaking
process, either as fuels, soil conditioners or simply ‘bulkerizers’, can improve
brickmakers’ livelihoods and perhaps also reduce the environmental impact of
brickmaking, We will look at the specific effect on livelihoods when we consider
our case studies from arcund the world, And we will revisit the issue in a general
sense in the concluding chapter, where we consider the future of using wastes
in small-scale brickmaking. This chapter concentrates on the environmental
impact of using wastes. Before we can consider the environmental impact of
brickmaking and how that might be affected by using wastes, however, we
should define what we mean by environment.

Albert Einstein, who was evidently right about a great deal, apparently said:
‘The environment is everything that isn’t me.” Aldo Leopold, the great US
conservationist who worked and wrote in the first half of the 20th century, was
an environmental thinker who believed that ‘land’, by which he essentially
meant the environment, was a community that we should consider ourselves a
part of, tather than apart from (Leopold, 1949). So, Leopold might have countered
Einstein’s definition with: ‘The environment is everything and me’, or even
'eVerYthing that is me’, as some writers on the subject contest (Bullen and
Whitehead, 2005; Whatmore, 2002; Latour, 1993)

In 2004 T was involved in a resource efficiency training programme with
small-scale industries in Zambia. Participants came from a range of enterprise
types and scales, One memorable course was attended by a farmer, a
horticulturalist specializing in growing flowers and shrubs for city gardens, the
Owner of a small chemist shop, an entrepreneur whose main business was
11'11I_l‘n_ing a swimming pool but who also made bricks for use in extending the
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based in Lusaka's Soweto market, where among many other things one can buy
the full range of Zambia's bountiful fruit and vegetable products, as well as
second-hand clothes originating from seemingly every nation of western Europe.
All these people were remarkably astute at identifying the ‘non-product cutputs’
of their enterprises and quickly saw how they could save water, energy and
materials, and hence improve their livelihoods. When it came to simply defining
the environment, however, we were all a little stumped:

‘Is it the air around us?’ the chemist shop owner asked.

‘Air and water,’ the swimming pool owner proposed.

'And soil,’ the horticulturist contributed. :
“Yes,’ the swimming pool owner agreed. ‘But how about bricks which come
from soil and water?’ _

‘Animals,’ the farmer thought, ‘also birds and chickens.’

‘My kitchen,’ the caterer decided.

‘Probably all those things,’ T added lamely, wishing the training programme
notes had included a definition as the basis for this discussion.

‘All those things,’ the farmer offered, wisely, ‘and more.’

Indeed, many and much more. The participants were surely heading in many
valid directions, however, It is one of the founding tenets of ecology that, as the
farnous naturalist John Muir put it, “When we try to pick out anything by itself,
we find it hitched to everything else in the universe’ (Muir, 1992). The
environmentalist Barry Commoner enshrined this principle as the first of his
four laws of ecology: 'Everything is connected with everything else’ (Commoner,
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in our investigation of fuel substitution in brickmaking can be gleaned from
Environmental Impact Assessment (EIA) guidelines. Across Europe, if not more
widely still, EIA guidelines tend towards an extremely comprehensive definition,
FIA itself is a process for identifying, predicting and mitigating the adverse
ecological and social effects of development projects and other human activities.
In this process, environment is subject to a definition that takes into account
scale and scope. With respect to environmental impacts, this means that both
magnitude and range should be considered in space and time.

The local environment is the immediate vicinity (the caterer’s kitchen, say).
It is generally at this scale that heaith and safety legislation overlaps with
environmental regulation. There is a logic to this overlap: it would be paradoxical
to protect future generations through, say, sound policies on emissions of carbon
dioxide while the current generation of workers were exposed to hazards that
could injure them. Environmental impacts on the local environment include
local pollution of air (smoke in the kitchen), water (supply to and drainage from
the kitchen) and ecosystems. An ecosystem is the complex system of linkages -
a network - between living things. So, ecosystems too can be conceived on a
range of scales and scopes. Impacts can be confined to the local environment
due to, say, the consumption of resources (landscape degradation post clay
extraction for brickmaking, for want of another ready kitchen example). In
addition, waste generation and disposal, noise and a range of other impacts may
be assessed locally. They may, however, affect both the local and also other
scales of consideration. '
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Environmental impacts on the regional scale are those that affect a larger
area. We talk of regional rather than national because the political boundaries
of nation-states have little relevance when considering environmental impacts;
like the weather, pollution is no respecter of man-made borders, Consider the
radioactive fallout from the 1986 Chernobyl nuclear power station disaster in
Russia, an impact that is also an ongoing catastrophe for Belarus and Ukraine.
Another example might be a factory discharging its liquid waste into a small
stream and that stream carrying it to a river that disseminates the pollution

effects regionally. Regional impacts, then, include flows of substances in the air,,

soil, water or ecosystems - from species to species, for example.

Major changes to natural areas may also have impacts at the regional level.
imagine, for instance, the effect on regional ecosystems of a seemingly local
hydroelectric project that involves flooding a large area and changes the
downstream flow of water through the seasons. Less obviously perhaps, consider
the regional effect of a windfarm built in a national park. The windfarm may be
quite benign in the natural environment, as well as being technologically wholly
reversible in the Iong term, but what of its impact on the human environment?
What, for instance, is the effect on all those people from all over the region, and
indeed the world, who come to the national park to enjoy the beauty of its
natural landscape, or on the livelihoods of those catering to such visitors?

With the recognition of problems such as ozone layer depletion, acid rain
and, particularly, the human contribution to global warming and climate change,
it is the global environment that is most likely to occupy news headlines these

Phata 2 2 What erala At imnact fram thie Zimbabwean lirmemarke? Cradid. Kahiin hMacmn
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days. Unfortunately, making guest appearances in the news does not seem to
lead to conceried and effective human action to address these global problems.
Stalling on the Kyoto Protocol, in itself an insufficient strategy to be effective
against the human contribution to global warming, is a case in point. Apparently,
we, the industrialized and indusirializing nations, are, in general, too addicted
to oil and consumption to forego an instant’s pleasure for the sake of the wider
world or future generations: there is an overwhelming lack of the popular
support that could provide the political backbone governments need to make
necessarily radical changes to the way we produce and consume. So, while
governments, such as that of the UK, acknowledge the need for ‘step changes’ in
resource efficiency in theory, permissible practice continues to be profligate
(Moffat et al., 2001).

To illustrate the spatial and temporal nature of environmental problems on
the global scale, the radioactive fallout from Chernobyl will continue to affect
sheep on hill farms in distant North Wales for perhaps 30 vears after the initial
cataclysmic event. Other global-level effects include changes in sea currents
and to marine life, the depletion of resources, including significantly fossil
fuels and rainforests, desertification and loss of biodiversity. Though it s subject
to a number of definitions, herein I consider biodiversity as the variety of life,
plants, animals and micro-organisms, as well as their genes and also the
ecosystems of which they are a part.

The loss or erosion of biodiveristy has increased dramatically in the modern
era. Without doubt, this decline is due to human activities; particularly the
destruction of natural habitats and the associated human consumption of organic
resources, whether directly or indirectly. Ultimately, the loss of species, many of
which, referring particularly to micto-organisms, we have not yet even
identified, destabilizes ecosystems. Many commentators warn that the global
ecosystem itself is therefore in grave danger of collapse (Leaky, 1996; Wilson,
Dury and Chapman, 1999). Harvard professor of entomology and popular science
writer Edward O. Wilson is popularly quoted as saying: ‘If all mankind were to
disappear, the world would regenerate back to the rich state of equilibriufirthat
existed ten thousand years ago. If insects were to vanish, the environment
would collapse into chaos.’ '

Apart from distinguishing between scales and scopes of environment, EIA
guidelines also identify the physical as distinct from the socio-economic
environment. It is perhaps the physical environment that springs to mind for
most of us when the topic is raised. Air and the atmosphere, water resources, soil
and geology, flora and fauna... These are aspects of environment with which we
are probably most comfortable. But for EIA practitioners, the physical
environment includes not only human beings but also our cultural heritage. To
consider a definition of the physical environment, I find it useful to draw on
Finn Arler’s typology of resources {Arler, 2001). Starting from the principle of
distributive justice and applying that to sustainable development, Arler proposes
three overlapping categories of resources: critical, exchangeable and unique.
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Crifical resources are those that are important for all humanity; they determine
survival and health. Good (enough) air and water quality as well as ecological
services, such as the ozone layer and a globally beneficial greenhouse effect, are
examples of critical resources. Exchangeable resources include consumer goods
and, perhaps surprisingly, fossil fuels. The theory is that we can use fossil fuels
now, provided it is not overly detrimental to the critical greenhouse effect, in
exchange for developing, say, solar technologies that will meet the energy
needs of future generations. Unique resources, as the name implies, are
irreplaceable, largely irreparable, and, as arule, non-exchangeable. They include
historic buildings, rare species, works of art, and geographic areas that are
aesthetically or biologically significant. It is geographic areas such as these that
certain legislation in the British contexf, for example, seeks to protect by
designating them as ‘of outstanding natural beauty” or as ‘sites of special scientific
interest’ (85SI).

To return to our definition of environment, Azler's typology makes itapparent
that a physical environment that incdudes cultural resources is a very wide and
diverse sphere of concern. Unless circumstances were exceptional, I don't think
development workers in majority world countries would consider the aesthetics
of an area when assessing the potential environmental impacts of brickinaking,
for instance; conventional economic considerations such as enterprise and
employment creation are typically their prime considerations. Similarly, those
development workers would not normally be aware of, or concerned by, rare
species of micro-organisms in that area, species that perhaps thrive in

Soft values: Exchangable resources:

temporary &.9. fossil fuels,

individual consumer goods, all kinds

preferences of ordinary objects

a.g. forests, e.g. significant
clean ground buildings, works
water of ant, local
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tndisturbed topsoil. It may seem far-fetched to even raise the issue of considering
some of these, seemingly more obscure, aspects of the environment with respect
to fuel substitution in small-scale brickmaking. It may seem particularly ‘cranky’
in the light of, say, the magnitude of the shelter crisis I outlined in Chapter 1,
with the evident desperate need both for bricks for housing and for employment
to enhance livelihoods. As Florman reminds all of us who ate champing at the
bit of progress, however, it is the seemingly small and unconnected oversights
and mistakes of one era that will add up to ecololgical crisis in a not too distant
future (Florman, 1994).

The socio-economic environment, according to EIA guidelines, includes such
considerations as employment, housing, services, health and education. So,
when considering the impact of a proposed project, EIA practitioners would
consider job creation, housing provision, improved access to essential services
and so on as positive effects. They would then weigh these against, say, loss of
species and landscape degradation. It will come as no great surprise to the
reader, at least not the environmentalist reader, to learn that an FIA rarely stands
in the way of any project that promises economic development (Christensen,
Karnev and Nielsen, 2003a). EIA does, however, mean that the environment
gets considered in a holistic way, and that perhaps the more damaging aspects
of the project are modified. Moreover, the process of EIA confinues to build our
knowledge of environment, of the ecological connections between all things,
and that may be its key contribution to sustainability (Christensen, Kernev and
Nielsen, 2003b).

Some readers may have noted that the EIA definition of environment breaks
down one of the traditional divisions of the concept, particularly as used by
planners, i.e. that between the natural environment, which is not the result of
human activity, and the built environment, which most definitely is. In EIA,
and indeed Finn Arler’s typology of resources, the natural and built environments
mingle and merge. EIA’s physical environment, which otherwise might be
equated to the natural environment, contains cultural heritige. The socio-
economic environment, furthermore, is not restricted to the environment built
by human activity. Employment, for example, may be found in nature
conservation, landscaping, or indeed performing an EIA! Trees, which are of
course flora, can also be part of our cultural heritage; English readers may consider
Sherwood Forest, the oak of England, upon which the sea-power of the empire
depended, the Fortingall Yew, thought to be 5,000 years old and probably the
oldest living thing in Europe, or the many other examples of trees of ‘great
historical or cultural importance’ cited by the Tree Council (Stokes, 2004).

The division between the natural and human environment, indeed the
Baconian schism between humanity and nature, is even more fundamentally
challenged by the concept of hybridity, specifically socic-ecological hybridity
(Latour, 1993; Whatmore, 2002). In fact, we have already touched on this concept
without naming it. Historically important buildings in Arler's typology of
resources have become socio-ecological hybrids, i.e. though man-made they

P . e



20 FUEL FOR FREE? WASTE MATERIALS IN BRICKMAKING

cultural heritage is considered as part of the physical environment in EIA. In a
case study of the historical development of a cemetery, by way of a more specific
example, the author claims that ‘the non-human agency of trees has been
enrolled into particular networks of environmental change and conservation’
(Cloke and Jones, 2004). As ‘socialized actors’ the trees can be viewed as socio-
ecological hybrids, i.e. they play a role in the social drama of environmental
politics. Another way of thinking of this concept of socio-ecological hybridity
is that who we are, our very identity, is based upon being a part of nature: we
enrol the trees as actors in our social drama in the sense that they constitute a
part of ourselves; they are not in themselves active, but we are inevitably activated
by the them in us. In short, non-human nature and the sodal are not antitheses
but syntheses (Whatmore, 2002). Such discussions echo the definitions of
environment with which we began this chapter: everything that is not me
versus everyvthing and me versus everything that is me.

If the reader’s conception of the environment is now not only more holistic
than before but even includes an appreciation of the quite philosophical and
academic concept of hybridity, then our consideration of the environmental
impacts of brickmaking must surely be deepened and enhanced. The tree cut
down for fuel may no longer be considered as mere biomass, but also a possible
element of cultural heritage and even identity; the problem of deforestation can
no longer be confined within the artificial boundaries of natural science and
economy, it becomes a social and political issue as well. So, we will attempt to
consider not only the physical magnitude of the environmental impacts of
brickmaking, but also their socio-economic, political and cultural characteristics
across a range of geographic scales and over time.

When considering such issues, an ElA-type conception of environment
highlights the frequent conflicts of interest that arise. Often economic
development, perceived as growth of GDP, is contrary to environmental
protection. Moreover, social and environmental needs can easily conflict;
reducing poverty today versus conserving resources for tomorrow, for example.
Approached in a manner wheteby spatial and temporal considerations are not
taken into full account, ‘making poverty history’ - the popular campaign slogan
which begs the question ‘who made history poverty’ - could mean that the
future will be impoverished. Once again citing a popular Edward O, Wilson
quote: ‘It's obvious that the key problem facing humanity in the coming century
is how to bring a better quality of life - for § billion or more people - without
wrecking the environment entirely in the attempt.” And so, we will consider
environmental impacts based on the principles of inter- and intra-generational
justice enshrined in the Bruntland definition of sustainable development,
drawing on the moral imperative of the environmental stewardship ethic,
conscious of our duty of care.
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Environmental impact

Having looked at the definition of environment at some length, we can now
begin to consider the environmental impact of brickmaking specifically, and
particularly how that impact might be affected by using wastes. Whatever the
fuel used or the exact composition of the raw materials, making clay bricks
involves a number of stages each with particular environmental impacts. We
can list these stages as clay extraction, clay preparation, brick moulding, drying
and firing. In environmental terms, we should also consider the transport of
inputs to the site and of products from the site as stages of production. In order
to begin to form an idea about the environmental impacts of brickmaking we
can briefly consider these stages one by one. We will then move on to make an
assessment of their impact.

Clay extraction obviously involves the excavation of soil with all that implies
for the aesthetics of landscape, natural habits, future land use possibilities and
so on. The extent of clay preparation depends on the nature of the soil. It may
involve nothing more than mixing the soil with water prior to moulding. It
could, however, mean sieving out stones, tempering (soaking) or weathering
(stacking in heaps)} to encourage homogenization, as well as grinding or milling
the soil, particularly where tiles or more sophisticated products are the intended
output. Moulding, pressing or extrusion is the process by which the brick is
shaped. Most small-scale brickmakers in the majority world form bricks by slop
or sand moulding. Sand moulding is a drier process than slop moulding with, as
the name implies, sand employed as a releasing agent to prevent the drier clay
sticking in the mould. In general, sand moulding produces a brick of higher
quality in all respects: strength, water resistance, appearance, consistency of
size and shape. Pressing machines are more commonly used in soil block
production than in brickmaking. Extruders, usually motor driven but also human
or animal powered in some cases, are used by some small- to medium-scale
brickmakers. _

Energy from fuel is obviously used in the firing and, if employed, artificial
drying of bricks. Drying at the scales of production and in the dry-season
geographical locations we are most concerned with is usually achieved by
stacking bricks with spaces between them to take advantage of natural air flows
and sunshine. In particularly sunny or dry and windy conditions, care has to be
taken that bricks don't dry too rapidly and hence crack (Mason, 2000a). This is
achieved by covering or shading brick stacks. Artificial drying is more common
with larger-scale production and also in continuous firing processes, such as
the Bull's Trench Kiln, which is used extensively in India. In such continuous
processes, the waste heat from firing bricks is used to dry, or at least pre-heat, the
next ‘batch’ of bricks. Firing can take place in a clamp or kiln and the two are
distinguished by, as noted in Chapter 1, the latier having a permanent structure
of some type. This structure can vary from the Scotch Kiln, a fairly rudimentary
four-walled structure for the batch-firing of bricks, to the Bull's Trench and
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Vertical Shatt Brick Kiln (VSBK), which are both employed in continuous firing
processes.

Because the structure provides thermal insulation, one advantage of kilns is
less heat loss and hence less fuel use. In general, kilns are also easier to load and
unload, Disadvantages include the capital cost and inflexibility. Despite the
eatly ingenuity of the Romans, most kilns cannot be readily moved, whereas a
clamp can be built wherever if is convenient for a brickmaker at a given time.
Kilns, moreover, generally produce a set size of brick and the firing process is
most efficient when they are full. This means it may be difficult for brickmakers
to accommodate smaller and larger customer orders of bricks. An advantage of
continuous firing processes lies in not being obliged to heat up the thermal
mass of the kiln for each batch of bricks. Moreover, heat from bricks in the
firing zone, which would normally be wasted in exhaust gases in a batch process,
can be used to dry or preheat incoming bricks. i

Ultimately, to answer what we could waggishly dub ‘the burning question’
about the environmental impact of using wastes in the firing of bricks, we must
have at least a rudimentary understanding of combustion. For our purposes,
then, combustion is the reaction between fuel and oxygen that results in heat
being produced. The reaction also produces water and combustion products.
The nature and quantity of heat, water and combustion products released depends
not only on the type and nature of the fuel but also on the temperature at which
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Photo 2.3 Landscape degradation after brick clay extraction. Credii: Kelvin Mason.

Photo 2.4 Vertical Shaft Brick Kiin in Nicaragua.
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we are most concerned with, including wood and ceal, are hydrocarbons - as
are all fossil fuels, made up of varying proportions of carbon and hydrogen -
and their combusticn is actually a complex and frequently chaotic process. At a
certain temperature, as it is heated towards its ignition point, a fuel undergoes
pyrolysis, which means that it decomposes into an envelope of flammable gas
plus liguid and solid products. The flammable gases then burn in a self-
propagating fire.

‘Complete combustion’, an idealized notion, assumes that when a
hydrocarbon burns in oxygen the reaction will yield carbon dioxide and water.
The presence of other elements in the fuel, for example nitrogen, sulphur and
iron, will result in oxides of these also being produced. A more likely scenario
in reality, particularly in the rough and ready reality of brick firing, is ‘incomplete
combustion’. This means that there is insufficient oxygen for complete
combustion and so, in addition to carben dioxide and water, the reaction vields
carbon monoxide. Incomplete combustion also produces larger amounts of
polluting by-products, When we incorporate wastes into brick firing it is possible
that there will be a trade-off between increasing pollution and lowering fuel
costs. Evidently, we must find means of burning the waste efficiently, i.e. by
means and in guantities that promote more complete combustion.

Transport of materials t0 and from the brickmaking site obviously has an
environmental impact. Some brickworks are, at least initially, self-contained in
terms of inputs, i.e. they are located at sites where good clay is abundant, sufficient
water is available, and nearby trees supply the necessary fuel. This situation
seldom lasts, however. In the absence of a programme of replanting, which is
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Drawing
fired bricks
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genérally the case, trees are consumed and brickworks end up buying in fuelwood
or ceal. This is delivered either by road or, if they are conveniently located, by
rail. With respect to transport of preducts from the site, there is usually a
significant environmental impact: bricks are seldom all used locally and most
are transported away from the site by road or rail. The main implication for
livelihoods and the environment of introducing wastes into brickmaking may
well lie in transport to the site. While wastes may be freely or cheaply available,
they may not be conveniently located close to brickmaking enterprises and
delivery will involve both a financial and an environmental cost.

Environmental impact assessment

In order to consider the potential envircnmental impact of using wastes in
small-scale brickmaking processes, | have set up a preliminary assessment form.
The assessment considers not only the substitution of wastes for primary fuels,
but also their use as soil conditioners and/or bulkerizers. It does not, however,
cover the situation where firing bricks may be used as a means of toxic waste
disposal because that technolegy does not feature in the case studies or future
possibilities that will be discussed. Therefore, it is ultimately beyond the scope
of this book. For now, I am assuming our wastes are neither too toxic nor tco
hazardous to be handled by small-scale brickmakers with little or no change to
their established safety procedures. Because it appears to me to be quite well
suited to our purpose, the assessment form used is based upon Danish guidelines
for assessing ‘bills and other Government proposals’ (Denmark, 1995). I have
assumed that we are considering a proposal to implement a range of waste
stbstitution technologies on a nationwide basis in a certain country, perhaps
one of our case study nations.

In carrying out this preliminary assessment, I have first assessed small-scale
brickmaking on a nationwide basis without waste substitution technology,
marking the form with an X in the appropriate box. Subsequently, I havg
considered impacts that would be likely to change with the introduction of
substitution technology and highlighted these by doubling the X and marking
them in bold, i.e. as XX. It is not that I presume the impact will change in each
specific instance of technological innovation, but rather that I have highlighted
where impacts may change in the wake of the implementation of a programme
of fuel and raw materials substitution technologies on a national basis. The
discussion that follows the presentation of the assessment form focuses on the
impacts that may change and whether these changes would be beneficial to the
environment, which according to the EIA definition we have adopted includes
livelihoods.

The assessment is based only upon my informed opinion and the reader is
encouraged to consider and contest my designation of effects. The discussion of
the stages of brickmaking that has been presented in this chapter, however
brief, should offer clues about areas of environmental impact. A blank assessment
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make their own assessment of our imagined project, which can then be compared
with Figure 2.3. Whether or not they are concerned with brickmaking, readers
may also wish to use copies of the assessment form to make provisional strategic
assessments of other projects, real or imagined, on the nationai scale. Try, for
example, comparing a proposal for nuclear power with an alternative proposal
for wind power in the British context.

Iwill work through the assessment from the beginning in order, considering
only the impacts that could change significantly due to the use of wastes.  have
indicated with XX only that an impact may change. | have not speculated upon
whether that change will be beneficial or detrimental to the environment; that
is the subject of the discussion entered into henceforth.

Though they are probably of minor significance or insignificant, certain
impacts on surface water could be adversely affected by the use of waste.
Depending of course on the nature of the waste and its effect on the burning
process, the discharge of organic substances could be increased to the detriment

perhaps of ecosystems and natural habitats. Let us consider the example -

introducing animal dung into the clay mix as substitute for some part of the
primary fuel, As a consequence, surface water may become more eutrophic, i.e.
richer in nutrients and minerals. This could promote a proliferation of plant
life, particularly algae, in water courses. This, in turn, reduces the dissolved
oxygen content of the water and could resuit in the extinction of other organisms.
Though, in specific cases of waste use, this might be an impact that would need

Table 2.1 National environmental impact of small scale brickmaking
Designation of environmental effects:
A=significant, B=should be examined, C=of minor significance, D=insignificant

A B c D

Is the proposal believed to cause a change in or effect:

1. WATER
1.1 Surface water
- Discharges of organic substances, including toxic

substances, into lakes & water courses? XX
- Discharge into coastal areas or marine waters? A
- Quantity of surface water or water level? X
— Quality of salt water or freshwater? ) X
— Natural ecosystems & habitats in salt or fresh water? XX
- Drinking water supply or reserves? S 4
- Consumption/withdrawal of water? X

1.2 Groundwater

— Percolation to groundwater? A
~  Groundwater quality? A
— Quantity of groundwater? X
—  Drinking water supply or reserves? A
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AIR
—  Emissions into air? XX
—  Air quality (e.g. acid gases, particulate or toxic
substances)? XX
—  Cbnoxious smells? XX
— Changes in precipitation guality? X
CLIMATE
- Emissions of greenhouse gases? XX
—  Qther factors, including deforestation, which may
cause lacal or global changes in climate? XX

THE EARTH'S SURFACE & SOIL

Applicabiiity or cultivation value of soil? X

Percolation or accumulation of toxic or hazardous

substances in the soil? A
Water or wind erosion? X

Soil in the case of changes in groundwater level? X
The structure of the strata? A

FLORA & FAUNA, INCLUDING HABITATS & BICDIVERSITY

The number of wild plants or animals of any species

or the distribution pattern of species? X

The number or distribution pattern of rare or

endangered species? X

Import ar export of new species, including GMOs? X
Quality or quantity of habitats for fish & wildlife? N 4

Structure of function of natural ecosystems? A

Vulnerable natural or uncultivated areas (e.g. bogs,

heaths, uncultivated dry meadows, salt marshes,

swamps and coastal meadows, watercourses,

lakes, humid permanent grasslands and coasts)? X
The reproduction or natural patterns of mevement or .
migration of fish & wildlife species? X
Cultivation methods or land use in the agricultural or

forestry sectors? ‘ X

Fisheries, catches or the methods applied in deep-sea

or freshwater fishing? X
Cpen-air activities or traffic in the countryside which

may affect the flora & fauna or cause wear & tear

an the vegetation? xX
LANDSCAPES
—~  The total area or the iand use within areas used? xX
— Geological processes such as soil migration and water
erosion? X
~  Geological structures in the landscape, e.g. river
valleys, ridges & coastal siructures? A

Parrmanant ractrirtiane ~n l2nd e whirh radinre the
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future possibilities of use ofrthe open land? XX
— The extent or appearance of archaeological or
historical sites, or other material assets?

7. OTHER RESOURCES
—  Cultivation, cutting, catching or use of renewanle
resources, e.g. trees, fish or wildlife? XX
—  Exploitation or use of non-renewable resources such
as fossil fuels, minerals, raw material (sand, clay)? XX

8. WASTE
~  Wastes, residues or quantities of waste disposed of,

incinerated, destroyed or recycled? XX

— Treatment of waste or its application on land?

XX

9. HISTCORICAL BUILDINGS
— Buildings with architectural, cultural or historical
value and with possibifities of preservation and
restoration?
—  Buildings or historical monuments which require
repair because of a change of the groundwater
level or air pollution? :

10. PUBLIC HEALTH & WELL-BEING
- Acute &/or long-term health risk in connection with
food, drinking water, soil, air, noise, or handling of
hazardous or toxic substances?
— Risk associated with exposure to noise?
~ Recreational experiences & facilities, including
changes in the physical appearance of landscapes,

natural or uncultivated areas? X

-~ The function & environment of towns, including green
areas & recreational facilities?
—  Aesthetic values or visual experiences (e.g. scenery,

urban environment or monuments)? . X

11. PRODUCTION, HANDLING OR TRANSPORT OF

HAZARDOUS OR TOXIC SUBSTANCES

~ Risk of fire, explosions, breakdowns or accidents &
emissions?

— Risk of leaks of environmentally alien or genetically
engineered organisms?

— Risks associated with electromagnetic fields?

— Risk of radioactive ieaks?

- Risk of breakdowns or accidents during transport of
substances of materials?

~  Other effects related to the security and safety of the
population {e.g. traffic accidents, leaks)?
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‘o be promoted to category B, ‘should be examined’, I propose that in general
the significance will not change from its ‘minor’ designation.,

Depending on the nature of the waste and its effect on the burning process,
emissions into air and air quality could be affected. Overall, [ assume that wastes
will not burn as completely as the principal fuels used in brickmaking; experience
suggests that wastes tend to be more difficult to burn. Recall that incomplete
combustion produces larger quantities of polluting by-products. Burning wastes
may therefore mean more smoke, particulates and carbon monoxide. With
respect to the local environment, I expect that some wastes may also increase
obnoxious smells. Overall, burning wastes has the potential to worsen the
already significant environmental impact of brick firing on air, increasing
pollution. To jump ahead of ourselves, the way we burn wastes will obviously be
crucial and we must aim to approach the ideal of complete combustion.

Assessed on our imagined national scale, brickmaking has a significant impact
on the emission of greenhouse gases, specifically via the carben dioxide
produced by combustion. The use of wastes as fuel substitutes may directly
reduice or increase this significance. If the burning process is maintained at a
comparable level of efficacy, then it will require a similar input of fuel energy,
i.e, a similar number of Joules or Watt-hours. Some fuels emit less carbon dicxide
per unit of energy produced than others. Natural gas, for example, is a much
‘deaner’ burning fuel than wood in this respect. So, the net effect of introducing
wastes into the brick firing process will depend exactly on which primary fuel
is replaced by which waste and in what proportion. In terms only of carbon
dioxide emissions in the immediate term, for instance, it looks like a good idea
to replace wood as a primary fuel with as high a proportion of diesel oil as
possible. On the other hand, under the same proviso, it looks like a bad idea to
replace coal with sawdust. If similar levels of combustion can be attained, burning
sawdust is evidently the carbon dioxide emission-equivalent of burning wood.

Table 2.2 Carbon dicxide emissions

Fuel . _ COo, (kg/GJ)
Wood 109.6
Peat 106.0
Lignite 101.2
Hard coal 94.6
Fuel oil 77.4
Diesel 74.1
Crude oil 73.3
Kerosene 71.5
Gasoline 69.3
Refinery gas 66.7
Liquid petroleum gas 63.1

Natural sas 56.1
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The above picture is of course incomplete. Specifically, it pays no attention to
the effect of burning wood, or any bicmass (in this context, plant material used
as fuel) which is sustainably produced. Buming biomass is often taken as being
‘carbon neuiral’ because the amount of carbon dioxide emitted when the biomass
is burned cannot, even with complete combustion, be more than the amount it
has absorbed during its growing life, Being carbon neutral when burned does
not, however, make biomass a renewable or sustainable energy source. Only if
new biomass is grown to replace that harvested and burned can the cycle
continue sustainably. Otherwise, burning biomass reduces the available ‘sink’
for carbon dioxide and contributes to the greenhouse problem. So, if wood
comnes from a sustainably managed source, then it is better to burn wood than
natural gas, at least from the point of view of carbon dioxide emissions. Moreover,
if biomass derives from waste that would otherwise rot, thereby emitting its
carbon dioxide content to the atmosphere anyway, albeit somewhat more slowly,
then the emissions that would otherwise have come from the proportion of
primary fuel replaced will be ‘saved’.

Evidently, assessing the environmental impact of greenhouse gas emissions
due to using wastes in brickmaking is going to be a complex process that will be
highly dependent on the specific proposal. And we have not yet considered the
technological practicalities, the economic realities and livelihood implications,
or other aspects of sustainability. Taking these one at a time for a particular
scenario: buming natural gas, indeed any gas, is not a technological possibility
for most brickmaking SMEs. This is strongly related to the economic reality,
where economic reality means the economic circumstances that currently exist
rather than any permanent or essential condition. Even if brickmaking SMEs
could manage natural gas burning technology, most could not afford the
necessary hardware. Moreover, the gas itself would be.either unavailable or
unaffordable, or both. Curtent economic reality means there is no market cost
on carbon emissions that would make high carbon emitting fuels more
expensive. In economics terms, the externalities of burning such fuels are not
accounted for and, conirary to the principles of sustainable development, the
negative effect will be felt mainly by future generations. For the time being,
then, unsustainable supplies of wood are likely to be a very much cheaper
option than natural gas for the vast majority of brickmakers. The other aspect of
sustainability to be considered is the finite nature of all fossil fuels, including

natural gas. Treating this criterion in isolation would indicate that sustainably
produced biomass was the only fuel choice for brickmakers.

Moving on to ‘other factors’ that may cause climate change, I had in mind
deforestation specifically when assessing small-scale brickmaking. Many,
pethaps the majority, of small-scale brickmakers with whom we are concerned
burn wood from unsustainable sources. Trees, as we discussed, are sinks for
carbon dioxide and so act to mitigate the greenhouse problem and thence
climate change. By this logic, using wastes instead of timber from unsustainable
sources as fuels could have a significantly beneficial impact on climate.

it
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" Considering ‘flora and fauna’, including habitats and biodiversity, I propose
that the import of wastes by road could change the environmental impact. This
will be the case in instances where primary fuel, say locally harvested wood or
coal delivered by rail, were to be replaced by a waste product that necessitated
delivery by truck. Obviously, the change could equally be in the opposite
direction: if coal delivered by truck could be replaced by a locally produced
waste or one that was delivered by rail, for example.

I pondered long and hard over whether the use of wastes could have an effect
on the impact of brickmaking on landscapes, patticularly on the total area of
land used and permanent restriction on future use. I decided that if wastes were
massively and extensively employed as bulkerizers, replacing huge quantities
of soil across our imagined nation, then there would be changes to landscape
impacts. To be specific, the area of land used by brickworks would decrease and
so consequently would the area on which there were permanent or at least
long-term restrictions on use. Though the environmental impact of using waste
in this way would be beneficial to the landscape element of environment, in
practice I doubt whether bulkerizers could be used on a scale where the change
in land use was significant.

When the impact on ‘other resources’ 1s assessed, if tree felling in woodlands
that are not sustainably managed can be reduced by the use of waste as a fuel
substitute, then these resources are conserved. Similarly, fossil fuel resources
can be conserved if, for example, a proportion of the coal used in a brick firing
process can be replaced by waste. Considering the use of wastes as bulkerizers
again, soil resources, which can be considered non-renewable within a certain
timeframe, could conceivably be conserved. Notice that, given a long enough
timeframe, soil, peat and fossil fuels may be renewable. Unless we conserve
what is available and find alternatives, however, this timeframe is not one that
is of much practical interest to humanity and the survival of our species.

Assessing the impact on ‘waste’, using waste as a fuel in brickimaking can be
a'way of incinerating it, i.e. disposing of a problem. The posifive impact on
local, and perhaps regional, environments might therefore be considerable. A
waste dump, for example, may cause local pollution with an obnoxious smell
and be literally ‘a blot on the landscape’. In addition, it may well be a health
hazard. Pollution on the regional scale, moreover, may be caused by harmful
substances leeching out from the dump and polluting watercourses. Buming
such waste is environimnentally beneficial in these regards, but must of coursebe
balanced against the consequent impacts in a different local environment
perhaps, that wherein the brickworks operates, as well as globally. I have not
highlighted ‘treatiment of waste or its application on land’ from the perspective
of burning wastes as a means of disposal. Rather, I considered the case of where
animal dung was used as a fuel rather than as a fertilizer cum soil conditioner. If
the soil were being deprived of fertility and the binding humus it needed, then
using such waste as fuel could have a net-negative environmental impact.

The transport of, say, agricultural wastes to a brickmaking site for use as fuel
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organism considerably. There have been numerous recorded cases where such
an event has meant disaster for the local and even regional environment. When
alien species are introduced to an ecosystem they will likely disrupt the balance,
perhaps intreducing disease, degrading habitats and/or reducing bicdiversity.
Thus, an insect or even micro-organism transported from one (bic) region to
another in a load of waste could have a long-term negative environmental
impact much more significant than the immediate impact of brickmaking.
finally, | have assumed that the import of wastes will have an impact on transport
and hence on breakdowns and accidents. In general, I assume using wastes will
mean increased transport and hence increased risks in these regards.

In summary, the areas in which critical changes should definitely be assessed
when introducing wastes into the brickmaking process appear to be;

¢ deforestation (carbon dioxide sinks and resource conservation);

» emissions of carbon dioxide;

* emissions to air and air quality;

» waste incinerated or otherwise disposed of;

* flora and fauna, including habitats and biodiversity (increased traffic).

Based on my knowledge of the brickmaking sector, I have listed the concerns
above in something like a rough order of priority. Traffic is a problem not only
because an increased number of trucks delivering waste may increase damage
to flora and fauna and perhaps habitat and biediversity. If wastes are delivered
by read or rail, there wili also be an increase in the emission of carbon dioxide
due to burning the fuel that powers the trucks and trains. As we have seen, the
cost of this externality is not accounted for. In certain circumstances, then, it
may be financially beneficial for brickmakers to burn waste while the impact
on the environment of so doing is wholly negative. Finally in this chapter, I
should stress that this strategic EIA will only serve as a guide when we consider
possibilities for the use of wastes in brickmaking. It does not obviate the need
for a full EIA of individual projects. This observation is also true in the general
sense: nof every project for which a positive overall national assessment has
been made would be environmentally beneficial, for example.

CHAPTER 3
Fuel choice and the potential of wastes

Otto Ruskulis

Although it is possible to describe brickmaking in general terms, the details and
nuanced practices in play at individual sites are almost impossible to capture.
The type of clay soil available largely dictates some of these practices. Methods
of winning, and perhaps milling, tempering, mixing and using additives, vary
from site to site, as do moulding, drying and firing practices. In addition to soil
type, variation here depends on a multiplicity of factors, including tradition,
resources and climatic conditions. The type of fuel used alsc varies from site to
site, within clusters and even, depending largely on availability, within an
enterprise. Distribution of the fuel in the damp or kiln and whether it, or a
proportion of it, is incorporated into the bricks, is also a variable. In some kilns,
notably down-draught kilns, bricks are fired indirectly, utilizing the heat in
exhaust gases without the fuel coming in contact with the bricks. Such burning
methods are generally associated with a good-looking, higher quality product.
On the other hand, one of the most efficient forms of fuel use is to embody it in
the clay matrix so that the fuel is in intimate contact with the brick.

Before moving on to consider fuel choice and the possible substitution of
brickmaking materials with wastes in detail, let us briefly consider some of the
properties of clays and bricks. In the process, we will also touch upon the effects
that adding residues and wastes could have on these properties. The mechanigal
or compressive strength of the fired brick is not normally a critical consideration
for ‘commen’ bricks used in normal construction applications. It is vital, by
contrast, for products such as engineering bricks, which may be used in high
load-bearing applications. Small-scale brickmakers in the majority world tend
to produce, at best, commeon bricks. The specification of ‘common’ varies from
country to country. In general, though, it is the lowest quality of brick recognized
in official building standards. That said, the bricks made by many small-scale
producers do not meet — or even need to meet — this baseline specification. In
Zimbabwe, for example, the produce of most artisanal brickmakers is categorized
as farm bricks, which in the main do not reach the compressive strength
standards required for commons.

Nevertheless, Zimbabwean farm bricks and their international equivalents
satisfy the technical requirements of a market niche that is significant, at least
in terms of the number of customers. Dried clay is by itself quite a strong material,
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Phote 3.1 Rammed earth in Kenya. Credit: Practical Action/Neil Cooper.

can be kept dry by appropriate architectural design, then it is adequate for many
construction applications. Structurally, clay can be used as ramined earth (pisé
de terre), pressed soil blocks or adobe, which has straw added to reduce shrinkage
and bind the clay. The main reason for firing clay bricks is to make them more
resistant to water and weathering rather than to increase their strength.

The increase in strength on firing is a quite welcome side-effect, however.
Typically, the compressive strength of common bricks is in the 20 to 40 N/mm?
range. A farm brick would fall somewhere between the strength of an unfired
clay brick and a brick classed as common. Most often, small-scale brickmakers
would be aiming to just meet the requirements of the market. They would not
want to produce bricks of high compressive strength that demanded a high
input of fuel energy unless there was a premium payment involved. But if
brickmakers cut costs too much, they risk producing bricks that perform no
better than moulded clay. Using such bricks in architectural circumstances
where they are expected to perform a load-bearing function in wet or abrasive
conditions could be catastrophic.

Generally, when organic materials such as sawdust or coffee husks are added
to the bricks before firing, mechanical strength is reduced. Adding too much of
such a material as a fuel substitute can make the bricks too porcus and friable:
brittle and tending to crumble. It is this limitation, rather than lack of compressive
strength, that makes the bricks unsuited to purpose. The amount of organic
material that can be embodied in clay bricks as a fuel substitute is thus limited.
With wastes that act as fluxes, conversely, compressive strength may be
increased. If such an increase is not required, the addition of a flux may mean
that, as an alternative, bricks can be fired at a lower temberature. saving fuel
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'fhe green, or unfired, strength of the brick is a consideration. Normally,
bricks that have been moulded are strong enough to handle and subsequently
stack prior to firing. It is the clay in the soil that is responsible for this behaviour,
making particles in the material matrix cohere. Adding wastes or residues to
bricks can reduce green strength and make handling a problem. Rice husks, for
example, are large relative to the micro-structure of clay soil. The amount of rice
husk that can be added may therefore be limited by its adverse effect on green
strength notwithstanding its beneficial effect as a fuel. One way of getting
beyond this limit is to grind rice husks before they are incorporated into brick
clays. Rice husks can, of course, be burned in unlimited proportions if they are
used as a non-embodied fuel. The limitation then becomes getting sufficient
oxygen into the combustion process. Rice husks are high in silica and tend to
pack together with little space for air to flow. Consequently, they are quite
difficult to burn.

The density of common bricks is typically in the range 1,800 to 2,500 kg/m?.
When particulate fuel is included in the bricks this bumns away and leaves
pores, so the density of the final preduct is reduced. Bricks that are lighter in
weight mean reduced transport costs. Unless they run their own delivery
transport, however, this saving is seldom a benefit in which brickinakers share.
Lighter bricks also make the jobs of building workers marginally easier, provide
better thermal insulation and are more resistant to frost damage. On the
downside, they are somewhat less strong and durable. If density falls below
1,400 kg/m?, bricks would likely not be durable enough for use in construction.

When matured at the right moisture content, clay soils can be readily formed
into bricks by throwing, pressing or extrusion as appropriate. When fuels or
fluxes are added to the clay the moulding characteristics — mouldability - can
change. In such cases, more water is usually added to the mix to regain
mouldability. This is likely to mean poorer handling properties and increased
drying shrinkage. The alternative is to medify clay moulding or extruding
equipment to handle drier mixes, which is easier and more cheaply said than
done. Highly plastic or sticky clay can be subject to significant shrinkage When
dried and fired. This can lead to distortions and serious cracks in bricks that
render them unusable (Mason, 2000a). The traditional remedy is to add sand to
the clay to make it less plastic. Adding a residue or waste, whether as a fuel, flux
or bulkerizer, can have the same effect. Some very fine inorganic materials,
such as the finest pulverized fly ash (pfa) fraction, can however increase plasticity
and cracking.

Even in harsh climate conditions, well made common brlcks should last
hundreds of years without serious deterioration. (Writing this, I can look out of
my office window at a house chimney that does not appear to retain any pointing
mortar at all. Thank goodness it’s not sitting on my house! Despite being in an
exposed coastal location, however, the bricks in the chimney look almost as
good as new, retaining smooth faces and sharp corners.) Many artisanal
bnckmakers underflre their brlcks Usually, they do this either because they
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resulting bricks are likely to remain in good condition for decades rather than
centuries. Abrasion, wind, rain, mortar and render movement and, in some
locations, frost, attack and erode the bricks. Adding wastes as fuels or fluxes can
ensure bricks are better burned and hence more durable. Conversely, if the
bricks are significantly more porous as a result of the addition of waste, durability
may be reduced.

Efflorescence is manifest as unsightly white deposits or stains on the surface
of brickwork. Though it is not aesthetically pleasing, efflorescence is not
normally damaging and is not an indication of poor brick quality. There are
actually three categories of efflorescence: lime bloom, lime weeping and
crystallization of soluble salts. Lime bloom usually disappears in the longer
term due to weathering. It may occur either because bricks have been made
from clay with a significant lime content or when lime has been introduced to
the process in a fuel or other additive. Well distributed in powder form, lime can
act as a flux in brick firing. I it is present as larger stones, however, it will heat
up, change form, expand, and is likely to burst out of bricks, thereby ruining
their appearance and sale value. Lime weeping is generally seen at cracks and
joints in older brickwork and becomes a permanent feature. Crystallization of
soluble salts usually takes place where bricks have been produced with water
that has a high sodium chloride content. In the extreme this form of efflorescence
can cause minor damage, such as swelling and cracks, in brickwork. In some
cases using wastes in brickmaking may cause one or other of these types of
efflorescence. Other wastes could also cause changes in the colour or hue of
bricks. Consumers may well prefer a brick of the appearance they are familiar
with. They may even associate a certain hue, the proverbial brick red for instance,
with strength or durability. So, regardless of the actual physical propetties,
brickmakers may have problems selling bricks of a changed hue.

Reduction occurs when insufficient ait gets to the fuel. The result is inefficient
burning of bricks and fuel that remains partly unburned. If fuel has been
incorporated into the brick, the fuel at the core may be black and only part-

burned. Also, when bricks are placed too close together in the kiln, black -

reduction spots can occur where their surfaces are in contact. Bricks with

reduction cores and spots are more likely to exhibit substandard properties.

Moreover, customers are likely to decide that reduction spots spoil the appeararice
of bricks and hence be reluctant to buy them. In some cases, problems due to
reducticn can be solved by modifying the kiln to promote air flow. Most simply,
this may be achievable by increasing the spacing of bricks. Forced draught,
employing a fan, would be a mote extreme and expensive solution at the other
end of the spectrum.

Fuel choice and environment

The energy requitement of brickmaking varies widely and depends on many
factors, particularly the type of clay used, as well as the drying and firing process
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Pricks made of that clay are fired, reducing the exogenous energy requirement.
The presence of too much oiganic matter results in a friable and inferior brick,
howevet. Specific energy consumption can range widely from 1 to 12 megajoules
per kilogram of fired brick (Russell, 1996). The lower figure could conceivably
be achieved in a particularly efficient kiln, such as a continuously operated
Vertical Shaft Brick Kiln (VSBK). The higher figure could correspond to an
artisanal brick clamp of a few thousand bricks that is fired with insufficient
wood and produces under-burned bricks.

Depending on the characteristics of clay or clay-mix used, the temperature
required for sufficient vitrification is in the range of 900 to 1,300°C, though it is
quite common for the kilns of small-scale brickmakers not to reach such
temperatures. Such a relatively high temperature specification indicates that
quite a high grade of fuel is required. If wastes and residues are to wholly replace
the conventional fuels used in brickmaking, they would evidently need to be of
a similar grade, i.e. have a similar calorific value per unit mass and exhibit
compatable combustion properties. A significant proportion of the primary fuel
can be replaced with a lower grade of fuel in the form of waste, however, albeit
in greater quantity. Brickmakers sometimes use inferior fuel because
conventional fuel is too expensive or unavailable. Very inferior fuels include
rags soaked in used engine oil, plastic wastes, old tyres, and small diameter
green wood stripped from bushes and shrubs. The use of such fuels is likely to be
an important reason why the bricks produced by some brickmakers are of poor
quality and also why brickmakers in some areas are considered a polluting
nuisance. :

Apart from the levels of pollution produced when burned, the characteristics
of a fuel that affect its suitability for brickmaking are its physical properties,
calorific value, volatile and ash content. Critical physical properties include
particle or lump size, porosity, and structural integrity in the kiln, the latter
determining whether or not it crushes under pressure when placed in layers
between bricks, for example. Another consideration, when the fiel is added to
the clay in the brick, is water absorption. If this is high, the water needed to
mould the clay is increased. When using relatively fine fuels, such as sawdust,
or coffee or rice husks, a simple method is to distribute the fuel between the
layers of bricks, though running the risk of reduction. Fine fuels are patently
not very suitable for burning in fires in tunnels running beneath a kiln. Nejther
are they readily burned in the grates used with, for instance, down-draught
Kilns. Quite simple air-blowing equipment can be used to blow fine fuels into
remote combustion zones such as these, but technology of this order is relatively
complex and too expensive for most artisanal brickmakers to consider.

The calorific values for conventional solid and liquid fuels as well as a variety
of agricultural residues and agro-industrial wastes are given in Table 3.1. Assessed
on the basis of calerific value alone, a number of wastes appear to have potential
for utilization in brickmaking, replacing either all ot, more likely, part of the
Primary conventional fuel. Even though Table 3.1 shouId be regarded as
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Table 3.1 Approximaté calorific values of fuels, residues and wastes

Fuel/waste Calorific value fuel/waste Calorific value

(kJ/kg) (kJ/kg)
Olive pits 21,400 Plastics 37,000
Olive residues 1,260-18,680 Sawdust 15,900-18,000
Rice husks 12,100-16,000 Wool wash water
Rice husk ash 2,300 treatment sludge 1,750
Rice straw 15,100 Waste down (iextile 18,900-29,400
Vegetable matter 6,700 industry)
Maize sialks 17,500 Exhausied mineral 7,140
Maize cobs 14, 000-18,200 oils
Coconut shells 20,100 Waste engine oil 25,000
Groundnut shells 20,100-21,500 Coai-mining wastes 3,530-5,800
Walnut shelis 21,100 Petroleum coke 1,470-33,180
Coconut pith 12,850 Fly ash 2,100-11,640
Bagasse-b.25 18,880 Rags 16;000
Coffee husks 16,600 Dust and cinders 9,600
Wood (15% moisture) 15,000 Paper industry sludge 7,000-19,000
Charcoai (2% moisture) 33,000 Paper 14,600
Commercial butane 58,000 Coal 23,000-29,000
Sewage sludge 10,000-23,000 Diesel fuel 44,000

Heavy fuel oil 42,000

Sources: Dondi, Marsigii and Fabbri, 1997; Lardinois and Van de Klundert, 1993;
Haleja et al., 1985; Mason, 2001.

shells of a variety of nuts and the residues from maize harvesting seem to hold
particular promise as fuels. The same can be said of some industrial wastes,
including plastics and engine oil (although note the different estimate given
for ‘Exhausted mineral oils”), along with the agro-industrial residue sawdust. A
significant drawback with some wastes is evidently their widely variable calerific
value, for example sewage sludge, paper industry sludge, and waste down from
the textile industry.

Volatiles are substances driven off as gases or vapours when materials are
heated from ambient temperatures to a few hundred degrees Celsius. If fuel is
fed directly into the kiln, volatiles burn contributing their fuel energy to the
process. Volatiles can present a problem when fuel is included in the brick body
or distributed throughout the kiln. In these cases the transfer of heat through
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ﬁéfore it actually catches fire. Hence, some volatiles are driven off without
igniting. Their calerific value is therefore lost from the process. Moreover, the
release of unburned volatiles increases air pollution. Volatiles from wastes can
include substances such as benzene or aldehydes and prelonged exposure to
high concentraticns of such substances can be harmful to health. With wastes
that have been used in brickmaking, however, high concentrations and
prolonged exposures do not usually result.

Considering air pollution, some wastes such as pfa can actually reduce the
emission of particulates or soot. In comparison to conventional fuels, if wastes
that are likely to be used in brickmaking are burned effectively, then they do
net generally have a significant impact en air pollution, i.e. there is little or no
change. Moreover, when we consider wastes that are otherwise dispesed of by
burning, there is a beneficial impact if they are used as fuel substitutes in
brickmaking; the pellution that would have resulted from the combustion of
the primary fuel is saved. A problem with wastes is that they may burn at
markedly different temperatures from cenventional fuels, which may remain
the primary fuels in the brick firing process. If either the primary fuel or the
waste experiences incomplete combustion to a significant degree, the result
will be an increase in smoke.

Cinder ‘ash’, from boilers, domestic hearths and cockers, is often
predeminantly carben and se potentially still combustible in brick kilns. The
ash content of these ‘ashes’ is the non-combustible fraction, predominantly
silica (silicon dicxide), alumina (aluminium diexide) and, in some cases, calcium
oxide. Non-combustible ash is a concern with wastes in general. If the waste is
incorporated into the brick, such material is most likely to contribute to ceramic
bonding and does not represent a problem. In the case of calcium oxide there
may be a minor problem with efflorescence in the form of lime bloom, however.
If wastes are introduced inte the kiln in other ways, there may be a problem
with nen-combustible ash building up and ebstructing the flow of combustion
air. This can result in increased levels of incomplete combustion overall and so
increase air pollution.

Values for the non-combustible ash content by weight of some agricultural
wastes are given by Lardinois and Van de Klundert (1993): rice straw 19.2%,
rice husks 15.7%, maize stalks 4.9%, groundnut shells 4.4%, olive pits 3.2%,
maize cobs 1.7%, walnut shells 1.19%, coconut shells 0.8%. The high prepertion
of ash remaining after the combustion of rice straw or husks is notable. Due to
their high silica content, these by-products produce relatively large quantities
of non-combustible ash. Hence, it may be preferable to burn these wastes in a
separate firing chamber where the non-combustible ash can be raked out or fall
thiough a grate,

In some cases there is an interesting advantage associated with burning
wastes in brickmaking. Fired clay bricks can incorporate the heavy metal
compounds found in some wastes. Usually, bricks can ‘contain’ these harmful
substances without significant leaching. Hence, there is no risk to either builders
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of disposal of heavy metals, which can otherwise find their way into food
chains, for example.

Having considered brickmaking and the use of wastes from the environmental
point of view in the previous chapter, let us now consider the environment and
fiiel choice more from the perspective of brickmakers. We know that wood is
the fuel predominantly used by small- and medium-scaie fired clay brick- and
tile-makers in developing countries. Charcoal, derived from burning wood, is
also employed by the sector in certain locations, usually where the fuel has had
to be brought in over some distance. Whetre it is readily available, for example
in the northern states in India, coal can be the fuel of choice. Qil is also used in
some places. If simple oil burners are used.as the only energy input, however,
only small clamps or Scotch Kilns can be fired effectively.

For many artisanal brickmakers wood for fuel is becoming increasingly
scarce and expensive. In some countries, permits are employed to control the
harvesting of timber, especially in designated conservation areas. Although
attempts to impose controls are frequently flouted, brickmakers are often unable
to guarantee a supply of fuelwood when they want to burn bricks. Either controls
are enforced or else corruption means brickmakers have to pay over the odds
for illegal supplies of fuel. This makes brickmaking, which too frequently is
only marginally profitable anyway, wholly unviable. Significant numbers of
brickmakers, especialiy those producing at the smallest scale, are likely to have
other occupations, ‘jobbing’ as farmers or petty traders, as common instances.
They may only produce bricks seasonally. Losing income from brickmaking
can critically affect the situation of many brickmakers and their families,
however. From being reasonably secure, perhaps even able improve their iot,
the loss exposes them to the risk of exireme poverty. -

If brickmaking operations are t¢ be kept relatively simple and low-cost, there
are technical constraints on using oil as fuel. Firstly, it is quite difficult to ensure
that bricks are evenly burned throughout the kiln when using only a simple oil
burner. Kilns have to be relatively small so that the heat produced can reach all
the bricks. Unfortunately, though, small kilns are considerably less fuel efficient
than larger ones (Mason, 2000b). Moreover, the diesel oil that is usually the

only available fuel for oil burners is not well suited to firing bricks at the high

temperatures required. Technically, a better choice would be a spedally
formulated oil, such as the Bunker C type. This will probably be difficult or
impossible for brickinakers to obtain, however, especially in rural areas, A general
consideration is that price of oil globally is subject to a continual increase. In
simple terms, this is largely because demand is growing faster than supply.
Indeed, the price may be set to increase more steeply and erratically in future
{Campbell, 2005). Given the price, supply difficulty and the possibility of an
impending crisis, then, it is surely not a god idea for brickmakers to become
reliant on oli-based products as their fuel (Deffeyes, 2005). Indeed, as is widely
acknowledged, those of us already oil-dependent will have to make some tough
decisions in the not too distant future (Roberts, 2004).
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" with regard to firing bricks with coal, small-scale brickmakers generally use
the lowest grades available because these are the cheapest. Unfortunately, they
also tend to be the most smoky and polluting. Typically, brickmakers operate in
clusters, occupying a site where the soil is suitable to their purpose and that is
close to markets in a town or perhaps a network of villages. Local residents,
especiaily the wealthier ones, are often opposed to brickmaking activities where
coal is burmed because of the pollution. Small-scale brickmaking can also be an
obvious and easy target for administrators from government agencies keen to
demonstrate that they are taking action on pollution: brickworks are hard to
hide and are likely to be located within a convenient distance of the office.
Unless they can demonstrate that they are taking active steps to change to less
polluting fuels, the activities and hence livelihoods of brickmakers are often
placed in jeopardy. While the wealthy and the administrators are likely to be
driving around in gas-guzzling and carbon-emitting vehicles made with non-
recyclable materials and technologies, then, brickmakers can be penalized for
local pollution: regulation seldom adds up to a rational system, particularly
with respect to complex environmental issues.

Small- and medium-scale brickmakers in developing countries may not be
considered as significant consumers of energy when compared with, for example,
users of wood stoves in the household sector. Nor, by similar token, are such
brickmakers responsible for a massive share of pollution. Because they are often
dustered in a relatively small area in groups of tens or hundreds, however, kilns
and brickyards are visible and odoriferous from some distance away. Thus,
although brickmaking may have a minimal impact on other elements of the

_environment, it is still likely to be judged a highly polluting sector based on

very evident air pollution. Furthermore, where brickmakers predominantly
use local wood for fuel they contribute to an obvious loss of tree cover. Apart
from the environmental impact of this, including degradation of the aesthetics
of landscape, brickmakers may be competing with local households and other
small-scale enterprises such as bakeries and restauraunts for increasingly scare
wood. This can cause resentment and ultimately conflict.

Environmentai legislation is having an increasing influence on the lives of
some brickmakers. Such legislation is likely to be implemented from the
perspective of the conservation of resources and air pollution, ignoring socio-
economic and cultural aspects of the environment. In some cases, particularly
in more remote rural areas, brickmakers may escape the threat to their livelihoods
that such conservation legislation poses. In India, on the other hand, brickmakers
tend to operate in medium or large clusters. As we have discussed, this makes
their environmental impact very apparent. In such a densely populated and
bureaucratic country their chances of escaping the attention of environmental
agencies are very slim. As a consequence, the operation of the traditional Bull’s
Trench Kiln, which usually burns coal, is increasingly restricted throughout
India (Raut, 2002). In neighbouring countries such as Nepal, where legislation
on pollution is not so rigorously implemented, this type of kiln is still used
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to produce bricks; though the government has imposed, through environmental
legislation, an increase in chimney heights to 10.5 metres enabling better
combustion and reduction of polluting gases.

The environmental legislation that affects the small-scale brickmaking sector,
then, tends to focus on air pollution and the conservation of resources,
particularly indigenous woodlands. The former aspect prohibits brickmakers
from burning fuels such as low-grade coal, used rubber tyres or waste engine
oil. The unfortunate impact of implementing such well-meaning and seemingly
beneficial legislation is that brickmakers are forced out of business. In Tanzania,
for example, there are now significantly fewer artisanal brickmakers than in
1990 due to restrictions on the cutting of trees in remaining forests
(Merschmeyer, 2003}. Transport costs render alternative fuels too expensive.
Little has been done to mitigate the effects that legislation has had on the
livelihoods of brickmakers. There have been no government schemes to set up
sustainably managed fuelwood plantations, for example. Neither have
production technologies using alternative fuels been officially promoted. The
limited interventions that have been made have involved NGO initiatives.

By contrast, in Ciudad Judrez in Mexico significant success has been achieved
without application of restrictive laws and regulations (Blackman, 2000).
Brickmakers have moved away from using very polluting fuels, such as used
tyres and old engine oil. One critical factor in achieving this change has been
rising awareness, particularly about pollution and health. Moreover, brickmakers
and surrounding communities have been thoroughly invelved in developing
fuel use and monitoring procedures. Although these procedures were not enforced
through any conventional legal channels and largely relied on the voluntary
cooperation of brickmakers, there were relatively few defaulters. The censure of
the community and other brickmakers is a powerful inducement not to go back
to using polluting fuels.

The potential for using wastes

Many types of domestic, industrial and agricultural wastes have a calorific value
and so have potential for use in domestic or industrial processes that require
heat. Some wastes, for example pfa, coal-ash cinders and rice husks, can be
cleaner-burning and so less polluting than conventional fuels such as coal or
wood. Certain industrial wastes can act as fluxes, meanwhile, lowering the

firing temperature and thence the energy required to form the ceramicbond int .

clay mixes. This will obviously reduce fuel use and the associated cost
proportionally. In the case of the bricks typically produced by small-scale
enterprises in majority world countries, ceramic bonds are seldom wholly
formed. What is achieved is sufficient vitrification to invest the brick with the
necessary physical properties to perform its function. That said, the same energy-
saving argument applies vis-a-vis fluxes. Other types of waste can act as grog or
opening agents. When added to the mix for moulding bricks, grogs ‘invade’ the
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Photo 3.2 Close-up view of a brick. Credit: Practical
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vitrification throughout bricks when fired. The addition of grog also reduces
firing cracks and other potential problems such as black cores.

Depending on the nature of the waste added, the physical properties of burned
bricks may be either improved cr impaired. Although some wastes act as fuels,
fluxes or grogs, they may also have a negative effect on brick quality. Some
metallurgical sludges, in particular, cause bricks to achleve lower strength and
resistance to weathering. Furthermore, drying and firing shrinkage may be
increased along with efflorescence. Sometimes the addition of a waste improves
one property at the expense of another. Adding sawdust to the day mix, for
example, may reduce the density and hence mass of the final brick, which is
beneficial from the point of view of transport and perhaps use. Mechanical
strength tends to be reduced by the addition of sawdust, however. And if
mechanical strength falls below either regulatory or practical limits, then
customers will reject bricks. Striking the balance, i.e. knowing how much waste
can be beneficially added, is therefore essential.

There are many wastes with the potential for utilization in brickmaking.
These include sawdust from sawmills, rice husks and stalks, coffee husks, coconut
shells, maize stalks and corncob cores, bagasse fibres from sugar making, olive
pits, groundnut shells, sewage sludge, textile wastes and washes, petroleum
coke, tannery wastes and sludges, papermaking wastes and sludges, blast furnace
slags from steelmaking, colliery mining wastes, boiler and power station cinders
and ash, and pfa. Taken together, huge quantities of these wastes are generated
globally. Data to assess the exact quantities available ate hard to come by. Safe to
say, though, that these wastes could theoretically provide enough energy to
supply all the world’s brickmaking operations many times over.

Toillustrate the point, it is werth giving a few examples of the scale of waste
generation. Let us consider agricultural wastes initially. Globally, maize
production, including the mass. of the cob, is estimated to exceed 600 million
tonnes per annum. The figure for rough rice, which incudes the husk, is similat.
Around the world, processed coffee production is estimated to exceed 7 million
tonnes annually. The mass of husks left over would be more than double this
figure, perhaps 15 million tonnes. Worldwide, about 10 million tonnes of olives
ate harvested annually, some 50 million tonnes of coconuts, and around 30
millicn tonnes of groundnuts. As a guide, roughly half the weight this groundnut
yield is made up of the shell, a highly combustible waste. Every year the world
produces arcund 150 million tennes of sugar from sugar cane. An equivalent
weight of residue, combustible bagasse, is generally discarded and left to rot.

The scale of generation of agre-industrial and indusirial wastes and residues
is also vast. In Asia, for example, about 50 million tonnes of sawn timber is
produced. Though it is relatively small, actually a vast quantity of sawdust is
discarded as a by-product. India is cne of the werld’s leading coal-mining nations,
extracting and processing an estimated 130 million tonnes of coal per annum.
A significant propoertion of this ceal is burnt in electricity-generating power
stations or industrial boilers, many of which are not very efficient. The quantities
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ofpfa and cinder produced as waste are therefore considerable, and both will
likely retain significant calerific value,

In most majotity world countries only a small proportion of the combustible
waste generated from agricultural production is used for fuel in domestic or
industrial applications. Somewhat amazingly, to the energy-conscious engineer
at least, such wastes are neither used directly nor processed into fuel brigueties,
nor pyrolized into charcoal, nor utilized for the production of biogas or producer
gas. These wastes are, then, wasted. As such they typically represent a
management problem that is ‘solved’ by dumping or burning. Dumping can
result in very negative environmental impacts, such as surface and groundwater
pollutien. Dispesing of wastes by burning them in the open air, meanwhile,
causes air pollution and greenhouse gas emissions. It may alsc give rise to a
further problem, namely disposing of the ash.

Often burning residues for disposal purposes is undertaken in the same areas
where people experience problems acquiring conventional fuels such as wood,
coal, charcoal, diesel oil or kerosene for their homes or businesses. Brickmaking
is just one of a number of small-scale industries that could use much greater
quantities of agricultural and industrial residues as fuel. Brickmakers could also
utilize some residues to modify brick or tile properties. There is evidently a
compelling argument for assessing the environmental impact of using wastes
in brickmaking against methods of dispesal such as dumping and buming. As
opposed to dispeosal of wastes by burning, surely using them as fuels in
brickmaking is a win-win scenario? Unless the combustion process is extremely
inefficient and smoky, burning wastes productively will not cause additional
pollution or greenhouse gas emissions, but will help conserve the resources of
the fuel that wastes replace. For brickmakers, morecvet, problems of fuel scarc1ty
and affordability could potentially be overcome at a stroke.

Our review so far has indicated that wastes constitute a veritable gift to
brickmakers. Almost inevitably, the scenario is not wholly pesitive. There are a
number of problems that would need to be overcome to ensure that the use of
wastes could be widely adopted. Firstly, it is not often that brickworks are
conveniently sited near producers of agricultural or industrial waste. Sites with
clay soils suitable and available for brickmaking may be in locations distant
from where soils are suitable for mass agticultural production, for example.
Some wastes, such as rice, groundnut and coconut husks, straw and bagasse, are
quite bulky. Hence, the necessity of transporting them even a few kilometres
Can make their utilization financially unattractive.

Although the global quantity of agricultural wastes is vast, their production
density tends to be low and a potential collector and distributor might have to
visit a goodly number of small farms to make up a decent load. In additicn, their
availability is bound to be seasonal. The best year-round sources of agricultural
wastes would be sizeable food-processing factories such as rice mills, clive ¢il,
groundnut oil or sugar-processing plants. Once again, it is unusual to find such
facilities situated in close preximity to brickmaking ventures. The situation is
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most often similar for industrial wastes such as pfa from coal-burning power
stations and even sawdust from sawmills.

Apart from problems of location, there are technical problems associated
with burning wastes. For one thing, the soils used in brickmaking vary. Though
they are generally termed ‘clays’, actually the clay content varies considerably,
as do other mineralogical constituents. Certain clays are therefore better suited
to the incorporation of certain wastes. A high-clay soil, for instance, will
generally benefit from the addition of a greater percentage of sawdust than will
a more sandy soil. Adding sawdust to bricks made from sandier soils tends to
make them porous and weak.

With certain wastes it is only possible to replace part of the fuel without
adversely affecting the properties of the bricks. This is typically the case with
adding rice husks to a clay mix, for instance. Rice husks have a low energy
density and incorporating more than a few per cent by mass results in bricks
that have many voids and therefore absorb water too readily and are
mechanically weakened. In such an instance, a significant proportion of another
type of fuel would still be needed. This complicates the production process.
How much of each fuel is required? Can fuels be supplied consecutively? How
are the two fuels to be distributed and burned? If the waste fuel is ground or
pulverized, we have indicated that generally a greater proportion canbe utilized
as fuel incorporated in bricks. There are no free lunches, however, and such
processing adds to costs and has an associated environmental impact. .

Other process changes may be necessary for brickmakers to take advantage
of wastes as fuel. When the fuel is incorporated into the body of the brick, for
example, mixing and moulding techniques may need to change. When wastes
are burned separately, methods of charging the kiln with bricks and fuels will
need to be modified. It may be critical in the acceptance of new technology that
process changes are minimal. If the changes required are relatively small,
inexpensive and not too technically demanding, then understandably
brickmakers will be much more likely to adopt the technology. If major change
is demanded, however, for example if brickmakers need to change from
traditional slop-moulding to extrusion, then this is likely to be a very
considerable deterrent.

Though some wastes burn well, others contain a high proportion of volatile
materials. As we have discussed, if such wastes are burned in certain types of
brickmaking kilns, the volatiles are actually driven off at a few hundred degrees
Celsius without catching fire. The calorific value of the volatiles is therefore lost
and their emission from the kiln adds to the pollution. '

The calorific values of wastes are often lower than those of conventional
fuels, i.e. the energy density is less. We know that this has to be taken into
account when considering using wastes as fuels. Can the necessarily greater
mass of fuel be successfully introduced into the firing process? More difficult to
deal with than lower calorific values per unit mass is variability. Some wastes,
especially those emanating from industrial sources, can be quite variable in

B R

P Y- T

o e B i v i

S it

PR PerT T

-

FUEL CHOICE AND THE POTENTIAL OF WASTES 47

other key brickmaking properties. In such instances, brickmakers would have
to continuously monitor changes in the properties of the waste and adjust
proportions and burning techniques to take account of variations. This
significantly adds to the complexity of the process as well as costs. In general,
small-scale brickworks are not equipped with either the capital or the skills to
run an on-site laboratory.

The utilization of wastes as fuels or additives in brickmaking is still far from
widespread. Only sawdust and boiler cinders or ashes are used to any great
extent in commercial brickmaking. Other wastes have perhaps been the subject
of laboratory-scale trials or tested in pilot projects in the field, usually over short
periods. It should be noted that most such trials with wastes and residues have
been undertaken by industrial-scale companies in the West rather than by
artisanal brickmakers in the majority world. Although in some cases the trials
yielded promising results, in the main they were discontinued. In general,
brickmakers in the West have had no trouble sourcing conventional fuels -
with which they are more familiar - cheaply enough. To date, there hasbeen no
great incentive to look for alternatives, certainly not those that would require
technology or process changes to introduce. The results of most trials have only
been published in Western technical journals or internal reports, which are not
readily available or accessible to small-scale brickmakers in the majority world.
So, information on the use of wastes in brickmaking has so far not been widely
or appropriately disseminated.

Some concluding remarks on ways of working

So, can promoting alternative fuels such as wastes or residues improve the
viability of small-scale brickmaking operations? Can it reduce their
environmental impact? Are these two possible outcomes even compatible?
Comnsider that other innovations in brickmaking can have beneficial affects on
livelihoods and the environment, for example: N

e

¢ better training of brickmakers;

* better clay preparation and moulding of bricks;

* introducing better quality control;

¢ bhuilding larger, more efficient brick clamps;

* replacing clamp firing with kilns, which reduces heat losses;
* introducing more efficient kilns, such asthe VSBK.

Small-scale artisanal brickmakers, almost by definition, do not have huge
surpluses to invest. In contrast to introducing wastes, kiln modifications or
changing to a different type of kiln can be very expensive. Indeed, such measures
may not be realistic options at all. In Ciudad Judrez, Mexico, although they
have consistently expressed interest, none of the brickmakers have installed
the more fuel-efficient and cleaner burning kilns that have been developed
specifically to suit their needs (Blackman, 2000). The relatively high cost of the
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improved kilns and the difficulties most of the brickmakers would face in raising

capital have proved to be insurmountable obstacles,

This cautionary note on capital investment made, the other innovations 3
listed are probably best implemented as a programme. Training, improved 2
production practices, quality control and the utilization of waste can, and 3

preferably should, all go hand in hand. A specific point in favour of interventions
in fuel use practice is that between 25 and 50 per cent of the production costs of
small-scale brickmakers are fuel costs. Often their fuel costs are higher than
their labour costs. Any potential for saving fuel costs is therefore likely to strongly
appeal to brickmakers. As we have recorded, this is especially the caseif thereis
not too great a capital outlay.

Brickmaking is a skilled antd intensely practical occupation that incorporates
perhaps generations of experienice. Part of the challenge of promoting the use
of wastes in brickmaking is, then, to do with overcoming a natural conservatism
vested in tradition. New thecretical information does not become embodied
knowledge overnight. For NGOs and others wotking in the sector, choosing
appropriate pariners amongst brickmakets is critical when seeking to
disseminate a technelogy. The NGO will wish to form trusting relationships
with brickmakers who have the respect of their community because they have
the community interest at heart. Moreover, when these brickmakets enter into
research and development partnerships, they must be sheltered from financial
and any other associated risks. Technology change is a learning process that
necessitates training and may, initially at least, mean loss of production. Almost
inevitably, therefore, it will mean reduced profit in the short term. The price of
technology change cannot be at the expense of the vulnerable livelihoods of
small-scale brickmakers. )

Aswe have stressed throughout, many small-scale brickmakers in the majority
world operate on the margins. They have to overcome numerous difficulties,
some of which threaten to close their operations altogether. When these
brickmakers undertake innovation, they necessarily want and tend to do so
cauticusly, making small and incremental changes. They cannot afford the risk
of making quantum leaps in practice, such as switching from a tried and tested
fuel like wood. If they canmnot make small changes work both technically and
financially in a short time, moreover, they do not have the resources to persevere.
If they can visit a successful pilot demonstration project or gain insights from a
brickmaker in their area, however, and if they can see that something works in
practice in similar circumstances to their own, they are much more likely to
take an interest in adopting an innovation. These brief cbservations on
integrated technology development and participative ways of working made
{for details see Mason, 2001, and the references used therein), let us move on to
considet our case studies,
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CHAPTER 4

Trials with coal-dust, coal-dust briquettes,
waste oil, rice husks and sawdust in Peru

Emilio Mayorga Navarro and Saul Ramirez

History, culture and politics

The cultural and political history of Peru is ancient, fascinating and extensive.
It can only really be touched upon in this introduction to the nation, a quickfire
guide to 10,000 years of a land and its peoples. From 2500 sce there are records
of asuccession of cultures in the teiritory we know as Peru, peoples who initially
engaged in subsistence agriculture and livestock breeding. The highly developed
Chavin de Huantar culture flourished between 900 annd 200 scr. During the 4th
century scg, the Chimu and Nazca cultures developed markedly. Their fextiles,
metallurgy and highly technical irrigation systems are acknowledged as
outstanding. By the 6th century cr it was the Tiahuanaco culture that was in the
ascendancy. The 12th centtury ce marked the advent of the Intcas, currently the
best known of the indigentous cultural epochs. The Inca empire cenired on their
capital, Cusco, ‘the Navel of the World', and they expanded their territory greatly
within a very short time. They were hydraulics experts and excellent farmers
who cultivated their land with a system of benched terraces.

The Spanish conquest began in 1531, when the Inca empire had been
weakened by a war of succession between the armies of the brothers Hnascar
and Atahualpa. The Spaniards arrived in Cusco int 1533 and Atahualpa, the last
‘Sapa Inca’ or ruler of the Inca empire, was killed on the orders of infamous
conquistador Francisco Pizzaro. Two years later the Spaniards founded Lima,
Peru’s capital city to this day. Ensuing rivalries between the conquerors resulted
in successive civil wars, which continued until 1547. The Peruvian Viceroyship
was then consolidated, comprising most of the conquered territories of South
America. By the time Spanish domination ended, political machinations had
reduced the Viceroyship to the current territories of Peru and parts of Bolivia,
Brazil, Chile, Colombia and Ecuador,

After the repression of the uprisings of Santos Atahualpa in 1742 and Tupac
Amaru from 1780 to 1781, the final struggle for independence from the colonial
Power could not begin until 1810. Jose de San Martin, backed by the armed
forces of Argentina and Chile, was finally able to proclaim independence on 28
July 1821. With the help of Colombian, Argentinean and Chilean forces, under



50 FUEL FOR FREE? WASTE MATERIALS IN BRICKMAKING

X, COLOMBIA &
ECUADOR [ ™

ﬂm ﬁﬂ‘um
} BOLIVIA
Map not 1o scale T 1
CHILE

Figure 4.1 Map of Peru

in 1824 in the battles of Junin and Ayacucho. A troublesome period followed,
however, characterized by anarchy, civil wars and disputes with neighbouring
countries. The worst of these disputes resulted in Chile declaring war on Peru in
1879. Peru did not recover {rom this extremely bloody war, and subsequent
civil conflict, until perhaps the fourth decade of the following century.

The architect Fernando Belaunde Terry was elected president in 1963. In
10362 o wwrae aticfed By a ratinnalict milifaray ca1i headed by Cenriaral Tiian
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Vélasco Alvarado, who governed the country until 1975. The general introduced
a number of socialist measures, the most prominent being the nationalization
of the oil and fishing industries, and reforms of the education and agricultural
systems. A serious economic crisis gave rise to another military coup in August
1975, this time led by General Francisco Morales Bermudez. Betmudez governed
the country until 1980 when he handed power back to the democratically
elected president, Fernando Belaunde Terry. Unfortunately, President Terry was
unable to deal effectively with the economic crisis or defeat the bands of armed
insurgents who had emerged to inhabit the political landscape.

In 1985 Alan Garcia Perez came to power. This was the first time in Peru’s 60-
year history that a representative of the populist APRA (American Popular
Revolutionary Alliance) had been elected president. It was to be an unpopular
disappointment. During the government of Perez the economic crisis was further
aggravated and the activities of the Insurgents increased. Perez’s unwillingness
to service the nation’s foreign debt, which amounted to a massive US$ 14 billion,
resulted in his period in office being characterized by international economic
and financial ostracization. Alberto Fujimori was elected president on 28 July
1990, His government was characterized by the reinstatement of Peru into the
International Monetary Fund, a general improvement in the population’s
standard of living, an increase in production and exports, the resolution of
long-standing border disputes with Ecuador and Chile, and a more effective
struggle against the insurgents. Abimael Guzman, the leader of Sendero
Luminoso (Shining Path), a Maoist guerrilla organization, was captured in 1992,
and since then insurgent activity in-Peru has been only minor and sporadic.
Unsurprisingly, given this list of successes, Fujimori was re-elected in 1995 and
again in 2000. Due to problems related to corruption and political instability,
however, he resigned on 21 November 2000. Dr Valentin Paniagua was declared
provisional president and remained in office until July 2001, when Dr Alejandro
Toledo took over as constitutional president of Peru until elections scheduled
for 2006.

Among its main achievements, the new government has maintairied a
positive macroeconomic environment and started the regionalization process,
whereby power will gradually be transferred to the regions. Notably, in the
context of this book particularly, the government has also implemented a
dynamic low-cost housing programme in urban areas. This programme is
complemented by a credit scheme for potential buyers, and measures toregularize
land titles. The effect of these combined measure has been an increase in housing
investment and hence presumably an increased demand for bricks and building
materials. Given persistent evidence of corruption at the highest levels, though,
the current political situation is unstable. As a product mainly of the
regionalization process, moreover, laws are constantly being amended and on
occasion contradictory laws have been enacted and enforced. In most recent
tmes, this crisis in the judiciary does seem to have improved substantially,
however.
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Climate, land and people

Peru covers a total area of some 1,285,217 km?. Given the geographical location
it should be a uniformly tropical land, with abundant rainfall, high temperatures
and lush vegetation. Instead it is a country with immense climatic diversity. The
combination of the Andes mountain range, the Humboldt ocean current and El
Nifio means Peru experiences almost every type of weather imaginable, resulting
in diverse ecological conditions across the nation. In our particular sphere of
interest this means that Peruvian brickmakers deal with a range of soil types
and landscapes. They also have diverse range of agricultural wastes available in
the various regions.

The northern coast, between Tumbes and Piura, has a very hot, semi-tropical
climate with an annual average temperature of 24°C, regular rainfall between
Januvary and March, and high humidity. South of these departments, between
Lambayeque and Tacna, the climate on the coast becomes subtropical with
temperatures of between 18 and 21°C and humidity between 90 and 98 per cent.
In the highlands it is much colder, the temperature ranging from just 6 to 16°C.
At altitudes over 4,500 metres above sea level there are snow-capped mountains
and glaciers and in the Andean plateau of the Puno department the weather is
particularly cold. Between 2,500 and 3,800 metres, the rainy season occurs
between December and April. Above 3,800 metres this rain turns to snow and
hailstones. In the Amazon region, meanwhile, it is hot and humid with abundant
rainfall all year round. Between January and April this rainfall is particularly
high, providing the conditions for river navigation. The area with the heaviest
rainfall is the Lower Jungle area or Amazon Plain. Average annual temperatures
in this region vary between 16 and 35°C. Somewhat confusingly, but following
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flawless logic, the lowest temperatures are recorded in the Higher Jungle and
the highest in the Lower Jungle. _

The three main regions of Peru are, then, the coast, the highlands and the
Amazon region. The coast covers 10% of national territorial area and is a narrow
strip between the Pacific Ocean and the Andes mountain ran ge. The majority of
the people on the coast are of mixed race, predominantly Hispanic and Indian.
The highlands cover 30% of the territory, comprising a strip that runs parallel
to the coast and which is dominated by the Andes mountain range. The people
here are predominantly indigenous, mainly of Quechua and Aymara origin in
the highland plateaus of the Puno department. The Amazon region covers the
area east of the Andes, equivalent to 60% of the territory. Its urban population
are of mixed race, but the people in rural areas are predominantly Amazonian
natives from a variety of tribes. The country has an inverse population
distribution, i.e. the largest population, equivalent to 50%, live on the coast,
40% in the highlands, and only 10% in the expansive Amazon region. In all
regions, the population is increasingly concentrated in cities and towns, putting
pressure on housing and service infrastructures.

On the coast, the majority of the population inevitably live in cities and are
involved in trade or industry. These are also the dominant economic activities
in the large towns of the highland and Amazon regions. In rural areas of the
coast, people are mainly employed in arable farming, growing cotton, sugar
cane or rice, or in livestock activities, particularly fishing and poultry production.
In rural areas of the highlands, the main economic activity is mining, but here
is also farming, with corn, potatoes and sweet potatoes being the main crops.
Cattle farming and the rearing of llamas are quite common occupations in
Cajamarca in the north and in Arequipa in the south. In rural areas of the
Amazon region, economic activity is centred on fishing, logging, and harvesting
cassava and local varieties of fruit. Native communities remain essentially hunters
and gatherers in a subsistence economy.

Table 4.1 Contribution to GDP and employment by sector

Econemic sector %age of GDP Number of jobs

Farming & livestock 7.60 1,906,305
Fishing 0.72 47,366
Mining & hydrocarbons 4.67 69,413
Manufacturing 15.98 754,165
Electricity & water 1.90 17,523
Construction 5.58 225,029
Trade 14.57 1,145,315
Other services, including government services 39.25 934,351
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According to estimates for 2005, Peru has a population of 27,946,774, Such
estimates are based on the census taken in 1993. A new national population and
housing census was taken in 2005, but the results are still pending. Around 32%
of the population is under 15, 67% between 15 and 63, and only the remaining
19 are over 64 years of age. The population growth rate is 1.8% a year. It is
anticipated that this will continue to decrease, as it has over recent years, to
reach 1.3% in 2010. The infant mortality rate is 43 of every thousand children
born. Life expectancy, meanwhile, is 72 years for women and 67 years for men.
Apart from the gender difference, someone who could expect to live to 72 in an
urban area would statistically only live to 65 if they were a rural dweller. Around
73 per cent of the population currently live in urban areas and, following the
ubiquitous global trend, this percentage is increasing.

The main social problems in Peru result from the difference in income between
the poor mass of the population and the rich elite. Government corruption is
also a source of concern and tension. Furthermore, Peru is the main coca-growing
area in the region and drug-trafficking along with a general increase in crime
have recently been cited as a prompt for the government to instigate tough
measures aimed at ensuring security. The combination of such social problems
destabilizes the political situation, and the scourge of insurgent terrorism, which
had very largely been overcome, is threatening to return to prominence.

The economy

Peru’s quantitative economy miirors its varied climate and geography. The
principal natural resources are matine resources on the coast, mining resources
in the highlands and oil and forestry resources in the Amazon region. The
national economy depends heavily on exports of minerals and metals. Prices
on the world market are subject to extreme fluctuations, however, adding
economic insecurity to Peru’s political instability. Tourism is a developing secior
of the economy but is not without its drawbacks. The ever-increasing number
of visitors to Machu Picchu has resuited in severe path erosion and access will
now have to be restricted if the site is to be preserved. The advent of such
problems will hopefully vield environmental knowledge that can be applied
when sites such as the city of Caral are opened to the public. Caral dates back to
2500 ece and its wonders are sure to attract the avid attention of the tourist
industry. Overall, though a lack of adequate infrastructure serves to deter trade
and investment, Peru has maintained economic growth in recent years and
succeeded in combining that achievement with a stable exchange rate and low
inflation.

Though the literacy rate among people over 15 years of age is relatively high
at around 88%, job opportunities are extremely limited and unemployment
and underemployment are persistent problems. The urban unemployment rate
in Peru is 9.4%. Though this figure is relatively low, it conceals a problem of a
greater magnitude. More than half of the labour-force are obliged to create their
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'{ip capital. Hence, Peru’s unemployment rate cannot be compated to countries
that actually have a much higher percentage of wage-earning workers.

Almost 25% of the population live in abject poverty, with a monthly income
of just US$29-37. Estimates of GDP per capita vary quite widely between US$2,922
and US$5,600. Given the difficulty in estimating the contribution of the informal
economy, not to mention the illicit economy associated with drug production
and trafficking, such disparate figures are perhaps to be expected. GDP is
estimated to have risen by 4.1% in 2003, 4.8% in 2004 and around 5.9% by
June in 2005. The inflation rate, meanwhile, was 2.5% in 2003, 3.5% in 2004
and 1.5% in the first hatf of 2005. Peru’s most significant imports are petroleum
and petroleum products, plastics, machinery, vehicles, iron and steel, wheat,
maize, and paper. In addition the nation imports telecommunications and TV
equipment, soya products, medicines, and liquid propane. Exports, meanwhile,
include copper, gold, zinc and other metals, as well as petroleum and petroleum
products. Coffee, fishmeal, and cotton clothing are also significant exports.

Macro-economic problems are the foreign and domestic debts. The foreign
debt amounts to US$23,574 billion and the domestic debt is US$4,871 billion. It
is estimated that more than 26 per cent of Peru’s total budget revenues, around
US$14 billion, is earmarked for paying these debts. A further problem is the cost
of credit, with high interest rates slowing investment and development. The
commercial interest rate for loans in US dollars is 8.6 per cent. The interest rates
for consumer and micro-financing purposes are 64 and 54 per cent, respectively.
Ovwer the past 15 years, economic policies aimed at attracting investment have
not had a significant positive effect. Most foreign investments have been made
in the purchase of State companies rather than in new productive enterprises;
public goods have simply been sold off at bargain-basement rates to the
transnational private sector.

Environmental considerations -

The principal environmental focus of Practical Action’s brickmaking pﬁécts
has been deforestation. Forests cover nearly two-thirds of Peruvian territory,
which extends to around 128 million hectares in total. The average deforestation
rate is 261,158 hectares per year, equivalent to around 715 hectares a day. It is
estimated that more than 9.5 million hectares of indigenous forest has already
been lost. Around 17 per cent of this deforestation is attributed to logging for
self-consumption of fuel, i.e. either the wood is used as firewood, including for
brickmaking, or the forest is felled to enable coal mining.

There is national environmental legislation that affects brickmakers but it is
ineffective. Law 26258 (December 1993) banned felling in the natural forests
located in the departments of Tumbes, Piura, Lambayeque and La Libertad for 15
years. The production, transportation and marketing of firewood and coal from
those areas are also banned. Subsequently, Law 27308, or the Forestry and
Wildlife Law (July 2000) and Supreme Decree DS 014-2601 (April 2001) regulated
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legislation incorporated forestation and reforestation activities into development
programmes and authorized the Ministry of Agriculture to impose closed seasons
to control the exploitation of native forest and wildlife species. The Naticnal
Institute of Natural Resources is the authority in charge of establishing the
measures to protect species endangered by forestry.

Despite such a sweeping package of legislation, almost all the firewood used
for firing bricks is obtained from indiscriminate felling and not from planned
and sustainably managed forestry programmes. It is evident that the forestry
police in Tumbes, for example, allow loggers to cut down guayacan trees as long
as they sign a commitment to plant other trees in their place. This commitment
is never enforced. Even at a national level, annual reforestation plans cover
only about 100,000 hectares, whereas the annual deforestation rate, as we have
mentioned, is more 2.6 timesthat area. Furthermore, the government’s capacity
to control deforestation in rural areas is virtually non-existent. In recent years
this situation has been still further undermined as the total number of police
officers in the country has decreased substantially.

With respect to burning coal, in areas of Practical Action invelvement
anthracitic coal is used on alarge scale only in La Libertad and semi-bituminous
coal is only extensively used in Ayacucho. In both areas, coal is marketed so
comprehensively that, regardless of the relative environmental impact, it would
be difficult to replace it with a financially viable alternative. Practical Action
Peru judge that the main problems related to the use of coal-dust are: sulphur
dioxide emissions, which can contribute to acid rain; emissions of particles;
and nitrogen dicxide, which causes health problems when inhaled. Using the
cil burner raises similar environmental concerns. Oil contaminated with
chlerine and PCB (polychlorinated biphenyl) produce highly toxic emissions.

Table 4.2 Classification of bricks in Peru*

Resistance fo minimum
compression (kgf/cm?}

Type of Brick

TYPE I: Low bearing capacity _arid endurance. Fit for masonry
constructions under minimum service conditions. 600
TYPE H: Low bearing capacity and endurance. Fit for masanry
constructions under moderate service conditions. 700
TYPE 1ll: Average bearing capacity and endurance. Fit for
masonty constructions for general use. 950
TYPE IV: High bearing capacity and endurance. Fit for masonry
constructions under rigorous service conditions. 1,300
TYPE V:  Very high bearing capacity and endurance. Fit for

masonry constructions under particularly rigorous
service conditions. 1,800
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The impact of burning waste oil needs to be compared to using it in other ways
and to methods of otherwise disposing of it. Apart {from deforestation, emissions
and pollution, Practical Action Peru noted that important environmental impacts
caused by brickmaking are the alteration of the ‘geomorphologic and
topographic characteristics’ of the areas in which clay and sand quarries are
located.

In terms of assessing the environmental impact of traditicnal brickmaking
practices, Practical Action are unaware of any survey on a regional scale. A
recent study comprised only an Initial survey of the impacts of brickmaking
enterprises in Cusco and Arequipa, proposing mitigation measures (Pifieiro,
2005). As regards the Practical Action intervention, no specific assessment has
been conducted. In the Project Outcomes chapter of Brick by Brick, it was noted
that, with respect to measuring environmental impact, there was ‘more to be
dene’ (Mason, 2001). Unfortunately, funding to continue work in the sector has
not been forthcoming and so there is not much progress to report in this regard.

Building materials and shelter

According to the census taken by Peru’s National Institute of Statistics in 1993,
the average annual growth rate of the housing sector was 2.8 per cent. The
census reported that these new houses were mainly improvised dwellings,
however, and that they were inadequate for human habitation. Dwellings of
this type increased by 14.2 per cent between 1981 and 1993, arise amounting to
1.5 million houses. During the census, 5.1 million houses were counted. Of this
total, 3.5% were improvised dwellings, 3.8% were shacks, 0.6% structures not
built for habitation purposes and (.1% cther constructions of an undefined
nature. Rural areas are relatively deprived economically and rural housing is
therefore especially precarious. Furthermore, population ‘growth and land
scarcity compel people, campesinos, to invade state and private land in order to
build houses for their new families. These houses tend to be niltic structures
that lack water and sewage services. —
On the naticonal scale there are simply not encugh houses. One of the
government’s main programmes is aimed at meeting the demand in urban
areas. The main public institution in charge of the housing programme is the
MIVIVIENDA Fund, created for the purpose of promoting access to new housing
and to encourage saving to that end. The Fund provides the opportunity for
People who would normally be excluded access to mortgages. Major initiatives
by the Fund are MIVIVIENDA mortgage loans and the Techo Propic (Own Roof)
Prograrnme, MIVIVIENDA mortgage loans offer middle- and low-income people
mortgages at less than the market rate of interest. The Prompt Payment Reward
initiative makes it financially advantageous to keep up mortgage repayments,
moreover. The Techo Propic Programme consists of a direct subsidy (Family
Habitation Bond). This Bond is designed to offer lower-income households
finance so that they can afford to renovate their homes and attain adequate

o) T P
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Type I bricks, of good enough quality for general use in building, are really
only produced by medium to large-scale plants in or near large cities and are
commonly known as industrial bricks. Adding transport to their already'
relatively high production cost makes it unfeasible to use such bricks in distant
rural areas where the purchasing power of the population is very low. It is a
similar story with other ‘modern’ building materials, cement, steel, corrugated
iron etc. Most of these materials are manufactured under well-known brand
names in areas that can be readily monitored by the appropriate officials and
where the consumer has alternative choices. Hence, their quality is largely
guaranteed, and this includes Type III bricks

Work with brickmakers

Practical Action’s work with brickmakers in Peru was initially born out of
concern about deforestation and knock-on environmental and social problems.
Deforestation, much of which is caused by illegal logging, is one of the main
environmental problems that Peru faces. The indiscriminate felling of carob
trees in dry natural forests, mainly on the northern coast, is a significant part of
this national problem and many of these trees are being felled as fuel for firing
bricks. Practical Action implemented two projects. The first was called ‘Energy
Efficiency in the Small-scale Brickimaking Process’ and was financed by the

Photo 4.1 ‘King Kong' green bricks drying in La Huaca at the unit of Julio Sanchez,
who fires his 7.000 brick kiln with wood. sawdust and rice husks. Photo: Practical Action/
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UK’'s Department for International Development (DfID) between April 1996 and
March 2000. The objective of this project was to transfer energy-efficient
technologies to small-scale brickmakers in ‘developing countries’ in order to
make their enterprises more profitable, particularly by reducing their expenditure
on fuels. At the same time, the project aimed to preserve or enhance the
environment at every scale: local, regional and global.

The second project was entitled ‘Utilization of Rice Husks as a Source of
Energy for Brickmakers’. This project was financed by the APGEP-SENREM
Programme with USAID funds and was implemented between April 1999 and
February 2001. Its main objective was to investigate replacing at least a
proportion of the carob tree wood used as fuel in brickmaking with rice husks,
The project was located on the northern coast and concentrated on developing
techniques for the efficient use of rice husks in the firing process. The main
research site was the La Huaca brick ‘factory’, an extensive site accommodating
a number of brickmaking enterprises. La Huaca is a hot and arid, semi-desert
location in the Paita province in the department of Piura.

Nationwide, Practical Action Peru’s partners in brickmaking projects were
small-scale brickmakers who generally operated in the informal sector of the
economy. In the majority of cases, brickmakets in a particular entexprise are
members of the same family. The size of non-industrial brickmaking enterprises,
those we loosely dub small-scale, depends on the geographical area in which
they are located and the characteristics of local demand. Apart from the areas
where Practical Action’s brickmaking projects were located, which are discussed
in detail below, there are other very important brickmmaking areas in Peru. Of
particular note are La Libertad and San Martin, as well as the departments of

Table 4.3 Compulsory requirements for clay bricks: variations in dimensions,
distortion, resistance to compression and density*

TYPE Variation in size Distortion Resistance to  Density
(maximum percentage) (maximum compression {minimum
in mm) (minimum in in glen®)
kgt/cm?)
Upto Upto More than
10¢em 15c¢m 15 cm
| Alternatively =8 + 6 + 4 10 Unlimited 1.50
600 Unlimited
Il Alternatively 7 +6 + 4 8 Unlimited 1.60
700 1.55
I +5 + 4 +3 6 950 1.60
v +4 +3 * 2 1,300 1.65
v +3 +2 +1 2 1,800 1.70
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Lambayeque, Cusco and Arequipa. Although Practical Action was not directly
involved in project work with brickmakers in these areas, the technologies
used by brickinakers there were investigated and noted. Indeed, certain of these
technologies became the subject of pilot technology transfer initiatives, notably
the waste oil burner.

To dispense with the vague label of small-scale, let us summarize the
characteristics of the brickmaking enterprises involved as partners in the projects
implemented by Practical Action. In Pampa Grande and El Edén in Tumbes,
brickmakers work with small kilns of between 6,000 and 11,000 bricks. An
average kiln would consist of 8,000 bricks and measure approximately 3.33 m
x2.90 m x 3.40 m. A typical enterprise might produce 88,000 bricks a year and
employ two workers for each firing. In La Huaca in Piura, the brickmakers use
kilns with a capacity of between 7,000 and 14,000 bricks. An average capacity
kiln, containing 12,000 bricks, measures about 2.80 m x 3.37 m x 4.00 m. A
typical enterprise might produce 132,000 bricks a vear and employ three workers
per firing. Enterprises in La Compafifa in the Huamanga province, department
of Ayacucho, have kiln capacities of between 15,000 and 60,000 bricks. A typical
enterprise would use Kkilns with a capacity 26,000 bricks, measuring around
5.00 m x 3.32 m x 4.50 m, and produce around 286,000 bricks a year. Typically,
each firing employs four people. Finally, in Cerrillo, San José and Sultin in
Cajamarca, kilns have a capacity of between 10,000 and 34,000 bricks. A typical
capacity is 27,000 bricks and the kiln measures approximately 4.00 m x 4.50 m
% 5.00 m. Such a kiln enterprise might employ 10 people per firing and produce
297,000 bricks a year.

Now, let us consider the nature of the produce of Practical Action's brickmaker
partners. Solid ‘King Kong’ type bricks are the most common fired clay material
used to build walls throughout Peru, and hence are the backbone of brickmakers’
production, There is some variations from region to region and King Kong
bricks in Tumbes measure 233mm x 116 mm x 81 mm, while in Piura the size is
208 mm x 120 mm x 83 mm, in Ayacucho 217 mm x 115 mm x 85 mm, and in
Cajamarca 223 mm x 129 mm x 77 mm. The average mass of a solid fired brick
is currently 3.59 kg in Tumbes, 2.76 kg in Piura, 3.15 kg in Ayacucho, and 3.14
kg in Cajamarca. One practical reason for noting this variation, particularly in
mass, is to highlight the folly of comparing energy used per brick. Assuming
the vifrification temperatures of soils and other factors to be equal, firing a
certain number of bricks in Tumbes would be expected to consume 1.3 times as
much energy as firing the same number to the same degree in Piura. Therefore
we must compaie specific firing energy, i.e. the energy used per unit mass of
fired brick, e.g. kilojoules per kilogram (kJ/kg}.

The National Technical Standard does not give absolute measurements for
bricks, but rather the permissible percentage variations. Specified percentage
variations in size apply to each and every dimension of the brick. Distortion is
a measure of concavity or convexity, moreover. A Type I brick from Tumbes,
for example, could vary in size, in whole numbers, from 226 to 240 mm x 112
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f[a;c surface there should not be a gap of more then 6 mm between that surface
and the end, middle or indeed any point of the brick surface. In terms of
incorporating wastes into the body of the brick, it is important to note not only
the compressive strength specification but also that for density.
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Figure 4.2 Brickmaking areas of Peru and locations of Practical Action’s intervention
0 Main non-industrial brickmaking areas
* Areas of Practical Action’s involvement
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Photo 4.2: A 12,000 brick Scotch Kiln at La Huaca owned by Enrique Estrada and fired
with wood, sawdust and rice husks. Credit: Practical Action/Emilio Mayorga.

Brickmakers usually work all year round, reducing their activities during
rainy seasons. They normally fire once a month, though the total is usuaily
reduced to 11 times in a year due to 1ain. In Tumbes a typical kiln would run for
only 8 or 9 months of the year. The operating period is similar in Piura. In
Ayacucho, kilns operate for perhaps 10 months per year, which is similar to
Cajamarca. When they are not engaged in brickmaking activities, workers
devote themselves to farm operations, work as labourers on civil construction
projects, or take any other job that comes their way.

Typically, middlemen, who supply the areas around production centres, buy
bricks from small-scale brickworks. Sometimes the producers themselves hire
trucks to transport their bricks to sell in other areas, The brickmakers from Fl
Eden and Pampa Grande mainly sell their products in Tumbes department,
typically within 10 km of their plants. Those from La Huaca in Piura mainly sell
their bricks to markets situated some 30 km distant, Brickmakers from La
Compaiiia in Ayacucho sell their produce within a 20 km radius of their plants.
Those from Cerrillo, San Jose and Sultin sell most of their bricks within the
Cajamarca province, supplying markets some 15 km distant.

Prior to Practical Action’s involvement, at least, the bricks produced in La
Huaca and in La Compaiiia were of only Type I, which according to the National
Technical Standard are fit for masonry constructions under wminimum service
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Téibie 4.4 Calorific values of fuels and prices per GJ energy

e

Fuel Net calorific value (GJl/tonne) Price per GJ (US$/GJ)
Guayacan firewood 16.986 0.40

Carob tree firewood 16.794 1.10
Eucalyptus firewood 18.192 1.59

Sawdust 17.777 0.58

Rice husks 13.407 0.47 (Tumbes)

0.00 {Piura)

Semi-bituminous coal 20.743 3.71
Anthracitic coal-dust 26.854 1.95

Waste motor oil 25.394 4.29

Diesel oil 40.399 23.45

probably, as is usually concomitant, low density and high water-absorption. In
El Fdén, Pampa Grande and Cerrillo no studies were conducted prior to Practical
Action’s involvement, but bricks made in similar rural areas at such scales of
production would generally be either of Type I or, at best, Type II. Such bricks
are not well suited to anything but the construction of single-storey dwelling
walls and would not be much in demand in more lucrative urban markets.

In all areas of Practical Action’s involvement, brickmakers use mainly Scotch
Kilns. Following the technology-transfer initiative by Practical Action,
brickmakers realize that clamps adapted from the coal-fired type tested by Practical
Action in Zimbabwe are good for firing with rice husks. Due to a combination of
circumstances, however, they only use them occasionally.

Innovations in fuel substitution "

Prior to Practical Action’s involvement, brickmakers in El Edén and Pampa
Grande in Tumbes used Guayacin wood and some small proportion of rice
husks as fuel (Mayorga, 1999). In Piura, carob tree wood and dung were used,
while Ayacucho brickmakers used eucalyptus wood and semi-bituminous coal-
dust. Eucalyptus is the fuel used by the brickmakers of Cerrillo, San José, Sultin-
Alamoand Colcapampa in Cajamarca. Practical Action and its partners instigated
trials with anthracitic coal-dust briquettes and waste oil burning in La Huaca,
Cerrillo, San José, Sultin-Alamo and Colcapampa. In La Huaca, brickmakers
also experimented with using sawdust as a fuel substitute, Comparing the cost
of the various fuels and fuel substitutes, at 2006 prices (US$1 = §/3.25 (nuevo
soles) in November 2005:

* In Tumbes, Guayacan firewood costs US$6.75/tonne, while rice husks cost
US$6.32/tonne,
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* In Piura, carob tree firewood costs US$18.46/tonne, while sawdust costs
US$10.26/tonne and rice husks can be obtained free of charge at the local
mill.

» In Ayacucho, semi—bitﬁminous coal costs US$76.92/tonne, while eucalyptus '

firewood costs US$29/tonne,

* In Cajamarca, waste oil costs US$108.80/tonne, while diesel (for the motor
to run the waste oil burner) costs US$947.30/tonne, and anthracitic coal-
dust trucked in from La Libertad costs US$52.31/tonne.

In Tumbes there is relatively little financial incentive for brickmakers to
consider agricultural waste as a substitute for a proportion of their primary fuel,
In Piura on the other hand, both sawdust and rice husks offer brickmakers
significant savings if they can technically be substituted for carob tree wood.
The brickmakers of Ayacucho seem to be better off using eucalyptus than semi-
bituminous coal, though the former is certainly not a cheap option when
compared to wood and wastes in other regions. In Cajamatrca, from a financial
point of view anyway, brickmakers would be advised to fire with anthracite
coal-dust. Waste motor oil does not offer any financial advantage as a principal
fuel. Brickmakers obviously believe that its use to start a coal-fuelled clamp is
beneficial, however, as they persist in this practice. If available, it seems Cajamarca
brickmakers should consider using wood, sawdust and rice husks.

Typically, brickmakers pay nothing for their raw materials, clay, sand and
even water, The proportionate cost of fuel varies depending on the location
considered. Before Practical Action’s involvement in Piura, for example, the
only fuel used in the traditional technology was firewood, with dung used
solely to cover the top of the kiln, i.e. principally as an insulator rather than a
fuel. The fuel cost amounted to some 48 per cent of the total production cost.
Current firing techniques have changed and brickmakers now use proportions
of sawdust and rice husks in addition to firewood (APGEP-SENREM/ITDG, 2002).
So, following Practical Action’s involvement, fuel consumption had been
reduced tobetween 38 and 43 per cent of total production costs. This saving has
become critical to the survival of brickmakers in Piura because during the
period we are considering the selling price of bricks reportedly fell by 20 per
cent. It seems that this drop in price applies not just in Piura but virtually
nationwide.

In Ayacucho, the cost of fuel is equivalent to 43 per cent of total costs. In
Cajamarca, the traditional wood firing technology subsists side by side with the
technology that Practical Action introduced in trials, wherein anthracitic coal-
dust briquettes are used as the main fuel with waste burned to lght the kiln. In
the wood firing technique, the cost of fuel is equivalent to 17 per cent of the
total cost. With the use of coal-dust and waste oil, fuel consumption rises to
between 21 and 24 per cent of total costs. Surely, though, brickmakers must
perceive a benefit in terms of product quality, productivity or fuel availability or
they would not persist with the innovation. Though there may be such benefits,

TRIALS WITH WASTE MATERIALS IN PERU 65

3 g v
Fphg it PP ERE Sy 4
£ gf plaStie.brooms éiidotedt his'
n flusiness For agary 25! Jedrs:in: 1987,19°
e *&&@w@:%Qgé*ﬁtfﬁﬁéﬂ%ﬁﬁﬂéﬁék@ffzgﬁﬁgg
sparirer 2bQ sp;he bbgan ayiquia G of shes

y et Canvet 5 deloe dyiadagie s alies
: Hiehi fuatipaid for thiinS{AIMERis o5 tne

L 19925 -duab garked:3

32

Ju B
i

&
@y,
A

# 2

A

HCE

ek

o3
ZiZe
=i
el
2
=g
e

¢ T
ek,
,

td e

s
(42
%

e -
g%
*g%@

e
Sl

B

D
B g B

Bl v

=g
#D e

T
gg 3
oy

# D,
=50

o5
Fodk

555
‘égm
A Fg.

g%
=1
T
oy
LS
R
Mas
(o

3
0 Fe
L]
(=
—"@"
i
3
i
=

it
=
i
4 3 o
P
12
Bt e vzt
=g
&
B
e
W 4T g
_;gﬂm_.
’ 5 ?u'.
i #
b
T ePa
BB 805 i e

)
iR

&fg%ﬁ
ik 3

ﬁ
T
e
=5
it i

F B A
g
=
B g
vl S,
% TR,
5 D

# B i
= ﬁ%&-, 4.0

o % @
% 4 oo

o < Bt

in technology transfer projects psychological factors can no more be ignore_:d
than they can in other aspects of life, Qil-burning technology is much used in
Trujillo, La Libertad, where specialized entrepreneurs provide the service to
brickmakers. Trujillo is known as a source of good quality bricks and an area
where larger brickmaking enterprises thrive. So, the benefit of oil-burning
technology in Cajamarca may be that it is perceived as modern or hi-tech and
therefore boosts brickmakers’ prestige and/or that of their products. .
Let us take a closer look at the fuel supply situation and any problems
brickmakers face in attaining their fuel of choice. Although it is forbidden to
fell trees for firewood, the government’s capacity to control such activities is
virtually non-existent. According to most brickmakers, they have no problem
obtaining firewood. One exception to this rule seems to be around La Huaca,
where conservation legislation is somewhat more rigorously enforced. Rice
husks are waste material and are available free of charge at many local mills.
Nevertheless, the cost of transporting them restricts their use. In La Huaca,
there is a mill nearby and brickmakers collect the husks themselves. While this
is cheaper than having the husks delivered and, importantly for cash-strapped
brickmakers, does not involve a direct payment in advance of making bricks,
there is obviously still a transport cost comprised of labour, fuel and vehicle
overhead costs. Brickmakers do not tend to consider this ‘hidden’ cost in assessing
their production costs, however. The long-term, global-scale, contl:ibut.ory
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Photo 4.3 A 34,000 brick kiln in Cajamarca, owned by the Old People’s Home,
which uses coal-dust briqueties (shown) as a fuel. Credit: Practical Action/Emilio
Mayorga.

for brickmakers in La Huaca: their margins are tight, livelihoods perilous and
thus income is their overriding concern.

Brickmakers in Tumbes, by contrast, have to pay the cost of hiring a truck
and so that cost is formalized, apparent and considered. Coal-dust is a residue
that is always on sale in coal production areas. Although it can be transported to
the desired areas without any problem, the cost of transport increases the price
significantly in proportion to distance. It is a similar story for sawdust, which is
in large measure a waste material and usually available at minimum cost if there
are sawmills in an area. Waste motor oil, which has been used for reprocessing
as well as for fuel in recent years, is nevertheless still in constant supply
nationwide. Diesel is available from local service stations.

Methods of using the various fuels and their distribution in the kiln vary.
Sawdust, for example, can be burned in fires al the base of the kiln or, more
usefully, incorporated in appropriate proportions into the body of clay bricks at
the forming stage. Post Practical Action’s intervention many brickmakers in
Piura have substituted sawdust and/or rice husk for a proportion of firewood
and the use of dung has been virtually abandoned. Firewood is used at the base
of the kiln, sawdust is used in the clay mix and rice husks are used to cover the
kiln. Problems persist with the quality of bricks, however, as brickmakers
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Energy consumption of brick firing process

DATES OF FIRING
Start: 17 May 1997 at 15:45
Finish: 18 May 1997 at 17.00

TYPE(S) OF FUEL MASS OF FUEL(S) USED {kg)
Aigarrobo wood Algarrobo: 2,270
Semi-bituminous coal-dust Coal-dust: 1,400

AVG. MASS OF BRICKS (kg}

LOCATION/ADDRESS
La Hauca, Paita, Piura

NAME OF PRODUCER
Victor Carmen

TYPE OF CLAMP/KILN
2 funne!, Scotch Kiln
325mx2.45mx3.3m

CALORIFIC VALUE(S) (kl/kg) NO. OF GREEN BRICKS

Algarrobo (nei): 16,310 6,358 Wet = 4.20
Coal-dust (net): 15,547 Dry = 4.11
Fired = 3.75

WEATHER CONDITIONS
Hot & dry with light gustingwind
QUALIFYING INFORMATION

(i) Vitrification temp of soil
= 1,150°C

BRICK MOISTURE CONTENT METHOD OF FORMING
2.14%
CALCULATION OF KILN EFFICIENCY

Mass of green brick = 26,704 kg
Total moisture content = 572 kg
Drying energy = 1,482,622 kl
Wood energy = 37,023,700 kJ
Coal energy = 21,765,800 kJ
Gross energy = 58,789,500 kJ
Firing energy = 57,306,878 ki
Mass of fired brick = 23 843 kg
Specific firing energy = 2.40 MJ/kg

Slop moulding

{if) Max kiln temp = 970°C

(iii} Firing time = 38h 15m

COMMENTS

Small kin and therefore likely to be inefficient. Initial firing foo rapid to take advantage
of placing coal in layers. Bricks produced: approximately 90% good, 10% under-fired
and broken.

NAME, CONTACT DETAILS & DATE "
Emilioc Mayorga, ITDG Peru, 31 October 1997 [

Figure 4.3 Energy monitoring form

is technically feasible to incorporate. The relatively low cost of sawdust together
with the problem of fuelwood supply tempts brickmakers to overuse the former
andrisk producing bricks that do not even meet the requirements of the market
for the lowest quality, Type I, bricks. Meanwhile, the innovation of cil-burning
technology at the La Huaca factory has been abandoned due mainly to the
untimely death of Juan Francisco Coronado Acaro.

In Cajamarca, Practical Action’s project has resulted in brickmakers adopting
the use of anthracitic coal-dust and waste oil. Briquettes are prepared with coal-
dust, clay and water. Once dry, these are placed on grills made with parallel
rows of bricks at the base of the kiln. Bricks are loaded into the kiln to form
arches over these grills. Subsequent layers of bricks are loaded, with coal-dust
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evenly distributed between each layer, until the kiln is full. In addition, a number
of briquettes are placed among the bricks along the edges of the kiln; where

bricks tend to be under-burned in a conventional firing. An oil burner, burning ?
waste engine cil and driven by a diesel fuel motor, is used to light the briquettes *

at the base of the kiln. After this, the burning process proceeds unassisted, apart
from perhaps regulating the air intake and mitigating wind effects.

In Tumbes, the technique of burning rice husks developed by Practical Action
and its partners is used during the rainy season, when the poor state of the roads
restricts the supply of firewood. Rice husks are placed between parallel walls
formed by green (unfired) bricks and also to cover the top of the Scotch Kiln or
clamp, where they act both as fuel for the top layers of bricks and as thermal
insulation. The technique of placing rice husks between parallel walls of green

bricks was developed by brickmakers in La Huaca. The process of technology --#f
transfer engaged in by the Practical Action project team resulted in it being B
replicated by brickmakers in El Edén and Pampa Grande in Tumbes to solve -

their seasonal problem with fuel supply. In dry seasons, brickmakers persist
with their familiar technology, whereby firewood is used at the base of the kiln
and rice husks are incorporated as fuel in the clay mix as well as to cover the

kiln. Since Practical Action’s involvement, however, brickmakers have -

experimented and are now able to incorporate larger velumes of rice husk in
the body of bricks without undermining product quality or sale value,

In Ayacucho the technology that was in place before the Practical Action
project persists. Firewood is used at the base of the kiln and semi-bituminous
coal-dust between [ayers of bricks. It is often the case that local technologies,
which have evolved over time and through experien ce, are the optimum solution
and the Practical Action team were acutely aware of this when instigating

projects. In some instances, though, a fresh look will reveal opportunities for -

innovation.

Let us consider how much fuel is used to fire typical kilns. In an 8,000 brick
kiln in Tumbes, using guayacan firewood in the base and rice husks in both the
clay mix and to cover the Kiln, the mass of fuel used is 10,809 kg of firewood
plus 828 kg of rice husks. A 12,000 brick kiln in Piura uses 3,400 kg of carob tree
firewood at the base, 3,600 kg of sawdust in the clay mix and 391 kg of rice
husks as the cover. In a 26,000 brick kiln in Ayacucho, 8,000 kg of eucalyptus
firewood 1s burned at the base and 2,000 kg of semi-bituminous coal-dust between
the layers of bricks. A 27,000 brick kiln in Cajamarca, employing a waste fuel
oil burner to light coal-dust briquettes at the base and coal-dust between the
layers of bricks, uses 3,500 kg of anthracitic coal-dust, 198 kg of waste oil, and
3.2 kg of diesel to fuel the oil burner motor.

From the data we now have for fuel consumption and calorific values, we
can calculate how much energy is used in firing processes at the various locations.
Though this is of some interest, it does nnot tell us enough to compare the processes
and say which is most efficient. What we really want to know is not only the
total energy used, but also the amount of that energy used to complete the

I T T . T T T T ——" E——

i R oo R AR L4 i

el 8 5 i Do e AR S R R b s, 1k G bR el by B

TRIALS WITH WASTE MATERIALS IN PERU 69

Té"bie 4.5 Summary of energy data far the locations considered

Tumbes Piura  Ayacucho Cajamarca
Total energy (MJ} 194,701 126,337 189,268 99,151
No. of bricks in kiln 8,000 12,000 26,000 27,000
Brick moisture content (kg) 1,378 1,582 2,600 3,774
Drying energy (MJ) 3,571 4,099 6,737 9,868
Drying energyftotal energy (%) 1.83 3.25 3.55 9.96
Firing energy (MJ} 191,131 122,238 182,531 89,283
Specific firing energy (MJ/kg) 7.32 3.63 2.19° 1.15

— the bricks. From that data we can then calculate the specific firing energy in
kilojoules per kilogram (kJ/kg) of fired brick. This figure for specific firing
energy allows the performance of any brick firing process to be directly
compared with any other. The methodology for calculating and recording specific
firing energy is detailed in Chapter 7 of Brick by Brick (Mason, 2001). In Figure
4,3 a summarized example of a completed data collection form is reproduced.

In Table 4.6 the data for the four locations and typical conditions we have
been considering are summarized. It is still not quite the full story, however. The
table tells us nothing about the environmental impact of the processes compared.
Neither does it, either quantitatively or relatively, detail the quality of the bricks
produced, though there is room in the comments section for a qualitative
assessment. To illustrate the strengths and weaknesses of the methodology,
consider Cajamarca, One reason the specific firing energy is low in that instance
may be that bricks are significantly under-fired. Another reason, which is evident
to the experienced eye, is that the typical kiln in Cajamarca has the largest
capacity and so is almost certainly the biggest of those considered. All else
being reasonably equal, therefore, the Cajamarca kiln is likely to be most
efficient because bigger cubic kilns generally have a lower surface area to véliine
ratio and so lose less heat (Mason, 2000b).

We probably have enough data now to calculate which location is employing
the most cost effective means of firing. There is no practical point, however, as
the technologies employed in the four locations have been developed as the
best possible in each context, i.e. the choice of fuels and kiln size in Cajamarca
are not realistic, everyday options for brickmakers in Tumbes. From Table 4.6,
however, if brickmakers in Tumbes did want to save energy, it is apparent
that they should consider using bigger kilns. Meanwhile, brickmakers in
Cajamarca could cut their fuel costs by drying bricks more thoroughly before
they are placed in the kiln. As a general guide, a specific firing energy of 2 to
2.50 MJ/kg of fired brick is reasonable to expect with good practice in small-
scale production. Lower values for specific firing energy may indicate that
bricks are under-fired.
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Photo 4.4 José Moran's 6,000 brick clamp in Pampa Grande, fuelled solely by rice
husks. Credit: Practical Action/Emilio Mayorga.

Practical Action’s interventions revisited

Chapter 9 of Brick by Brick summarizes project outcomes at the end of ITDG's
active involvement with brickmaking projects in Peru in 2001. In general,
brickmakers have significantly improved their capacity to adopt and adapt
technologies in accordance with market demand. The energy monitoring
methodology and participative ways of working were also successful project
outcomes. The environmental imperative, ‘more to be done’, was signposted.
However, three technologies were earmarked as worth further consideration,
perhaps development and wider dissemination:

* incorporating sawdust and rice husks as fuels in bricks;
* hand moulded (low pressure) briquettes of coal-dust and clay;
* waste oil burner (with the environmental cautions noted).

Practical Action Peru revisited project partners in July and August 2005. The
purpose was to make a rapid appraisal of how technolegical innovations had
fared and what the longer-term impacts of projects had been on livelihoods. In
El Edén and Pampa Grande, trained brickmakers have gone back to using
firewood and their Scotch kilns. As a result of a visit they had made as part of the
training provided by Practical Action, however, these brickmakers have modified
their Kilns to resembile those used in La Huaca. The modification consists of

eliminating the fixed adobe arches built on the bottom of the kiln, in which
thev wotlld rilacre the firoemwrand Trictead Fhasyr oao FatildAd Falee ~harale ity
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gréen bricks that are to be fired. This increases the effectiveness of the kiln and
saves fuel. Brickmakers also use a larger proportion of rice husks in the clay mix
than they did before Practical Action’s involvement.

In Pampa Grande, one of the trained brickmakers has built a Scotch Kiln fired
only by rice husks. This type of firing is only used during the rainy season
when, due to shortage of supply, the market does not insist so strongly that
pricks are the deep red colour normally required. It is worth mentioning that
when Practical Action provided training at the end of its involvement {Octcber—
December 2000) it happened to be the rainy season, therefore using rice husks
as the sole fuel was initially accepted very enthusiastically. Once the three- or
four-month rainy season was over, however, brickmakers resumed their
traditional technology in order to satisfy the colour preference of their customers.

In La Huaca, brickmakers are currently using Scotch Kilns, employing carob
tree firewood for external firing, sawdust and rice husk ash mixed in the brick
clay, and rice husks to cover the kiln. The bricks produced in La Huaca are of a
poor quality with a very low bearing capacity that does not meet even the
lowest requirement of the Naticnal Technical Standard. Comparing current
practice with firing using only wood at the base of the kiln reveals a 28 per cent
saving in fuel costs. This is despite the fact that current practice consumes
somewhat morte energy, between 3.63 and 4.16 MJ/kg, than did the traditional
technology at a measured 3.40 MJ/kg. Moreover, it consumes much more energy
than did using coal and a waste oil burner in trials between 2000 and 2002, i.e.
only 1.58 MJ/kg. ‘As mentioned earlier, firing with waste oil was abandoned at
La Huaca about three years ago, upon the death of Juan Coronado. Apart from
the loss of Juan'’s energy and enthusiasm, a measure of superstition has mitigated
further trials with the oil-burning technology that he was so strongly associated
with; it has become taboo.

In Ayacucho, Type I bricks are produced. The brickmaker in La Compaiiia
trained by Practical Actlon, resumed using ‘traditional’ technology two years
ago, burning firewood and coal-dust in his Scotch Kilns. This*was due to a
shortage in the supply of waste oil, which is now used as a fuel for cookingTéod
on a large scale in Ayacucho. It is also used for reprocessing purposes in

‘Cajamarca and to produce substandard fish-meal in clandestine factories in

Piura and Tumbes. Fish-meal or fish-feed, manufactured from the Peruvian
anchoveta, is exported to feed farmed salmon for the tables of Europe and the
USA. As a consequence of demand, anchoveta is over fished in Peruvian waters.
Moreover, PCB contamination in fish-meal and fish-feed, and thence salmon
for human consumption and so humans, is a growing concern.

Compared to other areas, there has been a longer lasting assimilation of the
results of Practical Action’s intervention in Cajamarca. In Cerrillo, San José,
Sultin-El Alamo, and Colcapampa, non-industrial brickmaking enterprises
continue to employ the technology piloted by the Practical Action project.
They use a waste oil burner, coal-dust briquettes and coal-dust to fire the bricks.
The cost of this practice is similar to using firewood but saves a significant

- B TN T ST, AR A o~
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active firing, for example:, instead of the two and a half days required formerly,
because, once alight, the process is largely self-promoting. Environmentally,

the main positive impact is the 100 per cent reduction in the use of carob tree -

wood. The environmental impact of this new technique has not, however, beenn 5

compared with traditional practice. While there will have been a positive impact &

on deforestation, emissions of harmful substances that cause a variety of negative
environmental effects would appear to have been increased. The majority of
bricks produced in Cajamarca are of a poor quality that does not meet the
requirements of the National Technical Standard, although Type I bricks are
also produced.

Following Practical Action's involvement, brickmakers in both Tumbes and  “%

Piura employ a larger volume of rice husks than in their traditional firing
techniques. They are also aware of the firing technique that employs only rice
husks. Burning additional rice husk does seem to offer a net environmental
benefit. Firstly, Jess wood or coal is used, thereby reducing deforestation or
emissions associated with coal burning. Moreover, as the means of disposal of
rice husks, deemed a waste product, would anyway be burning or rotting, overall
emissions of carbon monoxide and carbon dioxide are most probably reduced.
Another technological innovation was noted. The Practical Action project team
had investigated adding ashes to the clay mix to reduce the accumulation of
ashes after firing bricks with rice husks as fuel, a landscape and atmospheric
pollution that makes brickworks unpleasant and less healthy places to work,
This technological innovation to dispose of waste and clean up the site was
successful and is currently being used by some of the brickmakers trained by
Practical Action in La Huaca, El Edén and Pampa Grande.

In conclusion, it is worth stressing some realities of the situation with respect

to energy use and the environment. Generally, brickmakers will readily use -

protected natural resources as fuel if they can get away with it and increase their
income. Moreover, they choose the firing technologies that ensure them the
greatest income as Jong as can produce the bricks that the market demands. If
the market will accept poor-quality bricks that have a limited bearing capacity,
then that's what brickmakers will produce. Buyers in the market segment
satisfied by non-industrial brickmakers in Peru are not usually discriminating
about the quality and beating capacity of the bricks they purchase. Essentially,
they consider anything that holds together to be acceptable for construction,
and they judge this mainly by the weight of the brick. Otherwise, their
predominant selection criteria are colour and, of course, cost. For non-industrial
brickmaker in Peru, then, securing a day-to-day livelihood is such a precarious
business that the wider and future environment is a distinctly low priority.

CHAPTER 5

The use of cow-dung, bagasse and a
variety of other agricultural residues in
Sudan

Ahmed Hood

Land, climate and people

Populated by an estimated 34.5 million people, Sudan is located in the north-
eastern part of Africa. It has land borders with Egypt, Libya, Chad, the Central
African Republic, the Demaocratic Republic of the Congo, Uganda, Kenya, Ethiopia
and Eritrea. It also faces Saudi Arabia across the Red Sea. Covering some 2,505,810
km?, more than ten times the area of the UK, Sudan is the largest country in
Africa.

The physical geography of Sudan is dominated by the River Nile and its
tributaries, the White and Blue Niles. In the central region, the landscape is
generally flat, featureless plain. By contrast, mountains dominate in the north-

. east, west and far south, where they rise to over 3,000 metres. The northern

region is mainly desert. Nationwide, the climate ranges between tropical in the
south and arid desert in the north. The overall climatic picture encompasses a

- variety of microclimates, ranging from humid tropical, through, temperate

Mediterranean, to desert. The rainy season varies by region and rainfall varies.
between less than 200 mum in the far north to 1,500 mm in the far south.

Table 5.1 Selected demographic and social indicators

Population growth rate (1998/2003} (%) 2.63
Urban population (% of total pop., 2003} 35.52
Population under 15 years of age (% of total pop., 2003} 42.04
Population 60+ years of age (% of total pop., 2003) 3.94
Crude death rate (per 1,000 pop.), 1998/2003 11.50
Infant mortality rate (per 1,000 live births), 1999 68.00

Average household size (persons), 1999 6.40
Literacy rate (age 15-24) 54.80
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Figure 5.1 Map of Sudan

Economics in hrief

To a large extent, Sudan has turned around a struggling economy via a set of
economic policies and infrastructure investments. The nation still faces
formidable economic problems, however. A key cause is reportedly the low
level of per capita output. From 1997 to date, Sudan implemented a programime
of International Monetary Fund (IMF) macro-economic reforms. In 1999, it
began exporting crude oil, and in the last quarter of that year recorded its first
trade surplus. This factor, along with monetary policy, has stabilized the exchange
rate though therate of inflation remains volatile. Gross Domestic Product (GDP)
1s US$14,956 milkion. Increased oil production, revived light industry and
expanded export processing zones helped sustain GDP growth at 6.4 per cent in

2004. Agriculture remains a critical sector of the economy, employing 80 per
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Table 5.2 Production of major crops in Sudan ('00Q fonnes)

Year Cotton Peanuts Sesame Sunflowsr Sorghum Millet Wheat Gum Arabic
1998/99 166 776 262 10 4,284 667 172 -

1999/00 147 1,047 329 8 2,347 499 214 106
2000/01 232 947 282 4 2,491 481 303 244
2001/02 243 990 269 4 4,394 578 247 25.1
2002/03 254 bbb 122 19 2,875 581 331 229

Source: CBS, 2004,

and are consequently highly susceptible to drought. Chronic instability ensures
that much of the population of Sudan will remain at or below poverty line for
many years to come. Causes of this instability include the long-standing civil
war, adverse weather patterns and weak world agriculture prices.

Until the new millennium, agriculture was the economic backbone of Sudan.
Livestock farmers tend around 135 million head of sheep, goats, cattle and also
camels, Major crops are sorghum, millet, wheat, cotton, groundnut, sesame and
sunflower. While sorghum, millet and wheat are important staple foodstuffs,
the other crops are grown mainly for export. Another important export is gum
arabic. With such a large percentage of the population dependent on livestock
and arable farming for their livelihoods, prosperity, sufficiency and even survival
hinge precariously on the rains. For at least the last three decades Sudan has
been hit by repeated and unpredictable droughts that have had a disastrous
effect on livelihoods throughout the nation. There is widespread poverty and
levels of internal and external migration are high. A complex relationship
exists between drought, desertification, poverty, an itinerant population, the
ongoing civil war, and tribal conflicts in some regions.

Before the advent of petrol production, Sudan had a meagre industrial sector
based mainly on processing agricultural produce. Dominating this'sector were
sugar cane processing and the textile industry. In recent years, however, ihe’
textile industry has undergone economic and technical problems and has all
but closed down. Other industries include the production of cement, vegetable
oil, soap, leather and flour. In tune with IMF prescriptions, the industrial sector
is oriented towards exports rather than import substitution or sufficiency;
dependency and not frugality are the order of the day. Similarly, the growing
mining sector is geared towards the export of unprocessed ores and minerals,
rather than value-added products. In 2003, the nation produced 5,106 kg of
gold, 2,844 kg of silver, 15,000 tonnes of chrome and 13,304 tonnes of gypsum.

Energy

Since 2000 Sudan has been an oil producer and exporter. The total current
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Table 5.3 Primary energy‘consumption ('000 toe)

Energy source 1880 1999 2003
Quantity %  Quantity % Quantity %
Petroleum products 1,147.1 16.1 1,666.0 1541 2,300.0 20.3
Electricity (hydro) 63.3 0.9 104.2 0.96 228.0 2.0
Biomass 5,909.6 83.0 9,040.4 83.63 88000 77.7
Total 7,120.0 100.0 10,810.6 100.00 11,326.0 100.0

Source: Sudan Energy Assessment. Contact Practical Action Sudan for further data.

.- Agriculture,
2%
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Figure 5.2 Energy consumption by sector
Source: Contact Practical Action Sudan for further data.

section, however, it is evident that domestically Sudan depends heavily on
biomass energy sources: firewood, charcoal and agricultural residues. Of the
78% primary energy consumption accounted for by biomass in 1999, some
69% was woody biomass and 9% residues. There is a geographic mismatch
between areas of biomass production and distant centres of its consumption.
With biomass transported for distances of over 1,000 km, thereis a significant
burden on the transport system, with the concomitant environmental impact.
Obviously; the financial, if not environmental, cost of transport is reflected in
the selling price of biomass. Moreover, with Sudan facing environmental
degradation due to deforestation, drought, over-grazing and subsequent
desertification, dependency on woody biomass is problematic, patticularly as
the vast bulk is attained from forestry that is not sustainably managed.

The household sector accounts for about 60% of total energy consumption
and this is mainly biomass. In fact, the sector consumes some 72% of total
biomass energy and about 50% of electricity. Biomass is burned in traditional
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Figure 5.3 Biomass energy consumption, 1999

in poorly ventilated dwellings. Attempts to introduce improved stoves have not
been very successful. Similarly, the use of agricultural residues as domestic fuels
has not caught on. A combination of the initial financial outlay and resistance
to change are believed to be the reason for the continuing inefficient use of
biomass. The high rate of urbanization means increasing consumption of biomass
in cities, moreover. Charcoal, which is lighter to transport and cleaner to burn
in the home, is the subject of particularly strong demand. Though the use of
liquified petroleam gas (LPG) in urban areas has increased, once again the high
cost of appliances and adherence to traditional cooking methods limit its uptake.

_Table 5.4 Consumption of biomass by sector, 1999 (‘0G0 toe)

Sector Charcoal Firewood Agricultural  Total %age of

residues : . total
Household 1,456.6 3,553.b 732.0 5,742.1 T2 mms
Services 179.0 1,069.7 - 1,248.7 157
Industrial 1.2 362.3 611.7 975.2 12.2
Total 1,636.8 4,985.5 1,343.7 7,966.0 100

Source: Practical Action/ITDG Sudan. Contact Practical Action Sudan for further data.

Table 5.5 Biomass energy consumption by industry scale, 2001 (tonnes)

Biomass fuel Small-scale Medium-scale Large-scale Total

Firewood 815,189.70 27,615.00 N/A 842,804.70
Agr. residues 126,828.70 6,706.50 2,313,359.60 2,446,894.80
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Industry is suffering from similar stasis with respect to technology. Traditiona] !
industries, notably brickmakers and lime producers, employ inefficient fuel ° -
burning methods. And, once again, the financial investment needed to replace, -
for instance, dilapidated kilns is a major factor, along with a conservative.

approach to technology, particularly in rural areas.
Sudan has largely untapped renewable resources. Through fiscal incentives,

government policies encourage the use of renewables for meeting rural energy ..
needs, particularly via solar photovoltaic cells. There is, however, the now
familiar problem of initial investment costs. For a nation that has come tobe :

associated so strongly with drought, it is perhaps surprising that there is major
scope for hydropower. In fact, it is estimated that there are feasible hydro sites

with the potential to generate 4,860 MW. The total installed capacity of the :
national grid is presently around about 1,060 MW, of which 340 MW comes -

from hydro and 660 MW from thermal power stations. A 1,250 MW hydro

scheme is under construction. Meanwhile, agro-industrial residues, including
bagasse, are not exploited for electricity production, and the potential of :

cogeneration is largely unexplored.

Demand for electricity is highly suppressed, with only around 20 per cent of :
the population connected to the grid. All industries have to depend on standby -
generation. The short-term plan is to increase grid capacity by 580 MW from 'z
conventional thermal generation: In the medium term, significant investment <#

will be required to further increase capacity by a planned 4,500 MW.

Traditional brickmaking

Brick production is a dry weather activity that is typically suspended for the

approximately three-month rainy season. The industry is dominated by =

traditional technology, wherein the soft-mud or slop-moulding process is
practised. There are only three modern brick factories and these do employ the
stiff-mud or sand-moulding processes. At present only one of these modern
factories is operational, however, High production costs mean that modern
factories cannot presently compete with traditional labour-intensive
brickmaking. Apart from the implication that labour and fuels are cheap and
available to traditional brickmakers, there does not seem to be sufficient market
for bricks of better quality.

In the soft-mud process, clay is dug manually and crganic matter, particularly
cow- dung, is widely used as an additive in almost all parts of the country. Due
to the expansion in brick production and a scarcity of cow-dung in recent
years, other organic wastes are now used as additives. In Kassala, eastern Sudan,
bagasse from the New Halfa sugar factory is commonly used. In western Sudan,

peanut shells are added to brick clay, particularly in enterprises sited around the '

city of Al Ubayyid. Other organic wastes used in different parts of the country
include: wheat straw, sawdust and by-products of millet and sorghum threshing.
Whenever cow-dung is available it is preferred over other organic wastes,

e
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Photo 5.1 Millel threshing wasie as used in brickmaking. Contact Practical Action
Sudan for further data.

workability of the brickmaking clay, reduces its fermentation (tempering) time,
and cuts firewood consumption. Qther organic wastes demand long
fermentation time, as well as screening and grinding in some cases, before they
are sufficiently broken down to allow moulding of the clay.

The amount of water used varies from place to place, depending on the type
of clay and the particular inherited practices of the workers there. In general, it
tends to vary between 30 and 40% of the mass of the clay, According to Hamid,-
for instance, it is about 33% of clay mass in Al Ubayyid and about 30% in the
Khartoum area (Hamid, 1994). QOnce water has been added to the clay and
additive mix, it is thoroughly blended with hoes and spades. The next stage of
mixing is treading with bare feet, whence stones can be detected and removed.
The mixture is then left to temper for about twelve hours. Then, before moulding,
a final mixing operation is undertaken.

The most commonly used moulds are two-brick compartment steel moulds,
open at top and bottom. These moulds are setona removable wooden pallet that
forms the base during moulding. In theory, for a typical clay, the dimensions of
each mould compartment should be 220 mm x 110 mm x 60 mm. Such a mould
is designed to yield a fired brick 200 mm x 160 mm x 50 mm. In practice,
though, the dimensions of moulds differ from one production unit to another.
Even within the same production unit, it is quite common to find moulds with
different dimensions being used. Obviously, this leads to the production of



80 FUEL FOR FREE? WASTE MATERIALS IN BRICKMAKING

Photo 5.2 Cow-dung drying before being added to brick clay. Contact Practical Action
Sudan for further data.

bricks of different sizes and reflects a thoroughgoing absence of standardization
of practice in the industry. Variation in brick dimensions means bricklayers
spend more time and use more mortar when building with the bricks. If standards
were applied in brick production, moulds would be adjusted for each type of
clay, to allow for drying and firing shrinkages, so that bricks of acceptable
dimensional variance resulted nationally.

Nominally, the brick moulding process is carried out by five workers. Two
deliver the clay mix from the tempering pit to the moulding site. The moulder
extracts a quantity of clay that slightly exceeds the volume of mould. The clay
is then thrown into the mould and the surplus removed by hand., Two types of
moulding practice are commonly employed in Sudan. In one, a brick table is
built and the moulder stands at and works upon this. The alternative is that the
moulder stands in a hole and moulds bricks on the ground. In either case, once
bricks are moulded, two workers carry the full moulds to a dleaned and flattened
drying area. Here they de-mould the bricks, clean the mould and pallet in water
if necessary, and return them to the moulder. The size of brickmaking enterprises
is often measured by the number of such teams operating.

Bricks are dried in the sun. Freshly moulded bricks are laid out individually
on their largest face, After 24 hours the bricks are dry enough to be turned over
on to an edge. They are left for another one ot two days to ensure uniform
drying. The ‘green’ bricks are then stacked with spaces between them to allow
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air circulation and ensure leather-hard drying. Whether or not bricks are actually
this dry before firing very much depends on the overall production process. It is
common practice for the batch of bricks moulded first to undergo a drying
period of 18 to 25 days, while the last batch made receives as little as 2 days’
drying. Using the firing process to dry green bricks is, of course, an inefficient
use of fuel and results in extra pollution and greenhouse gas emissions.

The only fiting technology widely used by traditional brickmakers in Sudan
is the brick clamp. Bricks are stacked in a truncated pyramid with firing tunnels
butlt in at the base. Once built, the clamp is plastered with mud to seal it and act
as thermal insulation. At the top an area is left unplastered to provide draught
for the fire. Throughout the couniry, the principal fuel burned is wood. Over the
last two decades, the supply and price of fuelwood have become major production
constraints for brickmakers. So, these days, complementary fuels are often used
in order to cut down on fuelwood use. Such complementary fuels are usually
waste organic materials: animal dung and agricultural residues. Whereas these
were once incorporated principally for their effect on clay properties, particularly
reducing shrinkage and drying cracks in high-clay brick soils, wastes are
increasingly being valued as fuels. Though this has positive benefits for
livelihoods and the environment, the overuse of organic additives has
contributed to a substantial decrease in brick quality, critically strength and
water absorption.




