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RECOMMENDATIONS

® Recognise at the political level that the practice
of green science and technology will result in
economic growth for Africa. This report should be
sent to appropriate African Ministers.

® Encourage African scientists and recognise
excellence in the practice of Green Chemistry
in Africa. PACN, in collaboration with other
organisations such as UNECA, national, regional,
continental and global academies, should establish
a Green Chemistry Award for Africa. This will lead
to international recognition for work which has
advanced economic development through the
innovative application of Green Chemistry.

® Focus on recycling waste to preserve resources.
This should employ innovative composting and
anaerobic digestion technologies to give products
which are useful for agriculture. PACN should
facilitate capacity-building workshops which should
include technologists from developed countries to
enable knowledge sharing.

® Increase awareness of the dangers of waste
proliferation, encourage safe practices and
incentivise people and communities to recycle
their waste by holding workshops for communities,
schools and local authorities, farmers and waste
operators.

¢ Standardise the quality of compost. This could
be facilitated by the implementation of defined
standards for compost-based materials.

® Build networks to enable progress in science and
technology. PACN should facilitate the creation
of links between African scientists practicing
Green Chemistry and experts worldwide. It
should promote publication by African scientists
in leading scientific journals and participation at
international scientific meetings, and foster industry-
academic collaboration. These networks should be
multidisciplinary, and include social scientists.

® Utilise indigenous natural raw materials to
manufacture high-value products which will
be key to securing economic growth in Africa.
Facilitation of collaborative networks between
Africa, South America and other countries which
have commercial and technical expertise in this area
should be a goal of PACN.

® Train and support programmes for educators to
ensure that the teaching of green technology is
of the best quality. PACN, the RSC and other like-
minded organisations are well placed to facilitate
this through continuing professional development
programmes for teachers, researchers and those
working in industry and community services.

® PACN to bring together African scientists and
experts in the field to write and develop curricula
materials on Green Chemistry that are suitable for
Africa.
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1.INTRODUCTION

Science and engineering are fundamental to

the delivery of the basic requirements of society,
including water, food, medicines, shelter, energy,
transport and manufactured goods. Historically, the
provision of these requirements has relied on rather
unsophisticated processes which produced large
amounts of harmful by-products and waste requiring
disposal into the air, land and water. These processes
are often highly energy-intensive and rely on the

use of diminishing reserves of mineral oil-based
feedstocks, solvents and raw materials. The human and
environmental cost of their use is now recognised as
being too high.

As these resources dwindle and demand increases,
the ways in which these basic commodities are
produced must be changed to ensure sustainable
economic growth for the future. In addition to these
fears over the future availability of scarce natural
resources, a growing human population, climate
change, and an urgent need to preserve biodiversity
are other drivers for change. In the future, the face of
manufacturing will be completely different to that
which we have today, with 3-D printing technology
being one example of a game-changing advance

in technology.
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2. MANUFACTURING - SUSTAINABLE The production of chemicals can be approached from

CHEMISTRY two directions:
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In a rapidly changing world, with diminishing
reserves of economically-accessible oil, a complete
reassessment of where future chemical products will
come from is required.® While energy can be derived
from many different sources, the materials upon
which the modern world is reliant require carbon.
Plant material — biomass — has been identified as

the most likely future source of carbon to feed the
chemicals industry. Africa has a great opportunity to
lead this change because it has climatic conditions
which, with appropriate conservation management,
could ensure a renewable supply of biomass. This
could be a valuable and sustainable resource for
Africa. With help from its major investors, Africa is well
placed to develop its economy through scientific
innovation in sustainable manufacturing. To be
effective, it must focus on adding value to its resources
through innovation in green technology. The future
African economy will then grow sustainably, without
damaging the environment, and without relying on
diminishing reserves of minerals and energy. This will
benefit the African people and major investors in the
future.

Widespread and understandable concern has

been expressed about the potential competition
between the use of land for the production of fuel
and chemicals and the use of land to produce food.
However, across Africa, there is an abundance of plant-
based materials which are unsuitable as food sources.
These include a variety of different lignocellulosic
materials (plant biomass that is composed of cellulose,
hemicellulose, and lignin) such as agricultural residues,
e.g. the leaves and stalks of maize and other plants,
dedicated energy crops, wood residues and paper-
based municipal waste. These sources of carbon can
be used as the raw materials for this new biomass-
based chemicals industry.
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Lignocellulosic biomass is very different from crude
oil as a raw material and is much less familiar. It is
geographically widely and thinly distributed and
structurally diverse, even changing with the seasons.
The basic components of lignocellulosic biomass are
cellulose, a linear glucose polymer (40-6801
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The challenges that will come from the move to
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An essential requirement for successful innovation —
the creation of new products and markets for those
products — is networking. It needs people with many
different skills and capabilities to come together. Places
recognised for being highly innovative always have
very good networks (e.g. the close-knit Silicon Valley
community). Different skills are needed for early-
stage invention and proof of concept compared to
technology development and piloting, and different
skills again are needed for commercial application.
But to generate a culture of innovation, people with
all these skills need to be present and talking to each
other. Scientific, manufacturing and commercial
skills (from both start-ups and large corporations)
and finance (e.g. from venture capital funds) are

all necessary. Facilitation of collaborative networks
between Africa, South America and other regions
which have commercial and technical expertise in
this area should be a goal of PACN. Government and
regulatory authorities have a role as well in terms of
setting standards and facilitating training and business
support.

Starting these conversations can take place at
meetings and conferences, industry associations and
university collaborations. A national and international
mix of scientists from academic and commercial
organisations should be an effective way of opening
up conversations and opportunities. The 1st PACN
Green Chemistry Congress was one example of
networking which illustrated the pressing need for the
development of such collaborations and partnerships.

This collaboration is key to unlocking the potential

of Green Chemistry for Africa. However, commercial
innovation in products does not confine itself to neatly
drawn scientific disciplinary boundaries. It must not

be just about Green Chemistry. The chemists need to
interact with people from other disciplines, including
social scientists, and the communication of the

12 | Wealth Not Waste






3. NATURAL PRODUCTS

°
3.1 P“ ,.,0- ..gg r:/:/—-':‘::'m - AN ‘i")_‘
vltw .S V

The use of natural products is a potentially lucrative
business for Africa. A great deal of research on natural
product chemistry is going on, and there is an
abundance of local knowledge of the use of herbal
medicines. One key area for innovative product
development in natural product chemistry is phyto-
pharmaceuticals, (pharmaceutical agents of plant
origin).

Extraction of useful materials is a fundamental

process in the use of biomass resources in green
manufacturing, including producing medicines.
Traditionally, extraction procedures use solvents which
are toxic, damaging to the environment and derived
from crude oil. Their disposal costs are high and are

a significant cost of the manufacturing process. If

they are not disposed of properly, they enter the air,

soil, water systems and the food chain, where they
cause damage to the environment and can cause
health problems for people living in the area. This
is not a sustainable option, either economically or
environmentally.

For the reasons outlined earlier in this report, it has
become a priority to promote and encourage the
application of the 13 principles of Green Chemistry
in natural product chemistry. In addition to new
phytopharmaceuticals, plant materials are also
sources of renewable feedstock for manufacturing a
wide range of industrial products, from cosmetics to
lubricants and fine chemicals’ (See Section 2).

Natural product chemistry operations can be divided
into broad areas as presented in Table 1. These
operations include: (i) extraction, (ii) fractionation/
purification of crude extracts, (iii) structure
determination of phytocompounds; (iv) structural
modification for compound generation, and (v)
synthesis or semi-synthesis of bioactive compounds.

o
Q %a s G-+ ria, * s

: N Gt 4, S -

S0 *')
‘el ¥ 2 4T S0

E",é o

@ Percolation
® Soxhlet extraction

@ Steam distillation

@ Maceration (also required for some of
the Green Chemistry enhanced methods)
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lonic liquids (ILs) are salts which are in a liquid state at
relatively low temperatures, often defined as liquids
below 100°C. ILs have made it possible to dissolve
cellulose from biomass'’ and have therefore opened
up a new source of feedstock for the chemical/
pharmaceutical industries. An important feature of ILs
is theirimmeasurably low vapour pressure. In practical
terms, this means that they do not evaporate. This
eliminates the problem of the emission of volatile
organic compounds (VOCs) to the atmosphere.
However, the issue of whether ILs are green solvents is
highly contentious. In addition to the positive aspects,
such as negligible vapour pressure, some ILs are
made from toxic ions (and by processes which may
not necessarily be green) which could cause harm if
released into rivers or soil, where their environmental
fate is not yet understood. ILs do however have many
additional attractive properties, such as chemical

and thermal stability, non-flammability, and others
which provide useful technical advantages, including
high ionic conductivity, and a wide electrochemical
potential window.!8 ILs can be either water- or oil-
soluble, depending on their structures.'®

16 | Wealth Not Waste

To conclude, a key step in any work with natural
products is to extract them from the plant that
produces them.® A suitable solvent is chosen on
the basis of various criteria, including its ability to
solubilise the natural products of interest, toxicity,
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Waste can prove to be an important resource for

Africa, where the waste stream is composed of large
amounts of organic material. More than 85% of the
waste products in cities like Accra, Kigali and Lagos are
rapidly biodegradable. They have high density and high
moisture and can be very appropriate for biological
treatment methods like composting or fermentation.

.+ a

Composting the organic portion of solid waste has
multiple benefits, such as a reduction in the quantity

of waste to be disposed of, a reduction in the negative
environmental impact resulting from waste storage and
the production of material that is safe for agricultural use.
Advantages of composting also include killing pathogens,
fly larvae and weed seeds and reduction in weight and
volume which makes waste handling more cost-effective.

Rich in organic matter, municipal solid waste in urban
areas is particularly suited to composting as the market
can be stimulated by the growing need for fertilisers
in African countries. Alexandria in Egypt, for example,
converts around one quarter of its waste into 120,000
metric tonnes of compost per year, which is then
used to improve soils, in particular sandy desert soils.
Although waste management solutions vary from
region to region, such solutions can be applied to
other African cities facing similar problems of waste
disposal, meeting the need to improve soil fertility.

Composting closes the sustainability loop, with
resources being converted to compost and returning
back to the soil important components that were
taken during crop growing and other agricultural
practices. Furthermore, composting can be practiced
at several scales and levels of technology. Passive
composting, decentralised community composting
and source composting in individual units are
particularly appropriate for African cities as the basic
resources for sustainable composting are readily
available.

43 A.a s "A )g S

Anaerobic digestion (AD) is very appropriate for
livestock manure and wet wastes. It can be used to
treat the waste generated by farmers and communities
in the rural areas of Africa. The foremost advantage of
AD is the generation of methane that can be burnt for
energy, and the residue that can be used as fertiliser.

18 | Wealth Not Waste

Small-scale digesters should be developed to cater for
waste generated in rural areas and to provide a source
of renewable energy.
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The issue of waste management must not be
oversimplified or viewed only from an economic point
of view. Social and cultural factors are important when
devising any waste management strategy as there is
no one best method of treating waste. Depending on
the local circumstances of the country, the population,
the culture and its economic resources, a variety of
treatment methods which are affordable must be
encouraged.

The need to increase soil organic matter in Africa is
an important reason for recycling organic waste and
returning nutrients to the soil. Composting plays an
important role in sustainable waste treatment and
organic farming practices. Among other benefits, the
use of compost can improve the livelihood of rural
communities with higher yields of vegetables and
fruit that result from crops grown on more fertile soils.
Anaerobic digestion provides a source of energy for
various uses including cooking and lighting, and the
residues can be used for compost.

Composting and AD are particularly suitable for the
type of waste generated by both the urban and rural
areas of Africa. They provide a unigue opportunity to
save valuable materials and will become increasingly
important as more chemicals start being made from
biomass. Regulation of this industry will be critical if it
is to work successfully and the health and safety issues
should not be underestimated. Regulation will need
to be backed up by suitable monitoring protocols

to ensure that the products are fit for purpose and
sufficiently free from contaminants, including heavy
metals and mycotoxins (toxic substances produced
by funghi). It should be noted, however, that good
regulation should be to protect the health of people
and the environment, while stimulating innovation.

It should promote research into AD and composting
methods. Research should also ensure that the
procedures do not generate more greenhouse gases
than other disposal procedures. There are ample
opportunities for knowledge sharing between Africa
and the developed world to ensure that best practices
are adopted. This may include work shadowing and
research collaboration.
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Poor management of urban waste represents

the most serious environmental and public
health problem in Africa. The presence of waste

in residential areas, e.g. at markets and roadsides,
presents grave health hazards, in particular to
children. Poor urban waste management is
primarily due to the lack of sufficient resources.
However, energy recovery from waste has the
potential to greatly alter the situation — turning an
environmental liability into a socio-economic asset
for the alleviation of poverty.
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Two rural communities, Harawa and Vukusvo, each
comprising groups of farmers, were selected. In
addition, an urban secondary school was selected to
represent urban and peri-urban environments.

Focus group discussions and presentations

were used to identify farming practices and the
organic resources required for composting and to
compare composting strategies used by different
farmers. At each site, farmers gathered materials for
composting, stockpiling the materials.

Materials used for composting by the different
groups varied. Harawa farmers used maize stocks,
partially decomposed tree leaves and garden weeds.
Vukusvo farmers used maize stalks, groundnut stalks
and goat manure mixed with soil. Harawa farme

covered the piles with soil. The texrfperature in the
centre of the compost was medsured daily at three
different positions and thesmoisture content was
monitored weekly.

The composting’processes were carried out
successfully$howing the importance of aeration
and biglegical activity of micro-organisms. This

éd farmers to manage the composting process
cffectively.
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5. GREEN CHEMISTRY EDUCATION
FOR SUSTAINABLE DEVELOPMENT IN
AFRICA

It is essential that university chemistry departments
have an intake of students who have developed

an interest in science from secondary school level.
The introduction of Green Chemistry themes, which
define and explain the benefits of Green Chemistry,
at secondary schools is highly beneficial for engaging
and enthusing students and attracting them towards
science, in particular chemistry, at university.?? These
themes should include for example, the use of biomass
as a sustainable feedstock and promotion of Green
Chemistry thinking in a wider context within society.
Once in university, science and engineering students
should be engaged to think about greener chemistry
in Africa. Green science and engineering in education
has the potential to:?®

® attract students to the field of chemistry and
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