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Foreword

Welcome to the Engineering Institution of Zambia (EIZ) 2016 National Symposium at
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presentation by a distinguished industrialist to be made during the opening session, and a
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Furthermore, we have included engineering students’ project presentations as one way of
involving future engineering professionals.

Finally, we would like to express our thanks to the authors of the technical papers and
paper reviewers, whose work and dedication made it possible to put together a programme
that we believe is very exciting and of interest to the engineering community and the
nation at large. Personally, | wish to express my appreciation to the members of the EIZ
Publications Committee for coping with the extra work load and ensuring that all the
papers were ready for the symposium.

We wish you all an exciting symposium.

Eng Levy Siaminwe, PhD
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SESSION 2A
RESEARCH BASED INDUSTRIAL POLICY



Solar Home Systems in Zambia: Comparative Study with Kenya and
Nepal

Bowa, C. K., 20nyancha, R. M. , *Akinyi, B.C.,

The Copperbelt University, School of Engineering, P.O. Box 21692. Kitwe, Zambia.
2Rose-Hulman Institute of Technology, Department of Mechanical Engineering, USA.

ABSTRACT

Despite several efforts to increase access to electricity in the Zambian rural areas,
statistics show no significant improvement over the last two decades. Inspite of all the
talk about solar energy being a faster, cleaner and more convenient way to improve
accessiblity to energy sources in Zambia,there has not been a noticeable increase in the
use of these systems, especially for the targeted rural population.

This study sought to identify the barriers to solar home systems deployment and compare
the implementation framework used for rural Zambia to that of Kenya and Nepal. A
survey was conducted in Kafubu Farm Block, Zambia, to highlight some of the challenges
being faced by the rural population. Nepal and Kenya were selected as case studies to
draw out lessons that Zambia can learn. It was concluded that Zambia’s current
insignificant improvement in the share of solar home systems has a lot to do with the gaps
in the existing policies and use of an inappropriate framework among others. A
framework for the probable sustainable implementation of renewable energy
technologies in Zambia was developed.

Keywords: Solar Home Systems; Rural; Policies; comparison; Implementation
Framework

INTRODUCTION

In modern society, electricity is regarded as one of the critical requirements for both
domestic and national economic activities. However, access to electricity and other clean
energy technologies is still a major challenge especially in developing countries.

A. The Global Energy Landscape

About one-third of humanity lacks access to electricity and associated services. Around
two billion people in the world still rely on firewood, animal grease or kerosene lamps to
light their paths and their homes at night, despite all the advancement in technology
(World Bank, 2012). This is more prevalent in developing countries, where millions of
people as a result suffer from lack of basic medical services, education and other
associated facilities denying them possibilities of gaining access to better opportunities
(CORE International, 2004). In light of these challenges, achieving universal access to
electricity is one of the main goals set by the United Nations for the global energy sector
(World Bank, 2012).

B. The Zambian Energy Landscape
The majority of the population in Zambia does not have access to affordable clean energy.
The 2010 draft Renewable Energy (RE) Strategy for Zambia indicated the following as



possible renewable energy sources: solar, mini-hydro, biomass, energy crops, and wind
energy and geothermal. Currently, the development of these technologies is mainly spear -
headed by the Government including the encouragement of energy crops that do not
compete with food crops such as Jatropha for bio-diesel and molasses for bio-ethanol.
The capacities of the various energy sources are briefly discussed as follows:

o Hydro

Various studies, including the Rural Electrification Master Plan and the Draft Renewable
Energy Strategy (IRENA, 2013)have revealed a huge potential for hydropower
development. Hydropower resources are estimated to total 6,000 MW, of which 1,760
MW has been developed, including approximately 24 MW of mini-hydro projects
(IRENA, 2013).

J Geothermal

Historical surveys have identified over 80 hot and mineralized springs in Zambia. A
detailed study by a joint Italian—Zambian venture in the mid-1980s identified five
prospective targets in Casho, Chinyunyu, Chongo, Kapisha, and Lubungu. Of these
targets, the joint venture selected Kapisha on Lake Tanganyika as the site for a 220 kWh
binary geothermal power plant. For various reasons, this plant was never commissioned
and the project was passed to ZESCO. A possible rehabilitation program is currently
under review. Recently, a private sector exploration company began reassessing the
geothermal targets and conducting geophysical surveys on those considered to be most
prospective for power generation (IRENA, 2013).

. Wind energy

Wind resources are estimated to be low to fair by international standards. Countrywide
data available from the Meteorological Department indicates an average wind speed of
approximately 2.5 metres per second (m/s) (Ministry of Energy and Water Development,
2008). Wind resources are estimated to be sufficient in a number of areas for water
pumping (for irrigation and domestic use). However, there are some areas with average
wind speeds of up to 6 m/s which may be favorable for the development of power
generation (IRENA, 2013)

J Solar

Solar radiation levels are considered to be high in Zambia. According to the National
Energy Policy, the potential energy output per unit area is approximately 5.5kWh/m?/day
(MEWD, 2008). The National Energy Strategy reports that systems have been installed
in at least 250 schools and chief’s palaces and at 400 households under an Energy Service
Company pilot project (MEWD, 2008). The Rural Electrification Authority (REA) has a
number of initiatives aimed at increasing the use of solar energy. A 60 kW solar mini-
grid to supply a community of approximately 50 households has been developed.

Why Solar Home Systems (SHSs)?

The reason why Solar Home Systems (SHSs) were selected to be the focus of this study
is their great potential due to the high solar radiation levels in Zambia. Therefore this
project sought to bring SHSs on board as a mitigating factor towards addressing the
energy demand especially in the rural areas.

The Power Sector Development Plan for Zambia projects that the base case, energy
demand of 8.1 terawatt hours (TWh) in fiscal 2007 will increase to 16.6 TWh by fiscal



2020 and 21.6 TWh in fiscal 2030. The figures indicate an average growth rate of 5.7 per
cent per annum up to 2020 and 4.4 per cent up to 2030. The increases clearly show the
need for Zambia to venture more into renewable energies (Walimwipi, 2012).

The Government, supplemented by external assistance, has tried several programs to
overcome this problem, but the electrification levels show no significant change. For
instance in the past decade, despite operating the rural electrification fund, the levels have
only grown from 2% to 3.1% (REMP, 2009).

The Rural electrification Master Plan and Vision 2030 have set a goal of 50% access to
electricity from the current 3% by the year 2030. Off-grid Solar Home Systems have
potential to foster electrification of houses especially in the Zambian rural areas where
electrification levels are very low (Gustavsson & Ellegard, 2004). The rural electrification
projects have faced challenges in the implementation process due to expansion options
that tend to mainly focus on grid solutions (World Bank, 2012)

CASE STUDIES

Renewable Energy Sector in Kenya

The people of Kenya today enjoy a success story in terms of SHS and RETSs in general.
In recent years, Kenya and China have likely been the fastest growing markets, with
annual growth rates of 10-20%. This SHS success began with donor assistance in the
1980s but then later graduated to private sector—led markets in the 1990s. The donor
program allowed PV modules and system components to become known and available in
Kenya, it provided the basis for development of local capacities in component assembly
and installation, repair as well as maintenance of the PV systems. Many of those trained
through donor programs went on to build the private industry that followed. This private
market was also spurred by an increasing supply of domestically produced components,
which lowered the costs, and by the slow pace of rural electrification that increased
demand for alternatives like SHS. Common to these successful experiences is fitting the
technology to user needs and practices. It is worth noting that many earlier programs were
not successful because they did not factor in sustainability and replication (WCED, 1987).
Kenya has gone further to partner with a solar sector investor from China to open up a
technology transfer and training center near Nairobi to promote the assembly of solar
lighting systems as demand for renewable energy resources in the country grows. (Meza,
2015).

Renewable Energy Sector in Nepal

RE development continues to be a high priority program for the Government of Nepal
(GoN) as it provides a least cost solution to remote and sparsely populated areas unviable
for grid extension, while on the other hand being clean, safe and environmentally friendly.
GoN's goal for the next 20 years is to increase the share of RE from less than 1% to 10%
of the total energy supply and to increase the access to electricity from alternative energy
sources from 10% to 30%. The sources of funds envisaged include government revenue,
support from development partners, loan financing from financial institutions and private
equity. Complementing the above, the Three Year Plan (2010-2013) envisaged the
addition of 15 MW of mini/micro hydro power; 225,000 solar home systems; 90,000
domestic, 50 community and 75 institutional biogas plants. (Government of Nepal, 2011)



RENEWABLE ENERGY AND MDGs

Renewable Energy Technology (RET) can be linked to all the eight (8) Millennium
Development Goals (MDGs) (World Bank, 2012). Despite the numerous benefits of
RETs, developing countries experience implementation challenges. The 2008
International Energy Agency (IEA) study observed that most of these challenges are both
economic and non-economic. The key barriers identified by IEA as non-economic
barriers to scaling up the contribution to renewable and sustainable deployment in
developing countries include; institutional, human resource, financing, regulatory,
infrastructure, quality assurance, technical, income generation, public acceptance and
market barriers .

RETSs have proved to be a solution in most of the countries where they have been highly
promoted such as India, Nepal and Kenya (Gerber, 2008)

OBJECTIVES

The objectives of this study were to:

o Identify gaps in the Zambian policies in SHSs

o Conduct a comparative study between the three countries (Kenya, Nepal and
Zambia)

o Draw lessons from the SHS implementation projects in Nepal and Kenya.

o Develop a framework for the sustainable implementation of renewable energy
technologies in Zambia.

METHODOLOGY

In this study, qualitative analysis was employed with the evaluation analysis being used
to provide useful feedback for decision-making. The following qualitative analyses were
done.

o Case Study Analysis: The case of existing renewable policies and SHS
implementation in Zambia, Nepal and Kenya were analyzed and provided input to
establishing the gaps in the existing policies.

o Interviews Analysis: A face-to-face interview with the Assistant Director of
Alternative Energy Promotion Center (AEPC) and another with the manager
solar component National Rural and Renewable Energy Programme (NRREP)
in Nepal were conducted. Similar interviews via a questionnaire were conducted
for both Zambia and Kenya to facilitate conclusive SWOT analysis of the three
countries.

o Questionnaire Analysis: A descriptive analysis was used to interpret the range
of responses to each question. The data was then classified, for instance ages
were categorized into age groups to make meaningful comparison of sub-
groups, while coding was done to facilitate accurate quantitative analysis.

o SWOT analysis: The Strength, Weakness, Opportunities and Threats (SWOT)
analysis was conducted for the three countries to understand the deployment
and implementation of RETs with regard to SHSs as well as explore
possibilities of new solutions to associated problems. A comparative analysis
in lessons learnt from the international experience of Nepal and Kenya was
conducted.



Framework Design Steps

There are no specific steps for designing a sustainable implementation framework for

SHS or RE in general. However, based on the understanding of the task at hand and the

findings of the study, the design steps as shown in the flow chart in Figure 1 were adopted

in this study. According to the specific conditions, the resulting design can be applicable
to any rural area in the country, region or continent.

o Stepl: Problem identification and Problem analysis: This step involved analyzing
the existing situation surrounding a given development problem. The major
problems and constraints associated with the RE development in the area were
identified so that the cause and effect could be visualized by comparing the role of
each key player and how it was executed during the project formulation and
implementation stages. At this stage of analysis the following questions need to be
answered:

—  Whois the target group?

—  What is the study area considered, i.e. is it rural or urban?

—  What category of people is the study considering, i.e. are they low-, middle-
or high-income households?

—  Were they stakeholders consulted?

o Step 2: Brainstorming: During this step, effort was made to generate as many
possible solutions to the challenge, in a spontaneous manner. This was done by
analyzing the key stakeholders in the Zambian RE sector such Ministry of Water
and Energy Development (MWED) and Rural Electrification Authorities (REA)
and the livelihood of the rural people. It isimportant to understand the problem in
depth to ensure the brainstormed solutions are addressing the problem.

o Step 3: Objective Analysis: This step involved the development of specific
objectives from the problem statement. The problem of lack of access to clean
energy was then transformed to a specific objective; to increase from less than 1%
to 3% of access to clean and modern energy technologies in this area which in turn
will provide sustainable development and achieve MDGs.

o Step 4: Analysis of alternative solutions and : This isa broad step and was narrowed
down to the analysis of existing financing mechanisms and delivery models of the
SHS in Zambia as well as identification of the available RE sources in an area. This
assists the involved stakeholders to actually know the available resources and which
implementation strategies can be practical.

o Step 5: Final Design: This includes building on the findings, it is best to design a
tailor made solution for the area, as the sustainable implementation framework
cannot be uniform for the entire country, region or continent and in order to achieve
successful implementation there are no fast rules for this.

KAFUBU FARM BLOCK

Kafubu Farm Block is situated about 30 km from the central business district of Luanshya,
one of the Zambian towns in the Copperbelt Province. The farm block was initially
allocated to a group of Israelis to develop a commercial agriculture block. They later
abandoned the project, and the land was demarcated into smaller farm plots and allocated
to 17,000 local settlers representing 2,146 households. In spite of the large population the
farm block has no electricity (DFID, 2012). For these people, even access to low-power
electricity could be life-saving as this may lead to improved health, education, and other
services.Low-power electricity here is taken to imply electricity supplied to consumers
with low energy needs (low demand).
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Figure 1 The process adopted in this study to design the implementation framework
Typical houses in the Area

The typical houses in the Kafubu Farm area mostly comprise of three rooms, with an
outside kitchen. Figure 2 shows an example of the house in rural areas.

\; . i 1‘! -
Figure 2 Typical houses in Rural Zambia (Luque and Hegedus, 2011)

The case of Kafubu Farm Block is a clear indication of how the policies on RE



development are not reaching out to every Zambian, especially those in rural areas. The
area has seen no implementation of any solar technology; at least out of the interviewed
people none of them had the SHS or any other renewable energy technology installed. In
this area the majority are subsistence farmers and income generation is mostly once yearly
from the harvest of the maize crop. In such areas a fee-for-service delivery model would
not be the best approach for implementation of the SHS technology.

Field visitation

A questionnaire survey was conducted in the study area, Kafubu Farm Block (KFB), The

household questionnaire was administered to 35 homes and 32 were retrieved, which gave

91.4% response rate and a reasonable basis for generalizing to the rest of the population

in the area. Of the 32 questionnaires 53.1% were male and 46.9% female. The mean age

group was between 44-54 years of which the mean number of people living per household

was 5.

o Education: 46.9% of the participants had some primary education, 43.8%
secondary and with only 6.3% tertiary education.

o Livelihood: 90.6 % of the populations were farmers while 9.4 % are small scale
business owners.

o Income levels: The survey showed that all the interviewed respondents received
less than 1000 Kwacha equivalent to $ 194 per month (Stapleton, Gunarantne, &
Konnings, 2002)

o Energy use: For cooking and heating charcoal was the primary energy source,
while Kerosene and candles were the primary sources for lighting energy. Out of
the 32 households, 31.3 % of them spent about 100 to 150 Kwacha on charcoal,
46.9 % spent over 30 Kwacha on candles/kerosene and 40.6 % spent 20 to 30
Kwacha on dry batteries for entertainment in their radios in a month. The
households who spent nothing on charcoal are those who directly collected wood
fuel for cooking, accounting for 31.3 %.

Figure 3 studying using a kerosene lamp ( (Luque & Hegedus, 2011)



Figure 3. shows a small kerosene lamp used for studying by one of the school going
children in the rural areas and Figure 4 shows women from Kafubu Block returning from
their firewood collection, a process which takes about 2-6 hours of their daily activities.

Figure 3 highlights one of the challenges of studying under the kerosene lamp, though no
statistics were collected from the field visit on the health issues affecting these people in
the area. It can clearly be seen that the illumination from the kerosene lamp is not
sufficient for studying purposes and these children strain their eyes as well as inhale the
fumes from the kerosene, which would affect their respiratory systems. In this research
no investigations were done to study the impact of using kerosene lamps and candles on
the health of the families.

Focus Group Discussion

A focus group discussion was conducted in Kafubu Farm Block. Among the people in
attendance were the chairman of the area, one primary school teacher, two cooperative
leaders and two household representatives. The meeting was held at the Chairman’s
premises.

Focus Group Discussion

A focus group discussion was conducted in Kafubu Farm Block. Among the people in
attendance were the chairman of the area, one primary school teacher, two cooperative
leaders and two household representatives. The meeting was held at the Chairman’s
premises.

R

Figure 4 Kafubu Block women on the way home from collecting firewood
In the discussion what was highlighted, among other things, was their desire to have
access to electricity. They stated that despite being close to Luanshya town they were still
lacking in a number of services such as a secondary school for their children; they only
had one primary school catering for the entire community. The health center was not
electrified and pregnant women, people in need of ARVs and other complications had to
travel 34km to Luanshya to seek medication as there was only one clinical officer and no
doctor at the local clinic.



During the discussion one of the participants stated that the area Member of Parliament
visited them after being voted into office and when asked whether the area will be
electrified in the near future, he was reported to have said that government could not
invest in electrifying the area for it would be a loss of investment since those people were
poor and could not afford to pay for the facility. During this discussion, it was clear that
this remark left these people with no hope and feeling let-down by the government.
Because of this problem, one of the participants expressed doubt as to whether this
discussion would result into anything tangible such that to some extent the discussion was
received with mixed feelings. In the closing remarks by the chairman, it was stated that
the people were interested in solar system technology such as water pumping system that
would help ease the women’s burden of drawing water for irrigation and household
requirements. He also stated that this technology could boost their farming activities and
the lighting would increase study hours for their school going children as well provide
entertainment and ability for them to know current affairs through local news. The
community welcomed the study and wished that it could be a prayer answered for their
long desired access to electricity.

Energy resources
Table 1 gives a summary of the Total Primary Energy Supply (TPES) and total installed
electricity capacity in each country.

It should be noted in Table 1, that Kenya’s share of biomass in the TPES is accounted for
in the combined renewable and waste while it is separate for Zambia and Nepal. It can
clearly be observed that biomass represents a significant share of TPES in all the countries
followed by crude oil, which is imported in all cases. Between Nepal and Kenya, Nepal
has a higher share of combined renewable and waste energy supply.

Nepal is leading in hydropower generation followed by Zambia and Kenya. Of the three,
Kenya is the only country which has significantly developed energy supply from
renewable sources like geothermal, solar and wind. In the case of energy resources for
electricity supply, both Zambia and Nepal are predominantly hydro with trace amounts
from thermal while Kenya has a relatively low share of hydro but high share of
conventional thermal. It can clearly be seen that Kenya has performed very well in the
area of electricity supply from renewable energy sources, as the percentages of
geothermal, wind and others show.

Table 1 Total Primary Energy Supply (TPES) and total installed capacity in Kenya, Nepal
and Zambia

Feature Zambia Nepal Kenya
Total primary 7,856 ktoe 9,779ktoe 18,723ktoe
energy supply @ Biomass: 80.9% e Biomass: 80.9% e Combined renewable and waste:
e Hydro-electric: 1.3% e Combined renewable and | 76.0%
o Crude oil: 6.6% waste: 86.4% o Hydro-electric: 1.0%
o Petroleum products: 1.0% | e Hydro-electric: 2.7% ¢ Crude oil: 16.5%
e Electricity imports: 10.2% | Crude oil: 8% o Geothermal/solar /wind: 6.2%
e Coal: 2.8% e Coal: 0.3%
Total installed | 1,967MW 709MW 1,429 MW
electricity e Hydro: 95.9% e Hydro: 92% e Hydro: 52.1%
capacity e Thermal: 4.1% e Conventional Thermal: | e Conventional Thermal: 32.5%
8% e Geothermal: 13.2%
e Wind, other: 2.2%
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Generally, the efforts that each country is putting in increasing the share of renewable
energy in the TPES, particularly SHS, can be seen from Figure 5.

5
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—6— Zambia
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Figure 5 SHS trends for the three countries: Kenya, Nepal and Zambia ( (Lugue &
Hegedus, 2011), (Rebane & Barham, 2011), (Mermoud, 1992), (WCED, 1987)

Figure 5 shows the SHS trends in the three countries. Zambia has shown no recorded
significant improvement in the deployment of the SHS since the pilot project in Eastern
province. Kenya has had a progressive increase with annual installations of about 20,000
SHS Nepal also shows progressive increase in the deployment of SHS.

1) Lessons Zambia can learn
A Framework for sustainable implementation SHS implementation

To achieve sustainable development through implementation of SHS, flexibility in the
sizing of the SHS Kkits is needed. In the case of Kafubu Farm Block a tailor made solution
that would emphasize lighting can effect a huge change in the livelihood of this
population and contribute to pollution reduction specifically that from kerosene and
candles. Based on the assessed affordability levels, emphasis should be put on
introduction of solar lanterns and small PV modules of size 5 to 20 Wp to encourage most
people to switch to clean energy for their lighting needs.

Table 2 gives a summary of the lessons that can be learnt by Zambia from the Nepali and
Kenyan experiences with the solar energy technology.

A Framework for sustainable implementation SHS implementation

To achieve sustainable development through implementation of SHS, flexibility in the
sizing of the SHS Kkits is needed. In the case of Kafubu Farm Block a tailor made solution
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that would emphasize lighting can effect a huge change in the livelihood of this
population and contribute to pollution reduction specifically that from kerosene and
candles. Based on the assessed affordability levels, emphasis should be put on
introduction of solar lanterns and small PV modules of size 5 to 20 Wp to encourage most
people to switch to clean energy for their lighting needs.

Table 2 Lessons from Nepal and Kenyan experience on SHS implementation

No. | Description Factors that have promoted Lessons Zambia can learn
the Nepali Kenyan success
Both Kenya and Nepal have a Zamblg should do more than tabl_JIatlng
1 . the national plans but also be action
National plans | solar academy and Local - .
L0 - oriented by encouraging local
Manufacturing in their plans. :
manufacturing.
Introduction of feed-in-tariffs Discussions on FIT, lending policy and
(FIT), appropriate subsidies and | smart subsidies should move to
2 Policy lending policies are available. implementation with the setting of
Both have set targets for SHS tangible but realistic targets for SHS
deployment. deployment.
Deliver Cash and subsidies as in case of | Zambia should rethink the Fee-for-
3 y Nepal and cash sale in case of service model and come up with tailor
mechanism S
Kenya. made solutions in rural areas.
Nepal (pilot prolet_:t) and Ke_nya Zambia has to speed up in the
. . have employed this mechanism - - . .
4 Feed-in-Tariff . implementation of this mechanism to
to encourage investment by . o
. A attract private companies in RETS.
private companies in RETS.
Provide a greater variety in the system
Both Nepal and Kenya have sizes instead of the one standard 50 Wp
. encouraged models of 10-50 Wp . . TR
5 Model size that is currently available. Variety in size
to allow more rural users of . .
will accommodate different End-user
SHS. -
affordability.
Local and Bqth have encoura_gz_ad Ic_)cal and Zambia should encourage local and
. private sector participation by . SRR AR
6 Private sector S - private sector participation in this fight of
AR engaging different vendors in the
participation a - rural energy poverty.
delivery mechanism.
Provide end-user training. End-user
Ownership Both Nepal and Kenva provide training is vital as has been demonstrated
10 Capacity th Nep yap by the ESCO project, Nepal and Kenya
T training to end-users. - .
building cases as it allows for sustainable use of
the SHS.
Provide incentives and enabling
. . Both have micro-financing environment to attract private sector
Financing L
11 - systems and banks are more participation in this area. Encourage the
mechanism . . - . X
willing to give RETS loans. provision of affordable financing for
RETs.
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MEETING THE GOAL OF SUSTAINABLE
DEVELOPMENT: IMPLEMENTATION OF SHS
IN RURAL ZAMBIA

Awareness: Sensitize the community

PV Sizing: increase the range of PV on the advantage of SHS technology
module sizes to cater for more household and the importance of utilization
needs and affordability < according to specifications.

N J

Institution: Introduce Delivery Mechanism: Change the delivery
mechanism that will attract

banks to finance RETS mechanism from the fee-for-service to one
development e.g. micro- that would promote sustainability.

finance, loans etc.

Addressing the J
\_ Barriers to
Implementation Formulate regulatory framework:
Draw lessons from the international
Capacity building: Engage the success programs
local people and provide )
training where necessary on
how they can pay for the SHS
kits. Monitoring & Evaluation: Introduce a
unit or commission to monitor and inspect
the progress on RETS projects
Incentives: J
Introduce Feed - CHANGE THE DELIVERY MODEL \
in -Tariff to Benchmarking:
attract more o .
T ———— - Specific and tangible
RETS Depends on Solution should be targets to be included in
income specific: in this the policies, to provide
generating case KFB .
activities a basis for M&E )
v _ ) ™
Product Bundling: SHS kits to be
CASH SALE sold through products such as
phones, fertilizer, etc.
J
Lay-bye
Payment

\!

Ownership: in the cash or lay-bye,
End-user gets to own the system
after completion of payments

Figure 6 Sustainable Implementation Framework for SHS in rural Zambia

The proposed sustainable implementation framework that has been designed for Kafubu
Farm Block and rural areas in Zambia, is as shown in Figure 6. The main focus of this
design is to meet development for rural areas in a sustainable manner, by implementing
the SHS. The design shows that overcoming the barriers is the first step followed by
changing the delivery model. Cardinal to these is the monitoring and evaluation
framework, legal framework and related institutions to ensure everyone responsible meets
their targets by setting milestones and all stakeholders work within the terms and
conditions recommended in the framework, respectively.
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DISCUSSION

The fee-for-service models that were used in the pilot project disadvantage most of the
people who would like to purchase or pay for smaller SHS units and hence reduce the
equipment’s reliability as mostly the system would be under or over utilized. Concerned
end-users are willing to buy and own the system. The government does not provide
incentives to the suppliers and end-users to attract growth in the sector. Awareness levels
are vague for the target groups to appreciate the technology. The current paradigm, not
based on market approach, does not encourage sustainable growth in the RE sector.

CONCLUSIONS

Based on the study, it can be concluded that Zambia’s current non-significant

improvement in the share of solar home systems has a lot to do with the gaps in the

existing policies as well as lack of the legal and institutional frameworks. Specifically,

policies lack specific and realistic but ambitious and tangible targets best suited to the

particular situation for the various rural areas in Zambia. Other gaps identified include

o insufficient variety in the SHSs sizes that are offered to better match end-user
affordability

o Lack of appropriate financing mechanisms

o Lack of end-user awareness and training

A framework for the sustainable implementation of renewable energy technologies in
Zambia was designed and has been proposed in this article.
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Abstract

Measurement and determination of power generation, transmission, consumption and
efficiency of achievement of all associated functions is dependent on the perspective and
concept behind such measurement. Is the system of measurements designed to offer
convenience to the utility to manage the system or is designed to facilitate the consumer’s
power usage verification audit and convenience of power application and safety. Many
different perspectives exist that drive the motivation of a metering and control system
instrumentation. In this regard the efficiencies and cost determinations of supply and
demand will be in conflict depending on the basis used for each such determination. It is
always classified as technical performance when contrasted with financial performance
when system efficiencies are determined from the utility perspective. To the user, the supply
consistency and failure severity determine the benchmark of supply efficiency and service
reliability received. However, the truth comes to bear when major problems arise which
cannot be shelfed under or casually glossed over as both sides have to endure the
consequences of mis-representation. Subsidy or technical failure, good service or shoddy!

Cost is easily passed on to the end-user even in cases where serious justification does not
arise. It is true that water always flows downhill but also retention mechanism reduces the
flow rate from free fall to some acceptable level to allow for natural draining and storage
in the surrounding area including the hilltop. Therefore, a determination of the real cost
against measured merit should be the flow rate passed down or referred to the user
downstream. The route taken to supply a client referred to power route character establishes
the cost of supply, technical efficiency of such supply, operational efficiency by way of
maintenance and the financial efficiency by way of capital idling or equity return on the
resource investment. This approach should be the real motivation behind any
instrumentation and the yardstick for gauging service performance on either side of the
supply and demand side divide.

An evaluation of the real generation capacity measured against the impact on the respective
loads would give the indexed measure of generation capacity. The performance of the
various elements introduced in the supply chain must be assessed and determined whether
they are a cost more than a benefit on the cost-benefit analysis. The sustainability index
comes in to evaluate the financial implications against a measured service to determine
whether it’s a well-placed growth industry or a subsidised unsustainable service regardless
of the convenience associated to it.

Keywords: Generation real capacity; Power route character; User power consumption;
Technical efficiency, Operational efficiency, Financial efficiency; Tariff and Sustainability
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Preamble

Electricity in Zambia is not a community service but a revenue earning enterprise. In this
regard there are attendant rights and privileges accruing to suppliers and users in accordance
with the commercial memorandum of service consented to by both parties. It is however, a
matter that has been relegated to the horse and the rider relationship as only one party seems
to have the monopoly of decision making that alters the destiny of the other by unilaterally
shifting the goal posts in the supply contract without recourse by the other party. They simply
tag along with hardly any choice or voice of opinion.

The money that is budgeted by the user for payment towards the service is eroded at will by
the suppliers (by ever buying less and less from the same amount) citing rising cost of
production and maintenance all disguised in the phenomenon of cost reflective tariffs. This
paper aspires to equalise the playing field and bring accountability and decency in the supply
and utilisation of electrical power. It is evident by the skyrocketing of prices and the
downsizing of production across the industrial world, that electricity is a strategic industry
of national importance with serious ramifications on livelihood. In this vein care must be
taken by all concerned parties on matters that shift the balance of use and supply without
mutual consent and consensus building.

Since much of the system measurements have been institutionalised at only the utility side,
now the power supply cost parameters will be shifted to be measured at the user or
consumption end. In short the consumer will measure the cost of receiving such electricity
as the supplier may use different generation points and transmission routes. This allows the
consumer to question the efficiency of supply and make an informed input on the cost
charged. This makes the unilateral decisions by the supplier to inflate the cost of supply a
difficult point to gloss over. In short a meritorious increase will not be opposed while the
tantalising operational failure derived increments will be rebuffed. Professionalism will be
brought to bear on both users and suppliers alike.

Introduction

To innovate with downward compatibility is to ensure a smooth ascension to the higher
quality of life and living (standard) without the shock of backlash of job losses and industrial
closures of existing companies which create an unstable social environment that generally
makes everyone scared of new ideas. Therefore, the implementation of the user terminal
power control and analysis module is done next to the meter box of the user installation
point. This allows the utility to continue with the supply metering for billing purposes while
also allowing the user perform a billing reconciliation audit and further verify source power
available and enroute losses encountered. The premium benefit is the according of the
opportunity to the user to select which power source to give priority amongst the host of
supplies in this supply pooling system employed in Zambia.

This paper describes the scientific basis of the module while specific engineering design of
each module will be left to an assortment of manufacturers bidding for the production. The
module placed immediately after the utility metering box will have many interactive features
that it is not opportune time to dwell on now. The full complement of such interaction is
beyond the scope of this paper.
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The emphasis of the distance from the generating station qualified by the specific routing
and the qualified contribution of each generating station in the network elaborates the
specific relationship that exits between the specific generating station and the instantaneous
power demand and utilisation by the load under focus. The paper then gives the scientific
basis of cost of supply analysis, further, making the case for justifiable and non-justifiable
tariff allocation. All the electrical components of transformers, network compensating
capacitors, matching inductive units together with their associated electronic controls are all
summed up into four-terminal networks with only input resultant parameters and the
corresponding output parameters being the elements of consideration.

The paper concludes with the proposition for the electrical system that would work wonders
for Zambia.
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Figure 1: The Zambia Electrical System Illustration
Source: Rare Fruit Estates TFCLS Company Publication 2015 Original

Refer to Figure 1 for the following description. The generators are driven by prime movers
which do not show signs of micro-departure movements within the general perceived
rotation. But these micro departures which determine the ability to deliver power to a given
load are measured evidentially by the impedance variation of the generator output
impedance. Therefore in a paralleled system consisting of many generators running as one
system, the load take up capacity of each generator will be different within very narrow
limits. It is this character that leads to the development of control systems that ensure load
balancing amongst the generators. As much as this may be successfully done, some level of
imbalance will still exit which makes the load intricately choose one generator over the
others for an instance and another generator the very next instance. The overall picture is
that all generators are supplying the loads as one unit. Immediate example that is
commonplace in our daily experience is the cell imbalance that arises after successive use of
the car battery. Each start cycle will be perceived differently by each battery cell. The
argument is that cells connected in series will have the same current hence uniform power
drain. The reality is different and cell imbalance arises.
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Detection or Sensory System

From figure 2, the sensory or detection system which constitutes the measurand
determination consists of a pair of eight laser diode and avalanche photo diodes arranged as
four segments of detection points. The geometry of the arrangement is crucial to the
operation of the entire system. The laser diode projects a laser beam towards the photodiode
traversing the area of influence of the conductor’s energy field. The beams are radiated to
follow straight path profiles that should only reflect on contact with the conductor to achieve
a perfect reflection that should land at the detector position. However, this path profile is
modified by the presence of the electric field and the magnetic on the conductor by virtue of
conveying power (current and voltage). The amount or intensity of each respective field
alters the path to seem to be originating from a different position. Laws of optics observed
the virtual position can be resolved and the departure from the designated position becoming
a function of the field interaction. Therefore, the measurand is established upon which the
quantification of the phenomenon can be predicated.
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Figure 2: The Power Analysis and Control Module Sensor Schematic
Source: Rare Fruit Estates TFCLS Company Publications 2015 Original

Each laser point can be controlled from intensity of radiation to have the reception point
maintained whilst relating the field interaction to the intensity variation. Various profiles can
be obtained by the ingenious design of the system architect and the power of the deployed
digital computation. The measurement resolution can be very fine indeed as it reduces to the
timings and space segments that those timings entail. For instance, a laser pulsed at a terabit
rate divides the 50Hz cycle waveform into tera count. The segments are so small for common
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level measurements but for the detailed time dependant impedance which isused to ascertain
the signature of the power generator station supplying the designated load, becomes the sure
path to an accurate determination. At such small time intervals, the power is best described
as the instantaneous power intensity as opposed to the voltage and current as the later are
considered summative evaluations or average circuit conditions.

Four sensory modules are required in the data collection for a three phase feed while only
two are required for a single phase domestic feed. The dimensional flow analysis lends
credence to the LD1 to APD1 as a current vector determination whilst the LD1 to APD2
gives the voltage vector. As such much derivative information can be acquired that relate to
the impedance of a line by noting the voltage gradient over consecutive points which
translate in attenuation factor from which impedance can be a derived quantity.

When information is collated over a period, the signature of each respective generating
station can be identified. With this identification the voltage and current schedule reaching
from that source can be ascertained as it droops with its unique character owing to the various
elements in that specific route all collectively affecting the drooping rate.

Supply Disturbance Effect on User — Determination of the User Vulnerability
Assessment Index

Each user whether domestic or industrial will have the susceptibility to absorb the mighty of
a power disturbance on the supply line measured where the susceptibility index is found too
high, the supply is restrained as a safety and security measure to the user equipment and
personnel. This susceptibility could be dependent on the location of the user in relation to
the entire network and proximity to the originating disturbance. This assessment and
determination will be performed in the analysis unit and preventative action readiness
initiated or armed. This should act as an insurance policy to the electrical equipment against
surge and consequential fire hazard.

User Disturbance Effect on Supply — Determination of Supplier Vulnerability
Assessment Index

Each user can measure the disturbance introduced on the supply line by virtue of its use of
certain loads that use power not consistent with the norms. The example in this category is
when an electric stove is not firmly connected to its feed wiring such that ionization
corrosion takes place simultaneously as the cooking power of the hotplate is discharged. The
level of power consumption will not be consistent with the norms established and therefore
generates system disturbances onto the power line.

Depending on the power involved the disturbance can be system threatening.

Multiple supply sources (pooled resources) — Supply Security and Rotating Vector
Determination

Generators connected in parallel act like big motors when the line voltage falls below the
network voltage. Off-course the generator control unit (GCU) critically monitors for this
condition and directs increased excitation or prime mover torque increase as appropriate.
Situations arise where the various generators keep “motoring” each other up consuming
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critical power instead of supplying the commercial loads. The cost of supply analysis will
reveal this condition and postulate the power deficit cause other than low water level.

Multiple users from common supply (supply utility versus isolated discreet system) —
Distributed Disturbance Assessment index

Where many users are connected to the supply line, each other’s generated disturbance is
distributed to the neighbouring users which may result in localised adversity or poor supply
quality experience. This can be measured and determined by the analysis unit as the signature
for a power supply is different from the user generated signature. As a good social citizen
the evaluations and determinations made can be raised in community meetings as a way of
improving the quality of electricity and also raised up to the standards body for appropriate
use regulations and standards enactment.

The generalised consumption and supply metering theory and parameter
determination

The generalised supply and consumption metering theory prevails on the instantaneous
power as opposed to the consideration of the average power over a cycle of the supply
frequency. The summation of the instantaneous power demands, starting with the minimum
defined time interval at the specified field intensity on a generalised route modified by route
profile indexing gives the total power generated or consumed (depending on the
measurement point being at the source end or load destination end).

Z{[f(Pn)t]g} ) Knominal ’ Rprofile = generated (1)

where: Ph=Po+ P1 + P2+ Ps+..... + Pin1) + Pn = connected loads

Krominal 1S the nominal route factor (standard) determined by the circuit elements
involved

Rprofile IS the indexing factor on the nominal route which is used as the correction factor
on that route as distinguished from the standard route. This is determined by
the distinct tones and overtones positions and levels as measured

The range a to q defines the time interval as a function of the duty cycle of the tera bit
count measurement interval specification

Equation (1) is the basis for the software and spectrum distribution analysis.

Therefore, the power received by the designated load is a summation of the respective
contributions of all generators in the network according to their instantaneous impedance
that determine the load take-up capability.

For power supply to decouple from one generator and couple to another without switching
over harmonics implies the finite energy quantum delivery associated with each coupling.
Therefore the time segmentation performed at the load end as a means of evaluating the
supply configuration is actually the statement of fact that energy supplied is in finite
successive disbursement that accumulate to present the total energy delivered in a given time
interval.

By exploiting further this scenario, the signature of the generating station can be deduced in
relation to a specific load at a specified destination or location from the analysis of coupling
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and decoupling sequencing. Armed with this information, each signature tapering profile can
be used to deduce the path profile as the distance is an easier call, a matter of radar distance
along the propagation route. Other overtones associated with a particular signature gives the
elements involved in its route and the extent of the route losses. It is then possible to compute
the cost of receiving such electrical power. The determination from all generating stations
involved gives information of expensive routes, cost effective routes and inefficient routes.
Further this information is acquired on a dynamic and continuous basis such that
transmission routes can be assessed over a 24-hour period and longer as appropriate (as of
necessity).

Mechanism to efficiently allocate electrical resource on account of route cost efficiency,
operational cost efficiency and financial efficiency

From the discourse given in item 9 foregoing, the impedance and specific phase variation
will be deferent on each generator arising from driving a given load at a specific destination.
The transmission line is not an instant conveyance route but a progressive propagation phase
changing route. This means that the act of demand and supply are not simultaneous in time
but are successive events. The demand initiates a disturbance in the supply which depending
on the delay line network will respond by supplying the demand (not necessarily in the
format demanded as the delay mechanism also performs demand modification, inductive
capacitive and resistive tower-rail transmission system, that suits the supply). The observable
effects are that a voltage drop immediately follows the activation of a load demand which
then gradually picks up to the standard voltage as the supply meets the new demand. This
signature of load on to the supply and supply on to the load may be micro-voltages in nature
depending on the relative size of the power demand in relation to the capacity of the supply.

Route Cost Efficiency (a direct result of accurate and strategic metering by sensory
modules)

1.  Technical Efficiency consideration for route resource allocation
Where it is desirable for keeping a network in sound health, it may be imperative to
direct the power resource not necessarily to consumption centres of most economic
value, but rather balancing the load impedance by tuning out some route inconsistences
with other route deficiencies thereby achieving an overall balance as seen by the
generator. This makes the system to run smoothly without any adversity. In the evet
of demand increase beyond supply capacity, the ensuing load-shedding would not
automatically cut off non-essential loads but would follow the load isolation sequence
that preserve generator balance more than commercial incentive.

2. Operational Efficiency resource allocation on account of low operational cost
Where it is desirable to allocate power resource to areas easy accessibility and defined
regimes of power utilisation such as known industrial activity and predictable power
usage, more than revenue maximisation, this route is taken. It is more convenient for
maintenance, customer quick response and easy service rollout. This route will have a
higher service reliability, stable power quality and friendlier environment.

3. Financial Efficiency consideration for route resource allocation to maximise revenue
The route that has the highest percentage utilisation of all the capital equipment and
the highest utilisation to tariff ratio making the biggest economic incentive becomes
the main driver of resource allocation to the route. The tariff to that area may be low
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but the scale of use and consistence of use makes the scale of numbers a reality thereby
maximising the revenue.

The proposed electrical supply standard for Zambia

Figure 3 gives the illustration of the minor in detail but elaborate in action of the changes to
be embodied on the Zambia electrical supply network to achieve the best management of the
available power generation resource to satisfy the current and growing user base.The
electrical system proposition for Zambia requires minimum but effective changes to the
system in view of the current serious economic malaise. The proposition simply reinforces
what has already been well understood and practised quite universally. In order to lower
transmission losses as the power demand gets higher, raise the voltage! This is now achieved
by integrating the conditioner which simply makes transmission voltage a function of the
current to ensure minimum power 10ss.
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Figure 3: The Proposed Electrical Supply Scheme for Zambia
Source: Rare Fruit Estates TFCLS Company Publications 2015 Original

The current system is extremely lossy such as in times of high power demand, the same
voltage is used causing higher power loss by higher current which in most cases outstrips
the increased generation to meet the increment demand. This practise leads to unnecessary
load-shedding and revenue loss.

The generating station will supply by feeding into the transmission system as raw power
where the power conditioning is done before feeding into the user distribution network. As
the power demand increases, the voltage of the transmission system is raised to supply the
increased demand at a reduced loss level thereby conveying the incremental without an
associated increase in transmission loss.
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The generating station is allowed to generate at its most optimal point at a fixed voltage to
optimise and augment the functioning of the generator control unit as the impedance
variations on the user are addressed by the transmission system.

Conclusion

The system that is backed by information on both sides of the supplier and the user, an
integrity management of the resource is promoted as all decisions will be arrived at through
consensus building mechanism. The electricity industry will be elevated to a higher standard
of service and remuneration as both the aspirations of the supplier towards growth and profit
will be balanced by the user’s sustained supply requirement meeting their demand and the
quality meeting a diversity of uses.

The following are the main conclusions drawn:

1. The tariff allocated will always be cost reflective. All the elements involved in the
supply chain will be cost sensitive from the technical, operational and financial
efficiency standpoints.

2. Intimes of supply capacity deficit arising from natural or man-made conditions, power
will be rationed more equitably and sustainably as costly routes will be avoided.
Importation of more foreign power to send to a cost inefficient route will only result
in resource wastage as such power will likely cause a serious system disturbance that
may affect the whole network. Such routes will be avoided or improved upon before
resource allocation is effected.

3. The cost indexing provides a platform for the transmission grid to be availed to private
developers as the associated costs will be independently index by firms other than the
investing firm. A grid code sharing platform can be established in a fair and transparent
manner devoid of data concealment leading to undue profiteering by some at the
expense of the others.

4.  Standards and compliance will easily be enforced as the basis of conformity
assessment will be data based as opposed to speculative trends. Sensitisation programs
become more simply defined for maximum impact as direct relations between
conservative good practices and bad practices are easily distinguished from an
accessible record of events.

5.  The attribute of making the impedance transformation a function of demand current
makes the generator source appear more and more ideal source as an infinitely low
output impedance which makes it more resilient to deliver higher and higher current
without drop in efficiency. At the conditioner not only is the voltage transformed, but
also the impedance undergoes transformation.
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immediately makes the difference. Errors of omission, commission, judgement or decision
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making, and assortment of diagnosis and prognosis have been given but the other side of the
equation (perspective of consideration) to justify an action or reaction has not been given.
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Abstract:

China’s use of Special Economic Zones (SEZs) to spur its remarkable economic development
was seen as the way to go, particularly for developing economies. Zambia, like most African
countries, has established these zones with the help of the Chinese. In Zambia, the zones are
called Multi-Facility Economic Zones (MFEZs), and are to operate as platforms for
industrial development and creating value chains in addition to the much-needed jobs. Based
on the Chinese experience and lessons, MFEZs are designed to be integrated into the
domestic economy, as they are in China. It is envisaged that this approach would, through
foreign direct investment (FDI), enhance the transfer to local industries the much-needed
knowledge and technology, a prerequisite for modern industrialisation. If the MFEZs attract
a critical mass of FDI, stimulate high value-added manufacturing activities, and generate
productivity spillover, their impact on industrial development in Zambia would be dependent
on the domestic linkages created and the technology transfer achieved, both of which are a
function of the local manufacturing absorptive capacity. This paper reports on the results of
a survey undertaken to assess whether the Zambian manufacturing firms had the capacity
or "technological readiness” to adopt any spillover and/or absorb any technology transfer
that takes place. The variables considered in this assessment were types of technologies and
methods of production, manufacturing systems, and human resources development. The
study established that there were low levels of advanced technologies, weaker innovative
capacity and lower human capital (skills) threshold in local firms. To address these short-
comings, recommendations in form of a two-pronged paradigm, involving the local
manufacturing industry on one hand and Government on the other hand have been made.

Keywords: Foreign Direct Investment (FDI), Local Manufacturing Industry, Multi-Facility
Economic Zone (MFEZ), Value Addition, Zambia

Introduction

A strong and competitive manufacturing sector is a foundation for any country’s economic
growth. The manufacturing sector in Zambia has generally performed below expectations
for the past three decades due to low or lack of investment in advanced technologies and
innovations needed to add value to raw materials (World Bank, 2009). Other barriers include
undeveloped infrastructure such as energy, transportation and telecommunications, the high
financing costs, macro-economic instability and administration (Micro-economics), crime
and corruption (World Bank, 2009). The Forum on China—Africa Cooperation (FOCAC)
held in 2006 presented an opportunity to address most of these constraints and long-term
prospects for industrial development. At this FOCAC, the Chinese Government pledged to
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support the establishment of Special Economic Zones (SEZs) in Ethiopia, Mauritius,
Nigeria, and Zambia (Davies, 2010). Béhmer and Farid (2010) present the internationally
accepted definition of Special Economic Zones as “larger estates that could be considered
cities on their own. They usually cover all industrial and service sectors and target both
foreign and domestic markets. They provide an array of incentives ranging from tax
incentives to regulatory incentives. In addition, they permit on-site residence”.

Drawing from its own successful development experience, the Government of the Peoples
Republic of China (PRC) proposed that Zambia develops its manufacturing sector through
the establishment of the Multi-Facility Economic Zones (MFEZs) (World Bank, 2009). A
MFEZ is a specific geographic area with quality physical and special infrastructure, where
economic policies are more liberal than in the rest of the country in order to attract and
facilitate establishment of world-class enterprises within the zones (Deborah and Tang,
2011). It is a business model which sets a platform for enhancing the competitiveness,
diversification and stimulating industrialisation in the economy, hence creating quality jobs
for indigenous population, which is key to economic growth. The MFEZs, just like SEZs,
blend the best features of the Free Trade Zones (FTZs), Export Processing Zones (EPZs) and
the industrial parks (IPs) concepts and create the administrative infrastructure, rules and
regulations that benchmark among the best dynamic economies. A MFEZ is a
comprehensive laboratory in which fully-fledged economic reforms can be piloted and cover
large areas such as an entire province or a city, while IPs or high-tech parks are a supporting
component of MFEZs, but with an industrial focus encompassing only part of a city
(Deborah and Tang, 2011). A MFEZ is a township in its own right incorporating factories,
housing units, medical, schools and recreational facilities, with reliable road and rail
linkages, uninterrupted electricity and water supplies, improved telecommunications
infrastructure, and efficient waste disposal systems.

The MFEZ strategy is to cluster smaller, downstream manufacturing firms and industrial

operations around major industries based in the zones. As these MFEZs and IPs adopt

different preferential policies, they play the dual roles of "windows" in developing the

foreign-oriented economy; generating foreign exchanges through exporting products and

importing advanced technologies; and of "radiators” in accelerating inland economic

development (Deborah and Tang, 2011). The MFEZs cater for both domestic- and export-

oriented industries, which utilise mainly local raw materials and sub-contract sections of

their production to local manufacturers, aiming at (ZDA Act No. 11, 2006):

(i)  Attracting more Domestic and Foreign Direct Investment;

(i)  Enhancing local business expansion and competitiveness and diversification;

(i) To improve factor productivity and economies of scale;

(iv) Enhancing spatial transformation thus stimulating industrialisation in the economy;
and

(v) Creating and accelerating new economic growth poles through technology and skills
transfer, job creation and increased foreign exchange.

In Zambia, MFEZs are established under the ZDA Act No. 11 of 2006, and are broken down
into two types, namely Production MFEZs (for manufacturing related businesses) and
Export Trade MFEZs (for commercial trading, warehousing and many others to exploit
export markets). The focus of this paper is on Production MFEZ. Table 1 shows six such
type of MFEZs being established in Zambia (GRZ, 2011).
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Table 1: A Summary of Production MFEZs in Zambia

GEOGRAPHICAL OWNERSHIP SUITABLE DEVELOPMENT
MFEZs/IPs LOCATION OF FIRMS IN INDUSTRIES STATUS AS AT
MFEZs/IPs DEC 2012
Chambishi/ Copperbelt: TNCs, MNCs, Copper and copper 12% operational;
Forest Chambishi - 12° 39’ SMEs, Sino- related industries, Chambishi Smelter,
Reserve 0” South and 28° 04’ | Foreign JVs & agro-, household BGRIMM Sino
0" East of GMT Strategic appliances, motor Metals/Acid, REBA
Alliances parts, explosives
Lusaka East/ | 15°20' 0” South & SMEs, Equity Copper related Construction Stage
Sub-Zone/ 28°24' 0" East. Near | JVsand Private | industries, food, (access roads done)
Forest Kenneth Kaunda Partnership, garments, electric,
Reserve International Airport | Contractual JVs | electronic, Car and
bicycle assembly
Lusaka 15°30' 0” South and | PPP, SMEs, Food, garments, ICT, 414 hectares on
South/ Forest | 28°22' 0" East Equity JVs, appliances, tobacco, Eastern side of zone
No. 26, 2,100 | Chifwema Rd, 1.8 km | TNCs Private beverages, research, developed; two
hectares off Leopards Hill Rd Agro, phases remaining
diagnostic/medical
Lumwana/ 11°50"0” South and | Equinox-owned | Explosives, fishery, Construction Stage
Forest 25°08’ 13" East, company- agro construction, (60% residential
Reserve South-east of T5 road | Lumwana electrical, electronics, | areas done)
(1, 300 ha) Mining Co. chemicals, machinery,
hospitality
Sub-Sahara 13°01' 20" South and | SMEs, Equity & | Lapidary, plastic, Partial operation and
Gemstone 28°39' 28" East Contractual JVs, | paper pulp, non- on-going
Park/Trade along Crompton road | Private ferrous metals, wood, construction
Fair ground off Kabwe Rd Partnerships electro-winning &
brick manufacturing
Roma Park/ 15° 230" South and | SMEs, Equity Manufacturing, real Construction Stage
104 ha La 28° 18’ 0” East of JVs & Private estate, commercial and
Soleil Farm GMT Partnership retail service sectors

Creating Domestic Linkages
The success of Economic zones depends on the extent to which they create linkages with the
local economy thereby generating employment and increasing transfer of know-how
(Béhmer and Farid, 2010). MFEZ approach to industrialisation is FDI-led and its
implementation is anchored on supportive policies from Government to Micro, Small and
Medium-scale Enterprises (MSMEs) and FDIs, in order to stimulate industrialisation
through business linkages. It is generally accepted that sustainable industrialisation through
MFEZs route is possible if the local industrial capital is able to replace foreign investment
in management, technology, design, factory operations, logistics, quality management, and
marketing (UNCTAD, 2006). Business linkages between TNCs and local manufacturing
firms are a structured approach which foreign and local enterprises can use to support each
other’s economic performance, through concrete collaboration in areas such as skills and
managerial development, technology upgrade, distribution and access to new markets
(UNCTAD, 2006). The interaction of these major stakeholders in the MFEZ set-up must be
supported by the flow of information among research and technology institutions like
universities and colleges, industry and Government, as shown in Figure 1.

There are two major policy areas on each side of the stakeholders that are relevant for
building TNCs - local manufacturerssMSMEs linkages, namely (UNCTAD, 2006):
(i) “Improving the investment climate” and “attracting FDI strategically” on the TNCs’

side;
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(i) “Strengthening the local absorptive capacity” and “developing domestic suppliers” on
the local manufacturerssMSMESs’ side.

GOVERNMENT

Research and
Technology
Institutions

{Information)

MANUFACTURING
< LINKAGES PROGRAMMES WA rinvis/msmes

TNCs/FDIs

J

Figure 1: Stakeholders Interactive Triangle

Business linkages programmes can take different forms depending on what objectives the

Government wants to achieve. These include (UNCTAD, 2006):

(1)  Forward linkages with customers that allow marketing outlets to be outsourced,;

(i) Backward linkages with the suppliers that offer new market opportunities for local
firms;

(iif)  Linkages with competitors through which foreign investors may set new standards for
local firms to compete with;

(iv) Linkages with technology partners through which TNCs may initiate common projects
with indigenous MSMEs, including joint ventures, trade, licensing and strategic
alliances;

(v)  Other spillover effects: Labour migration; trained personnel may leave the investor to
work with a local firm or set up their own MSMEs, resulting in human capital
spillover.

To make the development of business linkages easy, local manufacturers (MSMES) must be
prepared, able, and interested to serve MFEZ firms in terms of quality, scale, price and
delivery requirements (World Bank, 2008). Moran (2012) indicates that surveys show that
foreign investors in SEZs tend to help indigenous suppliers set up production lines, train
them in quality control, and coach them in management, strategy and financial planning.
Further, they also provide advance payments and other kinds of financing and introduce their
suppliers to export markets. Therefore, the scope and quality of linkages formed will depend
on the existence of MSMEs which are able to meet high TNCs’ standards, or at least have
the potential to achieve such standards within a short period. When there is a good fit
between the TNC characteristics and MSME characteristics, more and better long-term
partnerships that can potentially improve development tend to occur.

The question then is: How ready is the Zambian manufacturing industry to participate in the
Production MFEZs?

To answer this question, we considered the fact that to have any beneficial linkages between

local manufacturers and MFEZ firms, local manufacturers must possess technology and
know-how for quality, cost, flexibility, service, and delivery performance. These are
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embedded in such variables as human resource, knowledge and skills, processes, equipment,
machinery and systems like Lean Production and Total Quality Management (TQM) which
increase business performance. These were used as assessment parameters for company
readiness in the study reported in this paper. The study covered the period between 1964 and
2013, and targeted active manufacturing firms located in towns in the geographical areas
chosen for the establishment of the MFEZs, which are Lusaka, Kabwe, Ndola, Chambishi,
Solwezi and Livingstone.

Methodology

The study was undertaken from March, 2011 to November, 2013 for data collection and
industry visitations in selected sites. It utilised a questionnaire survey, a literature review,
personal and telephone interviews (structured and unstructured), and observations of process
lines during industrial visitations to collect both qualitative and quantitative data.

Survey Study and Study Population

The sampling frame covered areas which were selected for the establishment of the MFEZs
or IPs such as Lusaka, Copperbelt, Southern, Eastern and North-Western Provinces. The
Primary sector (mining and minerals) was included for comparisons sake due to its backward
and forward linkages. Eleven manufacturing sub-sectors, three Government departments in
the Ministries of Labour and Social Security (productivity), Commerce, Trade and Industry
(ZDA), and Finance (CSO) and three foreign missions to Zambia directly linked to MFEZ
development (Japan, Mauritius and China), were purposively included in the sampling
frame.

In order to ensure reliability and validity, a random sample size of 10 percent of the
population was picked, which translated into 30 firms out of 297 active manufacturing firms.
The companies chosen for study were a cross-section that included both foreign- and local-
owned, and small- to large-scale. For qualitative data, purposive sampling was used on
company executives and representatives and Multi-stage sampling for other stakeholders
such as Government departments and foreign missions. Twenty-seven questionnaires were
administered in person while three were e-mailed to the firms which could not be reached or
as per their request.

Data Analysis

The quantitative and qualitative data was analysed using Excel Spreadsheet format as well
as the Statistical Package for Social Sciences (SPSS) software, in order to cross-tabulate and
analyse the manufacturing sub-sectors and generate appropriate tables, graphs and charts
which were used to display the trends on technology types, manufacturing management
systems, human resources development and sources of inputs and modes of transportation.

Survey Findings and Discussion of Results

To assess how easy it could be for the local manufacturing firms’ strategic integration into

MFEZ manufacturing networks, the collected survey data was analysed under three major

themes, namely:

(i)  Types of Technologies and Methods of production;

(i)  Technological Innovations, Best Practices and Manufacturing Systems; and

(iti))  Human Resources Development (Skills, Managerial Capabilities and Employment
Ratios).
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In addition, respondents were requested to indicate what they felt would improve the
situation to enhance their firm’s competitiveness. Out of the 30 distributed questionnaires,
21 were returned, representing a 70 percent response rate. This was deemed sufficient for
analysis. The analyses of the results, shortened in this paper, are provided together with the
presentation of results.

Types of Technologies and Methods of Production

Based on Figure 2, the study revealed that only the respondent firm in the Paper and Paper
Products sub-sector had invested in Programmable Logic Controller (PLC), Automated Part
Identification (bar-coding) and Automated Vision-based Systems, while 20 percent, 60
percent and 40 percent of respondent firms in Food, Beverages and Tobacco sub-sector had
installed CNC, PLC and bar-coding systems, respectively.
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Figure 2: Existing Processing, Assembly, Material-handling and Inspection Technologies

Generally, there was substantial investment in PLC, except Robotics, Flexible
Manufacturing System (FMS), Automated Storage and Retrieval Systems, Material-
handling and Inspection Systems. However, 20 percent, 50 percent and 25 percent of the
respondent companies in Food, Beverages and Tobacco, Textiles, Apparel and Leather, and
Fabricated Metals and Products sub-sectors, respectively, indicated that they had planned to
install these technologies in the next 2 years.

TNCs command an ever more important role in the economy of a host country. They possess
technological capabilities to develop, search for, absorb, and exploit knowledge
commercially (Fagerberg et al., 2009). They boast of advanced technologies in
manufacturing operations such as designing, engineering, processing, assembly, material -
handling and inspection. It is believed that for technology transfer and manufacturing growth
to be realised, the technology gap between the TNCs and the local manufacturing firms must
be narrow. This gap refers to the absorptive and sustainability capacity to acquire and work
with the new technology. According to Blanco de Armas et al., (2002), when the host
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countries’ level of technology is similar to that of the home country, the establishment of
SEZS/MFEZs is likely to post economic growth. This is closely linked to host countries’
human resources development. Nonetheless, the Zambian local manufacturing sector was
characterised by outdated technologies with limitations. The absence of robotics, FMS and
Computer Integrated Manufacturing (CIM) systems, among other is a clear indication of
lack of modern manufacturing approaches, which would hinder smooth integration of the
local manufacturing companies into the MFEZ value chains.

Technological Innovations, Best Practices and Manufacturing Systems

Referring to Figure 3, the survey revealed that all firms had installed almost all innovative
systems in varying degrees with the exception of Lean Production in Chemical and Allied
Products sub-sector (50 percent), Statistical Process Control (SPC) in Food, Beverages and
Tobacco sub-sector (20 percent) and Business Process Re-engineering (BPR) in Textiles
sub-sector (50 percent).
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Figure 3: Existing Innovations, Best Practices and Manufacturing Systems

For technology transfer and manufacturing growth to be realised, the ‘technological gap’
between TNCs and MSMEs must be narrow. However, given the prevailing low absorptive
and weaker innovative capacities, the local firms were faced with challenges of integration
into MFEZ value chain. Some firms were still using inherited mechanised machinery from
privatised parastatals installed in the 1960s, and experienced frequent breakdowns.

Recent innovation studies suggest that both technology transfer and local R&D capabilities
are necessary conditions for technology upgrades in developing nations, which have the
ability and motivation to absorb advanced technology and management know-how
(Zhigiang, 2000). Specifically, TNCs’ presence must alter the innovative behaviours of a
domestic firm such as R&D expenditure, and number of scientists and engineers (Galina and
Cheryl, 2007). Nevertheless, from personal interviews conducted with CEOs and company
representatives, the prevalent conditions especially in the plastics and rubber products and
food, beverages and tobacco processing, depicted a weaker and porous conduit for
technology and skills transmission from TNCs to local firms. The number of employees in
R&D area remained negligible, about 0.12% of the total work-force.
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Human Resources Development — Skills, Managerial Capabilities and Employment Ratios
Most companies’ representatives indicated that they did not have medium- to long-term
human resources development plans for their employees especially at the shop-floor, as
shareholders were more concerned with profit maximisation. The average employment ratios
of locals to expatriates in terms of specialisation, across all manufacturing sub-sectors
surveyed, were not inspiring. For instance, according to Figure 4, the 6 to 1 represents the
ratio of workers employed in production department, while human resource and purchasing
departments had a 4 to 1 ratio. Engineers’ ratio was 5 to 1, with Technologists and
Technicians’ ratio standing at 7 to 1, while the Artisans’ and craftsmen’s ratio was the
highest at 21 to 1.

Ratios

Specialisation/Category

H Local = Expatriates

Figure 4. Employment Ratios (Locals to Expatriates) - Aggregated Manufacturing Sub-
sectors

One striking feature worth noting is that 33 percent of the respondent firms in the Fabricated
Metals sub-sector revealed that there were neither local Engineers nor Technologists
employed, and the number of local Technicians was less than that of expatriates, standing at
1to 3.

Further, the survey revealed that, like any other new project, the implementation of the
MFEZ/IP is expected to face challenges such as Government’s lack of clearly defined policy
framework to buttress the implementation of the MFEZs/IPs concepts.

Besides technology, TNCs bring into the host country the needed complementary resources
such as experience, entrepreneurial abilities and stock of knowledge, through formal training
programmes and learning by doing within foreign affiliates. There is a positive relation
between FDI and Total Factor Productivity (TFP) growth when a host country has achieved
a minimum threshold of human capital development. However, lack of highly skilled labour
has often been identified as an impediment to economic growth on the African continent
(Farole, 2011). Evidently, the research revealed that most local manufacturing firms’ human
capital threshold was far much below for effective technology and skill spillover, especially
in metal fabrication industry where neither local engineers nor technol ogists were employed.
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Besides, there were more expatriate technicians than local ones which defeated the objective
of local labour integration.

The survey also revealed the inability of the Zambian Government to provide equal
opportunities for both foreign and local investors. A visible instance was the Chambishi
MFEZ, where local vendors had been marginalised in business contraction. They
complained that there were no regulations in place that compelled Chinese investors to
source materials and services locally. Worse still, the investment threshold of not less than
an equivalent of US$500,000 set for a manufacturing investor to operate in MFEZ/IP, was
beyond the capacity of most local entrepreneurs, which would hinder their participation in
the zones (ZDA Act No. 11, 2006). Under these circumstances, it is difficult to expect major
positive outcomes from MFEZs and IPs.

Critical Factors in the Manufacturing Firm’s Business Strategy

According to Figure 5, 62 percent of the respondent firms in aggregated manufacturing sub-
sectors revealed that 27.3% of the critical factors (investments in advanced technologies,
cost reduction in manufacturing, improvements in the manufacturing processes, and
developing new products) had 72.7% impact on the achievement of business strategies,
hence called the ‘vital few’. In addition, 38 percent of the respondent firms disclosed that
72.7% of the critical factors like using team-based manufacturing systems such as cross-
functions, improvements in marketing activities, personnel strategies (staff training and pay-
for-skills), entering new markets, added-value services, using new materials and investment
in information technology systems had little effect (27.3%) on the performance of the
manufacturing firms. These factors are usually referred to as ‘trivial many’.
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Conclusions and Recommendations

Conclusions

1.

The technological gap between TNCs and local manufacturing firms was wider hence,
reducing the absorptive and sustainability capacity, especially in Engineering-related,
Plastics, Rubber and Chemicals sub-sectors.

The local manufacturing sector had a weaker innovative capacity as best practices like
Lean Production, CM, SPC and BPR were not widely appreciated. It was characterised
by an inability to diversify into new high value-added and dynamic products.

Most local manufacturing firms did not meet the minimum human capital threshold
required for technology and skills transfer such as management experience and
entrepreneurial abilities, as the bulk of their workforce was unskilled. In addition, the
average employment ratios of locals to expatriates in terms of specialisation especially
engineers, technicians and technologists, were too low to not only stimulate
meaningful labour integration, but also animate internalisation and specialisation of
skills. The current skills were only suitable for current lower levels and out-dated
production technologies.

Recommendations

A. The Manufacturing Industry Prong:

1.

Investment in advanced technologies suchas CAD, CAE, CAM, FMS, PLC, Robotics,
Field-bus among others will boost absorptive capabilities.

Investment in innovations and manufacturing systems like JIT, BPR, SPC, GT and
Benchmarking will improve efficiency and productivity.

There is need for interactions among the firms, with academia, government and other
stakeholders, in order to take advantage of synergy effects across the manufacturing
sector.

B. The Zambian Government Prong:

1.

The Government must enact an investment policy with a clear focus on technology up-
gradation and transfer, job creation and human resources development. For instance,
it must introduce such linkages promotion programmes as Singapore Local Industry
Upgrading Programme (SLIUP) and the Ireland’s National Linkage Programme (NLP)
in order to identify and upgrade local enterprises that have the potential to add value
to the locally available resources and either export or supply to TNCs within the local
market. Created in 1986, and financed by Economic Development Board (EDB),
SLIUP’s objective seeks to encourage TNCs to second an engineer to local sub-
contractors and suppliers who will assist them in improving overall operation
efficiency and in acquiring new technological knowledge. During this stage, the EDB
pays the engineer’s salary (Sanchez et al., 2009).
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2. The Government must establish think-tanks in respective industries, which are going
to identify specific sectors and activities of investments to encourage production and
entrepreneurship (capacity building) among native people. Furthermore, it must
establish Business Incubators (Bls) in each province for strategic industries connected
to native natural resources beneficiation. A Bl refers to an economic development tool
designed to accelerate the growth and success of entrepreneurial companies through
an array of business support resources and services such as training, finance, quality
and networking, among others (business.webcrawler.com).

3. The Government must offer incentives to TNCs which not only encourage in-house
technical training and skills development, but also offer businesses to local suppliers,
for instance double-deductions for HRD. In the same vein, it must enact enforceable
policies that would facilitate exchange of technology and skills, like limiting the
number of expatriates, preferably one expatriate to 10 locals.

4.  Expansion of telecommunication systems, and improvement of the rural road network
will help exploit investment opportunities and development of the manufacturing firms
in relatively isolated (rural) areas which may be operating outside the MFEZs’ and
IPs’ provisions.
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ABSTRACT

Zambia is richly endowed with mineral wealth. However, it is still encapsulated in the
resource curse conundrum. This is because the benefits of mineral wealth have not translated
in public development. This has sparked a lot of debate among the Zambian mass as to
whether the mineral fiscal policies have been robust in capturing mining revenue. One issue
has always stood out in these mineral taxation debates and this is the reintroduction of the
2008 mining windfall tax. Though this is the case, the Zambian mass has not been informed
of the various issues leading to its revocation. This paper tries to undertake a critical review
and restructure of this tax instrument with an aim of rectifying the inherent technical lapses
in its design. This has been realized by treating the payable amount of this tax as a deductible
expense in the income statement and by indexing the trigger prices for inflation. The results
of this research indicate that the restructured tax instrument has the potential of maximizing
the capture of windfall gains without imposing a higher than normal Average Effective Tax
Rate (AETR) burden on a mining firm'’s pre-tax cash flows. This in turn retains capital to the
mining firm for further exploration and other mine developmental activities. However, this
tax needs to be balanced with other robust tax instruments for greater efficiency and
effectiveness in its application. This calls for sound judgement on the part of politicians to
advance this cause.

Keywords: 2008 windfall tax, Restructure, Review, Zambia, Average Effective Tax Rate
(AETR)

1.0 INTRODUCTION

Windfall tax can be defined as a tax levied on the gross sales value in which the rate fluctuates
with the price of the mineral (Manley, 2013). Appiah (2013, p.19) defines windfall tax as
a levy that governments employ to collect extra rent generated by mining companies during
times of windfall profits, arising from high mineral prices or discovery of unusually high
quality deposits”. This tax is economic rent! based and aims to capture windfall gains. A
windfall gain is a sudden, unanticipated piece of good fortune. Therefore, this fortune should

1 Economic rent is surplus revenue over and above the sum of production costs and a minimum return on
capital. See Otto et al. (2006) for a detailed discussion on economic rent.
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accrue to the citizenry of the Host State (HS) where mining is being undertaken rather than
to a foreign dominated mineral enterprise. However, it should be noted that this tax is not
based on the strict principles of economic rent because it does not encompass operating costs
in its computation process. This fact makes the windfall tax a substantial incentive for mining
companies to undertake cost saving which is an essential benefit to all players of the
economy. Thus, it can be deduced that windfall tax provides a win-win situation amongst the
direct participants of the economy. Windfall tax targets prices that are above the range of
prices extractive industries use in their economic estimates. It acts as a safety valve that
controls the capture of revenue influx occurring in long sustained periods of high prices as a
result of higher supply relative to demand (International Council on Mining and Metals
(ICMM), 2009). A strong support for its implementation lies in the fact that it does not distort
investor decisions which would have been made in its absence. In public finance, a tax that
does not distort investor decisions when legislated is termed to be neutral®. Apart from these
advantages the windfall tax reinforces the fiscal stability of mineral fiscal agreements. It does
this by capturing large amounts of revenue in times of high mineral prices and becomes
inapplicable at lower price levels. This act financially blankets the companies against loss.
Undertaking this helps to douse the electorate’s motivation to mount pressure on the
government so as to undertake unilateral alteration of fiscal terms in periods of high prices.
Designing mineral fiscal frameworks that encourage efficient resource development and a
stable fiscal environment augments the magnitude of revenue to be shared (Sunley and
Baunsgaard, 2001).

Despite these advantages this tax has found little or no application in most jurisdictions. This
has been attributed to the fact that no country has been implementing the windfall tax
correctly. Most countries that have advocated and implemented the tax instrument have done
this with flaws in its design, some of these countries include Zambia, Mongolia and the
United States of America (USA).

This paper therefore seeks to review Zambia’s 2008 windfall tax with an aim of undertaking
a restructuring process that will rectify the flaws in its design.

2.0 HISTORICAL EVENTS LEADING TO ZAMBIA’S 2008 WINDFALL TAX
INTRODUCTION

Zambia’s ownership structure of the mines has made a transition from private hands to
national ownership and back to private hands. In 1969, the Zambian government through the
Matero reforms had gained majority ownership in the mining companies (Lungu, 2009). This
was necessitated by the need to maximize revenue generation which was to be channeled for
infrastructure development. Full state control of the mines was achieved in 1972 under the
hospice of the United Nationals Independence Party (UNIP) government led by President
Kenneth Kaunda. It is important to note that during this period no substantial reinvestment

2 However, another school of thought argues that this fortune should accrue to the mining firms in order to
provide them with the incentive to undertake exploration in areas previously inaccessible.

3 See Daniel et al. (2008).
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was made in the mining industry. This led to the de-rehabilitation of most production
facilities leading to contracted production values. Low copper prices coupled with these low
production values led to a myriad of sector economic problems which stifled foreign
exchange gains and export earnings. This fact contributed to the UNIP government being
unpopular within the Zambian society. In 1989, there were large industrial unrests in the
mineral sector which proliferated the unpopularity of the UNIP government. By 1990,
Fredrick Chiluba who was the leader of the Zambia Congress of Trade Unions (ZCTU)*
formed the Movement for Multiparty Democracy (MMD) and ascended to power in 1991.
Fredrick Chiluba’s campaign was mostly centered on adopting a neo-liberal approach of
economic management which was centered on privatizing state owned enterprises. In 1997
and 2000, the state embarked on a huge privatization program under the leadership of
President Fredrick Chiluba®. However, it must be mentioned that the privatization of the
mines was not the sole wish of the Zambian government but rather there was persistent
pressure from the World Bank and IMF for Zambia to undertake structural reforms to its
mining sector before any donor funding was receipted. Despite, the pressure from Civil
Society Organisations (CSQOs) not to privatize, the Zambian government went ahead and
privatized. The Mines and Minerals Act of 1995 facilitated this process. It also allowed the
government to enter into Development Agreements (DAs), which were binding contracts
between mining firms and investors on a project by project basis. Making a transition from a
background of low copper prices and loss making mines, it was imperative for the
government to sign these agreements that were lopsided in favor of the mining investor.
These agreements were supposed to be instrumental in attracting FDI in the sector. To further
attract FDI, the DAs had a proviso of fiscal stabilization agreements. These agreements
committed the government not to alter mineral fiscal policies for a period of 15-20 years. If
one party felt the other party was not holding part of the bargain it had the right to seek an
arbitration process. It must be put on record that most of the DAs that were signed at
privatization stage were not made available to the public for review and scrutiny®. These
controversies surround the DAs taxation era.

The following were the features of the DAS:

o Mining firms were allowed to carry forward their losses for a period of 15-20 years on
a “first-in, first-out basis”.

o Mining companies were further allowed to claim capital allowance on capital
investment at a rate of 100%

o Corporate Income Tax was reduced from 35% to 25%

o Export duty exemption was provided

o There was signing of fiscal stability agreements committing the government not to alter
mineral fiscal policies for a period of 15-20 years. This fact made the DAs legally
binding.

4 See http://www.zctu.org.zm

> However, the Zambian Government still retains minority shareholding in a number of mining companies
through Zambia Consolidated Copper Mines Investment Holding (ZCCM-1H)

& Some Development Agreements are available from http://www. minewatchzambia.blogspot.co.uk.
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After the presidential rule by Fredrick Chiluba which lasted for 10 years from 1991 to 2000.
President Levy Patrick Mwanawasa ascended to power under the same party (MMD). The
MMD government being led by President Mwanawasa faced internal and external pressure
to revise the DAs signed in the privatization era. This was because the mining industry which
was once faced with low copper prices was now characterized by a boom in these prices.
This made the electorate to have a perception of low gain in mineral resource revenue. Due
to this pressure, the government was under duress to unilaterally alter the mineral fiscal
policies. In 2008 the Mwanawasa government enacted the 2008 Mines and Minerals
Development Act which canceled the DAs to implement a uniform mineral tax system across
the board. This of course brought about mixed feelings on the investors side as some mining
corporations did not recognize it as legally binding. As such, some companies threatened to
take the matter to international courts.

The mineral fiscal regime that was introduced in 2008, post the DAs had the following tax

structure

o Corporate Income Tax (CIT) stood at 30%

o Mineral royalty stood at 3% of the gross revenue

o A withholding tax of 15% on interest, royalties, management fees and other bases was
implemented.

o A variable profit tax of 15% was enacted when the ratio of taxable income to sales
exceeds 8%.

o A windfall tax to be triggered at different cobalt and copper price threshold was
implemented

o Capital allowance which stood at 100% was reduced to 25%

o The reference price on which taxes were to be based was the price tenable at the LME,
metal bulletin or any other metal exchange market recognized by the Commissioner
General.

These measures were expected to bring an additional $415 million into government coffers
from the mining industry in 2008 (Lungu, 2008). However, this taxation regime was short-
lived when President Mwanawasa died in that year. The succeeding President, Mr. Rupiah
Banda did not possess the late presidents doctrine of mineral taxation, this coupled with the
pressure from the mining investors made him abolish the windfall tax in April 2009. This
was justified by its inherent weaknesses which made the entire tax regime to have an Average
Effective Tax Rate (AETR)’ beyond normal. It is estimated that the Marginal Effective Tax
Rate (METR) of the 2008 regime was above 80% in some cases, while the AETR was only
47% (Economic Association of Zambia (EAZ), 2008). Most mining companies attributed
this high AETR and METR to the inherent weaknesses of the windfall tax instrument.

3.0 TECHNICAL REVIEW OF THE 2008 WINDFALL TAX INSTRUMENT
This section undertakes an in-depth technical review of the windfall tax instrument applied

to copper and cobalt in 2008. This tax instrument was not to be applied to any person solely
carrying on mineral processing activities. However, mineral processing that was done in

7 See Daniel et al. (2008) and Devereux and Griffith (2003)
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conjunction with mining constituted mining operations. It should be noted that the payable
amounts of this tax instrument were supposed to be remitted on a monthly basis to Zambia
Revenue Authority (ZRA).

3.1 Application of the 2008 windfall tax on copper

Table 1 depicts the trigger prices of the 2008 windfall tax related to copper. The windfall tax
was calculated on a cumulative basis using three rates. These include 25%, 50% and 75%.

Table 1: Trigger prices of the 2008 windfall tax related to copper (ZRA, 2008)

DESCRIPTION OF TRIGGER PRICE AMOUNT ($/t)
First trigger price 5,512
Second trigger price 6,614
Third trigger price 7,716

a) Definitions of technical terms

1)

2)

b)

The following are the definitions of the parameters used in the equations of windfall
tax.

Monthly Average Price (MAP): This is the weighted average London Metal Exchange
(LME) copper price in respect of a calendar month. This parameter is expressed in
United States (US) dollars per metric tonne. It is calculated by Equation 1

Q1P1+Q2P;+Q3P3+ " +Qpn_1 Pn—1+QnPp [1]

MAP =
Qn

Where:
Qn = The quantity of copper or recoverable copper sales in metric tonnes in a
calendar month

Pn = The corresponding London Metal Exchange daily closing cash seller price
in United States dollars per metric tonne for Grade A cathode

n = The aggregate number of copper or recoverable copper sales invoiced in the
relevant calendar month

Ruling Exchange Rate (RER): This is the Bank of Zambia monthly average Kwacha
to United States dollar currency exchange rate.

Computation of windfall tax payable on copper

The following list provides the standard application of the 2008 windfall tax on
copper:
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1)

2)

3)

4)

Where the average monthly price does not exceed the First Trigger Price (FTP)
windfall tax is not payable

Where the average monthly price exceeds the FTP but does not exceed the Second
Trigger Price (STP), windfall tax is calculated using Equation 2

WT = (RER * Q,,)[25% (MAP — FTP)] [2]

Where:
WT = Windfall tax payable for the month ($)

Where the average monthly price exceeds the STP but does not exceed the Third
Trigger Price (TTP) windfall tax is calculated according to Equation 3

WT = (RER * Q){[ 25% (STP — FTP)] + [50%(MAP — STP)]} [3]

Where the monthly average price exceeds the TTP, windfall tax shall be calculated in
accordance with Equation 4

WT = (RER = Q,)){[25% (STP — FTP)] + [50% (TTP — STP)] + [ 75% (MAP —
TTP)]} [4]

3.2 Application of windfall tax to cobalt

Table 2 depicts the windfall trigger prices related to cobalt.

Table 2: Trigger prices of windfall tax related to cobalt (ZRA, 2008)

DESCRIPTION OF TRIGGER PRICE AMOUNT ($/t)
First trigger price 55,116
Second trigger price 77,162
Third trigger price 88,185
a)  Definitions of technical terms
The following are the definitions of the parameters used in the equation of windfall
tax for cobalt.
1)  Monthly Average Price (MAP): This is the weighted average Metal Bulletin cobalt

cash price in respect of a calendar month. It is calculated by Equation 5

Q1P1+Q2P;+Q3P3++Qp_1 Pn—1+QnPp [5]
Qn

MAP =

43



Where:
Qn = The quantity of cobalt or recoverable cobalt sales in metric tonnes in a
calendar month

Pn = The corresponding Metal Bulletin daily closing cash seller price in United
States dollars per metric tonne

n = The aggregate number of cobalt or recoverable cobalt sales invoiced in the
relevant calendar month

2)  Ruling Exchange Rate (RER): This is the Bank of Zambia monthly average Kwacha
to United States dollar currency exchange rate.

b) Computation of windfall tax payable on cobalt

The standard application of the 2008 windfall tax on cobalt is the same as that of
copper explicated in Section 3.1.

3.3 Pitfalls associated with Zambia’s 2008 windfall tax instrument

There are two criticisms of the 2008 windfall tax instrument (EAZ, 2008)

o Firstly, unlike mineral royalties, windfall tax payments could not be deducted from
profits for income tax purposes. This meant that in times of high mineral prices the
mining company would pay colossal sums of CIT and windfall tax. This increased the
tax burden to levels above normal.

o Secondly, the tax instrument was too onerous, given the rest of the tax regime burden.

Additionally, the price thresholds were set too rigid. Since copper and cobalt prices are
expressed in monetary terms, their money value depreciates over time. Therefore, it is
imperative for these trigger prices to account for inflation.

This paper tries to rectify these lapses by treating the windfall tax instrument as a deductible
expense in the income statement and by indexing the trigger prices for inflation.

40 RECTIFICATION OF THE 2008 WINDFALL TAX INSTRUMENT

This section presents the rectification process of Zambia’s 2008 windfall tax instrument. It
begins by illuminating the inflation indexation process of the trigger prices. This is then
proceeded by an explication of the effects of treating the windfall tax as a deductible expense
in the income statement.

4.1 Indexing copper and cobalt windfall trigger prices for inflation in US dollar terms
Since copper and cobalt prices were expressed in US dollars it is only rational to index these

trigger prices for inflation using US parameters. Inflation rate applied to windfall trigger
prices can mathematically be defined as:
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L= C”Zi «100% [6]

Py

Where:
K = Inflation rate (%)
CP1 = US consumer price index in the first month of the fiscal year (January)
CP, = US consumer price index in the month windfall tax is payable within the fiscal
year
The monthly consumer price indices defined in Equation 6 can be obtained from the U.S
Department of Labor (Bureau of Labor Statistics). The parameter definition in Equation 6
asserts that inflation rate in the first month of the fiscal year (January) is always zero.
Indexing the FTP for inflation gives:
= (FTP * p) + FTP [7]
= FTP(1 + p) [8]
Similarly, indexing the STP and the TTP for inflation gives
=STP(1+ [9]
=TTP (14 pn) [10]
The following list redefines the application of the windfall tax instrument after indexing the
trigger prices for inflation.
1)  Where the average monthly price does not exceed FTP(1+u) windfall tax is not

payable

2)  Where the average monthly price exceeds FTP(1+u) but does not exceed STP(1+),
windfall tax shall be calculated using Equation 11

WT = (RER * Q,))[25% (MAP — FTP(p + 1))] [11]

3)  Where the average monthly price exceeds STP(1+) but does not exceed TTP(1+L),
windfall tax shall be calculated according to Equation 12

WT = (RER * 0){[ 25% (STP — FTP)(u+ 1)] + [50%(MAP — STP(n + 1)1}
[12]

4)  Where the monthly average price exceeds TTP(1+p), windfall tax shall be calculated
in accordance with Equation 13

WT = (RER * Q,){[25% (STP — FTP)(n+ 1)] + [50% (TTP — STP)(n + 1] +
[ 75% (MAP — TTP(p + 1)1} [13]
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The windfall tax equations above apply both to copper and cobalt. These equations reflect an
indexation process related to the US inflation rate. However, it must be noted that if the US
was to face a substantial inflation rate, this modus operandi of indexation has the possibility
of rendering the windfall tax inapplicable. This in turn exposes the state to financial risk
because of the stifled mineral revenue generation in times of high mineral prices. However,
it must be mentioned that the US has one of the most stable macroeconomic environment in
the world hence the application of its parameters in the indexation process.

This research does not index the trigger prices based on inflation in Zambia because of its
unstable macroeconomic environment. The high inflation rate experienced in Zambia can
render the windfall tax inapplicable even if copper and cobalt prices were to increase
substantially. This is because it can push the trigger prices so high above normal.

4.2 Treatment of windfall tax in the income statement

Another rectification of the 2008 windfall tax is to treat it as a deductible expense in the
income statement. This means that in times of high mineral prices, the investor will disburse
a colossal sum of windfall tax and a reduced amount of Corporate Income Tax (CIT). This
initiative reduces the AETR of the CIT in times of high mineral prices when the two tax
instruments are applied concurrently. Equation 14 shows the AETR of the CIT when the
windfall tax is treated as a deductible expense in the income statement.

AETRgyy = A=W CITR 1009 [12]
MF

Where:
AETRcr = Average Effective Tax Rate for CIT (%)
NPVt = Net Present Value of taxable income ($)
CITR = Corporate Income Tax Rate (%)
NPVwr = Net present value of windfall tax payable amount ($)
NPVwmr = Net present value of a mining firms pre-tax cash flows ($)

The same principle used to calculate the AETR of the CIT can be extended to calculate the
AETR of the entire tax regime when windfall tax is treated as a deductible expense in the
income statement. Equation 15 shows the AETR of a mineral tax regime as a whole.

(NPVr;—NPVy1)*(CITR+TRp)+Pp X 100%

AETRTR = NPV p

[13]

Where:
AETRTr = Average Effective Tax Rate of mineral tax regime (%)
NPV, = Net Present Value of taxable income ($)
CITR = Corporate Income Tax Rate (%)
NPVwr = Net present value of windfall tax payable amounts ($)
NPVwmr = Net present value of a mining firms pre-tax cash flows ($)
TRo = Total rates of other taxes that use taxable income as a base (%)
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Po = Payable amounts of other taxes ($)

As can be deduced from the restructuring process, indexing the windfall trigger prices for
inflation pushes these prices high (i.e. by a factor of 1+p) thus giving financial relief to high
cost mining companies. This is because the high cost companies will be able to attain normal
profits before the tax kicks in. This is consistent with adhering to the ability to pay principle.
Additionally, treating the windfall tax as a deductible expense in the income statement will
reduce the AETR of the CIT and the taxation regime as a whole. This means in times of high
mineral prices the mining company will pay windfall tax but a reduced amount of CIT. This
reduces the tax burden of the mining firm whilst disbursing a fairly substantial amount of
revenue into government coffers.

The restructured model of windfall tax in this research is based on the principle of economic
rent and thus does not affect the operating cost of a mining company. This is because it will
be applied in times of high mineral prices. This gives a windfall share of profits to the
government whilst returning substantial profit to the mining company for continued
operation. In times of low price outcomes, this tax will be inapplicable as it is concerned with
optimal taxation in high mineral prices. Therefore, the tax will give financial relief to mining
investors at low commaodity prices. This will benefit the government and the state as a whole
as it will help retain mining investment in Zambia’s mineral sector.

The rectification process has shown that it is possible to reintroduce a robust windfall tax
structure on the Zambian mining industry. However, this calls for sound judgement on the
side of politicians to advance this cause.

5.0 CONCLUSION AND RECOMMENDATION

This paper has undertaken a critical review and restructure of Zambia’s 2008 windfall tax.
The technical lapses of this tax instrument have been rectified by treating it as a deductible
expense in the income statement and by indexing the trigger prices for inflation. Following
this undertaking, it was concluded that these rectification’s aid to reduce the AETR of the
CIT and entire tax regime in general. This promotes a win-win situation between the mining
investor and government. Since windfall tax is more concerned with optimal taxation it is
only right and rational for it to be implemented on the Zambian mining sector. This is because
it will act as a safety valve for capturing revenue influx in times of high mineral prices whilst
giving financial relief at low prices. However, to prevent the implementation of a futile
windfall tax on the sector as that seen in 2008, a proper restructured scheme as the one being
proposed in this paper must be legislated. In addition, the windfall tax must be harmonized
with other robust tax instruments in order to generate a robust tax regime. This calls for sound
judgement on the part of mineral policy formulators, analysts and politicians.
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Abstract

Engineering Education (EE) in Zambia, as in many developing countries around the
globe, is considered as one of the main key drivers to development. EE in Zambia dates
as far back as 1969 when the first and still the largest School of Engineering (SoE) was
established at the University of Zambia (UNZA).

This paper reviews the current state of EE in Zambia and critically analyses the current
challenges and emphasizes the need to prepare an engineering workforce relevant to the
215t century aspirations. The short fall for engineers in Zambia from 2012 to 2016 is in
the range of 22.2% - 27.9%. The evolution of EE in Zambia has also been analyzed and
the current trends in engineering in recent years have been considered to ensure an
informed approach to building strategies for EE for the 21 century. Regional and global
methodologies that are either in existence; piloted or under consideration have also been
discussed.

The review further proposes a study to obtain an overall insight of the effectiveness and
perceptions of EE in Zambia. Finally, the paper provides some future directions or
opportunities that EE in Zambia should contemplate exploring in educating the 21%
century engineer.

Keywords: 21st Century Engineer, Engineering Education, Development.

Introduction

In the 20"century engineering recorded its greatest achievements, which were reported
as widespread development and distribution of electricity, clean water, automobiles,
antibiotics, telecommunications and computers to mention a few. Despite these
achievements the current century is envisaged to pose greater challenges than those from
the past millennia (National Academy of Sciences, 2008).

The National Academy of Engineers identifies 14 Grand Engineering Challenges that
engineers of the 215t century need to solve to improve livelihoods around the world.
Proposed solutions to the grand challenges include developing Engineering Education
(EE) programs that will focus on training graduates with the technical, social, political
and ethical leadership skills appropriate to address these grand challenges.

Since these first EE programs were launched the understanding of how people learn has
significantly improved, more effective teaching tools have been developed and Industrial
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technology has changed very significantly. In order to prepare engineering graduates for
the global challenges, educators must review both the content and the delivery of program
material. Unfortunately, few engineering schools have made major updates to their
programs over the past few decades (Davidson et al., 2010).

Engineering Challenge in the 215t Century-A Global Perspective

While the 215t century challenges are issues for the entire world, they are more acute for
the developing world. Asia, a continent with a good number of developing countries (with
the exception of Japan, Korea and Singapore), faces the following challenges in the
21%century; population explosion; depleting natural resources; environmental
degradation; social tensions due to youth unemployment; high impact of technology;
demand for mass education for improvement in living standards; rapid urbanization and
globalization.

Possible solutions to some of the Asian challenges include the provision of high quality,
globally benchmarked, technical educational opportunities for aspirants from Asia;
meeting manpower needs of the respective Asian countries, keeping in view of the
regional and global demands; networking at national, regional and global levels on
developmental programs and bilateral and multilateral cooperation in education.

The percentage of Asians going into higher education systems in developing Asia is
relatively low. At the same time the rate of growth in the continent is phenomenal. The
demand for technical education is growing at a much faster rate than other disciplines.
For example, in India; every year nearly one million nationals aspire to enter an
engineering degree program.

It is an accepted fact or a reality that due to globalization there is an overall mobility as

technical manpower from Asia is in demand all over the world, in particular North

America and to some extent Australia. There are two reasons for this:

e  Asian countries have to train sufficient number of engineers to meet their own
demands as well as global demands and;

e  Asian educational systems have to conform to global systems to allow for the
mobility of Asian graduates.

Focusing on a rising economic power in Asia, The People’s Republic of China, it is
envisaged that during the 215t century, China will inevitably run into the following major
challenges; high population growth in a country that already has a population of 1.4
billion; excessive consumption of energy and natural resources as China strives towards
developmental growth, thus leading to increased environment degradation; and massive
urbanization.

The Chinese government acknowledges science and technical innovation as being crucial
for national growth and job creation and has made the training of Chinese engineers a
major national priority for the decade 2010-2020. China produces more than 700,000
engineering graduates each year and in cases where appropriate specializations are scarce,
the sponsoring of Chinese students by government to study abroad is encouraged.

In several oil-rich countries such as the Middle East there is an understanding that there
must be a diversification of their economies and utilization of significant amounts of their
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income from the sale of oil and gas to invest in future commercial efforts. In particular,
several countries from this region are focusing on developing “knowledge economies”,
by developing higher education programs that will provide the human capacity to initiate
and support such new economic thrusts. High quality engineering graduates are a key
component in building this human capacity.

On the African continent, in spite of progress in some areas, the continent still faces
daunting challenges such as poverty traps involving high fertility, reliance on subsistence
agriculture, lack of nutrition and inadequate education. Africa is home to the only three
countries globally that have a lower Human Development Index (HDI) today than in 1970
(Zimbabwe, the Democratic Republic of Congo and Zambia) (Cilliers et al., 2011). It is
worthwhile to note that these three countries are all located in Sub-Saharan Africa. Erinne
(2015), states that the greatest challenge for Africa in the 215t century is to re-order its
economy in such a way as to create an industrial base, using the abundant natural
resources prevalent on the continent as primary inputs.

Unemployment and under employment are extraordinarily high across much of the
continent. There is still excessive dependence on primary agricultural and mineral
commodities, and low levels of industrial manufacturing activities. Rapid urbanization
and changing economic structures bring their own problems, such as social discontent
and sociopolitical disruption (Cilliers et al., 2011).

In addition, there are new and emerging problems such as those associated with Climate
Change whose impacts are envisaged to have greater effects on the continent due to its
lower economic standing on the global stage.

The potential drivers of development on the African continent are engineers. Therefore
the education and training of future engineers on the continent is critical for the economic
emancipation of Africa in the 215 Century (Erinne, 2015).

The Sub-Saharan region of Africa suffers a chronic lack of indigenous capacity in
engineering. Quantitatively, there are insufficient numbers of engineers graduating to
meet demand in some Sub-Saharan African countries. In addition, engineers are
graduating without the necessary skills and experience to be employable in the global
economy.

The inadequate capacity of the engineering profession in Sub-Saharan Africa (SSA) is a
substantive obstacle to achieving almost all development goals, from the provision of
basic sanitation to the reduction of rural poverty. However, there are a number of practical
ways that could enable the engineering workforce in Sub-Saharan African countries to
gain the skills and experience needed to facilitate development. Progress can be made in
the fields of education, policy making, strengthening of professional bodies, and in better
engaging the private sector.

The Europe 2020 strategy plan (launched in 2010) sets out a vision for smart, sustainable
and inclusive growth for Europe by 2020, based on five headline targets:

o To have at least 75% of people aged 20-64 in employment;
o To invest 3% of GDP in research and development;
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o To cut greenhouse gas emissions by at least 20%, increase the share of renewables
to 20% and improve energy efficiency by 20%;

o To reduce school drop-out rates to below 10% and increase the share of young
people with a third-level degree or diploma to at least 40% ;

o To ensure that 20 million fewer people are at risk of poverty or social exclusion.

Europe has recognized that there is an urgent need for the EE system to reform and adjust
curricula to conform to the European unification process and the European Higher
Education. This will also ensure that ecology and sustainability become an established
part of EE worldwide while the national education systems will continue to express the
cultural identity of their respective countries.

Requirements to establish a state-of-the-art engineering education will enable future
graduate engineers to address and tackle the challenges of the future. A realization that
the most important educational goal for any engineer must be to use knowledge gained to
develop the expertise needed for future tasks.

The United States National Academy of Engineering (NAE) has identified the following
challenges currently faced by the engineering profession:

o Moral and ethical challenges of making developmental (social & economic
etc) benefits available to those in the developing world;

EE not keeping up with the technological changes;

Ethics;

Safety; and

Inability to predict the future.

This list represents a response to a recognition that some of the current challenges will
continue to be so in the 21%t century.

Engineering education in the North American context has been at the forefront of working
with industry and governmental organizations to create solutions for many of the
engineering challenges that the continent experiences. However, EE continues to struggle
to keep up with innovation and technological changes.

In Russia, in a survey of specialist training (Ogorodova et al., 2012), 83% of experts
approached, stated that the state of engineering in Russia was unsatisfactory mainly due
to a weak research base. As a solution, Russia has developed and adopted national
engineering standards, designed an internally recognized engineering accreditation
system, created scientific research institutes and adopted laws specifically targeting the
engineering profession to mention but a few.

Historically, South American engineers have faced challenges similar to those faced by
other developing regions including problems of diseases, safety and nature. Current
challenges are mostly due to population growth and also the growth of technology around
the world.

The South American response to these challenges has included:

o Increasing the number of institutions of higher education in the region;
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o Restructuring engineering courses to produce engineers who are recognized
regionally and internationally;

. Enhancing the practice of engineering, making engineering information available
and facilitating communication of best practice in the profession;

o Increasing the number of students studying engineering by enhancing project work;
and

o Developing policies to improve water supply and sanitation in the region.

South America foresees the current challenges still being there in their future, therefore
the region is currently working on future challenges and sustainable solutions through
new technologies, techniques and research and teaching to mention but a few.

Engineering Education in Sub-Saharan Africa (SSA)

Provision of technological solutions to challenges faced by humanity in Africa goes back
to the beginning of human civilization with the development and use of stone and bone
tools and implements based on archeological evidence. The first two universities in the
world were established in Africa viz. the Université Al Quaraouiyine in Morocco
(founded in 859 AD) (Al Quaraouiyine University, 2015) and the Al-Azhar University in
Egypt (founded in about 975 AD) (Muslim Heritage, 2015). These universities started as
religious universities but introduced the teaching of Islamic science as well
(Collegestats.org, 2015). Western type universities were introduced after the arrival of
missionaries and colonialists after 1800. Some of the oldest “western” type universities
include Stellenbosch Gymnasium now Stellenbosch University which was founded in
1866 (Stellenbosch University, 2015), Gordon Memorial College now University of
Khartoum founded in 1902, Egyptian University now Cairo University founded in 1908
(Cairo University, 2015), Algiers University founded in 1909 (Algiers University, 2015)
and the Uganda Technical College now Makerere University founded in 1922 (Juma,
2015).

The Stellenbosch University established its Engineering School in 1944 while Cairo
University established its School of Engineering in 1834 to train technicians for civil and
military projects. The development of universities in North and South Africa happened a
lot earlier and was somewhat different from that of SSA, therefore the rest of this
discussion is going to focus on EE in SSA without South Africa.

Most of the early EE programs in SSA were established in the 1950’s and 1960’s. These
early programs were started as affiliates of similar European programs such as those
offered by the University of London. The curricula in most cases was imported and was
intended to satisfy the skills needs of the new colonies as seen from the eyes of the
colonial agencies. With the coming of independence the priorities changed somewhat as
the new empowered indigenous leaders sort to establish viable governing systems. The
focus immediately after independence in most cases was the training of government
functionaries and managers for these newly freed countries (Juma, 2015). As a result
higher EE suffered neglect due to insufficient investment in equipment and facilities. In
the 1970’s and into the 1990’s EE suffered even more due to among other things:

o Austerity measures imposed on many countries by international financial
institutions such as the International Monetary Fund (IMF);
o Shift of funding priority to primary education;
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o Political instability;

o Brain drain as many senior faculty members left their home countries and moved
to Europe and America;

o Brain drain as many young and upcoming academics left for graduate studies in the
west and did not come back;

o Exploding populations of young people needing to be trained; and

o Exploding number of publically funded universities and introduction of new
programs.

All these factors and more led to the chronic lack of indigenous capacity in engineering
in Sub-Saharan Africa that is still experienced in many countries (Royal Academy of
Engineers, 2012). This lack is evidenced in a number of ways including:

o Insufficient number of graduating engineers to meet local demand;

o Students graduating without the necessary skills and attitudes;

Grossly under-equipped training laboratories;

Underfunded and understaffed engineering schools;

Minimal research output;

Weak graduate programs;

Large undergraduate student numbers that in many cases far outweigh the available
resources; and

. Weak university-industry partnerships.

Engineering Education in Zambia

It is acknowledged world-over that an engineering school is a primary center of
excellence for research and training aimed at offering practical and workable answers to
the challenges mankind faces. Therefore, the EE ata university occupies a critical position
in any nation (The Zambian Economist, 2015). The first Zambian Republican President,
Dr. Kenneth David Kaunda, is quoted (The Zambian Economist, 2015) in his inaugural
speech as Chancellor of the University of Zambia (UNZA) in 1966 saying that, ‘a
University is one of the keys that can open the door to the future of our nation and help
us to overcome the persisting evils of poverty, ignorance and diseases without such an
institution we cannot hope to become the nation we want to be.’

In 2006, Dr. Kenneth David Kaunda’s view was echoed in a similar fashion by Gabonese
President Omar Bongo at the Association for the Development of Education in Africa
Conference held in Gabon, in which he stated that, ‘effective learning institutions were
powerful weapons against most of Africa’s challenges including poverty, ignorance,
diseases and illiteracy.’

Clearly, the above view is perceived as the main drive before UNZA was brought into
legal existence in November 1965 (University of Zambia, 2015). The university began
with three Schools: Education, Humanities and Social Sciences, and Natural Sciences -
but quickly realized the need to develop the School of Engineering (SoE) in 1969. Thus,
the SoE at UNZA became the first engineering school to be established in the country and
is still to date the largest in Zambia.
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Since its establishment, the need for engineering graduates in the country has been on the
rise. This is evidenced by surveys (University of Zambia, 2015) conducted by Hamukoma
(2011) projecting shortfalls of engineers in the country as shown in Figure 1.
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Figure 1. Demand for skills 2012 to 2016, excluding increase in demand from new mines
(Hamukoma, 2011).

Currently, these short falls continue to increase due to migration of young professionals
out of the country and the increased demands from industry for specialized skills.
Therefore, the national importance of EE cannot be over-emphasized.

The UNZA - SoE started with programs including:

Mechanical Engineering taking up 30% of the total engineering students.
Electrical and Electronic Engineering with 28%.

Civil Engineering with 22%.

Agricultural Engineering with10%.

Surveying taking up 5%.

Mining Engineering 5%

I e

Zambia’s industrial base has for a long time depended on copper mining. Therefore,
engineering schools attracted a lot of mining and mineral processing engineers, including
chemical engineers at the time. Therefore, in 1973, University of Zambia established
School of Mines to offer Mining, Metallurgy and Mineral Processing Engineering.
Furthermore, this saw the initiation of the Chemical Engineering program by year 2000
at the Copperbelt University.

Later, the SoE also introduced post-graduate programs to include (University of Zambia,
2015):

1.  Master of Engineering in Power Electrical Engineering (Taught or by Research)
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11.

Master of Engineering in Agricultural Engineering (Taught).

Master of Engineering in Environmental Engineering (by Research)

Master of Engineering in Geodesy and Surveying (by Research)

Master of Engineering in Geographic Information System and Remote Sensing (by
Research)

Master of Engineering in Production Engineering and Management (Taught or by
Research)

Master of Engineering in Renewable Energy Engineering (Taught)

Master of Engineering in Structural Engineering (Taught or by Research)

Master of Engineering in Thermo Fluids Engineering (Taught or by Research)
Master of Engineering in Water Resources Management and Water Resources
Engineering (by research)

Doctor of Philosophy

The School of Technology (SOT) at the Copperbelt University (CBU) was the second
largest engineering school to be established in 1989 from the then Zambia Institute of
Technology (ZIT). The school started offering the following B. Engineering programs in
1996 which include:

o krwbdPE

Electrical/Electronic Engineering
Chemical Engineering

Computer Science

Mining Engineering

Metallurgy and Mineral Engineering

Civil Engineering programs were offered in the School of Built Environment (SBE). In
2010, SOT was split into the School of Engineering and the School of Mines and Mineral
Sciences (SMMS). The programs that are currently offered by these two schools include:

Diploma Programs
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Diploma in Telecommunications
Diploma Electrical Engineering
Diploma in Civil Engineering Technology
Diploma in Environmental Technology
Diploma in Chemical Technology
Diploma in Mine Ventilation

Diploma in Mining Engineering
Diploma in Mine Survey

Diploma in Metallurgy

Diploma in Small Scale Mining
Diploma in Geomatics Engineering

Undergraduate Programs

12.

Aeronautical Engineering (Hons)
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Civil Engineering with Construction Management (Hons)
Civil Engineering (Hons)

Mechanical Engineering (Hons)

Mechatronics Engineering (Hons)

Telecommunication & Electronics Engineering (Hons)
Electrical/Electronics (Power)

Electrical/Mechanical Engineering

Environment Engineering

Chemical Engineering

Mining Engineering

Metallurgical & Mineral Processing Engineering
Mining & Exploration Geology

Geomatics Engineering

Postgraduate Degree Programs

26.

27.
28.

Integrated Masters of Engineering Degree with Honours — in one of the eight (8)
pathways, namely M. Eng. (Hons) in:

a)  Aeronautical engineering

b)  Automotive Engineering

c)  Mechanical Engineering

d)  Mechatronics Engineering

e)  Electrical/Electronic Engineering

f)  Communication, Network & Signal Processing Engineering

g) International Construction Management & Engineering

h)  Masters of Science Degree

Masters of Philosophy Degrees
Doctor of Philosophy Degrees

The Schools of Engineering at the UNZA and CBU produce the majority of engineering
graduates employed in Zambia, and therefore this paper review will focus on EE as it is
provided at the aforementioned institutions of higher learning. On the websites of these
schools the purposes/visions are stated as:

UNZA — “The purpose of the School of Engineering is embedded in the purposes of the
University of Zambia, which are to:

Fulfill the historical purpose of a university through the pursuit of teaching, research
and scholarship;

Advance national development through the application of learning and research;
Promote learning by offering opportunities for advanced education to all suitably
qualified persons without distinction of race, gender or political affiliation; and
Enhance Zambia’s potential to promote the goals of the wider African and
international communities.” (University of Zambia, 2015).
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CBU — “The mission of the School of Engineering is to advance knowledge and educate
students in science and technology that will best serve Zambia and the world in the
21%century. We are committed to supporting talented Zambians and international
students, and to developing partnerships with industry, funding bodies and government
agencies, in order to create an exemplary environment where discovery, scholarship,
innovation, commercial exploitation and public engagement thrive” (Copperbelt
University, 2015).

According to a report (Zambia Development Agency, 2014), it is evident that very little
has changed in the engineering industry since the inception of the first engineering school.
The minerals extracted, mining being the major manufacturing factor, are still exported
as raw materials with very little value addition being made in terms of processing into
intermediate and finished engineering products. Engineering products such as mining and
construction equipment are imported for various industries as opposed to local
manufacture from local raw materials. Most foreign investors would prefer to bring in
their own state-of-the-art equipment and facilities and this suppresses the young
engineer’s innovation and creativity in providing engineering solutions. Instead, most
engineers are pushed to the “maintenance inclination” rather than the “design
perspective”.

In addition, the other reasons why Zambian engineering graduates end up being
maintenance engineers could be because:

1.  Design and analysis training is weak; and

2. There appears to be an over concentration on just the technical aspects and very
little on other factors such as innovation and entrepreneurial elements that are
important for developing new and creative ways for value addition.

According to UNESCO, 1997, the challenges outlined in the report which relate to the
case of Zambia were:

1.  Decline in resources (funding)
2. Increasing student numbers without corresponding increase in resources, for
example:
- Library resources;
- Laboratory facilities;
- Lecture space;
- Places for industrial attachment.

3. Credibility of engineering education programs:
- Acceptability of graduates by employers’ associations
- Acceptability of graduates by regional/international institutions to undertake
postgraduate studies
- Acceptability for professional licensing of graduates with
regional/international engineering professional associations
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4.  Absence of legal instrument to carry out/enforce the accreditation of engineering
education programs.
- Engineering professional institutions
- Industry
- Society
- Academic staff from faculties of engineering

5. Lack of recognition of engineering education programs by third country
professional bodies;

6.  Too few lecturers registered as professional engineers;

7. Inadequate quality assurance because of prohibitive cost of bringing external
examiners from universities outside Africa;

8.  Examination procedures are not sufficiently complied with;

9.  Lack of formal mechanism for transfer of credits between institutions in the
region;

10. Absence of Peer mentoring of undergraduate students by senior students;

11. Inability of universities to attract and retain staff ;

12. Inadequate industrial input for curriculum review or changes to programs;

13. Inadequate funds to sustain or conduct industrial training;

14. Inadequate cooperation between industry and university on student attachment;

15.  Curriculum reviews not done regularly;

16. Inadequate laboratory/practical training facilities;

17. Poor and inappropriate student projects; and

18. Inadequate or lack of managerial programs in entrepreneurship and economics.

UNESCO (1997) also reported that many African Engineering Schools (Zambia
inclusive) have for a long-time operated with methodologies and facilities developed in
foreign countries and these EE strategies often times are not compatible with the local
environment. Zambia could adopt some workable strategies to respond to its current and
possibly future EE challenges. It is further encouraged that while most of the adopted
successful industrialized strategies would provide guidance, there is need to formulate
mechanisms for transforming EE in Zambia to align with the current scenario.

If Zambia were to develop their own EE model for the region devised through
collaborative and creative efforts with potential end users, then training based on this
model would ensure that graduates are employable both in the local and regional labour
markets. In addition, the graduates would be relevant to both the urban and rural areas;
providing intellectual solutions to problems. The concept would result in both national
and personal development well-adjusted to conform to the realism of the Zambian
environment and society. Therefore, the Zambian context needs to reflect a balance of the
local, regional and global current trends in EE. Also while engineering schools copied a
training model from Europe many decades ago, many other models have since come into
the market that may best meet the Zambian needs.
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On the other hand, EE in Zambia cannot turn a blind eye to the on-going technological
advancements. Therefore, the involvement of the generation of people born during the
1980s and early 1990s is quite critical to developing meaningful strategies for the future.
This forward looking and dynamic model of EE could be encouraged through youth
participation to exploit their high mental potential and freedom. Graduates from this type
of approach to EE would therefore successfully compete at international levels and
exhibiting an innovative capability to generate and evaluate new ideas and make well-
informed decisions to adapt to prevailing and future situations. Considering that Zambian
engineering graduates need skills that can be applied globally for instance, working for
multinational companies operating in Zambia, there is need to benchmark against EE
globally and regionally. This will require EE educators to have an effective interaction
with engineers from other parts of the world.

Conclusions

The paper reviewed the current global and regional challenges and emphasized the need
to prepare an engineering workforce relevant to the 215t century for Zambia. To ensure an
informed approach to building strategies for EE for the 215t century current trends in
engineering in recent years should be considered. Finally, the paper provided some future
directions or opportunities that EE in Zambia should contemplate exploring in educating
the 215t century engineer. This requires a study to obtain an overall insight of the
effectiveness and perception of EE in Zambia. This is important because Engineering
education is crucial as it enables future engineers to fully assume that leading role in
serving as engines of innovation whose developments will benefit the people of Zambia.
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ABSTRACT

Many African countries have not achieved developed country status and remain in the
process of doing so. They are typically characterised by low national income as well as low
Human Development Index values. In order for Africa to achieve sustainable
industrialisation it must leverage its human capital in meeting this objective.
Industrialisation remains one of the important processes through which African countries
can achieve economic growth with alleviation of poverty. Governments in partnership with
the private sector, as leading drivers of industrialisation, must use the available human
capital to achieve economic growth that is largely irreversible and thus achieve sustainable
industrialisation. Industrial policy formulation must match the aspirations of sustainable
economic growth. Engineers as part of a nations’ human capital are well placed to
contribute to sustainable industrialisation through application of their skills and
development of innovative solutions to Africa’s unique challenges.

Keywords: Sustainable Industrialisation, Human Capital, Africa, spill-over effect,
Innovation

INTRODUCTION

Much of African economies are currently not highly industrialised and still remain in the
process of moving to the state of industrialised economies, or otherwise known as the process
of moving from an undeveloped to a developed state. This is also seen as moving from low
to high income nation status. Although various criteria are used to define the divide between
undeveloped and developed states the more common are Gross Domestic Product (GDP),
Gross National Product (GNP), per-capita income and the Human Development Index
(HDI). These are indicators of the level of economic growth attained and the level of
development. All these to some extent give a measure of the living standards prevailing for
the general population in a country. African countries still score low on all four and this is a
reflection, not only of the nature of economic output of these countries but also, of the mostly
poor living conditions that prevail for many of its peoples. The journey for Africa seems
long and hard beset with many instances of taking some steps forward and then followed by
some steps backwards. Africa needs to find ways and means of sustaining its economic
activities geared towards achieving industrialised nation status and this calls for some astute
thinking and strong will from all key players involved in driving this process. The
achievement of sustainable industrialisation depends on many variables. This paper
specifically addresses the role that engineers, as part of a nations’ human capital, can play in
ensuring that sustainable industrialisation is achieved. In this paper sustainable
industrialisation and sustainable economic growth are seen in the same light as one leads to
the other.
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HUMAN CAPITAL

Human capital can be defined as a populations’ knowledge, skills, abilities, and
competencies. Human capital is acquired through education, many other learning avenues
as well as through experience. It is recognised as being an important factor for achievement
of economic growth as supported by authors such as Pelinescu (2014) and Ziderman (1997).
Although the literature suggests an on-going debate on both the extent and nature in which
human capital contributes to economic growth there remains a consensus that it is a
necessary factor for economic growth. While there are many factors leading to sustainable
industrialisation, EI-Sharkawy (2009) proposes ten, which are highlighted in Fig.1. Human
capital, presented by the author as ‘qualified labour force’, is certainly one of the important
factors. Human Capital can also enhance some of the other factors shown; for instance in a
study that looked at various human capital indices Salike (2016) found that human capital
has the potential to attract foreign direct investment (foreign capital) and hence enhance
economic growth. Although the human capital of a nation cuts across many disciplines,
engineers form a part of this resource and have a significant contribution to make as some
of the other factors rely on the services of or input from engineers. A look at Fig.1 shows
that some of the other areas identified require the input of an engineer either directly or
indirectly. Engineers are technically skilled individuals who apply scientific, mathematical
and other principles in meeting the needs of society through provision of services, products
and infrastructure. The skills that engineers have constitute a form of capital wherein these
skills can be harnessed for transfer to other individuals and for developing appropriate
innovations that could contribute significantly to economic growth of a nation.
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Qualified Centres Industrial Infrastructure
Labour Products Development
Force
More Enhanced
Natural Health
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Capital Businesses
Political Industrial Cog%%fgélon
Sy Development ol

Fig.1 Factors leading to Industrial growth and development

WHAT INDUSTRIALISATION IS

Industrialisation involves transformation of a human group from an agrarian society into an
industrial one characterised by extensive activity in the manufacturing sector. As
industrialisation takes place this should lead to increased wealth as well as increased markets
for consumer goods and services. These then provide further opportunity to industrial

65



investment and economic growth.

Countries that have achieved developed nation status have all gone through the process of
industrialisation to get where they are. The direct and indirect benefits have been increased
GDP with high HDI leading to low poverty levels. Other benefits have included improved
employment opportunities and high labour productivity. It is therefore apparent that Africa
needs to accelerate the process of industrialisation so that it too can reach this state. This
should be the long term goal of African countries so that its peoples can be uplifted from
poverty and living conditions can be improved to an extent where the quality of life is of a
high standard with services that function efficiently at all levels.

WHY SUSTAINABLE INDUSTRIALISATION IS IMPORTANT

Unless Africa embarks on a sustainable path to industrialise the problems of mass
unemployment, poor standards of living and poverty will persist. The nature of
industrialisation embarked on must be sustainable and not what Ogbimi (2007) describes as
‘trivial growth’. In differentiating between ‘trivial growth’ and ‘true growth’ Ogbimi (2007)
describes true growth as one that increases national and individual competencies so that
growth is sustainable and largely irreversible whereas ‘trivial growth’ seeks only to grow
GDP, foreign reserves and capital investments but does not grow the competencies
mentioned above and ultimately proves to be unsustainable and reversible. Author Pritchet
(2000) noted that many sub-Saharan nations failed to achieve true growth in the period from
1960 to 1992. A study by Melamid, et al (2011) looked at 24 growth episodes from the
1980s, 1990s and 2000s. The study showed that in 18 out of the 24 episodes that had
achieved economic growth poverty was reduced. Although the authors acknowledge the
complex relationship between economic growth, employment and poverty it is clear from
the results that economic growth is an important factor in alleviating poverty.

This paints a bleak picture and although many African countries have grown at phenomenal
rates in the past few years the worry that most of this growth is trivial growth is a genuine
one to have as these gains could easily be wiped out by shocks that may hit these countries.
Africa can ill afford to remain in this predicament. With low levels of industrialisation, low
skills base and heavy dependence on few commaodities nations leave themselves vulnerable
to shocks that could send them spiralling back to mass unemployment and poverty, usually
with little or no social safety nets.

In some countries growth has taken place at rates which the infrastructure could not cope
with eventually leading to economic stagnation due to the burden placed on the
infrastructure. Energy, transport, and communication infrastructure are some examples.
When industry has to scale back or shut-down due to inadequate infrastructure this
undermines economic activity potentially leading to slowdown in economic activity as well
as job losses. All this in addition to discouraging any further investments.

Sustainable industrialisation, where appropriate industrial policy is developed with scenario
planning applied prudently, is a vital necessity for African nations. Only by identifying
inherent strengths and building on these can this objective be achieved. According to Ogbimi
(2007) building up individual and national competence, in essence human capital, is the most
important step to getting poor nations to achieve sustainable growth. The notion of human
capital being a major contributor to economic growth is supported by Hanushek & Kimko
(2000) who stated from the findings of their study that economic growth is closely related to
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the cognitive skills of a population. The quality of the human capital was shown to be very
significantly related to economic growth. The aggregate skills of a country therefore form
its knowledge or human capital. When one looks at the factors of production from an
economics point of view the physical capital is a form of wasting asset whereas human
capital is a non-wasting asset that can be harnessed for increasing returns through skills and
knowledge that increase productivity. Authors Ziderman et al. (1997) notes that investment
in human capital is no longer seen as a benefit stemming from economic growth but rather
an investment that makes sustained economic growth possible.

THE ROLE OF GOVERNMENTS AND THE PRIVATE SECTOR

To be sustainable, industrialisation must be driven in a very systematic manner. The
government of a nation as custodian of the development agenda normally leads the planning
function and policy formulation whereas the private sector carries out the economic activities
and provides some capital outlays to finance some of these activities. Therefore the
Government and the private sector are some of the leading drivers for industrialisation to
take place. Their roles are discussed below.

In understanding the roles that these two sectors play it is important that one notes the
different, sometimes seemingly opposing, motivating factors that could drive the two.
Governments are largely driven by a social agenda that involves uplifting mass populations
from poverty to some decent living standard which involves large capital expenditures on
infrastructure and services. This may entail subsidising some expenses to make the
expenditure burden of households lighter. The private sector on the other hand is driven by
maximising returns to shareholders, which means it is profit driven otherwise known as the
‘bottom line’, which is revenue after expenses have been taken off. Because the private
sector needs to make profits it will naturally hold back on expenses or look at ways of
reducing them.

Both parties may call on the engineer to innovate for what could be seen as different reasons.
The Government may call for innovative solutions that make use of indigenous resources,
where they present a competitive advantage, to alleviate social problems and maximise the
‘reach’ of the limited revenue that Government may collect mostly from the private sector.
The private sector on the other hand may require engineers to innovate solutions for them
that lead to lower expenses on the part of the organisation. In order for the situation to be a
win-win or sustainable the private sector must be allowed an environment where innovation,
while leading to reduced expenses, leads to higher productivity and hence higher income for
the Government and the nation. This then means that economic activity is enhance while the
‘reach’ of the Government is also extended with subsequent benefit to the population. A
climate for private sector growth leads to enhanced industrialisation and the process repeats
itself with subsequent enhanced economic growth. To sustain this growth the Government
as custodian must have an industrialisation plan, with supporting policies, that contains a
component of scenario planning as part of this so that all possible outcomes are anticipated
with appropriate mitigation measures developed to safeguard economic gains. Should any
particular shock hit, there must be plans on how labour can be shifted to other sectors as a
‘safety net’. Those sectors not affected by the shocks can be enhanced to absorb labour from
the affected sector. Investment levels in infrastructure and any other appropriate areas must
be planned for. Also, importantly the population must be educated and skilled so that the
human capital of the nation rises with its fortunes and enhances the ability to turn plans into
reality. Having skills and not harnessing them in a systematic and planned manner will
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simply lead to the same old pattern of unsustainable activities which may see gains in limited
areas for a limited time but ultimately the gains may be lost.

THE ROLE OF ENGINEERS

Engineers, as part of a nation’s human capital, have a vital role to play in achieving
sustainable industrialisation. Some commentators have argued that due to the capital
intensive nature of industrialisation activities and associated infrastructure, and because the
activities must be carried out through harnessing many other diverse skilled individuals,
engineers are constrained by these shortcomings from making a difference to the wider
economic fortunes of a nation. This suggests that engineers cannot be proactive but simply
reactive to external investment decisions around them made by others with capital. However,
despite this challenge engineers must take a more optimistic approach and identify the areas
in which their intellectual capital can make meaningful impact and become agents for
sustainable economic development in any way large or small.

Current engineers have an opportunity to contribute to economic growth through knowledge
transfers in various workplace and other settings as well as development of innovative and
appropriate technology that enhances productivity and is economically practical. The
attitude that engineers must approach this with is highlighted below.

Authors Blundell, et al (1999) in studying the returns on human capital investment
differentiate between individual returns and social returns. The former refers to direct
benefits derived by the individual, such as increased workplace benefits, and the latter refers
to the “spill-over’ effect onto the wider economy that an individual’s human capital can have.
Engineers must therefore not simply look at the personal gains from acquiring the skills they
possess but how they can apply these skills to ensure the “spill-over’ effect takes place and
leads to the enhancement of economic growth. This is the key to maximising and leveraging
the human capacity presented by engineers. The ‘spill-over’ effect can be applied by:

- Improving on productivity

- Growing other human capital through knowledge and skills transfer

- Input to policy formulation

- Technology assimilation and adaptation to local conditions where required

- Carrying out research that can lead to commercialisation of the outputs

This is in fact a crucial focus that all skilled individuals must have. Sustainable growth will
involve increasing the human capital of a nation by each skilled individual playing their part
in improving their productivity as well as allowing their skills to benefit and transfer to others
around them. The focus is to develop oneself and then use that state of personal development
to effect change around ones environment. The focus for the individual must not simply be
to do ‘just enough’ to make it past the performance appraisal but a self-motivated approach
to the “spill-over’ effect seeking out the five avenues outlined above and even more ways to
contribute to the economic growth aspirations.
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Fig.2 The benefit choice in applying ones skill set

Because engineering is a career motivated by improving the lives of societies and guided by
ethics, engineers must stand ready to play their part in driving the necessary activities
required for sustainable industrialisation through innovative application of their skills in a
challenging environment.

NEED FOR INNOVATION

Innovation is a product of a skilled population. Innovation can either generate new
technology or indeed take current technology and practise, and improve upon it. Therefore
Africa needs to not only be an end user of technology but a source and innovator of
technology. This ensures that when foreign investors are long gone the skills to carry out the
activities that had been undertaken and also to diversify to other activities are retained in the
nation. Innovation can ensure that economic activities are carried on even in the face of
shocks. This therefore means that Africa must find ways to develop economically viable
home-grown or at least home-nurtured technology. Technology that is leveraged in such a
way that the nation has sufficient skills to drive the process at all levels from business
managers to artisans. Innovations developed must not simply be isolated efforts, benefiting
a privileged few, but part of a broader effort in achieving sustainable industrialisation with
benefits for all. Engineers in applying themselves must constantly look to ways of using
appropriate methods and materials.

Through research and client driven initiatives engineers are called upon on a daily basis to
innovate solutions. This could be anything from labour intensive techniques to absorb
employees in employment generation activities to green buildings that save on the carbon
footprint.

SOME PROJECT HIGHLIGHTS

Skills diversification for a workforce:

One of the activities the author had to undertake was to design chambers for a water supply

pipeline for a Municipal client in KwaZulu Natal, South Africa. Because the municipality
wanted to maximise the productive time of their workforce, used mainly for pipe laying at

69



the time, they requested for simple masonry chambers that could be built by unskilled
personnel, requiring only basic training and a full time skilled supervisor, with minimal
requirement for formwork and reinforcement fixing. They did not know beforehand the
invert levels of all the chambers, so they requested for a generic detail showing plans for
different chamber depths. The challenge was to come up with something simple to construct
yet flexible to accommodate different depths. The author came up with a scheme where the
chamber bases would be cast in reinforced concrete but employing the use of standard mesh,
cut and bent by the supplier to suit each particular chamber prior to sending to site, thus
eliminating the need for steel fixing on site. This was detailed and presented on a bending
schedule. The walls for the deep chambers were designed to be concrete infill masonry walls
with mesh reinforcement in the centre of the infill portion. For the shallower depths masonry
walls of 330 and 230mm thickness were specified depending on the effective wall span. The
cover slabs were to be reinforced concrete covers and cast on the ground as the final
operation before covering the chambers. The details for the different depths and associated
wall types were presented in graphical and tabular format on drawings. This option was used
in-lieu of reinforced concrete chambers; both conventional and the quicker precast rings
options available on the market which would have required skilled labour to build and install.
The Municipality wanted to fulfil the objective of keeping its labour force productive while
at the same time providing them with a new skill set that they could build on should there be
a need for a labour shift through downsizing or retrenchment.
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EXAMPLES OF CONTRIBUTIONS
SOUTHERN AFRICA:

BY ENGINEERS & SCIENTISTS IN

South Africa’s Dams:

Author Vuuren (2012) highlights how from the 1930s South Africa undertook a major spend
on constructing dams and canals. The construction activity was used to enhance economic
growth through mass employment due to the amount of labour that was required to build
these dams and associated hydraulic structures. The irrigation schemes supplied by the
canals provided much needed water inland to farms for enhanced agricultural production.
The impounded water was also to meet the needs of industry and urban populations. One
engineer who made notable contribution during this time was Alfred Dale Lewis who served
as Director of Irrigation from 1921 to 1941.
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Clean Coal Technology:

South Africa is currently building and has further proposed coal fired power stations to run
on what is considered low grade coal that is largely unsuitable for export. This coal will be
used in dry cooled power stations that require less process water for cooling. The use of
fabric filters, low NOx burners and flue gas desulphurisation will result in release of reduced
amounts of pollutants into the air leading to enhanced environmental performance Zachary
(2010). This breaks away from the approach used with the older wet cooled coal fired power
stations. In addition clean coal technologies for Coal beneficiation and underground coal
gasification processes are now being extensively developed or employed in South Africa,
Jeffrey et al (2014).

Durability and Improved Building Life:

A lot of research is on-going and has produced many useful design and material guidelines
on the durability of concrete structures in different environments. The development of
durability indices by the effort of research groups such as at the University of Cape Town,
Beushausen & Alexander (2008), coupled with improvements in blended cements have
made it possible to batch dense concretes with good water and gas penetration resistance.
This dense concrete is also critical for the acceptable performance of liquid retaining
structures. Other properties such as prevention of aggregate-alkali reaction are added
benefits.

Solar Technology:

Researchers have developed and are ready to move into the commercialisation stage for
innovative products that harness the suns energy for electricity generation. These are thin-
film solar technology (engineeringnews.co.za, n.d.) and concentrating solar power (Helio
100, n.d.).

Software Development:

Educational software for portable devices is being developed particularly for learners who
do not have access to teachers or classrooms or printed material for their lessons or who
simply need additional aids for learning. This is all based on appropriate local curriculum
content that will benefit the learners. One such product is mathemagics (mathemagicsa.co.za,
n.d.).

Trai