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Preamble

The World Federation of Engineering Organizations - WFEO was founded
in 1968 under the auspices of the United Nations Educational, Scientific
and Cultural Organization - UNESCO.

As a non-governmental international institution WFEQ brings together
national engineering institutions from over 90 nations, representing
approximately eight million engineers from around the world. WFEO
co-operates with national and other international professional institutions
in developing and applying engineering to the benefit of humanity. One
means of accomplishing tﬁis goal is the formulating of advice and collation
of experience, prepared independently of any commercial bias, which
would be of assistance to others, such as governments and international
agencies.

The United Nations Educational, Scientific and Cultural Organization
founded in 1945, is an idea generator and a standard-setter in the fields of
education, science, culture and communication. UNESCO has one hundred
and ninety Member States and six Associate Members. UNESCO is actively
pursuing the Millennium Development Goals, especially those aiming to:

* halve between 1990 and 2015 the proportion of people living in
extreme poverty;
achieve universal primary education in all nations by 2015;

* eliminate gender disparity in primary and secondary education by
2005; and

» half by 2015 the proportion of people without sustainable access to
safe drinking water and basic sanitation.

WFEO as well as UNESCO are of the view that given the strong relation
between, on the one hand, creation of a critical mass of educated and
skilled engineering and science graduates and, on the other, economic and
social development, stronger efforts should be made to develop and build
these capacities in developing nations. However they are also of the view
that the decline in recognition of the role of engineering in many developed
nations necessitates that a similar approach should be followed in all
nations.

At the World Summit for Sustainable Development in Johannesburg in
2002, WFEO hosted an event at which challenges around capacity building
were discussed. At this event, the Africa Engineers Protocol concept

of sustainable engineering as a prerequisite for sustainability, and the
elements that are the foundation of sustainability, were introduced to
WFEO. Subsequently, at the WFEQ General Assembly in Tunis in 2003, and
with the support of UNESCO, WFEO created a Standing Committee on
Engineering Capacity Building - CECB*.

The Committee on Engineering Capacity Building first met in Washington
DC in 2004 and over the next few years proceeded to develop an
understanding of the challenges and complexities that faced the
engineering community regarding capacity and sustainability issues. At
the CECB meeting in New Delhi in 2007, it was concluded that the time had
come to deliver concrete results and contribute positively to the needs that

1 Initially known as the "Committee on Capacity Building”. “Engineering” was
added in 2009.



had become evident. At that meeting the idea to identify, assemble, share
and if feasible promote the production of material that could facilitate and
assist with capacity building was first mooted.

The CECB also recognized the integration of effort that is required to
undertake successful capacity building. In December 2008, the CECB met
in Brasilia and began work on the framework for a “guidebook for capacity
building in the engineering environment” and an associated compendium
of programmes and initiatives.

This guidebook has subsequently been produced by a team assembled by
the CECB. The first edition will be launched at the WFEO World Engineers’
Week in Argentina in October 2010.

The principles and ideas proposed in the guidebook are not position papers
or policies of neither WFEO nor UNESCO, but represent a collection

of philosophies, programmes, initiatives and good practice examples
collated from the experiences of a range of engineering institutions and
engineering professionals.

The guidebook sets out suggested approaches to the building of human
resources and capability, an essential component of achieving national
development objectives and the millennium development goals.

It is envisaged that the guidebook will be utilised as a source of reference
to assist the creation of common understanding, the improvement of
decision making, the promction of integrated and multidisciplinary modes
of development, and the improved planning and implementation of
development programmes and initiatives.

UNESCO and WFEO gratefully acknowledge the contributions of a small
team of engineering professionals, their colleagues, contributors and
reviewers who gave generously of their time, expertise and experience.
They also acknowledge the cooperation of the professional institutions
that made the services of these individuals available.
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Executive summary
Background

The World Federation of Engineering Organizations (WFEQ) was founded in 1968 under the auspices

of the United Nations Educational, Scientific and Cultural Organization (UNESCO), the agency of

the United Nations Organisation that is the generator of ideas and setter of standards in the fields of
education, science, culture and communication. WFEOQ, a non-governmental international institution,
brings together national engineering institutions from over 90 nations, representing 8 million engineers
from around the world. WFEQO co-operates with national and other international professional
institutions in developing and applying engineering to the benefit of humanity. One means of
accomplishing this goal is the formulating of advice and collation of experience, prepared independently
of any commercial bias, which would be of assistance to many entities and individuals, including
governments and international agencies.

Collaboration with UNESCO on capacity building has been ongoing for quite a while and a number of
initiatives have been aimed at integrating effort and aligning philosophy.

Both UNESCO and WFEO are of the view that given the strong relation between, on the one hand,
creation of a critical mass of educated and skilled engineering and science graduates and, on the other
hand, economic and social development, stronger efforts should be made to develop and build both
engineering and science capacity, as well as informed decision-making capacity in developing nations.
However they are also of the view that the decline in recognition of the role of engineering in many
developed nations necessitates that a similar approach should be followed in all naticons.

At the World Summit for Sustainable Development in Johannesburg in 2002, WFEO hosted an event at
which challenges around capacity building were discussed. At this event, the Africa Engineers Protocol
concept of sustainable engineering as a prerequisite for sustainability, and the elements that constitute
the foundation of sustainability, were introduced to WFEO. At the WFEO General Assembly in Tunis in
2003, and with the support of UNESCO, WFEOQ created a Standing Committee on Engineering Capacity
Building (CECB) facilitated by the American Society of Civil Engineers?.

Since that time, the CECB’s understanding of the challenges and complexities that face the engineering
community regarding capacity and sustainability issues has grown substantially. The CECB recognizes
the need to identify, assemble, share and where appropriate, possible and feasible promaote the
production of material that could facilitate and assist with capacity building. In addition the CECB
recognizes the integration of effort that is required to undertake successful capacity building. It was
decided that the most suitable way to do this would be through the producticn of a “"Guidebock for
capacity building in the engineering environment” and an associated compendium of programmes and
initiatives.

The first edition of this guidebook was developed to be launched at the WFEO World Engineers’ Week in
Buenos Aires, Argentina in October 2010.

Introduction

The guidebook sets out suggested approaches to the building of human resources and capability
within nations that will assist the sustainable achievement of national development objectives and the
millennium development goals. This capability would not only be in respect of engineering — although
the guidebook’s emphasis is on engineering.

The principles and ideas proposed in the guidebook are not position papers or policies of either UNESCO

or WFEQ, but represent a collection of philosophies, programmes, initiatives and good practices
collated from the experiences of a number of engineering institutions and engineering professionals.

Initially known as the "Committee on Capacity Building”. The word “Engineering” was added in 2009



It is envisaged that the guidebook will be utilized as a source of reference to assist the creation of
common understanding, enhancing informed decision making, the promotion of integrated and
multidisciplinary modes of development, and improved planning and implementation of development
programmes and initiatives related to engineering infrastructure and services.

The nature and role of capacity building
A generic definition of capacity building is:

"The building of human, institutional, and infrastructure capacity to help societies develop secure, stable,
and sustainable economies, governments, and other institutions through mentoring, training, education,
physical projects, the infusion of financial and other resources, and, most importantly, the motivation and
inspiration of people to improve their lives.” ?

Engineering professionals could confine their role to being only the planners, designers, constructors,
operators and maintainers of infrastructure and services. Being professionally responsible demands
however that engineers take a wider role upon themselves. This wider role includes a recognition that
engineers need to facilitate and enhance not only their own knowledge, but also the knowledge of
others, in order that decisions taken will ensure that engineering infrastructure is sustainable and that it
is fit for its purpose, which is to underpin quality of life and the economic well-being of communities and
nations.

It is becoming increasingly evident that, in spite of well developed technical engineering expertise and
solutions, the complexities to create and provide even basic infrastructure services are proving to be
beyond the capacity of many governments, institutions and communities. There is ample evidence
that in many nations — including developed nations — there is a steady loss of informed decision-making
capacity where infrastructure and the built environment are concerned.

Across the world, there is insufficient understanding of the need for infrastructure and services, and
of how to develop, deliver, operate and care for that infrastructure and services. This demands action
from the engineering profession. However efforts to deliver what is right, feasible, appropriate and
affordable are often not taken seriously enough, or may even be ignored. Capacity of a variety of
institutions, communities and individuals, and in respect of this understanding needs to be developed
and maintained.

This guidebook is therefore, as its title indicates, about capacity building in the engineering
environment. It is therefore not specifically about capacity building of engineering professionals or
of any other particular group of individuals, communities or institutions. Where it needs to, it also
embraces development or enhancement of systems that would enable the building of the capacity of
those individuals, communities and institutions.

Success in capacity building will only be achieved through a systematic approach, taking into account
what were identified and presented by means of a variety of models. One of these models emanate
from the Africa Engineers Forum Protocol and was defined as the “six pillars” of capacity building that
were deemed to be necessary and more or less in balance for sustainability in engineering infrastructure
and services.

These six pillars are:
¢ Individual - to ensure that the needs of the individual are met
* [nstitutional — to ensure that there are educational, professional, technical, governance and

statutory institutions, systems and support structures in place. The institutions would be in both
the public and private sectors, including stable, viable and responsible businesses, commercial

3 General Henry Hatch, at a March 29, 2004 workshop sponsored by the Office of the Science and Technology Advisor to
the U.S. Secretary of State.
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enterprises and financial institutions that can support the provision, operation and maintaining of
infrastructure and services

e Technical —to ensure that there are technical standards, codes of practice, technical literature
and guidance material and so forth to underpin and support ethical and appropriate engineering,
technological and procurement procedures and practices

* Decision-making — to ensure that decision makers have sufficient information and understanding
as well as access to knowledge and skills to enable them to make informed, logical and rational
decisions

* Funding - to ensure that adequate and affordable finance is available to enable sustainable
solutions, and that financial practice is at all times responsible, including adequate revenue streams
and where appropriate, even after external funders have withdrawn

¢ Resources, equipment, tools and supplies —to ensure that there is access to appropriate, affordable
and suitable materials, equipment, tools and supplies for the designing, building, implementing,
operating and maintaining of infrastructure and the provision of engineering services

One size certainly does not fit all, and in each instance where the building of capacity is deemed to be
advisable and or necessary, the systematic approach introduced above needs also to ascertain to what
extent, and in what manner, it is necessary to address the following three aspects:

- the level of the enabling environment,
- the institutional level,
- the individual level.

Each capacity building programme or initiative must:

- be preceded by:

* identification of “stakeholders” including participants, interested and affected parties;

* assessment of requirements and identification of priorities for capacity building with
refgretl;lcT to priorities in terms of both what capacity to be built, and whose capacity was
to be built;

* identification and mobilisation of structures and agencies that will build the capacity, and
mentor and sustain this capacity in the longer term;

- be followed by assessment of the results of capacity building: including results not just in terms
of capacity built, but to what extent that capacity is leading to the required improvements in
terms of outcomes*; and feedback, leading to continuous improvement in capacity;

- be iterative in the sense that a first round of capacity building might be of a basic nature only,
with each round successively raising the bar and/or addressing issues that have not been
identified or covered previously.

It has to be emphasised that capacity building:

* must be focused on the purpose of improving capacity e.g. on those in whom capacity is being built
using this to improve service delivery and not be about building capacity for its own sake, since it is
all too often is the case that the need to apply the capacity is lost sight of.

* must address needs according to priority.

The efficacy of capacity building must be evaluated. Part of the evaluation must be an assessment
of cost-effectiveness meaning that it must be ascertained whether the effort and cost of capacity

4 For example, not just that people have through the capacity building programme become more skilled, but that they
apply those skills, and that this brings about better results in terms of achieving whatever it is they have been capacitated to
do.
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building was justified by the improvement in e.g. service
delivery. If it was not, then maybe lack of capacity was
not the bottleneck, and some other way to improve
service delivery should rather have been undertaken.
Alternatively, the capacity building needs might have been
misunderstood, or the effort might have failed because of
its content or inappropriateness, or even because of the
way in which it was conducted and by whom.

Identification of the weak links in the service value chain
should be part of that assessment prior to deciding where
and what capacity must be built. If the objective is to
improve service delivery, say, whether priority attention
should go to some other link or links that is or are weaker,
rather than to capacity building, should be thought
through.

If capacity building is for the purpose of supporting a
project or programme, e.g. as in an infrastructure delivery
programme, then it is imperative that the capacity building
must be integrated with the programme lifecycle.

The guidebook - a compilation of advice

The guidebook presents a compilation of advice®* drawn
from the experiences of the international engineering
community, clustered under a set of headings which
represent an idealised capacity building project:

In one case a government structure spent
millions on giving technical training in water
service delivery to a number of individuals
who could not find jobs after they have been
trained. The reason that came to light was
that the authority concerned had not made
any effort to find out what the demand was
and did not subsequently establish the need
tailored training to fit the need.

In another instance a statutory entity was
giving bursaries to educate engineering
students but did not look at what happened
beyond graduation in terms of employment
and mentorship in the candidate phase.

In this particular instance there had been
hundreds of vacancies in a local authority level
but these authorities were not employing
graduates since they lacked “experience” and
were deemed unemployable. The lack of an
integrated and informed process or pipeline
is evident in many cases. The disconnectin
this case however did not prevent the party
that gave the bursaries to claim that they
have reached their targets and fulfilled their
mission.

¢ Researching needs: How to work with communities and institutions in order to establish their needs,

5

that seldom equates to their expectations and or aspirations.

Defining and influencing public policy: How to work with governments in participating nations to
make the case for increasing resources for capacity building programmes, particularly emphasising
the international evidence that indigenous or locally deployed technical capacity has been vital to
alleviating poverty, improving quality of life and building prosperity in nations.

Educating, training and developing skills: How to develop and implement qualifications, ethics

and competence standards in participating nations, including building of skills of the educators
themselves, and providing suitable teaching resources and facilities.

Participating: How to attract and retain citizens towards education in engineering, in order to build
and retain a demographically representative and local or indigenous technical skills base.

Building networks and support systems: How to build transparent and equitable governance and
representative structures and institutions to support all the above.

Developing technical and business standards: How to develop a framework of standards, codes

of practice and other supporting components, together with systems to enhance and ultimately
improve adherence to these standards.

This advice represents what the authors of the guidebook regard as "good practice”, rather than “best practice”. If

a current situation is much below good practice, the goal should be to raise it to good practice levels -- and not necessarily
strive for best practice, which could require unwarranted effort and resources. Many nations, institutions and communities
are too often so enthralled at the thought of achieving best practice that they devote disproportionate resources to a minority
of projects and programmes, leaving inadequate resources for that which might be more mundane, but which is likely to be
impartant to more citizens. AsVoltaire wrote: “the best is the enemy of the good”.
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* Managing projects according to lifecycle principles: How to identify, and apply, factors key to
taking projects from their initial conceptualisation right through to their successful completion, and
subsequent successful operation, including maintenance, and ignoring ultimate decommissioning at
the end of the useful life of the infrastructure.

* Obtaining and utilising external funding: How to apply for, and use, external funding.

The guidebook presents a number of illustrations of how capacity can be built in widely varying
circumstances, such as island nations with small populations, war-torn nations which have rebuilding
needs, or nations rich in natural resources but, other than directly related to the resource are poor in
infrastructure development and in technical capacity.

Examples are presented in the guidebook of the capacity that may be needed by communities and
institutions, particularly in respect of:

» Skills, including skills that are technical, financial, and people-oriented.

* Resources, including funding, training programmes and mentoring processes, and in particular
public policies

¢ Decision-making mechanisms, including policies, prioritisation rules and mechanisms, risk

analysis and related policies, incentives, ethics, standards, and mechanisms for trade-off between

alternatives taking into account and recognizing:

- that choices are never absolute, but are invariably between alternatives;

- the importance of identifying that results depend on a chain of factors, and not on one factor --
and recognizing the importance of identifying weak links, and in particular identifying the
we;kest link and that, once that is addressed, the next weakest link becomes the new priority;
an

- the importance of the "80/20 rule” and of first getting the basics right, with the “nice-to-haves”
to follow only if additional resources become available.

¢ Administration and systems: Including governance, laws and regulations, procurement, monitoring
and evaluation, and feedback loops.

The institutions referred to could include® :

* Local or indigenous institutions meaning that these are from the nation where the capacity building
is taking place, as opposed to foreign; or

¢ Informal institutions such as communities who are not formally organised, as opposed to formal
institutions; or

* Public sector institutions, including government itself, parastatals, statutory entities and semi-
government agencies and utilities, as opposed to community-based organisations and non-
governmental organisations as in turn opposed to the private sector.

Not only would each developmental situation require capacity building specific to that situation, but
each individual, community and institution significant to that situation would require capacity building
appropriate to its, his or her own needs.

The compendium

A resource additional to the guidebook, and complementing it, a compendium of programmes,
projects, and initiatives is being developed. The compendium is however intended to be more than just

6 Itis important that the parties involved in capacity building are not referred to as “contributing” or “receiving”. For
anumber of reasons, not least that, in the authors’ experience, all parties receive during a capacity building process, and all
contribute. The increase in capacity is not a uni-directional phenomenon -- rather, all should be referred to as “participants”.



a resource to be consulted. The intention also is that it will stimulate networking, and provide a library
as well as a “marketplace” where ideas, initiatives and programmes can be shared and exchanged, and
that these will be captured and added to the compendium. This exchange of ideas will also no doubt
identify aspects that need to be covered, that in turn will hopefully stimulate the development of
programmes and initiatives that could fill the gaps.

The compendium is therefore not intended to be a static document, but will need to be updated from
time to time. Contributions will be promoted and encouraged. For this purpose, the compendium will
be in the form of an electronic database, hosted on the WFEO website.

Utilization of the guidebook

The purpose of the guidebook is to provide a source of reference to institutions and communities and to
those involved at any level in working to develop, build and maintain:

* engineering capacity;

« sustainability of nations at large where this concerns infrastructure, services and providing for basic
needs.

The guidebook could inter alia, and depending on the situation needs, assist with:
¢ identification of capacity building needs;

* designing of capacity building programmes for specific circumstances, or in response to a region-
wide need’ where applicable and appropriate;

* resourcing, and then implementing, capacity building programmes;

* reducing risks of and enhancing trust and credibility with stakeholders, including funding and
resource institutions.

The guidebook is in the first instance written for a professional readership of built environment
planners, practitioners and implementers who have the broader understanding of the role that
infrastructure and services issues play, and who have the passion, the empathy and compassion to
contribute to a better life for all. These readers will most probably be in senior management positions,
and include those with strategic responsibilities. They will be people who are able to make a difference,
and who have the ability to influence others to do what is needed.

However the material in the guidebook and is also selected for its value to a range of possible
participants in capacity building. The guidebook therefore addresses capacity building at many levels,
also taking account of the broad pipeline of issues and items in infrastructure service delivery. As noted
earlier, it is about capacity building in the engineering environment, and not specifically about capacity
building of engineering professionals or of any other particular group of individuals, communities or
institutions.

The compendium attempts to address an even wider audience than that for which the guidebook is
intended. For example, the compendium material is categorised and arranged in sections each aimed
at groups with different needs, including school learners, rural communities, and/or officials with little
if any strategic influence in infrastructure-related institutions. The first version or example of the
compendium is presented in this guideline as appendix ........ but the intention is it would ultimately
become an electronic database that can be updated and developed as and where more ideas and
programmes become available.

7 For example, to serve as a generic template for a nation, that it can adapt for its specific needs from time to time.
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Foreword

“"GUIDEBOOK FOR CAPACITY BUILDING IN ENGINEERING"
UNESCO Perspectives on Engineering Education and Capacity Building

The development and application of knowledge in engineering and technology underpins and drives
sustainable social and economic development. Engineering and technology are vital in addressing
poverty, sustainable development and the other Millennium Development Goals (MDGs), climate
change mitigation and adaptation, bridging the “knowledge divide” and promoting international
dialogue and cooperation. The role of engineering education and capacity building is absolutely vital in
addressing these issues, and is one of the major challenges we face today and tomorrow.

Despite this, the role of engineering and technology in sustainable social and economic development
is often overlooked by policy makers and the public. At the same time, there are serious challenges
regarding attracting and retaining a cadre in terms of engineering professionals in terms of
demographic representation. This will a major impact on our ability to address the challenges of
sustainable social and economic development, poverty reduction and the other MDGs.

Building capacity in engineering

As discussed in the 2010 UNESCO Enﬁineering Report many complex and complicated questions
remain, including the numbers of each engineering discipline, the level of training and various related
issues with reference to the different needs of each region, as well as and what organisations such as
UNESCO and WFEO need to and could do about it. In addition there is no universal agreement on what
the definition of an engineering professional. The issues obviously differ from country to country but a
substantial of these issues tend be generic. Skewed or different approaches in terms of different policies
in education and training furthermore complicates matters

Structural change

Despite this, structural as well as cyclical changes are taking place and at this stage government R&D
funding in developed countries is creclining in real terms, Rglg facilities are downsizing, outsourcin

and off-shoring to cheaper locations, as reflected in the declining publication of research papers. These
changes may well have a discouraging effect on promoting engineering as a career of choice.

Many countries experience a so-called brain drain as mobility increases but on the other hand some
countries experience an inflow of individuals. The engineering, science and technology capacity of
many African countries has declined since their independence. Given the importance of engineering,
science and technology in development, this background will have serious consequences for the future
of these countries.

Green engineering

Engineering will be one of the most important areas of activity in the context of climate change
mitigation and adaptation, and one of the major areas of need and growth for engineering is in the
area of sustainable or green engineering. This will be one of the greatest demands and challenges
that engineering has ever faced. One of the first challenges is to make sure that there are enough
appropriately qualified and experienced engineers to meet this demand — this will require the
development of new courses, training materials and systems of accreditation.

The demand for engineers will increase dramatically in order to deal with energy needs of the future.
Urgent government action and investment is required right now to support course development and
associated R&D and innovation.

Need for better data

The need for better statistics and indicators on engineering, especially at the international level is
crucial, since the current data for engineering is collected and analysed at such an overall level as to
be of limited usefulness. For example,while the origins of international trade in high-tech products
in various fields of engineering should be more apparent, a clearer indication and attribution of this,
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and the origins and destinations of exports and imports, would also be most useful in analysing issues
related to the technological balance of payments.

These indicators are of limited use in analysing the need for, types and numbers of engineers required
at national and international levels.

Considering the importance of engineering, science and technology in the knowledge society and
economy, it is surprising that better data is not available on these most important drivers of social

and economic development. In this guideline there is one reference to the ratio of engineers versus
medical doctors and more needs to be done to examine and improve the health of nation’s technology
and infrastructure.

Promoting interest and understanding of engineering

Promoting interest in and understanding of the role of engineering in development, engineerin
education and capacity building and the application of engineering in these vital areas are multitaceted.
There is a clear need to show that science and engineering are inherently interesting and to promote
public understanding and perception, to make education and university courses more interestin

as well as looking at all the contributing factors including remuneration and so forth and Fromotlng
engineering as a part of the solution, rather than part of the problem of sustainable development.

Issues like utilizing indigenous knowledge are important and the fact that relevance works, is
demonstrated by the growth of Engineers Without Borders and similar groups around the world.

Transformation in engineering education and capacity building needs to respond to rapid change in
knowledge production and application, emphasizing a cognitive, problem-solving approach, synthesis,
awareness, ethics, social responsibility, experience and practice in national and global contexts. There
is a need to learn how to learn and to emphasize the importance of lifelong and distance learning,
continuous professional development, adaptability, flexibility, inter-discip |nar¥I approaches and
multiple career paths. Such transformation is essential if engineering is to catch and surf the “seventh
wave" of technological change - relating to knowledge for sustainable development, climate change
mitigation and adaptation, and new modes of learning.

The main challenges regarding the effective application of engineering and technology relate to the
development, application and innovation to poverty reduction, sustainable development, climate
change miti%ation and adaptation. These challenges are linked to promotin? the interest and
enrolment of young people in engineering, as many young people, especially women, are keen to
address international issues such as poverty reduction, sustainable development and climate change.
Several success stories in terms of attracting younger generations are coming to the fore at this stage

In the context of the need to transform engineerinﬂ education and capacity buildincg to include
sustainable development and wider social issues, the work of the WFEO Standing Committee on
Capacity Building, and this guidebook could not be more timely and relevant. This is particularly
relevant since in spite of various declarations, there is still a need to share information on what this
means and effective capacity building in practice, and to share pedagogical approaches and curricula
developed in this context.

The increasing emphasis on holistic, srstems thinking is also timely, prompted, for example, by the
renewed interest in biomimetics that links engineering and technolo]r_:]g/ with natural systems. This
reflects the interest in biomimetics of Leonardo da Vinci in the 15th/16th century, although recent
interest has been facilitated by the development of computer science and technology and new
materials — Leonardo would undoubtedly have taken a great interest in CAD/CAM and carbon fibre!

This publication from the WFEO Standing Committee on Capacity Buildin?\lis an important to the
ongoing discussion of engineering education and capacity building, and UNESCO looks forward to
the development of this discussion and related initiatives that this guidebook will contribute to and
stimulate. | would like to congratulate the team that produced this guidebook

This is a pioneering activity, and UNESCO looks forward to continued cooperation with WFEO on this
area of increasing importance to engineering.

Tony Marjoram, UNESCO



Winds of change will have to blow for capacity building



1. Introduction to capacity building

1.1  Definitions of capacity building

It is increasingly evident that even where well-developed technical
engineering expertise and solutions are at hand, the complexities
to create and provide even basic infrastructure services are
proving to be beyond the capacity of many governments,
institutions and communities. In many nations or countries,
including developed countries, there is ample evidence that there
is a steady loss of informed decision-making capacity where it
concerns infrastructure and the built environment.

Across the world, there is insufficient understanding of the need
for infrastructure and services, and of how to develop, deliver,
operate and care for that infrastructure and services. This
demands action from the engineering profession. However
efforts to deliver what is right, feasible, appropriate and affordable
are often not taken seriously enough, or may even be ignored.
Capacity of a variety of institutions and individuals, and in respect
of this understanding needs to be built.*

A generic definition of capacity building, setting out its core
principles, is:

"The building of human, institutional, and infrastructure capacity
to help societies develop secure, stable, and sustainable economies,
governments, and other institutions through mentoring, training,
education, physical projects, the infusion of financial and other
resources, and, most importantly, the motivation and inspiration of
people to improve their lives.” ?

A less complex statement of unknown origin is that:
"Capacity building is the process of assisting people to develop the
technical and decision making skills to address their own needs for
improving the living standards and prosperity of their own people,
and building an environmentally sustainable society.”

Engineering professionals could confine their role to being only

1 It is important that the parties involved in capacity building are not
referred to as “contributing” or “receiving”. Experience has showed that for a
number of reasons all parties receive during a capacity building process, and
all contribute. The increase in capacity is not a unidirectional phenomenon --
rather, all should be referred to as “participants”.

2 General Henry Hatch, at a March 29, 2004 workshop sponsored by
the Office of the Science and Technology Advisor to the U.S. Secretary of State.
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the planners, designers, constructors, operators
and maintainers of infrastructure and services.
Being professionally responsible demands however
that engineers take a wider role upon themselves.
This wider role includes a recognition that
engineering professionals need to facilitate and
enhance not only their own knowledge, but also the
knowledge of others, to facilitate informed decision
that will subsequently ensure that engineering
infrastructure is sustainable, fit for its purpose and

ultimately underpin quality of life and the economic

well-being of communities and nations.

The reality of what the role of engineering and

its contribution to the wellbeing of humankind is,
prompted the philosophy that there is need for this
"Guidebook for capacity building in the engineering
environment”.

1.2  Capacity building and sustainability

Sustainability and sustainable development can
only be achieved if the principles of sustainable
engineering or engineering for sustainability are
adhered to. With reference to basic services,
relating to health and safety, sustainable
engineering is the planning, design, construction,
operation and maintenance of appropriate,
affordable and sustainable engineering services
and infrastructure. The ultimate goal should be
the creation of an acceptable quality of life for all
facilitated and supported by:

* Good practice in engineering and technology.

e Informed and intelligent decision-making
about built environment infrastructure and
engineering products by all government and
governance structures and private sector
entities.

Success in sustainable engineering is only achieved
by an integrated approach to the development and
maintenance of indigenous scientific, technological
skills and expertise as well as informed decision-
making capacity supported and facilitated by the
key stakeholders including government, private
enterprise, academic and professional structures.

1.3  Components of capacity building

Success in capacity building will only be achieved
through a systematic approach, taking into account
what were identified albeit in different approaches
of which the Africa Engineers Forum Protocol is

but only one model one model. The various items
as assembled in the protocol were grouped and
labeled as six essential “pillars” of capacity or
sustainability includes Individual, Institutional,
Technical, Decision-making, Funding or Finance
and Resources, equipment, tools and supplies

In Chapter 3 these pillars are described in more
detail.

One size certainly does not fit all, and in each
instance where the building of capacity is
deemed to be advisable, the systematic approach
introduced above needs also to ascertain to what
extent, and in what manner, it is necessary to
address three aspects:

e the level of the enabling environment,
e the institutional level,
e theindividual level.

Each capacity building programme or initiative
must:

be preceded by:

identification of stakeholders;

assessment of requirements and identification
of priorities for capacity building, that s,
priorities in terms of both what capacity to be
built, and whose capacity to be built;

e identification and mobilisation of agencies that
will build the capacity, and mentor and sustain
this in the longer term;

e be followed by assessment of the results
of capacity building and not just results in
terms of capacity built, but also to what
extent that capacity is leading to the required
improvements in terms of outcomes 3;

3 For example, not just that people have through
the capacity building programme become more skilled, but
that they apply those skills, and that this brings about better
results in terms of achieving whatever it is they have been
capacitated to do.



e be supported by feedback, leading to continuous improvement
in capacity;

e beiterative in terms of which a first round of capacity building
might be of a basic nature only, with each round successively
raising the bar.

Capacity must therefore:

e befocused on the purpose of improving capacity, e.g. on
improving service delivery by those in whom capacity is being
built and not be about building capacity for its own sake, since
it is all too often is the case that the need to apply the capacity
is lost sight of;

e address needs according to priority.

The efficacy of capacity building must ultimately be evaluated as
part of the process. The evaluation must include an assessment
of cost-effectiveness in terms of establishing whether the effort
and cost of capacity building was justified by the improvement

in e.g. service delivery. If this was not the case it could maybe

be that a lack of capacity was not the bottleneck, and some

other way to improve service delivery should rather have been
undertaken. Alternatively, the capacity building needs might have
been misunderstood, or the effort might have failed because of its
content or inappropriateness, or even because of the way in which
it was conducted and by whom.

Part of that assessment prior to deciding where and what capacity
must be built, should be identification of the weak links in the
service value chain. If the objective is to improve service delivery,
say, should priority attention go to some other link or links that is
or are weaker, rather than to capacity building?

If capacity building is for the purpose of supporting a project
or programme of some sort, e.g. an infrastructure delivery
programme, it is imperative that the capacity building must be
integrated with the programme lifecycle.

1.4  Capacity building in developing nations

Capacity challenges and tensions are not restricted to developing
nations but may have more severe impact on these nations since
their resilience to deal with the issues is usually lower.

Examples of these challenges and tensions include:

e Local political and social instability
e Environmental challenges including natural disasters caused
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by both natural phenomena and human
interventions

e Large scaleilliteracy and a lack of skills and
technological expertise due to a lack of
education and training

e Large scaleillness due to poor infrastructure
and pandemics including malaria and HIV AIDS

e Globalisation issues that often marginalise
nations due to economic policies driven by
the more developed nations of the world and
consequential exploitation of resources and raw
materials by the more developed nations

e Aid and donor programmes offered and
facilitated by more developed nations,
which do not necessarily take the principles
of affordability, sustainability, appropriate
technology, transfer of skills and local or
indigenous capacity into account.

Contrast between modern technology and rural access needs



2.  Structure and readership of the guidebook

2.1  The guidebook - a compilation of advice

The guidebook presents a compilation of advice drawn from the
experiences of the international engineering community. The
advice is clustered under a set of headings which represent issues
that would generally need to be addressed during the course of
an idealised capacity building project need or would need to be
addressed in order to create or enhance an environment that is
enabling of successful capacity building. Chapters where more
detail is provided are given in the list below:

e Chapter 3 - The necessity of a systems approach to service
delivery, and describes how the role of capacity building in
support of that ought to be understood. It also motivates the
need for an integrated approach to capacity building

e Chapter 4 - Establishing needs: How to work with
communities and institutions in order to establish their needs

e Chapter 5 - Informing and influencing public policy: How
to work with governments in participating nations to make
the case for increasing resources for capacity building
programmes, particularly emphasising the international
evidence that building technical capacity has been vital to
alleviating poverty, improving quality of life and building
prosperity in nations

e Chapter 6 - Training and developing skills: How to develop
and apply engineering skills in participating nations, including
building of skills in the educators themselves, and providing
suitable teaching resources

e Chapter 7 - Participating: How to attract citizens towards
education in engineering, in order to build a local skills base

e Chapter 8 - Building professional networks and support
systems: How to build structures and institutions to support all
the above

e Chapter9 - Developing and implementing norms and
standards: How to develop a framework of criteria/
parameters, norms and standards, together with systems to
improve adherence to these

e Chapter 10 - A detailed description of a capacity building
process as part of a large capital works project
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e Chapter 11 - Further generic areas where
capacity could be built that would be mutually
supportive of the capacity building measures
described in Chapters 5 through to Chapter 9

* Chapter 12 - Conclusions, recommendations
and thoughts on a way forward

Note that this advice represents what the authors
of the guidebook regard as “good practice”, rather
than “best practice”. If a current situation is much
below good practice, the goal should be to raise it
to good practice levels - and not to strive for best
practice, which could require unwarranted effort
and resources. Many nations, institutions and
communities are too often so enthralled at the
thought of achieving best practice that they devote
disproportionate resources to a minority of projects
and programmes, leaving inadequate resources for
that which might be more mundane, but which is
likely to be important to more citizens.

Voltaire wrote: “The best is the enemy of the
good”.

The guidebook presents a number of illustrations

of how capacity can be built in widely varying
circumstances - such as South Pacific island nations
with small populations, war-torn nations which have
rebuilding needs, or nations rich in natural resources
but poor in infrastructure development.

Examples are presented in the guidebook of the
capacity that may be needed by communities and
institutions, particularly in respect of:

e Skills: Including skills that are technical,
financial, and people-oriented.

* Resources: Including finance, training
programmes and mentoring processes, and
policies (particularly public policies).

e Decision-making mechanisms: Including
policies, prioritisation rules and mechanisms,
risk analysis and policies, incentives, ethics,
standards, trade-off mechanisms but even more
than these, recognizing:

- that choices are never absolute, but
are invariably between alternatives;
- the importance of identifying that results

depend on a chain of factors, and not on
one factor and recognizing the importance
of identifying weak links, and in particular
identifying the weakest link and that,
once that is addressed, the next weakest
link becomes the new priority; and
- the importance of the “80/20 rule” and of
first getting the basics right, with the “nice-
to-haves” to follow only if resources remain.
e Administration and systems: Including
governance, laws and regulations, procurement,
monitoring and evaluation, and feedback loops.

The institutions referred to could include:

e Local orindigenous institutions, meaning those
in a country or the nation where the capacity
building is taking place, as opposed to foreign;
or

e Informalinstitutions, such as communities
that are not formally organized, as opposed to
formal; or

e Public sector institutions, including government
itself, parastatals, and semi-government
agencies and utilities, as opposed to
community-based organisations and non-
governmental organisations, as, in turn,
opposed to the private sector.

Not only would each developmental situation
require capacity building specific to that situation,
but each individual, community and institution
significant to that situation would require capacity
building appropriate to its own needs.

The guidebook has five appendices that cover:

e special policy needs of developing nations
(Appendix 1);

e capacity-building on a construction projectin a
developing nation rural area (Appendix 2);

e external funding and assistance sources
(Appendix 3);

e achecklist for evaluating technical capacity
building plans (Appendix 4); and

e asetof case studies and special issues
(Appendix 5).

e afirst edition of the compendium of capacity
building programmes and initiatives



2.2  The compendium

A resource additional to and complementing the guidebook is be a
compendium of programmes, projects, and initiatives.

See page xi of the Executive Summary for a more detailed
description.

2.3 Utilization of the guidebook

The intended readers and users of the guidebook are deemed to
include a number of individuals, organizations and other entities.
The purpose of the guidebook is inter alia to provide a source of
reference to institutions and communities and to those involved at
any level in working to develop build and maintain:

* engineering capacity
e sustainability of nations at large where this concerns
infrastructure, services and basic needs.

See the Executive Summary for a more detailed description.

Capacity building is a mountain to climb - step by step
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3. Principles, components and appropriateness of capacity building

3.1 Inter-relationships of economic, social,
environmental and developmental goals

In the pursuit of a more secure, stable and
sustainable world, all nations have to constantly
enhance their human, institutional and
infrastructure capacity to deal with the evolving
physical and natural environment. To do so

they need a sufficient and appropriate base of
technologically educated, trained and orientated
individuals and groups to sustain and improve
their economies and quality of life. Such a base
will facilitate the infusion of funding and finance
for development, operation and maintenance for
engineering infrastructure and services and provide
a basis for business partnerships and development
by local entrepreneurs.

As nations become increasingly urbanised they
become more dependent on increasingly complex
systems to provide services and amenities,
including technical, institutional, financial and

other systems to produce, procure and provide
food, water and other services, and to ultimately
recycle waste products. That s, they become more
dependent on an extensive service delivery chain of
efforts and events.

Without technical innovation, expertise and
order, largely brought about by the application of
engineering and technology, urban environments
cannot be stable and sustainable. As the world’s
population grows, and as the proportion living

in urban areas increases beyond the 2010 figure
of over 50% of all people, the world will become
further dependent on engineering, and hence on
the technical capability of its people.

Planned and orderly urbanisation has proven to be
essential for people to live at a reasonable level of
economic prosperity, to enjoy educational, health
and social services that enable them to live their
lives in dignity and without hardship, and to ensure
that the negative impacts of human activity on
the environment are acceptable, manageable and
increasingly minimized. On the other hand there is
the harsh reality of uncontrolled urbanisation that
has led to serious degradation of the standard of
living, unacceptable situations and a deteriorating
environment in many places across the world.

In summary, as well as the reliance on engineering
to stabilise urban life, there is also reliance in all
nations on engineering innovation and advances to
create, operate and maintain products and services
that can be used, transferred or sold to others.
Ensuring that a nation has sufficiently robust
supplies of technical as well as decision making
capacity is essential to any nation that wishes to
prosper in the 21st century.

3.2  Service delivery, a systems approach and
the role of capacity building

3.2.1 Service delivery

It was noted earlier that capacity building needs
to be systematically approached before it can be
expected to succeed. However, before moving

on to further discussion of the principles and
components of capacity building, the purpose and
appropriateness of capacity building needs to be
more thoroughly understood.

The "capacity building in the engineering
environment” that is the subject of this guidebook is
capacity building that has the purpose of enabling
appropriate, effective, affordable and sustainable
service delivery.

The discussion in the preceding sections about
economic, social, environmental and developmental
goals made it clear that capacity building is a

means to an end, and not an end in itself. The

end, which represents the intended outcome is
enhancement of quality of life, and the sound
underpinning of economic development. These
require, among other things, “service delivery”

in its many forms. And one of the means to that
would be appropriate development of engineering
infrastructure, and the operation and maintenance
of that infrastructure. Also, that infrastructure
would need to be appropriate in time and place, in
cost, and in the level of service and level of access
that it provides, and to who, when, and at what cost
it provides that.* Finally, the service delivery must
be sustainable.

Capacity building must therefore be focused on

4 As long as capacity is inadequate and organisations
are not geared up for service delivery, it is those with little
or nothing who suffer most. Inadequate capacity in service
delivery organisations will mean that millions will remain
trapped in poverty with no means of escape. Access,
education and good health as a result of clean water, safe
removal of sanitation, shelter and warmth are critical to the
development of a productive workforce.” (Numbers and
Needs Lawless 2007, page 347)



the purpose of improving capacity - e.g. on improving service
delivery by those in whom capacity is being built. It must not be
about building capacity for its own sake, something that is sadly a
common phenomenon. The need to apply the capacity is lost sight
of, and the building of capacity has become an end in itself. In the
executive summary two examples are cited.

Service delivery that is appropriate, effective and sustainable
requires a combination of management, financial, engineering,
economics and social practices and techniques within a robust
framework and management plan.

For successful service delivery, it is essential that a “systems
approach” is adopted, taking into account the entire delivery
chain. This “chain” nature of service delivery must be understood
before the role of capacity building can be appreciated. The
chain, in the case of infrastructure delivery, for example, is not the
sequence between (say) project identification and commissioning
of the infrastructure, but rather the much longer sequence,

from the formulation by the owner of the infrastructure of its
infrastructure policy, through identification of the elements of
the service delivery programme, project design, procurement
and then commissioning, and on through the lifetime operation
and maintenance of the infrastructure and, eventually, its
decommissioning and replacement.

In respect of the foregoing the following is therefore noteworthy:

e Delivery results from a process — which process has to be
understood by and subscribed to by all those with significant
influence on the process.

e The process can be viewed as a chain of efforts and events
and this chain is at any moment in time only as strong as its
weakest link at that time.

e Forthe chain to be strengthened, its weakest link must be
identified, and then addressed; and

e asthat weakest link is being improved, the next weakest link
becomes apparent, and that must also then be addressed;
whereas

e itis of noimmediate value to allocate additional resources
to other, stronger, links, until the weakest links have been
addressed.

It is essential therefore that a service delivery strategy is related
in context to a systems approach that has looked at the entire
service delivery chain, has identified the weak links constituting
constraints within the system as a whole -- and has then
methodically addressed each of these. It would not be adequate
to only address some of the constraints. All constraints along the
entire delivery chain need to be dealt with, starting with the most
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Governance
(e.g. policy & standards) ~

\

Financial aspects
(e.g. funding, cost recovery)

Institutional
(e.g. system & staffing)

Environmental aspects

(e.g. health & protection) ‘/

Social aspects /
(e.g. customer satisfaction; health)

Sustainable
water
services

Figure 3.1 The elements key to ensuring sustainable water services

Service infrastructure
(e.g. capacity, condition, technology)

/ Effective management
(e.g. process & leadership)

Water resources
(e.g. availability & quality)

Effective operation
\_ (e.g. skills & resources)

\ Effective maintenance
(e.g. care & proactive servicing)

critical. Asthatis improved, the next most critical
needs to be addressed —and so on.”

Weak links, or constraints, in respect of service
delivery could be of many types. Capacity could be
only one of them. As Figure 3.1 (which was drawn
in order to depict the elements key to ensuring
sustainable service delivery in respect of water
services) suggests, other constraints could be:

Governance —including policy and standards
Revenue - raising the revenue needed
Budgeting — allocating sufficient budget for
appropriate purposes

e Prioritising — preferential treatment of strategic
infrastructure and strategic expenditure

e Planning — of multi-year managementin a
programmatic way

e Skills —including recruitment and retention,
especially of key staff
Procuring resources
Managing and exercising leadershipin a
universally accepted way

e Monitoring for achievement of results

Thus the constraints along the entire delivery

5 As an analogy if one pours water through a series
of funnels the flow will be restricted by each funnel in the
chain. If some of the restrictions are unblocked in some of
the funnels the overall flow of water is still impeded by the
existing restrictions. Only by taking out all the restrictions
along the line of funnels can the water flow freely.

chain need to be addressed on some basis of
prioritisation.

The above list does not constitute a strategy for
service delivery improvement, much less does it
constitute a plan and programme of action. This
strategy, and this plan and programme, require
further consideration and consultation. Inter alia,
provision must be made in the strategy and action
plan for the prioritised addressing and improvement
of each of the above, and for their coordination and
integration into one system. It has to be recognized
that “one size fits all” does certainly not apply,
given the wide range of capacity, resources and the
size of the problem, that is found from individual

to individual, community to community, and
institution to institution.

3.2.2 Role of capacity and capacity building

Given this context, the importance and role of
capacity building must be evaluated. Part of the
evaluation should be identification of the weak links
in the service value chain prior to deciding where
and what capacity must be built. If the objective

is to improve service delivery, say, it could be that
capacity building is not as important as addressing
other link or links that is or are weaker. The
question should be asked as to what priority should
be given to addressing these other issues, rather
than to capacity building?

In the same vein, capacity building initiatives need
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to be assessed after the event. For cost-effectiveness, it could for
example be questioned whether the improvement in for example
service delivery justified the effort and cost in terms of capacity
building. If it was not, then maybe lack of capacity was not the
bottleneck, and some other way to improve service delivery
should rather have been undertaken. Alternatively, the capacity
building needs might have been misunderstood, or the effort
might have failed because of its content or inappropriateness, or
even because of the way in which it was conducted and by whom.

If capacity building is for the purpose of supporting a project
or programme e.g. an infrastructure delivery programme, then
it is imperative that the capacity building must be aligned and
integrated with the programme lifecycle.

In each instance where the building of capacity is deemed to be
advisable, the systematic approach introduced above needs also
to ascertain to what extent, and in what manner, it is necessary to
address all three levels:

e the level of the enabling environment,
¢ theinstitutional level, and
e theindividual level.

As described in Chapter 1, each capacity building programme or
initiative must:

e be preceded by:

- identification of stakeholders;
- assessment of requirements and identification of
priorities for capacity building, that is, priorities
in terms of both what capacity to be built, and
whose capacity to be built must be established;
identification and mobilisation of agencies that will build
the capacity, mentor and sustain this in the longer term;
be followed by assessment of the results of capacity
building in terms of capacity built, but also including
to what extent that capacity is leading to the required
improvements in terms of outcomes ¢; and feedback,
leading to continuous improvement in capacity;
- beiterative in terms of which a first round of

capacity building might be of a basic nature only,

with each round successively raising the bar.

6 For example, not just that people have through the capacity building
programme become more skilled, but that they apply those skills, and that this
brings about better results in terms of achieving whatever it is they have been
capacitated to do.
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It needs also to be noted that the “capacity” that
may need to be built in individuals, communities
and institutions, could be of various types,
particularly in respect of:

e Skills including skills that are technical, financial,
and people-oriented.

e Resources, including finance, training
programmes and mentoring processes, and in
particular public policies.

e Decision-making mechanisms, including
policies, prioritisation rules and mechanisms,
risk analysis and policies, incentives, ethics,
standards, and trade-off mechanisms and in
addition recognizing:

- that choices are never absolute, but
are invariably between alternatives;

- the importance of identifying that results
depend on a chain of factors, and not on
one factor - and recognizing the importance
of identifying weak links, and in particular
identifying the weakest link and that,
once that is addressed, the next weakest
link becomes the new priority; and

- the importance of the “80/20 rule” and of
first getting the basics right, with the “nice-
to-haves” to follow only if resources remain

e Administration and systems including
governance, laws and regulations, procurement,
monitoring and evaluation, and feedback loops

The institutions referred to could include:

e Local orindigenous institutions that are from
the nation where the capacity building is taking
place, as opposed to foreign; or

e Informalinstitutions such as communities
who are not formally organised, as opposed to
formal institutions; or

e Public sector institutions, including
government itself, semi-state organizations
or parastatals, statutory entities and semi-
government agencies and utilities, as opposed
to community-based organisations and
non-governmental organisations, as, in turn,
opposed to the private sector.

Not only would each developmental situation
require capacity building specific to that situation,

but each individual, community and institution
significant to that situation would require capacity
building appropriate to its own needs.

Ultimately it is important that the parties

involved in capacity building are not referred to

as “contributing” or “receiving”. For a number of
reasons, not least that, in the authors’ experience,
all parties receive during a capacity building
process, and all contribute. The increase in capacity
is not a unidirectional phenomenon meaning that,
all should be referred to as “participants”.

3.2.3 Putting limits to building capacity

The point was made in Section 1.3 that the efficacy
of capacity building must be evaluated. There needs
to be assessment each time whether or not the
effort and cost of capacity building was justified by
the improvement in e.g. service delivery.

The point was then made that, if it was not, then
maybe lack of capacity was not the bottleneck,

and some other way to improve service delivery
should rather have been undertaken. Alternatively,
the capacity building needs might have been
misunderstood, or the effort might have failed
because of its content or inappropriateness, or even
because of the way in which it was conducted and
by whom.

Over and above this question, the issue of the
appropriateness of capacity building in each
instance that was noted, the question however
remains whether was it correctly targeted and
correctly designed. There is always another reason
to call a limit to the building of capacity, and this
reason, also, is based on cost-effectiveness, or
“effort-effectiveness”.

If the problem, e.g. the service delivery issue that
has to be resolved is small, then anything more
than a small effort to resolve capacity problems

is probably not justified. However if the problem

to be resolved is huge with reference to very large
amounts of money at stake or if services delivery to
many people were affected, then a huge capacity
building effort might well be justified.
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Section 3.4 below briefly describes situations of limited
importance where limited impact is required and where it is
sought to replicate these in large number and also where the
interventions will remain one-offs. Section 3.4 also describes
situations where a “top-down"” seeks to put in place a capacity
building policy which may be a national policy, followed by roll-out
of programmes to implement those policies. In the latter type of
situation, considerable effort, supported by a substantial budget,
is clearly justified. Inthe former situations, clearly, far more
limited effort, and with much smaller, maybe only shoestring or
even no budget no budget at all, would be justifiable, but at the
discretion of the responsible authorities.

"One size of capacity building effort does not fit all”

Chapter 10 - “Capacity building through capital projects”, and
especially the section “Capacity building process” in that chapter,
describes a comprehensive process that is clearly appropriate only
in circumstances where a huge effort, accompanied by a very large
budget, is justified. In other circumstances, this process needs

to be simplified and scaled down as appropriate to the needs and
resources of each circumstance.

Last but not least, an additional limitation might be that of time.
The importance for capacity building may be there, and the
budget might also be made available if needed, but if time factors
do not permit a comprehensive process, the capacity building
process may have to be shortened or restricted.

3.2.4 Incentives, values and other factors

In terms of the general topic of service delivery it has to be
mentioned that there are other significant related factors. A lack
of understanding of service delivery, and of the role that capacity
building can play to enhance service delivery, would not be
complete without considering the factors mentioned in the sub
heading. Considering these factors, experience has shown that in
spite of the fact that all the requirements for service delivery were
apparently satisfied in terms of resources, capacity, systems and
so on, service delivery remained unsatisfactory. On investigation,
the reason is commonly found among these other factors.

In situations such as these, building more and more capacity,
accompanied with for example providing more and more finance
the outcome may remain unsatisfactory.

A broad perspective is needed of the dynamics of service
delivery, and how performance can be enhanced sustainably. A
model, concerned with discovering, analysing and prioritising
relationships, could assist.
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This “delivery and reform space model” has been
used both to evaluate how certain processes are
progressing, and to better understand how the
processes can be more effective.

Briefly, the model (Figure 3.2 below) describes
the functionality environment in terms of three
spheres, being:

ability and resources;
institutional and administrative arrangements;
and,

e athird sphere of other factors, including inter
alia vision, goals, values, incentives which are
all inherently very important, but which are
too frequently overlooked, political factors,
acceptance by role-players of the goals and
processes, ethics, and trust.

The first two of these are the usual areas of
attention when “capacity” is built. See Section
3.2.2 for the “various types” of capacity that “may
need to be built”. Experience however shows that
the factors mentioned in the “third sphere” are
seldom even acknowledged, let alone is an attempt
made to address the opportunities these item offer
or the constraints these impose.

Whereas “ability and resources” is the usual
suspect when delivery fails, this may be the wrong
suspect, or at least represent an overemphasised
co-conspirator of failure. It might well be that in

Ability and
resources
including
funding

Institutional
and administrative
arrangements

Vision, goals,
values,
incentives &
political factors

Figure 3.2 Delivery and reform space

many instances the prime cause of failure lies in one
of the other two spheres.

Too often, whereas only the “ability and resources”
sphere is identified as having failed, the “solution”

is then invariably a combination of additional
resources such as more grant funding or capacity-
building to address the “ability” issue. Sometimes,
however, institutional/administrative arrangements
are addressed - for example improved billing system
for services, orimproved reporting structures. The
third sphere is comparatively seldom addressed.

Noting that nothing happens for only one reason,
there is invariably a set of contributing factors,
some supportive of the change, and some
inhibitive, that contributes to the outcomes or
results. Some of these will be related which for
example means that the one contributor “fails”
because it is dependent upon another that has
underperformed.

First-hand experience of situations where capacity
has been built however show that because of
contrary incentives or other reasons, the recipients
of this capacity building nonetheless do not do what
the capacity building was designed to enable them
to do.
3.3  The “six” pillars of capacity building

The preceding section motivates the necessity

for a systems or systematic approach to service
delivery, and describes how the role of capacity
building in support of that ought to be understood.
This section motivates the need for an integrated
approach to capacity building itself.

Although the principles of capacity building
appear to be simple, its components are complex,
interrelated and inherently difficult to address
simultaneously. Well-intended schemes,
programmes and initiatives can seem to be
successful in the initial stages but then fail to be
sustained or to be sustainable. Unless there is an
integrated and aligned approach and unless it is
recognized that the various elements are by nature
essentially interdependent, constituting a balance is
difficult to achieve.

Success in capacity building will only be achieved
through a systematic approach. Itis suggested that
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there are six essential “pillars” which must always be in place and
in balance if a society is to have sufficient and stable technical and
decision-making capacity for engineering infrastructure service
delivery to be appropriate, effective and sustainable.

These pillars are:

e Individual it is vital that the needs of the individual are
met. In the case of the engineering practitioner, this would
imply that his/her needs are fulfilled in terms of a career
with sufficient status, standing and rewards and support for
developing and maintaining professional competence.

e Institutional — there must be appropriate educational,
professional, technical and statutory institutions in place at a
variety of levels including:

- professional bodies which support

and develop the individual;

education providers up to and beyond tertiary

level which provide education and training;

research and development providers

which resolve technical issues; and

statutory bodies which develop, establish, provide, monitor

and enforce professional, technical and industry standards.

institutions must be both public and private sector,
including stable, viable and responsible businesses,
commercial enterprises and financial institutions

that can support the provision, operation and

maintenance of infrastructure and other services.

Figure 3.3 The six pillars of capacity building in support of appropriate,

effective and sustainable services delivery as modelled by the
Africa Engineers Forum
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* Technical —there must be an underpinning
infrastructure including appropriate, relevant
and up to date technical standards, codes
of practice, procurement documents and
procedures, regulations as well as a well
developed statutory framework, including
attention to safety and health issues, technical
literature and guidance material and so forth to
underpin and support ethical and appropriate
engineering, technological and procurement
practices.

* Decision-making — wherever technical and
engineering related decisions are to be made,
at all levels from individuals to communities to
institutions, the decision makers need sufficient
information and understanding as well as access
to knowledge and skills to make logical and
rational decisions.

e Finance and funding — it is important to
ensure that adequate and affordable finance
and funding are available to enable sustainable
solutions (including adequate revenue streams
after external funders, if any, have moved
on), and that financial practice is at all times
responsible. Itisimportant also that capital and
goods can be procured in a sound accounting
and legal system and within a well organised
and effective administrative and requlatory
infrastructure.

e Resources, equipment, tools and supplies
—there must also be access to appropriate,
affordable and suitable materials, equipment,
tools and supplies for the designing, building,
implementing, operating and maintaining of
infrastructure and the provision of engineering
services.

To understand or interpret the context of this
discussion is useful to clarify what is meant in this
guidebook by "sustainable”, and by "sustainable
service delivery”, "sustainable development” and

"sustainable infrastructure”.

There are many different ways to measure or define
sustainability. “A universally accepted definition
of sustainability is elusive because it is expected to
achieve many things” — Wikipedia.

The United Nations 2005 World Summit outcome
document refers to the “interdependent and
mutually reinforcing pillars” of sustainable
development, economic development, social
development, and environmental protection -
Wikipedia.

Sustainable development “involves the
simultaneous pursuit of economic prosperity,
environmental quality and social equity, famously
known as the triple bottom line” - Wikipedia.

In addition, many institutions use the following
criteria to assess sustainable products, services, and
other activities:

e Social criteria: socially desirable, culturally
acceptable, psychologically nurturing.

e Financial criteria: economically sustainable,
technologically feasible, operationally viable.

e Environmental criteria: environmentally robust,
generationally sensitive, capable of continuous
learning. (Adapted from a review of Hawken et
al)

The authors of this guidebook subscribe to this

list of criteria. Capacity building, as described in
this guidebook, is therefore capacity building with
“sustainability”, as described by these criteria, very
much in mind.

To clarify what is meant by "economically
sustainable” remains a vexing question. A common
area of debate is whether the service delivery can
be sustained by the revenue stream generated by
the service, or whether it wholly or partially requires
sub-venting or a subsidy that is sourced outside

the service and/or from individuals, communities

or institutions other than those that receive the
service.

It is difficult to give a general response other than

to suggest that, while each case must be treated on
its merits, sub-venting or subsidising the costs of
service delivery to the immediate recipients would
appear, everything else being equal, to be justifiable
if that service provides sufficient benefits even to
those that are not the immediate recipients of the
service. Another way of approaching the question
is to ask whether sub-venting or subsidising is
justified in the interests of “the greater good”.

3.4 Top-down versus bottom-up approaches

In practice, capacity building most frequently takes
place in response to specific project or delivery
needs, and can be formal or informal, or through
on-the-job training, or simply through mentorship.
This is not deemed to be a “bottom-up” approach
as defined below, because there is no intention to
expand the capacity building beyond immediate
needs.
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As shown below capacity building could however be intended to
have a wider impact:

The initiative for a capacity building programme can commence at
any level from national government down to an individual person
or the other way round. Any person, a group of people, or an
institution that has the commitment, passion and know how can
make a difference.

The term "top-down”is used to describe an approach where
appropriate public policies are first put in place, followed by
roll-out of programmes to implement those policies. The
implementation of these policies need however not necessarily be
undertaken by or even driven by government. A policy might be
implemented by supporting the programmes of other role-players
including private sector or non-governmental organisations
(NGOs), or by providing incentives to change behaviour and
activity in the wider community.

A "bottom-up” approach is that initiated when a person,
institution, or community senses a need and establishes a
programme itself without necessarily considering public policy or
the lack thereof, and with the intention of effecting wide impact.
However, because the co-ordination of bottom-up approaches is
difficult, this approach rarely leads to a completely systematic and
integrated approach to capacity building. Nonetheless, bottom-up
approaches can be highly cost effective and successful due to the
higher levels of contribution of volunteer effort and buy-in than
may occur during top-down initiatives.

It could be argued that irrespective of whether an initiative or
activity commences as top-down or bottom-up, greatest long
term benefits would arise if a top-down approach were developed
which ensured that all programmes and activities were integrated
and coordinated, and that buy-in is achieved. This is however far
easier said than done. Top-down approaches to anything that
depends on local level commitment and local identification of
needs are notoriously difficult to get right. In addition the dangers
of the top-down approach taking a one-size-fits-all view are ever
present. Any top-down approach should and must nevertheless
recognise and support the bottom-up activity that is aligned with
the overall strategy to ensure that the all-important volunteer
input is employed and maintained.
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4. Establishing needs

In the following chapters of this guidebook,
potential methods or templates for capacity
building are discussed. These are presented in
top-down format, but may also be applicable, with
modifications, to bottom-up projects. For instance,
the emphasis on obtaining governmental support
and participation in such cases or approaches would
be less, or absent altogether.

Step one in building capacity is invariably to
establish the needs in respect of:

* The objective, bearing in mind that building
capacity is only the means to an end that needs
to be defined.

* The purpose of building that capacity, what
capacity, then, needs to be built. An essential
part of understanding of this is in turn to
understand what capacity is already existing
or present in the affected institutions and
communities, and in the individual, and what
potential there is for increasing that effectively
and sufficiently.

In the process of growing understanding of the
needs, caution must be exercised not to confuse
needs with desires, anticipations and expectations.
There must be a clear distinction between what
constitutes real needs and what constitutes desires
or aspirations which may not necessarily be in the
best interests of the individuals, communities or
institutions, or which may not be in the interests of
the greater society, however that might be defined.

The interests of the various participating and
stakeholder groups may be very different. It
must therefore be recognized that each is likely to
have its own set of needs and aspirations. Each
will therefore need its own capacity building
programme.

In terms of diverging interests and needs, it is very
likely that a capacity building programme may have
to take into account conflicts of interest and need,
and the importance of trade-offs between one
group and another. It may even be necessary to
have a mechanism for resolving these trade-offs.

It will also have to be established what the real
constraints are to achieving the desired end, as well
as the potential of and limits to capacity building
to assist in resolving these constraints. In order

to establish the perceived constraints, as opposed
to those that are more likely to be the real ones,
perceived constraints also have to be dealt with.

In order to ensure maximum possible credibility
from the research into needs it is vital that
scientifically collected and maintained data,
research methods and investigations are applied.
Resources of all participants can then be used most
effectively. Whereas such research methods, as
well as the research process itself, may not be well
understood by participating communities, and may
be treated with suspicion by them, two key success
factors are likely to be:

e Applying credible research methods, and
managing the research process effectively.

e Establishing credibility and trust with the
participating individuals, communities and
institutions so that the research outcomes are
agreed with and supported by them.

Limits to the building of capacity and to the effort
put into establishing needs should be established
and set, taking into account issues like cost-
effectiveness and how to meet time deadlines by
which the work has to be completed.

Important factors to be considered in researching,
defining and prioritising needs and desires using
illustrations that are drawn from capacity building
of a variety of institutions, communities and
individuals include:

e Theimportance of researchers understanding
the community representation structure and
decision-making methods employed in the
community before trying to communicate with
that community

e The community understanding, having faith in,
trusting and ultimately respecting decisions and
feeling comfortable and able to participate in
the process

e The early involvement of affected, interested
and communities and beneficiaries since
sufficient time must be allowed for local peoples
to consider issues and make decisions

e Possible involvement of groupings such as tribal
leaders, business structures and religious groups

e Theidentification and respect of local customs.
Offending locals culturally or socially may
mean authentic information is unlikely to
be provided. Getting to know locals and
developing trust with key individuals and role
players is important. Understanding local
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perspectives and interpreting issues in the way the locals think
will contribute to establishing confidence and enable easier
handling of any problems and challenges that may occur.
Where external role players are brought in they need sufficient
time to interact with and learn the way the local community
operates. In addition they need to be well briefed, including
being made culturally aware of local customs

e The use of facilitated discussion using a neutral local individual
to establish the views of local people will enhance discussions
since this environment encourages open debate that may not
be possible when “strangers” are around or in charge

e Agap analysis approach is often valuable, since external
agents, groups and individuals who are not familiar with
the local environment and circumstances generally tend to
proceed too quickly to what to them seem to be the apparent
solutions

e Akey consideration is recognition that local players may
not have been exposed to some of the range of potential
solutions. For example, a community may not agree with or
choose something that it is not familiar with or has not been
exposed to. It might help if use is made of demonstration units
and material, case studies from similar backgrounds and study
tours to show participants a wider range of possibilities than
they would otherwise be aware of. Sufficient time should be
allowed for reflection and it should be recognized that the
cultural fit of, for example, technologies new to a community,
will often be more important than technical aspects

e Consultation on research findings should not be regarded
as a once-off process. The consultation mechanism must be
developed on the assumption that it will form the basis of
a long term mentoring and guidance programme to define
changing circumstances and even needs on an ongoing basis.
Expecting of, and allowance for, a number of iterations or
progressive steps may be necessary when things apparently
seem to go “backwards”. Under no circumstances should any
cause of concern be ignored or left unaddressed

e Testing ideas with the local community is important and if the
concepts are not accepted, a process to establish workable
solutions that may have been suggested or preferred by them
should be implemented and followed through

* Proceedings and outcomes must be recorded and documented
properly and presented to the community in a format that
is accessible and understandable. Report back and seeking
feedback during the process and before finalising the reports
and outcomes is essential components of ultimate acceptance
and sustainability of solutions

e Ifthe situation is one of an external agency acting as a
supplier of assistance or funding wishing to build capacity in a
community or institution or even in a nation, the possibilities
of success will invariably be improved if the external agency
as soon as possible identifies stakeholders that not only have
vision and drive. In addition, they should have access to,
credibility with and the trust of key decision-makers within the
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targeted community, institution or nation, and
of their peer groups

e The trust and co-operation of government
structures will further enhance the chances of
success. Those stakeholders can assist in many
ways, not least in helping to define and prioritise
the greatest needs and the means to achieve
them.

The ultimate test will be whether those in whom
capacity will have been built will at the end of

the process have confidence and trust in and

take ownership of the outcomes. Any project or
initiative to address or achieve the outcomes has to
be accepted and bought into. If this is not achieved
it may be necessary to revisit the process.

The first two case studies that follow, illustrate two
examples, very different in scope and in scale, of
application of the above.

The third and last case study suggests means of
general guidance.

Case study: Water chlorination in Honduras

The World Bank’s report Science, Technology, and Innovation - Capacity Building for Sustainable
Growth and Poverty Reduction cites the following story of a water chlorination project in Honduras.
A system for chlorinating drinking water was designed for Honduras. The system involved placing a
small tank with a chlorine solution on top of the existing water tank. A flow regulator automatically
released small quantities of chlorine into the water tank.

Initially, the regulator did not work properly. As a result the local plumber who was maintaining the
system was criticized for not doing his work properly.

Following consultation with the plumber, a new regulator was designed and made from locally available
materials.

Over time, the plumber made several improvements to the design of the system. Also, in subsequent
years, the plumber trained other people in his village and other villages to make the regulator device.

This shows that through co-creation the plumber become an expert and was able to create a profitable
business in water chlorination.

Source: Page 81 of http://siteresources.worldbank.org/EDUCATION/Resources/278200-
1099079877269/547664-1099079975330/DID_STI_Capacity_Building.pdf
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Case study: South Pacific Engineers Association

In 2008 the Institution of Professional Engineers New Zealand (IPENZ)
perceived a general need for capacity building of the engineering
communities in the South Pacific region. Following extensive
consultations with representatives of the engineering communities in

six nations (Papua New Guinea, Samoa, Tonga, Cook Islands, Fiji and
Vanuatu), the outcome is a self-governing South Pacific Engineers
Association, and associated competence registers. The goal is to support
the improvement of engineering standards in the region.

The structure recognises the particular nature of the nations — with very
low populations that are insufficiently large for national systems to be
viable. Further South Pacific nations will be added as the Association
builds up strength. The Association will be largely self-governing, but
underpinned from New Zealand.

(For more information, see Appendix A5.1.)

Case study: A handbook for practitioners

“Democratic Dialogue — A Handbook for Practitioners” The Canadian
International Development Agency, International IDEA, the Organisation
of American States and the United Nations Development Programme
have produced the document Democratic Dialogue — A Handbook for
Practitioners.

This handbook provides guidance for those engaging in dialogue.

The handbook presents the principles of dialogue, including conflict
resolution. The handbook also presents summaries of how dialogue has
been undertaken in specific nations.

The handbook is available at http://www.undp.org/publications/
Democratic_Dialogue_Handbook_28Feb07.pdf
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5. Relationship of capacity to prosperity and quality of life, with
reference to the need for informed policy

5.1 Introduction

It is self-evident that individuals, communities and
institutions with greater “capacity” ’ are more likely
to enjoy higher quality of life, including greater
economic prosperity, than those with less capacity,
everything else being equal. This assumption is
supported by substantial evidence internationally
that the quality of its human capital and its
technological capacity is proportionate and highly
significant to a nation’s ability to alleviate poverty,
improve quality of life and build prosperity.

The lesson is clear indicating that there is a need

to build capacity in general, and in engineering

in particular in countries with a lesser advanced
technical base. There is also a need to inform
national and regional policy of the link between
capacity and prosperity/quality-of-life, and to
develop and strengthen this link. Equally, itis

vital that policies support the building of capacity.
Therefore it may be necessary to influence changes
in policy, so that it supports the building of capacity.

A good example of the contribution of sound
engineering services to health and safety can

be found in nations where engineering plays a
relatively larger role. In these nations thereis a
marked and proven reduction for the extent of
essential and in particular basic health services
especially, but not exclusively, where these needs
relate to water related illnesses.

This is due to the fact that many of the illnesses that
the medical profession has to deal with, are directly
caused by:

a lack of clean drinking water

poor sanitation

poor storm water drainage that may lead to
standing water which promotes mosquito
breeding and increasing the possibility of
malaria

7 As defined in Section 3.2.2 in terms of the types of
capacity that may need to be built. This definition is more or
less consistently used throughout this Guidebook.

e cooking and lighting with fossil fuels in confined

areas that may lead to respiratory illnesses

e lack of safe transport and for example dust
amelioration that could lead to unhealthy
situations

e poor supply of water for irrigating of crops that
lead to malnutrition

e overcrowding and its associated illnesses
including tuberculosis

e pestand plague related illnesses related to poor

rubbish and waste handling

The relationship is illustrated in the table below,
showing the ratios relating to numbers of medical
doctors and registered engineers in a selection

of countries. It shows that in more developed
countries there are higher numbers of citizens per
doctor and lower numbers of citizens per engineer,
which translates into the notion that better
engineering services imply “a healthier population”

5.2 Stages of economic development

The most commonly used indicator of prosperity
is Gross Domestic Product (GDP). The World
Development Report 2005 demonstrated that
the level of capacity development, particularly

as manifested in the type of economy and the
types of jobs available, has a high correlation with
prosperity, indexed as GDP per capita.

Four conceptual stages of economic development.

e The poorest nations operate primary
production-based and subsistence type
economies. This is the first stage of economic
development.

e The second stage involves low quality low-paid
jobs and often using outdated equipment that
is uneconomic to operate and too polluting
for more advanced economies to continue
using it. This stage can also involve the
lowest standards of occupational health and
safety. Some of the largest nations in terms
of population in the world are in this second
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Country Population No of Population per | Population per
regi_stered engineer doctor
engineers

Norway 4 600 246 37685 122 308
China * 1300 000 000 10 000 000 130 593
Finland 5357934 39 537 136 304
India * 1020 000 000 6 500 000 157 2320
Greece 15000 000 87337 172 199
Denmark 5520 295 30926 179 273
Canada 30337 000 169 512 179 475
Sweden 9 254 613 44 352 209 291
Germany 82 443 000 380 000 217 201
Brazil 184 203 744 811483 227 379
Iceland 270 603 1019 266 283
France 60 656 178 220 000 276 297
Ireland 3917203 14 000 280 362
Japan 121 000 000 400 000 303 476
UK 58 821 000 189 406 311 492
USA 296 771 226 762 000 389 361
Argentina 36 260 130 80 000 453 354
Australia 20372 452 44 767 455 414
Hong Kong 5000 000 10798 463 617
Malaysia 25 500 000 47 000 543 1436
Chile 14 973 843 22 000 681 2025
Poland * 40 265 683 53796 748 408
Singapore 4 240 000 3161 1341 318
Korea 45985289 21534 2135 585
Hungary 10 661747 4 815 2214 437
Romania 23 434 194 8 056 2909 523
South Africa 46 888 200 14 806 3166 1493
Sri Lanka 18 732 255 3348 5595 -
Tanzania 36 766 356 6 200 5930 -
Namibia 2030692 320 6346 4 545
Zimbabwe 12 746 990 2 000 6373 7092
Swaziland 979 000 80 12238 9100
Zambia 11261795 881 12783 11100
Ghana 21029 853 1644 12792 2 500
Figure 5.1 Source Allyson Lawless - Numbers and needs: Addressing imbalances in the
civil engineering profession 2005
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stage of development of which China, India and
possibly Brazil are current examples. Nations

in this stage have rapidly increasing demand

for resources, experience rapid urbanization,
and thus also experience extensive and
substantial environmental problems. This is

a major concern for those nations as well as

for the global community. A key question for
developing nations is how they can accelerate
their development, and avoid or minimize the
time period during which their people suffer the
worst effects of the second stage of economic
development. Appropriate and serious
attention to workforce capacity building will
facilitate the development process.

In the third stage, capital for better equipment
and better training of workers is deployed, and
the remuneration of workers increases. Both the
second and third stages are characteristic of the
development of an industrial economy.

The fourth stage of economic development is
the transition to a knowledge-based service
economy. In this stage remuneration rates

are high, the most advanced technology

is deployed, environmental impacts start

to lessen and better social services can be
afforded. Manufacturing still exists but is highly
automated; there is efficient use of resources
and lower-than-before environmental impact.
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Figure 5.3 lllustration to show changes in economic, social, health,
environmental and resource intensity performance of economies
during the transitions from primary-based to industrial-based

and then to service-based.

5.3  Capacity building imperatives apply to all

nations

The need to build capacity does not decrease as

a nation develops. This is especially so in respect
of engineering capacity at all levels. Demands for
informed decision-making may even increase as
levels of technology and development advance.
In addition the challenges to maintain the
infrastructure investments made increase as the
built environment demands escalate.

In stark contrast, the understanding of as well

as the credibility and respect for, the role of
engineering and technology has either declined or
not keep pace with development. Somewhere it has
been said that "modern society has a love affair with
technology but disregards the engineering behind

it and what and who it is that brings technology to
them.”

A lack of attention to the ongoing renewal

of technical capacity can lead even advanced
economies to failure if they do not retain and
develop sufficient and appropriate skills to be able
to support themselves. Loss of infrastructure
resilience and the potential for highly damaging
and cascading failure of infrastructural systems, in
terms of which failure of one component leads to
failure of another, is a real risk throughout much of
the developed world.

Irrespective of its living standards or its size,

a nation must therefore pay attention to
development and renewal of its decision-making
and technical capacity if it is to prosper, sustain and
support its people.

In addition the apparent reliability of services

and long lifecycle design principles as well as the
“invisibility” of infrastructure create a false sense of
security. In a number of nations, failures are now
occurring as infrastructure that has been created
after World War Il has reached the end of its design
life. In other cases, infrastructure is failing due to
neglect and has prematurely reached the end of

its life. Sadly, it has sometimes taken failures and
disasters to get the public and decision-makers

to realise the loss of technical capacity, and to
acknowledge it through remedial action of one sort
or another.
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Developing nations have for historical reasons always been the
worst off with respect to most components of technical capacity.
This is despite that some of them have been successful in terms
of the numbers of and quality of indigenous technical capacity
that has been trained. Unfortunately, many of these individuals
have subsequently been lost to the developed and high growth
nations, which have sought to recruit engineering professionals,
attracting them with higher remuneration packages and better
living conditions than they were getting in their countries of origin.
When technical capacity shortfalls do occur in developed nations,
the economic strengths of those nations enable them to offer
remuneration which will attract skilled people from less developed
nations. This worsens the problems experienced in the developing
nations. Extensive capacity building should therefore be seen as
an ethical as well as a practical issue especially in terms of which a
local basic engineering workforce is imperative and crucial where
it concerns providing of day to day basic engineering services.
The international financial crisis of 2008-2010 may in the long
term have both a positive as well as a negative impact on
developing nations. In the first place many professionals may
return to their nations of origin and boost the numbers available
in those nations. At the same time a number of developed as well
as developing nations have embarked on extensive investment in
infrastructure programmes to counter the economic downturn,
which means that professionals may migrate once more.

5.4  Evidence of correlations with reference to capacity,
infrastructure, prosperity and quality of life

There is substantial evidence internationally that the quality of
human capital and the technological capacity of a nation is highly
significant to its ability to alleviate poverty, improve quality of life
and build prosperity. The extent, penetration and coverage and
quality of infrastructure evidently contribute to the wellbeing of a
nation.

Figure 5.4 shows the relationship, for a selection of developed
and developing nations, between economic growth and gross
fixed capital formation (GFCF) (Investec 2005). As an enabler
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of economic growth, the construction industry
stimulates growth by increasing the productive
capacity of the economy through the provision of
infrastructure to both the public and private sectors
alike. An established global benchmark is that
GFCF should vary between 20% and 30% of GDP
and that construction investment should represent
between 20% and 30% of GFCF (4% to 9% of GDP),
in order to generate a consistent economic growth
rate of 5% and more (Murray & Roberts, 2008).
Technological capacity has a high correlation with
prosperity. The technology achievement index
(TAI) correlates well with both GDP and the Human
Development Index (HDI) — See Figure 5.4 (Roux
2007)8.

Figure 5.5 shows data which suggests a very

high correlation between, on the one hand,
improvements in education as indexed by changes
in number of years of education and, on the other,
predicted GDP/capita growth rate for the period up
to 2020.

India ("IN" in the Figure), China (CN), Thailand (TH)
and Spain (ES), the three highest on the right-hand
side of the graph, are expected to be four of the
strongest performing nations. The economies in
India, China and Thailand have grown very rapidly
over the last ten years, transitioning quickly up

the first three stages of development. Spain is
progressing towards a service economy. Other high
performing nations include Malaysia (MY), Turkey
(TR) and Korea (KR).

Common to all these economies is a commitment
to engineering. In 2002 the OECD stated that

on average 13.3% of graduates at higher level
qualifications (typically degree level) were
graduates in engineering. Over the same period
16.3% of graduates in lower level qualifications
(sub-degree level) were graduates in engineering.

Rapidly developing nations such as Korea and

China have much higher proportions of graduates

in engineering — around one-third of graduates

are in engineering. In Spain, 14.3% of graduates
were in engineering, and, of lower level tertiary
qualifications, 33.7% were in engineering. In
Turkey, 11.8% of graduates and 33.7% of lower level

8 Ironically the construction industry itself is notorious
for low levels of innovation (Rust et al, 2009), with consequent
low TAl in this sector.

tertiary qualification holders were in engineering.
The lesson is clear. There is a need to build capacity
generally - engineering capacity in particular - also
to inform national and regional policy of the link
between capacity and prosperity/quality-of-life.
Equally, it is vital that policies support the building
of capacity. Therefore it may be necessary to
influence changes in policy, so that policies do
support the building of capacity.

Appendix 1 describes some special policy needs in
developing nations.

5.5 Supportive policies

Policies supportive of the building of capacity
generally, and engineering capacity in particular,
are needed.

A number of issues must be considered including:

e Torecognize the need for and taking action to
orientate, inform, assist and educate the public
at large, elected representatives at all levels of
government and government agencies as well
as business and commerce decision makers
about the essential and crucial role of and the
contribution of engineering and technology to
establish and maintain infrastructure services.

* To co-operate and interact with government
and governance structures, employees as
well as politicians, to assist with and facilitate
informed decision-making in all areas of
engineering and infrastructure services.

e Torecognize the long term benefits and value
of advocacy to government and outreach to the
general public or to communities to orientate,
inform and educate them about issues
concerning engineering matters. To recognize
that appropriate ways and means have to be
used in various circumstances to achieve the
goal of achieving informed decision making at
all levels of society?®.

e To utilise private sector, non-governmental and
community institutions, including professional
bodies, as a vehicle both to influence public
policy and to implement it.

9 Not forgetting that in a democracy it is individuals
and communities that choose their representatives, and it

is these representatives that are responsible for the public
policy that plays such a major role in the delivery of services.
Elected or appointed decision-makers ought to be merely the
custodians for the needs and aspirations of those who they
represent.
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e To build and utilise networks between professional and
occupational groups such as medical doctors, engineers,
architects, scientists, lawyers and accountants, in order to
develop and maintain unified rather than competing opinions
about issues of common interest including for example:

- the need for mathematics and science education;

- the need to integrate, agree and apply budgets and funding
allocated to ensure public health and safety in terms of
providing adequate potable water and sanitation which
effectively would reduce the need for extended health
care, whereas health care often only treats the results,
not the causes, of poor water and sanitation services.

e Torecognise the need to orientate, inform and educate
public officials about the need for underpinning systems
such as upholding and application of technical standards
and independent measurement systems in support of
sustainability since these issues may not be automatically be
seen as contributing to welfare and growth.

5.6  Key factors influencing engineering capacity building

In practical terms, the following are key factors important to the
success of building engineering capacity:

Policy factors:

e Commitment to sustainable development practices to ensure
sustainable practices

e Public and private sector participation in engineering practice,
professional and related matters

e Development of a pool of knowledgeable and informed
decision-makers, clients and users of engineering
infrastructure and services, including the general public

e Platforms and mechanisms for engineering professionals
who can influence best policy practices at all levels of decision
making in government and private sector

e Public awareness programmes in order to enhance the
visibility and recognition of the role of the engineering
profession in civil society

e Appropriate science and technology policy including the
extension of research and development initiatives by
government

e Good practice policies relating to both local and foreign
involvement in nations

Educational factors:

e Appropriate curricula at schools to prepare and enable learners
to enter into the field of engineering with specific reference to
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mathematics, science and technology

e Qutreach and career guidance programmes for
all school learners

e Acceptable and appropriate international
frameworks to accredit and recognise
educational qualifications and professional
standards to facilitate reciprocity and equity

e Promotion of appropriate education and
training for engineering professionals dealing
with the challenges of rural and developmental
engineering

e Networking frameworks amongst tertiary
educational institutions involved in engineering
related education

e Promotion and facilitation of entry to and
equality for all demographic and gender groups
in the engineering profession

Factors relating to ongoing professional
development of engineering practitioners:

e Effective communication channels and facilities
for all engineering professionals

e Alliance and integration models for interaction
and networking among engineering and other
built environment institutions

* Internationally accepted norms in terms
of conduct, integrity, ethics, engineering
standards and care for people and the natural
environment

e Continuous learning and professional
development opportunities for engineering
professional

* Professional and technical networking
opportunities and events

* Anevents database features annual
programmes of events, including those relating
to continuous professional development, for the
purpose of forward planning and co-ordination

* Adatabase of mentors and coaches who can
be mobilised for assisting young graduates and
even students

e Guideline documents to assist graduates with
their candidate phase and to ensure that all the
necessary aspects are attended to

Technical support factors:

e Access to technical information and data for all
engineering professionals

e Harmonisation of standards, documentation,
methods and procedures

* Access to good practice examples as well as
case studies regarding engineering practice
in terms of desirable and appropriate local
and internationally recognized engineering
standards, processes, procedures, methods or
systems in relation to the delivery processes and
the life cycle of products and assets

* Dissemination of and access to relevant
published technical papers, articles, editorials,
technical journals and magazines for reference
purposes

e Utilising procurement as an instrument for
development and capacity building

Other factors that can raise the chances of failure
include:

e Inappropriate selection of solutions

» Diversion of available funding into complex
administration structures or into fees for
external consultants, rather than empowerment
of the local people

e Lack of continuous and consistent funding that
lead to stop-start behaviour, seriously harming
progress and even impacting on credibility

e Financial failures and mothballed projects that
render the capital used in the development
either as wasted or sterile
Corruption that is not addressed
Financial stability

5.7  Education as a key factor in national policy

Overall, there must be national-level recognition of

the need for long term investment in a stable and

sustained education and research and development

sector and in relevant education for local needs.

In the boxes below are examples that show the
importance some nations attach to building
capacity generally, and to engineering capacity
specifically.
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Case study: India

India has made a long-term effort to increase the numbers of engineering
graduates and the quality of their education.

In the past, many engineering graduates sought employment outside
the nation. However, many are now returning. In addition, more recent
graduates are staying on to work in India in the software and design
industries and finding well-paying careers.

The growing number of technically proficient and well-educated
specialists has also enabled India to become a prime destination for the
outsourcing technical support by the world’s leading technology firms.

Case study: Ethiopia

The Ethiopian Government, with support from World Bank donors, has a
programme called the Public Sector Capacity Building Program Support
Project (PSCAP) which aims to improve the efficiency and responsiveness
of public service delivery, empower citizens to participate more
effectively in government processes and promote good governance and
accountability.

Thls project is expected to:
increase the predictability and adequacy of financial resources flows
e provide greater inclusiveness and transparency of planning and
prioritization processes
enhance revenue performance and fiscal autonomy
enhance the environment for public servants
improve the quality and efficiency of operations; and improved
transparency and accountability

Source: http://web.worldbank.org/WBSITE/EXTERNAL/NATIONS/AFRICAEX
T7/0,,contentMDK:21082643~menuPK:1804110~pagePK:146736~piPK:14683
O~theSitePK:258644~isCURL:Y,00.html

Case Study: China

In 2001 the proportion of first science and engineering degrees to all
bachelors-equivalent degrees was 59% in China, as compared to about
33% in the United States. These results were reported in the National
Science Board's report "Science and Engineering Indicators 2004”.

The Science and Engineering Indicators 2004 opens with the statement:

“Excellence in (science and engineering) higher education helps a nation
to be technologically innovative and economically competitive.”

This shows the importance placed on higher education and the
acknowledgement that science and engineering education leads to a
nation being more competitive.
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Case study: Rwanda

Since 2006 the World Bank and the Government of Rwanda have been
working together to build Rwanda’s science, technology, and innovation
capacity.

The objective of the programme has been to help Rwanda build its science,
technology and innovation capacity to identify, design, and implement
practical solutions to everyday practical economic and social development
challenges.

The results indicate that:

e Capacity building should focus on finding practical solutions to
practical problems.

* Science, technology and innovation capacity building is a cross-cutting
issue with a direct impact on very diverse programmes.

e Capacity building requires coordinated action across a large number of
organizations. Failure to coordinate and integrate actions and policies
across these bureaucratic silos runs the risk that the capacity building
programme will not achieve its objectives and that the money invested
by other agencies and organizations will not produce the desired result
or outputs and there will be a paucity of satisfactory outcomes.

e Science, technology and innovation capacity building involves all levels
of technology and skills—ranging from sophisticated scientists to
engineers and technical and vocational workers.

e Science, technology and innovation capacity building is not just about
research and development - it is also about getting knowledge out of
the laboratory and into the market. Knowledge diffusion is a critical
component of the capacity-building process.

e Technical and research institutions perform poorly because of weak
incentive structures. Fixing these incentives, boosting institutional
performance and building an institutional culture of innovation are
critical components of science, technology and innovation capacity.

e Thereis an advantage to being a latecomer. A nation does not have to
invent everything it needs. It can achieve significant results and solve
many problems by adapting and using off-the-shelf technology. Doing
so still requires significant investments in capacity building.

* Science, technology and innovation capacity building is not about high
technology only. Producing high-quality goods also requires significant
scientific, engineering, and technical capacity.

e Science, technology and innovation capacity alone cannot solve all
the problems of a sector. Finance, entrepreneurship, fiscal incentives,
regulatory measures, government regulations, government support
programmes, and public-private partnerships are critical elements that
must function properly for capacity building to deliver concrete results.

* Innovation must be a way of life for everyone, not a sporadic activity of
a few isolated scientists.

Source: http://siteresources.worldbank.org/EDUCATION/Resources/278200-
1099079877269/547664-1099079975330/Building_STIcapacity_Rwanda.pdf



Case study: South Korea

At the 2004 meeting of the ASCE, the South Korean delegation presented
the results of their nation’s investment in the number and quality of
engineering graduates over the past three decades.

Its presentation showed that:

e In 1970 South Korea had about 6,000 engineering graduates.
* In 1980 there were 14,000 engineering graduates.

e By 1990, there were 80,000 engineering graduates.

When plotted against South Korea’s per capita GNP growth, the number
of engineering graduates almost directly parallels the growth of the South
Korean economy, offset by a few years. This shows the importance of
engineering to the nation.

This data appears to show a direct cause and effect that demonstrates
how investment in building a well qualified and sufficiently large pool of
engineers leads to sustainable economic development.

Case study: South Africa

In spite of a huge effort to bring appropriate and effective education and
training in reach of the population as a whole since 1994, school leavers
with sufficient marks to succeed in tertiary education have not increased
and in most cases quality has reduced. New and possibly inappropriate
curricula, especially with reference to mathematics and science, have been
“experimented” with and changed several times. Literacy and numeracy
remains a vexing problem.

In spite of the poor preparation and conversely thanks to effective
career guidance as well as policy to increase the numbers of engineering
professionals, the latter part of the first decade of the new millennium
statistics show that the applications to study engineering have soared
and classes are over full. Staff and facilities are inadequate and all of
this, starting with poor preparation at school level is resulting in poor
throughput. Due to a lack of mentors graduates are also to struggle to
prepare for professional graduation within reasonable periods of time.

Source N&N - Lawless 2005
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6. Training and developing engineering skills

6.1 Education as a key factor in policy
Chapter 5 demonstrated the positive correlation
between in particularly engineering capacity
and prosperity and quality of life. The point

was emphasized that programmes to achieve
greater prosperity and improved quality of life
must be underpinned by proficient, informed
and anticipatory decision-making, which in
turn depends heavily on a high level of technical
education and training and the development of
critical awareness and assessment programmes.
The world is littered with examples of unsuitable
or inappropriate technology and infrastructure
due to a lack of “wise buyer” capability. The risk
of poor decisions increases exponentially when
governments do not recognize the need to employ
skilled technical advisers.

Conversely, there is a compelling need for policies
that will support the building of capacity. The most
vital public policy is addressing the education and
support of individuals and sector groups, including
non-governmental institutions that train, mentor
and support technically-educated individuals.

In respect of the higher level engineering skills,
adherence to international engineering standards
is another crucial element in the quest for
competency in order to ensure a level playing field
and fair and equitable competition on the global
stage.

This chapter addresses training and developing
of engineering skills. It should be noted that

at times reference is made to engineering
professionals and in some cases to engineering
practitioners and although these terms are
sometimes interchangeable, it must read against
the background that engineering practitioners is
an inclusive term for those active in engineering,
whereas not all practioners are necessarily
professionally registered with a specific body or
entity established for that purpose.

Achieving high levels of value creation per hour
worked requires not only a technically literate
workforce to implement and use modern

technologies, but also needs to address issues like:

e technical capability to undertake investment
projects;

e the ability to undertake relevant research and
development;

e the technical skill and ability as well as
competency of engineering professionals to
spend capital in developing universally efficient
and reliable infrastructure in the areas of
water supply, transport, energy supply, waste
treatment and other amenities and services that
sustains and stabilises modern society.

The effective utilization of resources is a primary
goal of the education of engineering professionals.
Giving precedence to engineering education is
therefore vital for nation building.

Necessary technical educational resources,
capability and competency contain several
elements and prerequisites:

e Technically literate government-employed
engineering professionals and scientists,
proficient in public policy matters, who can
advise on key policies and create the policy
conditions to attract investment that will be
used responsibly. Areas where expertise is
needed include, for example, operations and
maintenance standards, and standards for
environmentally and financially sustainable
infrastructure investment

e Technically literate engineering professionals,
technologists and scientists who are proficient
in business and private sector matters, and are
likely to be able to attract capital and use it
wisely

e Engineering professionals with management
skills and knowledge who can spend public
capital effectively to deliver the most
appropriate, affordable and sustainable
infrastructure

e Engineering professionals with the skills to
operate and maintain infrastructure assets and
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production facilities to standards that ensure serviceability and
reliable delivery

e Anational commitment to wherever appropriate use
internationally recognized engineering standards and codes
of practice, and forms of contract for engineering services
procurement

e A commitment to build, implement and maintain engineering
education, professional registration or licensing systems and
frameworks that comply with the standard of internationally
recognized benchmarks including the Washington, Dublin
and Sydney Accords for education, and quality or professional
standards models such as the International Professional
Engineer (IntPE) quality mark established in terms of the
Engineers Mobility Forum *°

e Supporting mechanisms including incubators and small
business development financing to apply research and
development results from local universities and companies for
economic gain

e Tertiary education facilities, sufficient funding, sufficient
numbers and suitably trained lecturing and coaching staff,
research funding and facilities, bursaries

e Codes of conduct, codes of ethics and sound business
principles that are already introduced at tertiary level

6.2  Generic engineering skills

Skills are usually acquired, sometimes by osmosis and sometimes
actively learned from other human beings or from observing
nature and by mimicking and exercising or repeating actions or
procedures.

Much of what are defined as engineering skills emanates from
understanding and applying the scientific and basic laws of nature
in creating a “world that never was” in order to provide for and
serve the needs of human beings across a range of basic skills to
sustain life right to high end sophistication.

Figure 6.1 illustrates the areas of skill along the project cycle that
the engineering graduates have to acquire to ultimately qualify for
professional status.

10 The various accords have been developed to provide a framework of
equity in terms of which there would be measurable mechanisms in terms of
the level and quality of engineering qualifications among nations. In essence
the Washington Accord covers a four year degree programme for engineers,
the Sydney Accord covers a three year programme for technologists and the
Dublin Accord covers two year programme for technicians. At the professional
reciprocity level the Engineers Mobility forum and the Technologist

mobility forum could be cited as another example of frameworks that aim

at comparable professional registration standards and competencies for
engineering professionals. A list of signatories to these accords and more
information can be obtained at www.ieagreements.net .
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Figure 6.1 The project cycle showing the skills that need to be acquired
Allyson Lawless - Number and Needs: Addressing imbalances in the civil
engineering profession

The engineering skills required by challenges
posed by the current environment and in particular
in developing areas are daunting. Increasingly,

the era of engineering solutions being imposed

on “recipients” is over, and decision-making has

to be more inclusive and participative. Thisin

turn demands that non-engineering individuals,
communities and institutions need some
understanding of technical matters, at least as to
how these affect them.

Engineering professionals have always been
challenged to keep up to date, and to refresh

their skills. The pressure to do so is constantly
increasing, as knowledge becomes “obsolete” at

a faster and faster pace. Continued professional
development has become an imperative and life
long learning a crucial element in the careers of all
engineering practitioners.

There has always been a need for ongoing
professional development programmes for
engineering practitioners to assist them to engage
with public policy and capital projects, operations
and maintenance management in government and
other governance structures. Exchange of staff and
seconding programmes can assist with building
understanding and skills in all sectors that would
enhance decision making and sustainability.

Similarly, there has always been a need to enhance
the status of engineering professionals, and to
create an environment in which they can become
and remain as committed as teachers, as public
servants spending national capital. In addition they
need to be valued as contributors, value adding role
players, participate as forward thinkers and act to
develop and enforce environmental standards as
custodian of the environment at large.

Last but not least, the active and progressive
transfer of skills and knowledge in a diminishing
work force environment has become a crucial
element to accelerate transforming and developing
the younger generations scheduled to take over.

In many cases “retired” professionals are therefore
becoming a valuable resource in skills development
where there are insufficient numbers of actively
employed individuals in the professions to deal with
day to day mentorship needs of graduates.

In addition the engineering profession has taken
stock of the range of skills that an engineering
professional needs to practice in the complex
environment of today. The conclusion was reached
that this range would have to be extended at a
rapid rate in order to cope with the changing and
expanding environment. The American Society of
Civil Engineers has for example listed 24 outcomes
or areas of skill in terms of the body of knowledge
(BOK) that they envisage that the professional
engineer of 2025 will require. While many of
these outcomes have been needed by engineers
since time immemorial, a number of items like

e.g. globalisation, communications and ethical
responsibility are relatively recent additions.

The full list of skills required by this ASCE
professional engineer of 2025 is:

Foundational Outcomes
Outcome 1: Mathematics
Outcome 2: Natural Sciences
Outcome 3: Humanities
Outcome 4: Social Sciences
Technical Outcomes

Outcome 5: Materials Science
Outcome 6: Mechanics

35



Outcome 7: Experiments

Outcome 8: Problem recognition and solving

Outcome 9: Design

Outcome 10: Sustainability

Outcome 11: Contemporary issues and historical
perspectives

Outcome 12: Risk and uncertainty

Outcome 13: Project management

Outcome 14: Breadth in civil engineering areas

Outcome 15: Technical specialisation

Professional Outcomes:

Outcome 16: Communication

Outcome 17: Public policy

Outcome 18: Business and public administration
Outcome 19: Globalisation

Outcome 20: Leadership

Outcome 21: Teamwork

Outcome 22: Attitudes

Outcome 23: Lifelong learning

Outcome 24: Professional and ethical responsibility

The following list of skills or areas of importance possibly define
the outcomes in a different way and in a number of areas it could
be deemed to additional or complementary to the ASCE BOK list:

Research and application of research

How to develop and apply technology

Developing alternatives in an environment where resources are
scarce

Making an informed decision

Assessing risks and designing for safety with safety factors
Dealing with “customers” and "“clients” as well as “"owners” and
“decision-makers”

Understanding of and abiding with cultural and ethical issues
Designing for sustainability

Transferring skills and mentoring

Knowing about finance and funding as well as economics

The ability to speak, read and or understand a number of
languages

Understanding of global and local politics and governance
systems

Operating in multi-skilled teams

Operating in gender, race, religious sensitive environments
Developing skills in own field as well as creating skills for other
people

Creating an enabling environment for the engineering
professional to do his or her work in
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* Entrepreneurship

e Orientation in and awareness of multi-disciplinary
environments

6.3  Additional concerns appropriate to a

developing environment

In addition to the issues mentioned in 6.2, there

are additional challenges faced by primarily, but in
many cases not exclusive to, the developing world
environment. Skills that were until recently deemed
to be present in all engineering graduates now seem
to be poorly developed, and in many instances need
additional attention. Poor preparation in terms of
secondary school or pre-university education has
led to serious challenges at tertiary levels which
necessitates additional interventions. The areas for
example include:

numeracy
literacy

basic understanding of the sciences and laws of
nature

6.4 Developing appropriate skills

Nations, institutions, communities and individuals
need to decide where the real and ethical
engineering challenges are and ensure that
sufficient numbers of individuals among them have
the skills appropriate to meeting those challenges.

Too often, however, the real challenges are, for

one or another reason, not prioritised. For example
“Quick fix” but unsustainable infrastructure is built,
or “best practice” is aimed at where “good practice”
would have sufficed, whereas it can be argued that
the basic priority appropriate for that time and
place ought to be the provision of basic sustainable
services in challenging environments.

Developed nations and areas are usually “well-
off” with respect to engineering professionals and
support systems but this creates tensions between
countries, since engineering professionals often
tend to migrate towards the more developed
parts of the world or to more developed parts of a
country, leaving a technical skills vacuum behind
them.

A different but also contentious point, is the
tendency to refer to the skills appropriate to
delivering affordable services for basic needs as
“not really worthy of engineering status” or “low
technology engineering”. Many engineering
professionals would rather deal with the

“higher” end of engineering in its so-called “high
technology” format. One of the reasons for

this phenomenon may be that career guidance
initiatives often focus on engineers building the
large dam or the highway, or the high rise building
that would excite the candidate and attract

him or her into engineering. It is seldom that
these initiative would feature the operation and
maintenance of engineering facilities and services
that also require engineering expertise. There is
even less emphasis on issue like the provision of
services for low income families that can really
challenge the engineering professional to a great
extent due to the adverse circumstances and lack of
resources.

Unless all these issues are approached in an
integrated manner, sustainability will not be
achieved. The need to develop and maintain skills
that are generic and “transportable” has become
more important than ever as a globalisation
accelerates and as the need for survival increases.
As already mentioned, there is an unfortunate
and unintended consequence in creating a
universally acceptable, generic and comparative
set of engineering competencies in the sense

that it provides an easier route to migration of
professionals from lesser developed areas to more
developed areas. This has lead to a decimation of
skills in less attractive environments, since more
attractive remuneration and better living conditions
in developed countries often present itself as an
“escape”.

The challenge for less developed nations is how to
acquire and retain a basic engineering workforce
that can at least deal with everyday issues and
which is deployed right at the heart of communities,
delivering local authority type basic services like
potable water, sewage systems and transportation.
For the more specialist issues, engineering
professionals may from time to time have to be
“imported” by these nations for specific tasks, as it
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may not be viable to develop specialist skills in developing nations.
Expectations should not be created that continuous employment
of these specialists will be guaranteed in developing countries.

A mobile cadre of the highly specialized group of engineering
professionals may even be the future for more developed nations
as well, as it is clear that shortages of engineering professionals
are increasing right across the globe.

It is important to know what is needed in terms of skills at all
levels of government including national, regional and local levels.
The South African *"Numbers and Needs"” studies in this regard
revealed the complexities with reference to skills needed in all
aspects of the engineering environment in terms of “what, where,
how, who and how many” in terms of skills development. (Allyson
Lawless - Numbers and Needs in local government: Addressing
civil engineering - the critical profession for service delivery 2007)

All nations need human resource development policies and plans
to ensure they have the necessary capacity and capabilities.
These plans must include:

e Empowerment of decision makers not necessarily closely
related to engineering has become integral part of engineering
activities. These decision makers range from young children
who have to learn to use scarce resources like water with
responsibility and care, to the other end of the spectrum which
are the rulers of nations who have to understand that funding
for asset management or maintaining infrastructure is even
more important than funding for the erection of a facility in
the first place

e A commitment to provide physical and human resources and
facilities for the education of engineering professionals and
to educate and train an engineering corps of key personnel to
internationally benchmarked standards

e A commitment to identifying and creating a supportive
environment that is free of bias so that people from all racial,
ethnic, gender and cultural groups within the nation are able to
access and participate in the engineering profession

e Development of “lower level” tertiary education programmes
which may be an initial access point for a broad selection of
the population, together with plans to eventually move these
qualifications to conform to the international benchmark
standards

e Where there are no or insufficient local educational and
training capacity, individuals should be assisted to be educated
in other countries where facilities exist. The choice of an
external host nation for education is vitally important to
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ensure that the study fields that international
students from developing nations embark on
are aligned to needs and local environments

of their nation of origin to ensure effective
employment on return. In addition there is a
major challenge in the sense that conditions
in the home nation must be conducive to
encourage that a graduate will in fact return to
his or her home land

Co-operation within regions can be beneficial
and even essential where a nation does not
have capacity to independently educate and
train professionals. Exchange programmes and
mutual approaches to regional requirements
can facilitate development of the work force

.
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Reducing waste and improving standards

Diversity, gender, wisdom and career guidance
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7.  Attracting citizens into engineering and technology education in order
to build a local skills base

In order to build a local skills base there are a number of stumbling
blocks to be overcome. The list of issues will vary from country

to country and in some cases there will be very specific or unique
matters to be dealt with. Each country or environment therefore
needs to be examined and researched to enable the "capacity
builder” to proceed with the right and the appropriate attitude and
set of tools.

In many countries, including some well advanced developed
nations, there are some crippling issues that affect and influence
the ability to develop and maintain a local engineering related
skills base. In a substantial number of cases teachers are generally
under-skilled particularly in mathematics and science. There has
also been a continuous “experimenting” with the primary as well as
the secondary school curricula, trying out models that ultimately
failed in northern hemisphere developed countries. Constant
changes in the way that learners were supposed to be taught, poor
access to resources and facilities, poor training and other factors
have led to a demoralized teachers or educators corps and this has
in turn contributed to "don’t care” attitudes, teacher absenteeism
and other negative factors.

In addition the developing world faces factors that affect learning
outcomes related to the physical environment and socio economic
issues at large and include:

Malnutrition
Long distances and inadequate transport facilities for learners
to get to schools

e Many schools do not have libraries and furthermore teachers
are not trained to help the learners on how to use the libraries;
Many schools do not have science laboratories;
Many schools do not have electricity;
Teaching staff and learners have to cope with dilapidated
school buildings or even no school building at all and having to
resort to teaching in the open air or under trees;

e At many schools there is not clean water for the learners to
drink;

e At many schools the sanitation is totally inadequate

There are a number of ways in which the decision making capacity
of citizens of all ages can be improved to enable them to make
informed decisions about careers and vocations. It is important to
realise that such a choice is not that of the individual young person
only, but that his or her support and contact network in terms

of care givers like parents, relatives, teachers, future employers,
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governments, the media and society at large all
play a contributing role in forming an opinion and
ultimately coming to a decision.

Ultimately the physical framework and
opportunities in terms of access to primary and
secondary education, culture, funding, facilities
and many other environmental factors play a
role in whether a individual joins the engineering
profession or not.

It should furthermore be recognised that attracting,
growing and retaining engineering professionals is a
long process and to get to professional registration
and maturity can easily take up to 25 to 35 years
from date of birth. During this process various
interventions may be necessary, especially in

cases where there is an underdeveloped culture

and understanding of science and engineering

and technology. It must be emphasised that such

a culture is not necessarily present in developed
nations nor is it per se absent in under-developed
nations.

To ensure a pragmatic approach and successful
interventions there should be an integrated and
continuous process as illustrated in figure 7.1.

In various stages of the development of a
professional there are specific focus areas and
components for which capacity building exercises
may have to be considered. Some of these
components are illustrated in Figure 7.2

A collection of issues that should be taken into

account are listed below. Since there are vast
differences from one environment or situation

to another, with reference to for example the
stage of development, or the cultural and social
circumstances in communities for which capacity
building is intended, this list is not exhaustive,
but serves to stimulate thought and promote
understanding. Any attempt to plan interventions
and provide capacity building should therefore be
carefully researched and planned together with
communities who are interested in participating.

Of principal importance is that every environment
has its own set of challenges which has to be
identified before embarking on capacity building.
Although the following list is not scientifically
structured and not meant to be a check list in any
way, it does give an indication of the complexities
that face anybody or anyone who has to decide on
capacity building:

e Importance of contact with individuals and
groups of practitioners in engineering as a
means of inspiring prospective students

e How to de-mystify and make science and maths
fun

* Making a direct connection of how maths and
science is used in everyday life

e Therole of and crucial importance of the
inspiring teacher

e Address health and safety concerns that cannot
easily be demonstrated by means of exciting
science experiments

The pipeline - from young child
to engineering professional.
Aligning effort and taking
cognizance of intergration

onS.

Figure 7.1 Aligning capacity building efforts — with specific reference to the
engineering profession CECB presentation — 2008
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Figure 7.2 Growing professionals CECB presentation - 2008
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Whether science and maths teaching could lead to cultural
estrangement due to the method of delivery that could be
incompatible with culture or beliefs

Recognition for indigenous science and technology, even if
this material is not covered in classic science and technology
textbooks

Getting engineering professionals to adopt schools in the
capacity as role models, advisors, mentors, part time and
even full time teachers in subjects like maths and science and
technology

Promote understanding that engineering uses science as

basis to develop technology that is needed and used by
everybody every day and that without engineering very

few amenities and pre-requisites like potable water and
sanitation, transportation as a means to access places of work
and recreation opportunities associated with modern day
civilization would exist

Resource materials to enable teachers to better deliver
science, maths and technology curricula that are likely to
inspire students

Working with school principals and careers advisers and assist
with training material, resources and preparation of lessons
to enable them to understand the role in and contribution of
engineering to the health and safety and wellbeing of society
and to overcome negative perceptions that engineering is for
example an elitist and exclusive profession

Utilising modern ways of communication including media that
young people use like Mixit, Facebook, Youtube, Twitter and
so forth

Recognise the importance of and assist key role players like
parents, family, and friends to understand and build a profile
of the engineering profession through public campaign to
facilitate and promote support for initiatives to encourage
young people to consider the engineering professions as a
career

Recognize different interests and learning styles of young
people and their lack of a uniform knowledge of maths and
science, adapt tertiary programmes accordingly including the
provision of bridging programmes

Utilise problem-based learning as a means to make the
learning process more interesting and practical

Consider scholarships that have strict conditions concerning
incentives and requirements with reference to ensuring
that graduates will remain in and serve their respective
communities or nations
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|dentify and recognise those communities,
ethnic groups and for example females who
are under-represented in engineering and
other technical education fields, identify their
needs and desires and how to attract themin a
meaningful way

Provide ways and means for females who have
taken time off to start and grow families, in
terms of retaining their competencies by means
of for example CPD, re-entry opportunities

as well as work place facilities and allowances
for working mothers including flexi time
arrangements

Utilising engineering heritage programmes,
and anniversary dates of major engineering
achievements as a means to improve public
perceptions of engineering but also utilise the
opportunity when both human induced as well
as natural disasters occur, to explain and inform
the public as well as communities

Promote engineering professionals as the
people who are responsible for economic,
environmental and many parts of social
development, sustainability, health and safety
and as the people who take responsibility for
creating a better life for all, general wellbeing
and wealth

Identify and promote key role models and get
them to communicate and identify publicly they
are engineering professionals

Pursue a media and communication strategy to
engage politicians into a “talk it up” programme
to increase public understanding of the need for
engineering

Overcome the perception in many countries
that engineers tend to be a profession that is
not only male dominated, but not meant to be
for females and in other cases only suitable for
specific demographic groupings

School-based competitions contribute
substantially to image building and creating
interest

Using illustrations to show career pathways
from “school to CEO”

e Creating of ways and means to communicate
the fact that engineering careers are not only
personally satisfying but in general ensures
above average remuneration opportunities

e Celebrate success of engineers by means of
engaging with the media

e Utilise public perceptions and design
programmes to address issues of concern to
elevate the role and importance of engineering
by means of surveys, infrastructure report cards
and failures of infrastructure

In spite of valiant and laudable efforts the issue

of attracting and retaining a balanced and
demographically representative cadre of individuals
to the practice of engineering remains a vexing
challenge in any environment. There is however
hope in the sense that a number of countries have
achieved success to a certain extent, but in the
majority of developing countries the indication is
that a serious imbalance and inequity still exists and
persists.

A further debate is around the fact that engineering
is notorious in terms of achieving a gender balance
and only a few countries seem to have broken down
the barriers in terms of which females enter the
professional reasonable numbers. In most cases
the engineering field remains a huge challenge

for females in terms of the working conditions,
flexibility of employers to allow them to attend to
family matters and even equal remuneration for
equal work and positions.

A serious change of heart and policy will have to
be developed to level the playing fields to ensure all
individuals will have equal access to engineering.
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8.

Professional networks and support systems

Holding hands

Service delivery takes place in an institutional environment
meaning that institutions of many types have ongoing statutory,
legal, funding, governance, auditing, and other responsibilities.
In any programme or project, undertaking tasks such as needs
discovery, project motivation, coordination, design, funding, one
or other part of implementation, quality control, operation, and
so on. Each entity has to have specific mandates and specified
responsibilities and will have rely on network and support systems
as well as having appropriate governance structures. In many
environments there is a serious lack of integration or aligning of
effort. This often leads to confusion or even conflict and ultimate
waste of valuable resources.

If one or more of these institutions is not fully able to carry out

its responsibilities, service delivery will inevitably be hampered.
Service delivery could, among other issues, be delayed, run over
budget, not meet design criteria, cause environmental harm or
even fail altogether. If for example a government department

or agency is not adequately equipped to deal with engineering
matters within its mandate, such as enforcing building regulations,
approving operational requirements, or ensuring on-time payment
to contractors, this will impact on the success of a project, and
hence on service delivery.

This chapter does not however deal with all institutions or other
related entities but focus on organised professional structures,
statutory councils and boards, technical interest or focus

groups, quality assurance institutions and so forth. These play

an important role in building and retaining capacity. In a sense
these entities are, or attempt to be, the custodians of engineering
capacity. Their chosen or statutory responsibility is to provide
support so that engineering work can take place in enabling
environment.

The very nature of engineering practice is to rely on technical and
personal support in terms of mentorship and exchange of ideas.
In addition the practitioner needs access to “tools of the trade”,
including specifications, codes, codes of practice, guidelines and
procurement documents. These tools are in developed nations
supplied by technical institutions focussing on or attending to
various specialised or discipline specific areas of engineering.

Pilot studies in the early 2000s in Mozambique, executed by ICE
in association with SAICE, and funded by DFID, highlighted the
severe difficulties that professionals face in the absence of the
substantial networks that their counterparts in more developed
nations are used to. The same no doubt applies in many other
developing nations. Itis clear that in the absence or shortage of
networks as referred to, the challenges faced by individuals and
by small or isolated groups of professionals, can be substantially
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more formidable than those faced by their
counterparts in developed nations. Thisissue can
be a major contributing factor when professionals
have to decide about whether to stay in such poorly
endowed locations or relocate to places where
network and access to professional tools of the
trade exist in a more advanced form.

Although electronic access to networks may
alleviate some of the problems faced by the isolated
professional, the human being functions more
effectively and is generally happier in a networked
environment. However in many parts of Africa,

for example, access to electronic and especially
broadband facilities remains poor or non-existent
and therefore the professionals are often left to
their own devices.

One may argue that the principles of engineering
and pioneering as well as the making a plan
attitude of engineering practitioners are
synonymous with the profession and that many
engineers of the past, especially in the 1800s and
early 1900s, had to make do with inadequate,
limited and unsophisticated resources, tools and
knowledge while building roads and railways

and bridges and dams in far-flung places and

in the so-called frontier locations of those

times. Although that is true, technology and
associated needs of humankind have moved on
at an exponential rate. In addition human beings
have became accustomed to and rely more on
modern day amenities and are more dependent on
extensive support and networking systems.

It is also important to note that for various reasons
the engineering network and support system
has had to be extended beyond the technical
fields into the so-called softer issues. Human and
societal interaction has for example become an
integral component for sustainable engineering
solutions, which must by definition incorporate
appropriateness and affordability principles. In
addition, related scientific, legal, governance,
economic and socio-economic, cultural, equity
and gender aspects have to be engaged with and
embraced by the engineering professional as
demonstrated in the ASCE Engineering BOK.

Professional networks and support systems
consist of various elements and components that
affect or support efficient delivery of engineering

services at an acceptable, appropriate and level of
professionalism and competency. Networks and
support frameworks are not only there to support
individuals in their practice but also to support one
another in one way or another and to provide a
common, aligned and integrated approach as well
as a common voice. A major challenge is to ensure
that effort and energy is optimised by means of
collaboration and integration, and that addressing
issues of common interest and concern happens
on a common platform. In addition optimisation of
resources and resilience is enhanced if institutions
take a common approach.

Where a community of professionals is too small
to organise itself for mutual support among its
members, agency arrangements might greatly
assist. For instance, a nation may be too small

to sustain a tertiary education facility but it may
develop its own professional engineering capacity
and resources by means of agreements with a
neighbouring nation, institution or society that has
sufficient capacity and expertise. In the same vein,
a regional approach in terms of providing continued
professional development course materials and
roadshow events may create a critical mass and
render such programmes viable.

An added benefit would be that regional
harmonisation in terms of standardization

of specifications, engineering standards and
procurement could facilitate sustainability in more
than one way especially where countries share
common boundaries, water catchment areas and
rivers, transportation corridors, commerce and
industry aspects and so forth. This is particularly
important where nations are co-operate on
economic development and/or where they share
borders and resources such as water and energy.

Common web portals and accessing and using
joint publications for communications can provide
cost-efficient methods to keep individuals informed
where a nation or an institution cannot find
resources to offer these resources by itself. Such
arrangements can also include a facility by means
of which the publication of a stronger institution
carries contributions from members of a weaker
institution, thereby enabling members of the
latter to communicate and be networked, for their
knowledge to be enhanced, and for their voices to
be heard.

45



Agreements to share mentorship or expertise can enhance the
transfer of skills, provide resilience and enhance cooperation
among participants. Agreements can also assist with building and
retaining engineering professionals. They can also help to retain
professionals that otherwise would feel isolated and feel that they
lack opportunities for personal growth.

In all of this, it must always be recognized that local circumstances
and factors must be taken into account, since one size of solutions
or structures does not fit all.

Structures, elements and issues that contribute to the professional
well-being and effectiveness of an individual engineering
professional can be grouped as indicated below. If one or more

of the following are absent from a specific environment, there is a
real risk that the nation as well as the individual will not reach its
potential.

Technical:

e Research ability and facilities

e Statutory regulation

e Learned and professional societies and structures
e Discipline-specific interest institutions

e Commercial products

L]

Quality assurance and standards
Networks, liaison and co-operation:

e Professional society agreements of co-operation within the
entire built environment framework
Central, regional and local government interaction and liaison
Ethics, codes of practice, value systems and anti corruption
systems
Community liaison and outreach
Non governmental institutions liaison and integration of effort

Tertiary institutions:

¢ Universities
e Universities of technology
Information and communication technology:

¢ Online electronic communication, worldwide web facilities,
portals, blogs, chat rooms and Internet “products” such as
Facebook

Mobile phone and personal computer

Technical journals and magazines

Research papers

Media

Funding and finance structures:

e Established commerce and industry
e Banks
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SAICE national and international network and activity
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Figure 8.1 SAICE national and international network and activity diagram 2009

e Development banks

e Foundations for supporting programmes and
initiatives

e Government development programmes

e Private sector contributions, grants, loans,
donations, sponsorships

Professional standards:

e Accreditation and benchmarking, voluntary and
statutory, by various institutions and accords.

Even in well developed nations the engineering
professional would no doubt not be able to access
all of the elements of professional support that

he or she would ideally like to have. It is most
desirable, however, that there is a network and
support system that is able to provide the following,
at least at a basic level:

e The knowledge about where to find what he or
she needs in order to practice effectively.

e Access to appropriate networks or repositories
of support and information.

e Access to physical or virtual networks or circles
of individuals, institutions and other entities
which would provide membership benefits and
opportunities for association with peers and or
assistance.

The organised engineering professional and
institutions and associations and other entities
should be encouraged to provide their members
with network maps and similar tools to enable them
to readily access the information they need.

Figure 8.1 is an example of such a network map.

Individuals and groups should be encouraged to
identify and link into support and networking
facilities including learned and vocational societies
that are appropriate to their engineering focus and
fields of interest and focus. They should mobilise
themselves, and actively and progressively engage
with other professionals, institutions, entities and
associated and relevant communities of peers at
large, in order to contribute, share, develop, grow
and participate in meaningful manner, for their
own good. But, more importantly, to enable them
to deliver engineering services and products to
communities in a professional manner. Arecent
development is the initiative that was first mooted
by the Royal Academy of Engineering in the UK
that has developed into the Africa-UK Partnership
that has identified Institutional Capacity Building
as a major challenge in Africa. The need to have
viable engineering institutions in support of the
engineering practitioner has been singled out as

a crucial component or building block towards
sustainable engineering and local capacity.

Established engineering institutions focus on
different activities but all have certain basic
characteristics deemed to be core items. The
following list is only aimed at giving a guideline and
does purport to be complete or exhaustive. It must
also be noted that not each and every institution
or society is obliged or able to attend to each and
every item, activity or service.

The list distinguishes between what could be
deemed basic and therefore essential, and the
items that re possibly less important. Apart from
that separation, no attempt has been made to
prioritise items.
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Activities or programme items that professional engineering
institutions could or should take responsibility for:

Basic items

Membership data base

Membership canvassing

Constitution, bylaws and regulations

Strategic planning

Policy documents

Continued professional development programmes including
courses, seminars, site visits

Geographical branches

Technical divisions or institutes

Magazines, newsletter, technical journal

Career guidance

International recognition for educational standards
International recognition for professional standards
Best and good practice manuals, technical guidelines and codes of
practice

Code of ethics and code of conduct for members
Education and training curricula

Professional remuneration and fees

Experiential training

Mentors and mentoring

Engineering Personnel and human resources

Image of the profession

Liaison with government structures at all levels
Liaison with media

Capacity building programmes

Networking with other Built Environment Professions
Publications including the Institution’s Presidential address and
the Annual Report

Website

Administrative support structure

Office accommodation

Other items

Electronic technical paper data base

Awards for technical excellence

Awards for members

Best published paper awards

Specifications

Training manuals

Conditions of contract

International business and technical networks like FIDIC
Construction industry development boards
Legislation

Accreditation of academic institutions

Liaison, networking and affiliation locally
Liaison, networking and affiliation regionally
Liaison, networking and affiliation internationally
Bursaries

Business support

Specialist technical input & working groups
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Market support

Mediation and arbitration
Funding and sponsorship initiatives
Competitions

Annual calendar

Annual activity programme
Events data base

Meeting facilities

Skills development
Qualifications framework
Research & development
Health and safety issues

Capacity building initiatives relating to engineering
practitioners and professionals are deemed to be
crucial but are often neglected and under rated
especially by entities and individuals that do not
understand the role and contribution of engineering
to sustainability and the wellbeing of humankind.

Although many "ready-made” capacity building
solutions for engineering professionals may be
available care should be taken to research specific
needs related to specific regions, circumstances and
environments.

Innovative solutions

The sum of the parts are greater than the whole - elements of nature
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9. Developing and implementing norms and standards

9.1 Introduction

Capacity building needs to relate to specific norms and standards,
the achievement of which is, or should be the objective of building
the capacity.

Putting it simplistically, it should be ascertained what activities,
what services, what quality, what reliability and so on are intended
should be achieved as a result of the capacity building.

The corollary to this is the question as to what systems are needed
in order to improve the extent of achievement of a these norms
and standards.

Decisions with respect to all of these matters are intensely
context-specific.

This chapter endeavours to address various issues including:

e An attempt to differentiate and define terms such as norms,
standards, and parameters.

e Inrespectto whatis it that norms, standards and so on are
needed for and for what purpose.

* Thetypes as well as ways of expressing and or measuring of
norms, standards and so on that might be required for the
kinds of situation envisaged by this guidebook, and whose
responsibility it would be to set these.

e What should be taken into account when setting the
standards.

e When uniformity might be needed, and when flexibility might
be needed.

The need for precedence, prioritisation and trade-offs.
Some of the means of improving levels of achievement.

9.2 Norms, standards and parameters

An attempt is made to differentiate and define terms such as

7

"norms”, “standards”, and "parameters”.

Capacity building obviously needs to be towards a purpose since
there is no point in building capacity for its own sake with no
intention of using that capacity in order to achieve a purpose even
if that purpose is initially undefined.

It is all very well if that purpose is stated in general terms, but
sooner or later there is a need to specify in some way or another
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the levels of performance expected - performance,
that is, both in terms of the improvement in
capacity, and in terms of the progress towards
achieving that purpose.

The terminology is by no means uniform. The same
words are often used in different connotations but
it is generally agreed that progress towards any
purpose needs specification of:

e Asetof discrete and preferably measurable
characteristics "that belong within the categories
of process or of outcome”, and that in some
specifiable way, are relevant to the definition of
quality or of progress. "These characteristics can
be viewed as elements, components, attributes, or
the characteristics of either process or outcome.”

e “"Some general rule as to what constitutes
goodness with respect to each element, for
example, that its presence is better than its
absence, or that a larger quantity is better than a
smaller one.”

* “A more precise, and numerical statement of
what constitutes acceptable goodness” is needed.
(Donabedian 1981)

For the purposes of this guidebook the words used
are, in order of process or sequence, and referred to
as:

criteria, or parameters;
* norms; and
e standards.

A medical example might be in the same as:

measuring blood pressure;
the lowering of an abnormally high blood
pressure is a desirable outcome of health care;
and

e specification of a specific set of results from the
measuring of blood pressure.

Note that "standards” are highly likely to be
context-specific. Relatingto the medical example
it means that what is “an acceptably high” measure
for one person, might be acceptable for another.

9.3  What norms, standards and parameters,

and what purpose

What is appropriate in respect to what is it that
norms, standards and so on are needed for and for
what purpose are necessarily a component of the
debate.

These elements can be drawn up for anything that
one can think of and can be applied to any activity,
and can be compulsorily enforceable on any
persons or groups, or can be voluntary.

In the general sense these are however invariably
needed in order for quality or progress towards

a process or outcome to be measured. In the
engineering environment, these are likely to be of a
technical nature and also of a nature that, for want
of a better word, can be referred to as “business”.

A mixture of "technical” and "business” can be seen
in the example used below. The following list of
norms, standards and so on need to be prepared or
refined for a public library service (RSA Department
of Arts and Culture, 2008):

e infrastructure and buildings, including library
buildings, mobile libraries, furniture and
maintenance;

e ‘'userservices” including services to the general
public, services to children, services to people
who are print-handicapped, circulation,
reference collection, interlibrary loan service;

e ‘"technical services” including classification,
cataloguing, database maintenance;

e 'access” including library location, facilities for
handicapped persons, opening hours, charges,
signage, electronic access;

e “library material and equipment” including choice
of material and visual and audio devices;

e Information and communication technology;

e human resources including staff composition,
salary and benefits, training, ethical standards;

e Marketing, publicity and promotion, community
participation and so on.
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Water standards - South Africa

"9 (1) The Minister [of Water Affairs and Forestry] may, from
time to time, prescribe compulsory national standards
relating to —

(a) the provision of water services;

(b) the quality of water taken from or discharged into any water
services or water resource system;

(c) the effective and sustainable use of water resources for water
services;

(d) the nature, operation, sustainability, operational efficiency and
economic viability of water services;

(e) requirements for persons who install and operate water

services
works; and

(f) the construction and functioning of water services works and
consumer installations.

(2) The standards prescribed under subsection (1) may
differentiate between —

(a) different users of water services; and

(b) different geographic areas, taking into account, among other
factors, the socio-economic and physical attributes of each

area.

(3) In prescribing standards under subsection (1), the Minister
must consider —

(a) the need for everyone to have a reasonable quality of life;

(b) the need for equitable access to water services;

(c) the operational efficiency and economic viability of
water services;

(d) any norms and standards for applicable tariffs for water
services;

(e) any other laws or any standards set by other
governmental authorities;

(f) any guidelines recommended by official standard-setting
institutions;

(g) any impact which the water services might have on the
environment; and

(h) the obligations of the National Government as
custodian of water resources.

(4) Every water services institution must comply with the

standards prescribed under subsection (1).” (South Africa
1997))
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For each of these, criteria or parameters, norms
and standards would need to be defined. With the
intended objective and outcomes being to achieve a
minimum, equitable, acceptable and uniform level of
library services across the nation. (lbid, page 8)

Key elements to consider when developing these in
any conceivable field include:

Sustainability

Appropriateness

Affordability

Safety and health

Human ability and limitations
Science and technology aspects.

Clause 9 (3) of the South African Water Services
Act illustrates a well thought through process that
deserves mentioning. The need, when developing
criteria/parameters, norms and standards, to take
account of context, and to allow for differentiation
where and when appropriate, is captured in Clause
9 (2). See box “Water standards”.

Just as much as when developing these, the
same elements must be taken into account when
applying and or implementing them.

9.4  Expressing the norms, standards and
parameters

The types or for example ways of expressing, and
or of measuring of norms, standards and so on are
described that might be required for the kinds of
situation envisaged by this guidebook, and whose
responsibility it would be to set these is discussed.
Also a discussion is begun on what should be taken
into account when setting the standards.

This discussion needs to take place in the context of
a specific situation - or, at least, in the context of a
particular service in a particular nation with its own
set of historic, geographical, economic and other
characteristics. Nonetheless some introductory
points can be made, as follows. For the sake of
brevity, the examples refer only to standards -
which, in an actual situation, should only have

been arrived at after due consideration of criteria/
parameters and norms.

Standards are “the tools of the trade” or the
instruments that the individual as well as the

organised professions, industry, clients and
employers need to attend to or (in the context of
the needs of this guidebook) procure and maintain
engineering infrastructure and products.

Referring by way of example for the moment only
to technical standards: these can be classified into
three distinct groups which are:

e Basic non-negotiable universal or generic
standards:

For example, for items like potable or drinking
water for human beings there is an absolute
minimum to what the human body can tolerate.

e Standards dictated by the current limits of
technology:

For example, standards that would have to
relate to minimum practical dimensions or
composition of products or materials. Window
glass may for example be limited to a practical
minimum of say 3mm and galvanised roof
sheeting may not be viable if manufactured

in sheets unless the thickness is fixed at a
minimum of say 0,3 mm.

e Discretionary standards:

For example, the geometric design of roads are
dictated by a number of issues which range from

Example of drinking water quality
standards

In South Africa, the quality of the water exiting a
water treatment works, and entering the municipal
reticulation system, is laid down in SABS 241-2001
“*Compulsory national standards for the quality of
potable water”. Individual treatment works are not
licensed, as the drinking water requirements are the
same throughout the nation. (SABS 2001.)

This document is specific on requirements, such

as in terms of physical requirements including
odour, suspended solids, and total dissolved solids,
inorganic non-metallic chemical requirements,
inorganic metallic chemical requirements, toxic
substances, substances not in solution, and
biological limits including faecal coli forms count.
“Maximum allowable” limits expressed in units such
as milligrams per litre are set for each parameter,
and also “recommended” targets for each.
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standards associated with speed or service, whether the road is
for access purposes or for high volume high speed commuting.
In this case the standards relate “only” to what the owner of
the facility or the manufacturer of a product want or what, say,
the funding limitations are in such a case.

A major risk that must be mentioned, is that in the engineering
world quality and sustainability is very often compromised due to
a lack of funding and in many cases life cycle costing is not taken
into account from the very beginning.

However appropriate standards are to be pursued at all times.
Standards should always take cultural and ethical issues into
account. Sanitation and hygiene issues are highly emotive issues
often related to cultural practices or belie