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This paper discusses the key issues, opportunities and obligations 
facing civil engineers to engineer civilisation from the shadows 
cast by world poverty and global climate change. Almost all of 
the 1·5 billion population increase occurring by 2025 will be 
in urban slums in the developing world, with little in the way 
of civil infrastructure to protect them from disease, famine, 
drought and flooding. The provision of effective infrastructure, 
and with it the delivery of the Un millennium development 
goals, is vital if they are to survive. The paper is based on the 
author’s ice Brunel international lecture, which was presented 
in 16 countries during 2007.
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It is now almost universally accepted that 
global climate change is a reality, that its 
effects are locked in and that the activities 
of the human race, principally through 
the release of greenhouse gases, are a con-
tributory factor. 

Whatever the spatial and temporal 
effects, the consequences of climate 
change – sea level rise, changes in rainfall 
patterns, drought and flooding – will 
impact most on the most impoverished 
people of the world. Those least suscepti-
ble will be those most responsible for the 
bulk of the causative emissions. 

Climate change is already estimated 
to account for at least five million cases 
of illness and more than 150 000 deaths 
per year, predominantly in the developing 
world, through causes such as diarrhoea, 
malaria, bacterial contamination of food 
and malnutrition.1

In June 2005, the national science 
academies of 11 countries issued a joint 
statement.2 

‘Climate change is real … The task 
of devising and implementing strategies 
to adapt to the consequences of climate 
change will require worldwide col-

laborative inputs from a wide range of 
experts, including physical and natural 
scientists, engineers, social scientists, 
medical scientists, those in the humani-
ties, business leaders and economists.’

The academies called on the G8 lead-
ers, who were meeting in Gleneagles in 
July 2005, to acknowledge the threat and 
identify cost-effective steps to contribute 
to substantial and long-term reductions in 
net global greenhouse-gas emissions. The 
same message is contained in the October 
2006 Stern report.3 

However, political progress on binding 
international measures for climate change 
mitigation and adaptation is still slow. At 
the United Nations (UN) climate change 
conference in Bali in December 2007, 
US agreement on a roadmap for negotia-
tions on a replacement for the 1997 Kyoto 
climate-change protocol came only after 
the barbed comment by the delegate from 
Papua New Guinea, ‘Either lead, follow or 
get out of the way’.

The Intergovernmental Panel on 
Climate Change (IPCC) predicts global 
temperature will rise by 1·8–4°C over 
the next century, sea levels are likely to 
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rise by 28–43 cm and the Arctic summer 
sea ice is likely to disappear.4 The effects 
of climate change are not confined to 
slowly changing and spatially widespread 
phenomena, but are also manifest in the 
increased occurrence of short-term epi-
sodes of extreme behaviours. 

Hurricane Katrina, which devastated 
New Orleans in late August 2005, might 
be such an event – its power intensified by 
increased temperatures in the Caribbean 
(Fig. 1). The economic damages of Katrina 
exceed US$ 125 billion, the social con-
sequences are incalculable. Perhaps the 
major lesson to be learned from Katrina’s 
destruction of New Orleans was how the 
critical infrastructure of such a major 
city, in the world’s richest and technically 
most advanced nation, could so easily be 
reduced to chaos and with it the social 
cohesion of its population. 

With urbanisation increasing apace,5 the 
greatest risks to humanity will be in the 
lesser-developed countries where urban 
infrastructure is even more fragile and 
where the consequences are even more 
awful to contemplate. 

poverty is real too

The immediate prospects for both the 
urban and rural poor in many parts of 
the world is bleak, with little or no access 
to even the most basic of infrastructure, 
education and healthcare, and with little, 
or at best tenuous, legal tenure to land or 
property (Fig. 2). 

The UN millennium development goals 
(MDGs)6 were recognised by the UN 
general assembly as being part of the road 
map for implementing the UN’s millen-
nium declaration. There are eight overall 
goals on poverty, education, gender, child 
mortality, maternal health, HIV/AIDS, 
environment and global partnership. Six 
of these MDGs are directly concerned 
with the human condition – physical 
health, economic and social well-being 
and the capacity to play a full and useful 
role in the world. The other two relate to 
the environmental limits within which 
society has to operate and the partnerships 
needed to deliver the underpinning infra-
structure upon which civilisation depends 
– infrastructure that achieves real, pro-
poor outcomes in the process of its plan-
ning, construction and operation.

Just as addressing climate change 
will involve civil engineers, so too will 
addressing the UN MDGs. The critical 
role of underpinning infrastructure for 
development was stated in London in 
November 2005 by Calestous Juma,7 chair 
of the UN science, technology and innova-
tion task force. 

‘At least three key factors contributed 
to the rapid economic transformation of 
emerging economies. First, they invested 
heavily in basic infrastructure, which 
served as a foundation for technologi-

Fig. 1.  Hurricane Katrina – a potential example of 
a how climate change can lead to more extreme 
weather conditions, to which the world’s ever-
growing poor are increasingly vulnerable (NASA)

Fig. 2. Street scene in Kibera, Nairobi – lack of access to basic infrastructure is at the root of world 
poverty and the human tragedies associated with it
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cal learning. Second, they nurtured the 
development of small and medium-sized 
enterprises, which required the develop-
ment of local operational, repair and 
maintenance expertise. Third, their 
governments supported, funded and 
nurtured higher education institutions, 
academies of engineering and techno-
logical sciences, professional engineer-
ing and technological associations, and 
industrial and trade associations.’

At the same meeting the UK govern-
ment’s chief scientific advisor, David King 
stated the following.

‘The key to sustainable development 
in Africa – that is, development that 
does not rely indefinitely on foreign 
aid – is the creation of infrastructure. 
Part of this is a purely physical matter: a 
question of civil engineering.’ 

prerequisites for development

The prerequisites for development, with-
out which attempts to improve livelihoods 
in the developing world will be unlikely to 
succeed, include 

n reasonable governance structures
n a functioning civil society
n freedom from persecution, conflict 

and corruption. 

In a debate in the Scottish parliament 
in November 2005 entitled ‘Malawi after 
Gleneagles: a commission for Africa 
case-study’, Thandika Mkandawire, 
director of the UN research institute for 
social development, cited and then ampli-
fied the comments of Nobel laureate 
Amartya Sen.

‘Development, Amartya Sen has 
suggested,8 means the expansion of 
choice for individuals and societies. 
It would be the height of irony if aid, 
which has been used to push for demo-
cratic reforms in many countries, were 
to produce ‘choiceless democracies’. 
To support accountability in the new 
democracies, there is a pressing need 
to rethink the institutions that under-
pin the current management of aid. 
The message of my remarks is that aid 
belongs to that category of economic 

activities in which it is important to 
proceed by trial and error. This, in turn, 
requires dialogue and a more delib-
erative partnership. African politics is 
changing rapidly.’

The impact of global politics, trade and 
conflicts on development is immense. This 
includes trade rules, tariffs and western 
subsidies, local and regional conflict, oil 
diplomacy, governance, and the roles 
of trans-national companies. However, 
a functioning local business sector can 
also help deliver poverty-reduction out-
comes through direct involvement in the 
development of effective and sustainable 
infrastructure, which in turn is of critical 
importance for three reasons. 

n It underpins communities by providing 
the basic needs and services of shelter, 
access to safe water/sanitation, energy, 
transport, education and healthcare. 

n It provides an internal demand for 
local skills and employment through 
its delivery. 

n It provides a vital platform for the 
growth of the local economy and 
small- and medium-sized enterprises 
through improved access to infra-
structure services, local skills and 
the stimulation of and better access 
to both internal/local and external/
national markets. 

However, infrastructure delivery also 
requires investment. Those mired in pov-
erty do not have, and cannot afford, all the 
resources necessary to resolve their plight. 
They will need external investment from 

business and the international agencies, 
and assistance from the worldwide engi-
neering community. 

There will be no spectators as the future 
unfolds; but there are particular implica-
tions for civil engineers. 

Energy and climate change

The world is currently powered by a 
predominantly fossil-fuelled, carbon-based 
energy system of coal, oil and gas. All 
these fuels are non-renewable and out 
of balance within the timescales of the 
human race. They also have wider envi-
ronmental effects. 

The patterns of worldwide energy use 
are disproportionate and with them the 
sources of carbon dixoide emissions. 
The patterns are changing, however, 
with the emergence of economies such 
as China and India and their growth as 
car-owning, consumer societies. China is 
the world’s largest user of coal, the second 
largest consumer of oil and gas,9 though 
still a relatively small consumer on a per-
capita basis (Fig. 3). By 2020, China’s 
energy use is predicted to double.

Atmospheric carbon dioxide levels are 
reaching critical levels and the Kyoto 
protocol is in limbo. Some other process 
is required to lead to a more equitable 
and less self-destructive use of the earth’s 
resources,11 and arrest the asymmetric pat-
tern of ‘expansion and divergence’. 

The ‘contraction and convergence strat-
egy’ proposed by the Global Commons 
Initiative12,13 offers such a process, draw-
ing widespread interest and support. The 
integrity of the contraction and conver-
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Fig. 3. Learning curves in energy use – China is now the world’s largest user of coal and second largest 
consumer of oil and gas, but in energy-efficiency terms is on a par with other developed countries10



165issn 0965 089 X  Proceedings oF THe insTiTUTion oF ciViL engineers – ciViL ENGINEERING, 2008, 161, no. ce4

engineering ciViLisATion  
FroM THe sHAdoWs

gence approach was reinforced by the 
2000 report of the UK Royal Commission 
on Environmental Pollution.14

 
‘The UK should be prepared to 

accept the contraction and convergence 
principle as the basis for international 
agreement on reducing greenhouse gas 
emissions, and should adopt a long-term 
strategy for reducing its own emissions… 
There is no foreseeable prospect of some 
magic source of almost unlimited energy 
with negligible environmental impact. 
Nuclear fusion has sometimes been 
advocated as that, but it is still at the 
research stage and a commercial scale 
demonstration plant seems unlikely to 
be constructed before 2050. Its environ-
mental impact, as well as its economic 
viability, have yet to be clarified’. 

The achievement of a sustainable energy 
economy requires a strong energy-research 
base that addresses the basic demands 
placed on the energy system for heat, 
power and mobility. Whether at work 
or leisure, people are at the centre of the 
energy system and demand-side solutions 
need to be innovated as well as supply-side 
and infrastructure fixes. While market 
forces may act to resolve some aspects of 
the energy equation, there are others where 
the limitation is not technology but a lack 
of clear leadership and policy development. 

There is no magic bullet. There are just 
three approaches

n change behaviour 
n change the technology
n change the fuel.

Changing behaviour
People in developed economies live in a 

consumer-led, energy-intensive and ener-
gy-wasteful society, whether it be in the 
buildings they inhabit or occupy, in their 
travel habits, in the products they consume 
or through the processes of their manufac-
ture and distribution. 

The developed world is not a role model 
for resource efficiency. For understandable 
reasons, however, many people in develop-
ing economies strive to do the same, while 
others just struggle to survive (Fig. 4). They 
cannot be denied and there is no doubt that 
the developing economies are ‘energy poor’. 

Behaviour change – unless by force 
majeure – usually comes about through a 
long process of awareness, acknowledge-
ment, acceptance and, finally, action. It 
requires a combination of carrot and stick, 
which means a combination of economic 
incentives and instruments, taxes, regula-
tion and legislation. 

Changing technology
Nuclear. The nuclear debate is alive again 
– and it will be controversial – within and 
between nations. It is full of conundrums, 
such as ‘carbon-free but not risk-free’. 
When the world’s first ‘commercial’ nucle-
ar power plant went into service in 1956 
at Calder Hall in the UK, it was claimed 
it would lead to ‘electricity too cheap to 
meter’. It did not turn out that way. 

Nuclear power evokes very deep emo-
tions, not least because of its historical ori-
gins as a by-product of a nuclear weapons 
programme. For some, the legacy of nucle-
ar waste represents the absolute antithesis 
of sustainable development. Operational 

incidents, such as Three Mile Island in the 
USA in 1979, Chernobyl in the Ukraine in 
1986, radioactive waste leakage and, more 
recently, the threat of world terrorism, 
have undermined public confidence and 
support for the nuclear option. 

For others it does not even rate as a 
preferred economic option. As Amory 
Lovins wrote in August 2005

‘In a market economy, private inves-
tors are the ultimate arbiter of what 
energy technologies can compete and 
yield reliable profits, so to understand 
nuclear power’s prospects, just follow 
the money. Private investors have flatly 
rejected nuclear power but enthusiasti-
cally bought its main supply-side com-
petitors – decentralized cogeneration 
and renewables. Worldwide, by the end 
of 2004, these supposedly inadequate 
alternatives had more installed (new) 
capacity than nuclear, produced 92% 
as much electricity, and were growing 
5·9 times faster and accelerating, while 
nuclear was fading.’ 15

The UK’s Royal Commission on 
Environmental Pollution’s recommenda-
tions14 were more reserved but precautionary. 

‘New nuclear power stations should 
not be built until the problem of manag-
ing nuclear waste has been solved to the 
satisfaction both of the scientific com-
munity and the general public.’

If nuclear energy is going to re-emerge 
as the carbon-free option, which seems 
increasingly likely, then five key questions 
need to be addressed and explained.

n Political – how acceptable is it for 
some nations to deny access to nuclear 
power to others?

n Carbon dioxide impacts – what are the 
total carbon dioxide impacts of nucle-
ar, from ore extraction, plant construc-
tion and operation to decommissioning 
and waste disposal?

n Scale – how much nuclear power is 
available, for how many and for how 
long?

n Operational risks – what are the ‘open 
world assumptions’16 on sources of 
operational risk?

n External risks – how can terrorism be 
Fig. 4. Waste scavenging in Nairobi – while many people in developing countries strive to emulate the 
resource-inefficiency of the developed world, others simply struggle to survive
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controlled at a nuclear power plant, 
given its origins and initiation is 
beyond the design brief of the design 
team? 

Grid versus non-grid. Power supplies in 
developed economies have evolved from 
local generation and distribution into high-
ly interconnected grids, with generation 
focused on high-capacity power stations 
to protect against local supply failures and 
achieve economies of scale and plant reli-
ability. The economic price of distribution 
losses was deemed worth paying. 

The established paradigm should now 
be questioned. It is increasingly the case 
that grid failures – not generation fail-
ures – are the cause of widespread power 
blackouts, as evidenced by a number of 
recent large scale power outages 

n Italy, September 2003
n USA north-east states and Ontario, 

Canada, August 2003
n Auckland, New Zealand, January–

February 1998. 

In all three cases the initial incidents were 
local and relatively minor but the effects cas-
caded into catastrophic grid failures.17 

Such effects had been predicted as 
long ago as the mid-1980s by Amory and 
Hunter Lovins, who had warned that the 
structure of the North American electrical 
network made the system fundamentally 
vulnerable. When asked recently if things 
had improved in the past two decades, 
Amory Lovins is reported to have said, 
‘I’m surprised the lights are still on.’ 18

The paradigm of the interconnected grid 
also has implications for many of the renew-
able technologies and other small- to medi-
um-scale power-generation options, such 
as combined heat and power schemes and 
energy from waste. If connected into the 

grid, these sources are likely to add to grid 
complexity and the likelihood of progressive 
catastrophic failure, not just in developed 
economies but also in the developing and 
emerging economies of the world. 

Changing the fuel
Wind has become a well-established, 

carbon-free energy source (at least in its 
operational phase) but is not without its 
detractors, including those who still doubt 
its economics,19 those against it on envi-
ronmental, aesthetic and noise grounds 
and, not least, those who highlight its 
intermittency. Furthermore, the availabil-
ity of wind energy tends to be in remote 
parts of the world, distant from centres 
of demand and with poor grid and inter-
connector access. 

Wave and tidal energy systems are still 
very much still in development and will 
be required to operate in even more hos-
tile and remote environments than wind 
turbines. 

The construction of large-scale hydro-
power schemes has declined, primarily 
due to concerns over their social and envi-
ronmental impacts. There are exceptions, 
often in countries with ‘command style’ 
economies. The most significant example 
is the Three Gorges dam on the Yangtze 
River, containing a storage reservoir some 
660 km in length, providing flood control 
and producing up to 22·5 GW of hydro-
power (Fig. 5). However, it also displaced 
almost 2 million people and resulted in the 
loss of valuable archaeological and cultural 
sites and biodiversity.20 

Projects such as Three Gorges inescap-
ably place the civil engineer in a difficult 
role. Civil engineering is not an apoliti-
cal activity – if indeed it ever was – and 
the civil engineer needs all the skills of 
discrimination, judgement and conflict 
resolution.

The South African power com-
pany Eskom has proposed a hydropower 
scheme for the Congo, generating around 
40 GW, which seems to be a prize 
worth seeking. As Claude Mandil of the 
International Energy Agency said in 2003

 ‘In many African countries, lack of 
energy security feeds into a cycle of 
poverty. At the beginning of the twenty-
first century, it is unacceptable for 
millions of people to live without access 
to electricity!’ 21

delivering development goals

Lack of access to basic infrastructure 
is at the root of world poverty and the 
human tragedies associated with it. Two 
billion people lack access to a basic 
power supply and a similar number 
lack access to safe water. The UN 
target is to halve that number by 2015. 
Safe water for 1 billion people by 2015 
means connecting more than a third of a 
million people per day, every day, for the 
next 8 years. Can it be done and, if so, 
how? What limits the civil engineering 
profession’s response?

The limiting factors are not a lack of 
engineering knowledge and technology, or 
knowing what needs to be done, but find-
ing ways of applying that engineering tech-
nology, building local capacity to ensure 
its effective delivery, managing and financ-
ing it, and ensuring that its application is 
maintained. The challenge is to develop an 
action-based project plan to ensure that the 
UN millennium development goals are met 
while achieving sustainability worldwide.

Infrastructure development offers a vital 
opportunity for capacity building, techno-
logical learning and the development of 
local businesses. As Tony Ridley and Yee-
Cheong Lee said in 2005

Fig. 5. Three Gorges dam in China will produce 22·5 GW of hydropower and is already the largest carbon-free energy plant in the world, but its 660 km long 
storage reservoir displaced nearly 2 million people (NASA)
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‘Infrastructure uses a wide range of 
technologies and complex institutional 
arrangements. Governments tradition-
ally view infrastructure projects from a 
static perspective…they seldom consider 
that building railways, airports, roads 
and telecommunications networks 
could be structured to promote techno-
logical, organisational and institutional 
learning’.22

Building the infrastructure required to 
deliver the UN millennium development 
goals is not about a single project but 
about the delivery of very many. Each one 
is complex in itself but, at the right scale 
and with the right planning, perfectly 
feasible. 

The UN millennium development goals 
will only be met if they are treated as a 
series of projects, each of which needs 
a project management plan and which 
civil engineering is well-placed to help to 
deliver. Is there a model for this? Are there 
development models which have been suc-
cessful in dealing with issues akin to those 
of the developing world? 

Perhaps there are. For example, in many 
deprived inner-city areas in the developed 
world, the issues are broadly similar – run-
down infrastructure, high unemployment, 
an economically disadvantaged local popu-
lation, high crime rates and drug use, and 
a dysfunctional local economy. The solu-
tion to such cases was the establishment of 
special-purpose development corporations, 
financially independent of the local munic-
ipality but ultimately accountable. 

Engineering without frontiers

In 2003 the Institution of Civil 
Engineers (ICE) established a commission 
entitled ‘engineering without frontiers’ to 
inquire into society’s expectations of the 
engineer in the twenty-first century and, 
in particular, to determine the role of the 
engineer in achieving the UN millennium 
development goals. The commission’s 
work23 formed the basis of a new, broader 
and much more outward-looking interna-
tional strategy – adopted by ICE’s council 
in June 2006. 

One of key findings of the commis-
sion was that engineering’s youth has the 
energy and motivation to help deliver this 
global agenda, as amply demonstrated 

by the activities of organisations such as 
Engineers Without Borders (EWB) – a 
worldwide movement of predominantly 
young engineers, with national branches 
in over 50 countries. EWB-UK has 14 
branches and over 2000 members, and 
activities range from running training 
courses to undertaking research and 
supporting international development 
projects.24 EWB has a clear view of what 
twenty-first century civil engineering 
should be like and how it should reflect 
the profession’s values and aspirations 

ICE also worked with the charity 
Engineers Against Poverty (EAP) to pro-
duce an action plan for appropriate pro-
curement,25 which was launched to key 
stakeholders in November 2006, gaining 
the interest of the European Commission, 
the African and Asian Development Banks 
and the UK Department for International 
Development. The work benefited from 
close links with Ron Watermeyer, former 
president of the South African Institution 
of Civil Engineers, and his significant 
experience26, 27 of similar procurement 
issues in South Africa, managing Soweto’s 
contractor development programme. The 
EAP procurement report is being used by 
engineering consultancy Whitby Bird, for 
example, to guide it in building a library in 
Sierra Leone. 

The issues of poverty reduction and cli-
mate change were central to the protocol 
for ‘engineering a sustainable future for 
the planet’, signed on 4 July 2006 by ICE, 
the American and Canadian Societies of 
Civil Engineers at their triennial confer-
ence in London.28 

Another key outcome of the ICE 
commission was the focus on policy 
development, advocacy and influence. 
Involvement in high-level policy issues will 
always have the potential to be contro-
versial, but civil engineers – and ICE and 
similar professional institutions worldwide 
– should continue to 

n advocate to government, business and 
the international community the vital 
importance of effective infrastructure 
and infrastructure delivery in the fight 
against poverty29

n argue and demonstrate the need for 
appropriate procurement processes, 
both in terms of engaging the interna-
tional engineering community together 

with developing the local economy and 
the local skills base, to deliver real out-
comes 

n play a major role part in the Anti-
Corruption Forum30 to fight corrup-
tion in international development 
projects

n support the international engineering 
community in building the partner-
ships to deliver. 

the next steps 

Despite scepticism from some quarters, 
never have the issues of international 
development and climate change been so 
prominent in the minds of the public, poli-
ticians and governments, non-government 
organisations, business and, not least, 
across generations of ICE’s own member-
ship.  

ICE has a role to represent its individual 
members on a collective basis and, by 
doing so, influence for the public good 
the direction of government and society. 
This has the uncomfortable consequence 
that ICE must have a position on issues on 
which it has historically remained silent.

The challenge for ICE and others is how 
to embed and build on what has been 
achieved so far, transferring momentum 
to external bodies, establishing effective 
interactions and relationships to move the 
agenda forward and to create multi-dimen-
sional partnerships for delivery within and 
beyond the engineering community. 

Civil engineers need to start the proc-
ess of engineering civilisation out of pov-
erty and away from the threat of climate 
change – and now. 

In 2005, high-profile people such as 

Fig. 6. Make poverty history campaign, Edinburgh in 
2005 – if provided with the means, civil engineers 
can deliver the infrastructure to make it happen
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Bob Geldof and Bono helped to mobi-
lise international opinion through the 
‘make poverty history’ campaign (Fig. 6). 
Addressing the UK Labour party confer-
ence in September 2004, Bono said

‘We are the first generation that can 
look extreme poverty in the eye, and 
say this and mean it – we have the 
cash, we have the drugs, we have the 
science. Do we have the will to make 
poverty history?’31

If society has the will, then be in 
no doubt: there will be twenty-first 
century engineering heroes to parallel 
Brunel and Bazalgette. The engineering 
community is ready to unlock human 
endeavour, to create international part-
nerships and build infrastructure that 
will reduce world poverty by delivering 
the UN millennium development goals – 
on time, on budget.  

Provided with the means, the civil engi-
neering community will deliver the ends.
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