











ADAPTING TO A NEW WORLD
(ENGINEERING CHALLENGES)

Changes in climate conditions will present
engineers with a wide range of challenges. These
challenges relate to how existing infrastructure
and buildings may need to change to function
under a new climate system, and how new
systems can be designed and built to function
under a different climate, thereby helping the
world to adapt.

It is acknowledged that modelling climate
changes to dates far into the future will include
uncertainty and the scenarios reported in this
report should be considered as possible outcomes
rather than a definite prediction of what will
happen. As such the discussions contained

in this section onwards on adaptation are in
response to the general trends indicated in the
modelling rather than the precise details of the
data. By taking this approach, confidence in the
applicability of the results will be higher.

Whilst this report is primarily focused on
possible engineering design changes that will
increase the resilience of infrastructure systems
and components, it is important to place these
discussions within the wider context of the full
range of possible effects of climate change and
population strains.

The population of the world is predicted to rise to
8.9 billion in 2050 (from 6.1 billion in 2000) before
stabilising®®. This will place increased strain on
resources and will obviously have a large impact
on how people live.

In combination with population pressures is

a possibility that increasingly large tracts of
currently inhabited land will be unable to sustain
significant populations due to a number of factors
such as sea level rise, increased temperature or
drought. This may result in large-scale population
migration, placing even more pressure on the
temperate regions of the world. These issues

will have profound effect on the methods used

to provide food for the population and associated
distribution systems.

Although we have constructed and analysed a
long-term ‘business as usual’ climate change
scenario, it is questionable whether business-as-
usual could continue under the climate changes
projected. Thus, it is unclear whether a globally
8°C warmer world could ever be reached. The
disruption to societies on the way there would
clearly be substantial and the habitability to
humans of at least one of the regions we focus on
(Botswana) is seriously compromised.

The effects these and many other issues will have
on societal structures and behaviours will be many
and varied. The incorporation of these effects is
beyond the scope of this report. Their influence

is, however, recognised as being as important, if
not more so, than any innovations the engineering
community could envisage. Similarly, the possible
benefits that might result from technological
advances or financial changes cannot be qualified.

For this report we have focused on four key areas
which are crucial for our society’s continued
development and in which engineers can
contribute significant thought leadership — energy,
water, built environment and transportation.



ENERGY

There are many assumptions that are required
when discussing projections at these timescales,
probably none more pertinent than the envisaged
method of energy transfer. If the dominant
energy carrier were to change from electricity

to, for example, hydrogen, our future energy
infrastructure would be almost unrecognisable.
For the purposes of this report we are assuming
that the energy generation and distribution

network will remain primarily based on electricity.

It is assumed that renewable energy generation
will have a significant role in the years under
consideration, along with a probable increase

in generation from nuclear plants. Under the
emissions scenario that results in the predicted
climates being considered, there may also be a
significant proportion of energy being provided by
coal, particularly in the near to medium terms.

This is particularly true of Botswana and China,
which have abundant coal deposits and are
currently building power stations to increase

the reliability of their energy supply and to

cope with dramatically rising demand. With the
development of carbon capture and storage (CCS)
technologies'’, coal-fired power stations could
continue to contribute to the world’'s energy
supply and therefore require adaptation methods.

Generation

Of the more traditional sources of energy, power
stations are initially designed for a working life of
about 50 years and so would not necessarily need
to be considered at these timescales. There is the
possibility, however, for significant life extensions
in the future, resulting in an increased need for

a focus on the adaptation of the design. Current
locations may also be used repeatedly for future
facilities which may require adaptation measures.

Facilities with design lives that reach into the next
century, albeit with significant refurbishment,

will need to incorporate effects such as rising sea
levels and an increased probability of flooding.
This issue is exacerbated by the fact that power
stations, be they fossil fuel-fired or nuclear, have
high cooling requirements and are therefore
sometimes placed near the coast or on flood plains.

Flood risks can be minimised by the raising of

the level of the facility whilst keeping its location.
Issues such as these are particularly relevant to
China, which is planning on massively expanding
its nuclear-generation capability over the next two
decades!'®. However, in the UK, nuclear sites such
as Sizewell, which is based on the coastline, may
need considerable investment to protect it against
rising sea levels, or even abandonment/relocation
in the long term.

Decentralised generation will reduce the need
for large generation facilities located in areas

of risk and localised infrastructure will require
less cooling power. With the increased role of
renewable energy sources within decentralised
networks, the effect of climate change on the
outputs of the various energy types should be
addressed. At the larger scale, the changes in
precipitation levels could affect the efficiency or
even viability of hydro-electricity schemes.

Considering smaller-scale generators, whilst
average wind speeds returned by the climate
models seem to be largely similar to those seen
today, there are effects that cannot be resolved
when modelling at these timescales. For example,
increased cloud cover could lead to reduction

in the energy yield from photovoltaic and solar
thermal panels. Whilst the working life of these
technologies means that individual panels will be
replaced, there are implications for the long-term
planning of the energy supply mix.



Distribution Network

Applying the principles of resilience to energy
generation and distribution infrastructure will be
made more challenging by the very nature of the
sources of power.

Renewable energy is intermittent and largely
uncontrollable in its availability. Addressing this
intermittency may in fact help to create a more
resilient generation and distribution network

as a matter of course, thereby making it more
adaptable to climate change.

Providing uniform supply from generation
capability that contains a large proportion of
renewable power will require more large-scale
interconnection between countries, which will
require increased international harmonisation of
standards, regulations, policies and taxes.

Unfortunately, the transmission of power over large
distances currently results in higher transmission
losses. Therefore, a dual-layer network is needed
with smaller lower-voltage networks that can
operate with minimal transfer losses embedded
into a larger national and international system.
Local distribution networks will also need to
become more intelligent and not rely on centralised
balancing of generation and supply.

To cope with increasingly volatile weather,

the relocation of transmission lines to under

the ground may be appropriate in some areas.
However, whilst the probability of the supply
being interrupted is lessened, the time taken to
fix any faults may increase, possibly leading to a
less resilient network. Climate change may also
impair the cooling provided by wet ground to
underground cables (eg Auckland blackout in New
Zealand in 1998).

Assuming that energy will become a scarce
commodity in the future opens up the debate

as to whether there will be a tariff structure

that distinguishes between essential and non-
essential uses. Currently market economics drive
the distribution of energy and this may not be a
suitable mechanism for the determination of energy
share in the future. This issue may become even
more important with the increased international
connection of the energy grid resulting in a more
uniform global price for electricity.

WATER

The worlds under consideration, both in 2100 and
2250, are predicted to have a much more energised
atmosphere than today, leading to larger
variations in all aspects of the climate. This will
lead to an increase in both extreme rainfall events
and periods of minimal average rainfall.

Botswana may be dramatically affected, with
increasingly unreliable rains leading to further
desertification, thereby making agriculture
even less viable. One way of reducing water
requirements would be to increase the levels
of food imports, and therefore also the water
‘embodied’ in the food, from regions with
more rainfall. Agriculture is the largest user of
water globally.

To combat this increased variability in the supply
of rainwater, more resilient sources will need to be
coupled with a more efficient distribution system
and, even more fundamentally, significant efforts
in the area of demand reduction.

Sources

Water from precipitation is a finite resource that
has variations over time that often do not coincide
with levels of demand. The use of more water
than is being replaced is inherently unsustainable
in the long term but in the short term, the use of
reserves may be necessary to continue supplies
through periods of drought. More accurate
prediction models will therefore be required to
allow the combination of sources to be managed
more effectively.

The storage of collected rainfall above ground is
subject to significant losses through evaporation,

a consequence that will only increase with

rising temperatures. A major alteration to our
water supply strategy may be needed, with an
increased proportion of our water being taken from
groundwater sources and underground stores to
avoid losses through evaporation.

However, the predicted increase in volatility

of rainfall could have adverse effects on the
amount of groundwater available. As the rate of
precipitation increases, the proportion of water
that runs off the surface of the land increases,
as soils can absorb water only at a certain rate,
leading to a reduction in water in aquifers.



If precipitation does not provide sufficient water,
then an alternative option is the desalination of
sea-water. This is not a new technology but it

is at present energy intensive. In a world where
both energy and water are highly valued scarce
resources, a balance may have to be struck as to
the relative importance of energy and water levels.
Energy-free solar desalination is a possibility
although it is does require space, a commodity
that may be equally as scarce as water or energy.

The utilisation of an increased spectrum of sources
will lead to a more resilient supply, as each source
will have a different response to variations in rain
intensity. An increased reliance on locally collected
water will also reduce demand from regional
supplies, with developments being as close to a
self-sufficient closed-loop system as possible.

Distribution Network

Past experience suggests that water distribution
networks have a very long working life. They
therefore have to be able to adapt to a changing
climate in the short, medium and long terms.

As the water distribution network is progressively
replaced over the coming decades, the largest
improvement to the efficiency of the system can
come through the installation of pipes that are less
likely to leak (in the UK currently 22% of water

is lost through leakage'®). More comprehensive
monitoring and metering systems can also assist
in quickly detecting leaks.

To increase the resilience of a local water system
to allow it to adapt to climate change, there needs
to be increased flexibility in the sources of water.
Local regions should be interconnected to allow
the transport of water between them.

Botswana already relies on an ‘N-S carrier pipe’
to transfer water to the drier south, and China is
currently building a massive network of canals
and pipes to transfer water to alleviate shortages
in the North. However, a significant proportion
of the Chinese network is above ground,

leading to increased losses from evaporation as
temperatures rise.

In the UK, the interconnectedness of local networks
may become even more important if an increased
proportion of water is drawn from ground sources.
The availability of groundwater in a region is very
dependent on the underlying geology, meaning
that some regions have naturally more abundant
groundwater reserves than others. Local sources
should take priority, however, as the movement of
water over long distances is energy-intensive.

The current water infrastructure is based around
the principles that water of a single level of

high purity is delivered and waste water of an
assumed high level of toxicity is removed. On a
local level this is already being addressed with
the installation of grey-water recycling system,
recognising the fact that waste water from one
process can be sufficiently cleaned locally to be
used as the source water for another process.

The extension of this principle to include some of
the national network could lead to a dual-purity
grid where potable water is supplied only where
it is needed and lower-purity water incorporating
waste water from certain processes is supplied
to industry or for irrigation uses. Whilst this
would be difficult to implement for the entire
national distribution system, on a local level it
would be easier, particularly if it is incorporated
into new developments.

This issue of re-using waste water is being
addressed on a large scale in Singapore, with
grey- and black-water being put through an initial
level of purification before being re-introduced
into the reservoirs to be added to the potable
water supply in a process known as Planned
Indirect Potable Use?°.



BUILT ENVIRONMENT

Projections for climate change have direct
implications on building design and operation and
as such the building sector is perhaps one that
has been considered most with regard to climate
adaptation. Using the UKCIP02'® predictions

a number of existing publications discuss the
implications of climate change on buildings:

e CIBSE Guide L — Sustainability

e CIBSE TM36: Climate change and the indoor
environment: impacts and adaptation

e Greater London Authority: Adapting to climate
change: a checklist for development: Guidance
on designing developments in a changing
climate

e Hacker JN, Belcher SE and Connell RK: Beating
the heat: keeping UK buildings cool in a
warming climate

These existing publications all focus on
adaptations required to withstand possible future
climate scenarios outlined in the UKCIPO02 report
which extends to 2080. The predictions in the
climate change model we are considering in this
report extend to the year 2250 and are considerably
more stark than those predicted at 2080.

Master Planning

Well designed master plans will be instrumental
in ensuring comfortable towns and cities in

future extreme climates. The understanding of
street layout, building orientation, massing and
location is critical in minimising overheating

in and around buildings, and reducing risks of
flooding. Lessons can be learnt from developments
in existing hot climates and recent advances in
the understanding of zero-carbon master planning
from projects such as Dongtan in China.

The legacy infrastructure of existing towns and
cities is likely to pose more of a problem than new
developments and will require forward-thinking
high-level strategic master planning to meet future
climate changes. Some key issues might be:

e Consider the viability of adjusting street layouts
to respond to prevailing winds to maximise
ventilation and cooling.

* Avoid locating new developments on flood
plains, allow sacrificial land.

¢ Design flood defences into any new
infrastructure.

e Consider orientation and massing of new
buildings to maximise the potential for self-
shading and cooling.

The change in conditions caused by the Urban
Island Heat Effect will serve to make the local
climates in and around towns and cities more
extreme than surrounding rural areas. Master
planning can be used to reduce these effects,
particularly by affecting the height of buildings
and street orientation to allow winds to carry heat
out of the building structures.

On a wider scale, the increased pressure from
rising sea levels and the possible increase in
severity of storm surges combined with an
increase in flooding from extreme precipitation
events will lead to the viability of entire
settlements being threatened.

Decisions will need to be taken as to the building
or enhancement of flood defences or ultimately
whether an area is no longer fit for habitation.
Issues such as these may well be influenced by
the insurance industry weighing up the risks of
providing policies to homes and businesses in
these areas.

Initially these decisions will involve small outlying
areas, but the situation will gradually evolve to
require the consideration of these factors with
regard to more major towns and cities around the
globe such as London and Shanghai.









Buildings

Whilst current new commercial buildings are
generally designed with a lifespan in the order of
50 years before they will need either replacing or
major refurbishment, there is a large proportion
of the current building stock, particularly

iconic or residential buildings in the UK, that is
significantly older.

It is projected that approximately two thirds of
the homes we will be living in the year 2050 have
already been built?!. There is therefore a need for a
comprehensive programme of adaptation required
on the current housing stock. In contrast, the
lifespan of a typical Chinese residential building
currently stands at less than 30 years. Increased
regulation of the building industry is required to
increase the quality of buildings delivered.

Though current buildings may need refurbishment
prior to the timescale considered here, some
components may remain, such as the structural
frame. It is because of this that it is appropriate

to consider adaptation and flexibility within the
major building components to cope with a world in
2110 with an average temperature rise of 5°C. This
will see a major change in architectural styles and
building geometries, particularly as low-energy
buildings become the norm.

Resilience to extreme weather events will also
need to be reviewed. The current peak design
data used by engineers when designing internal
heating, ventilation and cooling solutions

for buildings will need to be reviewed to

reflect future scenarios. The structural design
parameters will also need updating regularly

to cope with predictions for increased flooding,
subsidence, effects of heat on materials and
resistance to rain penetration.

Resilience to flooding is already being addressed
in many countries. Flood defence is a major
climate risk consideration expected to be
exacerbated by climate change as a result of more
intense precipitation events, sea-level rise and
intense storms.

TRANSPORT

It is assumed that all the modes of transport in
use today will continue to be available, albeit in
radically altered forms. There will undoubtedly be
considerable change in the distribution of modes
of transport but this is almost irrelevant as any
level of use of a mode of transport will mean that
an infrastructure is necessary.

Considering the changes to the transport network
is perhaps the most difficult of the sectors to
address. Energy, water and buildings are all vital to
life, with set minima that levels cannot drop below.
Of the sectors being considered, transport is the
one most susceptible to societal and behavioural
change. Physical transportation levels also have
the possibility of being significantly affected by
the increased capability of the communications
network — the development of which is impossible
to even imagine over these timescales.

Transport Network

Whilst the design life of some individual
components of the transport infrastructure may be
less than the timescales being considered in this
report, there is still significant adaptation needed.
Even if components are replaced, the routes taken
by major transport connections are unlikely to

be significantly changed, meaning that cuttings
and embankments will remain in use, requiring
alterations and improvements to cope with
increased flooding.

Rail routes in particular can be susceptible to
flooding due to their relation to the geography that
they pass through. In the UK, many run along river
valleys where they were originally constructed to
reduce gradients??.



The effect of this flooding is increased due to

the degree of equipment located at track level.
Particularly vulnerable is the track circuit system
that currently forms the basis of most signalling
systems. Adaptation strategies could include
altering the signalling system to rely on trains
communicating their position, as opposed to tracks
sensing their presence, thereby eliminating the
reliance on track-side equipment. An alternative
approach would be to increase the levels of
drainage installed on vulnerable areas of track.

Perhaps the most effective way to increase the
resilience of a transport system is by an increase
in capacity. If a system is operated near its
absolute limit, any reduction in efficiency of a part
of the system causes dramatic knock-on effects
and the rail network in the UK is approaching the
limits of its capacity, at certain times of the day,
in an increasing number of places?’. An example
of this ripple effect occurred during extreme
temperatures in August 2003, when buckling rails
caused speed restrictions to be put in place along
a number of stretches of track. Due to the lack of
spare capacity at peak times, the restrictions had a
major impact on the entire network.

An increase in resilience to unknown factors can
also be reached by increasing the efficiency with
which any breakages in the network are dealt
with. For the rail network, this could be achieved
by the increased provision of alternative routes,
taking into account the electrification of the
routes to allow use by all types of train. For a road
network, this could manifest itself, for example,

in an increase in communications technology that
allows road users to bypass problem areas with as
little disruption as possible.

Bridges carrying transport networks across
shipping lanes may have to be designed with an
increased height to take into account rising river
and sea levels, as has been seen where rises in
the Huang Pu River have been combined with
the land subsidence in Shanghai to increase
potential problems.

Connection Nodes

Train stations will need to be adapted to changing
conditions, with the factors that affect them

being similar to those affecting other buildings.
Stations may prove easier to adapt to the climate
in some ways; for example, their high ceilings and
open plans may make them less susceptible to
overheating and easier to naturally ventilate.

A more significant problem will be the effect

of flooding and increased temperature on
underground mass transit systems, which will
become more important components in the
transport system as a whole due to the increasing
population of cities.

Of the locations being considered, London has the
oldest underground system in the world, having
begun operation in the 1860s, and Shanghai's is
amongst the youngest and fastest developing.

London underground currently removes 30 million
litres of water every day? and with increases in
sea levels and flooding events, this requirement
is set to increase. During the summer months,
temperatures already reach very high levels and
the issue of cooling the trains and platforms

has much focus. Whilst the rolling stock is not
suitable for consideration under the timescales
of this report, the fundamental issue will remain
that air conditioned trains will eject heat into the
tunnel network.

Along with increased ventilation, the use

of the local groundwater to cool the tunnel

and platform network currently seems the

most feasible. This strategy will need to be
considered against the climate change scenarios
to determine whether this method will be able to
absorb the increased heat loads from a network
with a higher ambient temperature. Combined
with this, reductions in the heat load could be
investigated, such as regenerative braking and
more efficient drive motors.



WHAT NEEDS
TO HAPPEN

Enabling the Engineering Profession

The engineering profession is an important
stakeholder in enabling the world to adapt to
climate change and engineers themselves need
to be provided with the opportunities to respond
to the challenges. For example, engineers have
a role in understanding and communicating the
limits to engineering adaptation, and also in the
implementation of engineering decisions.

In addition, engineers need to be able to make
decisions today based on climate change
predictions for the future.

Understanding and Communicating the Limits
to Engineering Adaptation

The engineering community has an important
role to play in assisting policymakers and
decision-makers to understand how engineering
can help adapt to future climate change. This
applies not only to its current potential but also
to its future potential.

Irrespective of the level of resilience or
adaptability engineered into designs for the future,
it is not possible to eliminate all risk from climate
change or use engineering design to counteract

all the effects of climate change. Therefore,
compromises will often be required.

Given the likely controversial nature of such
compromises, an early dialogue between the
engineering disciplines and policymakers is
required to understand the limits to engineering
adaptation. The mechanical engineering
profession will need to consider how their
communications systems can be optimised to
increase the effectiveness of the discussions.

An example is the Thames Estuary 2100 project
(although this project is for a shorter timescale
than being considered here). The project explicitly
considers the limits of adaptive engineering for
protecting the Thames Estuary against climate
change impacts on sea level and storm surge?.
This study has provided insight into hydraulic
performance and possible design considerations of
engineering options.

The Context for the Implementation of
Engineering Decisions

Whilst engineering may be able to provide some
technological solutions to climate change, the
implementation of these solutions and their further
innovation will depend on political, economic and
social will.

For instance, a technological solution for flood
defences or natural ventilation could be hampered
by non-technological issues. An early dialogue
between engineers on their potential to design
technological solutions, with those who can
create conditions for decision-making based on
their research or implementation, may help to
develop the capacity of society to respond to the
challenges ahead.

Enabling Engineers to Make Decisions Today
Based on Climate Change Predictions

Today's engineers are facing projects that will
have a lifespan stretching past the year 2100,
many of whom may need help to develop the skills
needed to deal with climate change and enable
their systems to be suitable over their anticipated
life spans. The skills needed will depend on the
type of the system and other variables.

Understanding the range and type of skills
needed by engineers will help to enable justifiable
decisions in light of climate change. There

is a range of information that is available for
decision-makers to use today, and accessing and
understanding how to use that information for
long-term projects could be an effective next step
for the engineering community.

It should also be stated that the engineering
ideas presented in this report are by no means
fully developed. They are intended to promote
discussion and to highlight the fundamental
nature of the changes that may be necessary to
cope with the climates predicted in the models
and the challenges in addressing the issues. The
engineering issues also sit within a wider context
of global change that is not within the scope of
this work.



The Duty of Governments

During this report we have outlined scenarios for
the changing of our climate and the effects that it
could have on certain important elements of our
infrastructure. Engineers are adept at tackling
challenges. However, it is necessary that these
future challenges are addressed sooner rather
than later to allow proper time for research,
planning and action.

Engineering of any solution is not an overnight
concern. It takes many years, if not decades to
create solutions to global problems. The timeline
for any new engineering technology to be fully
utilised on a global level can well exceed one

or two generations (the development of the jet
aeroplane and nuclear power are examples of this).

It is therefore advisable that with concerns in
areas such as climate change, governments invest
significantly more effort in adaptation for the long
term, which enables each nation to undertake the
necessary steps to ensure its future prosperity and
survival.

The Institution of Mechanical Engineers
recognises that CO, mitigation is vital to our future
world and society. However, the effectiveness of
past negotiations in leading to reduced emissions
is questionable and evidence to date raises

doubts that the forthcoming talks in Copenhagen
will prove any more successful. It is a duty of
government to embrace adaptation and protect the
nation against the potential risks of a ‘business as
usual’ outcome.

Understandably for most governments, the idea
of actioning projects which will benefit people in
future centuries is politically difficult. However,
for a nation such as the UK, research and
development into adaption technologies may not
only help us cope with future climate impacts and
rising sea levels, but also enable us to help more
vulnerable nations and provide a highly valuable
future component to our economy.
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