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F technology and cities are celebrities, their
affection for each other won’t make front
page in tabloids. This is because their union
as smart city technology is old news. What is
novel is that the world has yet to see the

scale and speed of change their union might bring
owing to the growing size of cities. According to the
Asian Development Bank, the number of mega cit-
ies – cities with 10 million people or more – will
grow from 21 in 2012 to 37 in Asia within the next
ten years.

However, for smart city technology to deliver its
promise, it has to be sustainable. This means peo-
ple today have to be prudent with the resources
they use to build smart technology in cities, so that
they don’t consume what is supposed to be
passed on to their children. Designing without sus-
tainability in mind, no matter how affordable smart
technology is, cities will still be consuming
more resources and yet be hungry for more.

Therefore, people have to think deeper on how
to deploy smart city technology in sustainable
ways. Let us go local: Consider how to better har-
ness Singapore’s abundant sunshine, dense popu-
lation, and thick transport networks. Some technol-
ogies that leverage such properties are already
commercially available or in advanced stages of
development.

For example, the Netherlands Smart Highway
Project uses luminous paint to mark roads. The
paint absorbs daylight and glows up to eight hours
at night. Besides being novel and pleasing with its
soft glowing light, the luminous lines on the roads
reduce public spending on street lighting.

Energy harvesting
Singapore’s human and vehicular traffic can be
powerful, literally. For example, the many mara-
thons and walkathons that we organise can be
used for energy harvesting – and participants
won’t be striding in vain. At the 2013 Paris mara-
thon, many ran across energy harvesting tiles on a
25-metre stretch that converted their pounding to
electricity enough to power a laptop for more than
two days. That might seem insignificant, but it may
be enough to run low-voltage equipment such as
vending machines.

Once commercially viable, energy harvesting
tiles will accumulate energy from human traffic as
they go about their daily lives. This design could
power public lighting, EZ-Link machines, and ERP
gantries especially during peak hours. The tiles
could be laid in MRT stations, bus interchanges
and roads, and located near train doors, around
ERP gantries, escalator areas, as well as bus
alighting and boarding points. Its potential can be
even greater when technology is mature enough to
tile entire strips of pavements and roads. While
there are still technical challenges, energy harvest-
ing technology today is already closer to fact than
fiction.

Air-conditioning
Singapore also needs to think about how the is-
land-city-state consumes energy. Let us start with
how much an air-conditioned nation it has become
as the majority of the buildings are now cooled by
air-conditioners.

The proportion of Singapore households with
air-conditioners has more than doubled in 20
years, from 35 per cent in 1993 to 76 per cent in
2013. Air-conditioning accounted for the highest
proportion of household energy consumption at 37
per cent.

To capture a sense of how cool Singapore has
become, we conducted an informal temperature
survey of popular publicly accessible locations, like
shopping malls and the Changi Airport terminals.
Along the way, we also revisited some venues
highlighted in The Straits Times several years ago.
We took temperature on a week day between
10am and 3pm, replicating what the reporters did
then. Similarly, we took several readings at differ-
ent spots within the same venue to calculate an av-
erage temperature.

The results? All locations were colder than 25
degrees Celsius, the recommended air-condition-

ing ambient temperature. Suntec City and Bugis+

reigned as the chilliest shopping malls, both at

about 23 degrees Celsius.

Given the colonisation of public and private

spaces by air-conditioning, it isn’t surprising that

people are becoming less tolerant of heat and hu-

midity, and more receptive to cooler and dryer envi-

ronments. For a little red dot only one degree shy

of the Equator, this acquired taste for temperate cli-

mate is unsustainable in the face of climate

change.

Technological advances may help Singapore

to stay cool in a more sustainable manner. For ex-

ample, Stanford University researchers created

new building materials that can reflect sunlight

back into the largest heat sink in the universe: the

outer space. The new composite may help Singa-

pore to reduce the extent of air-conditioning we

need.

Here, Ngee Ann Polytechnic students recently

built a prototype that can channel waste heat from

air-conditioning compressors to complement daily

routines like taking showers. This may help shrink

utility bills, an everyday concern that everyone iden-

tifies with.

While neither method is close to being

launched in markets here and afar, emerging tech-

nology deployed intelligently in cities can help ur-

ban dwellers stay cooler – with sustainability in

mind.

However, technology is only part of the cooling

equation. Our appetite for a cooler environment is

not only physiological, but also psychological and

cultural. For example, research and our own experi-

ence tell us that people feel more comfortable
when there is a light breeze, somewhat independ-
ent of surrounding temperatures.

Recent reports remind us that women tend to
feel colder compared to men at the same tempera-
ture. The gender divide in thermal comfort is also
cultural partly because of office attire. Men wearing
long sleeve shirts, likely layered with sweaters or
jackets, are better buffered in air-conditioned offic-
es. In fact, one needs air-conditioning as part of the
preppy fashion package (read: shirts, suits, and
sweaters) to look and feel cool.

Perhaps Singapore could turn to Hong Kong
for sustainable ideas? Hong Kong civil servants
are encouraged to dress lighter in summer when
government offices set their air-conditioning at
25.5 degrees Celsius.

Waste management
Apart from air-conditioning, another sustainability
challenge for Singapore is waste management.
Thankfully, Singapore has improved its recycling
rate. It was 60 per cent last year, comparable with
world leaders in sustainability, such as Germany
and Belgium. However, there is still room for im-
provement. Singapore continues to generate more
waste over the years. According to the National En-
vironment Agency, Singapore produced 7.5 million
tonnes of waste last year, 58 per cent higher than
ten years ago. Waste per capita has also risen 19
per cent from 1.15 tonnes in 2004 to 1.37 tonnes in
2014.

Thus, not surprisingly, Singapore has one of
the world’s most efficient waste collecting systems
and disposal infrastructures. Its Semakau Landfill
– also a world’s first offshore landfill in operation –
has been managing waste disposal since 1999. Al-
though recent improvement has expanded Se-
makau Island by about 17 million cubic metres

(about 6,700 Olympic-size swimming pools) to
serve Singapore beyond 2035, it is the only landfill
left here.

To be sustainable means households need to
feel the direct consequences of generating waste,
which is not obvious in Singapore today. Installing
recycling chutes in selected new HDB flats is an im-
portant first step, but more needs to be done. Sin-
gapore could look closer at other cities and coun-
tries. For example, in densely populated Seoul, no
one has been using rubbish chutes for more than
20 years. Citizens dispose at common bins, paying
according to the weight of their waste. This encour-
ages them to reduce, recycle, and reuse. Sorting
rubbish at recycling bins is part of their daily rou-
tine.

While 6 per cent of waste is consigned to land-
fills here in Singapore, the figure is only one per
cent in Germany. Also, as Singapore continues its
appetite for the liberal use of plastic bags, US
states such as California and Hawaii, and cities
such as Chicago have banned the dispensing of
free plastic bags in retail stores.

Technological advancements in the near future
may benefit Singapore in waste management. For
example, an MIT project called Trash Track seeks
to tag and trace the entire life cycle of a product, try-
ing to make 100 per cent recycling a reality. Latest
engineering technologies, like plasma gasification,
convert organic materials to synthetic gas more effi-
ciently. They are becoming more affordable and
environmentally friendly too.

Harvested energy and data coming from vari-
ous stages of waste’s life cycle will also open mar-
kets, identify new business opportunities, and cre-
ate jobs in what is known as a circular economy,
where materials are designed to be biodegradable
or recyclable.

This brings us to a similar point on energy har-
vesting: Technology is only part of the solution.
People’s behaviour and mindset need to be part of
designing smart city solutions from the start. These
solutions have to be comfortable with accommodat-
ing two somewhat opposing objectives.

Firstly, when solutions harness prevailing be-
haviour and mindset, they don’t inconvenience peo-
ple. Before lamenting why people don’t use tech-
nology according to plans and manuals, we must
observe keenly how they actually behave. This
means that people need to be more astute in identi-
fying when and how technology can be applied un-
obtrusively and effectively.

Urban planners, technologists, and decision
makers therefore could learn more from social sci-
entists, especially ethnographers and anthropolo-
gists who conduct deep fieldwork of how people
live, work, and play under different contexts.

Secondly, the opposing and more challenging
objective is to cultivate a more sustainable behav-
iour and mindset. This is especially critical be-
cause people have gotten used to reusing and re-
cycling little waste and commuting from an air-con-
ditioned bubble to another in their daily lives.

The first objective we might want to achieve is
to rely upon existing science to nudge people to-
wards more sustainable outcomes.

The second objective, however, requires a thor-
ough understanding of how unique, local behav-
iour unfolds in daily lives. This will include foreign-
ers and tourists as they form a sizeable proportion
of our population. Their behaviour affects the sus-
tainability of this island-city, too. Solutions can then
build on insights gathered to configure existing
technology, business models and jobs – as well as
to create new ones. This way, the love relationship
between city and technology can be smart and sus-
tainable.

Dr Lim and Dr Kim are Research Fellows at
the Lee Kuan Yew Centre for Innovative Cities
(LKY CIC), SUTD.

Smart and sustainable

By Mint Kang

Energy empowers innovation. Power does not
only bring it to life but drives its very purpose and
helps to deliver the benefits.

And then there is the crucial issue of stability.
A stable power supply reduces the incidence of
interruption to transportation, medical and other
infrastructure services.

That is why for smart cities, it is logical to have
a sustainable power grid, especially one that re-
lies on renewable energy sources. Such a grid,
however, requires additional technology to stabi-
lise it and to ensure that power is consistently
transmitted and distributed across the island.

Firstly, the multiple generators must be
aligned to the same grid frequency, so that power
surges caused by insufficient or excess current
do not happen.

Secondly, supply fluctuations must be buff-
ered. For example, during the monsoon season,
cloudy weather will intermittently lower the effi-
ciency of solar panels, potentially causing a short-

age of power to parts of the grid. Finally, the grid
needs to be protected from unexpected occur-
rences such as lightning strikes – a common haz-
ard in Singapore, which has the highest inci-
dence of lightning strikes in the entire region due
to the density of its power grid.

One solution to these challenges can be
found in smart grid technology, which is applied
to stabilise the renewable energy grid. In the US,
for example, Hitachi launched a grid stabilisation
system called CrystEna, which was set up in
Somerdale, New Jersey as a demonstration
project. It constantly gathers and analyses data
on the entire power grid, from generation to trans-
mission and distribution.

Another important solution is energy storage.
Renewable energy generation can only be made
viable if it is coupled with reliable and space-effi-
cient storage systems that can absorb supply fluc-
tuations.

In the case of the CrystEna system, it packs a
high-capacity energy storage system (1,600
Li-ion power cells capable of 8,000 charge cy-

cles) with a 10-year life-span - into a space the

size of a single standard shipping container.

Such systems form vital underpinnings of a

smart and sustainable city. Few citizens will see

them or even realise they exist, but at the end of

the day, such technologies are what keeps a

smart city going.

CrystEna is a registered trademark for the brand
name representing overall energy storage system

solutions made by Hitachi group. The name was
created combining “Crystal” of state-of-the-art

technologies in the Hitachi group and “Energy”.

Energy harvesting: Human traffic generating power

This is the third of a six-part series
brought to you by Hitachi, in
collaboration with the
Lee Kuan Yew Centre for
Innovative Cities (LKY CIC), SUTD.
The next part of this series, Urban
Manufacturing in smart cities, will be
published on Oct 13, 2015.

People today have to be prudent with the resources they use to build smart technology in cities
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Stability empowers sustainability

Percentage of households with 
air-conditioners, 1973 - 2013
(conducted every 5 years)

‘13‘08‘03‘98‘93‘88‘78‘73 ‘83

Source: Figures from Department of Statistics website
(www.singstat.gov.sg)

2.7
7.8

11.2

19.4

35.3

58.3

71.2
74.7 76.1

The Business Times | Tuesday, September 8, 2015 | 15


