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he building and construction industry

Tra nSforming T plays an integral role in orchestrating

and materialising our transition towar-

ou r Bu i It ds sustainab_\e droanisation. As things stand,
the built environment/ construction sector is

- responsible  for more greenhouse gas

E nVI ron ment (GHGSs) emissions than any other sectorj Of
the economy — more than transportation,

agriculture, and inaustry’.

1 Sustainable Brands, Operating vs Embodied Carbon in the Built Environment, 18" November 2020
https://sustainablebrands.com/read/product-service-design-innovation/operating-vs-embodied-carbon-in-the-built-environment-the-difference-and-why-it-matters




More than half of the world's population
ves In cities and the problem compounds
as this number continues to rise dramatical-
ly. Conseguently, players in the bullt environ-
ment sector bear the dual burdens of ushe-
INg humanity into the largest wave of urban
growth iIn human history while drastically re-
ducing Its carbon footprint.

Bulldings contribute to carbon emissions on
Multiple fronts: In how we extract and trans-
form natural resources, how we construct
oulldings, how we use them, and how we
dispose of them.

To keep up with the demands of urbanisa-
tion, the global bullding floor area Is expec-
ted to double In footprint by 206074 or
230B m? of new floor area added to our
global building stock®. This is concerning be-
cause on a global scale the construction
sector Is already responsible for 36% of
energy consumption, 38% of energy-related
carpon dioxide (CO,) emissions, and 50% of

resource consumption and materials extrac-
ted”.

We view this as a 230B m“ opportunity to
oullad greener cities by leveraging emerging
technologies to develop solutions that are
not just more sustainable, but that

are regenerative.

Progress has commenced - we are seeing

architecture, design, and technology take
nspiration from nature to green our cities.
Smart technologies such as digital twins are

NniNg etc.

also helping us IMprove ou
alr quality, energy consump

r transportation,
lon, urban plan-

While promising, the progress needed Is still

poth profound and radical.
along the bullding and const

chain needs to be addressed o

evels. A holistic view of the bul
ment's whole carpbon life cycle Is a
framework from
carbon contribu

supply chain (Fig. 1).

Sustainability
‘uction value

N multiple
It environ-
necessary

which to understand the
lon of each segment In this

Seen through the prism of deep technology,
each element within the cycle holds its own
set of technological challenges and opportu-
nities for iImprovement. Not merely at the In-
obut at the system level to
iNntegration of new technolo-
| stakeholders. From an Inno-
vation perspective, these trends
dnigue opportunity to maximise

dividual level,
ensure that the
gles benefits al

tial for emergir

oresent a
the poten-

g technologies to

terial, construc
tlon methods.

EXTRACTION OF
RAW MATERIALS

EMBODIED
CARBON (30%)

CARBON EMISSIONS FROM
MANUFACTURING,
TRANSPORTATION, AND
INSTALLATION OF BUILDING
MATERIALS

OPERATIONAL
CARBON (70%)

THE EMISSIONS FROM A BULDINGS
ENERGY CONSUMPTION

OPERATION

ANNUAL GLOBAL CO2 EMISSIONS &

are Embodied Carbon

BUILDINGS GENERATE NEARLY 40%

OF ANNUAL GLOBAL CO2 EMI

28%

ANNUAL GLOBAL CO2 EMISSIONS

are from Operational Carbon

Figure 1. The Whole Carbon Life Cycle
Source: Hello Tomorrow Asia Pacific

Z GlobalABC Regional Roadmap for Buildings and Construction in Asia 2020-2050
https://globalabc.org/our-work/forging-regional-pathways-global-and-regional-roadmap
5 Architecture 2030, Why the Building Sector?
https://architecture2030.org/why-the-building-sector/

4 WorldGBC Advancing Net Zero Status Report 2021, 10* June 2021
https://issuu.com/vburrows/docs/worldgbc anz status report 2021 issuu/8
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e set our scopes on Southeast Asia The global COVID-19 pandemic has only ac-
as a diverse case study for the deve- centuated this reality with raw material shor-
loping world. Southeast Asia exem- tages and the unprecedented strain on
olifies this segment of the global population global demands.
making the rural-urban transition, with
1O00OM more people expected to migrate to The region Is also particularly vulnerable to
cities by 2030, with medium-sized cities fo- the Ill-effects of climate change®. Rising sea
recast to arive 40% of the region’s growth. evels threaten all major cities In the regionr
As a ripple effect on the pbullt environment Nncluding Jakarta, Bangkok, Singapore, anc
front, the region Is positioned to take on a Manila.
significant part of the global new bulld
demand. Continued growth In floor area Naturally, regulatory frameworks (bullding
could represent nearly half of the world’s codes, green certifications, etc.) vary signifi-
new construction by 2040~ cantly from one country to another, presen-
ting challenges for the transferabpility of
Southeast Asian countries face a set of technologies. Across the region, these
unigue circumstances within the building frameworks have also struggled to evolve
and construction economic value chain, with the considerable growth in demand for
and challenges which are specific to the new bulldings In today's context. Less than
region. They are exceptionally sensitive to nalf of countries In Asia have mandatory or
manufacturing and export policies of other voluntary pbuilding codes or certification pro-
- - - ' 7
countries, and to economic fluctuations. grammes in place’,
5 GlobalABC Regional Roadmap for Buildings and Construction in Asia 2020-2050, Page 9
https://globalabc.org/our-work/forging-regional-pathways-global-and-regional-roadmap
6 World Economic Forum, Southeast Asia to bear the brunt of worsening global climate, IPCC warns
https:/www.weforum.org/agenda/2021/08/southeast-asi-weather-extremes-global-warming-2030-ipcc-report/
/ GlobalABC Regional Roadmap for Buildings and Construction in Asia 2020-2050, Page 22 4

https://globalabc.org/our-work/forging-regional-pathways-global-and-regional-roadmap



SINGAPORE

Affectionately termed a “garden-city’, faces a
olethora of supply-driven and climate
change-related challenges. A third of Singa-
oore Is less than bm above sea level®, making
't highly vulnerable to the impacts of climate
change. It grapples with the urban heat islano
effect (urban areas tend to be warmer due to
the replacement of natural lanad cover with
oulldings and other infrastructure that retain
or produce heat). With a high population
density of 8,358 per km?, the lack of supply of
both land and materials, coupled with
consistent demand, have caused housing
costs to skyrocket®.

This city-state stands out for iIts advanceo
green certification frameworks and sustal-
nable urbanisation plan. The Buillding and
Construction Authority 1s a driving force
behind this and works to coordinate industry
actors to achieve the Singapore Green Bull-
ding Masterplan, its “80-80-80 In 20350" goal
- 80% green bulldings by GFA, 80% of new
developments by GFA to be “Super Low
—nergy’ bulldings from 2030, and 80% Im-
orovement In  energy  efficiency  for
oest-in-class green pbulldings by 2030.

INDONESIA

Indonesia Is the world’s largest archipelago
country and has extensive coastlines. Jakarta,
ts capital and major business hub, IS the
fastest sinking city In the world - It sinks by
almost 20cm every year largely due to exces-
sive groundwater abstraction'. Urban expan-
sion has consumed large swathes of cropland
and vital ecosystems such as mangroves,
Wwhich are a key source of protection from
flooding.

Green buildings will present plenty of Invest-
ment opportunities - not only In new
construction but also In the retrofitting of
existing/ older buildings. The International Fi-
nance Corporation and the Green Buillding
Councll Indonesia had set out to turn 20% of
new construction projects Into green Initia-
tives in select cities by 2021" and have in Ja-
<arta helped lay over 18M m? of new floor
area, through which over /00,000 tonnes of

carbon emissions have been negated.

8 National Climate Change Secretariat, Impact of Climate Change and Adaptation Measures
https://www.nccs.gov.sg/fags/impact-of-climate-change-and-adaptation-measures/
9 Worldometer Singapore

https:.// www.worldometers.info/world-population/singapore-population/
10 BBC News Indonesia, 13" August 2018

https://www.bbc.com/news/world-asia-44636934 5
1MTIFC, IFC Partners with Al and GBC Indonesia to Promote Green Buildings, Improve Climate Resilience
https://pressroom.ifc.org/all/pages/PressDetail.aspx?1D=24887



VIETNAM

Vietnam has been incredibly appealing to Sustainable buildings have gained momen-
energy-intensive Iindustries like steel and tum In Vietnam. The Vietham Urpban Green
cement, as Iinadustrial electricity prices are Growth Development (VGBC) Plan 2030’s
low. The country’s energy production relies orimary objectives Include, among others,
orimarily on oil and gas, followed by hydro mproving urpan resilience to climate
and wind power. Rural areas mostly subsist change and reducing GHG emissions®.
on agriculture and are extremely vulnerable Under this plan, Vietnam Is also advancing
to climate change disasters. The country’'s over 20 cities, including Hanol, Ho Chi Minh
diverse geography means it I1s hit by City, and Da Nang, to become smart ano
typhoons, landslides, floods, and droughts, sustainable cities. In 2010, the VGBC Intro-
and extreme weather events are expecteo duced a set voluntary green buillding rating
to worsen further”. Rural populations are system called LOTUS, and covers new
forced to wean off agricultural dependency, construction, existing builldings In opera-
mMmoving to cities to seek alternative means tion, as well as homes and small non-hou-
of iIncome as well as for safety. sSINg projects.
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e gathered Iinsights from a diverse set
of stakeholders, each playing a diffe-
rent role within Southeast Asia’s bullt
environment. Our panel comprised materials
Manufacturers, property developers, real
estate management, and regulatory agen-
cles. A few shared perspectives on the Indus-
try’'s path to sustainability stand out:

Concerted and collective action Is
needed at an industry level

The reduction In embodied carbon Is
difficult and must be prioritised

Consumer pbehaviours and market
e perceptions must be changed with
education

_egislation and regulation would
e DOOSt mMomentum and accelerate
greening of the industry

Here we focus on the most pressing challen-
ges that, In our opinion, technology has the

greatest potential to help address.

DEPLETION OF OUR
NATURAL RESOURCES

The bullt environment Is bullt on the extrac-
tion and conversion of natural resources.
These materials are finite In nature, and we
tend to overlook the depletion and environ-
mental iImpact assocliated with their extrac-
tion. Core elements include iron, aluminium,
copper, clay, sand, gravel, limestone, wood,
and stone.

_et’'s consider sand. The construction iNndus-
try Is the number one consumer of sand.
40-50B tonnes of sand are mined annually'4,
and the environmental conseguences of ex-
cessive sand mining Include altering ri-
verbeds, forcing rivers to change course, ano
eroding banks (leading to flooding).

14 United Nations Environment Programme, Rising demand for sand calls for resource governance
https://www.unep.org/news-and-stories/press-release/rising-demand-sand-calls-resource-governance



The challenge Is to shift from an exploita-
tive to a generative mindset. Our white

wlith the

oaper Nature Co-

Design: A Revolution In
the Making®™, published In collaboration
Boston Consulting Group, ex-

oounds on a design approach where biolo-
gy, material science, and nanotechnology
mMeet, leveraging nature’s design principles

and manufactu
atomic level. So

tive or augmented m
aaddress the challenges o
and climate change, but shift the
oparadigm and present new economic op-
oortunities altogether. The potential for
nature co-design In bullding and construc-
tion I1s profound, and will go a long way In
helping countries and corporations meet
thelr carbon reduction commitments.

resSOQOUrces

The prod
oarticular
iNndustry’s

Uction ol stee

V carpbon-inter

‘lNng  capapllities at the
Jtions such as regenera-

aterials not only
f diminishing finite

REDUCING HARD-TO-EVADE
EMBODIED CARBON

| and cement are
sive - they are the

two largest so

Jurces of CO, emis-

sions. Cement I1s notoriously difficult to de-
carbonise, but I1s second only to water as
the world’'s most widely used commodity.

Achleving “zero embodied emissions” re-
guires progress on seve

mMaterial op

ral fronts, namely:

timisation, creation of low- to

zero-carbon materials, and carbon-seques-
tering materials and met

hods.

o decarbonise the sector’s supply chain,

the Worlad Economic
Boston Consulting Group have identified

—orum and the

seven areas of intervention (Fig. 2).

Carbon capture, utilisation, ana storage
technologies can tackle a fifth of emissions
mMainly from cement and steel production.
This Is one of the most expensive levers to

develop, and cu

tEfrie Of
adiness.

‘rently rates the lowest In

Mmaturity and technological rea-

CIRCULARITY/RECYCLING

MATERIALS AND
PROCESS EFFICIENCY

RENEWABLE POWER

RENEWABLE HEAT

NEW PROCESSES

FUEL SWITCH

CARBON CAPTURE
UTILISATION
AND STORAGE

Figure

~5% can be abated by introducing circularity in cement,
aluminium or plastics from demolition waste or via
increasing the share of scrap in existing electric arc furnaces.

Some 20% of emissions can be tackled through material and
process efficiency levers such as cement clinker substitution,
and more efficient transport vehicles.

35 % can be abated by renewable power and heat, e.qg.
for aluminium production or at the construction site

~10% reduction of construction emissions from introducing
new processes, e.g. switching steel production to less
carbon intensive processes (such as changing from blast
furnaces to using direct reduced iron in electric arc furnaces)

~10% can be abated with fuel switches in
low-carbon transport.

The last ~20% of all construction emissions need to be
tackled through carbon capture, utilization and storage
technologies (CCUS), mainly from the cement and steel
production.

2. Decarbonising Supply Chain

Source: World Economic Forum & Boston Consulting Group

INnsight Report January 2021

"Net-Zero Challenge: The supply chain opportunity”

REDUCING OPERATIONAL

CARBON: UPGRADING

EXISTING BUILDINGS AND

CHANGING CONSUMER

BEHAVIOURS

How we Interact with and within our buillt
environments 1s another source of carbon
emissions. Operational carbon Is recurring
and must be accounted for during a buil-
ding’s entire litecycle. It Is estimated that

the builldi

eslgil

builldi
ne now, and In

15 Hello Tomorrow & Boston Consulting Group, Nature Co-Design, A Revolution in the Making
nttps:/www.hello-tomorrow-apac.org/post/nature-co-design

16 Architecture 2030
https://architecture2030.org/why-the-building-sector/
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otion upgrades, our existing bullding stock
will continue to contribute substantially

towards GHG emissions.

IMPLEMENTING CIRCULAR
ECONOMY PRINCIPLES

- Circularisation could dramatically improve

environment, such as by optimising energy  Understanding the industrial ecology of our

use with improved insulation, temperature  materials and waste, alongside the establi-
management, and lighting systems, and by shment of closed-loop systems, would offer
implementing renewable energy sources tremendous opportunities to not only

and circular resource systems. reduce emissions, but to derive value from
what has traditionally been perceived as

Solutions are relatively plentiful, but often  \waste to be managed and disposed of
oresent high up-front costs and compara-

tively protracted payback dynamics. This  The use of renewable/ waste energy, imple-
makes It a multi-stakenholder process that  mentation of energy-efficient systems, ano
could Involve the likes of building authori-  raduction of waste are all ndispensable
ties, owners, tenants, developers, financial  components of a sustainable value chain.
institutions, system integrators, and other  Thereafter adaptability, durability, reusabi-

qualifled professionals responsible for si- ity and recyclability also greatly impact the
gning off on the Integrity of structures and sustainability of any solution”.

systems In this highly regulated environ-

ment. The age-olad question remains: who is  The industry tends to be highly “local” and,
iNncentivised to Initiate this undertaking, and hence, fragmented. A circular economy,

more importantly, to pay for it? however, requires concerted collaboration

that cuts across sectors. The Siam Cement

n our conversation with Mr. Allen Ang (City  Group (Thailand), for instance, is partnerec
Developments Limited, Singapore), he em-  with the Circular Economy in Construction

phasises the importance of educating the  |ndustry, a network of 21 organisations in the
consumer: “operational carbon use and  Thai construction sector to drive indus-

emissions are 50% controllable by the lan-  try-wide sustainability outcomes. They aim
d/or_d, and 50% confro//ab/e_ oy tenants ... be-  to reduce reliance on virgin materials by fin-
havioural changes are required of us all - the  ding use of recycled materials, while also re-

users of the buildings. cycling/ reusing excess construction mate-
rials and making them valuable again®.

The likes of pbullding Information modelling
(BIM) could also help reduce construction
waste from the outset, and aid In creating a
closed-loop supply chain with zero
waste-to-landfill targets.
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Emerging trend: cognitive nheuros-

cience and the aesthetics of the
built environment

New design and construction principles, with
a renewed focus on health and well-being,
Wil reframe our relatlonshlps wWith our built
environment. The term "urbanisation” In-
duces mental 'mages of soulless unfeeling
ooxes, stacked high in the sky, around which
Jroanites spend their days. Spaces aren’'t ge-
signed around people. Rather, peop\e NavVi-
gate the spaces on the spaces terms.
Spaces are designed to optimise the amount
of lettable floor area, to facilitate as many
oersons living In a given amount of space,
WIth primary needs met wherever possible.

INn the wake of lockdowns brought about by
the global COVID-19 pandemic, occupants,
regulators, and developers have startec
rethinking the spaces in which we live. When
freedom of mobility Is restricted, the spaces
we confine ourselves to need to be de-
signed, above all, around our collective phy-
sical, mental, and emotional health.

“Neuroaesthetics is defined as “the cogni-
tive neuroscience of aesthetic experience.”
[t's a field that seeks to understand the
neural basis behind people’s experiences of
aesthetics, extending beyond beauty and art
to the built environment. Beginning with
mental health architecture, there IS a
growing trend: designing spaces based on
neuroaesthetics to improve our mental
processes and well-being.

In some ways it’s simple. Architecture and
design elements can elicit specific cogni-
tive and emotional responses. Curved
contours, ror instance, are perceived to be
more pbleasant than rectilinear contours, acti-
vating part of the brain’s reward system. In
other ways, because It’s the brain we're talk-
INg about, neuroaesthetics can be Just as
complex as any other area of heuros-
cience.””
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The most forward-looking of developers and
designers we have conversed with have
oegun paving attention to how inhabitants’
ViINng environments may affect them, anad
concepts such as blophilic design are Increa-
singly being tapped upon. While this
thought deviates from the main direction of
this paper, the authors would like to encou-
rage readers with influence In this space to
consider the possible opportunities that
emerge from this point.

19 Neo.Life, Neuroaesthetics: Mental Health Facilities of the Future
https://neo.life/2021/10/neuroaesthetics-mental-health-facilities-of-the-future/
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espite the challenges, some promi- reduces the amount of embodied carbon

sing solutions from our Hello Tomor- (by >60%) of new bullding structures.
row start-up network certainly bring
hope of a more liveable and sustainable built
environment.

Brimstone Energy
Process emissions from the production of

some of the world’'s most common building
Carbon Built Materials (such as cement, steel and alumi-
They cost-effectively produce concrete Nnium) are difficult to decarbonise. Process
using CO, emissions (derived from a range emissions are a result of chemical reactions,

of Industrial sources and emerging direct air and require entirely new chemical reactions
capture solutions), and work with reduced for decarbonisation.

oroportions of traditional Portland cement,
while Increasing the use of low-cost and In our quest for low-carbon substitutes of

low-carbon supplementary cementitious our most-used materials, an oft overlookeo
and filler materials. Concrete Is cureo aspect Is how these materials work together.

through the incorporation of CO, In a pro- or example, ordinary Portland cement
cess that does not reguire expensive cap- Mmixed with supplementary cementitious
ture, compression, or purification of the CO,, materials results in a protective alkaline en-
or high temperatures, or elevated pressure. vironment that prevents steel from corro-

ding, while steel provides strength and flexi-
With their lower-carbon formulation and by oility within concrete for as long as it does

embeadding CO, In the curing process, not corrode.

Carbon Bullt reduces concrete’'s carpbon

footprint while maintaining the high-perfor- Brimstone Energy works on changing the
Mmance specifications required for safety, chemistry of production without actually
and using concrete as a long-term store of changing the end product, so the exact
carbon. Being price-competitive, this pre- same material is produced while reducing

sents a compelling solution that significantly CO, emissions and costs.



Compailr

Apart from the usual suspects in the form of
cement and steel, composites also feature
orominently in the bulilt environment - from
INsulation panels to external bullding enve-
opes.

Compalr’'s unigue self-healing high-durabi-
ity resin reduces maintenance cost and ma-
nufacturing defects, and extends the life-
time of composites. By applying heat to
oroplematic areas, the healable resin allows
the composite to autonomously heal cracks
and delaminations, regaining 100% of Its orl-

ginal mechanical properties in minutes.

Their product and the underlying technolo-
gy are an exciting foray Into regenerative
Materials and engineering for future bull-
dings. The material 1s also more easily recy-
clable, promoting circularity of new compo-
site structures.

SolCold

With no energy required, SolCold's na-
no-technological material 1s no thicker than
a sheet of paper, and harnesses heat from
the sun to cool surfaces, rather than al-
owing It to warm. Once applied, the sun-
ght triggers a laser cooling of solids reac-
tion In the material, providing Its cooling
effect. They use monochromatic and cohe-
rent laser light to cool crystals and semi-
conductors. A key change introduced to the
technigue enables using sunlight as the
oower source, replacing the laser.

There are numerous applications for tnis
material, ranging from fabrics to thin film,
and cover sheets to multilayer paints. We
can envision reducing the operational

carbon emissions such as from domestic
oullt-in appliances which are used to keep a
oullding warm, cool, or ventilated.

If Integrated early on, In the conception ano
design phase of a project, alternative mate-
rials can play a significant role In reducing
our carbon footprints.

NeXxii

Mmagine using a fraction of the bullding ma-
terials, a fraction of the transportation, and a
fraction of the bullding time to assemble
ultra high-performance buildings. Nexil has
surpassed Passive House energy efficiency
oerformance levels, bullding up to 24 stories
N a guarter the time - at the humble price of
wood-frame construction. By combining In-
novative materials and technologies, ad-
vanced engineering and design, and preci-
sion manufacturing and assempbly, Nexil IS
shaking up construction at a global scale.

Their proprietary material is an alternative to
steel and concrete, used to form panels ano
roofs with concrete-like strength and to
create an airtight, energy-efficient therma
envelope for better insulation and reducec
heating/ cooling reguirements. Their
ore-manufactured panels are made of an ul-
tra-high-performance composite with an in-
sulating core, and manufactured using Inte-
grated BIM systems.

A version of the panels suitaple tor retrofits
s also In the works, and will feature
Nigh-performance, |low-embodied carbon
Nsulation, structural support, and winadow
and doors to comprise a fully unitised exte-
rior retrofit panel.

With thelr capacity to aadress poth embo-
died and operational carbon, the life span
cost and impact on the environment Is re-
duced significantly.




Ur deep dive Into the necessary evo- allowing us to radically transform our built
udtion of how we builld and how we environment.

iNnteract with our bullt environments

has left us with mixed feelings. Now more than ever, we must hasten the in-
tegration of these new materials, tecnh-

Quantifying the industry’s whole carbon life  niques, and technologies into our built envi-

cycle footprint, especially in light of the im- ronments, while continually striving for and
cending doubling of global demand, has supporting more advancements thereof. For
oeen daunting. Southeast Asia is first in line  Impact to be made, we must do so at scale.
to grapple with this conundrum as the pres- —rom our view of the innovation spectrum
sures from urbanisation and climate change  we see the winning trifecta as:

are particularly oronounced. Qur

® Reducing the extraction of natural re-
sources and carbon-intensive manu-
facturing processes. We must wean
off of “classical” materials of the bullt
environment, and instead ook towar-
ds material optimisation, and low- to
zero-carbon materials and alternative
materials.

cradle-to-grave approach to analysing the
pullt environment has revealed that carbon
emissions are deeply embedded throughout
the supply chain. Remedying this reguires
collective action at all levels - global, natio-
nal, Industry, and consumer - put Is hugely
challenging to orchestrate.

On the other hand, there Is real optimism as
we see that the buillding materials of the
future, revolutionary construction tecnh- p‘\e
nigues, and advanced climate mitigation =l
technologies are rising to meet these
challenges. Progessive actors are leading
the pack, and can wield great influence on
now we concelve and pbulld our cities. In this
sense our path towards sustainable urbani-
sation is well underway and the most promi-
sing technological advancements are

® Retrofitting existing builldings and im-
menting circular economy prin-
es throughout the industry.

® Deliberately sequestering carbon
within our bullt environments, such as

through the design of carbon segues-

tering sites, and the use of carbon se-
qguestering materials.

End Notes

This concludes our three-part series on Sustainable Urbanisation, produced by Hello Tomorrow Asia Pacific and sup-
oorted by the Singapore Global Network. Here we expound on the opportunities (and necessity) for city-living to be
gentler on our planet, and nighlight emerging deep-tech innovations making it possible.
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Hello To orrow Asia Pacific (part of a global non-profit) is on a mission to accelerate
deep tecpnologies to solve our most pressing industrial, environmental and societal
challengef. Its world-renowned Global Challenge unearths and embraces these start-up

__Iutions at their earliest stages, projecting them forward for maximum impact.

—or more information, please visit: hello-tomorrow-apac.org
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