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Ms. Ada Fung, JR, is Deputy Director of the Hong Kong Housing
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Committee of Hong Kong (2012/13 - 2015/16), Past President
of the Hong Kong Institute of Architects (2013 - 2014), and past
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2011/12). She is one of the Directors of the Hong Kong Green
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Abstract | fHE

The Hong Kong Housing Authority (HKHA) provides affordable public rental housing to meet the
needs of about 30% of the seven million inhabitants of Hong Kong. As a result, HKHA has a major
role to play in shaping the city fabric. We are committed to building sustainable communities

to promote green, safe, and healthy living, achieving better public housing design as we truly
believe in living in harmony based on a people-centric approach. Given tight financial and land
resources we need to tackle the multi-faceted challenges of housing design in the high-rise high
density compact city. When we face problems, we have to explore options, conduct Research &
Development, and find innovative solutions. These are our drivers for continuous improvement.
As a result, we find success stories in improving the process as well as the products of our quality

public housing in a vertical city.

Keywords: High Density Compact City, Innovative Initiatives, People-Centric Design,
Quality Public Housing, Sustainable Community, Vertical City
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1. Introduction

1.1

Established in 1973 under the Housing
Ordinance, the Hong Kong Housing Authority
(HKHA) develops and implements one of the
largest public housing programs in the World.
Today, about 30% of Hong Kong’s seven million
inhabitants live in about 750,000 flats in public
rental estates. Another 15% of our population is
living in subsidized sale flats. In support of the
government policy on housing, HKHA plans,
builds, manages and maintains different types of
subsidized public housing to meet the housing
needs of those who cannot afford private
housing in Hong Kong. According to the latest
update to the Long Term Housing Strategy as
contained in the Policy Address 2016,[1] the
government has further adjusted the projection
of housing demand for the 10-year period from
2016/17 to 2025/26, and the public housing
supply target will comprise 200,000 public rental
housing units and 80,000 subsidized sale flats.
With such a sizable program to implement
whilst ensuring quality, safe and healthy living
in such a high density compact city, as well as
for people of all ages and abilities, it is quite a
challenging task to accomplish.
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1.2

Upholding the 4C core values — Caring,
Customer-focused, Creative and Committed
— HKHA is constantly exploring innovative
ways to triumph a higher standard of quality
housing and people-oriented design. To
embrace a caring attitude to foster social,
economic and environmental sustainability,
HKHA adopts passive design and other
environmental initiatives and conducts state-
of-the-art micro-climate studies to create
quality homes for residents in a green and
healthy living environment. HKHA establishes
the Modular Flat Design and applies mass
customization to strike a better balance
amongst various factors including valuable
land resources, buildability, cost effectiveness,
user-friendliness, safety, and healthy living for
people. HKHA has also taken a proactive role
in applying Building Information Modeling
(BIM) and other IT applications to enhance
safety, quality and durability, production
efficiency, cost effectiveness and sustainability
in design and construction. This paper gives
an in-depth account of HKHA's experience on
the application of innovative initiatives for our
quality public housing in a vertical city.

2. Passive Design

Accessibility to sufficient natural ventilation
and daylight without resorting to artificial
means is of paramount importance in
composing a healthy living environment
for our tenants. Since 2004, HKHA has been
applying passive design in all new public
housing projects during the early planning
and design stages, to create quality living
environment and improve the environmental
performance of the projects. With the use
of state-of-the-art computerized simulation
models, we optimize the local climate for
tenants'comfort inside the domestic flats
and provide cross ventilated corridors

Figure 1. Green Roof (Source: Housing Authority)
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inside domestic buildings to create an

“urban oasis”in estate planning. We conduct
environmental assessments at early planning
stages to identify areas with stagnant air,
noise, water pollution and other hazards to
development. On-site measurement at post
occupation stage validates the simulation
study results at the design stage. Over the
years, tenants’ positive feedback through post
occupation surveys also affirms the enhanced
environmental performance.

2.1 Microclimate Studies

In refining the estate layout and building
design for green and healthy living, we adopt
a passive building design approach, through
air ventilation assessment and micro-climate
studies, to optimize the planning and design
of buildings and open spaces. This provides
healthy, quality living environment for
tenants through optimal use of the natural
resources such as wind environment, natural
ventilation, daylight and solar radiation as well
as energy consumption.

We configure and orient the domestic blocks
to capture the prevailing wind, maximizing
natural ventilation with the floor layout
designed to enhance air ventilation with
ample natural light penetrating into the
buildings, including both semi-private areas
at lift lobbies and corridors, and the private
domain in each domestic flat.

2.2 Solar Heat Gain

Hong Kong lies in the tropical climate zone.
Our design aims to minimize solar heat gain in
domestic units in order to have higher energy
efficiency and better human comfort. We
apply the results of the micro-climate studies
to design solar shading devices for reducing
solar heat gain both on the building facade
and in individual dwellings, to reduce the
energy consumption by air conditioning and/
or other mechanical ventilation means.

2.3 Heat Island Effect

Greening purifies air and mitigates the urban
heat island effect apart from ecological and
amenity values. Since 2010, the HKHA has
adopted a green ratio of not less than 30%
for public housing developments with a site
area over 2 hectares, or 20% for smaller sites.
To optimize utilization of land resources, other
than provision of traditional at-grade planting
at open space of the estates, we apply a slope
greening and sky-rise greening method such
as vertical and rooftop greening so as to
meet the greening ratio target (a prerequisite
to maximizing the housing production)

and create a sustainable living environment
subject to individual design and related
environmental factors (Figure 1).
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Figure 2. Acoustic window adopted in San Po Kong Public Rental Housing, reduced noise attenuation by up to 8 db(A)

(Source: Housing Authority)
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Figure 3. Acoustic balcony design adopted in Sai Chuen Road Public Housing Development (Source: Housing Authority)
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2.4 Integrated application of BIM and GIS
in Environmental Studies

Together with an integrated application of
BIM (Building Information Modeling) and

GIS (Geographic Information System), we

can apply environmental studies — including
lighting, ventilation, energy, carbon emission,
green design etc. —and prepare quick design
visualizations for visual impact assessments
during the feasibility and planning stage,
thereby enabling our public housing more
user-friendliness. For a detailed application of
BIM and GIS, refer to Section 5 of this paper.

3. Noise Mitigation

Hong Kong is renowned for its high density
living environment. With limited land sources,
residential developments, including public
housing developments, may usually be
located in close proximity to heavily trafficked
roads or other noise sources. Embracing

a caring attitude to create a healthy living
environment to our residents in public
housing estates, HKHA has applied a host

of noise mitigation measures to reduce

the impact and nuisance. Depending on

the individual characteristics of the site,

we apply noise mitigation measures at

the source, at the propagation path, and/

or at receiving end. At-source mitigation
measures include application of low noise
road surfacing and construction of noise
enclosures. Mitigation measures at the path
of propagation including building setbacks
and orientation, erection of noise barriers, and
non-noise sensitive building design. Vertical
fins are commonly adopted as the mitigation
measures at the receiver end.

To tackle the most severe noise challenges
without compromising the performance

of natural ventilation for the flats, HKHA

has come up with the innovative acoustic
windows and acoustic balcony design for
shielding noise impact. These innovative
designs could secure a comfortable
environment whilst maintaining the valuable
natural ventilation at the living areas

(Figures 2 and 3).

An acoustic window design was adopted in
San Po Kong Public Housing Development
(Figure 2). Upon testing for different scenarios,
it was established that the acoustic window
with noise absorption materials at the window
frame could achieve noise attenuation up to
about 8 dB(A).

An acoustic balcony design was adopted in
Sai Chuen Road Public Housing Development
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(Figure 3).Together with the application of
noise absorption linings at the balcony, the
balcony could achieve noise reduction up
to 6.4 dB(A) for the proposed development
at Wing Cheong Chuen at Sai Chuen Road.
With the provision of the balcony structure
and other mitigation measures, the noise
compliance rate was significantly improved
to 90%, and the maximum noise level was
reduced to 75 dB(A).

Acoustic balcony design has been further
enhanced, which amalgamates the acoustic
window concept in the first generation

of acoustic balconies. To ameliorate the
incidence of noise through the balcony door
into the flat, a sliding screen is installed in
front of the balcony door on the balcony. This
arrangement allows the ventilation path to
be of decent width. Upon testing for different
flats and enhanced balcony scenarios, it was
established that, the enhanced acoustic
balcony, with the fittings as stated above,
could achieve relative noise attenuation up to
around 10 dB(A), which was even higher than
acoustic window and the first generation of
acoustic balconies. It would be an effective
design for noise mitigation whilst at the same
time allowing desirable natural air ventilation
for the habitable area of the flat.

4. Carbon Emission Estimation (CEE)

The construction and maintenance of a
building is one of the major sources of carbon
emissions that lead to global warming. To
provide a green and sustainable building
design, we found the need to devise a
straight and practical indicator to quantify
the comprehensive impacts of residential
buildings on the environment.

Since 2011, HKHA has further developed a
user-friendly CEE methodology to holistically
evaluate the carbon emissions of new public

Figure 4. System boundaries in previous studies (Source:
Housing Authority)
B4 BIRNGERSEE KR E8FEERR)

housing developments throughout the
building life cycle, to ensure the housing
design is optimized by comparing against the
benchmarking estates.

In estimating CO2 emission of buildings, it is
required to define the system boundary first
since it affects the estimation significantly.
Among the system boundaries commonly
used as shown in Figure 4, we choose

to adopt the “Cradle to Grave”approach
instead of “Cradle to Cradle” approach

in our methodology after balancing the
completeness of the methodology and
practical difficulties in gathering CO2 emission
figures in the recycling phase (Figure 4).

Humphrey et al. in their study[2] stated

that the environmental impact of high-

rise residential blocks was dominated by
concrete, steel reinforcement and timber
formwork primarily because the structural
frame of the building is reinforced concrete.
To make our methodology practical and
convenient for the use of building designers,
we focus on the CO, emission associated
with these major construction materials and
building operations from cradle to grave for
a building life of 100 years. The embodied
carbon in architectural and BS materials and
their replacement in the course of building
life is excluded from the carbon emission
estimation. Six aspects, namely () Materials
Consumed during Construction, (Il) Materials
for Structure, (Ill) Communal Building Services
(BS) Installations, (IV) Renewable Energy
Installations, (V) Tree and (VI) Demolition,
have been identified in the methodology
(Figure 5). Tenants’energy consumption,
which is beyond HKHA's control, is outside
the boundary of our model. After calculating
the amount of carbon emission, we compare
the figures against the Benchmark Block (New
Harmony One Block) and Benchmark Estate
(Kai Tak Site TA), on per GFA, per CFA, and per
Flat basis. All aspects are compared. When

Figure 5. Methodology for Carbon Emission Estimation
(Source: Housing Authority)
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benchmark figures are exceeded, the project
team will be required to review the design and
find rooms to reduce the carbon emission.

As shown in Figure 5, two “Green” aspects, i.e.
Aspect IV and Aspect V are purposely included
in our methodology. This arrangement is

to facilitate our stocktaking for sustainable
provisions with contributions in carbon-
reduction and carbon-absorption.

From Figure 6, we can see that Aspects |l

and lll are critically dominant (Figure 6). In
particular for Aspect Il (communal building
services installations), it contributes to 60%

of total carbon emissions. So, focusing on
communal building services installations, we
have developed our Energy Management
System to systemize the implementation of
our energy saving initiatives. In 2014, we have
successfully lowered the Energy Performance
Indicator (EnPI) from the original 30kWh/m?
to 27kWh/m?. In 2016, through the use of LED
bulkheads in place of compact fluorescent
lamp (CFL) luminaires as standard luminaires,
we could further save 10% of communal
energy, and have accordingly set the EnPI

to 24kWh/m?.

5. Building Information Modeling (BIM)
and Information Technology (IT)

Building sustainably has always been one
of our main objectives, and to this end,

we continue to drive for innovation to
improve the efficiency and environmental
performance of our development. In the
past ten years, we have devoted ourselves
to integrate the use of new and innovative
IT platforms, including BIM, Geographic
Information System (GIS), and most recently,
Radio-frequency identification (RFID) to
enhance our design efficiency, improve on
environmental performances of our buildings,
and advance the quality and safety of our
work for the entire building development
life cycle.

5.1 Feasibility Study and Planning Stage
Since 2014, we have accomplished a small
breakthrough by integrating the use of

BIM and GIS for site planning and feasibility
studies. By combining the 3D terrain and
buildings of Hong Kong with BIM models

of our estates, we were able to perform a
number of studies in the 3D GIS environment,
including visual impact assessments abd ridge
line, vantage point, and shadow analyses. This
is an important step towards minimizing the
visual impact of our developments on the
environment (Figure 7).

Figure 6. Comparison of Carbon Emission; percent of the 6 aspects ( Source: Housing Authority)
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Figure 7. Ridge line analysis (Left) Vantage point analysis (Middle) Shadow Analysis (Right) (Source: Housing Authority)
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Figure 8. BIM for Value Management and design optimization at Hin Tin Street (Housing Authority)
B8 ER#IRRIENEBENRITPNARTEEENAS KF: F8EEZRS)

Figure 9. Integrating BIM with lighting analysis software (Source: Housing Authority)
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5.2 Scheme Design Stage

BIM can also be used as a Value Management
and design optimization tool at the scheme
design stage. In the housing project on Hin
Tin Street in Shatin, we have used BIM for
value management to compare the merits
between a six-flat and an eight-flat per-floor
design option, as well as other structural
design options to achieve optimum time and
cost efficiency for the project (Figure 8).

5.3 Detail Design Stage

Through the integration of BIM and other
environmental analysis software, we were able
to carry out sophisticated environmental and
other technical analyses at detail during the
design stage, including lighting simulation,
solar radiation and computational fluid
dynamics (CFD). For our project at Sheung
Shui Area 36, we have integrated BIM with

a lighting simulation software to optimize
lighting design for energy savings (Figure 9).

5.4 Construction Stage

BIM can also be used for coordination of
building services installation and clash
detection as well as construction sequencing
and safety planning. Tung Tau Cottage Area
East is one of our first projects where BIM has
been used extensively at the construction
stage. Itis a project with complex topography
comprising three platforms of significant level
differences, and requires careful design and
planning, in particular for the construction
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Figure 10. Construction sequence planning for Tung Tau Cottage Area East (Source: Housing Authority)
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sequence at the site formation and
foundation stage. BIM was used as a

design and visualization tool to allow the
whole team to plan, design and rehearse in a
virtual 3D environment to resolve problems
well in advance of the construction

work (Figure 10).

Most recently, we have integrated the use

of BIM and RFID to improve construction
performance. For our housing project at
Tuen Mun Area 54 Site 2, we have embedded
RFID tags into our precast concrete building
components during the manufacturing stage
and created a cloud base platform to trace
the process of delivery and installation of

the building components. The objective is
to monitor the progress and delivery of the
construction work (Figure 11).

5.5 Facility Management and Maintenance
Stage

The use of BIM reaches far beyond design

and construction stages. Throughout the
design and development of the project, a lot
of information has been captured into the BIM

model including manufacturing and product
information, warranty, drawings, cost and
quantity. This data rich model is extremely
important and valuable for future facility
management and maintenance. For“Domain”
being our Shopping Centre at Yau Tong, a
data rich model has been created at the
construction stage to facilitate future facility
management. For our project at Sheung
Shui Area 36, the underground utilities were
carefully documented in the BIM model for
future maintenance work (Figure 12).

6. Conclusion and Way Forward

As the main provider of affordable public
housing in Hong Kong, we take great pride

in meeting the housing need of the people
and at the same time providing environment-
friendly homes of good quality as we build a
harmonious community. We apply sustainable
planning principles to foster a Quality Living
Environment of Public Housing. We build
green and friendly “homes” with sustainable
initiatives to meet the rising expectation of

FEAMIME I, BEIEA T T
RIRRBANE I AT, BFEH BBEDL
PRSI RORIA NS B, e E/KEE36XAY
REMBT, HAGENBAEREEBI
AGMEBEILE M, Ut HE
R (B9) .

5.4 HETRNER
ENEERNARI I ENBAETLES
ZEE hSShR. EFRERAT SRR
TEEAIEER. 5 FEXREHNE
—NEERNERT 2 EREFEERDA
FINME. ZMEtEEZR, 887 =
PMEEEZEEEXRFE, DRI
M, JCE 2 EEAN MR T A2 ERAT
RUERTAEF. PRI IR RIS B
REE Mt TR, 118 NHE
AR MEELIME N TR &t
1, NMEBTEERNIEF AR REI-M
(E10) .

&I, FEEGRAEERURTTL
SHMRAREANNA, DURTHEFAL.
EEIEMXSHENFEENEF, &
IHER TR M BB SRR R
BEATHPRRELIEES P, HEI R

Figure 11. RFID tag and reader (Left) Embedding RFID tags (Middle) Scanning with RFID reader (Right) (Source: Housing Authority)
1. SRR RIRBNNEE (2) NERSHSNIRAITE (R)EMiRsIERENIANNE(R) KR BBEEERS)

Figure 12. Data rich as-built model for “Domain” Shopping Centre for facility management (Left) Underground utilities at Sheung Shui Area 36 for future maintenance (Right)

(Source:Housing Authority)
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the community. Our public housing program
has been the keystone to the stability and
prosperity of Hong Kong and an anchor of
our public administration for more than half
a century. HKHA will continue to proactively
engage the community and industry
stakeholders in the development process to
achieve greater efficiency and productivity
for continuous improvement, and to provide
quality communities and neighborhood that
our residents will treasure and be happy to
call"home!

FE, BIRERAMHIEENTER. T2
PlEEEIS T2 ERIAR (E11) .

5.5 RMEEERNEBRITMER

BEIE BRINAR AN B IR R 15t
FEFNER. EIMBEREMTIA RS
2, EERBRILNAFBRWN KRS
B’ BIEEFNTREN. REFRIER
BBl AR EE. XMEERER
REIERIRESS B SRRV B IR SN
NEE, UBESMATHENED [ KX
2 AR, FATEEFRNEREENSIE
T MEEXERENRE, EREH
TS EIE, 2F FKEBXNINE, &
FEERDAFEA T E1F ST A
AsiERER, UEHEHEEBRAEZ

A &2 .

6. LEIERIARER(D)

EAEARAFNENERENEERME,
HAERZAEL XTI MERET R
WEERE, XER A HRAMANR
REVEFT, XTI HITRRER. &
NRFF AR RIAYERN, ARNERE
EEEMRNEEINE, FREFIRFER
RAERZIDMRERENZRE, UREHL
ARG BEERVERE. ML ERE
THERAEREBREERNEEE
A, EEETH ML UREB QLTI
WHEP—FZ5. AEERRIES, &
B EE RS RERURIETH AL DN FHF
WENSS, URSMENEF, B
KAE, SN EKAIRBEINE, 1LHA)
M EEMRNERERZUNZ K=,
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