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Calibration and validation of electric lighting

Field measurements, HDR photography

Workflow

3D scanning and modelling

This is a research study funded by the Green 

Building Innovation Cluster, Building Construction 

Authority, to develop new daylighting standards 

in Singapore based on post-occupancy 

evaluations of lighting preferences through 

subjective qualitative survey data and 

quantitative measured and simulated data. On 

this project, I manage and execute the collection 

and processing of survey data, HDR and 

luminous measurements. I also build calibrated 

simulation models using measured material 

spectrophotometric data and validate model 

calibration of daylight and electric lighting for up 

to 100 occupants in a single space, with a total 

of 545 participants in 10 office buildings.

publications in progress

Design for Climate and Comfort Lab 

Singapore University of Technology and Design

J. Alstan Jakubiec (PI)

Thanyalak Srisamranrungruang

Zhe Kong

Calibration and validation of climate-based 

daylighting models based on one-time field 

measurements: Office buildings in the tropics

2018

01
Daylighting in Singapore: 
Establishing Lighting 
Preferences, Design 
Guidelines and 
Predictive Methods
(2016 - 2018)

research

Research

Mean Annual Illuminance (lux)

0 1000

Daylight Autonomy 300lux

50% 100%

Predicted Daylight Satisfaction

0% 100%



This is a research study funded by the Green 

Building Innovation Cluster, Building Construction 

Authority, to develop new daylighting standards 

in Singapore based on post-occupancy 

evaluations of lighting preferences through 

subjective qualitative survey data and 

quantitative measured and simulated data. On 

this project, I manage and execute the collection 

and processing of survey data, HDR and 

luminous measurements. I also build calibrated 

simulation models using measured material 

spectrophotometric data and validate model 

calibration of daylight and electric lighting for up 

to 100 occupants in a single space, with a total 

of 545 participants in 10 office buildings.

publications in progress

Design for Climate and Comfort Lab 

Singapore University of Technology and Design

J. Alstan Jakubiec (PI)

Thanyalak Srisamranrungruang

Zhe Kong

Calibration and validation of climate-based 

daylighting models based on one-time field 

measurements: Office buildings in the tropics

2018

01
Daylighting in Singapore: 
Establishing Lighting 
Preferences, Design 
Guidelines and 
Predictive Methods
(2016 - 2018)

research

Research

What should the electric lighting design criteria be in offices?Daylighting requirement based on human comfort?

How much daylight is needed for a connection to the outdoors? Satisfaction versus Daylight Autonomy @ 300 lx Grouping
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This is an ongoing independent study that 

develops a weighted inverse lighting algorithm 

that aims to achieve user-defined daylighting 

objectives in an interior space using a limited 

number of simulations. The narrowing down 

of iterations through identifying facade 

contributions significantly reduces the time 

taken to reach a solution by removing poor 

performing designs prior to simulation in a typical 

optimization process. Further studies on the 

inverse lighting method may include applications 

to facade and enclosure design with multiple

daylighting objectives.

Relative daylight contributions

low high



Intrigued by a myraid of daylighting qualities 

and what they make people feel, a survey was 

designed to look at the correlation between 5 

generic daylighting qualities (diffuse, direct, 

filtered, combination and control) and 4 emotional 

perceptions of space, namely anticipation, 

excitement, amazement and serenity. The 

collected data and insights drove the design 

of an exhibition pavilion of a science centre in 

Singapore, using a inverse lighting method based 

on sun positions.

publications

Daylighting in other dimensions: Emotion and 

Time (Thesis Prep Booklet)
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Correlation between daylighting qualities and their emotional 
distributions

daylighting quality to emotion

emotion to daylighting quality
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filtered, combination and control) and 4 emotional 

perceptions of space, namely anticipation, 

excitement, amazement and serenity. The 

collected data and insights drove the design 

of an exhibition pavilion of a science centre in 

Singapore, using a inverse lighting method based 

on sun positions.



In a multi-generational home, shared spaces 

are needed as much as private spaces. Shared 

spaces are spaces for the family to congregate, 

casual or formal, while private spaces are needed 

for ample rest and quiet activities. Could this 

common shared space also be the most energy 

efficient, yet thermally comfortable, attracting 

people to use these spaces rather than spending 

time in the air-conditioned ones?

The Singapore House, Revisited

Sustainable Design Option Studio 3 

Tutors: Joshua Comaroff & Ong Ker Shing
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The Singapore House, Revisited

Sustainable Design Option Studio 3 

Tutors: Joshua Comaroff & Ong Ker Shing
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(2016)

Flow House focuses on the performative 

aspect of this shared space in terms of natural 

ventilation and its symbiotic relationship 

with orientation, form, program and other 

configurations. The private spaces are oriented 

specifically to reduce heating from the west 

sun, while the shared space is oriented towards 

the prevailing winds to solely operate on natural 

ventilation. Through pinching the form in plan 

and section, it was apparent that the wind 

speed increases through the venturi effect. 

The intersections between the private and 

commons is where formal tension is turned into 

interesting programmatic uses for a happening 

multigeneration family life. Centrally pivoted 

louvres adapt to any changes in wind direction, 

customizable to the family’s needs.



Exploring the roof as a mediator of light, varied 

lighting conditions to define flexible and 

configurable programmatic spaces in the below 

working space are created by establishing 

a dialectic relationship between living and 

working spaces through voids and translucent 

courtyards. Stripping light to its basic function 

of supporting the circadian rhythm in the human 

body, the visual connection from the private living 

units to the working spaces is cut off, creating 

an environment similar to a blank canvas for 

contemplation and resting with different degrees 

of privacy with a shared courtyard configuration.

Living Factories

Sustainable Design Option Studio 2

Tutor: Calvin Chua
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Growing architecture that creates spaces to feed 

the social realm for the future highly urbanized 

community. By merging and diverging towers 

of different programmed networks, we form 

unexpected adjacencies of fluid spaces, while 

the building structure encloses the various social 

activities.

prototypologies*

Sustainable Design Option Studio 1 

Tutor: Carlos Bañón
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Teri: We don’t really have to follow the 
questions but we will be talking along 
these lines. There are three different 
parts. Firstly, we hoping to ask you about 
what your vision was for Pearl Bank 
when you designed it in the 60s, then we 
will go on to talk more about conserving 
such modern architecture and also the 
voluntary conservation that is being 
proposed now. We are aware that 
Archurban won the URA site tender (for 
Pearl Bank Apartments) even though the 
client put up the lowest land price.

Geraldine: The 1960’s was a long time 
ago (laughter). And right now, Pearl 
Bank is still considered a beacon of 
Singapore’s super high-rise, high density 
housing. In fact, it is still the densest 

single-block in Singapore. What was the 
design concept you were looking at and 
using to design Pearl Bank?

Mr Tan: The overarching need was to 
house people decently in the central 
area. For some reason I suppose, at that 
time the government had already started 
low-cost housing. But they were not new 
towns yet, like Bukit Ho Swee. In the 
central area, land was a bit expensive, 
and was not suitable for low-cost homes 
for the lower income. The government 
was concerned with renewing the city. 
It was to cater to the middle-income 
people in the downtown central area. 
Of course, People’s Park is one of 
those developments. It had a shopping 
centre. Our particular site, so it was not 
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Pioneering heights 
in the city

A conversation with the original architect of Pearl Bank 
Apartments, Tan Cheng Siong. 
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This publication attempts to seek out varying 

perspectives and challenges regarding the 

issue of conservation of modernist architecture 

in Singapore from the past, the present and 

the future. Using Pearl Bank Apartments as an 

architectural case study, this issue is set in a 

real and current context, providing a platform 

with a balanced perspective to allow readers to 

synthesise a better understanding and decision-

making regarding issues related to architectural 

conservation.

Co-Authors: Neo J. H. Kevin Josiah, Lim Y. L. Teri

Tutor: Dr. Yeo Kang Shua

ISBN 978-981-09-7016-1 (paperback)
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Singapore faced a tumultuous future in 
the 1960’s. It experienced the attainment 
of self-government from the British, 
and subsequently independence from 
the Federation of Malaysia. Isolated, 
how would it survive, much less thrive? 
The immediate need was not just to 
physically provide for the needs of 
citizens, but to build a community of 
people that would endure the challenges 
ahead. The pioneer generation’s tenacity, 
foresight and passion were key to the fast 
changing landscape of Singapore in a 
short span of 50 years.

Young Singapore underwent rapid 
urbanisation, experiencing progress 
on the housing front. Achievements 
were also made in areas such as 

transportation, finance, infrastructure, 
military power, bilateral relations and 
education. All these were made with a 
great measure of efficiency. In 1967, two 
years from independence, the first batch 
of civilians were drafted into the army. 
Countless campaigns that aimed to build 
cohesiveness and single-mindedness 
in a society of immigrants, also shaped 
Singaporeans’ social memory.

Developments in architecture and 
infrastructure contributed greatly 
to defining Singapore as a modern 
country as well as a progressive people. 
In addition to the basic facilities 
and services that were needed to be 
introduced to build up a modern 
society, an architecture that inspired 

8

What was Singapore like 
back then?

A short discourse reminding ourselves of the historical context of 
the 1960s and 70s.
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When the Pearl Bank Apartments was 
built in 1976, it was the tallest residential 
building in Singapore at 38 storeys, 
“reaching about the same altitude above 
sea-level as Singapore’s highest peak, 
Bukit Timah Hill”. (PBA, 1976) Pushing 
boundaries to have the highest density 
for a residential development, the design 
was conceived with the motivation to 
achieve a successful bid for the land 
parcel on public tender in accordance to 
the then guidelines of Urban Renewal in 
Singapore.

With such high density in a single 
block, it was essential that the design 
resolves issues such as providing 
daylight, ventilation and views for every 
apartment. For the most efficient spatial 

layout, a cylindrical block was chosen 
over a point block or a slab block for 
its typology. The 270º sector block has 
a 30 metre inner void that has a gap 
orientated to the west, reducing the 
daily sunset glare on the outer rim of the 
cylindrical block, where the living rooms 
and bedrooms are located.

Today, Pearl Bank Apartments still 
stands as the highest-density single 

residential block in Singapore. 

Unique to its typology are the split-
levels in each apartment, which were 
commonly found in semi-detached 
houses during that time. This resulted in 
making the benefits available to middle 
income owners, with 2-3 floor levels in a 
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The merit of modern 
architecture in Singapore

Can the conservation of modern buildings, such as the Pearl Bank 
Apartments be justified purely based on architectural merit?

By Geraldine Quek
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The voluntary conservation initiative 
goes through, and conservation status is 
granted with an additional Gross Floor 
Area (GFA) grant to build an additional 
residential block. Current residents will 
continue to comfortably enjoy their 
residences in Pearl Bank Apartments 
(PBA) with better conditions and facilities. 
Hopefully, the communal deck can finally 
be utilized for its intended function and 
more. However, how much public good 
does this offer? Other than being just a 
monumental landmark in the area, more 
public value could be created. Perhaps 
this could be done by restoring selected 
apartment units to its original design and, 
to be opened to the public as a permanent 
exhibition showflat?

Voluntary conservation?

Could we conserve PBA as it is, in its 
original architectural form, without an 
additional block? There would be no profit 
gains to offset extensive repair works 
made to the mechanical and electrical 
services in the building. As the building 
ages and deteriorates, superficial repair 
works do not suffice and living in a state 
of never-ending repair is not ideal for the 
residents in the long run. That being said, 
to what extent should it be restored? The 
exterior facade used to be grey Shanghai 
plaster before it was painted yellow and 
orange. Additionally, interior fittings and 
modifications have been tailored to the 
individual residents’ fancies, but would 
this be a chance to restore a few units back 
to its original state?

Conserved as-is?

Demolition?

We know that en-bloc has not been 
successful for PBA on multiple occasions, 
but what if it had been successful? Perhaps 
maybe in the future? In the event that PBA 
faces demolition, could the building be 
preserved by record and documentation? 
With advanced technology, would we be 
able to virtually scan and record the entire 
building and make it accessible online? 
Would this record be comprehensive 
enough for historical reference? 

The wild idea of changing the entire use 
of PBA; What if PBA becomes a office 
building, hotel or service apartments? 
What happens if the use of the entire 
building changes from its intended 
purpose? As Mr Tan had mentioned, the 
design intent was to create homes suitable 
for raising families. What kind of changes 
would occur if private permanent homes 
become places of transient occupancy such 
as a hotel or serviced apartments? Will the 
modernist “Form follows function” creed 
be ironically irrelevant then?

Adaptive re-use?

must have been the moment when he 
realised that something can be done, 
(even though it was) in jest, maybe. 
Because when he came back two or 
three years later, he came up with this 
idea to tear the carpark down and ask 
the government for that extra space 
until the 28th floor. It will have a pool 
there to connect to the existing level. The 
government said yes.”

“What do you think about getting the 
original architect to design the new 
block?” We asked.

“Obviously Mr Tan has the passion to 
do it, and him designing it makes the 
whole thing more credible. It works in 
our favour. I would suppose that it adds 
weight to the point.”

After chatting for quite a long while, 
we began to take a tour around 
the apartment. Moving around the 
apartment itself also evoked the 
same acrophobia that walking along 
the corridor did, with staircases and 
staircase landings opening up to large 

volumes that span 2 stories. On top 
of being a beautiful place to live, the 
apartment had an interesting history.

“(There was) the original owner, I don’t 
know who it was, then it was the guy 
who bought it after that. He basically 
told an agent, ‘Get money for it.’ So all 
the apartments were divided up, and 
there were 40 people living here. The 
living room has a wall down the middle 
and it was all cut into bedrooms.”

“Was it allowed?” we asked in 
astonishment.

“No it’s totally illegal.”

“What was the condition like?” we 
probed.

“Well, it was all in the original 
condition except that it was partitioned. 
It was divided into as many places as 
we could, and it was all students, so I 
remember there were some Cambodian 
girls, and some Thai guys, they had 
access to the kitchen. The whole back of 
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the kitchen, the whole wall, was covered 
with beer bottles. They left everything 
behind. It’s like the agent just told them 
to leave. They left everything behind.”

There were many parts of the apartment 
that had been completely changed, 
largely because the apartment was 
damaged by the illegal subletting. Part 
of the apartment was also converted 
into an architecture office. However, 
walking through the rooms and hearing 
Mr Poole share about what used to 
be where, one could imagine, in their 
mind’s eye, a place of the yesteryears.

After the visit ended and we bid Mr 
Poole goodbye, we headed for the void 
deck on the 28th floor.

“Did you guys know that this building 
actually has the first concept of the void 
deck? So when the architect did that, 
on the floor plans, there is a couple of 
toilets, a big open community room, 
there’s supposed to be a gym, a library, 
and there’s actually on the plan a ladies’ 

sewing room (laughter). But the thing 
that’s funny is that when somebody 
wants to use the floor, the management 
doesn’t let anyone use it. It’s used for 
our AGM meetings, so maybe twice a 
year. They open it up during maybe 
Chinese New Year, or National Day of 
course, so that everybody can watch 
the fireworks. But if somebody wants to 
have a birthday party and you can’t fit 
people in your flat, they don’t let it out. 
They don’t let people have it.”

“So it’s hardly used?” I said.

“It’s very hardly used. And that is a 
decision by the management, which I 
find is really, really odd. We have this 
fantastic asset – 16000 sq ft of empty 
space – and they hardly ever use it.”

We were intrigued as to what this void 
deck might have been like when the 
building first started. We also began to 
notice more details about the building 
– remnants of vintage equipment and 
tiling, and signs of wear and tear. As I 
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Designed for the busy humans we are, the 

luminaire serves as a reminder to take rests. 

Relating light to musical tones and rhythm, 

we manipulate the inherent characteristics of 

corrugated cardboard to form a glowing effect 

on two sides, to represent the tonal values of 

light, and an abstraction of the musical notation 

of half and whole rests on the other two sides 

with cuts radiating from the core. This design won 

first place in the DIVA day student competition in 

2015.

Advanced Topics in Performative Design: 

Daylight and Electric Lighting 

Tutor: John Alstan Jakubiec

Collaborators: Teri Lim

Design

08
Rest
(2015)
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Designed for the busy humans we are, the 

luminaire serves as a reminder to take rests. 

Relating light to musical tones and rhythm, 

we manipulate the inherent characteristics of 

corrugated cardboard to form a glowing effect 

on two sides, to represent the tonal values of 

light, and an abstraction of the musical notation 

of half and whole rests on the other two sides 
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Taking inspiration from the circular skylights from 

Corbusier’s La Tourette, this museum lighting 

concept adapted for Singapore’s climate was 

developed. Using a few parameters, such as the 

height of the light shafts and distance between 

the light shafts, we optimized the design for 

museum lighting requirements.

Advanced Topics in Performative Design: 

Daylight and Electric Lighting 

Tutor: John Alstan Jakubiec

Collaborators: Teri Lim
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A 3D masterplan for a car-free, walkable urban 

centre to encourage active living amongst a 

hectic, dense environment. We focused on 3 

iterations with elevated walkways, emerging 

from preliminary studies, and pit them against 

each other based on density, walkability, urban 

heat island, amount of green space, daylight and 

energy usage intensity on a single scorecard.

Urban Sustainability

Team: 

Rachel Tan, Jean Lee, Priscilla Teh , Tan Yen Lin

Tutor: J. Alstan Jakubiec
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(2016)
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This project is a net-zero energy communal 

farming residence that offers a sustainable 

farming lifestyle located in a forested respite 

within the city. It was developed based on the 

spatial configuration of the program spaces and 

integrated with the various sustainable features 

that would complement them. Residential 

farmers are involved in both urban farming 

and traditional land farming and the farm  also 

welcomes public visitors, to help out with some 

farming, cook up a meal with the freshly farmed 

ingredients, etc. Our approach integrated farming 

and living spaces based on its required spatial 

conditions, aiming to reduce overall energy 

consumption with key strategies on ventilation, 

water systems, shading and energy. Overall, our 

project produces about 2.08 tonnes/person of 

carbon dioxide equivalent, which is relatively 

close to the world’s target of 1.5 tonnes/person. 

Additionally, with 25% roof coverage of solar 

panels, the electricity needed to power the 

building is offset. With 50% roof cover, the solar 

panels can offset about 1.50 tonnes of carbon 

dioxide equivalent.

Towards Carbon Neutral Architecture 

Tutors: Naree Phinyawatana, Henry Woon from 

Atelier Ten

Team Project

Design
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Carbon Neutral 
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(2015)
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