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Abstract

In land-scarce nations, one of the solutions for land use intensification is to go upwards and
downwards in construction. However, how does this affect sustainability and the economics
that goes with it? This paper discusses the common Capital Cost Drivers in Tall Buildings. It also
critically reviews the sustainability element to Green Mark in Singapore and juxtaposes it to the
capital cost drivers. Research studies have shown that there are benefits to employing green
design strategies but at a certain capital cost premium. However, it is these cost premiums,
coupled by the low holding period and high land cost to land/ buildings that may dissuade
developers from quick adoption. Having said, the benefits on the use of these green strategies
goes beyond the triple bottom line approach and this paper will conclude on value engineered
solutions that are cost effective and sustainable at the same time.

Keywords: Sustainability, Tall Buildings, Green Mark, Cost Drivers
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Introduction

Tall buildings, especially in Singapore, are
necessary in order to maximise the value of
land by the developer. However, tall buildings
do not always come cheap and this paper
discusses and examines the cost drivers of
Tall Buildings including related Sustainable
Cost Premiums. In addition, the additional
element on sustainability that could increase
the cost of these buildings is apparent and it
is because of such capital cost increase that
could dissuade Developers from adoption and
embracing sustainable design and strategies
or may result in point mongering’. Table 1
show that there is indeed a cost premium for
green buildings, let alone tall buildings.

This paper also looks at the suggestions

on how sustainable design and strategies
could be embraced with empirical data,

to show that Green Tall Building does pay,
notwithstanding the premium cost (see
Figure 1). For the purpose of this paper, the
Cost shall be defined as Capital Construction
Cost of the building and shall not regard
the cost of land, Life Cycle Cost, Whole Life
Cost nor Intrinsic Value. Cost would also be
expressed on a $/m? of Construction Floor
Area (CFA).
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Figure 1. Relationship of cost from the square base building juxtapose to the extreme right model which is a tall building of which cost.
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Cost of Tall Buildings

Tall building designs are driven by several factors, such as wind loading,
functionality, Mechanical and Electrical (M&E) requirements and the
like. The taller the building is, the more expensive it would be. Despite
the events of September 11, Code et al (2003) has noted that there is
currently no shortage of developer interest in tall building, especially in
land scarce areas. This is because building tall is the only way that can
be used to intensively use a small size of land.

The relationship of building cost with height is complex, reflecting a
wide range of variables which on a per-unit basis may vary with the
height of the building. However, from a DLS Report? on Tall Buildings, it
is evident that the efficiency of tall buildings does decrease with height
which also corresponds to higher shell and core cost on a $/m2

Collins et al (2008) has also observed that the cost of a 60 storey
building could run about 25% over those of a typical 10 storey
building®. The question is, “do taller buildings also mean better rent?”
Code et al (1995) has studied several buildings in New York and
have found that rents in taller buildings perform much better than
shorter buildings. However, other factors such as locality, age of the
building and the sustainability of the building are other factors to be
considered. Therefore, it would certainly seem that tall buildings do
pay off.

In all projects, Developers mainly look at capital cost juxtapose to
capital budgets. In many ways, this is correct as the “bottom line”
counts as in most business situations which include Funders and Banks.
That is to say, the capital cost will affect the Internal Rate of Returns,
Payback and Yield of the development. However, if a myopic view of
capital cost is looked at solely at the time the building is built, one is
not considering the intrinsic value of other sustainable technologies
that are potentially to be incorporated because the capital cost is too
high. We shall explore what are the cost drivers of tall buildings and
what are the intrinsic values of sustainable features and technologies.

Cost Drivers

Collins et al (2008) have studied the Triple Bottom Line (TBL)* approach
to tall building economics and has made mention on the studies of

BCA Green Mark Award Type | Green Cost Premium (%) Payback Period (years)
BCAREARZ R KR PO REREREK (%) FFERH ()
Platinum 2% to () 8% 2to(%)8

EE 33

Gold Plus 1% to (&) 3% 2t0(E)6

sx+

Gold 1% to (&) 2% 2to (E)6

&R

Certified 0.3%to (£) 1% 2t0(E)5

WE

Table 1. Cost Premium for Green Buildings (Source : www.bca.gov.sg)

*1. HEEANFIRA (www. bea. gov. sg)
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"Point mongering is frequently referred to as the process of looking at a rating tool, e.g. the Singapore Green Mark rating tool, and find the easiest points to get at the lowest cost

instead of looking at overall sustainable strategies for the building.

IZRREEEEATR-MTFRTEN TR S, AFfmERERTTFRTE, HRIKET LN AR RERMAART T RE T REANERT HEE LR HE .
2This report was carried out by Steve Watts from Davis Langdon. The study was carried out in conjunction with KPF. This report shows that the efficiency of the building design
(Gross space vs Net letable area) falls as the building gets higher due to the core space. This translates to a possible 30% shell and core cost increase.

23X A4 45 ZSteve WattsMADavis Langdonit B 45 ki, H 44 TKPFHT TR . ROMEL FEALITHRE (RERAYEHIER) WRREEEANASEST

B AR Wk Bk E — T AR30 %% B 4P 45 A A G R B R R A A

3This figure can change with the use of different types of construction technologies, site, situation etc.

CEABETUREFR LKA EIHA, A, FRERFERTLE.

“Triple Bottom line refers to the 3 major characteristic of Sustainability in general ; Social, Economic and Environment
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internal spaces on tall buildings to garner as much energy efficiency,
staff efficiency, operating efficiencies etc; all needing to work as one to
contribute to the ethos of tall sustainable buildings. Shin et al (2004)
have studied the designs of structural floor slabs and have found that
for taller buildings, structural cost would increase by 2% or 11.5% if the
structure is made of steel. However, with clever planning on floor to
floor heights, an additional floor can be created from the same total
height of the building® which translates to, although additional cost,
maximisation of the intensification of the land use. Additional floors
also mean additional revenues on the same area of land. But again,
this will drive up capital cost but taking a 10 year study, the revenues
generated from this additional floor will well cover the additional cost,
giving a much earlier payback. A summary of the cost distribution can
be summarized in Table 2.

Structure

One of the main cost drivers of tall buildings will be the structure of
the building. The following models are from a study of Davis Langdon
& Seah International, together with KPF International. It was found that
the percentage efficiency of a building with the same Gross Efficient
Area or Net Floor area will decrease as the building goes taller (see
Figure 2). The reason is that the core of the building remains mostly the
same and the net floor plates for each floor will reduce. This would also
translate to approximately 30% increase in shell and core cost of the
building due to increase wall to floor ratios, the fixed cost of the core
and the fix square meterage of area.

In order to make the structure cost to be more palatable, it is essential
to study the efficient use of concrete and how the concrete is used. In
Singapore, part of the Green Mark feature is the Concrete Usage Index
(CUI) which basically measures the volume of concrete in tall buildings.
Tall buildings usually have a CUI of 0.6 which means for every 1m? of
floor area, there is 0.6m?* of concrete used. Keeping to this efficient ratio
will ensure cost is kept to a manageable level but in order to improve
this ratio, higher concrete strength can be used, e.g., grade 70 (similar
to the construction of The Sail® in Singapore) and this can be infused
with the use of low carbon, high strength concrete’.

Facade

Another major cost driver of tall buildings is the Fagade. The fagade’s
contribution to environmental control is therefore crucial. These
facades will be glazed with high efficiency glass to control heat gain
which can be costly, especially in Singapore. A study of the cost of
how facade area can be greatly affected by the building height and
shape was carried out with HOK International and DLS in 2009. Figure
4 shows that although the GFA/ NFA of the building is similar in all
the options, the shape of the building can greatly affect the cost.
This is due to the changes to the fagade area, among other internal
changes such as Mechanical systems and the like. With the use of
high performance glass to keep ETTV® low or the use of external sun
shades, this would send capital costs up.

It is these circumstances that modelling using a Object Oriented CAD
or Building Information Model (BIM) can not only produce the results
in the facade area, but with the integration with Eco tech and TAS for

Cost Drivers % of Total Construction Cost

RAEF RIBRANEL K

Structure 15-20%

B

Fagade 15-20% (Commercial Buildings # JL &4 )

T F 10-15& (Residential Buildings {2 #4{)

Sky Gardens & Sky Courts | Percentage will depend on the size of the Sky Gardens
B B A R Ha g E R EHANTRE

Table 2. Summary of Cost Distribution for Cost Drivers
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Figure 2. Percentage Efficiency against Building height (Source-DLSI report)
E2. 4txAfEERRETAL (4 E: DLSIRE)
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Cogt fm* Shell and core costs
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Figure 3. Percentage cost against Building Height (Source-DLSI Report)
B3, stxfEAEEMRAT 2L (A DLSIHRE)

5This is usually governed by the AMSL or Average Mean Sea Level governed by the Government / Urban Renewal Authority (URA).

PREERBASLEENRE BB AR TXERR (IRD) EHHFHEFEL,

The Sail stands at 245 meter and 70 storey high. It is Singapore’s tallest condominium / apartment and is currently one of the top 10 tallest residential buildings in the world.
CHEMLTE B245 K BT0RMEE . TR MERGMAEE, CENRELRTARBEEZ —.
"High strength concrete gain strength slower but are much stronger than ordinary concrete (source from Engro / Pan United). This can be easily addressed with extra propping to

the underside of slabs.

THRERELKGREEERBERLRYRRELEFERS (K HEngro/ Pan United) o X LIRZA Z M AR R IR T X 4.
8ETTV stands for Envelope Thermal Transfer Value of the building and is applicable to air-conditioned building spaces with aggregate > 500m2

ETTVH 2R AT H RS EHF BEA T EEARATE00F 7 K = WA EBRA. .
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example, we can easily see how the sun angles will affect the design of
the facade and the designer can effectively protect the necessary areas
of facade.

Vertical Transportation

Core design is the crucial starting point for developing the internal
operation of a tall building. The aim of lifts and escalators is to
effectively transport the building occupants to their destination in an
optimum time. However, this optimum time differs for the different
grades of Office Buildings as well as compliance to fire regulations.
With an increase in building height comes an increase in strategic
options to achieve these targets economically. Fundamental options
are sky lobbies, double-decker lifts, zoning of lifts or a combination of
both.

From this point, one has to acknowledge that cost analysis studies are
needed to integrate design into vertical transportation designs and
study the Cost Benefit Analysis (CBA) of using the different options.
Having said, the type of lifts can also be a sustainable consideration.
Kone Corporation has come up with a Regenerative lift that can
generate electricity as it travels along the rails (at a minimum length of
150m). It would cost approximately 15% more for the lift capital cost
but with a payback of 6 years. Such excess energy produced can be
channelled back into the common areas of office blocks or back to the
grid.

Sky Gardens and Sky Courts

Sky gardens and sky courts are design strategies employed by
architects to bring in the “City Squares”and recreational areas into
the tall buildings. According to Pomeroy (2007, 2009), the effects

of sky courts are viable alternative spaces as an accompaniment to
sustainable designs that embraces social interaction, basically adding
value to the multiplicity of function and adaptive over time through
changing socio-economic needs. Distinct advantages would include
better values due to views, social connectivity, linkages to different
urban fabrics etc, and yet integrating into the tall building design.

However, these spaces, depending on the design of the sky courts and
the relevant legislations in the country of origin, are not considered as
GFA. This would only mean that the more area spent onto these areas,
the $/GFA analysis would be higher. Simply put, these areas incur cost
to build and decorate but are not part of the legislated built up area
by the authorities. Therefore, there is a balance to be achieved because
if there is an excessive design of these sky courts and the overall
construction cost of the building is high, these sky court areas will be
lessened which may impact the overall reason of having the sky courts
in the first place.

It would be interesting to see further studies on the value of these sky
courts and gardens (like the sky deck of HDB's Pinnacle and Marina Bay
Sands) juxtapose to the construction of the particular element.

Social and Economic Value

Pearce (2003), in his report, mentioned an interesting element on
Productivity and Efficacy of buildings. In the report, buildings take up
360 million tons of raw materials of which 90 million tons reappears as
construction and demolition waste, implying a conversion efficiency
of 75%. Five percent of the UK's energy consumption is used in
construction and 2% of all UK Green House Gasses (GHG) are related
to construction. The longer a building takes to construct, the more the
construction processes would emit impurities in the form of pollution
and energy usage. Therefore, productivity and efficiency is the key.

For tall buildings, the construction period is somewhat dictated by
the construction cycle of the structural floor and the closing up of the

IO IT e Tl

Figure 4. Building Design against Cost (Source-HOK-DLS study)
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building, that is to say, the installation of the facade systems. Therefore,
the faster the building is built, coupled by efficient use of technologies
and materials, it would also mean a greener and more sustainable
development. Therefore, buildability and constructability is also the key
to a sustainable green building.

In Singapore, buildings above 2000m? GFA are required to meet certain
Buildable Scores. If the project does not meet the Government’s
minimum score, the building will not be granted permits and it will
not be built. This score ensures modularisation and standardisation

in construction, ensuring a faster construction period cum cycle. In
addition to this, structural engineers may choose to use buildable
materials such as Precast or Structural Steel, all of which are more
expensive than conventional cast in situ. However, the use of Precast
and structural steels, although proving about 3%-6% more expensive,
will not only enable the structure to be built faster, but because of the
ratio of the material, columns will be smaller. This also constitutes to
more net "lettable”area or saleable area. Therefore, if developers only
look at the bottom line of construction and do not take into account
the whole life cost, they will miss the benefits of using such sustainable
materials that promotes social sustainability.

Benefits of a Sustainable Building

According to Code? (2003) and Dean (2008), sustainable buildings,
especially commercial buildings, will have the following attributes:

« Variable capital cost depending on the level of achievement in
the assessment scheme (e.g. Green Mark, LEED, Greenstar etc)

» Higher Occupancy Rates
 Higher Productivity
« HigherYield and capital gain.

A similar study was conducted by Davis Langdon Australia who
validated the data set with the Green Star rating system on their
buildings. From the report, similar results were obtained.

Therefore, those sustainable buildings that touch on the triple bottom
line approach to the building do produce better yield. However, from
the three studies it is also clear that the higher the level of rating,
there will be a level of extra-over capital cost. This extra-over cost can
affect the budget set for the project and when a benchmark is carried
out, the analytical cost on a $/m? GFA, would show higher cost than

a standard building. This may cause Developers to revert back to
standard buildings that have little or no green features'. Therefore,
the QS Role is paramount to prove through analytical cost models that
involve Life Cycle Management techniques that with slightly higher
capital cost, the operational and maintenance cost of the building
would be lower over a period of time.

In addition to this point, the Construction Industry of Singapore,
through the guidance of the Building Construction Authority (BCA),
has moved into another element of sustainability; and that is on
productivity. Developers and consultants are now trying to understand
the delicate balance between the productivity of the project and
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This report consists of case studies on several LEED buildings. LEED or Leadership in Energy Efficient Design is one of the most established and earliest assessment system in the
world. Therefore, there will be more buildings using LEED in the US coupled by older buildings that can provide more data set.

SR o % ANLEEDZ KW RGIATH Ko LEEDRE P MR G RB T a e R R L mEA, RPHIPHERAZ— Flt, 46— LXRAMRBEELEXE2

AR & B S AILEEDIAAE

'°In Singapore, this will not be the case as for all buildings above 2000m2 GFA, it is mandatory to achieve a minimum of Green Mark Certified prior to issuances of the Building Plan

permit.
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cost. Currently, there are business consultants who are studying the
business needs and processes of firms and translating them to spaces
and places for people. Such studies can be orchestrated into the
sustainability model by studying not only the possible productivity
gains by designs, but also, the sustainable angle on lesser energy
requirements and the socio-economy portion in social equity.

Conclusion

In the series of Mega-structures by Discovery Channel, the hypothetical
future tall buildings/ tall city of Extopia Shanghai was discussed. Triple
the height of Qing Mao, futuristic equipments and technologies such
as linear motor lifts, naturally shaped facades for catching wind and the
like were all discussed as technologies that will go into tall buildings.
They are not really considered as future dreams as Kone Corporation
has already developed the linear motor as well as the regenerative lifts
for horizontal travelling; EuroFresh Farms has looked at light weight
cellular urban hydroponics farming and The International Finance
Centre in Hong Kong has refuge floors built into the building so that
the normal requirement to vacate the building fully is not required.

Tall buildings in Singapore are necessary to ensure maximum
optimisation of land use. And, because tall buildings are usually
expensive due to the size and nature of the building, the capital cost

is extremely important for the business plan and case of the project.

If construction cost exceeds say 5%, it may throw financial models

off greatly and may make the project unviable, depending on the
assumptions of the financial model. It is because of this reason that
cuts in capital budgets that goes into sustainable design can occur and
make the building a standard building rather than a sustainable one.

However, if a total whole life cost of the building that is integrated to
the financial model of the building is achieved with integrated cost
model by the QS, the business case and plan for the building will prove
itself. And although there will be a higher capital cost, the extra-over
cost of the building may pay itself over a period of time (depending on
the extra-over cost) which will incur savings for the developer in the
whole life cycle of the building.

Itis also encouraging to see more Green Funds in the industry. Green
Funds are fund managers who are interested in funding cum investing
in green buildings so long as they satisfy the International Finance
Corporation Equator Principle. These principles dictate that the

project has to satisfy 10 criteria on social, environment and economic
strategies. This encourages all of us to rethink on our business model
and strategy which will affect design and sustainable outcomes early in
the project brief.
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