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Buildings & Energy

Buildings are like a leaky bucket with lots of unnecessary wastages

ENERGY SUPPLY

(renewable) energy

—~" " ENERGY STORAGE

electric cars/batteries/thermal

¢ ENERGY DEMAND

Let’s plug the h@




Ask not just for an energy efficient cooling system,
but also “Why do | need cooling in the first place?”

Energy ENERGY BREAK-DOWN Building cases
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Energy Efficient Buildings with Good Payback time

Case studies from the South East Asian countries

Ipavbaclf Energy Consumption

Sunh o
B Green Office Buildings

150

100

[y
o
o

[(kWh/m?year]

Measured data for New and
Retrofitted Buildings
by IEN Consultants

50

Building Energy Consumption

30

B =~
= S
=] =]
3 =
© T
: S
o w
= w

ST Diamond

LEO

CONSULTANTS

Completed year: 2004 2010 2010 2007 @
ITEIN
Low energy bill (2017): yes  ? yes  yes T



Case study

GEO BUILDING
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GEO Building (formerly ZEO) in Malaysia

Key data:
e Gross Floor Area: 4,000 m?

e Energy Index: 64 kWh/m?/year (excl. PV)
e Energy Index: 30 kWh/m?%year (incl. PV)
e Additional construction cost: 18% (excl. PV)
e Additional construction cost: 33% (incl. PV)

EE Features:

- Daylighting (almost 100%)
- EE lighting + task lights

- EE office equipment

- EE server room

- Floor slab cooling

- EE ventilation

- Controls & Sensors

- Double glazing

@ - Insulation

Greentech Malaysia office, Bangi, Malaysia (Occupation Oct 2007)
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Energy Desigh Concepts
of GEO Building

Concept no. 1 Concept no. 2

Zero Energy Building Shift load to the night,

hence, reducing peak
demand for power utilities




Concept no. 1: Zero Energy Building
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GEO building: Energy measurements

Graph 1 : GEO Building Energy Usage & Generation Performance, 2012-2014(Aug)
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Concept no. 2: Shift Ioad to the night
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FIoor slab cooling (18°C) and
: i Phase Change Material tank (10°C)




Radiant Cooling allows Higher Air Temperature

Predicted Percentage of Dissatisfied (PPD)

ITEIN
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Efficient High Temperature Cooling

CT}H&:&:E-@:HN = .I:
i TH _Tc
« 2 Chillers:
a) High Temperature cooling (18°C) Goreamol)
for Floor Slab Cooling system (very R
high COP possible) BT e
b) Conventional chiller (7°C) forfresh | 225 4/
supply S 204
%‘ 15 e s s Sne Sinen Songviiee b @R e s Sl dnseie i s
 Chiller Operation Primarily at Night | < ™1~
(lower temperature at condensing =3 I
side — higher COP) G ] L T A
Temperature, evaporator (degC)
« Chillers only supply cooling to
thermal storages, hence, The COP increases with increasing
maximum COP for chiller temperature of the evaporator, for
operation can be ensured at all example for high temperature
times. NB. Maximum COP is at cooling at 18°C instead of at the
part load (~735% load) conventional 7°C. Here, the

theoretical maximum COP (Carnof)
is shown for a constant condenser
temperature of 30°C
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Schematic Design of Cooling System
GEO building

Trickling roof

N
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PCM: Phase Change Material (thermal storage tank with “10°C ice”)

FCU: Fan Coil Units

Metal ceiling: Radiant cooling metal ceiling

AHU: Air handling unit

Floor slabs: Concrete floor and ceiling slab cooling (TABS, thermally activate building structure)
Trickling roof: 7° tilt flat roof flooded with condenser water at night to eject heat (replaces cooling tower)
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Cooling Storage in Floor Slabs and PCM Tank

Cool Floor Slab

Embedded

water pipes s‘?& g{»? ‘i.n '_:__7
Py ok i -.-‘ ¥
?‘*‘;‘gl #.A'“?‘{'* =)
N N
21°C 232 Phase Change Material (PCM) Tank

Small AHU
with heat pipe

Cool Dry air
17 —19 °C
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Rainwater Collection and River Roof

(alternate cooling tower)

—~ 25 °C
— 959 RH Sky Radiant Temperature

10 — 20 °C at night
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The River Roof of GEO Building

to be operated at night only

Video 1: Video 2:
Gutter for ‘cooling tower’ water & rainwater Manifold splashing water onto PV roof

P el ) 00ss097 P p A) oo0/008

River roof GEO building, Malaysia Manifold for river roof at GEO building, Malaysia
iendatabase iendatabase
U | m
Video link: Video link:
https://www.youtube.com/watch?v=h8gC4dIB330 https://www.youtube.com/watch?v=nb JntSXoiA
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https://www.youtube.com/watch?v=nb_JntSXoiA
https://www.youtube.com/watch?v=h8gC4dlB330

River roof cooling primarily through sky radiation

Night sky temperature measurements in Malaysia
(zenith measurements, by IEN Consultants)
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Phase Change Material Tank

 Melting point: 10°C

e Total storage capacity: 580
kWh
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e Charged with 7°C water
(night time)

e Used for dehumidification
of air: 19 > 8 g/kg




GEO building: Floor Slab Coolmg

e PEX pipes

e Embedded in
concrete slab

e Supply
temperature: 18-
20°C

e Return
temperature:
22-24°C

 Night time
operation only




Energy Model for Concrete Floor Slab Cooling
GEO Building

Computer modeling of GEO Building
by Transsolar using TRNSYS

boundary conditions

floor area and volume

length facade:
depth:
height:

facade:
50 % opake

50 % glazings with frames

shading overhang
Orientation

humidity capacity

ITEIN

of surface
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95 m?/ 356 m?

12.2m
7.8m
3.75 m without suspended ceiling

20 cm leightweight concrete
sun protection glazings
50 % light transmission

25 % SHGC

Ug-value = 1.1 W/m#/K
1.2m

South

5 x air humidity capacity

< 26°

Carpet
(Screed)Shredding 75 mm

Water pipes every ~ 150 mm

O O @]
O O o (@] (@] @]
Concrete 175 mm Reinforcement
1,2m O O O @] (@] 0]
e Y
L L] L] L L L] \\ L L] L] » Ll . L Ll . L] L] . . L L L]
0,8m - _—t
xx% . |
1m Max xx W/m?
i ACh =1/h
im
_ Tn=18°C
1mw xx%

‘ @ o o e o o o & o e o o

7,8m




Energy Model for Concrete Floor Slab Cooling
GEO Building

Computer modeling of GEO Building
by Transsolar using TRNSYS

Occupation

Persons
PC

Mechanical ventilation

Airchange

Inlet air temperature
Inlet air absolute humidity
recycling air at night

Slab cooling

Operation time

Inlet fluid temperature
Mass flow

Pipe dimension
active area

ITEIN

10 with 75 W sensible heat gain
from 8 am to 5 pm

10 with 31 W,

variant: 10 with 100 W

1/h starts 2 h before operation time
and stops 1 h after operation time
18 °C

8.5 g/kg

0.1 1/h to keep 75 % relative air
humidity

10 pm to 8 am

20 °C

12 kg/m?/h

20x2 mm, distance: 15 cm
80 %

CONSULTANTS
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Energy Model for Concrete Floor Slab Cooling

Slab cooling 10 pm —8 am
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Energy Model for Concrete Floor Slab Cooling

ab cooling 10 pm -8 am

room air temperature
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operative room temperature
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Energy Model for Concrete Floor Slab Cooling

Slab cooling 10 pm —8 am

[6%/6] Aupiwny ajnjosqy

[2.] @amyesadwa

12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

0:00

absolute humidity

ambient absolute humidity

dew point temperature inside
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Energy Model for Concrete Floor Slab Cooling

Slab cooling 10 pm —8 am
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220
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fluid power slab cooling

——ceiling surface temperature

floor surface temperature

——heat flux over ceiling surface

heat flux over floor surface
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Measured Concrete Slab Core Temperature
Roof slab of GEO Building

30— ZEO. Roof slab, embedded cables. Log B
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Temperature [°C]

Thermal Comfort for Concrete Floor Slab Cooling

Slab cooling 10 pm —8 am
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Computer wattage 30W (normal)
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Measured Temperature for Open Plan Office

— Workspace under roof light, BIPV area (degC)

Workspace at facade, BIPV area (degC)
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Figure 153: Temperature measured in each workstation from 1 — 10 March 2008
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Measured Dew Point Temperature for Open Plan Office

— Workspace under roof light, BIPY area (dew point, degC)

— Workspace at facade, BIPV area (dew point, degC)

room temperature (degC)
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Figure 14: Dew point measured in each work station from 1 — 10 March 2008
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Split Window Design

AWV




Daylight Measurements

OFFICELIGHT
REQUIREMENT

700
600 -
500
400
300
200
100

Indoorlux

Outdoor global lux

» Lighting consumption: 0.56 W/m?

> Code requirement: 15 W/m2 } 25 times more efficient
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Transparent PV .- N +PV sandwiched in
atrium roof N\l e N

low-e glass
+ 13% transparent
area

Daylight factor
in atrium about
1-1.5%

Nice light
pattern through
PV atrium roof




Case study

kWh/m2 year

180 -
160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

BEFORE AFTER

: retrofit retrofit
Energy Efficient Retrofit case study

EECCHI OFFICE RETROFIT

(JAKARTA, 2011)
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53% Measured Energy Savings

Energy
170 { 80
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Comfort
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Retrofit & Improved Thermal Comfort

BEFORE

RETROFIT

o Vertical blinds
blocking most of
the daylight
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retrofit
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F 000t

- 008

00:9

00y
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AFTER
RETROFIT

o Mirror lightshelf
on external ledge
reflecting diffuse
daylight onto the
high ceiling

(suspended ceiling
removed)
o Extra window

venetian blinds
pane

o Perforate

I

i

il

NN

N

NAA

Daylight retrofit design by IEN Consultants
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Case study

Innovative daylighting facade for highrise building

MMK OFFICE TOWER

(KUALA LUMPUR, 2015)
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Innovative facade daylighting

The MMK high rise office tower @ Damansara Perdana, Malaysia

Innovative daylight duct
from facade ‘




7 meters daylight with blinds down

— 200

ITEIN
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Daylight Performance of MMK Office Tower Block D
Measured Daylight Factor for South Criented Office (11am-2pm) g9r12/2015
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Daylight Performance of MMK Office Tower Block D
Measured Illuminance Level across 3 scenarios (11pm-12pm) 9/12/2015
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Daylight design by IEN Consultants
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Measured daylight
show that the first

7 meters can be daylit,
even when the blinds
are fully engaged




CONCLUSION

“Expensive not to go green”

Buildings are
Like a Leaky Bucket

with lots of
unnecessary wastages

Plug the holes, and you are
well on the way to a green
energy efficient
inexpensive building
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Thank you

How | commute in Kuala Lumpur
(video link)

Gregers Reimann
Managing director, IEN Consultants
gregers@ien-consultants.com | +60122755630

' Singapore | Malaysia | China
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https://www.youtube.com/watch?v=it8_FGqW56Y

Appendix slides
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GEO BUILDING




Architects: Soontorn Boonyatikarn (Thailand) Mechanical & Electrical: Primetech Engineers
and NR Architect (Malaysia) Contractor: Putra Perdana Construction

Energy efficiency and sustainability: IEN Consultants Client: Malaysian Energy Commission
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2013
ASHRAE Technolog

Architects: Soontorn Boonyatikarn (Thailand) Mechanical & Electrical: Primetech Engineers
and NR Architect (Malaysia) Contractor: Putra Perdana Construction

Energy efficiency and sustainability: IEN Consultants Client: Malaysian Energy Commission
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ST Diamond juxtaposed with Sarawak Longhouse

(in the book “The Cooperation”, 2012)

crams wariases [ I

Malaysia and Denmark's, commitment to
the fieid of

Green Energy in Architecture

=2 well as In cooperstion and capacity
bullding within the field, can be
lustrated by the mutually beneficial
Invalvement of IEN Gonsultants with the
development of this field In Malaysia
over the years. IEN Consultanis was
originally a proprietership eatablished
by & Danish Chief Technical Advisor
involved in the identification of energy
projects in Malaysia. When the company
took on the LEO Building projects it
geined recognition in Malaysia and IEN
Consultants managed to bulld up ateam
of consultants, most of them Malaysian,
who with their experience on the LEO
Bullding, became known further afield.
This helped gain further commissions
on such projects as the Green Tech
Bullding and what has become known
s The Diamend Bullding In Putrajaya

“Green Bulldings” are percsived fo be
expensive, both because of the costs

make a significant contribation to carbon
raductions.

A8 & result much effort has gone into
the dissemination of green keas to the
Malayslan bullding industry, Including
the igea tat the acvaniages of
reduction of whole life costs of bulldings
as opposed io |ust capital costs are
worthwhile. The fact that some “green”
input to bullding design in Malaysia has
moved from a subsicised base, using
for example Danish funding for the LEQ
Bullding and European Unlan funding for
the Green tech Office Bullding, to a fully
Malaysia funded base in the case of the
so-called “Diamond Bullding” indicates
some success in changing atiitudes to
operating costs vs capital costs sscribed
1o “Gireen Bulldings®.

Improved  energy  efficency s
alreany recognissd by the Malayaian
govemment to be mare important than
mere ceriification under the Green
Bullding Index (GBY scheme. That
scheme therefore cames tax and stamp
duty benefite to encourage the real

at the expedise y
to develop and refine the buiiding
end system designs, and because
of the relatively high capital costs of
green technology items. It takes time
for reduced opersting costs, which
come with reduced enemy ussge, to
counterbalance the incressed capital
nd

trsks on  ceuelopment  weridwide.
However, given that appromately 40%
of wordwide carbon emissions come
trom bulldings. It ls clear that the there is
anead for the “greening” of buildings to

of green igeas in the design
and operation of bulidings.

Beyond this. IEN Consultants |s now
imvolved with a UNDP funded project,
with the Minlstry of Works, ta promote low
earbon bulldings in Malaysla. Itis hoped,
amongst other things that it will lead to a
bullding code by 2015 specifying much
lower carbon footprints even than the
LEQ Buiiding or the Diamond Bullding.

Anather major area of involvement was in

Capacity Building for Malaysian Industry
and Academia in EE Building design.

by the Ministry of Energy. Communications
and Multimedia {now Ministry of Energy, Green
Technology and Water), was to develop capacity
in the optimisation of energy efficient bullding
design. This was done theough training sessions,
seminars, specific analysis of exlsting bulldings
and design development of new buildings. A key
partrier In this endeavour was the Public Works
Department {JKR) and there was close cooperation
with Schools Division and Healthcare Division, so
the lessons (samed wers comprenensive, and the
of the results

The project produced reports outlining design
strategies for new bullgings, making lessons
learned from the LEO Building described above
avallable to practitioners and academics across
Malaysia. The project also produced reports on
“Energy Efficiency Promotion: Lessons Learned
and Future Activitles”, and undertook an evaksation
of JKA design standards._

the country's kno:uladga base regarding enengy
efficiency In bulldings and made recommendations
1 Ministry of Energy. Green Technology and
Water and JKR to set up demonstration offices. a
sful example of which was in Wisma

o7 ¥
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Book available free online:

http://um.dk/da/~/media/Malaysia/Documents/Other/Book%20Finalist%20LR.ashx
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1/3 Energy Consumption
(ST Diamond Building)

Key Data .
Gross Floor Are: 14,000sgm —
Year of Completion: 2010 ‘E Y

Building Energy Intensity: 69kWh/m2*year

Total Construction Cost: RM60mil GBI Green Mark
Additional EE Cost: 3.2% Platinum Platinum
Payback Period: < 3years 2012
IRR: 34% (based on 7year Lease Term) ASEAN
energy
award
250 Winner
200 -
@ 150 -
2
~ ® BEI
¢ 100
= m PV
=
E 50 -
0 \
Typical building ST Diamond
& | buldng

PE—
i

|| corridor View
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Measured Energy Break-down

ST Diamond Building. Measured Energy Consumptions
for year 2011 (kWh/year)

Data marked with orange always excluded from EEI calculation
Fire fighting equip.,

Chilled water
Car park, 97,957 12,424
Data centre (incl.
cooling), 230,466 ;

pumps, 77,235
Cooling, 479,154

— Tenants, 518 Common areas

(ground floor),
PAHU, AHUs and
34,767
FCUs (all floors),
32 585
Huuf equipment,

168

Lighting (all floors),
142,074

Small power (all
floors), 87,670

Lifts, 28,756

Note:
o District cooling has been converted to electricity using SCOP of 3.8
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3-minute video

Sustainable Features of ST Diamond Building.
Available at YouTube:

http://www.youtube.com/watch?v=3H sXCtDayc
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http://www.youtube.com/watch?v=3H_sXCtDayc
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Self-shading facades

Source: Greening Asia — Emerging Principles for Sustainable Architecture.
Copyright: Nirmal Kishnani, 2012. Publisher: FuturArc



Atrium daylighting 555:3:5-323;@

ARRIUAL LIGHT-RAY TRACING

1IEIN % CONSULTANTS Source: Greening Asia — Emerging Principles for Sustainable Architecture.
Copyright: Nirmal Kishnani, 2012. Publisher: FuturArc
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1 Configuration 02 % S—
Hatching means - A - il

blind is engaged

Tannenbaum
Canfiguration 06 reflector panel on

Atrium Daylight Design ~ levels4and5

The atrium has been carefully designed optimize daylight utilization for each floor employing the combination of the following three
strategies:

1.  Automated blind with six different configuration to maintain the appropriate daylighting levels at all times. The blinds with 30% light transmittance are
adjusted every 15 minutes and follow a three different control strategies for morning, mid-day and evening

2.  The windows size becomes larger deeper into the atrium to cater for lower daylight levels

3.  Aband of Tannenbaum reflector panels are applied to 4t and 5 floor to deflect daylight across the atrium to 15t and 2" floor where daylight levels are

the lowest. The ‘christmas tree’ profile reflectors have an inclination of 10° and reflect about 85% of the light in semi-diffuse manner, hence, avoiding
visual glare issues for the building occupants.




£

"' daylighting

I
STDIAMOND —
COOLING SYSTEMS

FLOORSLAB COOLING o

MECHANICAL VENTILATION e

1IEIN % CONSULTANTS Source: Greening Asia — Emerging Principles for Sustainable Architecture.
Copyright: Nirmal Kishnani, 2012. Publisher: FuturArc



Diffuse light deflected
inltours;)eo:g by I?ghet:;heelf FA CA D E

and window sill

Facade Daylight Design

The building is 50% daylit. The facade daylighting system consists of a mirror lightshelf and a white painted window sill.
Both deflect daylight onto the white ceiling for improved daylight distribution until 5 meters from the facade + 2 additional
meters of corridor space. Installed office lighting is 8.4 W/m2, but 1-year measurements show consumption of only 0.9

W/m2 showing high reliance on daylighting



Day-Lighting- Office

Mirror
lightshelf

Fixed
blinds for
glare
control

-~ Daylight
- reflected
onto
ceiling
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Daylight Skylight through Roof

Take in diffuse light only
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Lighting Levels

Office (lux)

000
500
500
400 350 e
300 No need to switch
> on lights
200 automatically:
100 _/  Save energy
00—+ E
0 | ‘ |
Singapore (common  Malaysia (code) Daylight level still ST staff. Lowest
practise) comfortable to most measurement, lights
people still off

INEIN ' CONSULTANTS



Floor Slab Cooling in ST Diamond Building

Floor slab cooling system embedded in RC slab

T

gt :

Thermographic image of floor slab cooling in ST Diamond
Picture courtesy of: PS Soong, Pureaire

lllustration courtesy of:
Greening Asia — Emerging Principles for Sustainable Architecture.
Copyright: Nirmal Kishnani, 2012. Publisher: FuturArc
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ST Diamond Building: Floor slab cooling measurements

Coovright: Nirmal Kishnani. 2012. Publisher: FuturArc

ST Diamond Building: Level 6, West, Hamidah room (8 Sept - 18 Oct, 2012)

. . Floor slab cooling system off
Manual override: Condensation! v AHU g Y : ‘
Typical wee ’
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Floor Slab Cooling: Condensation accident!

Due to manual override of supply temperature to floor slabs

ST Diamond Building: Pantry Level 2 (14-25 Sept, 2012)

Manual override: Condensation! 10 Typical operation
N (°Csupply) (19°C supply)
' o) ;r”l ¥ O l"‘.‘ somtiins _
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Floor Slab Cooling: Measured Correlation

Clear correlation between ceiling surface temperature and Cooling energy

Ceiling Surface Temperature Change vs Cooling Energy

co

~]
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—d=celta T

—— Linear (delta T)

Ceiling surface temp. change (°C)
N

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000
Energy provided by Floor Slab Cooling (kWh / day)
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