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Buildings & Energy 
Buildings are like a leaky bucket with lots of unnecessary wastages 

 

ENERGY SUPPLY 
(renewable) energy 

ENERGY DEMAND ENERGY  
WASTAGE 

ENERGY STORAGE 
electric cars/batteries/thermal 

[ŜǘΩǎ ǇƭǳƎ the holes! 



50% Energy Savings in Danish Building Stock 
 MEASURED ENERGY CONSUMPTION 

50% reduction in heating per square meter for entire building stock 
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Energy Consumption  

of 
Green Office Buildings 

 

Measured data for New and 
Retrofitted Buildings 
by IEN Consultants 
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Energy Efficient Buildings with Good Payback time 
Case studies from the South East Asian countries 

Completed year: 2004 2010 2010 2007 

Payback 
3 years 



Two Tropical Office Building Case Studies 

ά9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴǘ .ǳƛƭŘƛƴƎǎέ 
Malaysian stamp series 

All buildings by IEN Consultants 

GEO  
building 

DIAMOND 
building 

Where? 
Both located about 25 km south of 
the capital, Kuala Lumpur, in  
Bangi and Putrajaya, respectively 



Climate Data of Malaysia: Hot & Humid   



GEO BUILDING 
(MALAYSIA, 2007) 

Energy Efficient Office case study in Bangi:  

Case study no. 1 



GEO Building (formerly ZEO) in Malaysia 
Key data: 

Å Gross Floor Area: 4,000 m² 

Å Energy Index: 64 kWh/m²/year (excl. PV) 

Å Energy Index: 30 kWh/m²/year (incl. PV) 

Å Additional construction cost: 18% (excl. PV) 

Å 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) 



Energy Design Concepts 
of GEO Building 

Concept no. 1 
Zero Energy Building 

Concept no. 2 
Shift load to the night, 
hence, reducing peak 

demand for power utilities 



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

2014 (Aug) 

40% drop 
(inverter problem) 

No change 



Concept no. 2: Shift load to the night 

SELL 
electricity 

to the 
grid 

Electricity demand curve 
Malaysia (2012) 

Thermal 
storage How? 

Solar 
PV 

BUY 
electricity 
from the 

grid 

Building integrated photovoltaic (91 kWp)  

Floor slab cooling (18°C) and  
Phase Change Material tank (10°C) 

TABS (19°C) 



Schematic Design of Cooling System 
GEO building 

Metal ceiling AHUFCUCHILLER

Floor slabs

Trickling roof

PCM

PCM:   tƘŀǎŜ /ƘŀƴƎŜ aŀǘŜǊƛŀƭ όǘƘŜǊƳŀƭ ǎǘƻǊŀƎŜ ǘŀƴƪ ǿƛǘƘ άмл°/  ƛŎŜέύ 
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)  



Chiller 

19°C 

21°C 

22°C 

22°C 

10°C 
 
 
 
 
 AHU 

11°C 

15°C 

Cooling Storage in Floor Slabs and PCM Tank  

Embedded  
water pipes  

Cool Dry air 
17 ï 19 °C  

 

Phase Change Material (PCM) Tank 

Cool Floor Slab 

Small AHU 
with heat pipe  

High 
COP 



Sky Radiant Temperature  

10 ï 20 oC at night  

Rainwater Collection and River Roof  

~ 25 oC 
~ 95% RH  

7 o 

Radiation  

Convection  

Evaporation  PV Roof  

Chiller Condenser (heat rejection) 

~  35 oC 

~  30 oC 

Chiller  
Pump  

Drain Rainwater Tank 

Gutter 

Toilets, 
Irrigation  

(alternate cooling tower) 



The River Roof of GEO Building 
to be operated at night only 

Video 1:  
DǳǘǘŜǊ ŦƻǊ ΨŎƻƻƭƛƴƎ ǘƻǿŜǊΩ ǿŀǘŜǊ ϧ ǊŀƛƴǿŀǘŜǊ 

Video 2:  
Manifold splashing water onto PV roof 

Video link: 
https://www.youtube.com/watch?v=nb_JntSXoiA 
 

Video link: 
https://www.youtube.com/watch?v=h8gC4dlB330  
 

https://www.youtube.com/watch?v=nb_JntSXoiA
https://www.youtube.com/watch?v=h8gC4dlB330


River roof cooling primarily through sky radiation 



Phase Change Material Tank 

ÅMelting point: 10°C 
 

ÅTotal storage capacity: 580 
kWh 
 

ÅCharged with 7°C water 
(night time) 
 

ÅUsed for dehumidification 
ƻŦ ŀƛǊΥ мф Ҧ у ƎκƪƎ 

Dimensions: ~ 3 x 3 x 2.5 meters 



GEO building: Floor Slab Cooling 
Å PEX pipes 

 

Å Embedded in 
concrete slab 
 

Å Supply 
temperature: 18-
20°C 
 

Å Return 
temperature: 
22-24°C 
 

Å Night time 
operation only  



GEO building: Floor Slab Cooling 
North 

atrium 



GEO building: Floor Slab Cooling 



Radiant Cooling allows Higher Air Temperature 


