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Here’s the answer to  

”Benefit of Simulations” 
 

Measured Energy Data  
for  

New and Retrofitted Buildings 
by IEN Consultants 

all of which were optimised through 
extensive computer simulation 
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YEAR: 2004 2010 2010 2007 

POS Malaysia stamps  

Energy efficient building stamp series  



A real conversation that I had here in Malaysia..... 

I optimised the design of buildings through 
computer simulation – and then they are built 
without any big surprises  

The Star newspaper, 16 August 2013 



Problem of Over-Design for Buildings 

Building owners get 
double-penalty of: 
 

o Higher CAPEX 
    (higher construction cost) 

 

o  Higher OPEX 
      (higher operating cost) 

Cartoon by IEN Consultants / The Star newspaper (2014) Building owner 



Case study 1: Building Simulation showed that the 
Chiller Plant could be Down-Sized 

Installed 
5000 RT 

Measured cooling load 
Malaysian Shopping Mall 

CAPEX Savings 

USD 500,000 

 Our proposal 
4200 RT 

Allows buffer for 
repair/servicing 
of one chiller 



MORE THAN USD300,000 
SAVED IN PLANT COST 

2,100RT 

1,200RT 

1,600RT 

Shopping mall 
project in 
Malaysia 

Case study 2: Building Simulation showed that the 
Chiller Plant could be Down-Sized 



CAPEX Savings 
USD 330,000 
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Case study 2: Building Simulation showed that the 
Chiller Plant could be Down-Sized 

Shopping mall 
project in 
Malaysia 



CAPEX Savings 
USD 330,000 

2,100RT 

1,200RT 

1,600RT 

Case study 2: Building Simulation showed that the 
Chiller Plant could be Down-Sized 

Shopping mall 
project in 
Malaysia 



Think of Computer Building Simulation like 
Navigating with a Map of Varying Accuracy 

Accurate map 

= 
Accurate  

computer simulation 
 

Building design can be optimised 
and over-design of systems 

minimised 

Inaccurate map 

= 
Inaccurate  

computer simulation 
 

Building design can be improved 
and over-design of systems 

reduced  

No map 

= 
No  

computer simulation 
 

Building design relies on rules of 
thumb resulting in inefficient and 

over-designed systems  
 

Let’s move the market in this direction! 



Create a ‘Green Shopping List’ for Building Design Team 
Computer simulation allows assessment of payback time & green Impact  for each item 

SUMMARY if all 42 items implemented: 

POTENTIAL: 68% energy savings and 3 year payback time 



For unfamiliar territory,  
a map will be very helpful! 
Case Study: 
Air Conditioned Factory (Malaysia) 
 
1. Cooling load can vary a lot from 

factory to factory (rule of thumb 
difficult to apply) 
 

2. Roof architecture of factory might 
not be correctly modelled in simple 
HVAC-sizing softwares   

Factory architecture and HVAC accurately 
simulated using IES software 

Our energy model showed that 
the cooling system could be 
down-sized 3 times, saving a 
CAPEX of USD1 million! 



”Energy Simulations are easy, 
making sense out of them is the challenge” 

Model 
input 

Check 
output 

Makes 
sense? 

GOOD! Results  
can be presented 

yes 

no 

Check your assumptions / go back to first principles / basic formulas 

BUILDING SIMULATION MODELING CYCLE 

Original input was correct! You have reached a 
limitation of the software 

CONGRATULATIONS! You 
have made a new discovery 

or 



Check your model, Check your model, Check your 
model – and don’t forget to Check your model! 



Check your model, Check your model, Check your 
model – and don’t forget to Check your model! 



Examples of ’trusting results blindly’ 

1. CO2 meter that had an outdoor reading of about 200 ppm, 
even though outdoor CO2 levels are about 400 ppm. 
Nevertheless, the Ph.D. lab-student insisted that the reading 
was correct  
 

2. TVOC meter reading that had reading of 0, which made the 
university students think the meter was broken even though 
this was a perfectly probably reading 
 

3. One of the big US building consultancy firms proudly 
presented an so-called optimised glare-free facade design 
option after 200+ iterations and countless annual computer 
simulations. However, it was immediately obvious that their 
glare model used was wrong rendering all the simulations 
worthless.  
 

4. One of the big roofing contractors in Malaysia presented a 
simulation report that showed that the U-value requirement 
was met. However, our independent simulation in a more 
comprehensive 3D simulation software showed that the U-
value was exceeded by 42%. The contractor had used an over-
simplified software (for the last 20 years!) 

Please don’t forget the 
most important question:  

 
Do the results  
make sense? 



Example: 3D Heat Flow through Constructions 
42% higher U-value than simplified simulation (refer item 4 previous slide) 



Example of not ’trusting results blindly’ 

Example of: 
 

Making new discovery 

Case Study: 
24-hour air conditioned factory (Malaysia) 
 
1. The base design was to insulate the entire 

factory floor by 50 mm. The floor is 
permanently cooled to 15°C with embedded 
floor slab cooling pipes 
 

2. Value engineering prompted us to explore if 
we could save any roof insulation 

This is what we found..... 
(see next slides) 
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240 meters 

FACTORY 

SOIL 



Steady State Finite Element Model 

FACTORY 

SOIL 



Steady State Finite Element Model 

FACTORY 

15°C  (24-hour floor slab cooling) 

50 mm  (DOW insulation, colored green) 

28°C   
(soil temp.) 1 meter  

buffer 

Base Case  
(Case 1) 
 
Note:  All measurements in the  
simulation model was reduced 
by a factor 10, as the model 
would otherwise become too 
big. Hence, only the relative 
cooling loss calculation is 
correct and not the absolute 
cooling calculation. The latter 
should roughly be divided by a 
factor 10. 

2 W/m K (wet soil thermal conductivity) 



Steady State Finite Element Mesh 
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240 meters 

FACTORY 

SOIL 

Denser mesh where highest heat flow occurs, 
namely at perimeter of factory 



Simulated Temperature Profile 
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240 meters 

FACTORY 

SOIL 

Temperature (°C) 



Simulated Heat Flux Profile 
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240 meters 

FACTORY 

SOIL 

Heat flux (W/m2) 



Factory Perimeter (Simulated Heat Flux Profile) 

1 m 2 m 3 m 4 m 

FACTORY 

50 mm  
insulation 

0 – 25 W/m2 scale 



1 m 2 m 3 m 4 m 

FACTORY 

50 mm  
insulation 

Factory Perimeter (Simulated Heat Flux Profile) 

0 – 100 W/m2 scale 



1 m 2 m 3 m 4 m 

FACTORY 

50 mm  
insulation 

Factory Perimeter (Simulated Heat Flux Profile) 

Heat flux arrows showing direction and quantity of heat flow 



Different simulations cases 
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See illustration on the following slides  
→ → → 



1 m 2 m 3 m 4 m 

FACTORY 

150 mm  
Insulation 

(2 – 3 meters)   

Heat Flux: Floor Slab Section Case 4  

Heat flux at factory floor perimeter (0 – 100 W/m2 scale) 

OUTSIDE 

25 mm  
Insulation 

(4 meters onwards)   

200 mm  
Insulation 

(0 - 2 meters)   

200 mm  
Insulation 

(until end of 
concrete floor slab)   

2% Extra Cooling 
SAVING 

100 mm  
Insulation 

(3 – 4 meters)   



1 m 2 m 3 m 4 m 

FACTORY 

50 mm  
Insulation 

(2-4 meters)   

Heat Flux: Floor Slab Section Case 12 

OUTSIDE 

25 mm  
Insulation 

(4 meters onwards)   

150 mm  
Insulation 
(until end  

of concrete  
floor slab)   

150 mm  
Insulation 

(0 – 1 meters)   

Heat flux at factory floor perimeter (0 – 100 W/m2 scale) 

100 mm  
Insulation 

(1 – 2 meters)   

2% Extra Cooling 
LOSS 



1 m 2 m 3 m 4 m 

FACTORY 

50 mm  
Insulation 

(0 – 4 meters)   

Heat Flux: Floor Slab Section Case 16 

OUTSIDE 

25 mm  
Insulation 

(4 meters onwards)   

100 mm  
Insulation 

(2 meters deep)   

150 mm  
Insulation 

(until end of 
concrete floor slab)   

Heat flux at factory floor perimeter (0 – 100 W/m2 scale) 

2% Extra Cooling 
SAVING 



Rain Water Harvesting 
Optimising Tank Sizes & Pump Sizes 

Example of: 
 

Making ’new’ discovery 

Case Study: 
Office building in Putrajaya  
 
1. Harvest rainwater for irrigation 

 
2. Harvest AHU condensate 

 
3. Harvest grey water 

This is what we found..... 
(see next slides) 



Water System Diagram 



Water Level in Tanks 
Effective storages:  140 m3 / 84 m3 (Tank A total / reserved for rainwater), 30 m3 (Tank B), 10 m3 (Grey Water Tank) 
Pump capacities:  0 m3/h (Pump A), 0 m3/h (Pump B) 
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Water Level in Tanks 
Effective storages:  140 m3 / 84 m3 (Tank A total / reserved for rainwater), 30 m3 (Tank B), 10 m3 (Grey Water Tank) 
Pump capacities:  2.4 m3/h (Pump A), 2.4 m3/h (Pump B) 
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Water Level in Tanks 
Effective storages:  140 m3 / 84 m3 (Tank A total / reserved for rainwater), 30 m3 (Tank B), 10 m3 (Grey Water Tank) 
Pump capacities:  0.3 m3/h (Pump A), 0.8 m3/h (Pump B) 
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RECCOMENDATION: 

• The annual hourly simulation shows that small pumps are 
sufficient to maximise the annual non-potable water yield 

• Small pumps have the added advantage of having less start-stop 
cycles and reducing grey water filter costs 



Concluding Remarks 

• Building computer simulations are a very 
powerful tool to optimise building design – and 
to ’sell’ your ideas to the design team / client 
 

• ALWAYS check the validity of your results 
 

• .... and go an make new discoveries to bring the 
building industry forward! 
 
 



Innovative daylight 
duct 
from facade 

 By:  Gregers Reimann  

(gregers@ien.com.my, +60122755630) 

Thank you 

 

  

ANY QUESTIONS? 


