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Building Energy Consumption
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Here’s the answer to
"Benefit of Simulations”

Measured Energy Data
for
80 New and Retrofitted Buildings
by IEN Consultants
all of which were optimised through
H extensive computer simulation
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A real conversation that | had here in Malaysia.....

s ol - g 7 hh, yes. You are the guywe |
/ So, what do youdo fora \ call, when we need to tune our how.l make zero-
living here in Malaysrgg : .. TNB meter to run slower, right? « . energybuildings! "

-~

R
.

. and low-energy
. bUildings. N " S

Courtesy of Gregers Reimann/IEN Consultants Sdn Bhd / lllustration by Rachel Chen Ruigi
The Star newspaper, 16 August 2013

I make ze

| optimised the design of buildings through
computer simulation — and then they are built
without any big surprises ©




Problem of Over-Design for Buildings

Overdesign of buildings will add unnecessary
initial cost and reduce efficient operations

Building owners get
15 kg too heavy

double-penalty of: « Food for 12 days

« Water for 10 days
« Clothing for 8 days

o Higher CAPEX

(higher construction cost)

- Higher OPEX

(higher operating cost)

©The Star Graphics by FADZUL YUSOF

/

Bu”dmg owner Cartoon by IEN Consultants / The Star newspaper (2014)



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

! CAPEX Savings
Installed
USD 500,000
5000 RT
Measured cooling load Our proposal
Malaysian Shopping Mall 4200 RT
Peak Cooling Rate = 40.9Btu/h.ft?
which is only Allows buffer for
> —imwn | about’50% repair/servicing
' :;:E;;‘;:ﬂ of the design of one chiller
3.000.0 2,744 RT . - :::::: |Oad!
20000 \ e | Measurements
. :“'ifm match our
1,500.0 _tii::::‘ energy
e simulations!
oo | B | A ==
=g | | :y'ull
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Case study 2: Building Simulation showed that the
Chiller Plant could be Down-Sized

Shopping mall 180%
projectin
Malaysia 160%

140% -
100% -
80% -
60% -
40% -

20% -

0% -
Original Selection (too
much Safety Factor)
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Case study 2: Building Simulation showed that the
Chiller Plant could be Down-Sized

Shopping mall 180% CAPEX Savings
project in ° USD 330,000
Malaysia 160% -
140% -
2 100RT
120% -
100% -
80% -
1,600RT
60% -
1 200RT
40% -
20% -
0% -
Original Selection (too Peak Capacity Recommended Plant
much Safety Factor) (Calculated by IEN) Capacity (reasonable
Safety Factor)




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

Let’s move the market in this direction!

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
computer simulation

Building design relies on rules of
thumb resulting in inefficient and
over-designed systems



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

SUMMARY if all 42 items implemented:

Cumutative % Saved
Ouner's Owner's Running  MWh/yesr Cumulativ RM/year Saved per % Save per
Homs __ Deseriptians MWhfyose  MWhfyasr Savings (MWh/yr) kWhm2fyoar Costfyear d o stop Stop_Extra Budgot Estimated (RM)
5 ese Cave Grd T Doors S0 Open during Mal Fours. 3 T IR
1 dosof kel o 36331 33621 a6 w13 isasaos a0 13w 13088 e 300,000
7 Clear GianE 1 Clear Lowr-£ Single Giaang HoH1 39569 = EITRNTEETE S L 5831 [ 1871
3 Cleor Lowt Giing to High performonce Dbl Glating 36331 39518 2 as 1521830 39,708 013y 904678
& RooTisanon Z5mm o Somm ECE EFD £ T 18300568 T G TR 7T
5 foof 100mm se31 39,50 2 a7 1sas90 a.07 1750981
& Green Vepetated Rool E3EE) 39,451 3 a7 1s.ea7s [T
T Brckwalto Aeraved Ught Wegh: Cone. 100mm EE T ge e G G
8 Brickwallto merated Lght Weight Conc. 150mm s 39326 2 ae 003 1455976
B4 Bockwall o Aersted Lght Weight Conc 2007 EE) 35319 3 At [
T VAV srstem imsiead of CAV system EEED EEET w0 [} Teors -
10 €O sensor fof resh s ntakefor il AU w331 2760 3537 i asm 750,000
11 Total ressira 00O Gown K 650 73, Largar Duct Sizes H31 26849 2910 54 7.2% .
12 Electronic A Fiter used for all AHU 3631 25,888 1150 m 28 1,200,000
13 Use of Aiod Fan instead of Backward Curve for all AHU w31 2547 523 %6 L30% 300,000
14 Efciency & mator for all AHU nstead of EFF2, w431 5072 04 x5 a.26n 00
15 Heat Recowery Wheelfor Ginema spaces oy 36331 5012 0 4 a15% 100,000
16 Chill Water Pump Head 30m down to-20m. Increase Pige Szes w331 2351 et 7 L% 1,000,000
17 Chill Water hump Head 30m down o 15m. ncrease Pipe Sizes 3631 2408 312 54 a8 1,000,000
18 Chill Water Pump Effciency 68% to 80% ) 2150 o =3 935 108,000
15 chil Water Motor Efceny Type 1 Instea of Type 2 A1 28713 3 52 006w 2000
0 Chill Water Canstant Flow t Primary Secandary varisble: 36331 22505 268 29 asm 500000
31 Condenser Water Pump Effciency 58% fo 50% w331 23292 s 216 am% 50,000
28 Condenser Water hotor Effiency Type 1 Initead of Typa 2 a8331 22 57 25 0 25000
23 Condenser Water Pump head 35 dawn to 25m, Increase Pipe Sice. 36331 2915 a0 20 122 1.000000
4 Condenser Water Pump haad 25 dawn to 15m. Increase Pipe Sire, 3831 22,255 a0 35 L22% 1500000
B oo 3 T 07 T oI Tz 000
6 cooling T 36331 22,08 s 3 013 198,000
263 Coving Tower Fan Lesr, Corstan Flow EEE EII T 51 [0 T0090
T Concourse Ughts 35 Wi dovn 10 20 WIm2 ) & 37 76 TN a07%
3 Concourse Ughts 20 Wm2 down 19 10 W/m2 3331 19381 1083 05 1asLam s
29 Concourse Phlls 6.8W/m2 (200 1un) 36331 19,087 01 73018 7.63%
30 Concourse Osram 7.0 W/m2 (200 us) BB 19058 1105 o1 7AW 75m
31 Concourse Megaman 78 W2 (200 ) 36331 19184 130 0 amen 736%
32 Concoutse NghE Ught 10% down 10 257, EE T808 5 W7 L00 [
3 Concourse Dayight Top Floor - 75%, 15t floor 75%, Grol 0% 6331 18778 EIHY 198 7220611 08w
34 etai Lights & Sad Power 100W/2 cown 10 TSWH2 2720 15732 3046 186 605693 759%
5 Rt 38 Poaer F5W/m3 down to SIAV/m2 18165 238 289 B amas 2218
36 Retail Lights & Smal Powes S0W/m2 down to 35W/m2 12716 1w 1718 07 azen 428
7 Nt sk 11248 10689 a3 103 s L0
38 Cnll Water Pump Head 75 Candenser Water Farma Fead 307 268 LIS a5z T amaa 1%
39 M3 1525 10 Dunham Bush 11268 10919 a 15 4708585 asen
w0 11269 10583 3 m2 agrsem asan
a1 W5 15250 Trane Base 1289 10313 am 09 a3 a6
42 M5 1525 to Trame Chill Water Pump delta T igh [dT=10F to 155, Crill wa 11269 1052 m 11 amsiso 0535 -

Green Mark Score

[Points]

97.5

POTENTIAL: 68% energy savings and 3 year payback time

Additional Cost
[RM]

32,206,000

Saving / Year
[RM]

10,640,000

% Saving per step

kWh/m?/year

450,00
400,00

% Saving in Energy

68.53%

Cumulative RM Saved/Year

14,000,000

12,000,000

350,00
300,00
250,00

200,00
150,00

10,000,000

8,000,000

6,000,000

4,000,000

100,00
50,00
0

2,000,000
0

Payback Period

[Years]

<3

= kWh/m?/year

Energy Index
[kWh/m2/y]

-&- Cumulative RM Saved/Year

Total Saving in

Energy [%]
68.53%
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For unfamiliar territory,
a map will be very helpful!

Ca se St u dy Factory architecture and HVAC accurately

simulated using IES software

Air Conditioned Factory (Malaysia)
ACTIVE DESIGN: Innovative Cooling System for Production Area

Dedicated Outdoor Air
(DOAS) units extract
coolness from exhaust air
as well dehumidify
outdoor air maintain room
humidity levels throughout
the day

Air Handling Unit

1. Cooling load can vary a lot from P9 4 ity e
factory to factory (rule of thumb = comforiable 2d-29C
difficult to apply)

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

> Our energy model showed that
the COOI ! ng SySte m cou Id be pipijscxgﬁgzt;?g:;:?:igzg provides even air distribution minimizing
cool spots, hot spots as well as draft

down-sized 3 times, saving a theifigarcbnijapslyata below air griles

Cool Floor Slab - Cool water

Cylindrical Fabric Air Supply Ducting

CAPEX of USD1 million!



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

BUILDING SIMULATION MODELING CYCLE

Model Check Makes GOOD! Results
input output sense’? can be presented

n

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

|
\
\

Diaining | Original input was correct! | —=~=2 You have reached a
AN limitation of the software

=] CONGRATULATIONS! You
have made a new discovery




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

5/17 SLIDES © JPL NASA/AP Photo




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

16 of the most expensive mistakes in history

e

5/17 SLIDES © JPL NASA/AP Photo

MATHEMATICAL ERROR ENDS £80-MILLION NASA MARS PROBE

NASA spent around £80 million on the Mars Climate Orbiter, which was originally designed to study the
climate on Mars. However, a small mathematical error proved to be the orbiter's undoing as NASA lost
contact with the probe, and it was eventually destroyed over the planet in 1999,



Examples of "trusting results blindly’

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

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

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.

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?

BUILDING SIMULATION MODELING CYCLE

Model Check Makes
) — —
input output sense?

1

+ Checkyour assumptions / go backto first principles / basic formulas

yes GOOD! Results
cah be presented

\
\
Rand | Original input was correct!

——
or
N

.
b

You have reached a
limitation of the software

CONGRATULATIONS! You
have made a new discovery




Example: 3D Heat Flow through Constructions ..,

q [Wim?]
42% higher U-value than simplified simulation (refer item 4 previous slide) [+

12.75

12

11.25

1
o
e
]

[ 4 L o -
i in b

— =
in b

!
(=] =] [ ")
[ L



Example of not "trusting results blindly’

Case Study:

24-hour air conditioned factory (Malaysia) Example of:

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

Making new discovery

2. Value engineering prompted us to explore if —————
we could save any roof insulation Model Check Makes

X — —
input output sense?

T no
> Thls IS What We found ..... ;’,' Check your assumptions / go backto first principles / basic formulas
(See next SlldeS) \"""l Original input was correct! :f-:“->

.
b

GOOD! Results
cah be presented

'ou have reached a
tation of the software

CONGRATULATIONS! You
have made a new discovery




FACTORY

Steady State Finite EIement Model

120 meters

240 meters




Steady State Finite Element Model

FACTORY




Steady State Finite Element Model

FACTORY

28°C

(soil temp.)

\

2 W/m K (wet soil thermal conductivity)

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.

15°C (24-hour floor slab cooling)




Steady State Finite Element Mesh

L FACTORY
T FEnml TN T -0

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

(7]
S
[
]
[}
S
o
(o]
(]

240 meters




Simulated Temperature Profile

FACTORY

120 meters

[
»

<

150° 166° 182° 199° 215 231° 247° 263 219 240 meters @
Temperature (°C) ! llE\NmCONSULTANTS




Simulated Heat Flux Profile

FACTORY

120 meters

25 156 188 219 250 240 meters @
IIEIN #r*" CONSULTANTS
J |\




Factory Perimeter (simulated Heat Flux Profile)

1m 2m 3m 4m P, |
—{
28°C
(soil temp.) 1 meter
: llllll Mil‘l EEEEEEEEEESN -: 15°C (32w e et e
[ ] 00000000000000000®MOO" __ 50 mmMm (insulation, coloured green)
- ]
[ ]
[]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
G EEEEEEEEEEEEEEEEEEEEEN [ ]

125 15.6I 188 219 250 ‘w/m2

INTEIN %CONSULTANTS

0-25 W/m2 scale



Facto ry Perimeter (Simulated Heat Flux Profile)

I1m 2m 3m 4m

. FACTORY

28°C
soil tem 1 met

SumEmms LTI TR 15°

L]

S ©00000000000000000@WO0 50 mm

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

G EEEEEEEEEEEEEEEEEEENEEEN L

00 125 250 3735 300 6235 750 875 1000
|

INEIN %CONSULTANTS

0-100 W/m2 scale



Facto ry Perimeter (Simulated Heat Flux Profile)

Heat flux arrows showing direction and quantity of heat flow

INEIN %CONSULTANTS



Different simulations cases

Case

= R I = R R e

= C il <R =
EhREREEB

Description

50 mm Dow insulation (BASE CASE)

50 mm URSA NW insulation

More insulation at perimeter

Maore insulation at perimeter, half at the center

More insulation at perimeter, none at the center

Extra vertical 0.5m perimeter insulation (100 mm) + Case 2
Extra vertical 1m perimeter insulation (100 mm) + Case 2
No insulation

25 mm URSA NW insulation

100, 50 and 25 mm insulation

150, 100, 50 and 25 mm insulation

2meter perimeter (150 mm + 50 mm) & 25 mm horizontal
2meter perimeter (150 mm + 100 mm) & 25 mm horizontal

2meter perimeter (150 mm + 100 mm) & 50 and 25 mm horizontal
2meter perimeter (150 mm + 100 mm) & 50 and 25 mm horizontal

DOW

Thermal Thermal

conductivity conductivity

{(W/mK) (W/mK)
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034
0.028 0.034

URSA NW  Horizontal insulation thickness from factory floor perimeter

0-1 meter
50 mm DOW
50 mm URSA NW
200 mm URSA NW
200 mm URSA NW
200 mm URSA NW
50 mm URSA NW
50 mm URSA NW
0
25 mm URSA NW
100 mm URSA NW
150 mm URSA NW
25 mm URSA NW
25 mm URSA NW
50 mm URSA NW
50 mm URSA NW

1-2 meter
50 mm DOW
50 mm URSA NW
200 mm URSA NW
200 mm URSA NW
200 mm URSA NW
50 mm URSA NW
50 mm URSA NW
0
25 mm URSA NW
100 mm URSA NW
100 mm URSA NW
25 mm URSA NW
25 mm URSA NW
50 mm URSA NW
50 mm URSA NW

2-3 meter
50 mm DOW
50 mm URSA NW
150 mm URSA NW
150 mm URSA NW
150 mm URSA NW
50 mm URSA NW
50 mm URSA NW
0
25 mm URSA NW
50 mm URSA NW
50 mm URSA NW
25 mm URSA NW
25 mm URSA NW
25 mm URSA NW
50 mm URSA NW

3-4 meter
50 mm DOW
50 mm URSA NW
100 mm URSA NW
100 mm URSA NW
100 mm URSA NW
50 mm URSA NW
50 mm URSA NW
0
25 mm URSA NW
50 mm URSA NW
50 mm URSA NW
25 mm URSA NW
25 mm URSA NW
25 mm URSA NW
50 mm URSA NW

4 meter and above
50 mm DOW
50 mm URSA NW
50 mm URSA NW
25 mm URSA NW
0 mm URSA NW
50 mm URSA NW
50 mm URSA NW
0
25 mm URSA NW
25 mm URSA NW
25 mm URSA NW
25 mm URSA NW
25 mm URSA NW
25 mm URSA NW
25 mm URSA NW

INTEIN

Vertical insulation thickness
from factory floor perimeter

Insulation
depth
500 mm
500 mm
500 mm
500 mm
500 mm
1000 mm
1500 mm
0
500 mm
500 mm
500 mm
2000 mm
2000 mm
2000 mm
2000 mm

Insulation width
50 mm DOW
50 mm URSA NW
200 mm URSA NW
200 mm URSA NW
200 mm URSA NW
100 mm URSA NW
100 mm URSA NW
0
25 mm URSA NW
100 mm URSA NW
150 mm URSA NW
150 and 50 mm
150 and 100 mm
150 and 100 mm
150 and 100 mm

CONSULTANTS



Results

COOLING LOSS INCREASE compared to using 50 mm DOW insulation under entire factory floor foundation

icasels: Zmeter perimeter (150 mm + :ﬂ.OD mm) & 50and 25 nMimChorzonta—|

Casel5: 2meter perimeter (150 mm + 100 mm) & 50and 25 mm horizofEET]
1

Casel4: 2meter perimeter (150 mm + 100 mm) & 25 mm horizontal =2

Case1?: 150,100, 50and 25 mm insulation

Case13: 2meter perimeter (150 mm + 50mm) & 25 mm horizontal [y
|

Casell: 100,50 and 25 mm insulation [
|

1 Casel0: 25 mm URSA NW insulation
i

I Case&: No insulation

i
Case7: Extra vertical 1m pefimeterinsulation {100 mm) + Case 2
Case6: Extra vertical 0.5m periimeter insulation (100mm) + Case 2 /3

Case5: More insulation at perimeter, none at the center

Cased: Mare insulétion at perimeter, half dfhecenter—|
[ Case3-Moreinsulation at perimeter |

Casel: 50 mm Dow insulation

Case2: 50 mm URSA NW insulation )

-10% -5% 0% 5% 10% 15% 20% 25% 30%
Cooling loss
Graph increase
Casel: 50 mm Dow insulation
Case2: 50 mm URSA NW insulation 3%
Case3: More insulation at perimeter -6% 7
Cased: More insulation at perimeter, half at the center Y% — c
Case5: More insulation at perimeter, none at the center 5% (@] . R R .
Case6: Extra vertical 0.5m perimeter insulation (100 mm) + Case 2 2% '; See illustration on the fOIIOWIng slides
Case7: Extra vertical 1m perimeter insulation (100 mm) + Case 2 0% 1) >->->
Case8: No insulation 25% -g
Casel0: 25 mm URSA NW insulation 11% Q
Casell: 100, 50 and 25 mm insulation 3% E
Casel2: 150, 100, 50 and 25 mm insulation Y% &E¥—m—
Casel3: 2meter perimeter (150 mm +50 mm) & 25 mm horizontal 3% E
Caseld: 2meter perimeter (150 mm + 100 mm}) & 25 mm horizontal 1% o
Casels: 2meter perimeter (150 mm + 100 mm) & 50 and 25 mm horizontal -1% 8
Casel6: 2meter perimeter (150 mm + 100 mm) & 50 and 25 mm horizontal I — o IIEIN CONSULTANTS

@)
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Heat Flux: Floor Slab Section Case 4

1m 2m 3m 4m

Color Legend

00 125 @30 375 300 623 750 875 1000 ‘wW/m? ‘

l Cloze

OUTSIDE

2% Extra Cooling
SAVING

INEIN %CONSULTANTS

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



Heat Flux: Floor Slab Section Case 12

1m 2m 3m 4m

2% Extra Cooling
LOSS

@

Heat flux at factory floor perimeter (0 — 100 W/m2 scale) b m CONSULTANT °



Heat Flux:

1m 2m 3m 4m

Color Legend

00 125

30 315 500 6235 750 E]'.il 1000 wiim2

-

OUTSIDE

FACTORY

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

Cloze |

Floor Slab Section Case 16

2% Extra Cooling
SAVING

INEIN %CONSULTANTS



Rain Water Harvesting

Optimising Tank Sizes & Pump Sizes
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)

Example of:

Making ‘'new’ discovery

Model

X —
input

Check
output

—

Makes
sense?

1

BUILDING SIMULATION MODELING CYCLE
yes
ho
+ Checkyour assumptions / go backto first principles / basic formulas
i

GOOD! Results
cah be presented

]

\
\
Rand | Original input was correct!

——
or
N

'ou have reached a
tation of the software

2| CONGRATULATIONS! You

have made a new discovery




Water System Diagram

Rain water & Make-up water
Syabas  Condensate Grey water (Syabas)
4 Over
GREY WATER SYSTEM
flow Over
& flow
@ S

r § g
g 7 . Over 5
2| = 2 flow u::
o | 5 =
= L:: 3 L J
o | D o
w =
=y v =
- 5 =

¥ E v = L @

v Pum Pum Pum :

Irrigation P P P Toilets
A B C

RWHT Grey Water Treated Water Flush Valve tank



Water Level in Tanks

Effective storages:

Pump capacities: 0 m3/h (Pump A), 0 m3/h (Pump B)

140 m3 / 84 m3 (Tank A total / reserved for rainwater), 30 m3 (Tank B), 10 m3 (Grey Water Tank)

160
140

3
N
)
o

100
80
60
40
20

water level (m3)

—TankA Level (m3)

TankB Level (m3)

: : Sl 5 | I ||

1 1001 2001 3001 4001 5001 6001

hour of the year

7001 8001

—GW Tank Level (m3)

150
— — TankA(m3) | NON POTABLE WATER UTILISED
£
% 100 Overflow from Tank A
i>J Tank B (m3) Overflow from GW Tank
@ 50
g

0 ——Tank GW (m3)
0% 50% 100%
percentage of time

9,290 m3lyear

1,179 maiyear
3,852 m3/year

INTEIN %CONSULTANTS



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)

160
— 140 —TankA Level (m3)
név 120
% 100
E 80 TankB Level (m3
g 60 ankB Level (m3)
2 40

20

0 ! —GW Tank Level (m3)
5001
hour of the year

150
oy —Tank A (m3) NON POTABLE WATER UTILISED 9,510 m3lyear
E 100 - Overflow from Tank A 273 malyear
Q
E Tank B (m3) Cverflow from GW Tank 537 m3fyear
@ 50 -
g

0 —Tank GW (m3)
I 1
0% 50% 100%

percentage of time

INlEIN %CONSULTANTS



Water Level in Tanks

Effective storages:
Pump capacities:

140 m3 / 84 m3 (Tank A total / reserved for rainwater), 30 m3 (Tank B), 10 m3 (Grey Water Tank)
0.3 m3/h (Pump A), 0.8 m3/h (Pump B)

: T
4001 5001 6001 7001 8001

—TankA Level (m3)

TankB Level (m3)

—GW Tank Level (m3)

hourof the year

150 -

water level (m3)

0

100 -

50 -

Sm———

T

0% 50%

100%
percentage of time

—Tank A (m3)

Tank B (m3)

—Tank GW (m3)

NON POTABLE WATER UTILISED 9,505 m3lyear
Owverflow from Tank A 592 m3lyear
Overflow from GW Tank 223 m3/year
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

@
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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!



Thank you

\ 7N

ANY QUESTIONS?

By: Gregers Reimann
(gregers@ien.com.my, +60122755630)
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