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LIFE CYCLE COSTING OF SUSTAINABLE
STRATEGIES

3 climate zones of Turkey
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My Thesis Study Results Transsolar
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e overcome COST barrier
e convience the CLIENT
* increase the knowledge in the sector




OUTLINE

- DIYARBAKIR - ISTANBUL

1- Building Envelope Optimization

2- System Optimization

3- Primary Energy Sources (Geothermal, PV, Solar Panels)

4- LCC of applied strategies



Simulation Parameters

Internal Gains

Offices,
2 people - 75 Watt /each
2 computer - 70 Watt / each
12 W/m? (500 lux level - lighting load)

Work Schedule between 08:00-19:00

Residential,
1 people - 75 Watt
5 W/m? (300 lux level - lighting load)
3.4 W/m? (other loads, fridge, TV, etc.)

Work Schedule 24 hours

Heating

Set point temperature: 19°C (Operative)
Cooling

Set point temperature: 26°C (Operative)
Ventilation

30m3/h per person



ANKARA Transsolar

20 100% 70% 50%

40%

Pressure: 909.5 hPa \

15 -+ - * * +

d + 3 +3 ::‘ ‘.:,;3 30%\

Humidity Ratio [g/kg]

10
L~
Ee
5 * /
- 10% '><‘~
- ><
‘!H_"____,,.-
0 t 1 1 1 1 1 1 1 1 t 1 1 1 1 t 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-5 0 5 10 15 20 25 30 35 40

Outdoor Air Temperature [°C]

+24H/D + Operation Time Oh - 24h
ANKARA
(office)



to improve Building Envelope...

Transsolar

acadenw

h, Q cooling
Q heating
o o
P
: B
o
&
]
in kWh/m?

Base Envelope
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Improved Envelope
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t timize Building Systems...
o optimize Building Systems I
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to calculate PRIMARY ENERGY FACTOR... Transsolarl
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in terms of electricity
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in terms of comfort...
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Base Building

fresh air

supply

ANKARA
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in terms of comfort... Transsolar
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LIFE CYCLE COSTING Transsola
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cost
Bringing all expenses to
Present Value
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o Development and
.E Periodic maintenance
£ Residual cost
a
=
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Capital Cost
Project Cost
HVAC and plumbing time
Functional Lifetime
Development Cost Maintenance Cost Operation Cost
Current reﬁuflo ishment Taxes Energy

Rep[acement Insurance



SNAPSHOT OF LCC EXCEL TOOL
acadenw

assumed that, all of the materials have a 20

General Information

Info 111 1)
Electricicy Cost . Euro/kWh heating and ventilation systems have 20
MNatural Gas 0.04 Euro/kWh
Interest Bate 6.00% ;-] H 1 1
- o iy cooling systems have 15  years lifetime
Escalation Rate (%) VeATs L] 1 2 3 4 5 & 7 ] ]
UTILITY COST ___ -
Electiricity 0.3 0.14 016 017 019 0.21 0.23 0.25 0.28 0.31
(Euro/kWh)
Matural Gas 0.04 0.04 0.04 0.05 0.05 0.06 0.06 0.07 0.07 0.08
BASE BUILDING
Intizl Cost | Investment (Eum,-'m-‘) 431 12.60 11.71 212 4.22 0.00 517
NPV of Anmal Cost ( Euro/m’) 3830 7LEg 82,65 0.00 0.00 0.00 0.00
HEATING COOLING ELECTRICITY MATERIALS
TEARS Consumption  Energy Cost ME&OCost |Consumption EmergyCost  M& OCost | Consumption EnergyCost M & O Cost Wall Windaow Shading Baoof
(k\\h-‘m-‘) (Eum_-‘m-‘) (Eum_-‘m-‘) (k\-\h-‘m-‘) {Eum_-‘m-‘) (Eum,-‘m-‘) (k\-\h-‘m-‘} (Eum_-‘m-‘) (Eum,-‘m-‘} (Eum_-‘m-‘) {Eum_-‘m-‘) (Eum,-‘m-‘} (Eum_-‘m-‘)
1 g7.32 | 013 41.4 0.8 47.93 6.5 0.19
2 g7.32 3Tz ¥ 41.4 6.4 47.33 75 0.1
3 g7.32 4.06 013 414 71 47.33 8.2 0.1
4 g7.32 4.42 013 414 7.8 47.93 =R 0.13
5 g7.32 4.82 013 414 a6 47.93 10.0 0.13
] g7.32 5,26 013 414 a5 47.93 1.0 0.13
7 g7.32 2.T3 013 414 0. 47.93 122 0.13
] g7.32 6.25 013 41.4 G 47.93 13.4 0.1
El g7.32 6.52 013 41.4 128 47.93 14.8 0.19
10 g7.32 T.43 013 41.4 14.1 47.93 6.4 0.19
1 g7.32 g1 013 41.4 5.6 47.93 15.0 0.19
2 g7.32 G.64 013 41.4 1r.2 47.93 13.9 0.13
13 g7.32 .64 013 414 1.3 47.33 213 0.1
14 g7.32 10.51 013 414 209 | 47.93 2.2 0.13
15 g7.32 .46 013 414 23.0 | 12.60 47.93 26T 0.13
16 g7.32 12.50 013 414 254 [ 47.33 23.4 0.1
17 av.3z 13.63 013 414 2a.0 47.93 325 0.13
18 g7.32 14.86 013 414 30.9 47.93 38 0.13
19 g7.32 16.21 013 414 341 47.93 35 0.13
2 g7.32 17.67 013 414 3r6 47.93 436 0.1




LCC OF OPTIMIZED BUILDING

BASE BUILDING Initial cost difference 8 Euro/m’
ITEMS COST (Euro/m?)
HEATING 431 e
COOLING 12.60 e 128
VENTILATION 11.71 120 ae 120
MATERIAL 11.51 06 111
TOTAL 40.13 100 100
95
89
83
= 78
71 INVEST &%
65
&0 =] NPV ofthe
51 Eamings
OPTIMIZED BUILDING "
ITEMS COST (Euro/m?) 40 35
HEATING
13.92 27 25
COOLING 20 1 - gge21r 22" 28
VENTILATION 0.00 10 13+ 14+ 15* 16 17 18
: < ) g +9 + 1011 11 12+ 13
MATERIAL 34.07 o T
TOTAL 47.99 1 2 3 4 5 6 T g 9 10 11 12 13 14 15 16 17 18 19 20
1 year

(office)




BASE

OPTIMIZED

RESULTS

Envelope
(Reduce the demand)

ROOF
& cm Glass Wool
U-volues 0.33 wim'x

e
Sand W B
U-value= 2.5 wim's |
g 06

oot (4

Send W
4cm EPS
Uvalues 0.52 w/m' [

000

o

20 em Glass Wool
U-values 0.17 W/m'K
Sand W

§
3
£
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Systems
(Prefer high efficiency)

Primary Energy Factor
(reduce the energy
consumption)

in winter

Sooooocoooood L
o S,

364.31
\
\
V\ o-69%
A\
\
\
'\ 11489
: [T 2
i
i i
g

Comfort
(Create More Comfortable Spaces)
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+ Coupling heating/cooling with thermal mass reduces
peak load

+ Longer natural ventilation season due to higher
surface temperature

+ Higher chilled water and low hot water supply
temperatures provide high potential for energy
savings

+ Low initial cost due to integration with structural
slab

+ Nomaintenance

- Response time of several hours, no instant
heating/cooling

- Increased condensation risk due to slower
responsive time

- Acoustic concerns must be handled separately

COST

(save more money)

- -
el

BASE BUILDING
ITEMS COST (Euro/m?)
HEATING 431
COOUNG 12.60
VENTILATION 11.71
MATERIAL 1151
[ TOTAL 2013
OPTIMIZED BUILDING
ITEMS COST (Euro/m”)
HEATING
COOLING s
VENTILATION 0.00
MATERIAL 3407
TOTAL 47.99
= e L £
e -"..."‘
- “,.,'“ - i

R

ANKARA
(office)
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ISTANBUL
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Humidity Ratio [g/kg]

Pressure: 1008.8 hPa

Outdoor Air Temperature [°C]

« 24H/ID

+ Operation Time Oh - 24h

ISTANBUL
(office)



BASE

OPTIMIZED

RESULTS

Envelope
(Reduce the demand)

ROOF
6 ¢m Glass Wool
U-volue= 0.401 w/mx

Sond W
U-values 2.5 w/mx
§=06

Sond W
IemEPS
U-volue= 0.581 w/m'x

20 ¢m Glass Wool

U-valves 1,29 wim'x
£=033

External Shading
%100

%8

Sond W
6em XPS
U-volue= 0.4 w/m'K B0

Systems

(Prefer high efficiency)

Primary Energy Factor
(reduce the energy
consumption)

P
inwinter b}

n winter

| |

Comfort
(Create More Comfortable Spaces)
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+ Coupling heating/cooling with thermal mass reduces

peak load

+ Longer natural ventilation season due to higher
surface temperature

+ Higher chilled water and low hot water supply
temperatures provide high potential for energy
savings

+ Low initial cost due to integration with structural

slab
+ Nomaintenance

- Response time of several hours, no instant
heating/cooling

- Increased condensation risk due to slower
responsive time

- Acoustic concerns must be handled separately

COST

(save more money)

BASE BUILDING
ITEMS COST (Euro/m’)
HEATING 431
COOLING 12.60
VENTILATION 12.17
MATERIAL 10.26
TOTAL 39.34
OPTIMIZED BUILDING
ITEMS COST (Euro/m?)
HEATING 15.31
COOLING 331
VENTILATION 1217
MATERIAL 3174
TOTAL 62.54
- jwt =
- o ekl
3 " - - " 2
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ISTANBUL
(office)




LCC OF OPTIMIZED BUILDING

BASE BUILDING

ITEMS COST (Euro/m?)
HEATING 4.31
COOLING 12.60
VENTILATION 12.17
MATERIAL 10.26

TOTAL 39.34

OPTIMIZED BUILDING

ITEMS COST (Euro/m?)
HEATING 15.31
COOLING 331
VENTILATION 12.17
MATERIAL 31.74

TOTAL 62.54

Initial cost difference 23

Euro/m’
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NPV ofthe
Eamings
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ISTANBUL
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DIYARBAKIR

Transsolar

acadenw

20 i voor 36 B0% gl | %N oo
Pressure: 934,5 hPa 0% \
15 + S -
* K *o
B 4 L) *
% > . L % 0%
: s Nt 2o ¢ R U 2N 2
‘—6 b . 0, o " - A
x 10 + o 4
> L
3 2% o
g .
- - N
" &
5 4 s s * ‘0‘ 1 o. -
~ PP .3": * Y pla —™
oS e
<
0 .\: " 3 ..\: M s : N —t P Dy : M 3
-5 0 S 10 15 20 25 30 35 40

Outdoor Air Temperature [°C]

+ 24H/ID + Operation Time Oh - 24h

DIYARBAKIR

(residential)



Envelope
(Reduce the demand)

ROOF
6 om Glass Wool
U-volue= 0.401 w/m'x

Sond W
U-value= 2.5 wim'x
g~ 06

Sond W
3em EPS b
U-volue= 0.581 w/m'x St

ROOF
20 em Glass Wool
U-values 0.17 W/m'K
Sond W
U-velues 1.29 w/m'x
£ 033
External Shading
»

Send W
6cm XPS <
U-vafue= 0.4 W/m'K EZ

a coofing
hot weter
heating
) §
3
s g
o
in kWh/m’

Systems
(Prefer high efficiency)

RITTTINTYY
’M!U‘al
ventiaton

41.36
= R
Q ot water
7Q heating

Primary Energy Factor
(reduce the energy
consumption)

" summer

base building
optinized building

Comfort
(Create More Comfortable Spaces)

Yigia2taadaaasaaidl

peak load

+ Longer natural ventilation season due to higher
surface temperature

+ Higher chilled water and low hot water supply
temperatures provide high potential for energy
savings

+ Low initial cost due to integration with structural
slab

+ Nomaintenance

- Response time of several hours, no instant
heating/cooling

- Increased condensation risk due to slower
responsive time

- Acoustic concerns must be handled separately

+ Coupling heating/cooling with thermal mass reduces

COST
(save more money)

BASE BUILDING
ITEMS COST (Euro/m?)
HEATING 1469
COOLING 1224
VENTILATION 000
MATERIAL 1026
TOTAL 37.18
OPTIMIZED BUILDING
ITEMS COST (Euro/m’)
HEATING
3359
COOUNG
VENTILATION 0.00
MATERIAL 1535
TOTAL 49.06
T
=
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DIYARBAKIR

(residential)




LCC OF OPTIMIZED BUILDING

BASE BUILDING

ITEMS COST (Euro/m?)
HEATING 14.69
COOLING 12.24
VENTILATION 0.00
MATERIAL 10.26

TOTAL 37.18

OPTIMIZED BUILDING
ITEMS COST (Euro/m’)
HEATING
33.69
COOLING
VENTILATION 0.00
MATERIAL 15.36
TOTAL 49.06

Initial cost difference

12 Euro/m’

80
74
70 72
&0
50
40 INVEST %
3 38
31 36 NPV ofthe
Eami
30 In mings
21 25
po 150167 17 18
3B
10
6 11l
] T T T T T T T T T T T T T T T T T T T |
1 2 I 4 5 6 T g @ 110 11 12 13 14 15 16 17 18 19 20
3 years

(residential)



To summarize...

CLIMATE Strategies Initial Cost Payback period
(Euro/m?) (years)
ANKARA Increased insulation
(office) Natural ventilation 8 1
Night Cooling
ISTANBUL Glazing Type
(office) Mechanical Ventilation 23 4
DIYARBAKIR Fixed External Shading
Floor Heating and Cooling 12 3

(residential)







