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THIRD EXPANSION OF HOLY HARAM MAKKAH

Original Ajiad Plant
13,600 tons cooling capacity

« 34 air-cooled packaged
reciprocating chillers

400 tons capacity each
Installed 1993

Original Mosque
‘ Structure
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THIRD EXPANSION OF HOLY HARAM MAKKAH
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135,000 Tons Total Cooling Capacity
Commissioned in 2015

Shamiya Plant

120,000 tons water-cooled
« 24 YORK Titan OM Chillers

« 5,000 tons net cooling capacity
each

First Phase: 80,000 tons

« 8 YORK OM - fixed speed

« 8 YORK OM - variable speed
Second Phase: 40,000 tons

« 8 YORK OM - fixed speed

Ajiad Plant Expansion

15,000 tons air-cooled

« 3 YORK OM - variable speed
« 5,000 tons net cooling capacity

h .
i >hnson ”jj)«"

CAantrale




i YORK'

Ajiad District Cooling Plant

B Located across from the
Holy Haram Makkah

B 34 — 400 ton air-cooled
YORK reciprocating
chillers

B Installed 1993

S Mesh floor for air intake
- < (In addition to side wall air openings) §&
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Shamiya District Cooling Plant

B Located less than 2 km from & s o=
the Holy Haram Makkah =

B Designed for 32 X 5000 Ton
water-cooled chillers.
B 24 chillers are installed.

B 16 chillers are
commissioned and in
operation

B 8 chillers not yet
commissioned.

B 8 more chillers to be
ordered in future.

B Commissioning was
between 2013- 2015

Johnson yj)l('
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Chilled Water Piping from Shamiya Plant — 3D Layout

B Approximately +/- 1.3 km | _ _ |
of chilled water piping from Chilled Water Pipe Location o5
Shamiya Chiller Plant to Shamiya Chiller Plant to Holy Haram Maidcah
Holy Haram Makkah e -

= Haram Makkah/
Grand Mosque
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Chilled Water Piping from Shamiya Plant — Utility Tunnel

B Approximately +/- 1.3 km
of chilled water piping from
Shamiya Chiller Plant to
Holy Haram Makkah

B Two chilled water loops

B 1200 mm (47.24") \

diameter pipes \
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SHAMIYA PLANT YORK TITAN OM CHILLERS
24 CHILLERS - 5,000 TON EACH - WATER-COOLED

13800V / 3ph / 60Hz, 6000 HP
motor

16 chillers: 13800V / 3ph / 60Hz
Solid State Starters

8 chillers: High voltage Variable
Speed Drives

Compressor castings with high
design working pressure

Condenser design working
pressure >300 PSIG for potential
future refrigerant change

Allen Bradley PLC control panel
Automatic Tube Brushing system

Vibration monitoring system for
entire driveline

Seismic spring isolators



Shamiya Plant YORK OM Chillers — Heat Exchangers JdYORK

B YORK engineered and manufactured heat B TSE (treated sewage effluent) water is used in
exchangers the condenser loop
B Customized to meet the unique project B Condenser corrosion/erosion protection:
applications and requirements B 90/10 CuNi tube materials, 0.035” tube wall
B ASME code shells B CuNi clad tube sheets
B Bolt-on marine water boxes B High performance polymer composite coating

B Integral sub-cooler in condenser and zinc anodes for waterbox protection

Condenser
Waterbox End
with Zinc Anodes
prior to coating
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Heat Exchanger Tubes
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Shamiya Plant YORK OM Chillers

Bhensions
t 32 inch (81.3 cm)
16 inch (40.6 cm)

g height range =
12-1/2 inch
~ 31.75 cm)

ate weight =
3 (499 kg)
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i YORK'

Shamiya Plant YORK OM Chillers — Pressure/Enthalpy Diagram

B Two-stage R-134a refrigerant diagram — one stage of Intercooling with subcooling

11

Johnson Controls — November 2018

Compressor Discharge

Condenser 124.83°F (154.67 PSIA)

106.91°F (153.92 PSIA)

Subcooling
97.37°F 2nd Stage Compression

Intercooler 15642.2 Ibs/min

69.77°F (85.46 PSIA)

Evaporator
39.63°F (49.368 PSIA)

1st Stage Compression
13991.5 Ibs/min

\Refrig Eff (AH) = 74.148 Btu/lh
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SHAMIYA PLANT YORK TITAN OM CHILLER PERFORMANCE

FIXED SPEED
VARYING ECWT (ENTERING CONDENSER WATER TEMPERATURES)

1.100 3.20
1.000 3.52
0.900 3.91
0.800 4.40
e 95°F ECWT -
8 o = o O
E 85°F ECWT %
= (0.600 = 5.86
0.500 7.03
(18.3°C)
0.400 8.79
0.300 11.72
0.200 17.58
0.100 ” Y
1500 2000 2500 3000 3500 4000 4500 5000 5500 /)
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Capacity (tons) CAntrale



SHAMIYA PLANT YORK TITAN OM CHILLER PERFORMANCE

FIXED SPEED VS VARIABLE SPEED
VARYING ECWT (ENTERING CONDENSER WATER TEMPERATURES)

kW/ton

3500 4000
Capacity (tons)

© 95°F ECWT

85°F ECWT
-] (29.4°C)

3.20

3.52

3.91

4.40

5.02

5.86

7.03

8.79

11.72

17.58

fixed speed

- === Variable speed
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SHAMIYA PLANT YORK TITAN OM CHILLER PERFORMANCE

kW/ton

FIXED SPEED VS VARIABLE SPEED

VARYING ECWT (ENTERING CONDENSER WATER TEMPERATURES)

1.100 3.20 fixed speed
- === Variable speed
1.000 3.52
0.900 301
0.800 4.40
0.700 5.02
@)
. 3 85°F ECWT %
0.600 2 ;;;;gzzz{;;zzzllflm =4 (29.4°C) =56
‘
0.500 703
0.400 8.79
0.300 11.72
0.200 17.58
0.100 /
1500 2000 2500 3000 3500 4000 4500 5000 5500 /)
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Capacity (tons)
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SHAMIYA PLANT YORK TITAN OM CHILLER PERFORMANCE

FIXED SPEED VS VARIABLE SPEED
VARYING ECWT (ENTERING CONDENSER WATER TEMPERATURES)

3.20 fixed speed
Jeddah, KSA: WB < 75°F all year === Variable speed
3.52
3.91
4.40
§ 5.02 8
= T
o 5.86
7.03
8.79
11.72
17.58
1500 2000 2500 3000 3500 4000 4500 5000 5500 y}) "(
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SHAMIYA PLANT YORK TITAN OM CHILLER PERFORMANCE

FIXED SPEED VS VARIABLE SPEED
VARYING ECWT (ENTERING CONDENSER WATER TEMPERATURES)

1.100 3.20 fixed speed
‘ DAAS A - 0 appro ale 40Y% O 2 Veo —==—=Variable speed
1.000 ‘ 3.52
0.900 ‘ 3.91
0.800 ‘ 4.40
g 0.700 s 5.02 O
£ . O
; = = 4 ;o)
=~ (0.600 7, = = 5.86
‘ — =l K =
7
7 P et}
0.500 / 7 65°FECW 7.03
‘ 4 - - : .
0.400 K e 8.79
X rr
PR FEFY ] / =
0.300 11.72
‘ Qperas 0 CQ O 0
0.200 17.58
0,100 R ————— ” v
1500 2000 2500 3000 151010) 4000 4500 5000 5151010) /)
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SHAMIYA PLANT YORK TITAN OM CHILLER PERFORMANCE

kW/ton

FIXED SPEED VS VARIABLE SPEED
VARYING ECWT (ENTERING CONDENSER WATER TEMPERATURES)

3.20 fixed speed

- === Variable speed

3.52

3.91

4.40

5.02

d0D

5.86
7.03
8.79

11.72

17.58

1500 2000 2500 3000 3500 4000 4500 5000 5500 ”}) '(
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SHAMIYA PLANT YORK TITAN OM CHILLER PERFORMANCE
VARIABLE SPEED REAL WORLD OPERATION

e — ECWT = 81°F

MVT'”'. Ly
T
00-23-201 0 I 18720

0.571 kW/ton_ <
-

2472.3 tons X Shen ve
48.6% load SR
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AJIAD PLANT EXPANSION YORK TITAN OM CHILLERS
3 CHILLERS - 5,000 TON EACH - WATER-COOLED (RADIATORS)

« 4160V / 3ph / 60Hz, 9000 HP motor.
« 13.8 KV Variable Speed Drives.

« Compressor castings with high
design working pressure.

.« Condenser design working pressure
>300 PSIG for potential future
refrigerant change

4.+ Allen Bradley PLC control panel.

-+ Vibration monitoring system for entire
driveline




i YORK'

Ajiad Plant YORK Titan OM Chillers
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i YORK'

Ajiad Plant YORK Titan OM Chillers — Pressure/Enthalpy Diagram

B Three-stage R-134a refrigerant diagram — two stages of Intercooling with subcooling

Compressor Discharge

Condenser 174.96°F (282.57 PSIA)

151.4°F (282.57 PSIA)

Subcooling

141°F 3nd Stage Compression

High stage Intercooler 20375 lbs/min

108.36°F (157.25 PSIA)

2nd Stage Compression
17147 Ibs/min

Low stage Intercooler
70.87°F (87 PSIA)

1st Stage Compression
14222 Ibs/min

Evaporator
38.98°F (48.74 PSIA)

Refrig Eff (AH)=73.68 Btu/lb.

P
<
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kW/ton

AJIAD PLANT YORK TITAN OM CHILLER PERFORMANCE

FIXED SPEED VS VARIABLE SPEED
VARYING ECWT (ENTERING CONDENSER WATER TEMPERATURES)

2.000

1.900

1.800

1.700

1.600

1.500

1.400

1.300

1.60
1.67
1.76
1.85
1.95
2.07
2.20
2.34

2.51

_139°F ECWT Al

==

— =90
-—

3500 4000
Capacity (tons)

-—

129°F ECWT] 293

3.20
3.52
3.91

4.40

fixed speed

- === Variable speed

d0D
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kW/ton

AJIAD PLANT YORK TITAN OM CHILLER PERFORMANCE

FIXED SPEED VS VARIABLE SPEED
VARYING ECWT (ENTERING CONDENSER WATER TEMPERATURES)

2.000

1.900

1.800

1.700

1.600

1.500

1.400

1.300

3500 4000
Capacity (tons)

1.60

1.67

1.76

1.85

1.95

2.07

2.20

2.34

2.51

2.71

2.93

3.20

3.52

3.91

4.40

fixed speed

- === Variable speed
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AJIAD PLANT YORK TITAN OM CHILLER PERFORMANCE
VARIABLE SPEED REAL WORLD OPERATION

ECWT = 111°F

ST - ——
Ko, | ! o i L | ndustrial Systems
STETER DT Al === (44.0°C)
)7 - :
0.656 kWi/ton s T rerem o1n:c /([
I I-mewwtaTm prgvll Controls
I I Entering Condenser water Temp: 440 ¢ 14Tl | 0
Station

1» Approx KW/Tomn:
Approx Chiller Tons: 5036.0 R TR el

5036 tons ===~
97.8% load

Yo bl s
/ N ‘ |
“./’\ Ly ‘.'24\‘.“

W "
PDY-16: 100
Total Chiller Start 62 LY-17: 539% ! b}
L . control Air Supply Pressure
1otal Runtime Hour 09 PD’V‘)“Z ‘:)07: = Supp‘yo“m” presaure
: ; TY-100A: 66.4%
; Leaving Chilled Water Temp:

37.3%
{ Water Temp: 161 ¢

Ladder Rev Y100k
Entering Chille

— - Chil ler How 81 LPS
L vaporator Pressure 255 BARG )
m Evag I i ﬂjj '(
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Amar Farjo
Lead Staff Engineer
Johnson Controls

amar.p.farjo@jci.com
(717) 771-6224
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i YORK'

Weather Data — Dhahran, Saudi Arabia (coastal — similar to Jeddah)

Master Weather Data

Qptionz  Edit

Country: |SaudiArabia j State/Frovince: |n,"a j City: |Dhahran j
Temp Temperature Bin-Hours Chiller Plant Operation Yiew A, Total
Bin(*F) Jan Feb hdar Apr ke Jun Jul Aug Sep Oct Mo Dec YWEBIF) Hours
116.0=>1199 0 0 0 0 0 1 2 2 0 0 0 0 4.0 5
110.0=>11449 0 0 0 0 3 17 29 28 3 0 0 3.0 g0
105.0=>109.9 0 0 0 1 16 72 100 e 33 2 0 0 730 15
100.0=>104.9 0 0 0 5 46 114 126 123 81 13 0 0 4.0 h03
95.0=>99.9 0 0 1 20 34 115 126 104 112 54 0 0 3.0 B31
90.0=»949 0 0 5 44 117 147 177 165 110 97 11 0 3.0 673
85.0=>899 0 1 19 88 152 148 151 174 165 116 b2 1 2.0 1067
80.0=»849 1 5 44 126 180 87 3 51 160 160 99 B 70.0 950
75.0=>799 12 28 96 164 103 18 1 2 51 179 149 43 67.0 851
70.0=>749 59 74 160 163 28 2 0 0 4 97 177 122 63.0 846
£5.0=>69.9 138 147 194 81 3 0 0 0 0 23 138 1649 60.0 G493
60.0=>64.9 197 184 149 24 0 0 0 0 0 3 72 193 57.0 822
£5.0=»599 185 142 59 5 0 0 0 0 0 0 16 140 53.0 b7
50.0=>549 105 BB 15 1 0 0 0 0 0 0 3 51 45.0 241
45.0=>49.9 36 23 2 0 D 0 0 0 0 0 0 10 42.0 71
40.0=>449 7 3 0 0 0 0 0 0 0 0 0 p 37.0 12
35.0=>399 1 1 0 0 0 0 0 0 0 0 0 0 32.0 2
30.0=>349 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0
25.0=>299 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0
20.0=>249 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0
Total 741 674 744 72z 742 721 743 745 14 744 717 742 G754

Johnson /))I

27 Johnson Controls — November 2018 COﬂtI’OlS



