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Benefits of Calculation Clibealdl ¢ ja) il g8

» Understand the actual da g e <l Lal olal 48 jaace
performance. 43|
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* Energy Saving: must re-named as Elimination of Energy Wastage
(Optimization), were wastage is anything beyond Comfort &
Safety lines, without clear strategy none of Energy Saving
Program succeed or sustain.

* For that we like to share with you our method to optimize chilled
water system and use CHW-Delta-T to indicate the level of Cost
Effective Saving.

* Not to forget the training program for your team to sustain the
Optimization System and ensure effectiveness over time since
the “Technology is a TOOL, peoples are the KEYS”
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Parameter Determining Chiller’s Performance is KW/TR

KW/TR is nothing but the amount of PI-
Power Input consumed by Chiller to
generate one ton of cooling.

So, we need to measure actual

Actual Power Consumption in KW § Actual Produced Cooling in KWc or TR







We Pay for: KWh :Jilae a8 (s
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energy is consumed? 49al

* KiloWatt: Power Rate at a3lal) 4peS paadl 1) glisl) o
which energy is used? ASlgiill

* Hour: Time of how long 05 el <8 o1l ds L) o
it’s in use? X
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5 Thermal Unit
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There are two major factors to Jal 2] Cra oo o lia
understand how energy is gl A.mS UV
consumed? \

* British Thermal Unit: rdaiUay yul) Ay ) ad) Baa gl e
Cooling Energy Rate at 2 il 48Ua 4S paail

which energy is used? A

* Hour: Time of how long Sl uﬂiﬁ .

it’s in use?




We Pay for: KWh :Jilae a8 (s
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* KW & BTU: related to equipment sdiUay sl Ay ) ad) Baa gl g <l gliSt) o
performance & System aSail) da glaia 95 e 3ol L) aa p
Optimization. Belasll

* Hour: related to operation & 5 Jurdilll el pal ) as i sdelid) o
maintenance (O&M). Adluall 4allad
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We Pay for: KWh :Jilae a8 (s
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« KW & BTU: Equipment required s dailUay ) 4o ) saldl Bas gli g ) sLisl) o
up-grading & demand response S 5 g skt ) ZUsT 3 jeaY)
control system. Aalall a8 e aSas 4k i

* Hour: Require CMS-Computrized 48 ya da glaia | zlias Ae L) o
Maintenance System. T 18y e s]
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We Pay for: KWh :Jilae a8 (s
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KW & BTU : Can be Al adl Bas sl g i gl
monitored remotely. O 4380 je (Saa 1 Asilag )
At X

*Hour: Can be generated .
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remotely.
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We Pay for: KWh :J:las adai oai
de L)/l oS
Energy X Time = Consumption/Production

Power Input X Time = Power Consumption in KWh

- BTU X Time = Cooling Energy Consumption/Production in BTUh
| TR= (BTUh/12,000)

We Feel Comfort for: :Jiae 4al )l gass sl
BTUh deludl/atay y &y o 3as




Coefficient of Performance

High-efficiency Older chiller
optimized chiller plants plants

New technology Conventional code- Chiller plants with correctable

All variable speed chiller plants based chiller plants design or operational problems
I 1 1 1 I- g I

NMeeds improvement

kWi/ton 0.5 0.9 1.0 1.1 1.2
(3.9) (3.5) (3.2) ((2.9)

COP A

Annual best chiller plant LONELQIERRS Annual chiller plant average

average efficiency (COP) Power Input baseline efficiency (COP)
after using Demand Flow®™® before using Demand Flow®

- ASHRAE COP classification. According to the ASHRAE coefficient of
performance (COP), an excellent full load COP has a value over 5.0.







Testing Equipment Required to Perform the Test
CHW Flow Metering 53 lal) olaall (3T Anas (yula2

Ultrasonic Water Flow Meter

HEAT/COOL - I BO(');ER
LOAD | | |

CHIEEER




Testing Equipment Required to Perform the Test
CHW Flow Metering 5Ll olaal) (800 Al (uly®
Electronic Water Flow Meter

The Doppler meter continuously transmits
high frequency sound that travels through
the pipe wall and into the flowing liquid.

- Sound is reflected back to the sensor from
solids or bubbles in the fluid. If the fluid is
in motion, the echoes return at an altered
frequency proportionate to flow velocity.

Doppler flow meters continuously measure
this frequency shift to calculate flow.




Testing Equipment Required to Perform the Test
CHW Flow Metering Ba_lul) olsall (3345 dgaS (puled

Ultrasonic Water Flow Meter

10 DIAMETERS

Profile: Symmetrical Flow (M ’0(/5(5(565 )

To achieve readable flow you need
to measure away from
Elbow/Restrictor 10 Diameters
(min. 5 Dia)




Testing Equipment Required to Perform the Test
CHW Flow Metering 53 lal) olaall (3T Anas (yula2

Ultrasonic Water Flow Meter
Effective Sensing between both sensors.




Testing Equipment Required to Perform the Test
CHW Flow Metering 53 lal) olaall (3T Anas (yula2

Ultrasonic Water Flow Meter

Effective Sensing between both sensors.




Step-1 -5 shaa:
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|dentify the portion on a
chilled water pipeline |
which is straight and
‘away from bends and

joints

(Sl 10 I 5 oo ol an)

min. 5 to 10 Diameters



Step-2 -5 ghax:

Gl e 22 e o e ol Al L o8
Remove Insulation on Selected
Portion of the CHW Pipe.




Step-3 - sha:
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Measure the Out-Diameter of the CHW pipe to find out

the effectlve diameter of the pie.

Formula to
Calculate the

Pipe’s Diameter:
Circumference
(Outer-Dia)
= Diameter x Phi

Effective-Dia=

Dia-(2x
Thickness)




Step-4 ) W CHW
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Flow Value

|
Insert the values & D|a pipe th|ckness CHW

Temperatures Values in the Meter and get the effective

distance required to place the Emitter/Receiver on the
CHW pipe
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Effective Sensing between both sensors.
i
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Surace lengeraloe ¢
Somor Inflow

LAtrasormes Transducer
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pressure [psil

38.44

Flow: [USgal/m]

' Measure the Water Flow Rate in:

Honeywell
Kombl 2+ DN; 50

.5 b3

Presettlng Medium

' MWWHWLl' Water
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Measure the Water Flowd "=
Rate in: GPM Or m3/hr [%
4 and compare with design. ’
241 flow, beside velocity and |
| pressure drop across thef
A cooling coil.




Testing Equipment Required to Perform the Test:
CHW Flow Metering |

Ultrasonic Water Flow Meter in Action

s
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Testing Equipment Required to Perform the Test:

Temperature Measuring
IR Temperature Pointer Prop Temperature Sensor




Step-6—c> A

Measure the surface
temperatures on
both inlet & outlet
CHW pipeli




Refrigeration Effect

Select Refrigerant
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The Main Sign for Refrigeration Performance are SH/SC:

Superheat & Subcooling

All Compressors Performance Readings
Testing Press. Temperatures |Refrigerant: R- CHW
Parameters LP HP Tin Tout | Superheat| Subcool| W.in | W.out
Chiller#1
Comp-1A
Comp-2A
Comp-3A
Comp-1B
Comp-2B
Comp-3B

Remark




How to Calculate TR $i_ill dsal caudiag (ius

Meter will a2l

calculate cla o (38
the temp. T ——— 5yl
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Calculate actual TR delivered by Chiller @ this
Measurement Moment.

'TR=(Q x Cp x (T1-T2)x 1000)/3024

3

B
og
B0
2o

xD

" Where:

Qis: Fill the CHW flow m3/h GPM elta_T
T1 as: Inlet CHW Temp.

T2: Outlet CHW Temp. tonS — e ———————
Cp is: The specific heat capacity of Water= 1 Q( )

Kcal/Kg.'C 2 4




Step-8 -5 sha:

Measure the 3-|L06

Phase power
of the Chiller’s |

compressor
utilizing the rms OL OL  OL
benefitsofthe oy oo oo oo

' . - ;v- '.’. \:"‘, $ |
Power 09/23/20 0 400U 50Hz30 WVE
Analyzer I REND  ““ggp -
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Testing Equipment Required to Perforn3 the Test:
Power Analyzer dalal) Haa

Simple Clamp Meter Full Power Analyzer
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Step-9 -5 shaa:
* Divide the measured
power consumption in

KW with the calculated
TR value.

* Then calculate the
specific power

consumption of the
chiller in KW/TR

 Compare this value with
the designed value and
estimate the deviation
percentage.

KW Electricity
COP= -

TR Refrigeration

KWoc Refrigeration
COP= -

KW Electricity



Step-10 -5 sha:
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Seasonal Variation & Part Load Performance

* Chillers operate less than 1% of e /1 e JB b Dl yaall Jaxi o
the time at their designed loading. L aaradl Jpeadll nie ¢

* Hence it becomes equally 8l i agall (e ran &5 (e g o
important to assess the Jlealy) can3 3 yuall elal sy
performance of a chiller under A 5l

part loads. el S e 058 ) s b o

* Sometimes it is evident that part- iy juall 5 jadl Jeeail) CleliS ()

load efficiencies of chillers will be anill CleliS (ya Jumdl ) o3
better than full-load efficiencies. '
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Seasonal Variation & Part Load Performance

Chiller's Performance Readings

Testing Status|] Capacity Running | Power Input | Comp. CHW Perfomance

Parameters WIN 125%150% |75% [ 100%| Amps | KW | Tin| Tout| T.in | T.out KWc/KW
Comp-1A
Comp-2A
Comp-3A
Comp-1B
Comp-2B
Comp-3B
Total for Chille r#




ASHRAE 90.1 - 2016 —Table 6.8.1C

Few Standard Values Provided
by ASHRAE

Type Kw/Tr at Full Load KW/Tr at IPLV

Water Cooled positive displacement < 75 Tr 0.7§ 0.6

Water Cooled positive displacement 75 Tr - 150 Tr 0.72 0.66
Water Cooled positive displacement 150 Tr - 300 Tr 0.66 0.54
Water Cooled positive displacement > 300Tr 0.62 0.52
Water Cooled Centrifugal <150 Tr 0.61 0.55
Water Cooled Centrifugal 150 Tr - 300Tr 0.62 0.55
Water Cooled Centrifugal 300Tr - 400 Tr 0.56 0.62
Water Cooled Centrifugal 400Tr - 600 Tr 0.56 0.5

Source: ASHRAE 90.1 2016 - table 6.8.1C
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Coefficient of Performance, COP  3¢lsSll Jalas

Cooling/Heating Capacity (W.h)
10 o —
Electrical Energy (W.h)

* The COP is a measure of the amount  (xbis 4 (COP) 3£l Jalza

of power output by a system Aol Ao 5 A8al) L) ))aadl

* (Cooling or heating capacity in Ll Gaaendll 5l il 4a)

1 5eS ALY A Y. o
Al 1] (Aol ol Sl

Watt-hour) compared to the amount of
e power input (Electrical Energy in
Watt-hour) to that system.




Energy Efficiency Ratio, EER  48Uall &Il 3.8 Jara

Cooling/Heating Capacity (BTU)
EER= e

Electrical Energy (W.h)

The EER is a measure of the amount zlil) 48Ul laid (ulie (EER).s8
of power output by a system(Cooling Caadll ) oy ) Ax) aldaill e
or Heating Capacity in BTU) Ay Al (Aplay p Ay 5l s Baa g
compared to the amount of power Ak S Adall) A AslL
input (Electrical Energy in (el &) L
Watt-hour).




Kilo-Watt per Ton, (kW/Ton) (s z &Y 4. 32U d8Ual) 4.S

Energy Consumption (KW)
KW/ TORN = e

Heat Removed (Ton)

The term kW/ton is defined as the ratio aibkw / tqn\ﬁ&*@‘ 8
of energy consumption in kW to the rate 5 ) 5 sbSIL AdUal) Bl A

of heat removal in tons at rated 5l adl Al ) Jaxs Q\LL
conditions. It is commonly used for large shy Boall il g yb

dalail Capa gl aladiny) Aol
dacluall g m)\;_d\ o) gell aus

5l

commercial and industrial air
conditioning systems




Annual Energy Consumption (s siall el oSl &lBisal

Annual Energy Consumption (KW.h)=

= Cap. (TR) x Qty x IPLV ( ) x Operation Hours

IPLV IPLV

Integrated Part Load Value is the term used to . .
assess the performance of a chiller at part load “)?j‘ d"“& 42

condition. CJL..AA\ s el

IPLV is derived considering weighted average of 4 PRI PRI
loading points (25%, 50%, 75% and 100%) — the g f"""q'd ¢

most appropriate reference. Jaadl) Al Lﬁ 3 yall
IPLV=0.01A+0.42B+0.45C+0.12D sl




Annual Energy Cost - (s sl 48Uhal) elBlgin) 48l

Annual Energy Cost (S)=

= Ann. Energy Consumption KWh x Energy Cost (S/KWh)

Simply annual adelina oy ¢ ddalouy
energy consumption s sind) A3Lal) elDgiu
in KWh multiplies in JS dals d il LIl
the cost of each KWh Aclu Gl S 3as
unit.




Return of Investment Ol e dilall

Annual Energy Consumption Saving ($)

Total Cost of New Efficient Units (S)

Payback period is the estimated e g iyl e dilall
amount of time it takes A8 iy oAl Haaall Cd )
consumers to recover the o)yl g ala iy o Sl
assumed higher purchase price )ng\ alax ol UAUM‘ G-UAJ‘
of more-efficient equipment oIS alads) A e 3o laS
through lower operating costs. szl




Case Study (et JUia
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General Project Data of Proposed New Chillers

Bank Murabaha (Interest Rate - i) 7%
Escalation Rate - e 2%
Electricity Rate 0.27
Operating Hours 3000
Useful Life 10
Country Jordan, Amman
Building Type Offices
Climate Zone 3B
Building Load Factor 0.64
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Actual Performance Readings of Existing Chillers

The Delta-T across the working
chiller is within acceptable level of
2’C/Compressor.

The Delta-T across the working
chiller is at low level of 3’C when
both Compressor are working.

CHW flowing through off Chiller loss
0.2-0.5’C because of Cooler
insulation condition.
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System Input Data of Chillers

Description

System Type

Model No.

New Sys.

Existing System

PSCA4-105

Original

Present

Total Capacity for each Chiller

85

35

Quantity

2

Total Cost of Chiller/s

Total Installation Cost

Total Contracting (Supply & Install)

System Performance/s

1.6

7.4

2.2

Maintenance Cost for (1) Year/s (Warranty)

Maintenance Cost for (2-5) Year/s

30

Maintenance Cost for (6-10) Year/s

35

Maintenance Cost for (11-20) Year/s

40

Total Maintenance Cost for 20 Years

122400

122400
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Systems Output Data (Annual Cost & Payback Period)

Description

System Type

Model No.

Petra

New Sys.

Existing APX90-2S

PSCA4-105

Original

Present

Annual Energy Consumption

KWh/Year

248064

336192

551616

JD/Year

66977

90772

148936

Total Maintenance Cost for 20 Years

JD @ 20 Yrs

45900

122400

122400

Annual Maintenance (AVG Per Year)
over 20 Years

JD/Year

2295

6120

6120

Annual Cost

JD/Year

69272

96892

155056

Annual Cost Saving

JD/Year

Baseline

27620

85784

%

Baseline

28.5%

55.3%

Payback Period

Years

Baseline

2.90

0.93

Months

Baseline

34.8

11.2
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System Output Data (Life Cycle Cost Present Value)

Description
System Type

New Sys.

Existing System

Model No.
Total Cost of 2-Chillers

PSC4-105
80,000

Original
0

Present
0

Total Energy Cost for 20 Years

1339546

1815437

2978726 |

Total Maintenance Costs

45900

122400

122400 |

Total Life Cycle Cost (Useful Life)

1385446

1937837

3101126 |

Total Savings (Useful Life)

Baseline

552391.2

1715681
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Ann. Energy Consumption Comparison for Chillers

Description

System Type New Sys. | Existing System

Model No. m PSC4-105 [APX90-25| Present
1.03 | 1.632

KWh/Year| 248064 | 336192 | 551616
Annual Energy Consumption 90772 | 143936

System Performance




LA KWh / year) ) ¢ siud) 28Ul digiu
Ann. Energy Consumption (KWh/Year) for Chillers

Kwh/Year

P5C4-105 APX90-25
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Annual Energy Cost per Year for Chillers

ANNUAL ENERGY CONSUMPTION JD/YEAR

148936
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Life Cycle Cost Summary for Chillers

Description
System Type

Model No.
Total Cost of 2-Chillers

Petra

New Sys.

Existing System

PSC4-105
80,000

Orignal
0

Present
0

Total Energy Cost for 20 Years

1339546

1815437

2978726

Total Maintenance Costs

45900

122400

122400

Total Life Cycle Cost (Useful Life)

1385446

1937837

3101126

Total Savings (Useful Life)

Baseline

552391.2

1715681




20 Years - Life Cycle Cost

PSC4-105 Original Present

W Total Cost of 2-Chillers W Total Energy Cost for 20 Years

m Total Maintenance Costs m Total Life Cycle Cost (Useful Life)




ROI: RETURN OF INVESTMENT

Payback Period Years Baseline m Payback Penod Months Baseline

34.8 Months

11.2 Months

2




Final Conclusion &g dog
In less than 1.5 financial years the New Chillers will return it’s
cost over 20 years life cycle-4dle 40 15 JA& jLatinay) ol yiul

New Chiller vs. Old vs. Actual - Life Cycle Cost

APX90-25

P5C4-105

0 500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000

W Total Cost of 2-Chillers 1D B Total Maintenance Cost for 20 Years 1D M Total Energy Cost for 20 Years 1D
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How monitoring Eq./System Saves Energy Remotely?




Finally, without Central Control: There is No System

wiladl (Sl S22l doglaie] dlsall SLiKLYI dlnal 3loaz]l
The Capabilities ] .
Of effective Building Management System Effective Services

Top (Level 3)
Comfort, ES
& Productivity.

Performance

— Middle (Level 2)

Monitor, Control
and Field Services

_ Base (Level 1) 1 Collect DATA & Verity Info

Data: Power, CH
W. and Air

Monitor All Facilities & Performance

Facilities Monitored & Controlled by BMS-ds glaiall oS3 didlyo Siloas



Water Cooled Chiller-slsally 3 jual) Hludd)

Remotely Monitored Parameters:

Py (8 A pall @ piiall

* Status: Run Hours.

* Loading/Unloading of Capacity
* Input Power.

 CHW Dynamic/Static Pressure.
* CHW Temp. & Delta-T.

* Cond. W. Temp. & Delta-T.
 Compressor Lifting Power.

* Running Efficiency (KW/TR).

i) cle e sade i) A0S0 o
sliogslh lasa e

(S Saaliny 1y il olie (3825 @

B0l oball B ) ja il 3 (38
_2.'\5\..443\0\,3.4]\3)\)}&\4)&&)50
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Readings & Meanings:

—1 Cooling Tower

Performance

A
[ |

CHW Delta-T
]
7 Calculate TR

eyl g &l Al

Temp. Sensor —|
H. Press. Sensor —@

L. Press. Sensor —Q@
Flow Recorder —@)

EIectrica| P

Meter
SMART METER

H COP: Coeffiient of Performance




During Testing & Evaluation 9 &aaa e\mu emn 3 Jma\!\ & L)
with State of Art Instrument.




R == Sl

| Cond. Ain=27.6C jCod Acut=33.2°C

|Descharce temp = 45.2 °C QU\:L.\]‘
T Sample

|Subcol = 376D | Bp.v.n=227%C

Cap. Haat = 4215 3 &0y

COP Heat = 6,05
¥

Cod, off, 847 % ; Ly Of

[Como Posver = 625, 1k

e Reading

ISu:tontmo:?.l{

|Evaporation = 6.5 <C

[supertenr =0 2% @

AR SRR SRR

krewe. =53k | tvew acut=sox B Am=118%
| foproach Bvan = LKL

LSRR RN TR Y
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AWT / RH & RWT / RH.
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Cooling Tower

Hot Water Temperatur (ITH_‘?l

<
Remotely Monitored Parameters:

Condenser SWT & RWT.
Tower’s AWT/RH & RWT/RH.
Ambient Temp. & RH%.
Condenser/Tower Water Flow. l

Bleeding, make-up & chemicals. Warm Water Temperatﬁre (Out)

Calculate Cooling Tower Approach
_ v Wet Bulb Temperature
(as less as possible). (Ambient air )

Approach




Air Cooled Chiller-s) s¢b 2 jaa L

Pas Pa Po ,Pao
a a a Q
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Remotely Monitored Parameters: sz e A8) jall @) puiiall

Status: Run Hours. Aol cleba sapbiedal) Al
Loading/Unloading of Capacity il A e o A1) [ Jaanil)

Input Power. LS Hlass
CHW Dynamic/Static Pressure. oS/ Saalinn 1y il slaa (3835
CHW Temp. & Delta-T. B L) sleall 3yl ya il ja (3 8
SH/SC-Superheat & SubCooling. A el L) § aesadl Gl
Compressor Lifting Power. Sl 28 ,l) 48LL
Running Efficiency (KW/TR). (/) LS) W) 5o




Air Cooled Chiller with 2- :
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Readings & Meanings:
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|l SH: Superheat &
ézifk SC: Sub-Cooling
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Pump’s Control & Driver-dc jull alaia g 4504l

Maintaining CHW Flow @
Right Location

[ Ensure Pumping
Performance

Signal to Modulate CHW
Pump’s Speed to ensure the
right flow.

- —@H. Press. Sensor
. —Q L. Press. Sensor

| :Q Flow Transducer
| :. Diff. Pressure Sensor Avoid Mech. Break-down
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We Offer Yyou the Following:

Real-time process monitc

Real-time Process data
collection , Historical, timed.

Real-time process stati

Schematics visualizatio
analysis.

Reports Generation.
Engg. Recommendations
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Benefits for Technical People Benefits for Business Owners

Manage the Equipment/Systems more Increase the profitability of your
easily. business due to increase of efficiency
Response faster with better ability. & optimizations.

Instant notification of incidents. Reduce required people to operate.
Shift from Reactive to Proactive. Live overview of Equipment &
Reduce failures & break-down time. Systemes.

Reduce maintenance cost. Calculated KPI for future expansions
and/or renovations.
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Important Note:




Replacing
Engine
only
doesn’t
mean that

it'll turn to

race car,
smeller

when you
replace

chiller only




Must
consider
Pumps &
Pumping

beside

Water

Chemicals &

differentiate
between §
Static &
Dynamic




. BUt 4AT S. toensure Efficiency, Performance & Comfort
B e S I d e Water Chiller |

managing T
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For Support Kmdly contact: Eng. Juma Saleh
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TAB Instruments (HVAC & IAQ Testing, Adjusting & Balancing)

Description of Tools & Instruments No Description of Tools & Instruments
Airflow Meter/Micro Manometer . . Gas Meter & Analyzer
. HC, CH4, CFC, HFC, CO, CO2, SO, N2 & 02
Brand |Fluke - 922 Brand KANE 450
Infrared Thermal Imager — Pt Lux Meter

Brand |Fluke - TiS65 | Brand Amprobe
Infrared Thermometer Water Flow Meter

Brand |Fluke - 62 max Brand Herz

3-Phase Power Quality & Energy Analyzer 7 A 7 Air Flow Meter Hood

: pce-instruments-multifunction-airflow-meter-flow-
Brand |Fluke - 435 — Brand EXTECH- AN300
3-Phase Electrical Energy Loggers L N Hygrometer

Brand |Fluke - 1738 e Brand EXTECH — RH-520

Air Meter Vibration Meter

‘ Vibration Meter & Datalogger Instrument
Brand |Fluke - 975 ‘ Brand  |EXTECH —SDL80O

Remote Display Muntimeter Tachometer

CO m pa ny & / e : Laser & Contact Tachometer to measure RPM

Brand |Fluke - 233 — Brand

E n g g Te am True-RMS AC/DC Clamp Meters | IAQ Mieter
| : ~ B PM: 10, 2.5 & 1 Micron, CO2, HCHO & VOC
Qualifications Brand |[Fluke - 375




B ¥ () ) oY) (e dailll) ao jldiall Jaamitl/Basand) Aadlll) cile g pdiall pudigl) acal) adki cas

nergy Audit &
MNGT

HVAC
Solutions
IAQ &
Filtration

Remote
Monitoring

Industrial
Automation

3d Part Consult
& Judge

Tech. Training
(Customized)
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We offering our Engineering Support for New and/or
Modification of Existing Projects from Jordan to Middle east.
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