


Intro and Due Credit

Low delta T (high chilled water flow per ton) is a very
big district cooling problem

Most typical problems are related to building
comfort, available capacity, and energy consumption

FVB Energy was engaged after initial construction to
help broadly resolve outstanding problems

Sheikh Surror Projects Department (SSPD) agreed to
allow this presentation to share knowledge with the
industry about the challenges addressed during
design, construction, and commissioning.




Background and Issues

Etihad Towers is a high profile development in
Abu Dhabi that contracted for chilled water
service from Tabreed in 2010

. Dméid: by the privafe office of H.H. Sheikh Suroor Bin
o WA\R\F14\VETy

* 530,000 square meters mixed use development
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orld class residential, retail, hotel, office, restaurants

e 12,500 ton Tabreed Baynoona plant chilled water customer



High profile development comes with
demanding expectations for comfort and
humidity control

* Before project completion there were various issues
to resolve related to chilled water distribution in the
building integrated with service from Tabreed

— Occasional occupant, guest, and staff comfort complaints
— Hot zones, maisture, spaces to hot and humid to rent
— Areas with negative pressurization and air infiltration
— Warped doors, delaminated wallpaper, curling papers



Rising building supply temperature reduces coil

capacity, lowers delta T and increases the flow
rate per ton cooling at terminal loads
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Low district return temperature can adversely
affect the available plant capacity or chilled
water service to other.customers

 Low delta T (high flow per ton) can create available
capacity and energy issues for the district energy utility

— Low delta T requires moréxchillers to run at part load,
overflow or running chillers, or blending of return water

with supply

— Low delta T can limit available plant and distribution
capacity'and adversely affect the utilities ability to serve all
customers.

— Low delta T can create excessive differential pressure for
customers near the district cooling plant



Chiller plants require high return temperature to
minimize running equipment, maximize efficiency,
and maintain available capacity

With low delta T (high flow per ton) a chilled-water
plant must process the extra flow. There are only
three choices, each with its.own limits and issues:

1) OQverflow running chillers

2) Turn on additional chillers to maintainchilled water
supply temperature

3) Blend return with supply through bypass or non-
operating chillers



This means that the customer and district cooling
utility must work together to achieve expected
performance at the building interface

Tabreed equipment Customer equipment
Tabreed pumps or valves for CHWS control VFD pumps
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"  wmC : Tabreed responsibility

| ' L > " .
, . - (point of delivery)

= ki iu-o_;;ua.:——:—-

CHWR 14.25+/-1.5°C
Etihad Towers responsibility
(point of return)

row
Return meter

Etihad Towers 12,500 tons capacity with 10 HEX’s plus
space provisions and option for an additional 2,500 tons
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Hold Building Contractors Accountable

- Contractor pays cost of changes necessary to fix chilled
water hydronic system/design and installation issues to
achieve higher return water temperature (at point of
return)

- Incomplete valve installations

- Butterfly valves at heat exchanger pressure breaks
- Sensors for pump control in the ETS room

- Flushing bypasses at air handlers and HEXs

- Two large bypasses in main header

- No control of domestic chilled water

- Inadequate pump control strategy

- Entrainedair



Work with the District Cooling Utility to Address
Service Issues

- Utility works to provide chilled water supply
temperature (at point of delivery) and to support
customer in their efforts to achieve high return
temperature

- Silt and debris in ETS heat exchangers at end of line

- Single large strainer installed for 12,500 ton customer

- Deviation.in supply water temperature from HEX to HEX

- Plant pump control not producing adequate customer chilled
water supply temperature

- Communication
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Automatic Pump Control with Minimum Signal Select
(minimum‘differential pressure at remote location)

Heat Exchanger & SCHWP System ideiad ol

0548 PM

Tabreed VFD FeedBack .
Flow Rate 818 % To Tower-1 Low Riser T1 Low Rise DPT

- 7849 Us — From Tower-1 Low Riser 41.4 kPa
# pB1-11

To Tower-1 High Riser
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T1 High Rise DPT

From Tower-1 High Riser 33.8kPa

VFD FeedBack
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To Tower-3 Low Riser S T3 Low Rise DPT
From Tower-3 Low Riser | 127.3kPa

To Tower-3 High Riser T3 High Rise DPT
rom Tower-3 High Riser 83.5kPa
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Main Header VFD FeedBack
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Experiment with “Slowing Down the Pumps”
(temporary manual control to try to raise return temperature)
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Wednesday, April 16, 2014
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Heat Exchanger & SCHWP System

VFD FeedBack

—

° P-B1-11

Tabreed
Flow Rate

Total Tabreed

Load To Tower-1 Low Riser = T1 Low Rise DPT les

From Tower-1 Low Riser | 31.2kPa
To Tower-1 High Riser _ T1 High Rise DPT ool toad

From Tower-1 Hih Riser, | 16.9 kPa 438.0tons
To Tower-2 Low Riser . T2 Low Rise DPT  Total Load
From Tower-2 Low Riser . | 509 kPa 203.7 tons

To Tower-2 High Riser

_,. T2High Rise DPT ot Toad

foh Reat
l From Tower-2 Hih Riser 16.9 kPa 602.5tons
- To Tower-3 Low Riser . T3 Low Rise DPT Total Load

’ From Tower-3 Low Riser | 0.0kPa 334.5tons
To Tower-3 High Riser _» T3 High Rise DPT 11l oad

From Tower-3 High Riser;_ 29.6 kPa 334.8 tons
To Tower<4 Low Riser

VFD FeedBack

S
Min Select DPT

DPT Setpoint

0.5 kPa

(600 kPa |

VFD FeedBack

MH Supply
Temp
6.2deg C

Main Header
Flow Rate

625.0 Lis

Total Building
Load

4,372.9 tons

DPT-ETS-Plant
Room

VFD FeedBack

° P-B1-14

e — T4 Low Rise DPT  Total Load

From Tower4 Low Riser | 17.1 kPa 194.8 tons

igh Riser _ _, T4 High Rise DPT .0\ o

From Tower-4 High Riser _ 140.8 kPa 231.1 tons
~
To Tower-5 Low Riser

iy P-B1-15 To Tower-4

VFD FeedBack

83.5 %

" p.B1-16

— T5Low Rise DPT  1otal Load

From Tower-5 Low Riser | 65.0 kPa 107.6 tons

To Tower-5 High Riser . T5 High Rise DPT

From Tower-5 Hih Riser . | 05kPa
To Podium VYest i Podium West DPT Total Load
From Podium West . L 172kPa 460.8 tons

To Podium East

VFD FeedBack I Load

759 kPa 83.2 %

_—
MH Return — ¥ pe117

Temp
SCHWP Trend | BTU Meters
%9 C | SCHWP Trend | BTU Meters |

- Podium East DPT Total Load

From Podium East

Basement Main ETIHAD TOWERS



Performance Before Bypass Removal
(high supply temperature and flow, low delta T)

SCHWP System & BTU Meter e

VFD FeedBack

— %€ PB4
VFD FeedBack

# pB11.2
VFD FeedBack

‘ P-B113

VFD FeedBack

97.3 %
— ¥ rBi4
VFD FeedBack

. TEN

VFD FeedBack

5 pBi1-1.6
VFD FeedBack
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Total Calculated
Flow Rate

1,142.7 Us

Design Flow
Rate

MH Supply
Temp Avg

8.1deg C

Main Header 8

Flow Rate

DPT-ETS-Plant
Room

173.4 kPa

MH Return
Temp Avg
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To Tower-2 High Riser
From Tower-2 High Riser
] To Tower-3 ow Riser
From Tower-3 Low Riser
To Tower-3 High Riser
From Tower-3 High Riser
To Tower-4 ow Riser
From Tower-4 Low Riser
To Tower-4 High Riser
From Tower-4 Hih Riser
To Tower-5 Low Riser
From Tower-5 Low Riser
To Tower-5 High Riser
I From Tower-5 Hih Riser
To Podium West
From Podium West

To Podium East

From Podium East

. BTU Ret Temp.

. BTU Ret Temp.

. BTU Ret Temp.

. BTU Ret Temp.

. BTU Ret Temp.

. BTU Ret Temp.

BTU Flow

BTU Flow

BTU Flow

BTU Flow

BTU Flow

BTU Flow




Performance After Bypass Removal and Additional Changes
(lower supply temperature and flow, higher delta T)

SCHWP System & BTU Meter Wodnosday. Apri 16,2014 SIS

WERARE'E  Controls

To Tower-1,Low Riser

VFD FeedBack e ——— - . BTU Ret Temp. BTU Flow Total Load

From Tower-1 Low Riser _ : 557 L/s 362.8 tons
To Tower-1 High Riser

°  P-B1-1.1 Total Calculated = 3 ) BTU Flow Total Load

From Tower-1 High Riser % 56.4 L/s 413.0tons
To Tower-2 Low Riser

_ 584.8 L/s — ’ ) Total Load

- From Tower-2 Low Riser
¥ p-B1-1.2 ~ | 6. 199.5 tons

Design Flow
Rate 0 Tower-2 High Riser
VFD FeedBack

-
L = Total Load
MBS From Tower- o 1103 L/s |—{ 632.7 tons
To Tower-3 ik

*  P-B1-1.3 MH Supply — 3 3 Total Load

Temp From Tower-3 Low Riser . [ 6. 374 .3 tons
i To Tower-3 High Riser

2 High Riser
ow Riser

: . _BTUFlow _Total Load
e From Tower-3 High Riser 4
* p.B1-1.4|| Main Header © <
g Flow Rate To Tower-4 Low Riser St
—_— up Temp. N Total Load
VFDg:e;iBack From Tower-4 Low Riser 2 202.2 tons
_ (]
To Tower-4 High Riser
« P-B1-15 ‘ R Total Load

221.6 tons
83.5% : 5 Total Load

VFD FeedBack

101.7 tons
¥ p.B1 DPT-ETS-Plant

Room < Total Load

76.5 kPa 35.8L/s _
VFD FeedBack [ 35.8L/s |—{ 303.6 tons

Total Load

=— MH Return 4 j
® pBi7 Farmt -
12.1degC

‘ —[(58.7Lis }—{ 8111 tons




Pressure Break'Heat Exchangers in Each Tower
(valves control supply water temperature above HEX)

Main Heat Exchanger & SCHWP System R - on /)

[CRAZTE  Controls

PCHWS Temp CHW HEX-

From MH 7.2degC ) T4-20.1 SCHWS Temp
Room = 7.9degC

=

SCHWP Command

B

PCI!WR Temp PICV1 Cmd
106degC
PICV1 Ovr Cmd
To MH Room 0.0 %
[[oo% ] WS
Header Temp

74degC

PICV1FB

To AHU / FCU

¥ scHwp.T4-20-2

Virtual bypass if

SCHWP Command

supply temperature = DPT-T4-47
rises CHW HEX- ¥ scHwp-T4-20.3

SCHWS Temp

Level 47
8.1degC

T4-20.2

PICV2 Cmd PICV2 OvrCmd PICV2FB

. "‘E“ ‘i M eters

Pump HOA Pump HOA Pump HOA

| Adte | — —
Pump Trip Status Pump Trip Status Pump Trip Status (IR | system Enable o
| VFD Command  [CRE; VFD Command [ VFD Command M Pressure Setpoint | 80.0 kPa
VFD Feedback || VFD Feedback 81.5% PICV Setpoint 82degC

| VFD Feedback




Domestic Chilled Water
(valve controls supply water temperature)

Priln Temp

Sec Out Temp
20.3deg C

PICV
~ - =

Pri Out Temp PICV Cmd )

194 d G 26.6 % S8c I Temp
2.ce0 = 24.9deg C
PICVY Ovr Cmd

0.0 %

PICV FB
25.8 %

PICV Setpoint EERCSE |




Fresh Air Handler designed with Preheat and Reheat
(valve controls supply air temperature)

FA H U 'O/A'P4'07 Johnsan /})J

Controls

Fire Alarm Humidity a concern
if the runaround loop
pump trips off

Round Around
Fresh Air ExkpITHE

Round Around
S

Fresh Air Pre Filter = ] Supply Fan Supply Air
Temperalure Status i Status Temperature

. e Z >

CHWR
Temperature

15.7degC

Fan Command
Fan HOA i
Fan Trip Status # Schedule Command ™|

VFD Command 90.0 % Fail Reset

VFD Feedback 88.2% Supply Temp Setpoint AN Ee




Heat Wheel Used to Pre-Cool Fresh Air
(fans control static pressure in supply duct)

FAHU-O/A-T5-L55-01 senson

HRW Off Coil  Exhaust Fan : ‘ HRW Return Filter = —1| HRW On Coil
Temperature Status i Status HRW Command Temperature

Fire Alarm -
HRW Trip Status 24.1deg C
= 7
< RA

HRW Pre Filter HRW
Status Status

Round Around
Ruenp Trig Supply Air

Fresh Air Round Around 61.9 %

A s Pump Status
Eresh Air Humidity/Temp Pre Filter On Coil Air r — Supply Fan Supply Air
60.1 % Status Temperature [t 2 Status Temperature

Damper Command
28.6deg C = | 19.2 deg C
— N, — —
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|
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CHW Valve Supply Air
Output Static Pressure

gp [ 1000% 1334 Pa

Fresh Air
per Status Temperature

T 88degC |F

CHWR
Temperature

Fan Command ] )| Fan Commandt | Or I : -

Fan HOA Sl | Fan HOA | ] Schedule Command ™|
Fan Trip Status | M| Fan Trip Status “ Fail Reset “
VFD Command M| vFD Command ' Supply Temp Setpoint v

VFD Feedback VFD Feedback 81.9% Pressure Setpoint 250.0 Pa




Air Handler Used to Control Space Temperature
(valves control space temperature)

Main

Fan Command
Fan HOA
Fan Trip Status

mbiadl ||

Normal

AHU-T1-L26-05

Pre Filter Supply Fan
Status Status

Temperature

CHWR

Return Air
Temperature

Supply Air
Temperature

Schedule Command

Fail Reset

Johnsan }))J{

Controls




Change Implemented (Customer)

e Complete valve installations

* Maintenance - clean HEXs, bleed air, fill CHW

 Revise building pump control (to remote DP)

* R ‘bypasses in.main header (that increase supply)

. Rﬁ: flushing bypasses (that decrease return)

* Install,PICVs on pressure break heat exchangers |
tic chille |
acilitate communication with utility

 Train staff



Removed Bypasses in Header
(that increase supply temperature)




Removed Flushing Bypasses
(that decrease return temperature)

BINDER TEST POINT

FLEXIBLE COMMNECTION

2—WAY CONTROL WALVE
{MODULATING)

BIMDER TEST POINT

2815 ALUTOMATIC AR WENT
DYHAMIC BALAMCING WALVE

BUTTERFLY VALVE /
GATE VALVE

A —{B==—— CHILLED WATER RETURN
|| EYPASS VALVE
i FOR FLUSHING

CHILLEDD WATER SUPPLY

GATE VALVE S
BUTTERFLY WALVE
—a| RANER
(SCREWED TYPE UPTO @50mm.
FLANGE TYPE ABOVE #85mm.)

CONDEMNSATE DRAIN TO MEAREST DRAIN POINT

TYPICAL COIL COMMECTIOM DETAIL FOR AHU

NOT TO SCALE




Installed Pressure Independent Control on Pressure
Break and Domestic Chilled Water Heat Exchangers




Changes Implemented (District Cooling Utility)

* Backflushed energy transfer station heat exchangers
— To reduce HEX to HEX supply temperature variations

 Changed flow control to produce customer side CHWST
— To lower supply temperature

ress customer contract requirements
LT

help'with troubleshooting of building issues

* Added.instrumentation to.enable better operational view .
— To facilitate customegr-and utilitys\communieation | NP
! Tl
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0 plan

— To enable more chilled water to flow to the Etihad Towers
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