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Eliminating the High Cost of Over Pumping

* Flow Study and Pumping Cost Analysis

« System Design and Sizing (Valve-Coils-Chillers)
* Pressure Independent Valves/Dynamic Balancing
« Delta T Management, Correcting Low Delta T

« Case Studies

- Data Analysis, Optimization and Functionality

- Calculate Savings

- Heating Applications

« Systems Running as Designed




Independent Energy Modeling Study
Chilled Water System, Average Delta T =6
Peak Load 26,000 Tons

MIT Load Duration Curve with CHW AT
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Independent Study

Savings by Eliminating Low Delta T

Increase DT from 6 to 12 degrees (12 = Design)

Recommend implementing chilled water delta T improvement
projects across the campus.

Component Annual Energy Annual Cost Savings
Savings

Chiller Steam
Chiller Electric
CHW Pump Electric

CW Pump Electric
CT Fan Electric
TOTAL SAVINGS

10,887 Mlbs
2,576,000 kWh
2,334,000 kWh

2,417,000 KWh
740,000 kWh

$181,000.00

$412,000.00

$373,000.00 % 25% of }
Total

$387,000.00

$118,000.00

$1,471,000.00




Pressure Independent & Delta T Manager

Pump Savings in Large Tech Company in NC

Delta T (degF)
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gcgi\?;g Egtégyu\r/ﬁlle\{tb(;r‘ R M BB At 50% load and 6 degrees DT flow =
9 il 1000 GPM

Project | 33 Tumer Road, Danbury, CT
‘Sample Site Version 1.0/ 2 Chillers / Simple static pressure pump control - -
Cimate Region North East Increasing DT to 12 degrees (design)
flow reduces to 500 GPM
. Electricity Cost (Average) 0.10 $/kWh '
~ Chilled Water Plant Load (Design Cooling Load) 500 tons |
 Number Of Chillers 2 Ll pes.
 Operating Hours / Day 24 hours |
~ Operating Days / Week 7 days |
. Chiller Efficiency (IPLV) 1 kWiton |
R o ‘o W [ Chilled Water Distribution Flow at Delta T [F]: 6
- Pump, VId, Motor Efficiency (Average) 60 % | Load [%] Time [%]®» Time [h] Flow [GPM] Head [ft]
- Design Delta T 12 'F .
 Actual Defta T (Prior Energy Valve Installation) 6 o 100 : Tl s =
Future Delta T (Energy Valve Delta T Manager Setting) 12 °F 15 1314 loos 139
i 'ANNUAL ENERGY COSTS . LT 1000 120
ning h otal Cost Ener Wh 85
232767 2,327,666
7 Chilled Water Distribution Flow at Delta T [F]: 12
Load [%] Time [%]& Time [h] Flow [GPM] Head [ft]
100 6 526 1000 120
15 1314 A 104
~ Incremental Investment for Energy Valves 50,000 s ' =l 00 ' -2
. Discount Rate 10 i | 23 44 3854 250 60
- Annual Inflation Rate on Energy Costs 3 % '

FINANCIAL ANALYSIS RESULTS

 Investment Horizon
- Accounting Rate of Return
 Net Present Value (NPV)

~ Annual Carbon Dioxide Avoided | 458586 pounds
- Annual Carbon Dioxide Avoided 207 | metric tons
. Equivalent to Number of Houses® Annual Electricity Use ! 28 1 homes

SCLAIMER

Copynght by BELIMO Arcongrols (USA), Inc | Danbary, CT, 2014 This is an estimating ool Hosults are dependent on (he accuracy of input
vishues 0 spocilic plant delds. For mors accurste reouts, odamonal plant date and comphe modelng somaale is necossary in ocder 1o beter
Oiiy2n 00 aXISING PInt we e reconmmending 0 install 3 Enorgy Vislves ot Stintegc DCations i ondes 1o oblkn oot imeasured detn




Control Valve Sizing

Pressure Dependent Flow o = GPM
Coefficient-Valve Sizing (CV) \/E

- 1 Cv =1gallon of 60 DegF water passing through a
fully open control valve with a pressure drop of 1 psi.

- Sizing is typically done using a PD of 3-5 PSI

- Manual balancing can not maintain a constant PD and
causes overflow and low delta T.

when the pressure drop increases the flow increases




Balancing Valve Sizing & Selecting

Balancing valves are sized based on GPM. Sizing is
generally done using the “nominal flow” (not max or min
flow)

Setting is done by rotating a handle and adjusting the CV
to achieve a specific pressure drop.

Balancing Valves are set for one pressure drop and are
effected by pressure changes.

_ _ |




Manual Balancing Valves
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Why Systems Over Flow?
Valve Authority

Pressure Differential Sensor

10psi JJUUUU‘ S plg / A=4/10=0.40

Ap = 4 psi Ap =4 psi Ap =2psi
gpm =0 to 100

Ap = 4 psi Ap =4 psi Ap =12 psi
gpm =0to 100

30 psi |° % »Q—

Ap =4 psi Ap =22 psi

A=4/20=0.20

N

Ap = 4 psi
gpm =0to 100

woes | FTIT—>—ple-

Ap =4 psi Ap =4psi Ap =32 psi
gpm =0 to 100

@ VFD-Pump Overfillow ; ,
Bypass Line

A=4/30=0.13

Flow/Heat output %
N—

NN

A=4/40=0.10

Signal
Accumulative Waste
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Typical Chilled Water Design

Flow and delta T are inversely proportional; for a given load,
when delta T drops flow has to increases.

Tonsx 24
AT

2000 GPM = Lons x 24 2000GPM _
12°AT 5
2000 GPM = Tons x 2 Tons =1000

GPM =




Cost of Overflow at the Plant

Plant Efficiency
* Chillers

* Plant is more efficient at
Design AT than at low AT

 Low DT (high flows) can
cause Improper staging

CPM = Tons X 24
AT
500 x 24
GPM = = 1,000
12
B 500 x 24

GPM = 3 = 1,500

500 Tons

500 Tons

12




Chilled and Hot Water Coil Design

CHW Coll= GPM, EWT=44, LWT=60,
DT=16
HW Coil = GPM, EWT=140, LWT=120,
DT=20
CHW DT= 8 will increase pumping X 2,
Increase cost X 8.

FAN SECTIONS HOT WATER COIL CHILLED WATER COIL

UNIT VENTILATICN EXT. |WHEEL [FAN|mAX ELECTRICAL cAP |AIR DATA| WATER DATA | VEL| AIR [WATER] ROWS | CAP AIR DATA | WATER DATA | VEL [ AR [WATER| ROWS
NO | LOCATION SERVES DES. | MIN. CFM Se IYPE |RPM|BHP| HP VOLTS P RPM MEH [EATTLAT JEWT[LWT [GPMIFPM]| PD FD FINS MBH EAT LAT 1EWT|[LWT |GPMIFPM | #D PD FINS

NuU-1 BEMT ¥EST MR VESTLEVEL AR Y | 70C0 1247 K713 m" PLENM e | 87| (B 420 3 w0 ﬁﬁ:—-—q—‘—"—_" BILA/4602| 76.0/62.9F | sen/20F| &4 [ 7 12 |osn® JAY |B/MarEY

R S ~— |
-2 HoMT ¥EST MER CLASSROOH A7 84 m 2.%0 .38 PLENM | Nasy | 207 S {80 3 "9 &34 %0 | %0 1w 20 10 80 | ane” 027 VIS FiF 063106 | T6.5/63.0F | 50.0/49.5F “ &0 no 480 [1005° 66T | 8/MIFFF
U3 HEMT ¥EST MR FOMM 2402 %8 4825 20° PLENM | 2350 | 70 75 480 h s ms 300 | 750 "W 20 ne 8 oo oy N2 FF RIAB/WIH T2 /605 [S00/45F| &4 &0 n7 a7 pae 458 | @O FFF
WA | BHTIESTNER | SCUTH ATRIN 6san | sta | amso | 200 | mews | s | nas | (2)7s 480 3 o | 2002 |0 |50 | wo | wo | 201 w8 aost| v | e e horosmsdmamecslansese] e | so | s27| e beer | nas [apserr
N5 HEMT EAST MR EAST o »é 6,515 ., PLENM %1 | 788 -] 480 3 750 ST 24085 4527 54 5/53 37 60 01 497 psed” 225" |8/903 FPF
MU0 | BSMTEASTNER | CLASSROCH ATY 7| wal| 250 125" | meww | zaw | 298 s 150 3 %00 690 [500 |50 | no | 20 | em| o7 lost| ose |vrzare | osae0|rnama|seosese oo | nar | 477 hasy | war [speeer
WO-7 | PeNTeOIST oaDaEs (w00 | eaat | 2283 | 2o | miwes |20 [sas | @ 480 3 7 | 597 |e0 [ss0 [ wo [ w0 | me|sus fomor| v [yuare | 284 s pmer|sos s 60 japesd epae | 1t | 2088 posmerer
-8 PENTHROUSE VESTLEVEL 2 &3 | 5,30 A 81 BES 2:° PLENM wes (2587 | (A @0 h w5 P229/4759 M/G o | S48 /8080 “ o0 ©82 5% pesr e | amhrer
WG | PENTHOUSE oaieneews | acco | 312 | waca | 2000 | mews | 253 [ mae | (e @0 3 2o | e [se.:q %0 ] I [ 120 [ z:.o]su.o lo.m'l 7s [vm e | 7S04 |mmanaeesoasonr| e | oo | sas | s pesst | a3z |epeesr
ANU-1D | PENTMOUSE NU-5s an 87 1Ear 7.687 2| PLENM | 2308 |83 (2)s 280 3 w
e e — =
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Low Delta T at the Coll
Delta T Decreases, Flow Increases
No Additional Heat Transferee

= BTUH

Power
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Flow = GPM

AT

|

Operating in the Waste Zone
1. Pumping more Water
2. Reduced Delta T
3. No additional BTUs

Power output: ~ Q(Btu/h) =500x GPM x AT
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Design, Not the Solution

Deny or Choke Valve, will not allow a coil to run
as designed. This application will negate proper de-
humidification and comfort.

| | D/P

B -

48

degree

@ ok AN |
degree - - ?
‘ ‘ . Recirculate until water temp. is |

at set point




Causes of Low Delta T

- Oversized chillers, pumps, coils, control valves and piping

- Controlling the chilled water valve using only the air sensor is
insufficient

- Manual balancing only addresses one flow condition
- Systems rarely run at full load causing overflow at part load
- Hydronic systems are changed but not rebalanced

16



Correcting Low Delta T
Delta T Management
.5” thru 6”— .5 thru 713 GPM

17



Terminal Unit Pressure Independent Valve

i — & |y @
_\ '

I
Qcv Regulato  Fully Extended
r

2-Way PIQCV (Pressure Independent) Mechanical operation
2" and 34” NPT, Fail Last or Fail Safe

Up to 9 GPM

100 PSI Close Off

18



Electronic Pressure Independent Valve
Flow Meter Balancing
1/2”’- 6", 1.65 thru 713 GPM

Flow Sensor

Actuator

19



Pressure Independent
Delta T Control + Flow/Btu Meter 1. Actuator
2. Flow Sensor (x2% tolerance)

@ 3. CCV Valve
4. Temperature Sensor (remote)




Library Case Study

Case Study Issues

« Colil Delta T reported as 6
Degree F

« Over pumping

 Low Delta T Syndrome at
Chiller Plant

21



Case Study

AHU-6, CHW Delta T with Belimo SL System Globe Valve test
Delta T control deactivated.

DT(F), AHU6 8/18-8/29/2010

1

) e —
1 1661 3321 4981 6641 8301 9961 11621 13281 14941 16601 18261 19921 21581 23241 24901 26561 28221 29881 31541

Time in 30 sec increments

22



Case Study

AHU-6, CHW Delta T with Delta T control active Globe Valve test.

AHU-6, DT(F), 7/3 thru 7/14/2010

0 5000 10000 15000 20000 25000 30000 35000

Time, in 30secincrements

23



Case Study Setup

- 5 Energy Valves
« 1 Tandem PICCV with Delta T Manager

- Chilled Water is designed to run through a coil at a designed
temperature drop to supply air conditioned cooling air and to
de-humidify. i.e. Water delta T=12 degrees F.

Datzgg?k_lnternet
>

Ethernet

24



Case Study
Library Whole Building Results

2011 vs. 2010 Flow
« 8/9-10/9 2010 6.15FDT
« 8/9-10/9 2011 12.14F DT
« From whole building meters, Metering data Pl archive
 Tonsx24/GPM= Weighted Average'Delg T

25



NJ Pharmaceutical AHU 1, July 13, 2016

Standby Position Control
DeltaT Manager Active
Active

Flow Control Power Control
DeltaT Manager Active DeltaT Manager Active Status

Pirutes Above or Below 200 1240
Percent Above or Below 142 8673

POWER AND CONTROL

aCtiVé_jr T - 240
dT Manager / \/ \
inactive | - 200
= 80 - - 160 _
&
o 80 - - 120 =
= =
[=] o
=] e
2 40 - - 80
20 - - 40
0 T T T T T 0
8:40 PM 12:40 AM 4:40 AM 8:40 AM 12:40 PM 4:40 PM 8:40 PM
7M2/16 7113116 7M3/16 7M3/16 7M3/16 713116 7113116

— Setpoint DDC Flow Projected Flow

Projected Flow [GPM]

26



The DeltaT Manager has been set to ON for 1440 minutes out of the 1 Day of captured data.

The DeltaT Manager status is:

Position Control: Q ] 0%
Flow Control: ae0 480 33%
Power Control: Q 0 0%

The Active % by Control Modes indicates the amount of time the DeltaT Manager has taken control over the DDC signal to prevent over
flow and low coil DeltaT.

Flow Control Power Control
DeltaT Manager Active Status § DeltaT Manager Active Status

Position Control

DeltaT Manager Active Status

The projected flow rate thru the valve if the DeltaT Manager was not enabled would be 15244 GPM which would have produced
73.170.04 GPM of water compared to the Actual amount of 35,248 80 GPM which is a savings of 52% or 37,921 .24 GPM.

1 1 1 g



New Definitions

« Power Saturation Point

* Point beyond which coil cannot yield additional heat
transfer regardless of increased flow.

- Waste Zone
 Range beyond the “Power Saturation Point.”

28



Energy Valve Delta T Manager Operation

Delta-T Manager Activation —VIGPM

~—dT Abs [°F]
£0.00

— dT-Active

50.00 q I ~——V-Sp % wo dT (DDCSP)

\ A —\-Sp % with dT
40.00 .

J ] / ' DDC SIGNAL

GPM &AT

20.00

AT
SP 10.00

0.00 T ' T T T T T . s
8:07:12 9:36:00 10:04:48 10:33:36 11:02:24 13112 12:00:00 12:28:48 12:57:36 13:26:24

Time
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Chilled & Hot Water Coil design
Energy Valve/Delta T Manager
Coils function per design GPM and Delta T

L1

FAN SECTIONS HOT WATER COIL CHILLED WATER COIL

UNIT VENTILATICN EXT. |WHEEL |FAN |MAX ELECTRICAL CAP |AIR DATA| WATER DATA | VEL | AIR | WATER| ROWS | CAP AIR DATA WATER DATA | VEL | AIR | WATER | ROWS
NO | LOCATION SERVES  [DES. | MiN. | cem | sp | Tyee |Rreu|He | T TVOLTS | Pr | RPw | Man [EATTLAT [Ewr[Lwr[Gemlreum| PO | PO | ANS | wmBH |TEAT | CAT TEWT[LWT[GPMIFPM| #D | PO | FINS
Nu-1 BEMT ¥EST MER WESTLEVEL AR | 700 1247 6,733 200" PLENM e | w7 | (e 420 3 wm BIA/esaz| 76.)/82.9F | se0/000F | & 6 | 837 12 |osn® JBY |B/U3FPF
WD | B WESTMER | CLASSROCH AR 834 m| 2%a0 | oz | pews | dasz | 297 s ‘&0 3 v | 634 s [0 | wa | o | 20| o |ane| o2z [viseer |oesms |mesmafsoomase| e | so | wo| <0 |00t | esr | apmisrr
-3 HEMT ¥EST MR Fomm 240 68 4825 20 PENM | 2355 | 710 75 480 3 w0 ms 300 | 750 "W 20 e 438 lo.o7s” [ELS 12 FiF F}ll/l".i NIfess [S00/as5F| & 60 | 297 a7 paat 458 | @/ M0 FFF
Wo-5 | BT ESTMER | SOUTH ATRAM 6san | sea | aeso | 200" | mews | a8 | n2s | (2)7s 180 3 w0 | 202 [0 [7s0 [ o [ wo | 200| e |oosrt| 3 |imere Ianm/m.ﬁ masseo|aoase| o | 5o | 627 | w8 peer | naw |s/serr
ws | EMTEASTMR | Eas woo [ we | gss | zeo | mews [ 2@ 7ee|  w 40 3 759 bs72/mospsemermsessaan| o4 | e0 | 200 | 4907 pserr | 225 |epore
W0 | B EasTmER | cLasseaon An 7| we| 25 | iz | mews | mw| 20 s 480 3 w0 | es0 [se0 [1s0 [ ne | 20 | em| o7 locest| ose¢ [wiesew | onipeo|rmamaw(saomase| e | oo | nor| 4 haey | wmar |speer
-7 | PENTROUSE CALDACVS 9300 [ 023t | 2283 | 2000 | miws | 2475 | 5135 | (320 480 3 750 | 597 [0 [0 [ Mo | wo | e [sus fome | v [yuaew | S92/ Insmaersos/sa| o | 6o jamedenns [ 1nt | 06K po/assee
wu-s | pomouse vestieveLzas | swo | w2 | wars | 2o | pewae | owes [2ser | (@ @0 1 " bazasosd mojmzor|seamase| e | oo | es2| 5w pesr | see |amserr
Wa-a | pENTROUSE oalepeews | ac00 | &2 | waea | 2000 | mews | 253 e | (2w 0 3 2o | o u.o—l 750 l o l 20 [ nn|5u.a lqoeo'l wr [yasew | 04 Imapawiseaser| | oo | 535 | 268 peast | a3z |apeeer
MU-10 | PENTHOUSE Nu-sgan 2ear | 7eer | 7gar | 2000 | meww [ 2308 (e | (2)s @0 3 ) e
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Chiller Plant & Pumps Run as Designed
VFED at Min Flow per Demand

Plant Efficiency
« Chillers

 Plant is more efficient at
Design AT than at low AT

« Low DT (high flows) can
cause Improper staging

500 Tons
CPM = Tons X 24
AT
GPM = 5001; < = 1,000

500 x 24
GPM = 3 xo 500 Tons




Energy Valve Overview

Actuator
]_ Webserver, data logger, BACnet, Modbus,
MP-Bus, Cloud capability

2 Electronic Flow Meter
True Flow, Wet calibrated

Temperature Sensors
3 Platinum based RTD for supply and return,
allowing BTU measurement

Logic
4 Delta T Management and flow meter,
pressure independent balancing

Measure, Observe, Record and
Trend Performance Data

— T




Data Acquisition

The Energy Valve will trend and store:
* Flow
 DeltaT
 Energy Output
 Power Output
* Totalized Energy
« Calculate Savings




Data Acquisition
Live information

Fisd ,
BEUMO Device location Slop Sink EV3 Language [ETTIIIEY Logout

Overview

Data

Status

Settings
Application
Date & time
Users
P
BAChet/MP/Modbus
Cloud
Maintenance

0.0 KBTU/h  voww

100 %  vave position

-

F 711.9F 1wn

Status Control function Setpoint DDC Deolta tomperature Deita T limiting status

0K Flow contiol A0 % v r U1 Manager standtyy
Ddgpm © dT Setpornt 0Wor
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Data Acquisition

Data Export and the Excel Tool

Energy Valve
 Data Logging and Storage
 Up to 13 Months of Data
« Exportto .csv file format
« Charts, Graphs, Trending

Excel Tool
* Import .csvin to Excel Tool
 Power Curves
« Charts, Graphs, Trending

Power [BTUIh]

Power and delta T vs Flow

800000 | 36.0
700000 | - 315
600'000 | % 21.0
) &
500000 4+ 25 _
L
400000 | 18.0 g
s
-
300'000 135
200000 | - 9.0
100'000 - | 45
(i | | | | | | | 0.0
0 20 40 60 80 100 120 140 160
Flow [GPM]
= Power = Power Fit »Max. Flow (comfort) «delta T
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Optimization

Settings

Status
Settings
Application
Date & time
Users
L
BACnetMP/Modbus
Cloud
Maintenance

Device location Slop Sink EV3

Belimo Energy Valve 172" |DN 16

Vinom S5 gom Prom 273 WU
ETTI I —
Configuration

Units

Temparaben I

Flow apm

Parwne kBTUN

Enargy KTy

Application

Instadation posibon Valve In retum pipe v
Ramose sensor cable length Im v
Mutia Water v
Analog feedback

Feodback

Rarge 2.0V

Mawemum

Nerge [N T}

Override

MNonw 0 None
Control settings

Caontrel mode Faw contral v
Signal eharscisimtic wqual percentage v
Setpont source Annlog v
Cantrol signal rangs 2.0V v
Ievenn wgnal nat inverted v
Maximum and limitation

Vinax

Vimin 0o

Delta T Manager

o7 Limang Ametion [ A o7 Manages

o7 Limang valus

Rarge

i

1w

Language [EFTIEIEE Logout
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Enhanced Communication
Unlike Any Actuator on the Market

MP27BUS

MP-BUS"COMPATIBLE

ANALOG

AWAWA
[TV,

- 2-10VDC
- 0.5-10VDC




Energy Valve 3.0 Cloud Services
Advanced Optimization with Multiple Benefits

OPTIMIZATION PERFORMANCE ONLINE SOETWARE INCREASE LIFETIME
OF DELTAT REPORT SUPPORT UPDATES WARRANTY DATA
AND FLOW TO 7 YEARS ACCESS

SETTINGS



Data Analysis
Analyzing the Power Curve

400000

Ah0000

00000

260000

200000

FPower= BTUH

150000

100000

20000

r} :

ah

Fower
Curwve

AT Curve

0 B 10 15 20 25 20 30 40 45 a0 55 &0 Eh
GFM

L

AT
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Parameterization Tools
Hand Held Device (ZTH-US)

Quick Programming
Quick Reconfiguration
Fast Commissioning
Local Display

40



Condensing Boiler Applications Delta T Manager
Set Water Delta T per design

Steady state boiler efficiency %

98 |
96
94
92

90
88

86

84

82

80

Condensing and return temps

130°F Dew Point
of Natural Gas

Condensing
mode

Non-Condensing
—imode

N

60 80 100 120 140 160 180 200
Boiler return water temp °F
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Before Adding Pumps, Chillers & Boilers
Correct Water Delta T

- A plant designed at 500 tons of cooling & 12 Degree Delta T can produce
1000 GPM. At 12 degrees, 40% load, Flow=400 GPM.
At 6 degree, 40% load, Flow=800 GPM

* Annual cost at 6 degrees=%$24,203, at 12 degrees $9,730.00

Pump Design Factor 100% €
Design Chilled Water Distribution dT 12 O

Load [%] Time [%]€) Time [h] Flow [GPM] Head[ft] Power [HP]

100 2.0 385 1000 150 20.5 Pump costs $9,730
80 40.0 3078 800 96 259 Annual Gal. 290879947
60 30.0 2309 600 o4 10.9 Avg GPM 630
40 15.0 1154 400 30 4.0 Energy [kWh] 97301
20 10.0 70 200 30 2.0
10 0.0 0 200 30 20
6
Load [%] Time [%] Time [h] Flow [GPM] Head [ft] Power [HP] Pump costs
— 100 2.0 385 1000 150 20.5 Pump costs $24,203
— 80 400 3078 1000 150 20.5 Annual Gal. 420159924
— 60 30.0 2309 1000 150 o0.5 Avg GPM 910
40 15.0 1154 800 96 259 Energy [kWh] 242035
OUT OF 20 10.0 770 400 30 40

WATER
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Consequences of Over Pumping

Additional chillers and associated equipment are utilized

« Chillers run at part load and operated at a higher energy rate per ton of
cooling

Diminished equipment life and increased maintenance needs
Unstable control
Compromised occupant comfort

| \
§
o
i
|
1
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Eliminating the High Cost of Over Pumping BELIMO
Thank You
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