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HVAC Packaged Pumping Systems



UP TO 

10%
ADDITIONAL
ENERGY 
SAVINGS

Grundfos 
MLE Motor 
Meets IE5

Super Premium 
Efficiency / IE4

Industry Standard
IE3 / NEMA Premium

Highly Efficient 
IE5 Motors: 
Reduced Energy 
Consumption



1,900900 1,100 1,300 1,7001,500700500
70%

75%

80%

85%

90%

95%

SPEED (RPM)

EF
FI

CI
EN

CY

Efficiency Comparison: 
Motor at Part Load Conditions

NEMA Premium

Permanent Magnet 
Synchronous Motor 



Consider part-load selections



Blue Angel – Heating Load profile
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Flow in % Hours in % 
100 1
75 42
50 45
25 12

Chiller IPLV

Flow in % Hours in % 
100 6
75 15
50 35
25 44

Blue Angel



Pump System Control
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At 60 gpm the 
difference in efficiency 
is 35% (69% vs. 34%)

Three pump system has a 
higher hydraulic efficiency 
from 0 to 200 gpm



Efficiency-Based Pump Sequencing

“Chop” off these areas of low pump efficiency
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Efficiency-Based Sequencing
 Prioritizes pump operation based on efficiency rather than speed 
 Uses system demand data to determine the most efficient pump combination
 Selects the most efficient pump or combination of pumps 

How
• Use PLC with preloaded pump curves and monitor sensors for real time data
• Use ASHRAE Wire to Water Efficiency Based Sequencing Guide

Comparison with Speed-Based Sequencing
 Speed-Based Sequencing
 Adjusts pump speed to meet demand
 Can lead to suboptimal energy use





Efficiency Based – Cascade Control

“chop” off these areas 
of low pump efficiency

With variable speed motor 
control, high efficiency is 
maintained with BOTH 
speed control AND pump 
starting based on efficiency



Smart Pumps replace PICV



Induction vs Permanent Magnet Motor



Traditional hydronic system
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The blue area is showing 
the decreasing in head
compared to an uncon-
trolled pump.

The red area is showing
the decreasing in effect
compared to an uncon-
trolled pump.

Pump curve
maximum speed

Variable system
characteristics

Proportional pressure control







FLOWLIMITFLOWLIMIT

BeforeBefore AfterAfter

FLOWLIMIT control function makes it 
possible to set a maximum flow limit 
for the pump

Energy Savings - FLOWLIMIT
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Distributed Pumping
Reducing pressure and improving performance in chilled water systems
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Control
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Flow 
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• Good valve authority requires 
pump pressure

• ASHRAE Recommends 50-70% 
Valve Authority

• Industry rule of thumb 
recommends a 1:1 ratio of system 
friction loss to valve head loss





Automatic balancing
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Example FlowLIMIT
is set at 100 gpm



Balanced Primary Secondary Side

Flow Through By-PassFlow Through By-Pass

Increase Primary Pump Speed

Decrease Primary Pump Speed



The valve-based Variable Primary chilled water system Distributed Pumping system
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Design Example: Central Utility Plant  

• Mix between AHU and FCU-
zones 

• Flow is automatically 
adjusted to heat load

• No need to do complex and 
time demanding system 
balancing of all the risers 
besides the initial pump 
commissioning

• Easy to extend a branch of 
FCU with more FCUs 

• Each building is supplied by a 
secondary pump and it is controlled 
with the same logic of 4 
temperature sensors to balance the 
flow demanded by the coil pumps
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• Flow between district chiller plant 
and the supply side, are done using 
the 4 temperature sensors

• Each building will have 
coil pumps that adjust 
the flow based on the 
heat load of the building



After distributed 
pump change over

• Medium size building –
200,000 sq ft

• Water cooled chiller – 400 
tons

• 11 AHUs

• 12 Distributed Pumps

• 2 Packaged Systems



Case Study – Museum of Flight

Schematic of chilled water system (CWS) piping layout
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What questions do you have?

Michael Madsen
michael.madsen@grundfos.com


