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Upgrading Pumping Systems

• Why upgrade, is it cost effective?

• What is a pumping system?

• How do pumping systems consume energy?

• Fully integrated pumping systems

• Case 1 St. John Fisher College
Hot Water Heating System

• Case 2 Renaissance New York Times Square Hotel
Domestic Water System

• Wrap up



Define cost effective…

Project Payback Time (Years)

0 2 5 15
No Brainer Interesting… Wait & See Thanks but No Thanks…



What is a pumping system?

VFD Electric Motor Pump

Power 
Supply

WHP

BHP
EHP

Components:
A) Pump – Pressure is applied to pumped product
B) Motor – Force is applied to pump impeller
C) VFD/ VSD – Dictates rotational speed of motor, allows for variation (based on Hz)

Efficiency loss (“slip”) across each component in the system, ETA % measures system efficiency.



How is energy consumed?
Pump Theory for Static Condition

Power Consumption Formula

kW =  (GPM x TDH x S.G.) x  0.7456 
(3960 x ETA %)

GPM: Gallons per minute (Flow)
TDH: Total Dynamic Head
S.G.: Specific Gravity (Water = 1.00)
ETA % = Pump Efficiency x Motor Efficiency x VFD Efficiency 

Energy Consumption Formula

kWh = kW x Running Hours per year

GPM

TDH Constant Speed Pump Curve

X GPM

Y TDH

Duty Point
X GPM @ Y TDH

Example: 
Given: X = 10 GPM and Y = 20 GPM, 5,000 Hours/ Year, ETA % = 65%, Pumping Water (S.G. = 1.00)
kW = [(10 x 20 x 1.00)/(3960 x 0.65)] x 0.7456 = 0.058 kW
kWh = 0.058 x 5,000 = 290 kWh/ Year (rounded)

A” Imp. Trim
B rpm



How is energy consumed?
Pump Theory for Dynamic/Variable Load Condition

Power Consumption Formula

kW =  (GPM x TDH x S.G.) x  0.7456 
(3960 x ETA %)

Energy Consumption Formula

kWh = kW x Running Hours per year 
FOR EACH FLOW CLASS BASED ON LOAD PROFILE
Assumed: 8,760 Hours/ Year (100% Runtime)

GPM

TDH

X1 GPM
526 Hrs

FC1

X2 GPM
1,314 Hrs

X3 GPM
2,978 Hrs

X4 GPM
3,854 Hrs

Y1 TDH

Y2 TDH

Y3 TDH
Y4 TDH

Flow Classes

FC1 FC2 FC3 FC4

% Load 100% 75% 50% 25%

% Time 6% 15% 34% 44%

Hours/ Yr 526 1,314 2,978 3,854
Each Flow Class has its own ETA %

FC2

FC3
FC4

A” Imp. Trim
B rpm

Fixed Speed

Constant Pressure

Proportional Pressure



Here’s the situation…
• Our facility has a pump sized to do 92 GPM @ 159 TDH, it runs 8,760 Hrs/ Yr, $0.148 Cost/ kWh 
• It’s nearing the end of its useful life, needs to be replaced
• Pressure coming from the top to cut costs where possible
• We have a VFD laying around that we could use if needed (or general recomdation for a vfd)
• Would like to hook the pump system up to our Building Automation System
• Limited capital expenditure budget

What do we do?
1. Just replace the old pump system on a “like-for-like” basis
2. Grab the VFD and hook it up to the newer version of the same pump
3. Look at a new integrated pump system

“Like-For-Like” Integrated Pump System

Grundfos CR 15-3
Cost: $5,966

Fixed Speed Pump
Premium Efficient Motor
VFD Capable
BAS Capable

Grundfos CRE 15-3
Cost: $8,785

Variable Speed Pump
PMM/ECM Motor
Integrated VFD
BAS Capable



What is the LCC of the existing pump system?

GPM

TDH
Grundfos CR 15-3

3547 rpm

92 GPM
526 Hrs

FC1

69 GPM
1,314 Hrs

46 GPM
2,978 Hrs

23 GPM
3,854 Hrs

FC2

FC3
FC4

Grundfos CR 15-3
92 GPM @ 159 TDH, 8,760 Hrs/ Yr
Cost/ kWh: $0.148
15 Year Life
kWh/ Yr: 28,256

2,463 kWh
58.8% ETA
$364/ Yr

5,507 kWh
55.5% ETA
$815/ Yr

10,337 kWh
47.7% ETA
$1,530/ Yr

9,949 kWh
33.0% ETA
$1,472/ Yr

Cost Year 1 15 Yr LCC
Replacement $5,966 $5,966 (8%)

Maintenance $250 $3,750 (5%)

Energy $4,182 $62,730 (87%)

TOTAL $13,148 $113,696

8%
5%

87%



Integrated System – Proportional Pressure

GPM

TDH

FC1

FC2

FC3
FC4

2,463 kWh
58.8% ETA
$364/ Yr

5,507 kWh
55.5% ETA
$815/ Yr

10,337 kWh
47.7% ETA
$1,530/ Yr

9,949 kWh
33.0% ETA
$1,472/ Yr

92 GPM
526 Hrs

69 GPM
1,314 Hrs

46 GPM
2,978 Hrs

23 GPM
3,854 Hrs

kW =  (GPM x TDH x S.G.) x  0.7456 
(3960 x ETA %)

kWh = kW x Hours/ Year

Duty Conditions:
92 GPM @ 159 TDH
8,760 Hrs/ Yr, Cost/ kWh: $0.148

Max Fixed Speed vs Proportional Pressure

Grundfos CR 15-3
kWh/ Yr: 28,256
Energy Cost/ Yr: $4,182
15 Yr Energy Cost: $62,730

3,680 kWh
56.6% ETA
$545/ Yr

5,251 kWh
51.1% ETA
$777/ Yr

3,873 kWh
37.5% ETA
$573/ Yr

Grundfos CRE 15-3 
Set point: 140 TDH
kWh/ Yr: 14,994
Energy Cost/ Yr: $2,219
15 Yr Energy Cost: $33,285

Savings Potential
Energy Savings/ Yr: $1,963
15 Yr Energy Savings: $29,445

2,190 kWh
58.2% ETA
$324/ Yr



Integrated System – Proportional Pressure
Cost Effectiveness?

2 5 15
No Brainer Interesting Thanks but No Thanks…
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Years In Operation

15 Year LCC = Initial + Maint + Energy CR 15-3 CRE-DP 15-3

1.33 Years $72,445

$43,572

$28,873
(40%)



Case 1 – St. John Fisher College
Hot Water Heating System
• Pumping system retrofit
• Variable volume system?
• 6 pumps total

− 2 primary boiler pumps
− 4 secondary zone pumps

• Pump audit revealed design conditions
− Zone 1 – 41.5gpm at 20’ tdh
− Zone 2 – 24.1gpm at 21’ tdh
− Zone 3 – 23.7gpm at 21’ tdh
− Zone 4 – 17.4gpm at 21’ tdh

• Like for Like replacement?
• Justifications for retrofit:

− Improved system performance
− Increased comfort
− Less wear and tear on system
− Reduced operating costs



Integrated pumping system



Integrated pumping system



Case 2 - Renaissance New York Times Square Hotel 
Domestic Water Booster System



Case 2 - Renaissance New York Times Square Hotel 
Domestic Water Booster System



Thank you!
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