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*Based in Toronto, Canada 

*Established in 1988 by Dr. Bryan W. Karney 
*Professor & Chair  

Environmental Engineering & Energy Division 
University of Toronto 

*International projects (300+): 
*Australia, Bermuda, Brazil, Canada, China,  

Iran, Lebanon, Mexico, Mozambique, USA 

*%ØÐÅÒÉÅÎÃÅ ÉÎ -ÅØÉÃÏ #ÉÔÙȭÓ ×ÁÔÅÒ ÓÕÐÐÌÙȡ 
*Cutzamala, Ecatapec, Los Reyes, Mixquic,  

Santa Catarina, Teoloyucan, Tlahuac, Tizayuca 

Introduction to HydraTek & Associates 
26+ Year History | 6+ Years in Mexico  



*Managing Water = Managing Energy 

* Energy supplied to: 

*Move water long distances 

*Overcome elevation 

*Provide adequate pressure 

*Energy lost to: 

* Friction losses in pipes 

* Leakage 

* Inefficiencies, 
especially in pumping 

 

Energy Flows in Water & 
Wastewater Systems 



*±20% ÏÆ ×ÏÒÌÄȭÓ ÅÌÅÃÔÒÉÃÉÔÙ 
consumption used for pumping 

*±50% ÏÆ Á ÐÕÍÐȭÓ ÌÉÆÅ-cycle costs 
occur during operation 

*Mainly electricity consumption 

*Efficiency is an excellent indicator 
of pump performance and 
degradation ɀ this is key to 
guiding preventive maintenance 

Energy Consumption by Pumps 

$$$ kWh CO2 

3ÏÕÒÃÅȡ  .ÁÕÌÔ Ǫ 0ÁÐÁȟ (ÙÄÒÁ4ÅË ɉΤΡΣΦɊ Ȱ,ÉÆÅ-Cycle Assessment of a  
7ÁÔÅÒ $ÉÓÔÒÉÂÕÔÉÏÎ 3ÙÓÔÅÍ 0ÕÍÐȱȟ  !3#% *ÏÕÒÎÁÌ ÏÆ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ  
Planning and Management, 2014 (pending) 



*Convert Electrical Power to Water Power 
*Electrical power: voltage & amperage  

*Water power: weight of water (g), lift/head (H) & flow (Q) 

*Some power (and energy) is lost in this 
conversion due to inefficiencies in: 
*drives (hD), motors (hM) and pumps (hP) 

What do pumps do? 
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Device Efficiency when New, h Efficiency Degradation over Time 

Drives (e.g., VFDs) 95-97% 0-2% (small) 

Motors 90-97%; Avg = 95% 0-3% (small) 

Pumps 65-92% 0-25% (very large) 

Relative importance of inefficiencies 
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Our Focus Today 
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Pump efficiency degrades more significantly due 
to physical interaction between moving parts and 
the chemical interaction between fluid pumped 
and the pump components 

What we  
want 

What we 
have 



*152 pumps tested 

 

*Smallest: 30 hp (22.5 kW) 

*Largest: 4000 hp (3000 kW) 

 

*Youngest: 1 year 

*Oldest: 61 years 

 

*See:  www.hydratek.com/opa  

Canadian Case Study 
(one of the largest water pump testing studies globally) 

http://www.hydratek.com/opa


Sample Testing Results - Canada 
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Results of Canadian Testing Program 

*Average Efficiency Loss:   9.3% 

*Average Overall Efficiency Gap:  12.7% 

*Average Efficiencies: 
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More than 30% of 
energy input is lost! 

This difference is from 
operating outside of 
peak efficiency range 



*Operating pump outside range of highest efficiencies 

*Nature of fluid (e.g., water, sewage, solids content, etc.) 

*Excessive vibration 

*Maintenance practices 

 

Causes of Degradation 



Common refurbishment tasks: 

*Disassembly, blasting and cleaning 

*Replacement of bearings, bushings, packings 

*Replacement of mechanical seals 

*Restore clearances 

*Special coatings 

Improving Efficiency:  
Pump Refurbishment 



12 

Case Study: Pump Refurbishment 

Significant recovery in pump efficiency 



Case Study: Pump Refurbishment 
 

70

72

74

76

78

80

82

84

86

88

90

400 600 800 1000 1200 1400 1600 1800

To
ta

l h
e

ad
, 

m
 o

f 
w

at
e

r

Total flow rate l/s

System curve

1 pump 
Dec09

2 pumps 
Dec 09

3 pumps 
Dec 09

4 pumps 
Dec 09

3 pumps 
Aug10

4 pumps 
Aug 10

Increase in pump output 



Improving Efficiency: Pump Operating Point 
Results from June 2014 Test in Canada on 100 hp (75kW) Pump 

Pump Characteristic Curve 

Pump  
Operating 

Point 

Best Efficiency Point  
BEP = 82.1% 

Range of Highest 
Efficiency 



Improvement Options:  Change Impeller (or pump itself) 
   Variable Frequency Drive (VFD) 
   Different Pump Combinations (if possible) 

Improving Efficiency: Pump Operating Point 

Pump Characteristic Curve 

Range of Highest 
Efficiency 

Impeller 1 

Impeller 2 

Impeller 3 

100% Speed 

80% Speed 

60% Speed 



Improvement Option: DO NOT THROTTLE DISCHARGE VALVE 

Improving Efficiency: Pump Operating Point 

Pump Characteristic Curve 

Range of Highest 
Efficiency 

System Curve with 
Throttled Valve 

Extra energy added to  
water to overcome 
increased resistance, 
only to be wasted 
through valve 



State of the Industry 

Ȱ,Á magnitud de las ineficiencias es en 

general desconocida por ausencia de 

una cultura de registro e interpretación 

de datos y por falta de instrumentación 

adecuada para medir los parámetros de 

funcionamiento del bombeoȢȱ 

 

Ȱ4ÈÅ magnitude of the inefficiencies is unknown  

due to the absence of a culture of recording and 

interpretation of data, and a lack of proper 

instrumentation to measure the operating 

parameters of the pumps. 



The importance of testing 
How to know what to do, and when to do it? 

*Condition assessment 

*Performance troubleshooting 

*Eliminates uncertainty 

*Performance baselines & trending 

*Energy reduction & optimization 

*Accurate hydraulic modelling 

*Preventive maintenance 

*Etc. 

 



Pump Testing Program: Discoveries 
New Pump Installation 

Excellent  
Agreement 0ÒÏÂÌÅÍȣ 



Conventional Testing Method 

*Measure Power (P) 

*Measure TDH (H) 

*Estimate hD and hM 

*Measure Flow (Q) 

*Calculate Pump Efficiency (hP) 
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Conventional Testing Method: 
Challenges with Flow Measurement 

*Depends on quality of flow 

*Accuracies: <1% up to 5% (or 10%) 

*Errors can arise from: 
*Turbulence ɀ need sufficient pipe 

lengths after valves, bends and 
pumps to develop laminar flow 

*Air pockets/cavitation ɀ interfere 
with flow measurements 

 

*Cavitation also a significant 
contributor to pump wear  
(especially impellers) 

 



Thermodynamic Testing Method 

*Measure Power (P) 

*Measure TDH (H) 

*Estimate hD and hM 

*Measure Temperature Gain (<1%) 

*Apply Thermodynamic Principles 

*Direct Measurement of Pump Efficiency hP   

*Calculate Flow (Q), if desired 
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What We Want 

Property 
of Water 

Non-Pump Items 

Wasted Energy Converted Largely to Thermal Energy 
(Temperature Probes Capable of Measuring Accurately to 10-3 K) 

1st Law of Thermodynamics: Conservation of Energy 

Temperature 
Probe 

Pressure 
Gauge 

What we 
have 



 



Benchmarking 
Specific Energy (kWh/m3) is an incomplete metric for pumps 

Pump Energy Indicator, PEI (kWh/Mm3/m H2O) preferred 
N.B. Similar to IWA PI Ph5: Standardised Energy Consumption 
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The combination of Q & H 
represent the level of service 
delivered by the pump 



Why kWh/m3 not 
appropriate for pumps 
Comparing pump energy efficiency 

before and after refurbishment 

The Specific Energy (kWh/m3) metric shows 
no improvement after refurbishment U 
- Ignores pressure (m of lift/head) 

The PEI and Ph5 metrics capture the 
reduced energy required or the 
efficiency improvement V 
- Respects BOTH  

- Flow/Volume (m3); and 
- Pressure (m of lift/head) 

Energy reduction 
from refurbishment 



Comparing Metrics: PEI vs. Ph5 
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* IWA Performance Indicator Ph5 

*ȰStandardised %ÎÅÒÇÙ #ÏÎÓÕÍÐÔÉÏÎȱ 

*Similarly normalizes with respect to flow (Q) and head (H) 

* Is an average metric ɀ ignores variation within operating range 

*Pump Energy Indicator, PEI 

* Is an instantaneous metric ɀ accounts for variation across range of operation 

*Useful for: 

*Adjusting pump operating protocols 

*Determining if pump needs to be changed to better suit system 

 

 

 

The PEI metric varies considerably across 
the operating range of the pump, 
allowing for more detailed analysis and 
decision making 
 
Ph5 represents an average over a given 
period of operation (e.g., 1 year) 



Using and Interpreting PEI & Ph5 

*Intuitive and directly applicable 

*"ÁÓÅÄ ÏÎȡ Ȱhow much waterȱ ÁÎÄ ȰÈÏ× ÈÉÇÈ ÉÔ ÉÓ ÂÅÉÎÇ ÐÕÍÐÅÄȱ 

*Units: kWh per Mm3 of water per m of head pumped 

*Average values for PEI (Ph5) from testing program: 
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Using Ph5 & PEI Benchmarks for Estimating Energy Requirements 

 

Lake Ontario 

Greater Toronto Area (GTA) 
Canada 

33 m or 46 psi 
(operating pressure) 

HGL 

Lake Ontario = 75 m 

D = 175 m (static lift)  
Demand, Q = 1.0 m3/s 

For Ph5 = 0.400 kWh/m3/100 m (or 4,000 kWh/Mm3/m) 

Annual Energy Consumption: 
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    =22,090,320 kWh = 22.1 GWh 

25 m (estimated friction losses) 



3ÕÒÖÅÙ ÏÆ -ÅØÉÃÏȭÓ 5ÔÉÌÉÔÉÅÓ 

Benchmarking Metric:  IWA Ph5 
Closely related and comparable to PEI 

Poorly Performing Pumps 

Pumps with Good Performance 

Investment:  Electrical Energy (kWh) 
 
Return on Investment:  Water Power 
           (i.e., Flow + Pressure) 



Narrowing in on the Goal 

CEEPA Benchmarking 

(with continuous improvement) 

Prioritization of Pumps 

Field Testing & 
Measurement 

Performance  
& Efficiency 

Improvement 
The Goal: 

Performance ą 
kWh Ć 
CO2 Ć 
$$$ Ć 



*It depends on: 

*How important the pump is to the operation of the larger system 

*What are the consequences of it performing poorly (or failing)? 

*How valuable is the information on pump performance 

*Asset management 

*Operations management 

*Financial implications 

*Energy consumption is directly related to:  

*Pump motor size 

*Utilization 

 

How Often Should Pumps Be Tested? 

Financial model 
developed based on: 
Å Cost of electricity 
Å Cost of testing 
Å Cost of refurbishment 
Å Expected savings 
Å Pump motor size 
Å Utilization rate 



Asset Management Concepts 

Source: Ontario Ministry of Economic Development, Employment and Infrastructure (Canada) 

Consume less money (energy)  
while maintaining higher level  
of service/condition 

Identify optimal timing for 
pump refurbishment based 

on performance level 

MEASUREMENT (TESTING) IS KEY 
TO MAKING INFOMED DECISIONS 



Using Field Testing & Measurement to Make  
Reliable Investment Decisions 

Ȱ3ÉÎ ÅÍÂÁÒÇÏ ÐÁÒÁ ÌÁ ÔÏÍÁ ÄÅ 

decisiones que involucren inversiones se 

recomienda que los datos del monitoreo 

sea complementado con mediciones en 

vez de estimativas de los tres datos, o 

bien la realización de una auditoria 

energéticaȢȱ 

 

Ȱ&ÏÒ ÍÁËÉÎÇ ÄÅÃÉÓÉÏÎÓ ÉÎÖÏÌÖÉÎÇ ÉÎÖÅÓÔÍÅÎÔÓȟ ÉÔ ÉÓ 

recommended that monitoring data is 

complemented by measurements rather than 

ÅÓÔÉÍÁÔÅÓ ÏÆ ÔÈÅ ÐÁÒÁÍÅÔÅÒÓȣȱ 



Financial Implications 

Value of testing & refurbishment increases with: 
Å Pump motor size 
Å Utilization rate 
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Pump Motor Size (hp) 

Annually 

(or Continuously) 

Every 2 Years 

Every 3 Years 

Every 5 Years 

Every 10 Years 

>10 Years 

Pump Testing Frequency Guideline 

Strong case for continuous monitoring of pumps that are: 
Å Large 
Å Used Regularly 
Å Critical to System Performance 


