ANEAS AsociacionNacionalde Empresasie Agua ySaneamiento
XXVIIIConvenciénAnualy EXPO | YUCATAN 2014
Agua yenergiapara elbienestarde Mexico
Mérida, México| 1014Nowembre2014

‘q |l|
N e

EiiCIENEREIECHOINECAIEAY
PLACHCASUEENARUERCIORNILEVERIHVE

Anual y EXPO

ANEAS XXVl Convencién Ing. FabianPapa |HydraTek & AssociatesToronto, Canada
IGk W YUCATAN 2014 www.hydratek.com




Introduction to HydraTek & Associates

26+ Year History | 6+ Years in Mexico

* Based in Toronto, Canada
* Established in 1988 bpr. Bryan W. Karney

* Professor & Chair
Environmental Engineering & Energy Divisig
University of Toronto

* International projects (300+):

* Australia,Bermuda Brazil, Canada, China,
Iran, Lebanon,Mexico, Mozambique, USA

*%@PDAOEAT AA EI - AQGEA
* Cutzamala Ecatape¢ LosReyes Mixquic,
Santa CatarinaJeoloyucan Tlahuag Tizayuca
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Energy Flows in Water &

Wastewater Systems

*

Managing Water = Managing Energy

* Energy supplied to:

* Move water long distances

* Qvercome elevation

* Provide adequate pressure

* Energy lost to:
* Friction losses in pipes

* Leakage

* Inefficiencies,
especially inpumping
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EnergyConsumption by Pumps

* #5000 £ A D Odydeddsts I«H

occur during operation / /_

elative Valhe

* Mainly electricity consumption

* Efficiency is an excellent indicatMo;O%
of pump performance and

. . . 0%
degradatlon Z thlS IS key to NPV LCC Energy Consumption ~ GHG Emissions
guiding preventive maintenance OOther B Maintenance
@ Operation W Manufacturing
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Tal
What do pumps do? !5 .!!

:

Motor
Input Power

Drive EfflClency Motor Eff|C|ency

Pump Efficiency
he

D M

* ConvertElectrical Powerto Water Power
* Electrical power: voltage & amperage
* Water power: weight of water @), lift/head (H) & flow (Q)
* Some power (and energy) ifostin this
conversion due to inefficiencies in: : What we
g o1

* drives (), motors (h,,) andpumps (y) @2 — — v
What we hD @IM GIP
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Relative importance of inefficiencies

e

) =
& > VFD > Motor
5» \ Input Power
i%\ P Drive Efficiency Motor Efficiency o
» \ Pump Efficiency
[ > .’“ Mo Y he
Efficiency when New,h | Efficiency Degradation over Time
Drives (e.g., VFDs) 9597% 0-2% (small)
Motors 90-97%Avg = 95% 0-3% (small)
Pumps 6592% 0-25% (very large)

' Wh
Pump efficiency degrades more significantly due @_ q 'm Wa;;nvtve

to physical interaction between movingparts and -
the chemical interaction between fluid pumped  Whatwe h D CD’M P
and the pump components nave 3
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Canadian Case Study

(one of the largest water pump testing studies globally)

—~—

Toward Municipal Sector *

Conservation: 152 pumpS tested

A Pump Efficiency Assessment
and Awareness Pilot Study

* Smallest: 3thp (22.5 kW)
* Largest: 4000hp (3000 kW)

* Youngest: 1 year
* Oldest: 61 years

pr——— o * See: www.hvdratek.com/opa
!E!l__;%:‘s'l'ek Anvaly EXPO ) )
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Results of Canadian Testing Program

“

* Average Efficiency Loss: 9.3%| This difference is from

operating outside of

" Average Overall Efficiency Gap:12.7% .. etficiency range

* Average Efficiencies:
100%

_________ More than 30% of
80% - o 0000000000 - energy input is lost!

m Manufacturer Best Efficiency Point (MBEF
m Tested Best Efficiency Point (TBEP)
= Tested Typical Operating Point (TOP)

Pump Efficiency Wire-to-Water Efficiency
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Causes obegradation

* Operating pump outside range of highest efficiencies

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

* Excessive vibration : | —
* Maintenance practices

Lower impeller life . 2° :° & : .
~~ ‘L Discharge I ceiy * 8 o
TUt———i . ¥ recirculation T ® e .e of 0 %8l e , e
T S5 4 R TR L T
st = 2 Best Efficiency Point » X A T R A
Low flow T C . . ° ° o s e
cavitation Suction ; . ¢ ° ° 25 30 35 4 ‘ 4
High recirculation Rittiontace
temperature
rise  Lower bearin ~ « _ Lower bearin i i i
& seal life N4 & low seal ife Efficiency Deterioration
Cavitation
Reliability Curve & ----- Min
\ .

\
Max
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Improving Efficiency:
Pump Refurbishment

* Replacement of bearings, bushingpackings

* Replacement of mechanical seals
* Restore clearances
* Special coatings
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Case Study: Pump Refurbishment

Pump Efficiency, n, (%)
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Significant recovery in pump efficiency

/
7
/ — —Original Efficiency (1977)
—Field Test Efficiency Before Refurbishment (2011)
—— Field Re-Test Efficiency After Refurbishment (2012)
T T T T I T T T T 1
50 100 150 200 250 300 350 400 450 500

Flow Rate (L/s)



Case Study: Pump Refurbishment

System curve
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Improving EfficiencyPump Operating Point

Results from June 2014 Test in Canada on h@d75kW) Pump
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Improving EfficiencyPump Operating Point

Improvement Options: Change Impeller(or pump itself)
Variable Frequency Drive (VFD)

Different Pump Combinations(if possible)

— Impeller 1 "
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Improving EfficiencyPump Operating Point

Improvement Option: DONOTTHROTTLE DISCHARGE VAL

0 System C ith 0%
stem Curve wi
Pump Characteristicm ,' Tzrottled Valve

55 ,.' 85%
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State of the Industry

——y

Informe de la iniciativa CEEPA 2014

O, magnitud de las ineficiencias es en

general desconocida por ausencia de
una cultura de registro e interpretacion
de datos y por falta de instrumentacion
adecuada para medir los parametros de
funcionamiento del bombeao8 6

Resultados de conjunto. Benchmarking
Perspectivas de mejora continua

O 4 EnAgnitude of the inefficienciesis unknown
due to the absenceof a culture ofrecordingand
interpretation of data, and aackof proper
instrumentation to measurethe operating

parametersof the pumps. f\, glzemsr.. (o *m
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The importance of testing
How to know what to do, andwhen to do it?

\

< ¢ ~ Condition assessment \“\
% = s - Pe[formance troubleshgotln
“' % | « Elthlnates uncertalnt”
| =3 j’;‘ ¥ - Perf}mance basellnes & trending

- = Energy ductlon &
L% = ;\p Accurat draulle mo

AAAAAAA
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Pump Testing Program: Discoveries
New Pump Installation

’,l ,60
/ \ 158
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Conventional Testing Method

__9@&
P i Gy

* MeasurePower (P)
* Measure TDH (H)
* Estimatehyandh,,
* Measure Flow (Q)
*[Calculate Pump Efficiencyhe,)}

Pressure
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Conventional Testing Method:

Challengeswith Flow Measurement

TURBULENT FLOW

. D
* Depends on quality of flow = e
* Accuracies: <1% up to 5% (or 10%) LAMINAR FLOW

* Errors can arise from:

* Turbulencez need sufficient pipe
lengths after valves, bends and
pumps to develop laminar flow

* AlIr pockets/cavitation z interfere
with flow measurements

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

Property \
‘

of Water

v What We Want
What wem)_

have = Wasted Energy Converted Largely to Thermal Energy
@D @7|vﬂ th] (Temperature Probes Capable of Measuring Accurately to*1)

Non-Pump ltems Bt Law of Thermodynamics: Conservation of Energ)

* MeasurePower (P)
* Measure TDH (H)
* Estimatehyandh,

* Measure Temperature Gain (<1%
* Apply Thermodynamic Principles
* [ Direct Measurement of PumgEfficiencyh,]  Temperature Pressure

* Calculate Flow (Q), if desired Probe Gauge
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Benchmarking

Specific Energy (kWh//) is anincomplete metricfor pumps

Pump Energy Indicator, PEI (kwh/Ma&m H,0) preferred
N.B. Similar to IWA PI Plggandardised=nergy Consumption

Pump Energy Indicator, PEI (kWh/Mm?/m H,0)
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Pump Energy Indicator, PEI (kWh/Mm?®/m H,0
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=
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1000

0

= = Original PEI

Field Test PEI Before Refurbishment

e Field Re-Test PET After Refurbishment

= = Original Specific Energy

= Field Test Specific Energy Before Refurbishment

Why kWh/n? not
appropriate for pumps

1 0.100

0 50

0.000

100 150 200 250 300 350 400 450 500
Flow Rate (L/s)

\ e Field Re-Test Specific Energy After Refurbishment
\ Comparing pump energy efficiency
\ i) before and after refurbishment
\ ~
\ :2 “.'II..-"
. =
" Energy reduction 5
. - 2
\ from refurbishment &0 &
X (14W)E g
S 7 .
N €-mmmmmmm o ----=- - ThePEland Ph5metrics capture the
& - reduced energy required or the
0.3002 = efficiency improvementV
5 - Respects BOTH
= - Flow/Volume (r); and
0.200 % - Pressure (mof lift/head)
<

The Specific Energy (KWh/fpmetric shows
no improvement after refurbishmentU
-lgnores pressure (mof lift/head)



Comparing Metrics: PEI vs. Ph5

* WA Performance Indicator Ph5

\’

* (Cptandardised] AOCU #1171 OO1I POET 1 6
*  Similarly normalizes with respect to flow (Q) and head (H)
* |s anaveragemetric z ignores variation within operating range

* Pump Energy Indicator, PEI

* Is an nstantaneousmetric z accounts forvariation across range of operation

* Useful for:
* Adjusting pump operating protocols

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

6000

O)

~ 5500

H

£ 5000
4500

PEI

4000

(kWh/Mm?/

3500

0 200 400
Flow Rate(L/s)
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600

The PEI metric varies considerably across
the operating range of the pump,

allowing for more detailed analysis and
decision making

Ph5 representsan averageover a given
period of operation (e.g., 1 year)



Using and Interpreting PEIl & Ph5

“

* Intuitive and directlyapplicable
«* A OAAhoi inugh viaterd AGEA x EECE EO EO
* Units: kWh per Mm? of water per m of head pumped

* Averagevalues for PEI (PhSyom testing program:
4,500

18.8% more energy is
4,000

required to deliver — "7 & T Where JERer
3,500 same level of service 1 3,770 we are [
Where We pum- - - —V- - -
could be [EERe]0.
3,000
2,000 - '

Theoretical Minimum  Manufacturer's Best  Tested Best Efficiency Tested Typical Operating

(100% Efficient System)Efficiency Point (MBEP) Point (TBEP) Point (TOP)
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Using Ph5 & PEI Benchmarks for Estimating Energy Requirem

< = _[;f——“""”ﬁ;i/“ \ =3 PRI § ';_:.. Whltchurch Stouffville
e i
- ?ﬁ'.- . - -
58 Caledon
\\ & -«\\.. 2
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b
Peel Regional Munici pal ty A - 5
% “:,-( p e, 2 >y e - % S, j__or,onto Bivision
For Ph5 = 0.400 kWh/BLOO m(or 4,000 KWh/Mn#/m) g ¢/
Annual Energy Consumption: Toronts Istang# !
8 E7E 3
% e . P xiv culi C [ h
=22,090,320 kWh 22. 1GWh Lake Ontario OIS g

Graph: Min, Avg, Max Elevation: 73, 169, 784 x

(operating pressure)

175m D= 1375 nistatic lift) ;
l Demand, Q = 1.0 #fs

Lake Oﬁtario =75m
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(kWh/m3*100m)

|
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3000AU

Eficiencia Energética en equipos de bombeo
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Investment: Electrical Energy (kWh)

Return on Investment: Water Power
(i.e., Flow + Pressure)
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1 10 100

Potencia instalada em kW
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Narrowing in on the Goal

Performanceg

The Goal: & Efficiency e
Imprc ent O -
$$$C
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Informe de la iniciativa CEEPA 2014

Resultados de conjunto Benchmarking
Perspectivas de mejora continua
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How Often Should Pumps Be Tested
* |t 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 model

* Financial implications | developed based on:

L Cost of electricity
* Energy consumption is directly related ta: Cost of testing
* Pump motorsize

Cost of refurbishment
* Utilization Expected savings
Pump motor size
Utilization rate

Too Joo oo o o o

ANEAS XXVl Convenc i6

2= aly EXPO
ii}' =2 li e “YUCATAN 2014




Asset Management Concepts

Small but timely renewal investments save money

P oor Asset
Management
—
8
e Consume less money (energy)
while maintaining higher level
of service/condition
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Year

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

Momento para hacer revision al equipo

MEASUREMENT (TESTING) IS KEY &% -
TO MAKING INFOMED DECISIONS

| Momento
| ophmo para

|dentify optimal timing for

pump refurbishment based .
On performance Ievel Limite de rentabilidad |:/
85,0% J -------- mmmm e N et e e e el -

o
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Using Field Testing & Measurement to Make

Reliable Investment Decisions

——y

r

A C") Informe e la initiativa CEEPA 2014

O3ET Ai AAOCI PAO |

L. . . . Resultados de conjunto. Benchmarking

decisiones gue involucren inversiones se Perspectivas de mejora continua

recomienda que los datos del monitoreo
sea complementado con mediciones en
vez de estimativas de los tres datos, o

bien la realizacion de una auditoria

energética8 o

0&l O I AEET ¢ AAAEOETT O O

recommended that monitoring data is

OET C

Version preliminar

complemented by measurements rather than
AOOEI AGAG 1T £ OEA DPAOAT ADMONBH ( v &

aaaaa

ANEAS XXVIIl Convencién México, Noviembre 2014

L e Anual y EXPO
ny ==i Q e ' YUCATAN 2014

Del 10 ol 14 de Noviembre




Financial Implications

0%

0%

30% -

2006 -
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@ NPV of Testing, Refurbishment and Change to Operating Point

@ NPV of Testing & Refurbishment Only

A Pump motor size
A Utilization rate

Value of testing & refurbishment increases with:
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Utilization Rate (Fraction of Time Operated Annually)
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Strong case forcontinuous monitoring of pumps that are:
A Large
A Used Regularly
A Critical to System Performance
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