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Which pump is wasting energy?
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Energy

APump energy can be major O&M cost
AMajor portion of life-cycle cost
ADepends on type of system

AEnergy savings are achievable
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Base Pump Selection on Life-Cycle Costs

Cost = Equipment + spwf (Energy + O&M)

® Equipment
= Other O&M
® Energy
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Relative Energy vs. Initial Cost
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Energy Savings

ADesign-Pump Selection
I Base on life-cycle costs
I Tradeoff between piping and pumping
I Donot Just analyze design point
I Consider range of operation
AOperation
I Analyze pumping strategies
I Minimize demand charges
| Beware of bad combinations
I Monitor energy bills
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Wire Power In Brake (Motor) Power
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Calculating What Energy Cost Should Be

Dondt just calcul ate at Best Efficiency Point

Operation varies over the day, season, long term

Efficiencies
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Converting Energy to Cost
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Energy Cost

AMore than kwh x $/kwh
AEnergy pricing complicated

AComplicating factors

Peak demand charge

I
I Timeotday pricing

I Block rates

I Block rates as function of peak
|
|
|
|
|

Multiple rates

- Seasonal rates

"~ Multiple energy providers
'~ Take or pay conditions

- Open energy market

11 | WWW.BENTLEY.COM | © 2018 Bentley Systems, Incorporated

5

Bentley

Advancing Infrastructure



12

| WWW.BENTLEY.COM

© 2018 Bentley Systems, Incorporated

CANCELLING MOP.S C. SCHEDULE NO. __ 5 29th Revised SHEETNO.__ 34

APPLYING TO MISS I

SERVICE CLASSIFICATION NO. 3 (M)

LARGE GENERAL SERVICE RATE
* Rate Based on Monthly Meter Readings
Summer Rate (Applicable during 4 monthly billing
periods of June through September)

Customer Charge - per month $83.04
Low-Income Pilot Program Charge - per month $ 0.50
Energy Charge - per kWh

Firgt 150 kwh per kW of Billing Demand 9.30¢

Next 200 kWh per kW of Billing Demand 7.00¢

All Over 350 kWh per kW of Billing Demand 4.70¢
Demand Charge - per kW of Total Billing Demand 5 4.34
Energy Efficiency Program Charge - per kwh {1) 0.05¢

Wintexr Rate (Applicable during 8 monthly billing
periode of October through May)

Customer Charge - per menth $83.04
Low-Income Pilot Program Charge - per month $ 0.50
Base Bnergy Charge - per kWh

First 150 kwh per kW of Base Demand 5.86¢

Next 200 kWh per kW of Base Demand 4.34¢

All Over 350 kWh per kW of Base Demand 3.41¢
Seasonal Energy Charge - Seasconal kWh 3.41¢
Demand Charge - per kW of Total Billing Demand § 1.61
Energy Efficiency Program Charge - per kwh (1} 0.03¢

(1) Not applicable to customers that have satisfied the opt-out
provisions of Secticn 393.1075, RSMo.

Optional Time-cof-Day Adjustments

Additional Customer Charge - per Month $17.72 per month
Energy Adjustment - per kwh On-Peak of f-Peak
Houre (2] Hours(2)
Summer kWh{June-September billing periods) +1.10¢ -0.62¢
Winter kWh(October-May billing periods) +0.33¢ -0.19¢

(2) On-peak and off-peak hours applicable herein shall be as
gspecified in Rider I, paragraph A.

Fuel and Purchased Powex Adjustment (Rider FAC). Applicable to all metered
kilowatt-hours (kwh} of energy.

*Indicates Change.

ssued pursuant to the Urder OL The WC.E.5.C 10 case No. ER-2Ul1-0028,

DATE OF ISSUE July 18, 2011 DATE EFFECTIVE July 31, 2011
ISSUED BY Warner L. Baxter President & CEO St. Louis, Missouri
NAME OF OFFICER TILE ADDRESS
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COPEL

" Companhia Paranzense de Energi

Vigéncia Para Adimplentes de 23/06/10 em diante
Os valores das tarifas ndo consideram os 15% desconto

% DIf. Tarifa
TARIFA CONVENCIONAL SUBGRUPO A4 Anterior
Consumo 145,22 R$/MWh -11,66
Demanda 32,82 R$/KW 2828
Demanda Ultrapassagem 98.46 RS$/kW 2828
TARIFA HOROSSAZONAL AZUL SUBGRUPO A4
Consumo Ponta Seca 222,21 R$S/MWh 5.60
Consumo Ponta Umida 202,17 R$/MWh 593
Consumo Fora de Ponta Seca 143,29 RS$/MWh -2,88
Consumo Fora de Ponta Umida 131,66 R$/MWh 1,96
Demanda Ponta 33.89 RS/KW 9,00
Demanda Fora de Ponta 842 RS/kW 10,81
Demanda Ultrapassagem Ponta 101,67 RS/kW 9,01
Demanda Ultrapassagem Fora de Ponta 2526 RS/KW 10,85
TARIFA HOROSSAZONAL VERDE SUBGRUPO A4
Consumo Ponta Seca 1009,17 R$/MWh 1548
Consumo Ponta Umida 989,13 R$/MWh 5,96
Consumo Fora de Ponta Seca 143,29 RS$/MWh -2,88
Consumo Fora de Ponta Umida 131,66 R$/MWh -1,96
Demanda 8,42 RS/kW 10,81
Demanda Ultrapassagem 25,26 RS$/kW 10,85
Descontos Percentuais - Aqua, Esgoto e Saneamento - Grupo A |media 6,20
Consumo 15 %
Demanda 15 %
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VSP vs. Constant
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VFED Efficiency

(480v)
100 |
" /
7

> 7
1/ -
iy @10 hp
o 40
< // —100 hp

) % d T

0 -
0 20 40 60 80
% speed

100

15 | WWW.BENTLEY.COM | © 2018 Bentley Systems, Incorporated

5

Bentley

Advancing Infrastructure



7 Confi

igurations

2 Constant Speed

2 VSP

2 Constant +
Hydropneuma()

&
i

16 | WWW.BENTLEY.COM | © 2018 Bentley Systems, Incorporated

3 Constant ‘Speed

&
&

3 Varlable Speed
¢ |
1@
2 Constant + 1 VSP
— &=

2 Constant + 1 jockey

— o=
g

5

Bentley

Advancing Infrastructure



17

View VSP Operating Points
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Poor
Efficiency ~
At Low Flow
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Good
Efficiency

At High Flow
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Topography

Lift

Friction
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Hydropneumatic Tank Considerations

ASmall (tiny) Systems

ALow/zero flow periods
I Camp grounds
I Ski resorts
| Stadiums
I Golf courses
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Two Pumps
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Modeling Is not just for planning engineers

Many opportunities in operations
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Fix Leaks
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Control 1&I
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