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Water you thinking?

* Energy costs money.
*Search for energy savings and you’ll find money!

*Energy Efficiency doesn’t sound sexy but money
gets everyone’s attention.



Significant cost

*Electricity-use accounts for 25-40
percent of the operating budgets for
wastewater utilities and approximately
80 percent of drinking water costs.
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* Asindicated in the illustration, as a power factor becomes lower (more K\VAR) the horse is pushed
further off to the side of the tracks. This causes the horse (utility generation) to work harder while still
only producing the same amount of work (pulling the cart down the track).

» The low power factor causes the entire system of both generation and delivery to become inefficient.

(Courtesy U.S. Dept. of Energy)



Beer: Real, active, useful, resistive. Foam: Reactive, non-working, wasted. Demand: Total, apparent power.
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Power quality, 101 Learning



https://www.fluke.com/en-us/learn/blog/power-quality
https://www.fluke.com/en-us/learn/blog/fundamentals

Water/WW Billing.
Same Power Company, Same City

Water Treatment Facility

. . Inches Power
12 Month Billing | Bill Days |Avg Temp Precip.* kWh Factor Total TotS/kWh
Annual Total 365 27.87 91,000 $15,107.12
Monthly Average 30.41667 43 2.32 /7,583 79.2 $1,258.93 | $0.167

Wastewater Treatment Facility

Av Inches Power
12 Month Billing | Bill Days & | KWh Total  |Tot$/kWh
Temp | Precip.* Factor
Annual Total 365 27.87 471,743 S41,003.74
Monthly Average| 30.4 42 2.32 39,312 0.7602 | S3,416.98 | $0.0873
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				  Water Treatment Facility																		Water Plant Flow Information						Demand Charges		Demand Charges per KW

				Billing From 		Billing To 		Bill Days		Avg Temp		Inches Precip.*		kWh		Power Factor		Total		Tot$/kWh		Flow (MG)		kWh / MG		kWh$/MG		% of Total		Summer Winter

				10/31/17		12/2/17		32		30		0.48		7,560		80.4		$1,154.78		$0.1527		3.757		2,012		$307		51		W- $10.71

				12/2/18		1/6/18		35		10		0.32		8,720		81.3		$1,217.95		$0.1397		3.775		2,310		$323		47.5		W- $10.71

				1/6/18		2/3/18		28		16		0.16		6,640		81.5		$1,100.62		$0.1658		3.774		1,759		$292		52.6		W- $10.71

				2/3/18		3/6/18		31		14		1.20		7,080		82.1		$1,108.40		$0.1566		3.062		2,312		$362		51.2		W- $10.71

				3/6/18		4/4/18		29		27		0.81		6,760		79.5		$1,114.63		$0.1649		3.615		1,870		$308		53.8		W- $10.71

				4/4/18		5/5/18		31		40		1.40		7,720		78.2		$1,208.97		$0.1566		4.068		1,898		$297		51.4		W- $10.71

				5/5/18		6/4/18		30		64		1.60		8,560		76.5		$1,303.49		$0.1523		5.222		1,639		$250		48.6		W/S

				6/4/18		7/3/18		29		70		7.50		7,240		76.6		$1,418.20		$0.1959		4.436		1,632		$320		59.1		S-$15.25

				7/3/18		8/4/18		32		70		3.50		8,600		78.1		$1,496.21		$0.1740		5.009		1,717		$299		56.1		S-$15.25

				8/4/18		9/2/18		29		70		4.90		7,480		78.0		$1,392.50		$0.1862		5.019		1,490		$277		60.2		S-$15.25

				9/2/18		10/2/18		30		59		2.70		7,240		78.7		$1,412.21		$0.1951		4.321		1,676		$327		58.2		S/W

				10/2/18		10/31/18		29		42		3.30		7,400		79.7		$1,179.16		$0.1593		4.461		1,659		$264		50.9		W- $10.71

						Totals: 		365				27.87		91,000		 		$15,107.12				50.519

						Averages: 		30.4166666667		43		2.32		7,583		79.2		1259		0.167		4.21		1,831		$302		53.4



				  Water Treatment Facility

				Billing From 		Billing To 		Bill Days		Avg Temp		Inches Precip.*		kWh		Power Factor		Total		Tot$/kWh

				10/31/17		12/2/17		32		30		0.48		7,560		80.4		$1,154.78		$0.1527

				10/2/18		10/31/18		29		42		3.30		7,400		79.7		$1,179.16		$0.1593

				Annual Total				365				27.87		91,000		 		$15,107.12

				Monthly Average				30.4166666667		43		2.32		7,583		79.2		$1,258.93		$0.167

								365				27.87		91000		 		15107.12

								30.4166666667		42.6666666667		2.3225		7583.3333333333		79.2175		1258.9266666667		0.166577033



				  Water Treatment Facility																												  Water Treatment Facility

								Bill Days		Avg Temp		Inches Precip.*		kWh		Power Factor		Total		Tot$/kWh												12 Month Billing		Bill Days		Avg Temp		Inches Precip.*		kWh		Power Factor		Total		Tot$/kWh

				Annual Total				365				27.87		91,000		 		$15,107.12														Annual Total		365				27.87		91,000		 		$15,107.12

				Monthly Average				30.4166666667		43		2.32		7,583		79.2		$1,258.93		$0.167												Monthly Average		30.4166666667		43		2.32		7,583		79.2		$1,258.93		$0.167






Starbuck Wastewater

				 Starbuck Wastewater Treatment Facility																		Sewer Plant Flow Information						Demand Charges		Demand Charges

				Billing From 		Billing To 		Bill Days		Avg Temp		Inches Precip.*		kWh		Power Factor		Total		Tot$/kWh		Flow (MG)		kWh / MG		kWh$/MG		% of Total		Summer Winter

				10/31/17		12/3/18		33		30		0.48		44,643		0.7602		$3,497.81		$0.0784		6.2		7,231		$567		22		W=10.71

				12/3/18		1/4/18		32		11		0.32		46,195		0.7602		$3,671.00		$0.0795		5.6		8,262		$657		22.8		W=10.71

				1/4/18		2/4/18		31		14		0.16		44,083		0.7602		$3,725.62		$0.0845		4.9		8,976		$759		23.6		W=10.71

				2/4/18		3/6/18		30		15		1.20		42,163		0.7602		$3,456.64		$0.0820		4.0		10,580		$867		22.9		W=10.71

				3/6/18		4/4/18		29		27		0.81		38,094		0.7602		$3,097.87		$0.0813		4.9		7,725		$628		24.5		W=10.71

				4/4/18		5/3/18		29		38		1.40		36,492		0.7602		$3,079.90		$0.0844		5.7		6,363		$537		25		W=10.71

				5/3/18		6/4/18		32		64		1.60		37,561		0.7602		$3,130.11		$0.0833		6.6		5,691		$474		21.6		W/S

				6/4/18		7/4/18		30		67		7.50		35,633		0.7602		$3,450.39		$0.0968		6.4		5,532		$536		26.0		S=$15.25

				7/4/18		8/2/18		29		70		3.50		33,711		0.7602		$3,014.71		$0.0894		6.2		5,398		$483		28.8		S=$15.25

				8/2/18		9/3/18		32		69		4.90		37,017		0.7602		$3,067.34		$0.0829		5.3		6,922		$574		28.3		S=$15.25

				9/3/18		10/2/18		29		59		2.70		37,026		0.7602		$4,020.16		$0.1086		5.0		7,355		$799		32.1		S/W

				10/2/18		10/31/18		29		42		3.30		39,125		0.7602		$3,792.19		$0.0969		5.1		7,602		$737		28.2		W=10.71



						Totals: 		365				27.87		471,743		 		$41,003.74				66.1

						Averages: 		30.4166666667		42		2.32		39,312		0.7602		$   3,416.98		$   0.0873		5.51		7,303		$635		26.0

																		3,416.98 x .26 demand charge = 888.41 ave demand



				 Wastewater Treatment Facility																		Sewer Plant Flow Information						Demand Charges		Demand Charges

				Billing From 		Billing To 		Bill Days		Avg Temp		Inches Precip.*		kWh		Power Factor		Total		Tot$/kWh		Flow (MG)		kWh / MG		kWh$/MG		% of Total		Summer Winter

				10/31/17		12/3/18		33		30		0.48		44,643		0.7602		$3,497.81		$0.0784		6.2		7,231		$567		22		W=10.71

				10/2/18		10/31/18		29		42		3.30		39,125		0.7602		$3,792.19		$0.0969		5.1		7,602		$737		28.2		W=10.71

				Annual Total				365				27.87		83,768		 		$7,290.00				11.3

				Monthly Average				31		42		2.32		39,312		0.7602		$   3,416.98		$   0.0876		5.66		7,416		$652		26.0

																		3,416.98 x .26 demand charge = 888.41 ave demand

				Totals: 		365				27.87		471743		 		41003.74																		 Wastewater Treatment Facility

				Averages: 		30.4166666667		42.1666666667		2.3225		39311.9166666667		0.7602		3416.9783333333		0.0873328215																12 Month Billing				Bill Days		Avg Temp		Inches Precip.*		kWh		Power Factor		Total		Tot$/kWh

																																		Annual Total				365				27.87		471,743		 		$41,003.74

																																		Monthly Average				30.4		42		2.32		39,312		0.7602		$3,416.98		$   0.0873






Electric Rates

* General Service Rate (water plant) includes the power factor. (50.167)
16.7 cents blended cost.

* Municipal Pumping Rate (wastewater plant) does not include the power
factor. (50.876) 8.76 cents blended cost.

* You are paying a power factor penalty if the billed demand is higher than
the metered demand.

* $15,107.12 total annual electric at the water plant.
* $1,008.11 Power Factor Penalty

* 7% penalty. Correct the Power Factor with capacitors or variable
frequency drives.



Power Additional Penalty per Total Power Factor

Month Actual kW Facto '1 Billed kW KW KW Penalty
October-17 0 0.00% 0 0 k3 10.71 % -
Movember-17 49 80.36% 55 & % 10.71 % &64.26
December-17 49 81.32% 54 5 k3 10.71 % 53.55

January-18 49 81.51% 54 5 % 10.71 % 53.55
February-18 49 82.12% 53 5 k3 10.71 % 53.55
March-18 50 79.49% 56 7 % 10.71 % 74.97
April-18 =10 78.17% 58 3 k3 10.71 % 85.68
May-18 47 76.02% 56 9 % 10.71 % 96.39
June-18 47 76.58% 55 3 k3 15.25 % 122.00
July-18 48 78.09% 55 7 % 15.25 % 106.75
August-18 48 78.01% 55 7 % 15.25 % 106.75
September-18 48 /8.68% 55 7 % 15.25 % 106.75
11 Month Power Factor Penalty: % 024,20

Power Factor Target: 90% Annuallized Power Factor Penalty: % 1,008.22

¢/ XcelEnergy

The demand charge is applied to each month’s billing kW, which is the maximum 15-minutes average
actual kW demand measured during the billing month, rounded to the nearest whole number. Billing
demand is adjusted upward if the power factor shown onthe bill is below 90 percent, by dividing actual

kW by the power factor and multiplying by 90 percent.



Measured Demand=23. Billed Demand=27. Assume 23
gallons of gasoline pumped while paying for 27 gallons!

Billed for the Last 24 Months
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Mar 2020 Mar 2021 Thiz Bill
Measured Demand 23 Adjusted Demand 27
Billed Demand 27

Power Factor 76,8523

Service Charge

Demand Charge 27 kW @ $6.50

Energy Charge 12,650.496 kWh @ $0.06054

Resource Adjustment

Interim Rate Adjustment 14.23%

Low-Income Affordability Program Surcharge
Renewable Adjustment 12,650.496 kWh @ $0.00178
Transmission Adjustment 12,650.496 kWh @ $0.00318
Solar Energy Adjustment 12,650.496 kWh @ $-0.00006
Solar Renewable Adjustment 12,650.496 kwWh @ $0.00155
Total charge this period

12.00
175.50
765.86
369.45
184.61

1.55

22.52

40.23

-0.76

19.61

1,590.57



Rate Comparison: Four 200 HP air blowers

12 month total | S Savings | % Savings
Rate 871 |Existing rate $282,906.67
Rate 603 | LSG Secondary S258,862.93 S24,043.74 8.5
Rate 611 | Time of Day S$252,171.71 $S30,734.96 10.9
Rate 708 |Time of Use $251,080.13 S$31,826.54 11.3
Rate 871 |Existing rate $282,906.67
Rate 708 |Time of Use S251,080.13
Annual Savings $31,826.54




Affinity Laws for variable frequency drives.

* Cube Law Explained

* The power is proportional to the speed cubed. Since it is the power that costs the money the
graph shows what it looks like in practice.

* And the sums look like this for slowing down a pump by 20% .... 80% speed cubed, .8x.8x.8.=.51

100% === === = ==

Power

50%

22%

&yws

Motor Speed / Flow 60% 80% 100%

“Cube Law Explained” was copied from Inverter Drive Systems LTD.
https://www.inverterdrivesystems.com/cube-law/



https://www.inverterdrivesystems.com/wp-content/uploads/2016/01/Graph.png
https://www.inverterdrivesystems.com/cube-law/

Pumps have a defined operating range

% Flow

APl Pump Curve Practices And Effects On
. o Pump And M
Pump Life From Variability About BEP R armn
Lower Impeller Life Discharge A
— -] 1.00%n
Best Practice
High Temperature Rise =TT0% to +5% of BEP | 7| 0.98*71
Low Bearing &
Low Seal Life
Better Practice
E Best Efficiency Point = -20% to +10% of BEP > 0.90*“
£
== Low Bearing & Low Seal Life ;
2 Life Based On Best Practices For Cavitation
Installation And Use For All &=
Features Except How Close The Good P tice
Pump Operates To BEP ! = -30% to + 1%;5 of BEP ™ 0 - 75 * n
Reliability Curve :
Pump Curve

Figure 1: Barringer-Nelson curves show reliability

impact of operation away from BEP (Courtesy

of Paul Barringer, www.barringerl.com)




Old pump with 30HP low efficiency motor.




New pump with high-efficiency 20HP motor

Weinman®-Deming® split case pumps meet
design criteria of ASTM, HI, ANSI AlS], SAE and ASME.

Certified to
NEF/ANS| 61 & 572




Pump curve and system curve
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Pump curve plotted: 215gpm, 350gpm, 365gpm




VFD Adjustments

30% Energy Savings
Volts | QOutput
Hertz Amps DC voltage | GPM PSI
6/13/2019|0Id pump 46.8 74 323 181 350 57.4 |4.7 gallons per amp
6/9/2020|New pump 47.5 44.5 319 134 215 57.2 |4.8 gallons per amp
9/14/2020|New pump 49.3 52.8 320 196 364 57.7 |6.9 gallons peramp
City of Happy Place W Treatment Facility
Output Discharge | Gallons
Equip Date Amps |voltage | Hertz | KW | GPM PSI per KW
GPM/KW
v
#DIV/0!
v
#DIV/0!
v
#DIV/0!
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				City of Happy Place						W___________ Treatment Facility

				Equip		Date		Amps		Output voltage		Hertz		KW		GPM		Discharge PSI 		Gallons per KW

																				GPM/KW

																				ERROR:#DIV/0!

																				ERROR:#DIV/0!

																				ERROR:#DIV/0!






Water plant




Edge of pump curve, 60 hertz required




VFD and Valve adjustments. 30% savings.
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Decreased pressure creates energy savings. VFDs ordered.

Equipment ID: High Service Pump #1 GPM/KW
GPM per
Date Hertz| Valve position | GPM KW KW

5/23/2022 | 60 | throttled | 189 || 10.687 | 17.7

5/23/2022 | 60 Open 342 || 12.631 27.1

44.7%|| 15.4% 34.7%

Equipment ID: High Service Pump #2 GPM/KW
GPM per
Date Hertz| Valve position | GPM KW KW

5/23/2022 | 60 | throttled | 187 || 10.46 17.9

5/23/2022 | 60 Open 335 12.12 27.6

44.2%|| 13.7% 35.1%




VFDs and Sheaves




ABB drive, 30 HP air blower.

BE
Abw Cir3

AN




Sheave size is critical on belt-driven equipment

* 60 hertz =113.1 amps.
* 45 hertz = 101 amps.
* 40 hertz = 100 amps.

* 35 hertz = 103 amps.

* The 40HP motor has 9.2” sheave, blower had a 9.75” sheave.
1,765 motor rom x 9.2 /9.75 = 1,665 blower rpm. New blower
sheave = 12”: 1,765 motor rom x 9.2 / 12 = 1,353 blower rpm
at 60 HZ.



Follow-up Assessment

* |nitial assessment: Increase the blower sheave size on the aeration
blower. Install a VFD on the digester air blower.

* Follow-up assessment: Digester blower operating at 35 hertz.

Determined that sheaves need to be changed on the digester blower.

33.7% Savings

Pre Post

Assessment [Assessment |Savings
Total Energy Consumption (kWh) 443320 294130 149190
Current energy rate (S) 0.089164 0.089164 0
Total Energy Costs (S) S39,528.18| $26,225.83| $13,302.36




Air blower specifications

* Must always operate between the minimum and maximum speed.
* Program the minimum speed into the VFD.

* Air flow must be enough for cooling.

e Speed must be fast enough to splash enough oil for lubrication.
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15 HP air blower




VFD Savings on Air Blowers, 29% Plant Savings. 2 year ROI.

2018 Wastewater Treatment Facility

Billing From Billing To DBaillls kWh ::gz:g: Total TotS/kWh
6/10/2018  7/10/2018 30 9,240 78.4 $890.17 $0.0963
7/10/2018/ 8/10/2018 31 9,480 78.7 $914.88 $0.0965
8/10/2018 9/10/2018 31 9,480 80.6 $922.02 $0.0973

3 month Total 92 28,200 $2,727.07
Monthly Average 31 9,400 79.2 $909.02f  $0.0967

2020 Wastewater Treatment Facility
Billing From | BillingTo | = | kwh | Fower Total Tot$/kWh
Days Factor

6/10/2020 7/10/2020 30 6,480 87.4 $637.18 $0.0983
7/10/2020 8/10/2020 31 6,840 87.2 $693.65 $0.1014
8/10/2020, 9/10/2020 31 6,720 86.8 $630.88 $0.0939

3 month Total 92 20,040 $1,961.71
Monthly Average 31 6,680 87.1 $653.90 $0.0979




VED, 15 HP submersible well.




55% reduction, Grove City, MIN. Installed VFD, opened valve.

_ Pre Assessment Post Assessment  Savings

Total Energy
Consumption (kWh) 77,787.47 34,871.76 42,915.71

Current energy rate (S) 0.11879 0.11879 0

Total Energy Costs (S) S9,240.37 S4,142.42 S5,097.96



Oxidation Ditch facility

Annual Estimated
Energy Cost of Rebate
Recommended Energy Conservation Measure | Savings | Annual Cost [Improvement| Total [Payback| Ref
Project Item Description (kWh) | Savings ($) ($) (8) | (Years) | Pages
Reduce the water level in the ditches and reduce
Wastewater Plant
the ramp speed on the VFDs for the brush rotors.| 55,123 | $5,142.96 $0.00 $0.00 | 0.00 5-6
. Improve Bio-Phosphorus removal with anoxic
Chemical cost
zones 0 $4,289.00 $0.00 S0.00 0.00 7
Use the start/stop function and open the
Effluent blower )
discharge valves 16466 | $1,536.30 $0.00 $0.00 | 0.00 7
Totals 71589 | $10,968.26 S0.00




Efficient travel
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Questions?

* Paul Hoeschen

* Energy Efficiency Advisor

* Minnesota Rural Water Association
* paul.hoeschen@mrwa.com

* Cell phone: 218-820-0479
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