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Regulatory Assistance Project (RAP)®

1. History, Trends, and Challenges facing 
Regulation and Markets 

2. Distributed Resource Capabilities and Value, 
and Implications for Compensation, Rate 
Design, and Planning

3. Best Practices in Resource Planning
4. Approaches to Dealing with Misalignments in 

Traditional Regulation and Markets
5. Process Options for Moving Change Forward
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Today’s Agenda
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• Distributed Resource Capabilities and Value 
• DERs and Implications for Compensation and 

Rate Design
• Distributed Generation
• Storage
• Electric Vehicles

• Implications for Planning Needs
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Outline



1 Distributed Energy 
Resources: 
Capabilities and Value
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Energy 
Efficiency

Demand 
Response

Distributed 
renewable 
resources

Distributed 
Storage

Electric 
Vehicles

Microgrids
and CHP

Combinations 
of these 

resources
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What resources are we talking 
about? 
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Energy Efficiency Benefits
All Distributed Energy Resources
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Examples of DER Value Streams

Source: Minnesota PUC Briefing Papers, 2014.
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Supply Side: Inverter-Based Technologies 
Provide Important System Benefits
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The Electricity Committee and Energy Resources and Environment 
Committee have acknowledged the importance of flexible resources.

Taking Notice at NARUC

(1) Utilities and utility commissions should be well educated 
about the different types of quantitative models that exist today 
…

(2) Planning frameworks and modeling tools that are publicly 
and commercially available should model the full spectrum of 
services that energy storage and flexible resources are 
capable of providing …

Resolution on Modeling Energy Storage and Other Flexible Resources, NARUC Resolution 
EL-4/ERE-1 November 2018
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Ultimately, any question about the 
value of an electricity service 
must consider “value to whom”? 
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Though these tests were 
developed to evaluate 
energy efficiency
programs, they are 
sometimes used to 
evaluate other DERs.

Cost-Effectiveness
Tests are Designed to 
Answer that Question
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Though these tests were 
developed to evaluate 
energy efficiency
programs, they are 
sometimes used to 
evaluate other DERs.

Cost-Effectiveness
Tests are Designed to 
Answer that Question

Test Name Purpose 

Participant Test Focus on the 
customer

Ratepayer Impact 
Measures (RIM)

Focus on rates

Program 
Administrator Cost 
Test (PAC)

Focus on utility 
costs

Total Resource Cost 
Test (TRC)

Focus on customer 
and utility costs

Resource Value Test 
(RVT)

Focus on priorities 
of state, including 
relevant costs and 
benefits

Societal Cost Test 
(SCT)

Focus on costs and 
benefits to society 
as a whole
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• Cost effectiveness tests 
do not establish DER 
compensation

• DER compensation 
should be sufficient to 
induce customers to 
invest in resources that 
provide benefits to all 
customers
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Value of Service ≠ Compensation
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2 The Potential Value of 
Combinations of DERs
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Synergies in Value: PV + EV

≥

+
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Source: Gagnon et al. (2017). Solar + Storage Synergies for Managing Commercial-Customer Demand Charges. Lawrence Berkeley National Laboratory.

Synergies in Value: PV + Storage

23%

8%

42%
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• Combining PV and DR can create value for 
all ratepayers in the form of avoided energy, 
capacity, or ancillary service costs

• Flexible loads, like electric water heaters, 
can shift to take advantage of excess 
generation from a customer’s PV system
• Especially valuable to the customer if they 

don’t receive full retail rate net metering 
• Flexible loads can also “shape and shimmy” 

to help integrate variable PV generation
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Synergies in Value: PV + DR
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• Steele-Waseca Cooperative Electric
• Owatonna, Minnesota

• Built community solar garden on 
headquarters, encourages controllable 
electric water heating

Combining DERs for Customer and 
Utility Value: Sunna Case Study

Photo credit of Steele-Waseca 
Cooperative Electric
https://swce.coop/swce-field-
services/renewables/

https://swce.coop/swce-field-services/renewables/
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The Sunna Project

$170

• $1,225 for one panel

• $170 for one panel + a 
free electric water 
heater if the customer 
subscribes to the grid-
integrated water 
heater program

OR
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Combining DERs for Resilience:
US Army Case Study
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Source: US Army Office 
of Energy Initiatives 



Regulatory Assistance Project (RAP)®

Example of a US Army Project
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• PG&E and East Bay Clean Energy project, Oakland Clean 
Energy Initiative (OCEI)

• Replaces a retiring 165 MW Dynegy gas peaker, obviates 
need for 115 kV and 230 kV transmission

• Combination of resources includes:
• 25-40 MW combination of EE, DR, PVDG (minimum 19 

MW of load reducing response)
• 10 MW/40 MWh storage
• Substation upgrades and line re-ratings
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Combining DERs in a Non-Wires 
Solution: Oakland Case Study
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Saves Ratepayers Money, Reduces Emissions
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• What are the priorities of the state of SC as 
interpreted by the PSC that will determine how 
utilities will decide on resources?

• What information is needed to assess the value of 
distributed resources? 

• And combinations of those resources?

26

Implications for Implementation



3 Implications for 
Compensation and Rate 
Design 

2
7
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• Economics of many value 
streams can be:
• Time-dependent
• Location-dependent
• Interdependent

• Values can be estimated by:
• Using market prices as proxies 
• Administrative determination

28

Quantifying Value is Difficult but 
Precision is Not Necessary
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• Poor rate design can induce 
private investment for private 
benefit that fails to provide 
public benefit

• Smart rate design aligns 
customer investment and 
operation of DERs with 
system value
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Smart Rates are Essential to 
Fair Compensation
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Distributed Generation

31
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Two Views of Cost Recovery
Traditional Utility View

DG customer “uses” the grid and 
should pay for it;

Solar Advocate View
Value of distributed resource is greater than 

the than retail rate;
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2014 Survey Of Multiple Value of 
Solar Studies: Average: $0.1672/kWh

34

Source: Rocky Mountain 
Institute
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Value of Solar Studies: 

Utility Economic Values Only
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Sheet1

		Illustrative

		Utility		State		Basic Charge				Number of Customers



		Pacific G&E		CA		None				4,600,000

		Los Angeles DWP		CA		None				1,259,999

		Southern California Edison		CA		$   0.87				4,300,000

		Public Service E&G		NJ		$   2.43				1,765,000

		Massachusetts Electric		MA		$   4.00				1,052,000

		Public Service Colorado		CO		$   6.75				1,165,000

		Baltimore G&E		MD		$   7.50				885,000

		Duke Energy Carolinas		NC		$   9.90				1,590,000

		PPL Electric Utilities		PA		$   14.17				770,000

		Niagara Mohawk		NY		$   17.00				1,200,000

		Pedernales Electric Coop		TX		$   22.50				220,000

		Basic Charges of the Largest US Utilities



		Pacific Gas & Electric Co		CA		None

		So Cal Edison		CA		$   0.87

		Florida Power & Light Co		FL		$   7.24

		Commonwealth Edison Co		IL		$   15.06

		Consolidated Edison		NY		$   15.76

		Virginia Electric Power		VA		$   7.00

		Georgia Power Co		GA		$   9.00

		Detroit Edison Co		MI		$   6.00

		Public Service E&G		NJ		$   2.43



														Madison Gas and Electric

																		Summer		Winter

														Basic Charge				$   10.00		$   10.00

														Per kWh				$   0.152		$   0.14
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		Comparison of Rate Forms



						Flat		2 Block		3 Block		High Basic Charge

		Fixed Charge				$   - 0		$   - 0		$   - 0		$   25.00

		First 250 kWh				$   0.150		$   0.116		$   0.103		$   0.1025

		Next 250 kWh				$   0.150		$   0.174		$   0.155		$   0.1025

		Over 500 kWh				$   0.150		$   0.174		$   0.206		$   0.1025

		Usage

				Usage

				- 0		$   - 0		$   - 0		$   - 0		$   25.00

				250		$   37.50		$   29.00		$   25.75		$   50.63

				500		$   75.00		$   72.50		$   64.50		$   76.25

				750		$   112.50		$   116.00		$   116.00		$   101.88

				1,000		$   150.00		$   159.50		$   167.50		$   127.50

				1,250		$   187.50		$   203.00		$   219.00		$   153.13

				1,500		$   225.00		$   246.50		$   270.50		$   178.75

				1,750		$   262.50		$   290.00		$   322.00		$   204.38

				2,000		$   300.00		$   333.50		$   373.50		$   230.00



Flat	0	250	500	750	1000	1250	1500	1750	2000	0	37.5	75	112.5	150	187.5	225	262.5	300	2 Block	0	250	500	750	1000	1250	1500	1750	2000	0	29	72.5	116	159.5	203	246.5	290	333.5	3 Block	0	250	500	750	1000	1250	1500	1750	2000	0	25.75	64.5	116	167.5	219	270.5	322	373.5	High Basic Charge	0	250	500	750	1000	1250	1500	1750	2000	25	50.625	76.25	101.875	127.5	153.125	178.75	204.375	230	
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High-Cost vs. Low-Cost Utilities

36
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Mississippi Value of Solar Study

37
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• Railroads
• Airlines
• Semiconductors 

Net-Metering: Tool to incentivize 
investment?

39
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• Supply chains
• Educated customers

• More important to reflect grid value in 
compensation

40

Transition to Mature Industry



Regulatory Assistance Project (RAP)®

• Assume:
• Distribution is 40% of the bill
• No Distribution Cost Savings
• Average Power Supply Cost =                

Marginal Power Supply Cost
• Then:

• Impact on other consumers is 2%

How big is the impact if:
5% of customers install solar over 5 years?

41
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Low levels of saturation:  0% - 5%

Moderate levels of saturation 5% - 10%
• Voltage Regulation

High levels of saturation  Over 10% of Customers
• Generation and Transmission Impacts

System Cost Impacts

42
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System Cost Impacts

43
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Half of System Peak in Maui

44
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Circuits and Substations “Running Backwards”

45
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2006 Peak:
1,200 MW at 1 PM

2014 Peak:
1,050 MW at 7 PM

2006: 500 MW 
ramp 

6 AM to 1 PM

2014: 250 MW 
ramp 6 AM to 1 PM

Peak Load Benefits May Reach A Limit

Source:  Hawaiian Electric Co

46
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• Hawaii
• California
• Austin Energy, Texas
• Nevada

48

Examples of Net Metering 
Successor Tariffs
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• Ended net metering in 2015 due to high distributed 
generation penetrations – 30% and 53% of 2 
utilities peak load

• Transition successor tariffs to net metering 
• Smart Export Tariff – Solar + Storage

• Customers charge batteries during day 9-16:00
• Use power from batteries in evening
• Credit for power exported during evening, 

overnight, or early morning hours
49

Hawaii 
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• 913,481 net-metered solar projects, totaling 7.6 GW of 
installed capacity, as of November 2018

• California plans to increase this total - 16 GW of behind-
the-meter solar by 2030 estimated (peak load ~ 46GW)

• Net metering 1.0: full retail compensation; 1 MW system 
size cap; tariff available until utility reached a 5% cap-
utilities were approaching

• Net metering 2.0 – preserves full retail rate compensation; 
interconnection fee; customers on TOU rate; no cap on 
system size, demand or similar charges disallowed

• CPUC now looking at alternatives to net metering  
50

California 
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Austin Energy, Texas

Value of Solar Value-of-Solar Rate ($/kWh)

Residential Customers $0.09700
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• In 2015, Nevada PUC implemented a new net metering 
program
• Increased fixed service charge- tripled
• Decreased the energy charge for excess energy from DG 

– were to fall 2 cents per kWh 
• Market for DG slowed dramatically, major solar firms left the 

state and over 2,600 jobs lost
• As a result, legislature passed bill to reinstate NEM, 95% 

retail compensation, to decline with each 80 MW of solar 
installed to a floor of 75%

• Solar rebounded
52

Nevada
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Other Approaches 
to DG Compensation

53
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• Value of Solar Tariff (VOST)
• Power Cost Only

• Long-run marginal cost
• Short-run avoided fuel and purchased power

• High Fixed Charges
• Demand Charges 

Net Energy Metering is Not the 
Only Method

54
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• Fixed Charge:     $22.50/month
• Transmission Charge: $.01256/kWh
• Delivery Charge:  $.02712/kWh
• Energy Charge: $.0605/kWh

Customer avoids $.10 for power used on-site, and 
receives $.06 for power fed to grid.

Power Cost Only:
Pedernales Electric Cooperative

61



Regulatory Assistance Project (RAP)®

Straight Fixed/Variable Rate: 
Franklin Public Utility District

Fixed Charge:   $34.00

Energy Charge:  $.0673/kWh

62
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• What level of market maturity should trigger the 
regulator to reassess net metering as a way to 
compensate solar PV? (is it a number, or some 
qualitative market standard reflecting choices of 
supplier, depth of supply chain, installation cost 
comparison with other states?)

• What level of solar penetration creates system 
effects that indicate a need to reassess net 
metering?

64

Implications
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Storage



Regulatory Assistance Project (RAP)®

1000300100 3000 10000

100

1000

10000

10

CAES

Chilled Water / Ice 
Thermal

H2O heaters

Metal-air

Na-S

Flow

Lead-acid

Ni-Cd
EV

Li-ion

Zinc-air

H.P. capacitors

H.P. flywheels

L.D. flywheels

L.D. capacitors

Distributed / 
demand-side

Battery

Grid-scale

Flywheel / 
capacitor

Ca
pi

ta
l c

os
t p

er
 u

ni
t e

ne
rg

y 
-$

/k
W

h 
ou

tp
ut

Capital cost per unit power - $/kW

PSH

There Are Many Kinds of Storage

66



Regulatory Assistance Project (RAP)® 67

Storage is More Than Batteries
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Ice-Energy “Ice Cub”

• 2.5 ton capacity 
• 18 SEER compressor
• 3 hours storage, to 

get through high-cost 
hours

Ice Storage For Residential Air 
Conditioning
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• High concentration in multi-family
• Unlikely to run out of hot water
• Can provide ancillary services to grid
• Water heater controls widely used in France, 

Australia, and in rural Minnesota

70

Water Heaters Are Probably the 
Cheapest Source of Storage
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How Many Electric Water Heaters 
in the Southeast?

Region

Millions of 
Electric 
Water 

Heaters
Total 

Residences % Electric

VA 1.8 3 60%
GA 1.8 3.5 51%
FL 6.2 7 89%
NC SC 4.2 5.4 78%
TN 1.8 2.4 75%
AL, KY MS 3.1 4.6 67%

Total 18.9 25.9 73%
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Multi-Family Daily Use is Within 
Capacity of a 52 Gallon Tank

• Daily Usage:  5.33 kWh

• 52 Gallon Tank Capacity:   
7.92 kWh 
@ 140° Max & 
75° inlet water temp.

Daily 
Usage

Unused
Storage
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Reduce Charging: 6–10 AM; 4-10 PM 
Increase Charging at Other Hours
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Charging Occurs Mid-Day and 
Mid-Night
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We Only Use Half the Available 
Storage
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Grid-Integrated Water Heating also 
Provides Ancillary Services
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Ancillary Service Value May Exceed 
Water Heating Energy Cost
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• Customer Ownership Option: 
Direct Purchase

• “Shared Access” Option: 
$1.25/day
• Utility: Diurnal Storage, 

Ancillary Services
• Customer: Emergency 

backup power
78

Green Mountain Power Tesla 
Battery Tariff



Electric Vehicles (EVs)
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Electric Vehicles
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• Nissan Leaf: 4 miles/kWh
• Tesla S: 3 miles/kWh
• Energy: 1,000 miles/month 

= 250 – 333 kWh/month
• Demand: Level 2 Charging:  

3.3 kW – 6.6 kW
• Two-thirds of a water heater

How much power does an EV 
use?

81
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Upgrade a Water Heater:
Fuel Your EV with the Savings
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Copied from:  M.J. Bradley, 2017
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Price Can Influence 
When EVs Are Charged

83
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Potential Grid Savings Are Huge
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Workplace Charging and the Duck Curve

Workplace 
Charging

Home Charging 
w/o TOU
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Comparison of Three Rates: 
Consequences for Commercial 
EV Adoption

Antiquated 
Rate

Demand Charge $10/kW
Demand Measurement NCP
Energy $0.12/kWh
Energy Measurement No TOU

Coincident Peak 
Demand Charge

$10/kW
4 PM - 8 PM
$0.12/kWh
No TOU

Smart Rate

$2/kW
Site Infrastructure

$.05 - $.75/kWh
TOU
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Sheet1

		Rate Examples for non-Residential Rates Webinar

		Georgia Power TOU-GS-10

		Customer Charge		$/Month		$   209.00



		Demand Charge

		  On-Peak		$/kW		$   15.66

		  Maximum Peak		$/kW		$   5.23



		Energy Charge

		  On-Peak		$/kWh		$   0.122

		  Shoulder Peak		$/kWh		$   0.625

		  Off-Peak		$/kWh		$   0.024

		Black Hills Energy Wyoming  Schedule PG

		Customer Charge		$/Month		$   209.00



		Demand Charge		$/kW		$   21.35



		Energy Charge		$/kWh		$   0.050

		Sacramento

		Customer Charge

		Site Infrastructure

		On-Peak Demand

		Energy

		  Super-Peak

		  On-Peak

		  Off-Peak





Sheet2

				Antiquated Rate		Coincident Peak Demand Charge		Smart Rate



		Demand Charge		$10/kW		$10/kW		$2/kW

		Demand Measurement		NCP		4 PM - 8 PM		Site Infrastructure

		Energy		$0.12/kWh		$0.12/kWh		$.05 - $.75/kWh

		Energy Measurement		No TOU		No TOU		TOU



		Electric Vehicle Charging Cost Per Month     6.6 kW     250 kWh



		NCP Demand		$   66.00				$   13.20

		CP Demand				$   - 0

		Energy		$   30.00		$   30.00		$   12.50

		Total		$   96.00		$   30.00		$   25.70

		Average $/kWh		$   0.384		$   0.120		$   0.103
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Electric Vehicle Charging Cost Per Month 6.6 kW 250 kWh/month


NCP Demand 66.00 $                 - $               13.20 $             


CP Demand - $              


Energy 25.00 $                 25.00 $            15.00 $             


Total 91.00 $                 25.00 $            28.20 $             


$/kWh 0.36 $                   0.10 $              0.11 $               
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Traditional Rate


Coincident 


Peak Demand 


Charge Smart Rate


Demand $10/kW $10/kW  $2/kW


Demand Measurement NCP 4 PM - 8 PM Site Infrastructure


Energy $.10/kWh $.10/kWh $.05 - $.75/kWh


Energy Measurement No TOU No TOU TOU
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