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German Wholesale prices Down 50%



Leading States Activities:
California and New York



California



San Diego Gas & Electric











Integrating DER into 
the wholesale market 





Flexible Resource Adequacy

• On June 27, 2013 the California Public Utility Commission issued a ruling 
revising the Resource Adequacy Mechanism to include a fraction of Flexible 
Capacity:

• Rule recognizes reliability needs due to 33% RPS target by 2020 and 
reduction in available flexible generation due to pending shut down of 
“once through cooling plants”.

• Flexible capacity is defined as capacity able to sustain a 3 hour 
continuous ramp.

• Procurement amount will be based on forecasted highest annual 3 
hour continuous coincident ramp.

• RA Mechanism requires each load serving entity to show three year 
forward contracting with sufficient capacity (with an appropriate 
fraction of flexible capacity) to serve it load (90% of need year ahead 
and 100% of need month ahead) 





Flexiramp Product Covers Potential Future 
Interval Variation in Current Dispatch

Opportunity Cost Based Remunaration



DER Aggregators and Virtual Power Plants
Aggregators hide some of this complexity via VPP abstraction
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CAISO Proposed Tariff Revision
 CAISO tariff to support the participation of distributed 

energy resources in the CAISO markets.  The proposed 
tariff revisions establish an initial framework to enable 
resources connected to distribution systems within 
CAISO’s balancing authority area to form aggregations 
of 0.5 MW or more and participate in its energy and 
ancillary services markets. 
 CAISO’s proposed revisions address five topics:

1. Provisions that recognize a distributed energy resource 
provider (DER Provider) as a market participant;

2. Provisions that recognize a distributed energy resource 
aggregation as a market resource; 

3. Rules governing participation of these resources in the 
CAISO markets;

4. Distinctions between the requirements for scheduling 
coordinators representing demand response and 
requirements for scheduling coordinators representing DER 
providers

5. A new pro forma DER Provider Agreement



CAISO Filing Specifics
DER Provider is the owner or operator of a distributed energy 

resource aggregation at  a geographically contiguous metered 
subsystem located within a single CAISO zone for purposes of 
wholesale market participation.

This broad definition encompasses multiple types of resources 
such as distributed generation, energy storage, and plug-in 
electric vehicle charging stations, in front of or behind a 
customer meter.

Like all other market participants, a DER Provider may only 
participate in the CAISO markets through a scheduling 
coordinator or by becoming a scheduling coordinator itself.

Individual generating units located in the CAISO balancing 
authority area that are 1 MW or greater will still be required to 
become participating generators and will not be eligible to 
aggregate their capacity through a DER Provider.

Resources that are participating in retail programs, such as net 
metering with storage or virtual net metering, also cannot 
participate in a wholesale market aggregation (no double 
dipping). However, non-net energy metering distributed energy 
resources are allowed to participate. 
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New York’s Reforming the Energy Vision 

Articulated a Detailed End-State Vision

 Objective: A transactional, distributed electric grid that 
 Improves system efficiency, resilience, and air emissions,

 Encompasses both sides of the utility meter 

 Relies increasingly on distributed resources and dynamic load 

management

 Defined “distribution system platform” (DSP) functions to include:
 Planning, operations and enabling of markets

 Improved temporal and spatial granularity of information

 Improved information accessibility to consumers and participants

 Greater transparency to grid needs to encourage innovation and 

investment

 Requires utilities to file Distributed System Implementation Plans 

(DSIP) –individual and joint –in 2016 Address distribution system 

planning and operations for high DER penetration











The DSP , a Common Theme 



Retail Pricing and 
Distribution Cost 

Recovery Mechanisms



Policy Objectives in Fixed Cost Recovery

Economic Efficiency - volumetric energy prices 
should reflect social marginal cost (plus 
externalities) but that is not practical and may still 
result in revenue shortfall

Equity – there is general belief that consumers that 
use more electricity should pay more toward 
recovering a revenue shortfall

Income Distribution – desire to assure that low 
income household can afford basic necessities



Efficient Pricing Produces Inframarginal
Revenue Toward Fixed Cost Recovery
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But Efficient Pricing Yields Revenue Shortfall

Because much of distribution costs are fixed relative to 
quantity of electricity consumed

Because utility revenues covers many other costs that 
are not marginal
Low –Income programs
Energy efficiency programs
Sunk cost from the past and loan repayments
Subsidies for distributed generation

Because volumetric charges typically exceed marginal 
cost so declining demand due to distributed generation, 
energy efficiency and customer defection amplifies 
shortfall 



Options for Recovering Revenue 
Above Efficient Time –Varying Pricing

Fixed charge – independent of quantity consumed
Can be charged per meter or may vary with connection 

size (Amps)

Demand charges
non-coincident peak usage
coincident usage during system peak

Volumetric average cost pricing (averaged over 
time and quantity)

Tiered volumetric pricing – increasing block pricing

Decoupling



Fixed Charges

Very attractive on efficiency grounds 
because demand for connection is 
essentially inelastic

Has equity problems (no consideration of 
usage)

Concern about impact on low-income 
consumers



Demand Charge

System Load
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PG&E EV Rates
Both EV-A ( one meter) and EV-B (dual meter) are 
non-tiered, time-of-use plans (prices vary by time 
but do not change with quantity)



PG&E Base Tiered Tariff (E1)

Each monthly billing period begins at the lowest price per kilowatt for 

your electric usage. Tiers are defined by usage amounts. Once you 
reach that allotted amount, you are moved into a higher priced tier.



PG&E Time-of Use Rate 3-8 (ETOU-A)



PG&E Time-of Use Rate 4-9 (ETOU-B)



PG&E Time-of-Use Rate (E6)
(Closed to new customers effective May 31, 2016)

Price Cent/Kwh





Integration of DER at the 
Distribution Level 

Through Net Metering 
and Incentive Plans







California



Net Energy Metering (NEM) 
Customers who install small solar, wind, biogas, and fuel cell 

generation facilities (1 MW or less) to serve all or a portion of 
onsite electricity needs are eligible for the state's net metering 
program.

NEM allows a customer-generator to receive a financial credit for 
power generated by their onsite system and fed back to the 
utility. The credit is used to offset the customer's electricity bill.

Participation in NEM does not limit a customer-generator’s 
eligibility for any other rebate, incentive, or credit provided by an 
electric utility, or as part of a governmental program

NEM allows the customer to size their generation to meet their 
annual load instead of the peak demand (system provides 
effective storage to customer and enables more efficient use of 
customer capacity)

NEM also reduces concerns about short term fluctuations in 
generation

NEM provides a long term, predictable benefit tied to market 
value (bundled retail rates) for the customer, improving the 
financial viability of distributed generation (DG) investments.



Net Metering (cont’d)

NEM allows customers to receive the fully bundled retail rate for 
generation that offsets load (coincident or non-coincident), and may be 
expanded to cover net excess generation. 

NEM program rules and regulations allow regulators and utilities to 
provide transparent, simplified and expedited interconnection 
procedures for small customers.

NEM systems are primarily intended to offset onsite load, mitigating to 
some extent the impact on the Transmission and Distribution system, 
allowing for simplified interconnection procedures.

Useful for encouraging interconnection of small to medium sized PV 
systems.

NEM projects pay little to no charges to interconnect to the utility grid.

NEM customers do pay “non bypassable” charges, but based on net 
rather than gross consumption.
Department of Water Resources surcharge
Public Goods Charge (to fund public goods research, development and 

demonstration,)
Energy efficiency activities
Low income assistance programs



NEM Billing (California)
Electricity tariff billing mechanism designed to facilitate the 

installation of onsite renewable generation

Under NEM tariffs, participating customers receive a bill credit for 
excess generation that is exported to the electric grid during times 
when it is not serving onsite load. 

On a month to month basis, bill credits for the excess generation 
are applied to a customer’s bill at the same retail rate (including 
generation, distribution, and transmission components) that the 
customer would have paid for energy consumption, according to 
their otherwise applicable rate structure. 

At the end of a customer’s 12 month billing period, any balance 
of surplus electricity is truedup at a separate fair market value, 
known as net surplus compensation (NSC). 

The NSC rate is based on a 12 month rolling average of the 
market rate for energy, or approximately $0.04 to $0.05 per kWh, 
(per Commission Decision (D.) 1106016 following AB 920)



Renewable Energy Credits (California)
NEM customers who generate a balance of energy at 

the end of their 12month billing period are eligible to 
receive compensation for the renewable energy credits 
(RECs) associated with excess generation. 

This payment is equal to the net surplus kWhs
multiplied by the Renewable Attribute Adder rate, 
which reflects an average premium utilities pay for 
renewable energy in order to comply with California’s 
Renewable Portfolio Standard (RPS).

To receive compensation for RECs, a customer-
generator must register their generation facility with 
the Western Renewable Energy Generation Information 
System (WREGIS) and follow California Energy 
Commission eligibility guidelines for RPS



NEM Caps (California)

Pursuant to AB 327, each large investor owned
utility is required to offer NEM until the earlier of 
July 1, 2017, or the date on which the utility 
reaches its NEM program cap. 

The NEM program cap is reached when the total 
installed NEM capacity in a utility territory exceeds 
5% of its aggregate customer peak demand 

Utility 5% NEM Cap (MW) 
PG&E   2,409 MW (remaining as of, 3/2016,  435.4 MW)

SCE 2,240 MW (remaining as of, 3/2016, 643.7 MW)

SDG&E 607 MW (remaining as of, 3/2016, 34.1 MW)



NEM Aggregation and Virtual NEM
California Senate Bill (SB) 594 authorizes NEM aggregation, in which an eligible 

customer-generator elects to aggregate the electrical load from multiple meters, 
and NEM credits are shared among all property that is attached, adjacent, or 
contiguous to the generation facility. 

A customer-generator must be the sole owner, lessee, or renter of the 
properties in order to utilize NEM aggregation. (e.g., an agricultural customer 
could use a single solar system to provide NEM bill credits to offset the electrical 
load from their home as well as from an irrigation pump located on an adjacent 
parcel.)

SB 594 conditioned implementation of NEM aggregation for the three investor 
owned utilities on a Commission determination that the policy would not result 
in an increase in the expected revenue obligations of customers who are not 
eligible customer-generators.

The Commission authorized investor owned utilities to implement NEM 
aggregation in Resolution E4610.

NEM aggregation applications are counted towards the 5% NEM cap, and all 
other NEM restrictions apply.

Virtual Net Metering (VNM) is a tariff available to multitenant properties that 
enables an owner of such property to allocate a solar system's benefits to 
tenants across multiple units. 

Current tariff rules allow the system owner to allocate bill credits of a 
percentage of the solar generation between common load areas and tenants 
along a single service delivery point.



Hawaii



 Enable a diverse portfolio of renewable energy resources;

 Expand options for customers to manage their energy use;

 Maximize interconnection of distributed generation to the State’s 

electric grids on a cost-effective  basis at non-discriminatory terms 

and at just and reasonable rates

 Determine fair compensation for electric grid services and other 

benefits provided to customers by distributed generation customers 

and other non- utility service providers; and

 Maintaining or enhancing grid reliability and safety through 

modernization of the State’s electric grids.



Too Much of a Good Thing

Net Metering systems have increased by over 60 
times the cap established by the initial 1996 
legislation that set up the metering program. 
Program capacity now runs from 30% to 53% of 
system peak load, depending on the utility. Nearly 
20% of all customers of the Oahu (HECO) and Maui 
(MECO) utilities have net metered DG.

The Hawaii Public Utility Commission concluded that 
simple retail rate net metering credit is driving 
uncontrolled, undirected growth, and raising 
questions about cost shifting to non-solar customers.







Hawaii Regulators Discontinue NEM for Fooftop Solar 
(October 12, 2015) .

The Hawaii Public Utility Commission closed retail rate net energy metering 
(NEM) reimbursement programs from the Hawaiian Electric utilities to owners 
of solar and other distributed generation (DG).

Electric programs capped at existing levels as of the release of the Oct. 
12 decision
 lower remuneration rates put into place for new rooftop solar systems 
Systems with existing retail rate net metering deals will be able to keep them for 

the life of their contracts.

The commission will consider further modifications (Phase 2) of DER policies 
to ensure Hawaii continues to benefit from the safe and reliable integration of 
these resources.

In its order, the PUC stated that the state's high net metering credit has led to 
unprecedented DER penetration in a short period of time. “Extraordinarily 
high retail prices, combined with dramatic cost declines in renewable energy 
and storage technologies, have combined to transform the competitive 
landscape facing the State's electric utilities.”

The commission concluded that simple retail rate net metering credit is 
driving uncontrolled, undirected growth, and raising questions about cost 
shifting to non-solar customers.

Alliance for Solar Choice (TASC), a solar advocacy group, has filed suit against 
the PUC, requesting an injunction on the rooftop solar ruling.



New Solar Tariffs and TOU Rates
Grid Supply Option

Replaces NEM’s retail rate credit for electricity sent to the 
grid by customers' solar systems. 
New tariff for each utility, based on the avoided costs of 

fossil generation during peak generation hours measured 
from July 2014 to June 2015.
$0.151/kWh for Oahu, $0.154/kWh for Hawaii, and $0.172/kWh 

for Maui.) 
Compares to PPAs for new utility scale PV projects that range from 

$0.111/kWh to $0.145/kWh.
Reduces return on investment to 7.5 to 9% (depending on utility)

Grid-supply tariff to be guaranteed for two years. 
To force right-sizing of rooftop installations, annual rollover 

of credits to be reduced to a monthly close-out.
New residential solar owners will also face a minimum 

monthly bill of $25.



New Solar Tariffs and TOU Rates
Self-Supply Option

A synthesis of proposals from many proceeding stakeholders. 
Primarily aimed at creating solar owners who do not export their 
generation to the grid, but can provide grid support when 
needed.

Allows system owners to earn retail rate credit in the form of 
reduced bills for generation that aligns with their energy 
demand patterns.

Provides incentive for load shifting and behind the meter 
storage. 

Utilities are required to manage the self-supply option along 
with the streamlining of interconnection standards ordered by 
regulators.

Utilities to file a new time-of-use (TOU) rate proposal according 
to its guidance.



New Time-of-Use Rates

Time-of-use rate be an “opt-in” choice for customers 
and the design need to include three time periods, 
corresponding to the overall system peak period, a mid-
day period, and an off-peak period.

The mid-day period rate is to be set at a projected 
2017 marginal cost of generation, while the peak 
period rate will be calculated by combining fixed 
generation, transmission, and distribution costs during 
peak hours.

The off-peak rate will be a marginal generation cost 
adjusted so that the overall price change is neutral for 
average residential customers that do not change their 
consumption behavior in response to the new tariff.



Nevada



Nevada Ends Net Metering



The Nevada PUC order of December 22, 2015, tripled 
the fixed charges solar customers will pay over the 
next four years, and reduced the credit solar 
customers receive for net excess generation by three-
quarters.

Under the new rates, Southern Nevada solar 
customers, who make up the vast majority of solar 
customers in the state, will see their monthly fixed 
charge increase incrementally from $12.75 to $38.51 
by 2020. Over the same period, the net-metering 
credit will drop from 11 cents per kilowatt-hour to 2.6 
cents per kilowatt-hour.

Regulators said the order was designed to make solar 
customers pay their fair share for use of NV Energy’s 
grid and it implements Nevada Senate Bill 374.



Solar companies warned that the changes make rooftop 
solar economics unworkable. Shortly after the new rate took 
effect on January 1, SolarCity, Sunrun and Vivint all 
announced they would have to cease operations in the 
state. Local installers have also been forced to cut staff.

The most controversial decision was to apply the changes 
retroactively to Nevada’s nearly 18,000 existing solar 
customers, in addition to new ones. But grandfathering 
options are being reconsidered.

On July 12, 2016 the Nevada Secretary of State certified a 
Nevada Solar Rate Restoration Veto Referendum Question 
on the November 8, 2016 general election ballot, for or 
against repealing the section of Senate Bill 374 that 
established a higher fixed fee for solar customers  but on 
August 4, 2016 the Nevada Supreme Court ordered to 
remove the question from the ballot, citing biased language. 



Back to California



Final Decision Released On 
California’s NEM 2.0 Program

On January 28, 2016, the California Public Utilities 
Commission (CPUC) narrowly voted 3-to-2 to enact its 
net energy metering (NEM)

For the past decade, the original California NEM 
program provided investor owned utility (IOU) 
customers that went solar with a full retail-rate credit 
for the surplus solar power they send back to the grid. 

As of September 30, 2015, over 410,000 customers had 
connected over 3,200 Megawatts of net-metered 
generation systems, making California the leading state 
for U.S. solar adoption.



New Elements to the NEM Successor Tariff
New one-time interconnection fee: Requires NEM 

successor customers with systems under 1 MW to pay a 
reasonable, pre-approved interconnection fee.
Utilities will propose the fee via Advice Letter based on actual 

historical interconnection costs. Likely to be approximately $75-
$150.

Customers larger than 1 MW will pay all interconnection fees and 
upgrade costs.

Non-bypassable charges: NEM successor customers will pay 
non-bypassable charges on each kilowatt-hour (kWh) of 
electricity they consume from the grid.
Non-bypassable charges fund important programs such as low 

income and efficiency programs.
All utility customers, except current NEM customers, pay non-

bypassable charges on all energy they consume from the gird. 
Current NEM customers only pay on usage from the grid after 
NEM exports are subtracted.

Non-bypassable charges are equivalent to approximately 2-3 cents 
per kWh.

Time-of-use (TOU) rate: Residential NEM successor 
customers to take service on a TOU rate.

















Questions?
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