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Regional transmission organizations (RTOs) and independent system operators (ISOs) have grown
to cover 75% of US economic activity.
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Flow-Based Pricing

Transmission Capacity Definitions The fictional contract

o path approach would
Contract Path —m= Flow-Based Paths —= Point-to-Point .
PR not work in theory!

;, ', FERCOPoint to Point®D & Z /7
(F, EERELIEEL T ISR

B2} TPricingg 22 ¢ETH

Contract Path Fiction Parallel Flows Flows Implicit

E74t+. Flow-based
AEED

A contract path is simply a path that can be designated to form a single continuous

electrical path between the parties to an agreement. Because of the laws of physics,

it is unlikely that the actual power flow will follow that contract path. Flow-based

pricing or contracting would be designed to account for the actual power flows on a
transmission system. It would take into account the “unscheduled flows” that occur

under a contract path regime. (Order. 888 f#li¥)

pricing® RIEOQ R ITHAA
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Ol Contract path | : it DETBRIEEDZMICLDEBEIL—+
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S> EERA—XTXv/OT151ETDHDH. Flow-based pricing

OContract path[ZRKIERX— R &4 SH, Flow-based pricinglEERXEZTER—X,

Power Flows

©

= All lines have equal impedance

= Path W-S-E-N has three times the impedance of path W-N

= Flow divides inversely to impedance

= |[f W Gen supplies N Load, flow W-S-E-N is one third flow W-N

= |f N Load is 100 MW, 75 MW flows on path W-N, 25 MW flows on
path W-S-E-N 22

Order No. 888

Tariff Provisions That Affect The Pricing Mechanism
a. Non-Price Terms and Conditions

We recognize that the industry, in response to changes in institutions, competitive

pressure, and technological innovations, is evolving rapidly. For example, various forms of

flow-based pricing are beginning to be considered in conjunction with electronic
transmission information systems. We seek to encourage this process and will in the
future entertain non- discriminatory tariff innovations to accommodate new pricing
proposals.

FERCIZX. Order No. 888D HlER R TIX. flow-based pricing
EBEMTTIIVELS, ISOLRARRICHEL TS,
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Order No. 889

d. Accommodating Flow-Based Pricing

The Commission concludes that the proposed regulations were general enough to
accommodate flow-based pricing methods. Therefore, we have provided no special
provision regarding flow- based pricing in the final rule. Any OASIS-related issue that
arises when flow-based proposals are made can be dealt with at that time.

Order No. 8890 HTl&. OASISH Flow-Based
Pricing|Z2®t L TWLNB ZEMNFEZRINTLNVS,
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Figure 10 - New Transmission in New York State: 2000-2014
Ve N Transmission-Distribution interface (T-D FERCIE. L3#]. OASISDTEHRDIZERA U EL T, — K EHSTILEZREE
| | interface) s the physical point at which the EEETORERFAEOELHEREL, BLOREFAE (RUTO
s oo transmission system and distribution system SERIB)E—DDA TR/ —RELT. AT R/ —REDEREER
. B interconnect. This point s often the EOACELTICEEE R TV LS THY, THETHNIZEHOEER
- demarcation between federal and state BEEHELT—DOATL R/ — K TOBRRIBHEREL TVESThH
regulatory jurisdiction. It is also a reference %, LHOLEAS, BEX. HiELYIEZNBOAMIZAMN>TLNAELEST, #
e POIN for electric system planning, scheduling BT B/~ L TFA T CRENB LS, RERADE NG
o " B of power and, in ISO and RTO markets, the - FEOEGAEIS/ —FESRLT @HMET EHRISEATIS
so0M ) 4 reference point for determining Locational FSZRZT5Nn5,
o o Marginal Prices (LMP) of wholesale energy.
. o o—
Independent System Operator (1ISO) or Regional Transmission Organization 10 Operating Number of Aggregated RetailPricing e
(RTO) is an independent, federally regulated entity that is a Transmission Region Nodes / Buses Regions Pricing Hubs
System Operator, a wholesale market operator, a Balancing Authority and a Ca:'g’;?;%‘fo 3,000 C:v;‘gn':”t;ewﬂ;ﬁfy“;;enge“’s”fate

Planning Authority. 7 pricing regions: covering all or
most of 13 States.

8 pricing regions (match 6 State

Midwest ISO (MISO) 1,300 6 trading hubs

Distribution System is the portion of the electric system that is composed of 150-New England

medium voltage (69 kV to 4 kV) sub-transmission lines, substations, feeders, (ISO-NE) o borders - Mass. has 3 regions) g i
and related equipment that transport the electricity commodity to and from PIM ‘”‘gj&”)”““"” 6,000 1Bpgf;:egs’:ﬁf”wja§ﬁvgg‘g 13 20 trading hubs
customer homes and businesses and that link customers to the high-voltage New York IS0 1 11 pricing regions wver,né one Weighted region
transmission system. (NYISO) State prices used
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A 4 £ California ISO
OASIS - Open Access Same-time Information System 7 -0/1ornia 1oL

Trading days Trading days
R prior to FERC764 activation | starting with FERC764 activation
eport b T 1
Market ety Market ety
| . Granularity Granularity
Current
Transmission n/a Hourly n/a 15-minute
| Usage | !
Transmission Day-Ahead Hourly Day-Ahead Hourly
Interface Usage | Hour-Ahead | Hourly Hour-Ahead 15-minute
RTPD n/a RTPD 15-minute
| Day-Ahead | Hourly Day-Ahead Hourly
.'I\,";'r:‘:f:“’c“:'pa:c[fw Hour-Ahead Hourly Hour-Ahead 15-minute
| | RTPD | nja RTPD 15-minute

Report: CAISO Demand Forecast

Enhanced report to provide the FMM 15-minute and RTD S-minute forecast (including operator adjustments) by
TAC Area

The user-interface report download file (xmlcsv formats) will be based on the latest GMT-based API version for
trading days before/after FERC764 activation.

Report: Wind and Solar Forecast
Enhanced report to provide wind and solar aggregated Fifteen Mnute Market FMM forecast publication by 15-
minute intervals; and RTD forecast pubhcation by S-minute intervals.

The user-interface report download file (xml/csv formats) will be based on the latest GMT-based AP version for
trading days before/after FERCT764 activation.
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EBEX VI TARVINENGE
[ ] — NP =
/ 9‘"’ j?‘f“//ﬁd)%iﬁ No Congestion or Losses: Node N Price
Transmission Limit = 85 MW 100 MW +1 MW
Superposition v N .
100 MW (75+.75) 75.75 MW 25 (25 +.25)
Offer Offer
(45 +10) 55NN / \45‘MW (15 +30) 125@$30@ 125 @ $35
_ — . \\ Dispatch
somw D \ @ omw 1oo’rx:|w
+1 A
Pl
(15-10) 5 MW\ - _5MWi5 (16 - 10) = Price at Node N is the cost of supplying next 1 MW to N
= Least cost solution would have W Gen supply the next MW to N, based
on W Gen'’s offer price
» What if W Gen supplies 60 MW and E Gen supplies . Ze::glzaen;(fjlgi\;\i/ownzr?“t;lsvw;tth'i\‘nogr:i;\‘s)(net of existing flow and increment
40 MW to N Load? = W Gen is the marginal generator and Node N price = $30
= Both W Gen and E Gen’s output will flow in proportion
to the impedance of the paths to N Load ) »n
= Resulting line flows represent the net impact of their IMO:
flow distribution
1
IMO NEEITEE, Wil $ 30, Effitk $35
W-ERBFSNEE SAD LR EEFVNOTAIIVMEBRAVNGEE ROVERWDEE
JO—AR—Z Tl WNJL—FT45, WSSSESNIL—FT15 AT WANIL—FT75, WoSSESNIL—RT25
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EEX /TN HDHEE

Congestion (No Losses): Node N Price

Transmission Limit = 75.2 MW 100 MW +

Offer Offer
125 @ 530 | (2D LE con JIEOS
Dispatch Dispatch

0 MW

100 MW
o N .

An increase in output of 1 MW by either W Gen or E Gen alone will
increase the W-N line flow over the limit; we must redispatch the system
using both generators

If we reduce W Gen output by 0.1 MW (75% of the reduction will appear
on W to N flow) and increase E Gen output by 1.1 MW (25% flows from
N to W), net effect is on line W-N is a flow increase of .2 MW

This is the lowest cost way to meet an additional 1 MW at N
Node N price = $35.50 (1.1 X $35 — 0.1 X $30)

IMO:

WONDEBEXR v/ TADLER=W-INDEEELLY . hh D WEBLELDELSW,

EQRBEELFAR N/ —FOMEKIE$35. 5(E: $33, S: $30. 5, W: $30)
WG EG NL

75-0.075+0.275= 75.2

25-0.025+0.825= 25.8

100-0.1 +1.1 =101 34
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ELECTRICITY MARKET Zonal Models

The LMP model appears complex with many locations and many different prices. A common
approach is to aggregate into a “few” zones. This creates conflicting incentives.

Zonal Pricing Creates Conflicting Incentives

Constrained-off generators have an incentive to seff-schedule through
the proe s bdrm his bid. and no mar is not generating  the price is mustrun, low bids o biateral amangements, compromising the intended
above s bd..- 1 se poicng. Genertors Jways et generate congestion management of the ispatch.

Nodal Pricing Is "Self-Policing"

terest. wich have an
S ¥y do ot cllow mSicSons, 1 yser can 30 ot ofsone than bisteral Fansacions. 0 3V nfer-zonal congestion Charges

p——
Penaty o aistes
Noaa Price Zona Pree “Constraneso Seitschease
(2} |\ — 2} | ‘Supsioy 1o Biateral —Hh
ke [ b= Serseenie |
o —/ | o | | |
|| |
v Y \f
| - - .
[— fe—
Location o Location oumscres

36

V-UADEERHOBENRBENT | EEAIREF v/ T DEEARE

EEELBWVEEDEAND, YV -V TFMLUTARBEVE #EBIE. B4D

/ FCEEERET B/ —F I -TIAL0TARDOFL EHELEL BHEL
AABMNTNSENSEH

9 RETIE/ —FN-TIAL T ARITIEDHE

The problems with zonal models are well known and often repeated. For example, see the
experience in ERCOT:

“The results in this area of the report confirm prior findings in the 2003 SOM Report and the Market
Operations report that:

o the vast majority of congestion in ERCOT is intrazonal, which is difficult for loads to hedge and is not
transparent;

o the current zonal market can result in large inconsistencies between the interzonal flows calculated
by SPD and the actual flows over the CSC interfaces; and

e these inconsistencies can result in under-utilized transmission capability and difficulties in defining
transmission rights whose obligations can be fully satisfied.

The most complete long-run remedy for both the interzonal and intrazonal issues identified in this report
would be to implement nodal markets, an option that is currently being evaluated in ERCOT. These
markets would provide transparent prices for both generators and loads that would fully reflect all
transmission constraints on the ERCOT network.” (Potomac Economics, Ltd., 2004 State of the Market Report for the ERCOT
Wholesale_Electricity Markets, July 2005, p. xxv)
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Order No. 10000 %R
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Order No. 1000

¢ Planning Requirements

e Cost Allocation Requirements

¢ Nonincumbent Developer
Requirements

e Compliance

44

Al WI;PA
BH . .
e Planning Region
WAPA | . 5
:;‘:jg = WAPA BH i . -
WAPA D psCo el Entities in grey text are transmission
SN TSGT L providers that participate in the
1 WestConnect Order 890 planning
i oA WAPA 7 process but have not yet signed the
EADWP -\ 1 SR el Order 1000 PPA
; TEP
. WAPA APS
e |21 SWTC
EPE
e
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Renewable Portfolio Standard Policies Renewable Portfolio Standard Policies
OMEIZEHTND, MICkYHRL2EE21THH D,
www.dsireusa.org / October 2015
Renewable Energy Certificates (RECs) > FRIIDMHAER > —EHRELLE st
VT:75%x 2082
il:eamzlﬂ; E;iecragy Certificate Tracking Systems e _
o RI: 14.5% x 2019
KEY i
EBIOT:lEIt.cvi.cReliabiityCoundlo":)ws U;’O :2:/; X ‘ =
.::::r“s: Midwest Renewable Energy Tracking System 4 1 (10Us) . MD: 20% x 2022

I NAR: North Armricon Rencuabls Rcisry
. NC-RETS: North Carolina Renewable Energy Tracking
System

[ NEPOOL-GIS: New England Power Pool Generation
Information System

B NVTREC: Nevada Tracks Renewable Energy Credits
[ NYGATS: New York Generation Attribute Tracking
System (in development)

] PIM-GATS: PIMEIS's Generaton Atribute Tracking
System

] WREGIS: Wester Renewiable Energy Generation
Information System

[ No tracking system formally adopted. NARallows
registration from generators anywhere in the
US. and Canada. Other tracking systems may allow
registrations from outside their geographic territory.
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OK: 15% x
2015

T

\

;f/\\/\\‘. ~ > ' Ly\\ \ 29 States + Washington
{20 x 2016

U.S. Territories DC + 3 territories have a
Guam: 25% x 2035 \;} Renewable Portfolio

s vsnsouas Slendard
(8 states and 1 territories have

renewable portfolio goals)

HI: 100% x 2045

. Renewable portfolio standard 3K Eyira credit for solar or customer-sited renewables
|:| Renewable portfolio goal 1 Includes non-renewable alternative resources
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Renewables Procurement Targets

Initial procurement targets:
* 20%average 20112013
* 25% by 12-31-2016
* 33% by 12-31-2020

New procurement targets (SB 350):
*  40% by 12-312024
* 45%by 12-31-2027
* 50% by 12-31-2030

Figure 1: California’s Progressing RPS Goals

An average of 20 percent in 2011-2013
25 percent by the end of 2016
33 percent by the end of 2020 50%

33%
20% “

‘Source: Energy Commission staff

40 percent by the end of 2024

45 percent by the end of 2027

50 percent by the end of 2030

No less than 50 percent in each multiyear
compliance period thereafter

ce e e e
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SEC. 20.
Section 399.15 of the Public Utilities Code is amended to read:

(b) The commission shall implement renewables portfolio standard procurement
requirements only as follows:

(1) Each retail seller shall procure a minimum quantity of eligible renewable
energy resources for each of the following compliance periods:

(A) January 1, 2011, to December 31, 2013, inclusive.

(B) January 1, 2014, to December 31, 2016, inclusive.

(C) January 1, 2017, to December 31, 2020, inclusive.

(D) January 1, 2021, to December 31, 2024, inclusive.

(E) January 1, 2025, to December 31, 2027, inclusive.

(F) January 1, 2028, to December 31, 2030, inclusive.

For the following compliance periods, the quantities shall reflect reasonable
progress in each of the intervening years sufficient to ensure that the

procurement of electricity products from eligible renewable energy resources
achieves

25 percent of retail sales by December 31, 2016,

33 percent by December 31, 2020,

40 percent by December 31, 2024,

45 percent by December 31, 2027,

and 50 percent by December 31, 2030. ot
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Net Metering

X B
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* PV project capacity limits range from 10 kW to 80 MW
* Net metering rules are being actively discussed in over a dozen state
public service and utility commissions across the country.

www.dsireusa.org / March 2015

44 States + D.C.,
AS, Guam, USVI, & PR
have mandatory net
metering rules

U.S. Territories:

American Samoa: 30

Guam: 25/100

Puerto Rico: 25/1,000/5,000

state-developed mandatory rules for certain utilities Virgin Islands: 20/100/500

No uniform or statewide mandatory rules, but some utilities allow net metering

% State policy applies to certain utility types only (e.g., investor-owned utilities) State: kW limit residentiall KW limit nonresidential

Note: Numbers indicate individual system capacity limit in kW. Percentages refer to customer demand. Some limits vary by customer type, technology and/or application. Other limits might also
apply. This map generally does not address statutory changes until administrative rules have_been adopted to implement such changes.
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