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Integra&ng	Distributed	and	Renewable	Resources	
ISO	New	England	2016	Regional	Electricity	Outlook1	

Challenges:	
•  In	the	next	decade,	up	to	20%	of	

power	resources	could	connect	
to	distribuMon	or	retail	customers	
–  PV	forecast	to	grow	from	900	

MW	to	2,400	MW	by	2024	

•  InterconnecMon	queue:	4,200	
MW	wind	–	5X	exisMng	capacity	

•  Limited	gas	pipeline	capacity	+	
non-gas	generaMon	reMrements	

•  PotenMal	clean	energy	contracts	
to	inhibit	compeMMve	investment	
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OpportuniMes:	
•  DG	may	reduce	local	outages	
•  Gas	and	renewables	have	

environmental	and	cost	benefits,	
when	adequate	gas	is	available	

•  Smart	grid	technology	and	rate	
design	changes	will	empower	
consumers	and	reduce	costs	



Markets	&	Pricing	for	DER	in	NY	REV	

•  Tabors	Caramanis	Rudkevich	team:	White	
Paper	on	Developing	Compe33ve	
Electricity	Markets	and	Pricing	Structures2	

•  Funded	by	NYSERDA	and	prepared	for	
New	York	REV	proceeding	–	PSC	Case	No.	
14-M-0101	

•  Addressed	the	development	of	efficient	
pricing	structures	for	DER	at	both	Bulk	
Power	and	DistribuMon	levels	

•  Applied	principles	of	Plaaorm	Economics	
to	describe	Plaaorm	Market	Structures	
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DER	Valua&on	

•  Fundamental	Approaches	to	ValuaMon:	
–  AdministraMve	valuaMon	approaches	(e.g.	LMP	+D,	feed-in	tariff,	

net	metering	retail	rate	credits)	
–  Market	based	valuaMon	via	DistribuMon	LocaMonal	Marginal	Prices	

(DLMP)	
•  What	is	the	difference?	

–  LMP+D	and	similar	approaches	are	average,	administra&ve	
forecasts	of	the	“avoided	cost.”	For	example	LMP	(i.e.	
nodal,	or	wholesale	value,	of	real	energy)	plus	D	(an	
administraMve	forecast	of	average	avoided	distribuMon	
system	costs).	

–  LMP+D	requires	more	transparent	distribuMon	planning	&	
more	detailed	regulatory	review	of	distribuMon	plans	

–  TransiMon:	Bulk	Power	extension	of	interval,	nodal	LMP	to	
load	sehlements	creaMng	value	of	managing	net	demand	

–  DLMP	is	a	granular,	market	measure	of	short	run	marginal	
cost	(SRMC)	at	the	specific	&me	and	loca&on	for	the	
provision	or	use	of	core	electric	products	
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Planning	and	Regulatory	Valua&on	

•  Role	of	Planning:	TargeMng	DER	can	defer	more	expensive	
distribuMon	investments		

•  LimitaMons	of	Planning:	
–  While	planning	can	forecast	expected	values,	more	difficult	to	reflect	

Mme	variance,	dynamic	change,	&	emerging	resource	opMons	

–  Difficult	to	give	customers	and	suppliers	generally	the	incenMves	to	
develop	and	operate	just	where	and	when	DER	are	cost-effecMve	

–  Planning	requires	mulM-layer	forecasts	on	a	circuit-by-circuit	basis	

–  Regulatory	review	of	circuit-by-circuit	valuaMon	may	be	difficult	to	
scale	up	in	a	Mmely	manner	

–  Procurements	may	reduce	costs	in	some	hours	and	provide	unneeded	
or	more	costly	power	in	others	
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An&cipated	2018	BQDM	Resource	PorOolio3	
•  Expect	to	rely	on:	Energy	Efficiency,	Voltage	OpMmizaMon,	Gas-fired	

Generators,	Fuel	Cells,	and	Evening	Demand	Response	
•  Supplemented	with	modest	contribuMons	from	PV	and	Bahery	Storage	
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Targeted	Need	

Fuel	Cell	&	Gas	DG	may	operate	
when	no	load	relief	is	needed	



Economic	Pricing	Principles	
•  Efficiency:	“We	must	look	at	the	price	system	as	…	a	mechanism	for	

communica3ng	informa3on	if	we	want	to	understand	its	real	func3on—a	
func3on	which,	of	course,	it	fulfills	less	perfectly	as	prices	grow	more	
rigid.”	-	Friedrich	Hayek,	The	Use	of	Knowledge	in	Society	(1945)	
–  By	communicaMng	marginal	cost	and	value,	a	dynamic	and	efficient	price	

system	promotes	economic	efficiency,	enables	cost	savings,	and	incents	
innovaMon	

•  Non-Discrimina&on:	Price	discriminaMon	occurs	when	a	firm	charges	
different	prices	to	different	customers	for	reasons	other	than	differences	
in	costs	
–  Charging	the	same	rate	to	customers	for	whom	the	marginal	cost	of	service	

differs	creates	a	cross-subsidy	

•  Equity:	For	costs	in	excess	of	marginal	cost	prices	consider:	
–  Horizontal	Equity:	Treat	equally	situated	customers	equally	and	unequally	

situated	customers	differently	
–  Behavioral	Impacts:	Minimize	uneconomic	distorMons	of	parMcipant	behavior	
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Market	Valua&on:	Bulk	Power	Load	SeZlements	
•  For	most	consumers	in	organized	markets:	

–  Load	is	sehled	at	an	Average	Zonal	Price:	Fails	to	recognize	nodal	price	
differences	

•  For	example,	there	are	11	Zonal	prices	in	New	York	State,	the	64	ConEd	distribuMon	areas	see	
the	same	Zonal	price,	and	only	20%	have	peaks	coincident	with	system	peak	demand	

–  Load	is	sehled	at	an	Average	Hourly	Price:	Fails	to	recognize	opportuniMes	to	
shio	demand	between	intervals	to	minimize	costs	

–  Load	is	ooen	sehled	on	Historical	Average	Customer	Class	Load	Profiles:	
Unrelated	to	actual	demand	by	the	customers	of	load	serving	enMMes	

•  Retail	electric	suppliers	have	limited	or	no	incenMve	to	
compete	based	on	helping	customers	manage	demand	

•  ExisMng	pracMces	reflect	the	20th	Century	formaMon	of	
markets	before	growth	of	the	digital	economy	
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Market	Valua&on:	Time	Variance	in	RTO	LMP4	
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Market	Valua&on:	Loca&onal	Variance	in	RTO	LMP4	
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Core	Electric	Products	from	DER	

•  	The	3	Rs:	ONLY	3!	Products	in	DistribuMon	
–  Real	Energy	
–  ReacMve	Power	
–  Reserves	

•  The	3	Rs	require	tradeoffs	
–  Tradeoff	between	producing	real	versus	reacMve	power	
–  Tradeoff	between	commirng	now	to	produce	real	or	reacMve	

power	(now	and	forward)	and	being	available	to	provide	reserves		
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Modeling	Results:	Summer	
Day,	High	DER	Scenario	for	
an	IllustraIve	800	Bus	
Commercial	/	ResidenIal	
DistribuIon	Feeder	

Market	Valua&on:	Real	&	Reac&ve	Power	DLMPs5	
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DER	value	is	3me-	and	loca3on-specific,	changes	with	load	and	network	state,	
and	can	erode	with	addi3onal	DER	on	a	feeder	

•  Cost	of	EV	charging	42%	lower	
•  Cost	of	Commercial	Space	

CondiMoning	reduces	12%	with	
20%	flexible	demand	

•  PV	revenue	increases	6%	with	
reacMve	power	sales	



Distribu&on	System	PlaOorm	
•  What	is	a	PlaOorm?	The	infrastructure	of	a	business	

ecosystem	that	matches	producers	and	consumers,	who	
transact	using	the	plaaorm	and	resources	provided	by	the	
ecosystem.	The	plaaorm	provides	components	and	rules	
designed	to	facilitate	interacMons	and	creates	value	by	
facilitaMng	matches	and	providing	easy	access	to	useful	
goods	and	services.5		
–  Fundamental	differences	from	ordinary	product	delivery	business	

model	
•  What	is	a	Distribu&on	System	PlaOorm?	In	addiMon	to	

distribuMon	planning	&	operaMons,	a	distribuMon	plaaorm	
includes	markets	and	may	provide:		
–  Transac&onal	PlaOorm:	Trading	in	Core	Electric	Products	
–  Services	PlaOorm:	TransacMons	enabling	efficient	demand	

management	and	other	services	
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Transac&onal	PlaOorm:	DLMP	Markets	

•  Real	Time	/	Balancing	Market	(ex	post)	
–  DER:	Clears	imbalances	between	scheduled	/	actual	deliveries	and	usage		
–  Variable	Delivery	Charges:	Can	sehle	differences	between	LMP	at	the	

substaMon	and	prices	at	a	distribuMon	locaMons	
–  With	data	on	actual	consumpMon,	producMon,	load	flows,	and	distribuMon	

topology,	the	Plaaorm	runs	a	straight	forward	mathemaMcal	calculaMon,	using	
substaMon	LMP	as	the	reference	price,	to	determine	a	real-Mme	price	for	real	
and	reacMve	power	at	each	distribuMon	pricing	locaMon	

•  Forward	market	(ex	ante)	
–  ConMnuous,	bilateral	financial	transacMons:	locaMon-	and	Mme-based	bids	and	

offers	are	matched	to	set	prices	
–  Hedge:	ParMes	can	lock	in	prices	as	operaMng	schedules	are	set	or	updated	
–  Distribu&on	System	Management:	UMlity	can	use	forward	opMons	contracts	

to	avoid	distribuMon	system	investments	by	obtaining	advance	commitments	
from	DER	to	provide	locaMon-specific	resources	when	needed	by	the	uMlity	
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Market	Evolu&on	and	Technology	Deployment	
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21st	Century	technology	enables	an	escape	from	20th	Century	rate	designs	

Market	Walk:	
• Bulk	power	interval	&	
nodal	sehlement	for	
interval	metered	
segment	of	each	RES’s	
demand	

• Installing	AMI	/	Interval	
Meters	&	Flow	Sensors	

<	2	Years	

Market	Jog:	
• Bulk	power	interval	&	
nodal	sehlement	for	all	
RES	demand	

• DLMP	on	radially	
operated	circuits	

• Universal	AMI	/	Interval	
Meters	&	Flow	Sensors	

2		to	5	Years	

Market	Run:	
• Bulk	power	interval	&	
nodal	sehlement	for	all	
RES	demand	

• DLMP	extended	to	mesh	
networks	&	microgrids	

• Universal	AMI	/	Interval	
Meters	&	Flow	Sensors	

5		to	10	Years	



Value	Proposi&on:	Market	for	DER	

•  Expands	DER	access	to	markets	beyond	parMcipaMon	in	DR	programs:		
–  Creates	opportuni&es	for	DER:	to	sell	real	power,	reacMve	power,	or	reserves	to	

distribuMon	uMlity	to	support	operaMons	or	avoid	investment,	uMlity	as	the		
default	energy	supplier,	compeMMve	retail	energy	suppliers,	and	potenMally	
directly	to	retail	customers	in	peer-to-peer	transacMons	

–  Creates	efficient	compe&&ve	market:	well-defined	products,	price	transparency,	
mulMple	buyers	and	sellers,	minimal	transacMon	costs	or	barriers	to	market	
entry	

•  Provides	an	incenMve	to	invest	in	and	operate	DER	where	and	when	will	be	
cost-effecMve	

–  Creates	a	transi&on	path	out	of	or	avoids	locking	in	subsidies	for	uneconomic	
DER	

•  Animates	emergence	of	new	products	and	services	
–  Services	PlaOorm	enables	combinaMons	of	products	and	services	from	DER	and	

third	parMes:	e.g.	responsive	demand	and	building	commissioning	
–  Reac&ve	Power	pricing	could	improve	distribuMon	efficiency	through	the	

integraMon	of	DER	into	uMlity	Volt	/	VAR	control	
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Value	Proposi&on:	Enable	Responsive	Demand	

17	

Peak		
Demand	

Flexible Residential Demand: CA Potential Study7 

Average	Demand	

1oC

2oC

4oC

Flex Range

Significant	potenMal	for	residenMal	and	commercial	demand	to	be	
shioed	in	Mme	reducing	costs	without	impacMng	consumers:	
•  Pre-cooling	to	take	advantage	of	

building	thermal	inerMa	
•  Smart	refrigeraMon,	water	

heaMng,	and	appliances	
•  Electric	vehicle	charging		
•  Pumping	and	flexible	demand	
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Many Commercial Buildings Can Use  
Thermal Inertia to Cut Peak 20-50%6 



Value	Proposi&on:	Enable	Responsive	Demand	

•  Enabling	demand	to	match	supply	will:	
–  Improve	uMlity	asset	uMlizaMon:	currently	below	50%	and	
far	below	that	in	other	capital	intensive	industries	

–  Enable	more	efficient	integraMon	of	renewables	and	DER	
–  Enhance	reliability	

•  Tens	of	millions	already	installed	smart	thermostats	and	
smart	commercial	building	management	systems	are	rapidly	
becoming	the	backbone	of	an	energy	internet	of	things	

•  Market	valuaMon	would	incent	retail	suppliers	to	compete	to	
help	customers	manage	demand	(e.g.	offering	lower	fixed	
prices	in	return	for	temperature	flexibility)	
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