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“The	Fit	Grid”	—	Principles	for	a	better	electric	future	
A	partial	submission	to	the	SEPA	51st	State	Initiative,	Phase	II	
Bruce	Nordman1,	March	9,	2016	
	
As	technology	and	business	models	for	electricity—generation,	
distribution,	storage,	and	end	use—continue	to	evolve	at	an	
increasing	pace,	it	makes	sense	to	cast	a	wide	net	for	possible	
organizational	architectures	and	principles	for	the	system	at	all	
scales,	to	move	us	to	the	best	feasible	outcome	in	the	shortest	time	
possible,	at	the	smallest	cost.		Nearly	all	proposals	for	future	
electricity	states	begin	with	taking	many	characteristics	of	our	
current	system	as	relatively	fixed,	and	so	significantly	subset	the	
scope	of	consideration.		In	particular,	the	pace	of	technology	
evolution	within	buildings	and	of	the	relationship	of	buildings	to	
the	grid	are	generally	taken	to	be	the	same	as	or	similar	to	what	we	
have	today.		This	proposal	assumes	that	both	can	and	will	change	
significantly,	for	the	various	benefits	they	provide	to	customers	
and	others.	
	
This	proposal,	the	‘Fit	Grid’	takes	inspiration	from	how	
communications	technology	has	changed	over	the	last	half	century,	
notably	in	the	rise	of	network	technology.		It	also	begins	from	the	
perspective	of	the	building,	with	the	idea	that	the	purpose	of	the	
electricity	grid	is	to	serve	the	needs	of	buildings2,	not	the	other	
way	around.		The	Fit	Grid	is	in	part	derived	from	capabilities	of	Local	Power	Distribution	which	is	a	
network	model	of	power	inside	of	buildings;	LPD	ends	at	the	building	meter.	
	
The	usual	starting	point	for	considering	electricity	systems	is	from	the	perspective	of	the	utility	
grid.		This	is	evidenced	by	the	term	“behind	the	meter”,	which	assumes	that	everyone	involved	in	
such	discussions	has	the	perspective	of	the	grid;	the	term	has	the	opposite	meaning	for	all	those	
whose	perspective	is	rooted	in	buildings.		Given	this,	it	is	no	surprise	that	little	discussion	in	this	
topic	area	takes	the	needs	and	desires	of	buildings	and	their	occupants	as	primary.	
	
The	Fit	Grid	is	not	a	complete	description	of	a	future	electricity	system	state;	it	does	not	address	
most	issues	that	arise	in	financing	and	managing	the	utility	grid	itself,	including	the	relationships	
between	grid	entities.		It	is	therefore	a	partial	submission	to	the	SEPA	51st	State	process.		The	Fit	
Grid	could	be	combined	with	one	or	several	proposals	on	how	to	change	grid	internal	technology	
and	policy;	the	choice	need	not	be	the	same	in	each	location	to	be	compatible	with	this	vision	for	
buildings	and	relationship	between	buildings	and	the	utility	grid.	
	
The	discussion	is	organized	as	follows.		Section	I	describes	how	the	Fit	Grid	is	designed	and	
operates.		Section	II	puts	the	Fit	Grid	into	the	SEPA	51st	State	context.		Section	III	summarizes	
benefits	of	the	Fit	Grid,	and	how	to	get	there.	
	 	

																																																								
1	Lawrence	Berkeley	National	Laboratory,	bnordman@lbl.gov,	510-486-7089,	nordman.lbl.gov	
2	And	similarly	it	is	the	purpose	of	buildings	to	serve	the	needs	of	the	humans	that	occupy	them.	
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I.	 Fit	Grid	Design	
	
The	Fit	Grid	divides	our	electricity	system	into	three	domains:	the	utility	grid,	the	meter,	and	the	
building.		The	relationship	at	the	meter	is	kept	as	simple	as	possible,	and	complexities	of	the	other	
two	domains	are	contained	within	them	as	much	as	possible.	
	
Why	“Fit”?			The	inspiration	is	human	physical	fitness,	in	which	a	person	who	is	fit	is	healthy,	of	
appropriate	weight,	strong,	resistant	to	disease	or	injury,	highly	capable,	etc.		The	Fit	Grid	design	is	
well	adapted	and	suited	to	our	emerging	needs,	ready	to	handle	an	uncertain	and	more	variable	
future.	
	
	
The	Meter	
Building	/	Utility	Grid	Relationship	
	
A	core	principle	of	the	Fit	Grid	is	to	decouple	the	technology	and	
business	models	of	the	utility	grid	from	that	used	internally	in	
buildings	as	much	as	possible.		This	allows	each	side	to	evolve	
independently	and	so	enable	grid	technology	to	vary	from	region	
to	region	without	affecting	technology	in	buildings.		The	meter	is	
the	point	at	which	this	separation	can	occur	
	
As	it	turns	out,	grid	technology	does	vary	significantly	across	
geography,	from	basic	differences	in	Alternating	Current	(AC)	
voltage	and	frequency,	to	different	tariff	structures	used,	and	in	recent	years,	communication	
technology.		While	this	decoupling	could	allow	different	buildings	to	have	different	technologies	
without	being	burdensome	to	the	utility,	the	more	desirable	outcome	is	to	have	intra-building	
technology	ibe	universal	across	all	countries	and	all	building	types.		While	this	is	rare	in	electricity,	
it	is	quite	familiar	in	communications;	Ethernet	and	Wi-Fi	are	the	basic	technologies	for	
transporting	data	within	buildings	and	they	are	the	same	across	the	planet3.		While	the	AC	power	
used	in	buildings	will	likely	remain	locationally	different	indefinitely,	Direct	Current	(DC)	power	is	
already	globally	standard	in	several	forms	(Ethernet,	USB,	380V	DC,	and	12V	DC)	and	will	likely	see	
significantly	increased	use	in	the	coming	decades.		Thus,	DC	facilitates	decoupling	and	universal	
building	technologies.	
	
Grid	to	meter	
	
In	the	Fit	Grid,	the	interface	at	the	building	meter	is	as	simple	as	
possible.		All	that	comes	from	the	utility	grid	is	electrons	and	
prices.		Prices	are	a	current	price	and	non-binding	forecast	of	
future	prices,	and	are	higher	for	buying	electricity	from	the	grid	
than	for	selling	electricity	to	it.		The	utility	can	change	the	prices	as	frequently	or	infrequently	as	it	
needs	to,	even	as	often	as	once	a	second.		A	utility	may	roll	out	price	changes	over	time	(e.g.	over	
several	seconds)	to	different	customers	to	smooth	out	the	effect	on	total	demand	(though	should	do	
so	in	a	way	to	make	average	prices	charged	the	same	across	a	given	customer	class).		A	utility	may	
want	to	increase	or	decrease	the	price	in	a	specific	region,	such	as	a	single	feeder	or	single	

																																																								
3	Other	physical	layer	technologies	are	used,	such	as	Bluetooth,	Zigbee,	and	optical	fiber	(though	this	usually	just	another	
form	of	Ethernet),	but	these	are	much	less	central	to	local	area	networking.	
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substation,	if	there	are	capacity	constraints	and	there	is	either	too	much	demand	or	too	much	
supply	in	the	area.	
	
Differential	buying	and	selling	prices	enables	the	grid	to	recover	some	of	the	necessary	costs	for	
providing	the	grid	as	a	service.		While	net	metering	made	sense	initially	to	spur	development	of	
solar	technology	and	businesses,	in	the	long	run	all	customers	should	have	differential	rates.		When	
this	shift	should	be	done,	and	how	fast,	is	a	policy	matter	to	be	determined	locally;	this	paper	only	
identifies	the	end-point	condition.		Differential	buy	and	sell	rates	also	reduce	potential	instability	by	
introducing	friction	into	the	system4.		The	difference	need	not	be	constant;	the	utility	uses	those	
rates	which	best	balance	supply	and	demand.	
	
The	Fit	Grid	does	not	include	traditional	demand	charges	or	traditional	demand	response5;	dynamic	
prices	serve	the	same	purpose	only	much	better.		Demand	charges	often	penalize	customers	for	
using	more	power	at	times	when	overall	demand	and/or	current	prices	are	low,	and	so	serve	no	
useful	purpose.		They	also	take	as	equivalent	the	burden	on	the	grid	of	a	single	peak	period	in	a	
month	versus	hundreds	of	periods	of	the	same	magnitude;	this	makes	no	sense.		Similarly,	dynaic	
pricing	is	simpler	and	more	flexible	and	capable	than	traditional	demand	response	for	both	utilities	
and	customers.			
	
Utilities	will	often	charge	a	fee	for	a	capacity	limit	for	each	customer	that	is	set	in	advance	as	a	
subscription6;	this	has	long	been	used	in	some	countries,	albeit	enforced	with	circuit	breakers.		
Such	capacity	fees	should	be	a	small	part	of	monthly	bills,	at	least	for	customers	that	are	not	near	
zero	in	net	utility	grid	consumption.		A	corresponding	capacity	limit	exists	for	how	much	power	can	
be	sold	to	the	grid.		When	a	building	would	like	to	exceed	either	limit,	it	requests	authority	from	the	
grid	to	do	so	and	is	offered	a	time-varying	fee	for	the	ability	to	do	that.	
	
Meter	to	Grid	
	
The	only	flows	from	the	meter	to	the	utility	grid	are	electrons	
(when	the	building	is	a	net	generator)	and	current	power	
consumption	levels7.		The	building	has	no	visibility	into	the	
topology,	technology,	or	business	models	internal	to	the	grid.			
Similarly,	the	grid	has	no	visibility	into	the	topology	or	technology	
used	within	a	building;	it	only	sees	electrons	and	economic	value	
as	measured	by	the	meter.			
	
Practical	concerns	dictate	that	this	approach	needs	to	be	violated	for	several	particular	needs,	but	
these	violations	are	kept	as	few	and	compartmentalized	as	possible,	and	do	not	pollute	the	general	
architecture.		An	example	exception	may	be	provision	of	ancillary	services	to	the	grid	such	as	

																																																								
4	The	stock	market	could	use	such	friction	to	reduce	the	amount	of	high-frequency	trading	that	takes	money	out	of	the	
system	without	providing	a	useful	social	or	economic	benefit.	
5	“Traditional	demand	response”	is	taken	to	be	a	prior	agreement	for	a	utility	to	request	or	command	a	customer	to	drop	
consumption	for	a	specific	time	period	by	a	specific	amount	of	power,	some	number	of	times	per	year.		As	the	FERC	
definition	of	demand	response	includes	dynamic	pricing,	“traditional	DR”	excludes	dynamic	pricing.	
6	Subscribed	capacity	limits	are	similar	to	those	present	in	many	mobile	phone	data	plans,	but	buildings	would	choose	
values	that	they	would	expect	to	exceed	only	rarely.	
7	For	convenience,	a	meter	may	report	energy	used	during	fixed	periods	of	time,	e.g.	5	minutes	or	hourly,	along	with	the	
economic	value	transacted	as	specified	by	the	dynamic	prices,	as	price	changes	may	occur	multiple	times	during	each	of	
these	fixed	periods.		The	meter	may	separately	report	the	flows	of	electrons	and	value	in	each	direction	for	each	period.		
Aggregating	data	in	this	way	is	one	method	to	reduce	the	privacy	burden	of	the	utility	having	fine-grained	data	on	
electricity	use,	and	the	total	amount	of	data	that	needs	to	be	moved.	
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frequency	and	voltage	regulation8;	utility	control	of	inverters	or	other	devices	that	provide	these	
with	reasonable	compensation	to	the	building	as	is	done	today	may	be	suitable9.			
	
Vehicle	charging,	that	creates	anomalously	high	power	levels,	individually	or	collectively,	can	risk	
exceeding	local	capacity	constraints,	as	on	a	single	feeder	line.		This	is	addressed	by	the	capacity	
subscription	mechanism	described	above.		High	excess	PV	production	operates	similarly.	
	
The	prices	set	by	the	utility	are	those	that	it	determines	best	balance	supply	and	demand.		Net	
annual	revenue	from	this	is	unlikely	to	match	costs	to	run	the	grid,	and	may	diverge	substantially,	
in	either	direction.		The	is	addressed	in	the	utility	grid	financing	section	below.	
	
	
The	Utility	Grid	
Grid	financing	and	relationships	between	grid	entities	
	
The	Fit	Grid	distinguishes	between	buildings	and	grid	entities.		A	
building	is	a	net	consumer	of	electricity	over	a	year,	or	has	net	
generation	that	is	small	relative	to	its	internal	consumption	of	
electricity	(as	provided	by	local	generation).		Grid	entities—that	
generate	or	store	electricity—have	a	primary	function	of	providing	
services	to	the	utility	grid,	in	contrast	to	buildings	that	have	other	
purposes	as	primary.		Grid	entities	have	financial	and	other	
relationships	with	the	utility	grid	they	connect	to;	these	are	
outside	the	scope	of	the	Fit	Grid.		How	a	bright	line	is	drawn	
between	buildings	and	grid	entities	is	a	matter	for	local	
regulation10.			
	
Utility	Grid	Financing11	
	
Traditionally,	utility	grids	are	regulated	so	that	the	amount	of	money	collected	by	customers	exactly	
balances	the	amount	needed	to	construct,	operate,	and	maintain	the	system,	including	reasonable	
profits	to	companies	involved,	and	accounting	for	capital	investment.		This	principle	served	us	well	
for	many	decades,	but	the	future	may	be	better	served	by,	or	require,	a	different	model.		Other	types	
of	common	infrastructure	are	not	managed	this	way,	most	notably	transportation.			
	
Our	road	network	is	funded	through	many	different	entities,	from	cities	to	counties	to	states	and	
the	federal	government,	usually	with	many	sources	from	each.		Money	is	collected	through	many	
mechanisms	such	as	license	fees,	bridge	tolls,	gas	taxes,	property	taxes,	sales	taxes,	and	general	
public	revenue.			It	is	understood	that	our	economy	and	society	benefit	from	a	good	transportation	
network.		There	is	no	the	expectation	that	costs	for	the	system	could	be	collected	through	a	single	
mechanism	and	have	the	costs	of	the	system	and	that	revenue	balance.			
	
The	utility	grid	is	a	similarly	a	“generally	useful	infrastructure”	in	enabling	wide	availability	of	
reasonably	reliable	electricity,	at	fair	rates,	and	the	ability	to	make	efficient	use	of	generation	
resources	that	are	distributed	widely	in	space,	and	variable	in	time.		The	societal	cost	of	electricity	
																																																								
8	Ideally	we	would	have	pricing	for	these	services	broadcast	and	meters	that	record	the	amount	of	such	services	and	
report	it,	but	this	may	not	be	technically	possible	and/or	economically	feasible.	
9	Customers	can	choose	to	not	participate	in	such	utility	control	and	so	not	gain	any	ancillary	service	revenue.	
10	This	does	awkwardly	violate	the	principle	that	the	utility	grid	should	have	no	visibility	into	what	is	inside	of	a	building.	
11	This	section	can	be	summarized	as	“Let’s	Roadify	The	Grid”.	
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is	usually	higher	than	what	is	charged	as	rates,	from	not	covering	costs	of	pollution,	including	
carbon.		In	the	Fit	Grid,	rates	could	be	higher	than	needed	to	cover	costs	of	operating	the	grid	with	
the	extra	revenue	shifted	to	other	public	needs.		However,	as	local	generation	(coupled	with	local	
storage)	becomes	ever	less	expensive,	and	fewer	electrons	transit	the	utility	grid	(from	efficiency	
and	local	generation	and	storage),	such	rates	may	not	be	sustainable,	so	that	to	keep	the	grid	
competitive	it	may	be	necessary	to	reduce	rates	from	that	optimal	point	(Hawaii	is	on	the	leading	
edge	of	this	transition).		Eventually,	it	may	be	necessary	to	reduce	the	rates	for	utility	electricity	
below	the	point	at	which	all	the	system	costs	can	be	covered.		Outside	sources	of	funds	will	then	be	
required	to	provide	enough	revenue	to	keep	the	system	financially	sound—just	as	outside	funds	
cover	much	road	construction	and	maintenance	activities.	
	
What	rates	should	be	for	selling	and	buying	electricity	across	a	customer	meter	is	a	matter	for	
debate,	but	in	the	Fit	Grid,	they	are	decoupled	from	the	system-wide	revenue	requirement.		As	
outside	funds	are	increasingly	needed,	decisions	about	capital	investments	will	naturally	receive	
extra	attention	to	be	sure	that	they	really	meet	system	and	societal	needs.		With	roads,	state	and	
local	communities	make	different	choices	from	each	other	in	the	capacity,	quality,	and	technology	of	
their	infrastructure.		This	same	type	of	decision	can	also	be	made	by	building	owners	in	the	
capacity,	quality,	and	reliability	of	electricity	systems	inside	of	their	buildings.	
	
With	costs	for	local	generation	and	storage	dropping,	local	reliability	is	becoming	less	expensive	to	
deploy.		As	more	buildings	have	local	reliability,	the	societal	value	of	utility	grid	reliability	
inevitably	drops.		People	who	have	local	reliability	will	become	increasingly	dissatisfied	with	
having	to	pay	for	levels	of	grid	reliability	and	quality	that	they	don’t	need.		As	the	grid	is	to	some	
degree	always	unreliable	(we	have	trees	for	example),	local	reliability	is	more	effective.		Advances	
in	technology	are	making	it	easier	to	provide	differential	power	quality	and	reliability	in	buildings.		
Many	end	uses	in	residential	and	commercial	buildings	today	are	protected	from	the	grid	by	
uninterruptible	power	supplies	or	power	conditioners	that	improve	quality,	reliability,	or	both.		
With	natural	(and	man-made)	disasters	an	ongoing	part	of	the	human	experience,	many	people	
value	the	knowledge	that	particular	energy-using	devices	are	locally	reliable,	such	as	lighting,	
communications	devices	and	other	electronics,	refrigeration,	security	systems,	and	medical	devices.		
Reflecting	this	concern,	the	FCC	has	a	current	proceeding	on	reliability	of	residential	
communications	in	the	face	of	power	unreliability,	to	assure	that	local	power	reliability	is	
available12.	
	
As	efficiency	reduces	buildings	energy	use,	and	as	local	generation	further	reduces	net	electricity	
purchased	from	utility	grids,	there	will	be	declining	electricity	sales	available	to	recover	utility	grid	
costs.		While	electrification	of	vehicles	and	of	end	uses	currently	fueled	by	natural	gas	can	offset	this	
to	some	degree,	a	likely	scenario	is	still	a	declining	pool	of	power	sold.		In	this	environment,	it	is	
critical	to	not	over-invest	in	utility	grid	capacity	or	reliability.		As	technology	for	managing	loads	
over	time	improves,	power	flows	over	the	grid	should	become	much	flatter	than	they	are	today,	
reducing	the	headroom	needed	for	peak	events.		We	should	look	forward	to	a	day	when	many	
transmission	or	distribution	links	can	be	reduced	in	capacity,	to	reduce	capital	costs	(while	
acknowledging	that	there	will	be	cases	in	which	capacity	increases	are	merited,	such	as	to	reach	
renewable	energy	sources).		We	do	not	want	to	encourage	many	people	to	disconnect	from	the	
grid13	as	grid	connections	are	collectively	valuable	to	make	societal	best	use	of	electrical	supply	and	
demand	over	space	and	time.	

																																																								
12	https://www.fcc.gov/document/fcc-adopts-rules-help-americans-communicate-during-emergencies	
13	There	may	be	some	customers	sufficiently	distant	from	the	grid	that	abandoning	the	feeder	lines	to	them	in	favor	of	
sufficient	local	resources	makes	sense.	
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A	goal	of	the	Fit	Grid	is	to	reduce	the	chances	that	large	amounts	of	utility	grid	investment	are	made	
in	the	near-term	that	fail	to	be	sufficiently	valuable	in	the	many	decades	long	time	periods	the	such	
investments	are	amortized	over.		For	many	decades,	electricity	sales	consistently	increased	so	that	
an	overinvestment	in	one	year	would	become	useful	within	a	few	years	as	demand	rose.		So,	
correctly	timing	investments	had	value	but	the	long-run	risk	of	overinvestment	was	low.		By	
contrast,	with	potentially	declining	capacity	and	reliability	needs,	there	is	a	very	high	risk	of	
overinvestment.		Fundamentally,	there	is	a	tradeoff	between	investing	in	capacity	and	reliability	
within	the	grid,	and	making	similar	investments	in	buildings.		Local	reliability	can	be	less	expensive	
and	more	useful	than	grid	reliability.		Much	“smart	grid”	technology	is	many	years	from	being	fully	
developed	and	so	not	ready	to	deploy	at	scale	in	the	short	term;	the	risk	of	overinvestment	in	
technology	in	this	context	is	high,	with	technology	costs	dropping	and	capability	increasing.		It	is	
prudent	to	wait	until	it	is	clear	what	alternative	approaches	can	provide	before	such	leaps.	
	
Roads	are	instructive.		Roads	in	the	U.S.	are	not	substantially	different	from	what	they	were	like	50	
years	ago.		There	have	been	capacity	expansions	in	some	places,	and	while	quality	has	increased	in	
some	places,	it	has	declined	in	others.		Many	road	projects	have	been	proposed	over	the	years	that	
were	not	built,	and	would	have	been	significantly	detrimental	to	the	economy	and	environment	if	
they	had	been	built.	
	
In	sum,	the	Fit	Grid	decouples	the	rate-setting	and	revenue	collection	function	of	utilities	from	
funding	the	maintenance	of	the	grid	and	procurement	of	bulk	electricity.		The	Fit	Grid	decouples	
quality	and	reliability	of	power	on	the	grid	from	that	experienced	in	buildings.		The	Fit	Utility	Grid	is	
perhaps	less	critical	and	less	interesting	than	today’s	grid—but	still	quite	valuable.	
	
	
Buildings		
Relationships	among	building	components	
	
At	the	core	of	the	Fit	Grid	is	a	transformation	of	the	technology	
used	to	distribute	power	within	buildings,	to	a	network	model,	
with	Local	Power	Distribution	(LPD)14.		The	conventional	
electricity	grid	operates	much	as	it	did	in	the	late	19th	century	
when	it	was	developed,	with	buildings	not	electrically	distinct	from	
the	rest	of	the	grid	other	than	capacity	limits	enforced	by	circuit	
breakers.		In	the	absence	of	local	generation,	or	local	storage,	there	
is	little	value	in	considering	alternatives	to	this,	at	least	with	
today’s	technology.		Exceptions	to	this	architecture	have	always	
been	found	in	remote	or	mobile	applications	(e.g.	vehicles),	or	in	the	presence	of	local	generation15	
(e.g.	some	industrial	sites)	or	local	storage	(e.g.	telecommunication	facilities).			

																																																								
14	Nordman,	Bruce,	Local	Grid	Definitions,	prepared	for	the	Home-to-Grid	Domain	Expert	Working	Group	(H2G	DEWG),	

Smart	Grid	Interoperability	Panel	(SGIP),	January	5,	2016.	
Nordman,	Bruce,	Ken	Christensen,	and	Alan	Meier,	“Think	Globally,	Distribute	Power	Locally,”	IEEE	Computer	(Green	IT	

Column),	September	2012.	
Nordman,	Bruce,	and	Ken	Christensen,	“DC	Local	Power	Distribution	with	Microgrids	and	Nanogrids,”	First	International	

Conference	on	DC	Microgrids,	Atlanta,	GA,	June	2015.	
Nordman,	Bruce,	and	Ken	Christensen,	“The	Need	for	Communications	to	Enable	DC	Power	to	be	Successful,”	First	

International	Conference	on	DC	Microgrids,	Atlanta,	GA,	June	2015.	
15	Generation	of	interest	here	is	that	intended	for	use	most	of	the	time,	as	with	renewables,	or	CHP	generation	for	large	
facilities.		Generators	only	intended	for	use	during	grid	outages	(“standby	generators”)	are	distinct	from	this.	
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Recent	years	have	seen	dramatic	increases	in	the	amount	and	distribution	of	local	generation,	and	
we	appear	to	be	on	the	cusp	of	a	similar	dramatic	increase	in	the	use	of	storage.		These	separately,	
but	particularly	together,	bring	the	potential	for	large	numbers	of	microgrids	to	be	created;	these	
can	have	a	variety	of	benefits,	but	most	particularly	to	operate	local	resources	to	greatest	financial	
advantage,	and	to	provide	local	reliability.	
	
Recent	years	have	also	seen	significant	increases	in	the	deployment	of	natively	DC	devices	(e.g.	LED	
lighting	and	more	electronics),	more	availability	of	standard	technologies	for	distributing	DC	
power,	and	recognition	that	with	generation	and	storage	being	DC,	avoiding	multiple	conversions	
between	AC	and	DC	can	save	capital,	energy,	and	money,	and	increase	reliability.		We	also	have	
more	and	more	examples	of	devices	in	common	use	that	can	operate	either	grid-connected	or	not,	
and	digitally	manage	power	to	attached	devices;	notebook	computers	are	a	common	example.		This	
all	collectively	brings	us	close	to	a	potential	tipping	point	in	how	to	manage	power	distribution	in	
buildings.	
	
In	LPD,	devices	are	organized	into	local,	usually	small16,	domains	of	power	with	a	single	set	of	
characteristics—a	“nanogrid”.		A	nanogrid	uses	a	single	physical	layer	of	power	(voltage,	
communications,	etc.),	has	a	single	capacity	and	availability,	is	digitally	managed	by	one	entity,	and	
almost	always	has	some	electricity	storage	to	help	balance	supply	and	demand.		A	local	generation	
device	is	a	special	form	of	nanogrid	controller	with	no	end-use	devices.		Grid	controllers	dictate	
prices	(including	a	non-binding	forecast	of	future	prices)	to	end-use	devices.		Grid	controllers	
negotiate	with	each	other	on	which	direction	power	might	flow,	how	much,	for	how	long,	and	using	
what	price.		All	communication	and	power	exchanges	are	only	over	a	single	link,	between	devices	
with	a	direct	wired	connection	to	each	other.		There	are	only	two	device	types—end-use	devices	
and	grid	controllers—and	only	two	types	of	links—grid	controller	to	end-use	device	and	between	
grid.		Nanogrids	can	be	arranged	in	arbitrary	topologies	within	a	building	and	the	topology	can	be	
changed	at	any	time,	by	simply	plugging	in	or	unplugging	a	cable.		A	network	of	nanogrids	implicitly	
forms	a	microgrid,	which	can	then	connect	to	a	utility	grid17.		LPD	has	many	advantages	and	well	
facilitates	the	rest	of	the	Fit	Grid	model.	
	
LPD	enables	power	connections	between	adjacent	buildings	as	they	are	electrically	no	different	
from	connections	that	are	strictly	internal;	the	only	desirable	additional	feature	this	introduces	is	
mechanisms	to	reliably	track	financial	value	exchanged	for	periodic	settlement.		Such	peer-to-peer	
power	arrangements	are	already	contemplated	by	some	regulations18,	and	these	are	technically	
invisible	to	the	utility	grid.	
	
As	above,	most	of	the	ingredients	necessary	to	create	LPD	exist	today	and	are	sold	and	owned	at	
mass	scale,	in	the	form	of	“Managed	DC”	in	Ethernet	and	USB	power	links.		The	few	missing	
ingredients	include:	

• Local	prices.		Grid	controller	devices	need	to	have	the	capability	to	establish	a	local	price	
(and	forecast),	and	share	it	with	adjacent	devices.	

																																																								
16	The	term	“nano”	may	imply	both	small,	and	smaller	than	“micro”,	but	in	fact	neither	of	the	definition	of	microgrid	or	
nanogrid	includes	a	capacity	floor	or	ceiling	(Bruce	Nordman,	“Local	Grid	Definitions”,	published	by	the	Smart	Grid	
Interoperability	Panel,	February	2016,	http://sgip.org).			
17	Local	Power	Distribution	is	a	direct	descendent	in	concept	from	Internet	technology	in	many	ways,	including:	there	are	
also	only	two	device	types	on	the	Internet	(hosts	and	network	equipment),	and	a	building	modem	decouples	the	
technology	inside	of	buildings	(the	local	area	network)	from	that	used	in	the	wide	area	network	
18	Lindl,	Tim,	“Letting	Solar	Shine:	An	Argument	to	Temper	the	Over-the-Fence	Rule”,	Ecology	Law	Quarterly;	2009,	Vol.	
36	Issue	4,	p851.	
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• Connections	between	grid	controllers.		Inter-controller	communication	is	a	negotiation,	but	
of	only	modest	complexity.		Power	exchange	is	in	general	bi-directional.	

• Imagination.		When	individuals	and	organizations	are	unable	to	recognize	that	a	much	
better	future	is	possible,	it	impedes	or	halts	progress.	

In	the	Fit	Grid,	these	barriers	are	broken,	with	subsequent	steps	to:	
• Create	higher	capacity	digitally	managed	power	links,	e.g.	for	380V	DC19.	
• Extend	principles	of	LPD	to	AC	power	as	feasible	(e.g.	local	pricing).	

	
Nanogrids	will	start	with	a	modest	part	of	electricity-using	devices	and	power,	but	grow	over	time,	
and	include	more	and	more	generation	and	storage	within	buildings.		Nanogrids	will	be	
increasingly	seen	as	the	basis	for	quality	and	reliable	power	generally,	so	that	expectations	for	grid	
reliability,	and	expense	directed	to	it,	can	be	substantially	reduced.	
	
	
II.	 Fit	Grid	and	the	51st	State	
	
The	51st	State	process	identifies	a	number	of	‘swimlanes’	of	content	that	organizes	how	proposals	
act	in	the	real	world.		The	following	table	is	a	summary	of	how	these	apply	to	the	Fit	Grid.		The	
complexity	involved	may	seem	small,	but	this	is	an	advantage	of	the	approach;	complexity	is	
generally	expensive,	slow,	and	inhibits	innovation.	
	
Swimlane	 Fit	Grid	Interaction	
Retail	Market	Design	 There	is	no	market	per	se	for	retail	customers	in	that	the	utility	simply	

dictates	prices	to	customers.		There	is	no	negotiation	and	no	allowance	for	
purchasing	power	from	third	parties	and	wheeling	that	power	to	the	
customer	over	the	grid.		Customers	interact	with	the	grid	only	through	
pricing	(with	specific	rare	exceptions	as	for	ancillary	services).		All	customer	
classes	receive	the	same	basic	rates	but	other	fees	may	vary	by	customer	
class	or	size.		Customers	who	want	a	more	traditional	interface	with	a	utility	
can	achieve	it	through	buying	“insurance”	to	provide	them	a	fixed	rate,	
though	as	with	other	types	of	insurance,	the	fixed	rate	will	usually	be	more	
expensive	than	the	normal	billing	relationship.		The	grid	does	not	control	or	
even	know	of	the	existence	of	DERs	in	buildings	(utility	scale	DERs	are	not	
addressed	by	the	Fit	Grid).		Low	income	customer	needs	are	dealt	with	
through	means	other	than	the	electricity	bill.	

Wholesale	Market	Design	 The	Fit	Grid	does	not	address	how	wholesale	markets	should	be	structured.		
It	can	be	used	with	many	different	systems	for	structuring	wholesale	
markets.	

The	Utility	Business	Model	 Utilities	collect	revenue	to	maximize	the	societal	net	benefit	of	the	grid,	
taking	into	account	costs	to	procure	power,	to	operate	the	grid,	carbon	(and	
other)	pollution,	and	customer	options	for	efficiency	and	self-generation.		
The	rates	are	highly	dynamic	to	best	balance	supply	and	demand.		Revenue	
may	be	more	or	less	than	utility	costs,	with	other	parts	of	society	getting	the	
extra	funds	or	producing	the	shortfall.		The	utility	builds	and	maintains	grid	
infrastructure	but	must	get	public	approval	for	major	investments.	

Asset	Deployment	 Utilities	may	need	to	upgrade	meters	to	be	able	to	integrate	electricity	value	
passed	(in	either	direction)	over	time	periods	for	which	the	meter	reports.		
Computers	will	be	needed	to	set	prices	and	engage	in	occasional	
negotiations	with	buildings	for	exceptional	power	demand	or	supply.		

																																																								
19	An	example	is	available	from	Voltserver,	Inc.,	which	transmits	over	1	kW	over	a	thin	cable	that	does	not	need	to	be	
installed	into	conduit	and	so	much	less	expensive	to	install.	
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Beyond	that,	few	utility	system	assets	should	be	needed.		Utilities	have	no	
involvement	in	operation	of	DERs	within	buildings.		DERs	not	in	buildings	
are	not	addressed.	

Information	Technology	 Information	technology	plays	a	key	role	in	both	buildings	and	in	the	grid,	but	
those	two	domains	are	strictly	separated,	with	only	price	and	quantity	being	
communicated	between	the	two.	

Rates	&	Regulation	 Regulation	provides	general	guidelines	for	how	utilities	should	set	rates,	but	
more	importantly,	regulate	what	utilities	get	from	revenue	separately	from	
the	rate	setting	process.		Rates	are	highly	dynamic	but	only	for	current	
consumption;	there	are	no	demand	charges.		Regulators	separately	will	
determine	how	much	revenue	the	utility	is	due.	

	
Progress	towards	the	Fit	Grid	can	begin	anywhere,	but	most	important	is	to	move	to	dynamic	
pricing	at	the	meter	as	quickly	as	possible,	as	this	gives	the	proper	indication	to	the	grid	and	
buildings	on	technology	development	and	operational	strategies	they	should	each	pursue.	
	
The	51st	State	process	also	specifies	a	number	of	“State	Descriptors”	that	distinguish	amongst	
different	locales	with	different	characteristics.		The	Fit	Grid	applies	to	these	as	follows:	
	
State	Descriptor	 Fit	Grid	Interaction	
Service	Territory	 Applies	to	all	types—Urban,	Rural,	and	Mixed.	
Utility	Type	 Applies	to	all	utility	types—investor-owned,	cooperative,	and	public.	
DER	Penetration	 Useful	in	all	contexts,	but	grows	substantially	with	the	amount	of	local	generation	and	

storage	present	in	customer	sites,	as	well	as	with	amount	of	renewable	generation	
present	whether	from	large	scale	generation	to	customer-sited.	

Utility	Structure	 Only	the	retail	relationship	of	a	utility	is	addressed	so	does	not	apply	to	wholesale-
only	entities.	

Wholesale	Market	 N.A.	
Retail	Market	 There	is	no	retail	market	in	the	sense	of	negotiations,	though	changes	in	customer	

supply	in	response	to	price	inherently	affect	the	price.		There	is	no	competition	for	
retail	customers	by	entities	other	than	the	utility.	

Renewable	Policy	 Renewable	policy	is	not	directly	addressed	at	all.		However,	it	is	easy	to	layer	onto	the	
Fit	Grid	policies	that	value	carbon,	and	that	encourage	renewable	generation	through	
other	means.	

NEM	Policy	 There	is	no	traditional	NEM	in	that	selling	power	into	the	grid	is	at	a	lower	price	than	
buying	it	from	the	grid.	

	
The	Fit	Grid	will	begin	in	those	contexts	most	able	to	adopt	innovative	approaches	(often	these	are	
publically	owned	utilities)	and	where	local	generation	(and	storage)	is	most	prevalent.	
	
	
III.	 Implications	and	Path	Forward	
	
What	does	the	Fit	Grid	mean	for	solar?20	
	
The	Fit	Grid	proposal	would	advance	local	solar	in	many	ways.		The	efficiency	gains	of	Direct	DC	
make	local	solar	more	valuable	than	today.		The	cost	savings	from	reduced	installation	and	capital	
costs	make	it	less	expensive.		The	additional	flexibility	from	being	plug-and-play	and	enabling	local	
reliability	make	it	much	more	useful	and	beneficial	to	building	owners.		By	better	facilitating	local	
																																																								
20	This	discussion	is	about	local	solar	generation.		Central	solar	(utility	scale)	and	is	an	important	part	of	the	future	
electricity	system	but	not	a	focus	of	the	Fit	Grid.	
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storage,	solar	can	be	more	resilient	to	changing	utility	tariff	structures	by	making	self-consumption	
easier	to	accomplish.		In	short,	solar	is	significantly	advantaged	by	the	Fit	Grid.	
	
What	does	the	Fit	Grid	mean	for	more	intelligent	energy	infrastructure?	
	
The	Fit	Grid	provides	the	most	technically	sound	architecture	for	integrating	inexpensive	and	
effective	advanced	technologies	based	on	communication.		It	does	so	in	buildings	with	a	network	
model	of	power	derived	from	Internet	technology.		It	does	so	in	the	utility	grid	by	removing	from	
consideration	the	details	of	technology	inside	of	buildings	(including	distributed	resources)	and	
relaxing	constraints	on	quality	and	reliability.	
	
What	does	the	Fit	Grid	mean	for	other	goals?	
	
The	SEPA	51st	State	process	identifies	other	characteristics	that	a	better	electricity	future	should	
have:	safety,	reliability,	efficiency,	affordability,	and	cleanliness.		The	Fit	Grid:	

• increases	safety	by	digitally	managing	power	distribution	so	that	power	only	flows	when	
explicitly	requested,	and	anomalous	conditions	can	be	more	readily	identified	and	averted.	

• provides	more	reliability	by	enabling	it	to	be	implemented	locally	on	a	fine	grained	basis,	
dynamically,	so	that	it	is	inexpensive	and	so	much	more	available.	

• increases	efficiency	by	enabling	Direct	DC—electricity	flowing	directly	from	local	DC	
renewable	generation—through	local	DC	storage	(as	needed)—to	DC	end-use	devices,	
without	ever	having	to	be	converted	to	or	from	AC.				

• increases	affordability	by	reducing	costs	for	deploying	local	generation,	local	storage,	and	
providing	local	reliability.			

• helps	with	cleanliness,	by	making	local	PV	(and	other)	generation	less	expensive	and	
simpler	to	deploy	(increasing	the	amount	of	it),	reducing	the	use	of	fossil	fuels	with	their	
inherent	pollution.	

	
Pathways	
	
Part	of	the	Fit	Grid	scenario	relies	on	creating	new	technology,	but	that	is	likely	the	easiest	part.		For	
the	rest,	much	of	the	key	is	what	to	NOT	do	–	to	not	create	technologies,	policies,	regulations,	tariffs,	
or	business	models	that	entangle	technology	within	buildings	(including	solar	generation)	with	that	
on	the	utility	grid,	other	than	what	is	absolutely	necessary.		For	what	to	do,	key	needs	are	as	
follows.	
	
For	the	electricity	meter,	utilities	need	to	allow	consumers	to	choose	dynamic	rates	as	soon	as	
possible.		They	need	to	make	them	financially	attractive	so	that	most	people	are	better	off;	as	
dynamic	as	possible	to	maximize	their	value	for	the	utility;	and	provide	for	differential	buy/sell	
prices	at	the	meter	to	acknowledge	real	grid	costs.	
	
For	the	utility	grid,	costs	need	to	be	decoupled	from	revenue,	how	utility	grid	investment	choices	
are	made	needs	to	be	reconsidered,	and	utility	grid	reliability	should	be	de-emphasized	in	favor	of	
widespread	local	reliability.	
	
For	buildings,	we	need	to	digitally	manage	power	on	a	network	model	to	best	use	dynamic	pricing	
and	most	effectively	integrate	local	generation	and	storage.	
	
Moving	to	the	Fit	Grid	future	is	necessarily	a	multi-year	process,	and	the	evolution	of	technology	
and	policy	that	can	occur	at	different	rates	in	different	places.		Different	regions	will	want	to	try	out	
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or	use	for	the	long	term	divergent	financial	arrangements	among	grid	entities,	but	this	variety	need	
not	affect	or	be	burdensome	for	technology	within	buildings.	
	
Summary	
	
The	Fit	Grid	is	a	promising	candidate	for	our	better	electric	future.		It	does	not	cover	all	aspects	of	
our	electricity	systems	but	makes	proposals	that	do	cover	grid	operation	easier	to	design	and	
implement	by	reducing	their	required	complexity.		The	Fit	Grid	can	enable	deployment	of	more,	and	
better	use	of,	local	solar	electric	generation,	and	bring	valuable	new	technologies	to	buildings.		
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	 51st	State	Market	
Transformation	

Roadmap:	
The	Fit	Grid	

	
	
The	“Fit	Grid”	does	not	require	a	specific	or	rigid	order	of	implementation.		Highly	
dynamic	electricity	pricing	at	the	meter	is	the	most	essential	component,	and	drives	the	
adoption	of	best	technology	and	policy	designs	throughout	the	system.	
	
	 Now	 Fit	Grid	
Retail	Market	

Design	
Fixed	electricity	rates	
dominate,	providing	the	
wrong		signal	to	
customers	almost	all	of	
the	time	

Rates	vary	highly	dynamically	to	
best	express	utility	needs	to	
balance	supply	and	demand,	and	
provide	customers	the	most	
opportunity	to	save	money	
based	on	using	these	rates	

Wholesale	
Market	Design	

not	applicable	 not	applicable	

Utility	
Business	
Model	

Utilities	set	rates	to	equal	
system	costs	

Utilities	set	rates	to	best	match	
supply	and	demand	and	meet	
other	societal	goals	

Asset	
Deployment	

Utilities	seek	to	control	
local	DERs	in	buildings	
and	make	little	use	of	
meter	capabilities	

Utilities	don’t	control	or	even	
see	local	DERs	and	make	
maximum	use	of	meter	
capabilities	

IT	 IT	is	intended	to	span	
from	grid	to	end-use	
device	

IT	in	buildings	and	in	grids	are	
more	sophisticated	–	but	
completely	separate	

Rates	and	
Regulation	

Rates	are	used	to	cover	
costs	

Rates	are	used	to	optimize	
societal	value	

	
	
Fit	Grid:			Bruce	Nordman,	http://nordman.lbl.gov	

	
	
	


