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Identifying Critical Factors in the Cost-effectiveness of Solar and Battery Storage in Commercial BuildingsIden%fying	Cri%cal	Factors	in	the	Cost-effec%veness	of
Solar	and	Ba:ery	Storage	in	Commercial	Buildings

This	analysis	elucidates	the	emerging	market	for	distributed	solar	paired	with	baUery	energy
storage	in	commercial	buildings	across	the	United	States.	It	provides	insight	into	the	near-term
and	future	solar	and	solar-plus-storage	market	opportuniGes	as	well	as	the	variables	that	impact
the	expected	savings	from	installing	behind-the-meter	systems.

NREL	|		2

This	work	is	the	result	of	a	two-year	research	project	conducted	at	the	NaGonal	Renewable	Energy	Laboratory	funded	by	the	U.S.	Department	of	Energy's	Solar
Energy	Technologies	Office.	Please	see	the	project	website	at	hUps://openei.org/wiki/Solar+Storage.
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Questions Addressed

Ques%ons	Addressed

Ques%ons	answered	by	this	research	include:

•	Are	solar	and/or	storage	economical	in	my	locaGon?
•	Which	commercial	building	types	are	most	likely	to	see	cost-savings	from	solar	and/or	storage?
•	Where	are	the	emerging	markets	for	solar	and/or	storage?
•	Which	uGlity	rate	structures	encourage	solar	and/or	storage	deployment?
•	How	do	cost-opGmal	system	sizes	vary	across	buildings	and	locaGons?
•	What	is	the	role	of	policies	and	incenGves	in	solar	and/or	storage	economics?

NREL	|		3
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Locations Modeled

Loca%ons	Modeled

SeaUle

San	Francisco

Phoenix

New	York
Minneapolis

Miami

Los	Angeles

LasVegas

Helena

Duluth

Chicago
Boulder

BalGmore

Atlanta

Anaheim
Albuquerque

Cost-opGmal	solar	and/or	baUery	storage	system	configuraGons	were	idenGfied	for	17	locaGons,	73	uGlity	rates,
	16	commercial	building	types,	and	mulGple	technology	cost	points.

NREL	|		4
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Scenarios Modeled

Scenarios	Modeled

Climate	Zone City UGlity Number	of
Rates	Modeled

Number	of
Building	Types

Modeled

Number	of
Scenarios
Modeled

1A Miami Florida	Power	&	Light	Co

2B Phoenix Salt	River	Project
3A Atlanta Georgia	Power	Co

3B

Los	Angeles Los	Angeles	Department	of	Water	&	Power

LasVegas Nevada	Power	Co
Anaheim Southern	California	Edison	Co

3C San	Francisco Pacific	Gas	&	Electric	Co

4A
New	York Consolidated	Edison	Co-NY	Inc
BalGmore BalGmore	Gas	&	Electric	Co

4B Albuquerque Public	Service	Co	of	NM

4C SeaUle City	of	SeaUle	Washington
5A Chicago Commonwealth	Edison	Co
5B Boulder Public	Service	Co	of	Colorado

6A Minneapolis Minnesota	Power	Inc
6B Helena NorthWestern	CorporaGon
7 Duluth Northern	States	Power	Co	-	Minnesota

8 Fairbanks Golden	Valley	Elec	Assn	Inc
Grand	Total

1,050154
1,260164
1,645164

595163
1,960165
2,0991610

2,552168
1,119163
1,120164

700154
2,310168
1,680163

980162
1,120162
2,240164

1,085163
630162

24,14527073

More	than	24,000	scenarios	were	modeled	to	idenGfy	cost-opGmal	solar	and/or	baUery	storage	system	configuraGons	for
73	commercial	electricity	rates	for	the	uGliGes	with	the	largest	number	of	customers	in	each	climate	zone.

hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		5
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Commercial Building Types ModeledCommercial	Building	Types	Modeled

Hourly	annual	load	profiles	were	generated	for	16	commercial	building	types,	based	on	the	Department	of	Energy's
Commercial	Reference	Buildings.

Building	Type Annual	Energy	ConsumpGon	(kWh) Peak	Annual	Demand	(kW)

Hospital

Large	Office

Secondary	School

Large	Hotel

Supermarket

OutpaGent

Primary	School

Medium	Office

Small	Hotel

Retail	Store

Strip	Mall

Restaurant

Midrise	Apartment

Warehouse

Fast	Food

Small	Office 26

38

75

82

71

152

153

173

350

380

370

435

606

1,138

1,831

1,620

87,369

192,700

222,718

272,544

342,943

509,387

514,380

764,771

925,051

1,079,781

1,601,198

1,979,115

2,488,769

2,689,236

6,524,278

8,654,762

Note:	Figures	shown	here	are	an	average	of	all	locaGons	modeled.
hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		6
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Commercial Building Loads Modeled

Commercial	Building	Loads	Modeled

The	hourly	annual	load	profiles	were	adjusted	for	typical	meteorological	year	(TMY)	data.	Rates	and	building	types	were
matched	based	on	the	load	profile	of	the	building	and	the	eligibility	requirements	stated	in	the	uGlity’s	rate	tariff	sheet.
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Examples	of	Annual	Load	Profiles

Large	Office
Hospital

Large	Hotel
Warehouse

FullServiceRest
MidriseApartment

OutpaGent
RetailStore

SecondarySchool
Supermarket
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Utility Rates Modeled

U%lity	Rates	Modeled
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24

49

Time-of-Use
Demand
Charges

Flat	Energy	Rate	-	The	per	kWh	charge	is	independent	of	the	Gme	it	is	used	or	amount	that	is	used.
Time	of	Use	-	The	charge	is	based	on	the	Gme	of	day	and/or	year	the	energy	is	used.
Tiered	-	Each	unit	up	to	a	base	amount	is	charged	at	one	amount,	and	each	addiGonal	unit	used	is	charged	at	a	higher	amount.
Demand	Charge	-	In	addiGon	to	an	energy	charge	($	per	kWh),	there	is	a	charge	based	on	the	highest	level	of	demand	(kW)	over	a	billing	period,	typically	measured
over	15-minute	intervals.
Note:	Several	of	the	rates	are	categorized	in	more	than	one	energy	rate	or	demand	charge	category.	This	is	because	core	rate	has	one	type	of	component	while	a	rider
of	the	same	rate	has	a	different	type	of	component.

Component	not	present Component	present

16

57

No
Demand
Charges

Rate	Components	Represented	by	the	Rates	Modeled

hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		8

The	73	uGlity	rates	modeled	represent	a	variety	of	tariff	structures.	The	majority	of	rates	had	demand	charge	elements	or	Gme-of-use
elements,	and	some	had	both.	Several	flat	rates	were	also	modeled.	All	of	the	tariffs	were	taken	from	NREL’s	UGlity	Rate	Database	and
were	up	to	date	as	of	January	2017.	Net	energy	metering	(NEM)	is	not	included	in	the	calcuaGons,	even	if	the	uGlity	offers	NEM.
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Solar PV and Storage Price Assumptions

Solar	PV	and	Storage	Price	Assump%ons	(Cost	Points)
Used	in	Cost-op%miza%on	Modeling

In	order	to	understand	the	impact	of	technology	cost	on	solar	and	storage	economics,	mulGple	cost	points	were	modeled	for
each	scenario	(building	type	and	locaGon	combinaGon).	Each	cost	point	represents	the	installed	cost	of	solar	and	storage
technologies	(including	hardware,	engineering,	labor,	and	O&M	costs).	The	REopt	model	selects	the	cost-opGmal	size	of	solar
and/or	baUery	system	for	each	scenario,	based	on	these	project	cost	inputs	and	the	other	input	variables	(e.g.	financing,	rate
structure,	building	load,	etc.).	Detailed	lists	of	the	elements	included	in	the	cost	inputs	below	and	other	modeling	inputs	and
assumpGons	are	provided	at	the	end	of	this	publicaGon.

hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		9
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Impact of Technology Cost Reductions on Solar + Storage Economics by 
Location

Impact	of	Technology	Cost	Reduc%ons	on	Solar	+	Storage
Economics	by	Loca%on

High	Technology	Cost	Point Mid	Technology	Cost	Point Low	Technology	Cost	Point Stretch	Technology	Cost	Point
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23	cases

58	cases
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106	cases

Helena
New	York

Duluth
Miami

Fairbanks
Boulder

Albuquerque
Los	Angeles

Anaheim
San	Francisco

As	solar	and	baUery	costs	decline,	solar	with	storage	projects	become	economical	in	10	of	the	17	locaGons.

hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		11
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Cost Effective Technology Combinations by Location and Building 
Type

Cost	Effec%ve	Technology	Combina%ons
by	Loca%on	and	Building	Type

At	the	higher	technology	cost	point,	solar-only	systems	are	already	economical	in	many	locaGons	and	building	types.
As	technology	costs	decline,	solar	combined	with	storage	becomes	economical	in	more	locaGons	and	building	types.
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High	Technology	Cost	Point

Note:	Missing	icons	indicate	no	data	is	available	because	the	load	for	the	reference	building	was	not	eligible	for	any	of	the	rates	modeled	for	that	locaGon.

hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		12

Not	Economical Solar	Only Solar+Storage 	Storage	Only
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Impact of Technology Cost Reductions on Expected Savings

Impact	of	Technology	Cost	Reduc%ons	on	Expected	Savings

As	costs	decline,	systems	become	economical	for	more	locaGons	and	building	types,	and	the	average	expected	cost	savings
across	all	scenarios	(indicated	by	grey	line)	increases	slightly.

High	Technology	Cost	Point Low	Technology	Cost	Point Mid	Technology	Cost	Point Stretch	Technology	Cost	Point
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Each	line	on	the	chart	represents	one	of	the	individual	cases	modeled	(e.g.,	one	building	type	in	one	locaGon).

	Storage	Only Solar+Storage Solar	Only

hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		13
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Impact of Location on Expected Savings

Impact	of	Loca%on	on	Expected	Savings
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Each	line	on	the	chart	represents	one	of	the	individual	cases	modeled	(e.g,.	one	building	type	in	one	locaGon).

	Storage	Only Solar+Storage Solar	Only

LocaGon	has	a	notable	impact	on	expected	savings	from	solar	and	storage	systems,	likely	due	to	the	variaGon	in	rate	structure
and	electricity	price	across	locaGons.	Across	all	scenarios	modeled,	solar-with-storage	systems	were	most	oven	cost	effecGve
in	San	Francisco,	Anaheim,	and	Los	Angeles.	Solar-with-storage	also	was	found	cost	effecGve	in	some	buildings	in	Fairbanks,
Albuquerque,	Boulder,	and	Miami.	Solar-only	projects	provided	savings	in	many	of	the	other	locaGons.
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Impact of Building Type on Expected Savings

Impact	of	Building	Type	on	Expected	Savings
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Each	line	on	the	chart	represents	one	of	the	individual	case	modeled	(e.g.,	one	building	type	in	one	locaGon).

	Storage	Only Solar	Only Solar+Storage

Solar	combined	with	storage	was	found	to	provide	cost	savings	in	every	building	type,	and	solar-only	projects
were		economical	in	many	addiGonal	scenarios.	The	percent	savings	is	less	variable	across	building	type	than
across	locaGon,	indicaGng	that	the	building	load	profile	may	have	less	influence	on	savings	potenGal	than
other	variables,	such	as	rate	structure.
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Average Potential for Savings from Solar or Solar + Storage in Commercial 
Buildings for Locations ModeledThe	map	below	summarizes	the	results	for	all	buildings	and	locaGons	modeled.	The	darker-shaded	states	were	found	to	have	higher

potenGal	for	savings.	The	pie	charts	indicate	the	degree	to	which	each	technology	combinaGon	contributed	to	the	cost	reducGon.	Savings
were	highest	in	California,	New	York,	New	Mexico,	and	Alaska.	Solar	alone	was	economical	for	some	of	the	building	types	in	every	locaGon,
while	solar	combined	with	storage	provided	cost	savings	in	more	than	half	of	the	locaGons.	Some	states,	such	as	Georgia	and	Washington,
had	few	cases	in	which	solar	and/or	storage	was	found	to	provide	savings	potenGal.

Average	Poten%al	for	Savings	from	Solar	or	Solar	+	Storage	in
Commercial	Buildings	for	Loca%ons	Modeled

Solar+Storage
Solar	Only

	Storage	Only
Not	Economical 1% 25%

Average	Expected	Life-cycle	Cost	Savings	Across	All	Cases	Modeled
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Impact of Rate Structure Components on Cost-Optimal Technology Combination

Impact	of	Rate	Structure	Components	on	Cost-Op%mal
Technology	Combina%on

Across	the	scenarios	modeled,	solar	combined	with	storage	is	more	likely	to	be	economical	under	demand
charges	and	under	rates	with	Gme-of-use	components.
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Rate	components	are	not	mutually	exclusive.	A	typical	commercial	rate	consists	of	an	energy	component	(kWh)	and	a	demand	charge	component	(kW).
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Impact of Demand Charge Level and Technology Cost on Expected Percent Sav-
ings

Impact	of	Demand	Charge	Level	and	Technology	Cost
on	Expected	Percent	Savings

Projects	that	include	storage	are	most	frequently	economical	at	demand	charge	levels	>	$10,	regardless	of
technology	cost.	As	technology	costs	decline,	the	expected	percent	savings	across	all	projects	increases.
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Each	point	on	the	chart	represents	one	of	the	individual	cases	modeled	(e.g.,	one	building	type	in	one	locaGon).
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Impact of Demand Charge Level and Technology Cost on Optimal Battery Capac-
ity

Impact	of	Demand	Charge	Level	and	Technology	Cost	on	Op%mal
Ba:ery	Capacity
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Each	point	on	the	chart	represents	one	of	the	individual	cases	modeled	(e.g.,	one	building	type	in	one	locaGon).	Cases	for	which	no	baUery
was	built	are	filtered	out.

OpGmal	baUery	capacity	increases	under	higher	demand	charges	and	falling	technology	costs.
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Impact of Demand Charge Level and Technology Cost on Solar and 
Storage Economics

High	Technology
Cost	Point

$0 $20 $40
Demand	Charge

($/kW)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
Pe

rc
en

t	o
f	C

as
es

	M
od

el
ed

Stretch	Technology
Cost	Point

$0 $20 $40
Demand	Charge

($/kW)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Pe
rc

en
t	o

f	C
as

es
	w

ith
	D

em
an

d	
Ch

ar
ge

	o
f	C

er
ta

in
	A

m
ou

nt

Mid	Technology
Cost	Point

$0 $20 $40

Demand	Charge
($/kW)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Low	Technology	Cost
Point

$0 $20 $40

Demand	Charge
($/kW)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

$10 $20 $30 $40
Demand	Charge

($/kW)

0

10

20

30

40

50

60

70

80

N
um

be
r	o

f	C
as

es
	M

od
el

ed

Number	of	Cases	Modeled
with	Demand	Charges	of

Different	Levels

Impact	of	Demand	Charge	Level	and	Technology	Cost
on	Solar	and	Storage	Economics

Not	Economical 	Storage	Only Solar	Only Solar+Storage
hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		20

Percent	of	scenarios	in	each	cost	point	for	which	solar	and/or	storage	was	found	to	be	cost-effec%ve.

As	technology	prices	drop,	solar-with-storage	becomes	economical	in	more	cases	and	at	lower	demand	charge	rates.
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Savings from Demand Charge Reductions versus Energy Charge Reductions by 
Technology Combination

Savings	from	Demand	Charge	Reduc%ons	versus	Energy	Charge
Reduc%ons	by	Technology	Combina%on
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Average	of	all	locaGons,	building	types	and	cost	points	modeled.

On	average,	savings	were	highest	for	projects	that	combined	both	solar	and	storage.	The	majority	of	savings	from	both
solar-only	and	solar	with	storage	projects	were	derived	from	reducGons	in	energy	charges.	The	limited	number	of	storage-only
projects	resulted	in	mostly	demand	charge	savings,	though	savings	were	marginal.

$/kWh	Savings $/kW	Savings
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Savings from Demand Charge Reductions versus Energy Charge Reduc-
tions by Location and Building Type

Savings	from	Demand	Charge	Reduc%ons	versus	Energy	Charge
Reduc%ons	by	Loca%on	and	Building	Type
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Note:	Includes	results	for	projects	that	include	storage.	Average	of	all	cost	points	modeled.
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Impact of Cost Declines on System Sizes

Impact	of	Cost	Declines	on	System	Sizes
Average	system	sizes	increase	with	declining	costs.
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Average	System	Sizes	and	Capital	Costs	Across	All	Buildings	and	Loca%ons
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Impact of Building Energy Consumption on Economic System Sizes

Impact	of	Building	Energy	Consump%on
on	Economic	System	Sizes

OpGmal	baUery	capacity	increases	with	building	load,	especially	at	lower	technology	costs.	The	largest	baUery
systems	were	cost	effecGve	in	hospitals	and	large	offices.
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Load Factors
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Load	factor	indicates	the	degree	of	fluctuaGon	in	the	building	load.	It	is	calculated	by	dividing	the	mean	demand	by	the	peak
demand	over	the	course	of	a	year.	A	low	percentage	indicates	higher	variability	in	the	load.	The	chart	below	shows	the	load
factors	of	the	buildings	modeled.

Load	Factors
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Impact of Load Variability on Expected Savings

Impact	of	Load	Variability	on	Expected	Savings
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A	common	assumpGon	is	that	load	profiles	with	peaks	are	the	most	likely	candidates	for	savings	from	storage	due	to	the	opportunity	for
demand	charge	reducGon.	Our	results	indicate	that	by	combining	solar	with	storage,	buildings	with	less	variability	may	also	achieve	savings.
This	is	likely	due	to	the	energy	cost	reducGons	resulGng	from	the	solar	generaGon.
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Impact of Load Variability on Expected Savings from Solar Combined with 
Storage

Impact	of	Load	Variability	on	Expected	Savings	from
Solar	Combined	with	Storage
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Breaking	out	energy	charge	and	demand	charge	savings	by	building	load	factor	shows	the	extent	to	which	variability	in	the	load	impacts
savings.	Demand	charge	savings	are	higher	in	cases	with	more	variability	in	load	profile;	however,	total	savings	from	combined	solar	and
storage	projects	is	not	related	to	load	variability.
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Impact of Load Variability on Battery Configuration

Impact	of	Load	Variability	on	Ba:ery	Configura%on
No	relaGonship	was	found	between	load	variability	and	the		baUery	configuraGon.	OpGmizaGon	modeling	resulted
in	vastly	different	baUery	duraGons	for	buildings	of	the	same	type	and	of	similar	load	variability.	Other	variables,
such	as	technology	cost	and	rate	structure,	were	more	influenGal	on	the	cost-opGmal	baUery	sizing	and	duraGon.
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Impact of Electricity Price Increases on Expected Savings from Solar and/or Storage 
Systems

Impact	of	Electricity	Price	Increases	on	Expected	Savings	from
Solar	and/or	Storage	Systems
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Note:	All	variables	except	compound	annual	growth	rate	of	electricity	are	held	constant.	Results	are	for	an	average	of	all	cost	points.

Varying	electricity	prices	(compound	annual	growth	rates)	have	liUle	impact	on	expected	savings.	Across	all	scenarios
modeled,	low	annual	electricity	price	growth	of	0.02%	resulted	in	economical	systems	in	17%	of	the	cases,	while	high	annual
price	growth	of	0.69%	resulted	in	systems	being	economical	in	about	19%	of	the	cases.

	Storage	Only Solar+Storage Solar	Only
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Impact of Net-Metering Policy on Solar and Storage Economics

Impact	of	Net-Metering	Policy	on	Solar	and	Storage	Economics
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Percent	of	Cases	Modeled	with	Economic	Technology	Combina%ons
and	Average	Percent	Savings

Note:	All	variables	except	net-metering	availability	are	held	constant.	Results	are	for	a	single	cost	point.	Solar	system	size	is	capped	at	100%	of	building	load.

Net	energy	metering	(NEM	or	net-metering)	is	not	included	in	the	results	presented	in	the	other	slides	of	this	report.	NEM	is	not
available	in	all	locaGons	and	NEM	offerings	conGnue	to	evolve.	When	NEM	is	available,	the	grid	serves	the	same	purpose	as	a
baUery.	When	net-metering	is	not	available,	storage	projects	are	found	to	be	economical	in	more	cases.	The	chart	below	shows	that
reducGon	of	the	net-metering	rate	from	a	retail	to	wholesale	rate	also	sGmulates	storage.	Averaging	across	all	locaGons	and	building
types	for	one	cost	point,	the	average	expected	lifeGme	savings	is	highest	when	net-metering	is	available.
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Impact of ITC on Expected Savings

Impact	of	ITC	on	Expected	Savings
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	The	graph	below	compares	the	average	expected	savings	from	solar	and/or	storage	systems	under	different	tax	credit
sensiGviGes	and	technology	costs.	Averaging	across	all	building	types	and	locaGons,	expected	near-term	or	stretch	goal

technology	cost	reducGons	do	not	make	up	for	a	complete	removal	of	the	investment	tax	credit	(ITC).
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Modeling Assumptions

							Modeling	Assump%ons
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Renewable Energy Optimization Model (REopt)

Renewable	Energy	Op%miza%on	Model	(REopt)

NREL's	Renewable	Energy	OpGmizaGon	Model	(REopt),	which	provides	site-specific	cost-opGmal	technology
soluGons,	was	used	for	this	analysis.

REopt	is	a	mixed	integer	linear	program	that	outputs	opGmal	technology	sizing	and	hourly	dispatch	strategies
along	with	financial	data.	REopt	looks	at	solar	and	storage	in	integraGon	with	other	energy	assets,	at	a	single
site	or	across	a	poryolio	of	sites,	and	calculates	system	sizes	and	operaGng	strategies	to	maximize	economic
benefit.

NREL	provides	analysis	services	using	the	full,	in-house	REopt	model.	The	REopt	Lite	web	tool	is	a	simplified,
publicly	available	tool	to	evaluate	solar	photovoltaics	and	baUery	storage	at	a	site.

For	more	informaGon	about	REopt	and	to	use	the	REopt	Lite	tool,	visit:	hUps://reopt.nrel.gov/	or	email
<REopt@nrel.gov>.
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Components Included in the Cost Assumptions
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Components	Included	in	the	Cost	Assump%ons

EPC	Overhead	&	Profit

Sov	costs
Developer	cost	(customer	acquisiGon)
InterconnecGon

Engineering,	Planning	&	Construc%on	(EPC)	Costs

Control	system/SCADA
Site	preparaGon
Loading	&	transport	from	manufacturer
Living	&	hoisGng	by	crane	on	site
Professional	engineer	stamped	calculaGons	&	drawings
Manufacturer	tesGng	and	commissioning
Electrical	balance	of	systems	outside	of	container
Electrical	labor
Structural	balance	of	systems	(e.g.,	fencing)

Ba:ery	&	Hardware	Costs

BaUery	(lithium	ion)
Inverter	-	power	conversion
Container	or	housing
Container	extras	(insulaGon/walls)
Electrical	conduit	(inside	of	container)
CommunicaGon	device
HeaGng,	venGlaGon,	air-condiGoning	(HVAC)
Meter	(revenue	grade)
Fire	detecGon
Fire	suppression
Labor
AC	main	panel
DC	disconnect
IsolaGon	transformer
Auxillary	power,	lighGng,	etc.
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Battery and Inverter Assumptions

Ba:ery	and	Inverter	Assump%ons
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Policy and Financing Assumptions
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Policy	and	Financing	Assump%ons

Net	Energy	Metering	(NEM):	NOT	INCLUDED
The	modeling	results	presented	here	do	not	include	a	provision	for	net	energy	metering.	NEM	is	not	available	in	every	state,	and	the	policy
is	under	revision	or	review	in	some	states.	A	sensiGvity	analysis	is	presented	that	indicates	the	impact	of	NEM	on	system	economics.

Investment	Tax	Credit:	Included,	30%
An	investment	tax	credit	of	30%	for	solar	technology	is	included	in	the	calcuaGons.	A	sensiGvity	analysis	is	presented	that	indicates	the
impact	of	an	ITC	step-down	or	removal	on	system	economics.

Modified	Accelerated	Capital	Deprecia%on	(MACRS):	5	year	+	bonus	deprecia%on	for	solar	and	ba:ery	system	components

No	other	Federal	or	State	incen%ves	are	included	in	the	calcula%ons.

Infla%on	Rate:	2.5%

System	Life:	20	years,	ba:ery	replacement	at	year	10

Discount	Rate:		10.2%
The	assumed	discount	rate	used	for	the	modeling	(10.2%)	is	the	weighted	average	cost	of	capital	(WACC)	used	in	the	NaGonal	Renewable
Energy	Laboratory's	2016	Annual	Technology	Baseline	(ATB).	In	the	updated	2017	ATB,	the	same	WACC	is	used	to	represent	long-term
average	market	condiGons,	while	current	market	condiGons	are	represented	by	a	8.2%	WACC	in	accordance	with	the	Energy	InformaGon
AdministraGons's	2017	Annual	Energy	Outlook.

It	is	noted	that	some	industry	parGcipants	use	discount	rates	as	low	as	6%.	Federally-funded	projects	also	use	low	discount	rates,	oven
around	3%.	Using	a	lower	discount	rate	would	result	in	more	projects	being	economical.	Thus,	the	results	presented	in	this	analysis	could	be
argued	to	represent	a	conservaGve	view	of	solar	and	storage	technology	economics.



37

Citations

Cita%ons

PV	Cost	AssumpGons	are	based	on	NREL’s	2016	"Annual	Technology	Baseline	(ATB)".	Golden,	CO:	NaGonal	Renewable	Energy
Laboratory.
hUp://www.nrel.gov/analysis/data_tech_baseline.html

Storage	cost	assumpGons	are	based	on	cost	data	collected	by	NREL,	summarized	in	"BaUery	Energy	Storage	Market:
Commercial	Scale,	Lithium-ion	Projects	in	the	U.S."	by	Joyce	McLaren,	Pieter	Gagnon,	Kate	Anderson,	Emma	Elgqvist,	Ran	Fu,
Tim	Remo,	October	2016.
hUp://www.nrel.gov/docs/fy17osG/67235.pdf

UGlity	Rate	Database
hUp://en.openei.org/wiki/UGlity_Rate_Database

Renewable	Energy	OpGmizaGon	Model
hUps://reopt.nrel.gov/

United	States	Climate	Zones
hUp://apps1.eere.energy.gov/buildings/publicaGons/pdfs/building_america/4_3a_ba_innov_buildingsciencecli-
matemaps_011713.pdf

Load	profiles	are	based	on	the	Department	of	Energy	Commercial	Reference	Buildings
hUps://energy.gov/eere/buildings/commercial-reference-buildings	and	created	using	Energy	Plus	Sovware
hUps://www.energyplus.net/

hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		37



38

Related Work

Related	Work

Simpkins,	Travis,	Kate	Anderson,	Dylan	Cutler,	and	Dan	Olis.	2016.	Op#mal	Sizing	of	a	Solar-Plus-Storage	System	for	U#lity	Bill	Savings	and
Resiliency	Benefits.	NREL/CP-7A40-66088	Golden,	CO:NaGonal	Renewable	Energy	Laboratory.
h!ps://www.nrel.gov/docs/fy17os5/66088.pdf.

hUps://openei.org/wiki/Solar+Storage																																																																																																																																																																																																																																																																																NREL	|		38

McLaren,	Joyce,	and	Seth	Mullendore.	2018.	Valuing	the	Resilience	Provided	by	Solar	and	BaBery	Energy
Storage	Systems.	Golden,	CO:	NaGonal	Renewable	Energy	Laboratory.
h!ps://www.nrel.gov/docs/fy18os5/70679.pdf.

McLaren,	Joyce,	and	Seth	Mullendore.	2017.	Iden#fying	Poten#al	Markets	for	Behind-the-Meter	BaBery
Energy	Storage:	A	Survey	of	U.S.	Demand	Charges.	NREL/BR-6A20-68963.	Golden,	CO:NaGonal
Renewable	Energy	Laboratory.	h!ps://www.nrel.gov/docs/fy17os5/68963.pdf.

				Whitepaper:															hUps://www.nrel.gov/docs/fy17osG/68963.pdf
				Data:																												hUps://data.nrel.gov/submissions/74
				Webinar:																					hUps://www.cleanegroup.org/webinar/nrel-demand-charges-storage-market/

McLaren,	Joyce,	Pieter	Gagnon,	Kate	Anderson,	Emma	Elgqvist,	Ran	Fu,	and	Tim	Remo.	2016	BaBery
Energy	Storage	Market:	Commercial	Scale,	Lithium-ion	Projects	in	the	U.S.	NREL/PR-6A20-67235.
Golden,	CO:	NaGonal	Renewable	Energy	Laboratory.	h!ps://www.nrel.gov/docs/fy17os5/67235.pdf.


	Identifying Critical Factors in the Cost-effectiveness of Solar and Battery Storage in Commercial Buildings
	Locations Modeled
	Scenarios Modeled
	Commercial Building Types Modeled
	Utility Rates Modeled
	Results
	Impact of Technology Cost Reductions on Solar + Storage Economics by Location
	Impact of Building Type on Expected Savings
	Impact of Demand Charge Level and Technology Cost on Expected Percent Savings
	Savings from Demand Charge Reductions versus Energy Charge Reductions by Technology Combination
	Load Factors
	Impact of Electricity Price Increases on Expected Savings from Solar and/or Storage Systems
	Impact of Net-Metering Policy on Solar and Storage Economics
	Impact of ITC on Expected Savings
	Modeling Assumptions
	Renewable Energy Optimization Model (REopt)
	Components Included in the Cost Assumptions
	Battery and Inverter Assumptions
	Policy and Financing Assumptions





