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Microinverter	

String	inverter	
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Installed System Price 
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Example	modeled	pathway	toward	an	
LCOE	target	of	$0.03/kWh	for	100-MW	
uIlity-scale	systems	with	1,480	kWh/kW	
first-year	performance	

Woodhouse,	M.	et	al.	2016	



SunShot	90%	to	
2020	goal	in	2016	

30%	reduc7on	in	
1	year	

SunShot Initiative 2030 Fact Sheet	



Average	U.S.	
Electricity	rate	was	
10.83	¢/kWh	in	
August	2016,	so	why	
is	everybody	
concerned	with	
reducing	costs	of	
solar	PV?	
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One-Day	Installa7ons	
Moving	to	one-day	installaIons	can	significantly	decrease	installaIon	labor	costs	by	
avoiding	iteraIve	“fixed”	costs	that	must	be	incurred	for	each	successive	day	of	a	rooVop	
solar	installaIon,	including	setup,	takedown,	all	safety-related	requirements,	travel,	and	
breaks.	(Vivint	and	SolarCity,	are	known	to	perform	single-day	residen7al	installa7ons	
with	some	regularity.)	These	costs	include	safety	setup,	truck	unload	and	load,	
coordinaIon,	delays,	and	site	cleanup.	Minimizing	the	number	of	days	per	installaIon	is	a	
powerful	near-	term	opportunity	for	installers	to	reduce	non-value-add	acIviIes	and	their	
associated	costs	by	a	minimum	of	10%.	
	
	
Steep	Roof	Redesign	
A	design	soluIon	that	eliminates	base	preparaIon	work	on	steep	roofs	by	anchoring	into	
an	alternaIve	locaIon	(the	roof	ridge,	for	example)	could	produce	significant	savings	for	
installaIons	on	steeper	gabled	roofs.	
	
	
Conduit	Redesign	
U.S.	installers	(both	electrician	and	non-electrician)	spend	a	significant	amount	of	Ime	
bending,	installing,	and	feeding	wire	through	conduit.	Flexible	conduit	soluIons	or	even	
pre-wired	flexible	conduit	could	enable	faster	installaIons	
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Clay	Tile	Base	Revamp	
German	installers	working	on	clay	Ile	roofs	are	able	to	fully	install	bases	at	very	low	
cost.	In	contrast,	clay	Ile	base	installaIons	observed	in	the	U.S.	cost	four	Imes	more	
than	non-clay-Ile	base	installs.	
	
	
PV-Ready	Electrical	Circuits	
DOE's	"plug	and	play"	iniIaIve	will	make	connecIon	of	a	PV	array	to	the	grid	much	
simpler	to	reduce	electrical	costs	
	
	
Base	Moisture	Protec7on	Layer	
IdenIfy	strategies	to	increase	the	speed	of	adding	moisture	protecIon	to	base	
mounts	
	
	
Scaffolding	/	Safety	Nets	
As	observed	in	Germany,	installer	use	of	scaffolding	and	safety	nets	in	lieu	of	safety	
harnesses	not	only	improves	on-roof	efficiency	by	allowing	installers	to	move	about	
unhindered,	but	it	also	enables	simple	tool	storage	and	bolt-on	soluIons	like	
module	liVs.	
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IRENA (2016)	

PV	BoS	cost	breakdown,	2015	
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Expected	cost	reducIon	of	inverter	technologies	to	2025	
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Inverter	technology	cost	trends	to	2025	
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BoS	cost	reducIon	potenIal	for	Germany	and	globe,	2015-2025	



IRENA (2016), GlobalData. (2014), pvXchange. (2016), Photon Consulting. (2016) 	

Global	PV	module	price	trends	



Hanwha Q CELLS overview


•  South	Korean-based	solar	module	manufacturer	
•  Flagship	company	of	larger	Hanwha	Group.	Hanwha	Group	was	
established	in	1952,	with	over	$56B	in	annual	sales	

• Module	and	cell	producIon	capacity	in	excess	of	5GW’s.	
• Bloomberg	Tier1	and	member	of	“Silicon	Module	Super	League”	



1H 2016 Module prices 


•  In	the	first	half	of	2016,	ASP’s	for	c-si	modules	were	above	$0.60/
wal,	on	average.	

• Module	prices	varied	by	format,	power	density	class	and	
manufacturer	

•  60-cell	modules	were	sold	at	premium	prices	in	mid-to-high	$0.60’s/wal	
•  72-cell	modules	were	sold	at	lower	prices	in	the	low-$0.60’s/wal	to	the	high	
$0.50’s/wal	

• Global	supply	and	demand	was	in	general	balance	



2H 2016 Module prices

•  The	Chinese	market	had	a	FiT	incenIve	decrease	that	
took	place	aVer	June	2016.	The	Chinese	market	is	the	
largest	world	market.	Their	demand	in	H1	2016	was	
22GW’s,	which	is	expected	to	decrease	to	only	6GW’s	in	
H2	2016.	

•  StarIng	in	July	2016,	China’s	sudden	decrease	in	demand	
led	to	a	global	oversupply	for	solar	modules.	This	
oversupplied	market	led	to	sudden	and	sharp	declines	in	
c-si	module	prices	

• Module	ASP’s	dropped	to	the	low	$0.40’s/wal	with	
reports	of	large	project	ASP’s	in	the	high-to-mid	$0.30’s/
wal	

• Module	prices	are	currently	stabilizing	in	the	low	$0.40’s/
wal	



Blended U?lity PV System pricing ($/Wdc) 2015 – 2020 
 



! 2015 H1!2016 H2!2016 H1!2017 H2!2017 2018!E 2019!E 2020!E
Turnkey(EPC(pricing 1.41$(((((((((( 1.28$(((((((((( 1.06$(((((((((( 0.99$(((((((((( 0.92$(((((((((( 0.89$(((((((((( 0.85$(((((((((( 0.81$((((((((((
Module 0.69$(((((((((( 0.62$(((((((((( 0.41$(((((((((( 0.37$(((((((((( 0.33$(((((((((( 0.32$(((((((((( 0.30$(((((((((( 0.28$((((((((((
Inverter 0.13$(((((((((( 0.10$(((((((((( 0.08$(((((((((( 0.08$(((((((((( 0.08$(((((((((( 0.07$(((((((((( 0.07$(((((((((( 0.06$((((((((((
Electrical(BoS 0.06$(((((((((( 0.06$(((((((((( 0.05$(((((((((( 0.05$(((((((((( 0.05$(((((((((( 0.04$(((((((((( 0.04$(((((((((( 0.04$((((((((((
Structural(BoS 0.11$(((((((((( 0.10$(((((((((( 0.09$(((((((((( 0.08$(((((((((( 0.08$(((((((((( 0.08$(((((((((( 0.07$(((((((((( 0.07$((((((((((
Labor 0.12$(((((((((( 0.12$(((((((((( 0.11$(((((((((( 0.11$(((((((((( 0.11$(((((((((( 0.10$(((((((((( 0.10$(((((((((( 0.09$((((((((((
Design(and(Engineering 0.01$(((((((((( 0.01$(((((((((( 0.01$(((((((((( 0.01$(((((((((( 0.01$(((((((((( 0.01$(((((((((( 0.01$(((((((((( 0.01$((((((((((
Permitting(Interconnection 0.04$(((((((((( 0.04$(((((((((( 0.04$(((((((((( 0.04$(((((((((( 0.04$(((((((((( 0.04$(((((((((( 0.04$(((((((((( 0.04$((((((((((
Civil 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$((((((((((
Supply(Chain,(Logistics,(Misc 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.02$(((((((((( 0.02$((((((((((
Taxes 0.05$(((((((((( 0.05$(((((((((( 0.04$(((((((((( 0.04$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$(((((((((( 0.03$((((((((((
Overhead(and(Margin 0.14$(((((((((( 0.13$(((((((((( 0.16$(((((((((( 0.16$(((((((((( 0.15$(((((((((( 0.15$(((((((((( 0.14$(((((((((( 0.14$((((((((((

-  Pricing	example	is	for	U.S.	Ground	mounted,	fixed	Ilt,	10MW+,	c-Si	modules	
-  Turnkey	PV	System	prices	fell	16%	from	H1	2016	to	H2	2016,	primarily	driven	by	

dramaIc	module	price	decrease	from	$0.62/wal	DC	to	an	average	of	$0.41/wal	
DC.	

-  Regional	prices	will	differ	with	soV	costs	(non	equipment),	such	as	labor,	permirng,	
civil,	taxes,	etc..	In	low	cost	regions,	turnkey	prices	are	already	below	$1.00/wal	DC	
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