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Executive	Summary	
At	Amerex	we’ve	measured	at	least	a	70%	reduction	in	the	lighting	energy	due	to	

the	LED	retrofit	with	a	payback	period	of	3.6	years.	The	lighting	controls	potentially	
bring	the	total	to	83%	reduction	in	energy	usage.	The	payback	period	of	the	controls	
alone	is	over	6	years,	but	implementing	an	integrated	controller	approach	would	
have	lowered	this	to	3.1	years.	

The	factory	requires	weighing	factors	such	as	safety	risk	and	productivity	higher	
than	in	other	facilities	(e.g.	office	spaces).	Properly	implemented	lighting	controls	
strategies	consider	not	only	the	potential	energy	savings,	but	also	the	productivity	
and	safety.	The	IIoT	creates	an	environment	in	which	these	three	concerns	can	be	
adequately	balanced.	

Background	&	Introduction	
In	2013	the	Pacific	Gas	&	Electric	Company	(PG&E)	performed	a	study	of	the	

impact	on	energy	costs	of	an	LED	retrofit	and	aggressive	lighting	controls	strategies	
in	a	44,800	sq.	ft.	warehouse	space	(Ace	Hardware	Distribution	Center)1.	They	found	
the	payback	period	was	3.6	years	with	a	resulting	93%	reduction	in	energy	usage.	
The	LED	retrofit	provided	roughly	a	50%	energy	reduction	and	the	control	
strategies	provided	an	additional	43%	
reduction.	

The	lighting	industry	often	reports	similar	
energy	savings	between	50%	and	70%	for	an	
LED	retrofit	in	any	facility.	Facility	managers	
gain	the	benefit	of	the	LED	retrofit	installation	
immediately	without	any	additional	
configuration.	Simply,	the	LEDs	use	much	less	
power	than	the	incumbent	lights.	

The	industry	doesn’t	report	the	same	kind	
of	generalized	energy	savings	for	lighting	
controls.	Each	facility’s	savings	are	different,	
often	drastically,	based	on	the	layout	of	the	
facility,	the	tasks	of	the	various	areas	within	
the	facility	and	the	ability	and	priority	of	the	
facility	manager	to	pursue	the	additional	benefits	of	tuning	the	lighting	with	various	
control	strategies.	Often,	the	facility	achieves	very	little	of	the	potential	savings.	

Lighting	controls	come	with	a	host	of	capabilities	and	strategies	that	when	
applied	in	the	right	concert	can	produce	generous	energy	savings.	Luminaire	Level	
Lighting	Control	(LLLC)	provides	control	of	every	fixture,	rather	than	long	strips	of	
lights.	With	LLLC	a	facility	owner	can	fine-tune	each	area	using	a	technique	called	
task	tuning.	Wireless	Networked	Lighting	Controls	(NLC)	allows	lights	and	sensors	
to	work	in	cooperation	across	a	facility	regardless	of	physical	wiring.	Facility	

																																																								
1	http://www.etcc-ca.com/sites/default/files/reports/ET12PGE3361%20LED%20High-Bay%20Lighting%20and%20Controls%20Assessment.pdf	

Figure	1	-	PG&E	Study	
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owners	tune	the	behavior	of	their	facility	utilizing	schedules,	occupancy	sensors	and	
daylight	harvesting.		

In	contrast	to	the	potential	energy	savings,	improperly	employed	lighting	
controls	can	have	a	negative	impact	to	the	productivity	and	even	safety	in	a	facility.	
For	example,	if	the	lights	go	out	due	to	lack	of	motion	while	someone	is	working	
with	a	dangerous	machine,	the	results	can	be	catastrophic.	Like	many	initiatives	in	
the	Industrial	Internet	of	Things,	the	best	lighting	control	strategies	come	from	a	
combination	of	specific	facility	expertise,	general	lighting	controls	expertise	and	
data	from	seemingly	unrelated	sources	such	as	compressed	airflow.	

Amerex,	a	Trussville,	AL	manufacturing	facility	of	over	17,000	fire	extinguishers	
per	day,	recently	implemented	an	LED	retrofit	with	Synapse’s	wireless	lighting	
controls	(SimplySNAP).	The	LED	retrofit	provided	nearly	a	70%	reduction	in	energy.		

The	lighting	controls	optimization	is	a	work	in	progress.	The	350,000	sq.	ft.	
facility	contains	warehouses,	automated	and	manual	assembly	lines,	powder	
manufacturing,	a	machine	shop,	welding	stations,	paint	lines,	fork	lifts,	shipping	
departments,	etc.	The	lighting	controls	strategies	must	balance	worker	safety,	
energy	savings,	and	the	productivity	of	the	factory.	Galen	Ferguson,	Amerex’s	
master	electrician,	is	in	charge	of	lighting	and	is	incrementally	implementing	
lighting	controls	throughout	the	facility.	

Lighting	Energy	Savings	
Amerex	used	Biostar,	an	energy-savings	contractor,	to	retrofit	the	LEDs	and	

install	SimplySNAP	(Synapse’s	lighting	controls).	Before	the	install,	Biostar	
measured	the	energy	
utilization	and	determined	that	
Amerex	spent	roughly	
$154,000	per	year	in	energy	
for	lighting	their	facility.	With	
the	LED	retrofit	Biostar	
predicted	that	Amerex’s	energy	
costs	would	drop	to	$32,149	
per	year.	

SimplySNAP	measures	
the	power	consumption	of	each	
fixture	and	collects	the	data	in	
a	central	repository	across	its	
wireless	NLC	(Networked	
Lighting	Controls).	With	that	
data,	we	determined	that	the	
facility	now	costs	$47,853	per	
year	to	operate	without	any	control	strategies	employed	(i.e.	the	lights	are	always	
on).	

Figure	2	-	Amerex	Lighting	Energy	Savings	
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Figure	3	-	Amerex	Floorplan	

	
	 We’ve	applied	lighting	controls	strategies	(predominately	occupancy	sensors	
with	zones)	to	the	Warehouse	(building	18)	and	been	able	to	save	Amerex	$3,068	
per	year.	Analyzing	the	remainder	of	the	facility	based	on	function,	production	
schedule,	etc.,	we’ve	determined	that	there	is	a	potential	of	a	total	of	$22,229	of	
savings	using	various	lighting	controls	strategies.	This	would	bring	the	total	energy	
cost	of	the	lighting	in	the	facility	down	to	$25,624	per	year	–	a	decrease	of	83%	from	
the	original	$154,000	per	year.	

Building	18	–	The	Warehouse	
	 As	with	any	improvement	
project	there	are	a	variety	of	
considerations	that	drive	the	
sequence	and	priority	of	the	
improvements.	Safety	is	a	big	
consideration	in	a	factory	with	
dangerous	CNC	machines,	ovens	for	
powder	paint	coating,	furnaces	that	
produce	noxious	gas	and	a	constant	
hum	(and	beeping)	of	forklifts.	The	
Warehouse	in	Building	18	posed	a	
lower	safety	risk	compared	to	the	
other	departments	and	is	one	of	the	
leading	energy	consumers	in	the	
facility.	It	was	a	prime	candidate	for	implementing	the	initial	lighting	controls	
strategies.		

Although	you’ll	notice	an	occasional	human	walking	through	Building	18,	
forklifts	primarily	inhabit	the	Warehouse.	During	operating	hours,	they	are	almost	
constantly	driving	through	the	Warehouse,	finding	their	load	and	moving	it	to	some	
other	part	of	the	factory.	The	forklift	traffic	creates	a	very	dynamic	occupancy	
pattern	throughout	the	area:	a	situation	ripe	for	occupancy	sensing.	Galen	has	

Figure	4	-	Lighting	Cost	per	Department	



	 	 5	

placed	30	different	occupancy	sensors	throughout	the	Warehouse	with	26	
overlapping	zones	(see	Figure	5).	During	high	traffic	hours,	occupancy	sensing	
dropped	the	energy	usage	roughly	12%.	During	low	traffic	hours	(nighttime	and	
weekends),	the	energy	usage	dropped	at	least	60%.		

	
Figure	5	-	Building	18	Lighting	Zones	

Dimming	and	occupancy	are	related	concepts.	If	the	lighting	control	detects	
that	a	zone	has	been	without	
occupancy	for	some	configurable	
period	of	time	(e.g.	15	minutes),	it	
will	dim	the	lighting	down	to	a	level	
determined	by	the	facility	manager.	
Galen	determined	early	in	the	
project	that	it	wasn’t	safe	to	turn	the	
lights	completely	off,	but	a	dim	level	
of	1%	was	acceptable	in	the	
Warehouse.	At	Amerex	a	fixture	
running	at	100%	uses	about	85	W	of	
energy,	while	an	LED	fixture	running	
at	1%	uses	13	W	–	a	pretty	big	
difference.		

Galen	investigated	dimming	
the	maximum	brightness	to	80%	to	
further	increase	the	energy	savings.	To	many	eyes	there	isn’t	much	of	a	difference	
between	100%	and	80%.	However,	the	forklift	drivers	requested	that	Galen	turn	the	
brightness	back	up	because	they	were	having	a	difficult	time	reading	the	labels	on	
the	cargo	they	were	loading.	They	drive	quickly	past	a	row	of	boxes	and	read	the	
labels	on	the	side	of	the	cargo	and	stop	when	they	find	the	one	they	are	looking	for.	

Figure	6	-	Warehouse	Lighting	Control	Energy	Savings	
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Since	the	light	hit	the	side	of	the	boxes	indirectly,	the	forklift	drivers	had	to	drive	
slower	to	find	their	cargo	in	the	dimmer	light.	Galen	changed	the	max	brightness	
back	to	100%.	Building	18	represents	how	lighting	controls	strategies	must	balance	
energy	savings,	safety	and	productivity	considerations.	
	

Additional	Potential	Savings	
	 Based	on	the	success	
in	the	Warehouse	and	
understanding	the	various	
tasks	throughout	the	facility,	
we’ve	estimated	the	potential	
savings	of	additional	lighting	
controls	strategies	
throughout	the	facility.	As	we	
implement	controls	
strategies	in	each	
department,	we	will	find	
additional	energy	savings,	
safety	and	productivity	
considerations	that	will	likely	
change	the	estimates.	
	 The	first	strategy	we	
suggest	is	High	End	Trim,	a	
lighting	controls	strategy	for	
limiting	the	max	power	applied.	By	limiting	the	fixtures	throughout	the	facility	to	
80%	power,	Amerex	could	save	another	$7700	per	year	in	energy	costs.	However,	
as	we	noticed	in	the	Warehouse,	this	may	not	be	acceptable	for	a	given	department.	
In	some	cases	this	may	legitimately	impact	work	function,	in	others	it	may	solely	be	
a	preference	of	the	people	in	that	area.	Both	scenarios	are	important	and	valid	
considerations.	
	 Another	strategy	is	to	the	tune	the	maximum	dim	levels	of	the	areas	that	are	
predominately	storage	or	over	large	pieces	of	equipment	where	there	aren’t	often	
people	working.	After	surveying	the	factory	the	additional	energy	savings	appear	to	
be	about	$1000	per	year.	These	savings	likely	won’t	offset	the	safety	and	
productivity	concerns	for	these	areas	enough	to	implement.	
	 The	final	lighting	controls	strategy	we’ve	considered	up	to	this	point	is	the	
effect	of	occupancy	sensing.	We	built	the	estimates	by	using	an	understanding	of	the	
ideal	schedule.	Amerex	departments	operate	roughly	on	the	same	production	
schedule	every	week,	though	there	are	often	exceptions.	If	the	occupancy	sensors	
turned	the	lights	down	to	1%	during	times	of	non-production	throughout	the	
facility,	we	project	the	total	energy	savings	to	be	approximately	$22,000	per	year.		
	 These	savings	sound	impressive	enough	to	implement	occupancy	sensing,	
but	there	are	legitimate	safety	concerns.	Occupancy	sensors	sometimes	miss	
humans	in	the	area	if	there	isn’t	enough	motion.	Some	jobs	within	the	factory	
require	a	human	operator	to	sit	or	stand	next	to	a	machine	with	little	movement.	

Figure	7	-	Potential	Energy	Savings	from	Lighting	Control	Strategies	
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SimplySNAP	scenes	set	the	behavior	
of	various	zones	at	a	given	point	in	
time.	Galen	could	create	a	scene	that	
always	kept	lights	at	maximum	level	
for	production	and	a	scene	for	non-
production	that	used	the	occupancy	
sensors	to	dim	the	lights	to	1%.	The	
difficulty	is	in	automatically	
knowing	when	a	particular	
department	is	in	production.	The	
IIoT	solves	this	problem.	

The	Industrial	Internet	of	
Things	is	most	powerful	when	multiple	data	disparate	data	sources	are	combined	to	
make	automatic	decisions.	Figure	8	shows	a	snapshot	of	compressed	air	flow	data	
for	the	New	Paint	Line	department.	Notice	the	difference	in	airflow	from	scheduled	
production	to	scheduled	non-production.	Machine	learning	can	easily	detect	when	a	
department	is	actively	producing	from	this	type	of	data.	Figure	9	shows	how	
machine	learning	combined	with	some	basic	logic	can	create	an	optimal	balance	
between	safety,	productivity	and	energy	savings.	
	
	

	
Figure	9	-	Logic	to	Safely	Administer	Occupancy	Sensors	in	Production	

	
	
	

Figure	8	-	Compressed	Air	Flow	for	the	New	Paint	Line	
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ROI	and	Payback	
	 Biostar	predicted	a	payback	period	of	3.9	years	for	the	entire	project	(LED	
retrofit	and	bolt-on	controllers).	Based	on	measuring	the	power	data	we	are	seeing	
a	potential	payback	period	of	3.6	years	if	we	incorporate	the	suggested	lighting	
control	strategies.	
	 There	has	been	much	discussion	on	the	payback	of	lighting	controls	on	their	
own	–	especially	in	a	manufacturing	facility.	Amerex	uses	a	style	of	lighting	
controller	known	as	a	bolt-on	controller.	The	integration	of	a	bolt-on	lighting	
controller	and	LED	fixture	occurs	at	installation.	Bolt-on	controllers	typically	cost	
more	than	$100	per	fixture,	not	including	the	electrician	cost	of	wiring	them	in.	For	
Amerex,	the	payback	on	the	bolt-on	lighting	controls	is	more	than	6	years,	not	
including	the	additional	installation	costs.	Typical	facility	managers	expect	much	
shorter	payback	periods.		

	
Figure	10	-	ROI	&	Payback	Periods	

	 For	the	ROI	and	payback	period	of	lighting	controls	to	be	acceptable,	we	need	
to	either	increase	the	return	or	decrease	the	investment.	Other	whitepapers	cover	
the	additional	return	we	are	seeing	at	Amerex	by	utilizing	the	wireless	NLC	
capabilities	to	tap	into	additional	IIoT	data.	Let’s	focus	here	on	reducing	the	
investment.	There	is	a	strong	movement	in	the	lighting	controls	industry	to	lower	
the	consumer’s	cost	of	both	parts	and	installation	by	integrating	the	LED	controls,	
driver	and	fixture	at	manufacturing	time	rather	than	on-site.	If	we	reduced	the	cost	
of	controls	to	$35	per	fixture	through	this	integration,	the	payback	period	for	
controls	alone	drops	to	3.7	years	(from	more	than	6	years)	and	the	payback	period	
for	the	entire	project	drops	to	3.1	years.	
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Conclusions	
	 At	Amerex	we’ve	measured	at	least	a	70%	reduction	in	the	lighting	energy	
due	to	an	LED	retrofit	with	a	payback	period	of	3.6	years.	The	lighting	controls	show	
a	potential	of	83%	total	reduction	in	energy	usage.	Each	year	this	equates	to:	

• 1691697	kWh	Saved	
• 2621876	lbs	of	CO2	not	Exhausted	
• 251	Cars	Removed	from	the	Road	
• 133820	Gallons	of	Gas	not	Consumed	
• 30493	Tree	Seedlings	Grown	
• 1122	Acres	of	Forest	Saved	
Properly	implemented	lighting	controls	strategies	consider	not	only	the	

potential	energy	savings,	but	also	the	productivity	and	safety.	The	application	of	
IIoT	principles	creates	an	environment	in	which	these	three	concerns	can	be	
adequately	balanced.	
	


