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Abstract	
	
Over	the	last	several	years	Carver	County	has	been	pursuing	fiscally	responsible	improvements	

that	reduce	energy	consumption	and	fossil	fuel	use	for	governmental	and	community	facilities.	

Carver	 County	 operates	 a	 license	 center	 in	 Chanhassen	 and	 due	 to	 existing	 issues	 with	 the	

installed	hot	water	heater	 the	county	 is	 interested	 in	assessing	 the	 feasibility	of	using	a	solar	

water	heater	at	this	 facility.	This	 incentive	 is	an	additional	 factor	being	considered	along	with	

the	dramatic	 increase	 in	energy	use	at	 the	 facility	over	 the	 last	 few	years.	The	 license	center	

building	 houses	 community	 social	 services	 and	 a	 juvenile	mental	 health	 program	 out	 of	 the	

second	story.	This	proposal	outlines	the	requirements,	theory,	and	calculations	behind	using	a	

solar	 water	 heater,	 and	 goes	 on	 to	 recommend	 a	 possible	 method	 of	 economically	

implementing	this	energy	saving	technology.	Despite	assessing	all	possibilities,	it	is	not	advised	

to	 invest	 in	a	solar	water	heating	system	at	 the	moment	due	to	the	prohibitively	 inexpensive	

price	of	natural	gas.	The	best	suggested	system	for	the	Chanhassen	License	center	is	an	Apricus	

ETC-30	 Solar	 Collector	which	will	 have	 at	 least	 a	 payback	 time	 of	 approximately	 17	 years	 at	

current	natural	gas	prices.	It	is	advised	to	only	consider	such	a	system	if	energy	costs	rise	over	

the	next	couple	years	due	to	higher	natural	gas	prices.	 If	natural	gas	prices	rise	to	and	above	

$6.00,	a	payback	time	for	this	suggested	Apricus	system	of	only	10	years	would	be	feasible.	
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Facility	Background	Information	
	

The	Chanhassen	License	Center	is	a	3-story,	14,000	square-foot	building	with	a	basement,	first,	

and	second	floor.	There	are	two	kitchens,	one	laundry	room,	seven	restrooms,	and	one	shower	

in	the	license	center.	The	facility’s	approximate	annual	water	usage	is	112,070	gallons,	or	9,340	

gallons	a	month,	and	between	7	and	10	decatherms	of	natural	gas	energy	is	used	in	heating	this	

water.	The	traditional	50	gallon	water	heater	currently	 in	place	is	due	for	replacement	having	

begun	 to	 leak	 and	 otherwise	 show	 its	 age	 by	 underperforming.	 The	 south	 facing	 roof	 and	

highest	roof	level	as	shown	in	Figures	1	and	2	respectively	would	be	the	best	locations	for	the	

proposed	installation	of	the	solar	water	heater’s	solar	collectors.	These	locations,	in	particular	

the	top	roof	level,	have	ample	space	for	the	solar	collectors.	Further	installation	details	will	be	

explained	in	the	design	proposal	in	Section	7.	

	

	
Figure	1.	South	facing	roof	

	
Figure	2.	Top	roof	level	
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Solar	Water	Heater	Background	Information	
	
The	two	most	common	types	of	solar	heating	systems	are	called	active	and	passive	systems.		In	

general,	both	types	of	systems	include	well	insulated	storage	tanks	and	solar	collectors.		In	two	

tank	systems	(one	solar	heated	tank	and	one	tank	heated	by	traditional	means)	the	solar	tank	

preheats	 the	 water	 before	 it	 is	 pumped	 into	 the	 main	 tank	 to	 help	 reduce	 energy	 costs	 in	

bringing	the	temperature	up	to	the	standard	120	°F.		In	solely	solar	powered	systems	it	is	highly	

recommended,	 if	not	necessary,	 that	a	back-up	heater	 is	combined	with	 the	solar	storage	on	

the	storage	tank.		The	primary	difference	between	the	two	types	of	solar	water	heating	systems	

is	that	active	systems	have	circulating	pumps	and	controls	while	passive	systems	work	without	

such	mechanical	inputs.			

	

The	active	solar	water	heating	class	can	be	further	broken	down	into	subgroups	named	direct	

circulation	systems,	and	indirect	circulation	systems.	The	direct	systems	are	favored	in	warmer	

climates,	and	 indirect	systems	are	 for	use	 in	below-freezing	temperatures	due	to	their	use	of	

anti-freezing	 heat	 transfer	 fluids.	 Based	 on	 the	 cooler	 climate	 in	 Minnesota,	 the	 indirect	

circulation	 system	 will	 be	 necessary	 to	 ensure	 operation	 in	 the	 winter	 months	 if	 the	 active	

system	 is	 chosen.	 	Similarly,	 the	 passive	 systems	 are	 broken	 up	 into	 two	 subgroups	 called	

integral	 collector	 storage	 passive	 systems	 and	 thermosyphon	 systems.	 	Of	 the	 two	 divisions,	

thermosyphon	systems	have	more	potential	to	work	in	freezing	environments.	

	

Based	on	 the	demand	of	 the	 facility,	 commercial	panels	will	be	needed	 to	support	maximum	

hot	 water	 load.	 	This	 means	 that	 the	 main	 options	 for	 collectors	 are	 a	 flat	 plate	 style	 and	
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evacuated	tube	style.[1]	The	flat	plate	collector	is	the	most	common	type	of	collector	used	in	the	

world.		It	consists	of	a	metal	absorber	plate	connected	to	a	series	of	riser	pipes	which	are	then	

attached	 to	 larger	 diameter	 pipes	 at	 the	 top	 and	 bottom	 of	 the	 plate	 collector	 as	 shown	 in	

Figure	3.	Cool	water	enters	at	the	bottom,	and	is	heated	by	the	transfer	of	solar	energy	to	the	

riser	pipes.		The	temperature	range	of	water	provided	by	these	panels	is	generally	around	30-80	

°C.		

	

	

Figure	3.	This	is	a	general	schematic	of	a	flat	plate	solar	collector	which	illustrates	the	interior	of	

the	collector,	as	well	as	the	inputs	and	outputs	that	make	up	the	system.[2]	

	

The	second	type	of	collector	is	an	evacuated	tube	collector.		These	systems	are	formed	using	an	

array	 of	 evacuated	 tubes	 with	 heat	 pipes	 inside;	 they	 are	 joined	 to	 a	 heat	 exchanger	 or	

manifold	where	the	cool	water	stream	flows	for	heating.	
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Figure	4.	This	figure	shows	the	technology	present	inside	an	evacuated	tube	solar	collector.[3]		

	

The	glass	 tubes	 illustrated	 in	Figure	4	have	a	 selective	 surface	 facing	outwards	 to	absorb	 the	

sun's	energy.		This	heat	is	then	transferred	to	the	heat	pipe,	which	causes	the	liquid	(usually	a	

water/alcohol	mix)	to	boil	and	release	heat	to	the	bottom	of	the	heat	pipe	that	is	connected	to	

the	heat	exchanger.		At	the	same	time,	cooler	liquid	condenses	back	at	the	bottom	of	the	tube	

to	be	heated	again,	ensuring	that	the	cycle	continues.		The	glycol	mix	that	is	to	be	heated	then	

flows	 through	 the	 heat	 exchanger,	 collecting	 the	 energy	 from	 the	 pipe,	 and	 leaves	 as	 a	 hot	

glycol	mix.	 	The	mix	 then	 flows	 to	 the	 storage	 tank	where	 it	 heats	 the	water	 to	 be	 used	 via	

heating	coils	or	a	heating	jacket.	A	critical	feature	on	this	type	of	system	is	the	evacuated	tube	

that	 surrounds	 the	 heat	 pipe.	 The	 vacuum	 around	 the	 pipes	 effectively	 provides	 insulation,	

which	allows	the	heat	pipes	to	maintain	high	temperatures	even	with	a	 lot	of	heat	being	 lost	

through	convection	as	well	as	conduction	to	cold	outside	environments,	thus	resulting	in	higher	

obtainable	water	 temperatures	 (up	 to	120	 °C).	 	Based	on	 the	 cold	 climate	of	Minnesota,	 this	

style	of	solar	powered	water	heater	is	what	has	been	chosen	for	this	project.	
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There	are	multiple	types	of	evacuated	tube	collectors	that	are	available	for	purchase.	The	first	

type	 of	 collector	 contains	 an	 external	 tank,	 as	 shown	 in	 Figure	 5.	 However,	 collectors	 with	

external	tanks	are	not	a	very	viable	option	in	cold	climates,	such	as	Minnesota,	due	to	the	fact	

that	the	idle	water	in	the	tank	may	freeze.	During	the	day	when	the	sun	is	providing	energy	to	

the	collectors,	 it	may	be	of	benefit,	but	at	night,	 the	water	 in	 the	 tank	will	 freeze.	Thus,	 any	

collectors	with	external	tanks	are	not	utilized	for	comparison	of	which	collector	to	use.	

	

Figure	5.	This	figure	shows	an	example	of	an	evacuated	solar	collector	with	an	external	tank.[4]		

	

The	other	types	of	evacuated	tube	collectors	do	not	contain	an	external	tank,	and	the	water	is	

fed	to	the	collector	directly	from	the	main	water	line.	The	heated	water	is	sent	to	a	holding	tank	

indoors	 rather	 than	an	external	 tank.	An	example	of	 an	evacuated	 tube	 collector	without	 an	

external	 tank	 is	 provided	 in	 Figure	 6.	 To	 compare	 the	 different	 models	 of	 these	 collectors,	

different	characteristics	of	each	model	were	taken	into	consideration.	Depending	on	the	brand	

and	model,	the	number	of	tubes	in	each	collector	varies.	As	the	number	of	tubes	increases,	the	

amount	of	solar	energy	the	collector	can	obtain	also	increases.	However,	more	tubes	results	in	
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a	 larger	area	 for	 the	solar	collector	as	well.	This	 leads	 to	 the	second	characteristic	 taken	 into	

consideration,	the	area	of	the	collector.	If	only	solar	power	is	used	to	heat	the	water	used	in	the	

facility,	more	than	one	collector	may	be	required,	as	will	be	talked	about	in	Section	7.		

	

Figure	6.	This	figure	shows	an	example	of	an	evacuated	solar	collector	without	an	external	tank.	

[5]	

When	 looking	 at	 the	 maximum	 output	 of	 each	 collector,	 it	 was	 noticed	 that	 the	 maximum	

output	 for	 all	 collectors	 is	 much	 higher	 than	 the	 solar	 power	 available	 in	 Minnesota.	 Any	

collector	chosen	for	this	project	will	be	used	only	to	the	maximum	based	on	the	sunlight	that	it	

receives	 in	 Minnesota.	 Lastly,	 it	 was	 found	 the	 absorption	 of	 sun	 for	 the	 collectors	 is	

approximately	90%	for	all	the	collectors	looked	at.	However,	the	efficiency	for	these	collectors	

is	 not	 90%.	Due	 to	 the	 at	 times	 extremely	 cold	weather	 in	Minnesota,	 the	 efficiency	 for	 the	

collectors	is	approximated	at	60%.	
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Solar	Water	Heater	Selection	

After	assessing	all	the	design	characteristics	of	solar	water	heaters	available	on	the	market,	 it	

was	found	that	the	best	choice	of	collector	for	this	project	is	the	Apricus	ETC-30	Solar	Collector,	

with	a	price	of	$850	per	collector	and	an	installation	cost	of	approximately	$60	per	square	foot.	

This	 collector	 contains	 30	 tubes	 and	 has	 an	 area	 of	 30.77	 ft2.	 The	 antifreeze	 used	 for	 this	

collector	 is	 propylene	 glycol	 and	 the	 collectors	 are	 freeze	 protected,	 making	 them	 a	 viable	

option	in	Minnesota.	The	tubes	and	heat	pipes	are	warrantied	for	10	years	by	Apricus.	Thus,	an	

ideal	payback	time	for	these	collectors	is	10	years,	which	will	be	discussed	in	Section	7.	Lastly,	if	

more	than	one	collector	is	required	for	the	total	heat	required,	the	maximum	number	of	panels	

in	one	row	should	be	5,	as	per	collector	guidelines.	

	

Available	Renewable	Energy	Subsidies	and	Tax	Breaks	

Based	on	the	system	chosen,	there	are	two	main	government	grants	available	to	help	fund	the	

project.		The	first	is	the	SolarSense	program.		To	qualify	for	this	incentive,	the	applicant	must	be	

a	Minnesota	power	customer	served	on	a	retail	basis,	apply	between	January	1st	and	February	

28th,	install	a	proposed	the	thermal	water	heater	system	by	a	set	date,	and	have	a	traditional	

water	 heater	 back-up	 system	 in	 place.	 	This	 program	 is	 lottery	 based,	 so	 there	 is	 not	 a	

guarantee	that	the	project	will	be	chosen,	but	if	it	is	selected	the	incentive	would	be	25%	of	the	

project	costs,	or	25,000,	whichever	is	less.	

	

Additionally,	the	Made	in	Minnesota	Solar	Thermal	Program	is	also	an	option.		For	commercial	

systems,	 the	 maximum	 amount	 of	 money	 that	 can	 be	 earned	 is	 up	 to	 25%	 of	 the	 cost,	 or	
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25,000,	whichever	is	less.		The	only	requirement	that	is	different	from	the	SolarSense	program	

is	that	all	parts	are	made	in	Minnesota.	 	Again,	this	incentive	is	hard	to	receive,	because	as	of	

right	now	the	program	is	small	and	can	only	support	five	projects	in	the	entire	state.	

	

There	 are	 also	 several	 tax	 breaks	 available	 for	 solar	 water	 heating	 projects.	 	Through	 the	

SolarSense	program,	 companies	can	be	eligible	 for	up	 to	a	30%	 federal	 investment	 tax	credit	

(ITC)	 to	 help	 reduce	 the	 installation	 costs	 of	 the	 system.	 	It	 is	 encouraged	 that	 once	 a	 final	

design	is	determined,	the	applicant	contact	a	tax	professional	to	determine	eligibility.	

	

The	second	tax	break	 is	a	sales	tax	 incentive	offered	by	the	Minnesota	department	of	Energy	

where	up	to	100%	of	the	sales	tax	on	any	solar	energy	system	will	be	refunded.		The	definition	

of	an	energy	system	is	“a	set	of	devices	whose	primary	purpose	is	to	collect	solar	energy	and	

convert	 and	 store	 it	 for	useful	 purposes	 including	heating	 and	 cooling	buildings	or	 any	other	

energy-using	 process,	 or	 to	 produce	 generated	 power	 by	 means	 of	 any	 combination	 of	

collecting,	 transferring,	 or	 converting	 solar-generated	 energy.”	 		This	 applies	 to	 solar	 water	

heating	 systems,	 and	 all	 components	 of	 these	 systems	 are	 exempt	 (including	 panels,	 wiring,	

pipes,	pumps,	and	racks).		To	apply	for	this	incentive,	Form	ST3	(Certificate	of	Exemption)	must	

be	completed	for	the	Minnesota	Department	of	Revenue.	

	

Even	though	incentives	are	available,	the	likelihood	of	being	selected	to	receive	the	incentive	is	

small	 (due	 to	budget	 constraints,	or	how	the	money	 is	awarded,	 for	example,	 the	Solarsense	

program	is	awarded	via	lottery.).		Additionally,	the	if	the	project	was	not	selected	to	receive	an	
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incentive	the	project	would	have	to	be	put	on	hold	until	an	incentive	was	available,	which	is	not	

an	 option	 as	 the	 current	 water	 heater	 is	 failing	 due	 to	 a	 leak.	 	With	 these	 factors	 in	 mind,	

relying	on	government	incentives	may	not	be	the	best	option	for	this	project.	These	incentive	

programs	are	not	accounted	for	in	any	return	on	investment	(ROI)	discussions.	

	

Sample	Calculations	

Data	was	collected	for	each	hour	of	the	day	that	could	be	used	in	order	to	find	the	overall	

radiation	over	the	course	of	the	year	in	Minnesota.		The	following	equations	were	used	for	

these	calculations:	

𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 𝐼𝐷𝑁 ∗ cos 𝜃 + 𝐼𝑑𝑠 + 𝐼𝑑𝑔	

cos 𝜃 = cos 𝛽 ∗ cos 𝛾 ∗ sin 𝛴 + sin 𝛽 ∗ cos � 	

𝐼𝑑𝑠 = 𝐶 ∗ 𝐼𝐷𝑁 ∗
(1+ cos 𝛴 )

2 	

𝐼𝑑𝑔 = 𝐼𝐷𝑁 ∗ 𝐶 + sin 𝛽 ∗
(1− cos 𝛴 )

2 	

where	IDN	is	the	direct	normal	radiation,	θ	is	the	incidence	angle,	Ids	is	the	diffuse	radiation	

from	the	sky,	Idg	is	the	diffuse	radiation	from	the	ground,	β	is	the	solar	altitude,	ϒ	is	the	surface	

solar	azimuth,	and	Σ	is	the	tilt	angle.	

	

Data:	

12	pm	December	21st,	2014	–	48	degree	latitude	line	

Surface	Azimuth:	0	degrees	(facing	South)	

Solar	Altitude:	18.6	degrees	
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Solar	Azimuth:	0	degrees	

Direct	Normal	Radiation:	250	BTU/hr	ft2	=	0.75	kW/m2	

Diffuse	Radiation	Factor:	0.057	

	

The	data	from	December	21st	will	be	used	to	show	an	example	of	the	calculations	that	were	

used	to	find	the	total	radiation.		The	following	is	shown	for	just	one	hour	in	December.	

Idg:	 𝐼𝑑𝑔 = 0.75 ∗ 0.057+ sin 18.6 ∗ !!!"# !"
!

= 0.01 	

Ids:	 𝐼𝑑𝑠 = 0.075 ∗ 0.75 ∗ !!!"# !"
!

= 0.035 	

cos 𝜃 :	 	cos 𝜃 = cos 18.6 ∗ cos 0 ∗ sin 50 + sin 18.6 ∗ cos 50 =  0.814	

Radiation:	 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 0.75 ∗ 0.814+ 0.035+ 0.01 = 0.656	

	

These	same	calculations	were	performed	for	every	hour	of	the	day.		These	numbers	were	then	

added	up	to	get	the	total	radiation	for	the	entire	day.		This	amount	of	radiation	was	assumed	to	

be	 approximately	 constant	 for	 every	 day	 within	 the	 month	 of	 December.	 	 As	 a	 result,	 the	

number	was	multiplied	by	31	to	get	the	total	radiation	for	December	and	this	turned	out	to	be	

104.6	BTU/month.	

	

From	here,	the	tilt	angle	of	the	solar	collectors	was	the	one	thing	that	could	be	altered.		The	tilt	

angle	 was	 set	 above	 45	 degrees	 to	 ensure	 that	 snow	 and	 other	 debris	 was	 less	 likely	 to	

accumulate	on	the	panel.	 	As	a	result,	50,	70,	and	90	degrees	were	all	tested.	 	The	results	for	

the	month	of	December	are	as	follows:	

50:	3.37	BTU/day	=	104.6	BTU/month	
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70:	1.91	BTU/day	=	59.3	BTU/month	

90:	0.26	BTU/day	=	7.91	BTU/month	

	

As	is	evident,	50	degrees	provides	the	most	amount	of	solar	energy.		As	a	result,	50	degrees	

was	used	for	all	future	calculations.	This	same	calculation	was	done	for	the	21st	of	every	month	

and	the	total	amount	of	energy	for	the	year	could	be	used	for	further	calculations	when	

determining	the	feasibility	of	the	collectors.	

	

Payback	Time	

The	next	step	is	to	start	to	determine	how	long	it	will	take	to	completely	pay	off	a	solar	heater.		

First,	 it	 must	 be	 noted	 that	 the	 amount	 of	 energy	 that	 was	 used	 ranges	 from	 7-10	 million	

BTU/month.	 	 This	 correlates	 to	 roughly	 102	BTU/year.	 	 Each	 solar	 collector	 can	 create	 up	 to	

32336	 BTU/day	 based	 upon	 the	 sun’s	 radiation	which	 corresponds	 to	 11.8	million	 BTU/year.	

Gas	prices,	according	to	the	NASDAQ,	are	extremely	low,	priced	at	$6/million	BTU.		The	overall	

cost	 of	 the	 panels,	 given	 installation	 and	 everything,	 was	 priced	 out	 to	 be	 approximately	

$1200/collector.	 	The	following	equation	could	be	used	in	order	to	determine	the	time	to	pay	

off	the	collectors.	

($6/𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝐵𝑇𝑈) ∗ (102 𝑚𝑖𝑙𝑙𝑖𝑜� 𝐵𝑇𝑈/𝑦𝑟) ∗ 𝑛 =  

$1200 +  ($6/𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝐵𝑇𝑈) ∗ (102 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝐵𝑇𝑈/𝑦𝑟 − 11.8 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝐵𝑇𝑈/𝑦𝑟) ∗ 𝑛 

	

The	first	half	of	the	equation	is	the	cost	if	no	collectors	are	purchased.		This	is	simply	the	cost	of	

natural	 gas	per	year	based	on	 the	License	Center’s	usage	multiplied	by	 the	number	of	 years.		
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This	 is	 set	 equal	 to	 the	 cost	 of	 one	 collector	 added	 to	 the	 same	 thing.	 	 However,	 since	 the	

collector	 produces	 11.8	million	BTU/year,	 this	 can	be	 subtracted	 from	 the	 amount	of	 energy	

needed	from	natural	gas.	

	

This	results	in	a	payback	period	of	16.9	years.		This	value	can	change	based	upon	the	number	of	

collectors	and	the	price	of	natural	gas.		This	will	be	further	explored	in	the	following	section.	

	
Economic	Feasibility	Analysis	

As	previously	discussed,	 the	 license	center	uses	an	average	of	 seven	 to	 ten	million	BTU’s	per	

month.	This	equates	to	around	230,000-330,000	BTUs	per	day,	depending	on	the	month.	 It	 is	

approximated	that	less	energy	is	used	in	the	warmer	months,	while	more	energy	is	used	in	the	

colder	months.	Using	the	calculated	value	of	approximately	32,000	BTUs	per	day	per	collector,	

simple	 division	 shows	 that	 anywhere	 from	 six	 to	 ten	 collectors	 would	 be	 needed	 to	 supply	

enough	heat	to	the	site	so	that	an	additional	natural	gas	heater	would	not	be	needed.	Figure	7	

shows	that	choosing	different	amounts	of	collectors	affects	the	overall	amount	of	money	spent	

per	year.		
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Figure	7.	This	shows	the	years	required	to	pay	off	different	solar	collector	investments.	

	

It	 was	 found	 that	 the	 same	 payback	 period	 is	 achieved	 by	 using	 anywhere	 from	 one	 to	 six	

collectors;	 however,	 each	 collector	 after	 six	has	diminishing	 returns.	 This	 can	be	 seen	by	 the	

green	line	displaying	the	amount	of	time	required	to	pay	back	ten	collectors.	The	model	shows	

that	using	ten	collectors	would	take	approximately	25	years	to	pay	off,	while	using	six	or	 less	

would	only	take	17	years.	If	the	payback	time	were	shorter,	it	may	be	optimal	to	choose	the	ten	

collector	 option	 because	 natural	 gas	would	 never	 need	 to	 be	 purchased	 again;	 however,	 25	

years	 is	 much	 too	 long	 of	 a	 payback	 period	 when	 the	 warranty	 is	 only	 ten	 years.	 Instead,	

calculations	will	be	done	using	only	four	collectors.	The	number	of	collectors	was	chosen	to	be	

conservative	because	there	may	be	months	in	which	less	than	seven	million	BTU’s	are	used.	In	
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this	 case	 there	 would	 be	 diminishing	 returns	 for	 six	 collectors	 as	 well.	 By	 using	 four	 solar	

collectors,	it	is	much	more	likely	that	none	will	go	to	waste.		

	

One	variable	that	has	not	yet	been	taken	into	consideration	is	the	price	of	natural	gas.	The	price	

paid	by	the	license	center	fluctuates	greatly	over	time,	as	shown	by	the	figure	below.		

	
	

	

Figure	8.	The	price	paid	per	month	of	natural	gas	usage	by	the	license	center.	

	

Although	the	graph	may	look	random,	it	follows	similar	trends	to	the	worldwide	cost	of	natural	

gas,	which	is	shown	in	Figure	9.	
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Figure	9.	This	figure	charts	the	NASDAQ	stock	price	of	natural	gas	over	the	past	3	years.[6]	

	

By	using	the	worldwide	cost	of	natural	gas,	the	price	that	will	be	paid	by	the	license	center	in	

future	months	can	be	estimated.	It	is	clear	that	over	the	course	of	the	last	two	years,	the	cost	of	

natural	gas	has	drastically	reduced.	This	causes	the	payback	period	to	 increase	as	the	savings	

are	not	as	drastic.	If	the	cost	were	to	keep	decreasing	down	to	nearly	$0,	the	collectors	would	

never	 be	 the	 cheaper	 option.	 On	 the	 other	 hand,	 if	 the	 cost	 of	 natural	 gas	 increases,	 solar	

energy	savings	will	 increase.	Because	of	this	savings,	 the	varying	costs	of	natural	gas	must	be	

taken	into	consideration.	Figure	10	displays	how	the	natural	gas	prices	could	affect	the	payback	

period.		
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Figure	10.	These	graphs	show	how	the	payback	period	of	the	capital	invested	in	solar	collectors	

will	change	with	changing	natural	gas	prices.	

	

The	 model	 calculated	 that	 a	 decrease	 of	 25%	 in	 the	 natural	 gas	 prices	 would	 increase	 the	

payback	 period	 to	 approximately	 23	 years,	 while	 an	 increase	 in	 natural	 gas	 prices	 by	 100%	

would	decrease	 the	payback	period	 to	around	12	years.	Although	an	 increase	of	double	may	
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seem	unreasonable,	the	price	of	natural	gas	was	cut	in	half	in	the	last	two	years.	Either	way,	it	is	

nearly	impossible	to	know	where	the	gas	prices	will	be	in	the	next	few	years.		

	

By	analyzing	the	last	ten	years	of	gas	prices,	along	with	the	amount	of	time	required	to	pay	back	

the	collectors	as	a	function	of	gas	prices,	the	feasibility	of	the	project	can	be	determined.	The	

graph	 in	 Figure	 11	 shows	 the	 past	 10	 years	 of	 natural	 gas	 prices,	 and	 Figure	 12	 shows	 the	

required	natural	gas	prices	to	achieve	a	payback	of	anywhere	from	0	to	35	years.	

	

Figure	11.	This	figure	charts	the	NASDAQ	stock	

price	of	natural	gas	over	the	past	10	years.	[6]	

	

	

Figure	12.	This	figure	shows	the	natural	gas	prices	

required	to	achieve	a	particular	payback.[6]	

By	analyzing	the	model	given	by	Figure	12,	it	was	found	that	to	achieve	the	goal	of	a	ten	year	

payback	time,	the	cost	of	natural	gas	must	be	closer	to	$6.	It	can	be	seen	in	Figure	11	that	the	

cost	of	natural	gas	has	not	been	$6	since	early	2009.	Over	the	course	of	the	past	five	years,	the	

cost	of	natural	gas	has	remained	at	approximately	$4,	which	would	take	closer	to	15	years	to	

pay	 off.	 At	 today’s	 price	 of	 only	 $2,	 it	 would	 take	 much	 longer.	 As	 a	 result,	 it	 is	 not	
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recommended	to	buy	the	solar	collectors	at	this	point	in	time.	Instead,	it	is	recommended	that	

the	 license	 center	 continue	 using	 the	 natural	 gas	 heater	 that	 they	 currently	 have,	 while	

monitoring	 the	 price	 of	 natural	 gas.	 If	 natural	 gas	 prices	 do	 increase,	 then	 the	 collector	

suggested	above	may	definitely	be	a	viable	option.	

	

Conclusion	

The	 premise	 of	 using	 a	 solar	 water	 heater	 at	 the	 Chanhassen	 License	 center	 is	 a	 good	 one,	

however	 the	 current	 costs	 of	 natural	 gas	 rule	 out	 this	 option	 as	 fiscally	 irresponsible	 as	

described	 in	 Section	 7.	 Considering	 the	 current	 conditions	 of	 the	 traditional	water	 heater,	 it	

would	be	prudent	to	find	a	similar	traditional	water	heater	as	a	replacement	for	the	foreseeable	

future.	Keeping	natural	gas	costs	in	mind,	however,	the	Apricus	ETC-30	Solar	Collector	system	is	

the	best	choice	for	the	facility	with	a	potential	payback	time	of	17	years.	At	future	heightened	

gas	prices	the	payback	time	may	fall	as	low	as	10	years.	
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