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What are the most important differences between  
an optimized and non-optimized solar PV system?

Lesson ChaLLenge
Rework the design of a building to optimize its use of solar energy.

activity sheets

•	 Critiquing	the	House	Plans	(Activity	sheet	A)
•	 Improving	the	Efficiency	of	the	Solar	PV	System	

(Activity	sheet	B)

Briefing sheets
•	 Factors	That	Influence	the	Efficiency	of	Solar	PV	

Systems	(Briefing	sheet	A)	

Image sets
•	 Rooftop	Solar	PV	Systems	(Image	set	A)

assessment materials 
•	 Assessing	My	Understanding	of	Optimized	Solar	PV	

Systems	(Assessment	materials	A)

other materials 
•	 coloured	pens	or	pencils	enough	for	small	group	work	

(green,	red)	
•	 blank	8.5	x	11	inch	paper,	two	pieces	per	student

Background knowledge 
 Ì solar photovoltaic (PV) 

systems

Critical thinking vocabulary 
 Ì assess
 Ì criteria 
 Ì observation
 Ì recommendation

Criteria for judgment  
 Ì orientation
 Ì tilt
 Ì shading

Thinking strategies   
 Ì observation and 

recommendation chart

habits of mind   
 Ì attentive to detail

In	this	lesson,	students	expand	their	understanding	of	
solar-generated	electricity	by	exploring	the	design	principles	
behind	solar-optimized	rooftop	solar	PV	systems.	To	begin	
the	lesson,	students	examine	a	draft	plan	for	a	home	solar	
PV	system.	Students	suggest	what	problems	or	issues	might	
prevent	the	system	from	being	optimized.	After		
co-developing	the	criteria	to	assess	the	efficiency	of	PV	
systems,	students	examine	images	of	buildings	with	rooftop	
solar	PV	systems.	Students	use	the	criteria	to	identify	
features	that	will	affect	efficiency	of	the	PV	systems.	To	
conclude	the	lesson,	students	suggest	changes	that	could	be	
made	to	a	building	to	optimize	its	use	of	solar	energy.

summaRy

maTeRIaLs

Broad understanding
Students will understand the factors 
that influence the efficiency of 
rooftop solar PV systems.

ThInkIng TooLs

Lesson InQuIRy QuesTIon
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1.	 Organize	students	into	small	groups	(2-4	students)	and	provide	each	group	with	a	copy	of	
Critiquing the House Plans	(Activity	sheet	A).	Ask	groups	to	have	two	different	coloured	
pencils	or	pencils	(ideally	red,	green).	If	an	interactive	display	or	digital	projector	is	
available,	consider	projecting	the	images	from	the	activity	sheet.	

2.	 Inform	students	that	the	plans	were	drawn	by	a	homeowner	who	wants	to	build	a	small	
home	with	optimal	solar	efficiency.	Explain	that	their	task	is	to	examine	and	critique	the	
draft	plans:	What	has	the	homeowner	done	right?	What	might	the	homeowner	want	to	
revise	or	reconsider?	

3.	 Prompt	students	to	colour	code	the	features	of	the	home	plans:
•	 Green:	for	any	feature	that	will	contribute	to	the	solar	efficiency	of	the	home
•	 Red:	for	any	feature	that	will	decrease	or	hurt	the	solar	efficiency	of	the	home

4.	 Invite	groups	to	share	their	decisions	and	thinking	with	the	class.	If	the	plans	have	been	
shown	on	an	interactive	display,	invite	groups	to	show	their	thinking	directly	on	the	
projected	image.	

5.	 Encourage	groups	to	look	for	commonalities	among	their	ideas.	Ask,	“Can	any	of	the	
observations	be	grouped	or	organized	into	categories?”	or	“Do	you	notice	any	common	
themes	among	the	observations?”	Use	students’	ideas	to	co-construct	or	present	the	criteria	
for	an	optimized	PV	system:
•	 Orientation: The	direction	that	the	solar	panels	face	will	affect	the	amount	of	direct	and	

indirect	solar	radiation	that	the	panels	receive.	In	Alberta,	arranging	solar	panels	to	
face	due	south	provides	the	greatest	exposure	to	the	sun.

•	 Tilt: The	angle	of	the	solar	panel	will	affect	the	amount	of	direct	and	indirect	solar	
radiation	the	panel	receives.	The	optimal	angle	of	tilt	for	a	rooftop	solar	PV	system	is	
an	angle	equal	to	the	local	latitude.

•	 Shading: The	amount	of	direct	and	indirect	solar	radiation	received	by	a	panel	is	
affected	by	shading.	Trees,	mountains,	nearby	homes	and	buildings,	and	other	objects	
cause	shading	and	decrease	the	amount	of	direct	and	indirect	solar	radiation	the	panel	
receives.

6.	 Encourage	groups	to	revisit	the	home	plans,	this	time	using	the	criteria.	Are	there	other	
features	that	should	be	circled?	Should	the	colour	of	any	circle	be	changed?

7.	 Share	the	lesson	question	“What	are	the	most	important	differences	between	an	optimized	
and	non-optimized	solar	PV	system?”	and	challenge	“Rework	the	design	of	a	building	to	
optimize	its	use	of	solar	energy.”	Inform	students	that	they	will	rework	the	house	plans	to	
optimize	the	solar	PV	system.	

explore the criteria

1.	 Organize	students	into	pairs	and	provide	each	group	with	Factors That Influence the 
Efficiency of Solar PV Systems	(Briefing	sheet	A).	Guide	students’	attention	to	the	image	at	
the	bottom	of	the	sheet	and	the	question,	“Is	this	an	optimized	solar	PV	system?”	
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optimized.	Guide	the	discussion	about	the	image	by	asking	questions	such	as:
•	 Which	factors	might	make	this	an	optimized	solar	PV	system?
•	 Which	factors	might	make	this	a	non-optimized	solar	PV	system?

3.	 Invite	groups	to	share	their	ideas	with	the	class.	Explain	that	the	image	shows	an	optimized	
rooftop	PV	system.	It	is	south	facing,	has	no	shading,	and	makes	good	use	of	available	roof	
space.	Because	it	is	flush	mounted	on	the	pitched	roof,	the	panels	are	tilted	towards	the	sun	
at	an	angle	reasonably	close	to	the	local	latitude.	

4.	 Provide	groups	with	a	copy	of	Rooftop Solar PV Systems	(Image	set	A)	and	each	student	
with	Improving the Efficiency of the Solar PV System	(Activity	sheet	B).	Inform	students	
that	the	next	task	is	to	use	the	criteria	to	critique	examples	of	rooftop	solar	PV	systems.	
Consider	assigning	groups	one	of	the	images.	

5.	 Direct	students’	attention	to	the	left-hand	column	of	the	activity	sheet.	Guide	students	in	
examining	Image	1,	making	observations	using	each	of	the	criteria.	For	example,	students	
might	observe	that	the	front	and	back	panels	are	not	oriented	in	the	the	same	direction,	so	
one	of	them	must	be	non-optimized.	

6.	 Prompt	groups	to	note	how	the	features	might	impact	efficiency.	For	example,	students	
might	suggest	that	solar	panels	that	do	not	face	south	will	receive	less	sunshine,	and	would	
therefore	be	less	efficient.	

7.	 Complete	the	example	by	asking	groups	to	make	recommendations:	What	could	be	done	
to	address	the	issue	and	maximize	the	efficiency	of	the	solar	panel?	For	example,	students	
might	suggest	that	all	the	solar	panels	be	orientated	directly	south.	

8.	 Ask	groups	to	complete	their	critique	of	their	assigned	image.	Inform	students	that	some	
of	the	features	in	the	image	might	improve	the	efficiency	of	the	solar	PV	system,	other	
features	might	decrease	it.	For	Image	2,	students	might	suggest	that	the	two	arrays	are	tilted	
at	a	steep	angle,	and	at	90	degrees	to	each	other	which	means	that	at	best	they	are	both	
approximately	45	degrees	off	from	facing	directly	south.

9.	 Invite	groups	to	share	their	observations	and	recommendations	with	the	class.	
10.	Encourage	groups	to	recommend	changes	that	could	improve	the	efficiency	of	each	solar	

PV	system.	Remind	students	to	use	the	criteria	to	guide	their	thinking.		

Respond to the challenge

1.	 Display	the	images	from	Critiquing the House Plans	(Activity	sheet	A).	Inform	students	that	
their	final	task	is	to	rework	the	design	of	a	building	to	optimize	its	use	of	solar	energy.

2.	 Provide	each	student	with	a	copy	of	Planning a Dream Home	(Briefing	sheet	B),	Improving 
the Efficiency of the Solar PV System	(Activity	sheet	B)	and	two	blank	pieces	of	8.5	x	11	inch	
paper.	Prompt	students	to	complete	the	activity	sheet	to	critique	the	plans	for	the	house	and	
its	solar	PV	system.	Remind	students	to	note	any	design	features	that	might	improve	the	
efficiency	of	the	solar	PV	system,	as	well	as	those	that	might	decrease	its	efficiency.	

3.	 Prompt	students	to	draw	reworked	front-	and	side-view	plans	for	the	house	and	

Explore the criteria (Cont’d)
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an	optimized	solar	PV	system.	Remind	students	to	use	each	of	the	criteria	and	the	
recommendations	made	on	the	activity	sheet.

extend the learning 

1.	 If	desired	or	time	permits,	students	might	be	asked	to	determine	if	a	rooftop	solar	PV	system	
could	produce	all	the	electricity	required	by	the	homeowner.	The	required	data	is	found	on	
Planning a Dream Home	(Briefing	sheet	B).	The	calculations	may	be	done	as	follows:
•	 average	electricity	usage	of	4000	kWh	per	year
•	 the	homeowner	wants	to	use	250-watt	solar	panels	that	can	each	generate	325	kWh	per	year
•	 the	number	of	solar	panels	required	to	produce	this	would	be	a	minimum:		

4000	kWh	/	325	kWh	=	13	solar	panels
•	 each	solar	panel	is	a	standard	size	of	1.65m	by	1.0m	or	1.65m2/solar	panel.	The	total	area	

needed	for	the	required	13	panels	would	be	21.45m2.
Remind	students	that	these	calculations	represent	optimal	or	perfect	conditions	and	do	
not	take	into	account	any	conditions	that	would	limit	the	amount	of	energy	that	could	be	
produced	(for	example,	cloudy	days,	angle	of	tilt).	

2.	 Encourage	students	to	add	the	appropriately-sized	array	to	their	reworked	plans.		

Reflect on the learning

1.	 Guide	students	in	discussing	the	differences	between	non-optimized	and	optimized	solar	PV	
systems.	What	are	the	most	important	differences	between	an	optimized	and	non-optimized	
solar	PV	system?

2.	 Consider	having	students	assess	the	efficiency	of	a	nearby	or	school	solar	PV	system.

assess the learning

1.	 Encourage	students	to	use	Assessing My Understanding of Optimized Solar PV Systems	
(Assessment	materials	A)	to	self-assess	their	understanding	of	the	factors	that	influence	the	
efficiency	of	solar	PV	systems.	

Respond to the challenge (Cont’d)
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Critiquing the House Plans
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Improving the Efficiency of the Solar PV System

Activity sheet B

Factor observation Impact on efficiency Recommendation

orientation
What direction 
do the panels 
face? What would 
be the optimal 
direction? 

Tilt
At what angle are 
the panels tilted? 
What would 
be the optimal 
angle? 

shading
Are the panels 
shaded by any 
objects? 

The two features of this home design that will 
most positively affect the efficiency of the solar PV 
system are:
1. 

2. 

The two features of this home design that will 
most negatively affect the efficiency of the solar PV 
system are:
1. 

2. 

making recommendations
The two changes that would most improve the efficiency of the solar PV system are:
1.

2. 



9

What are the most important differences between an optimized and non-optimized solar PV system?

Factors That Influence the Efficiency of Solar PV Systems

Briefing sheet A

There are three main factors that influence rooftop solar PV system efficiency.

•	 Orientation: The direction that a solar panel faces will affect the amount of direct 
and indirect solar radiation the panel receives. In Alberta, arranging solar panels 
to face due south provides the greatest exposure to the sun.

•	 Tilt: The angle of the solar panel will affect the amount of direct and indirect solar 
radiation the panel receives. The optimal angle of tilt for a rooftop solar PV system 
is an angle equal to the local latitude. For example, the optimal angle for a solar 
panel on the roof of a home in Edmonton, AB, would be 53.5 degrees to ground 
(the latitude of Edmonton is 53.5 degrees north). For a roof that is already pitched 
or sloped, it is usually most practical and efficient to mount the solar panel flush 
on the roof. On a flat roof, the panel should be angled at no more than 15 degrees.

•	 Shading: The amount of direct and indirect solar radiation received by a panel 
is affected by shading. Trees, mountains, nearby homes and buildings, and other 
objects cause shading and decrease the amount of direct and indirect solar 
radiation the panel receives.

While these factors describe the conditions needed to optimize the energy output of 
solar panels, in practice it may not be feasible or safe to mount them at these angles and 
orientation. For example, installing a solar panel at a steep angle lifts it away from the 
roof, causing it to act like a sail in windy conditions. The panel can be damaged or even 
blown off the roof by strong winds. Although mounting solar panels flush to pitched 
roofs may produce less electricity, it is safer than installing panels at steeper angles. 
Rather than installing solar panels at unsafe angles, a new home can be designed with a 
roof at the angle of latitude. This would optimize energy output while also being safe.  

The geographic location and other related factors such as sunshine hours, cloud cover, 
fog, rain, snow, dust, smog, and smoke will affect the amount of direct and indirect solar 
radiation received by a panel. 

The type of solar panel can also affect the efficiency of a solar PV system. There are 
many types of solar panels; some are commercially available and others are only in 
research stages. Standard 60-cell solar panels are all roughly the same size (about  
1.65m x 1.0m). 

Although energy output is influenced by all of these factors, an average solar panel 
located in Calgary, AB will produce approximately 390 kWh per year (the average 
household in Alberta uses approximately 7200 kWh per year). 
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By skeeze/Pixabay

Is this an optimized solar PV system? 

Factors That Influence the Efficiency of Solar PV Systems (Cont’d) 
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Planning a Dream Home
Kevin and Trisha would like to build their dream home; it will be a relatively small home, 
but they’ve always wanted to design and build their own place. They would like to keep 
their environmental footprint as small as possible, so they would like to design the home 
to optimize the efficiency of its solar PV system. They’ve purchased a little piece of land 
just outside of Cochrane, AB, and have started to think about what the home might look 
like:
•	 the size of the home will be 10 metres by 10 metres
•	 the shape will be a simple cube, with a sloped roof
•	 the pitch of the roof is about 22 degrees

•	 there are no trees on the land, but they’d like to plant some on the south side of 
the home to provide shade

•	 two solar panels will be placed on the east-facing walls of the home, and one on 
the west-facing wall

They have also started to wonder if the solar panels will provide all the electricity they 
need. They’ve recorded how much electricity they used, and have researched the panels 
that could be installed:
•	 they use an average of 4000 kWh per year

•	 they would like to buy three 250-watt solar panels that each have the potential to 
generate a maximum of 325 kWh per year

•	 each solar panel is an industry-standard size of 1.65m by 1.0m

Kevin and Trisha want to know if they’re on the right track and have many questions:
•	 Which parts of the plan will help optimize the efficiency of the solar PV system?
•	 Which parts of the plan will help decrease the efficiency of the solar PV system? 
•	 What should be changed to improve the efficiency of the solar PV system? 
•	 Will the planned solar PV system provide all the electricity they use?
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Rooftop Solar PV Systems

Image set A

Image 1

Image 2

Marine Corps Base Camp Lejeune

Public domain/pxhere
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success criteria how am I doing? 

I	can	use	criteria	to	evaluate	the	efficiency	of	a	solar	
PV	system.	
Examples:	

Next	steps	(e.g.,	use	criteria,	ask	for	help):

I	can	explain	how	orientation,	tilt,	and	shading	can	
affect	the	efficiency	of	a	solar	PV	system.	
Examples:	

Next	steps	(e.g.,	use	criteria,	ask	for	help):	

I	can	make	recommendations	to	improve	the	
efficiency	of	a	solar	PV	system.		
Examples:

Next	steps	(e.g.,	use	criteria,	ask	for	help):

Assessing My Understanding of  
Optimized Solar PV Systems

Assessment materials A

Name:

1.	Provide	examples	that	show	how	you	have	met	the	success	criteria.	
2.	Use	the	rating	scale	to	indicate	how	well	you	have	met	the	success	criteria.	
3.	Describe	the	next	steps	in	your	learning.


