
 
Solar Thermal Design and 

Installation 101 
 

What is in this guide? 
 
The Solar Thermal Design and Installation guide is for any professional 
that is looking to learn more about how to design and install solar 
thermal systems on residential and solar thermal applications. The guide 
will cover 4 aspects.  

1. 4 Steps to Solar Design 
2. A Photo Guide of the Solar Thermal Installation Process 
3. Flat Pate Collectors Vs Evacuated Tubes 
4. 5 Steps for Selecting and Sizing Solar Thermal Equipment 

 
Who is the guide for? 
 
The guide is for professionals that are changing careers, expanding their 
current business or starting a new company that plans on making a 
significant amount of money from the sale, design and installation of 
solar thermal system.  
 
Who is HeatSpring? 
HeatSpring Learning Institute – http://www.heatspring.com - provides 
world class industry certified training to building professionals 
interesting in geothermal heat pumps, solar photovoltaic, solar thermal 
and energy auditing. We have trained over 4,500 professionals since 
2007.  
 
What is HeatSpring Magazine? 
HeatSpring Magazine – http://blog.heatspring.com - is a trade magazine 
that provides tips, information, and resources to all professionals 
interested in the marketing, sales, design and installation of geothermal 
heat pumps, solar pv, solar thermal and energy efficiency.  
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About the Author 

 
Chris Williams is the Chief Marketing Officer at HeatSpring 

Magazine. He writes at Cleantechies, Alternative Energy 
Stocks and Renewable Energy World. He's a clean energy 

jack-of-all trades. He has installed over 300kW of solar PV 
systems, tens of residential and commercial solar hot 
water systems and 50 tons of geothermal equipment. 

Chris is an IGSPHA Certified Geothermal Installer and will 
be sitting for his NABCEP in September.  

 
If you have any questions…. 
If you read this guide and have any questions or want to 
get more article, whitepapers or information there are a few ways to keep 
in touch.  
 

 Subscribe via RSS: 
http://feeds.feedburner.com/heatspringmagazine 

Ask HeatSpring question on facebook: 
http://www.facebook.com/heatspring  

 Ask me, Chris Williams, question on twitter: 
http://www.twitter.com/topherwilliams 

 Subscribe to HeatSpring TV, our video podcast: 
http://itunes.apple.com/us/podcast/heatspring-tv/id448930213 

 Join our linkedin group to connect with HeatSpring alumni and 
other professionals: http://www.linkedin.com/groups/Clean-Energy-
Professionals-HeatSpring-Learning-
1907431?gid=1907431&mostPopular=&trk=tyah 
 
Email. You can email directly: cwilliams@heatspring.com 
Phone. If you have an in-depth question call me at 617 702 2676 
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Need In –Depth Training? 
 
If, after read this, you have determined you need 
more in-depth training on solar thermal look at 
our IREC Approved Solar Thermal Boot Camp:	  

http://www.heatspring.com/solar-courses 
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4 Steps to Basic Solar Thermal Design 
 
I’m sure you’ve noticed that as fuel and electricity prices continue to rise, 
the interest in solar hot water (SHW) systems is also continuing to 
increase, and your customers may be asking about it. Why? It’s a simple, 
basic, and proven technology that has been around forever. 

If you’re interested in selling and installing solar how water systems, 
you’ll need to understand the basics of design so that you can perform 
proper site visits and understand what drives the costs of the systems. 

There are four basic steps in designing a pressurized; anti-freeze based 
solar hot water system. The details of each step can get more involved 
that what I’ve written here, but these are the basics. 

1. Make sure the roof has solar access and enough room for 
collectors. Solar access is simply exposure to the sun from 9 am to 
3 pm all year round and within 25 degrees, east or west, of true 
south. It’s best not to have any shading at all, but solar thermal 
collectors are much less susceptible to shading than photovoltaic 
systems. If you do have some shading, you can sometimes 
compensate by installing larger collectors. How much room do 
solar collectors take up? Flat plate collectors are typically larger and 
the average size is four feet by eight feet. A normal house will need 
two to three.
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2. Next, you need to measure hot water usage. Typically, one person 

uses 20 gallons of hot water per day. This is a good rule of thumb. 
This could be less–if there are five people living in a home, they will 
probably only use 80 to 90 gallons instead of the expected 100. 
However, some people could use much more water daily if they 
have any appliances or activities that consume vastly more 
amounts of hot water than normal. It is key to collect this 
information during the site visit. 

3. Then measure the size of the solar storage tank. Sizing solar 
storage tanks is very simple–count one gallon of storage per gallon 
of usage. This makes sense, right? Every day the goal will be to 
heat up the water that the household will use, and then use that 
water. The tricky part is that since tanks only come in standard 
sizes, it is recommend to round up. If you use 50 gallons of hot 
water and can’t get a 50 gallon tank, purchase a sixty gallon tank. 

4. Finally, you must size the collectors. In order to size collectors, you 
will look at this ratio; how many square feet of collector is needed 
per gallon of storage. This ratio will change based on your climate. 
In the northeast, the ratio is 1.5 to 2 square feet of collector per 
gallon of storage. This metric internalizes climate data. Thus, in 
south climates you need less square feet of collector per gallon of 
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storage because it is hotter and there is more sun.  To use the 
previous example, if you have a 60 gallon storage tank, you need 
between 90 (60*1.5) and 120 (60*2) square feet of collector. There 
are two more things to remember, though. First, this ratio only 
works with flat plate collectors. Second, collectors only come in 
standard sizes. A common size is four feet by eight feet–equally 32 
square feet. In that case, you would use three collectors, or 96 
square feet of collector in total, which is between your range of 90 
and 120. If you had 4 by 10 foot collectors (40 square feet), you 
could use 3 collectors as well to get 120 square feet, still within the 
range. 

Solar Hot Water Cost? 
One last question is how much does it cost? As a rule of thumb, two flat 
plate collectors (4 foot by 8 foot) and a 60 storage tank would be priced 
around $10,000. Obviously, the price can differ from this depending on 
the site. 

With these tools, you should be armed with enough information to have 
helpful conversations with customers as well as size and price your first 
few residential jobs. As with all renewable technologies, it is important to 
learn more than just the basics, but that’s what you have here. When you 
start dealing with commercial applications, evacuated tubes, and other 
subjects, there are many more calculations and design considerations to 
take into account. 
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[Photo Guide] How to Install A Solar Thermal System 
	  
You've held a solar thermal workshop - 
http://blog.heatspring.com/create-a-renewable-energy-
workshop-and-have-the-customers-come-to-you/ - and 
generated some leads, prepared a solid sales presentation, - 
http://blog.heatspring.com/five-key-items-for-writing-a-
solid-renewable-energy-sales-proposal/ -  sold your first job, 
designed the systems - http://blog.heatspring.com/4-steps-
to-basic-solar-thermal-design/ - and now you're curious 
about the installation process.	  	  

	  

While the installation process may not take a long time 
compared to other steps, one day for an experience crew and 
two or three for a normal crew, it is extremely critical for the 
profitability of your company in two ways. First, it's a critical 
component for generating referrals, how much does the 
client enjoy your crew. Second for cost implications, is the 
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system installed correctly so do you don't have any call backs 
and is the homeowner does not call you back because she 
doesn't understand how the system works? 

 

This photo guide will focus on the second implication by 
making sure the system is installed correctly. Here is the 
step-by-step guide of how solar hot water panels are 
installed. 

Step 1: Put up the ladder. Duh! You have to get on the roof. 
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Step 2: Trace out the layout of the racks 

 

 
Step 3:Loosen the shingles where the base plates will go 

 

 



	  
	  

 
HeatSpring Magazine: http://blog.heatspring.com                                           
HeatSpring Learning Institute: http://www.heatspring.com 
  

11	  

 
Step 4: Cut the single away from where the base plate will sit. 
The base plate holds the rack that holds the panel. 

 

 
Step 5:Put Caulk on the holes that the base plate will be 
drilled into. 
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Step 6: Screw on the base plate. 

 

 
Step 7: Put flashing over the plate and under the shingles. 
This stops water from coming in. This is also why we 
loosened up the singles in step 3. 
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Step 8: Bolt the L clamp to the base plate. The rail will be 
attached to the L clamp. 

 

 
Step 9:Repeat the process until you have all the L feet 
installed on all rows that you mapped out in step 1. 
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Step 10:Put in rails loosely. Do not tighten them until they're 
square. 

 

Step 11: Bolts rails to L clamps and insert bottom feet that 
will hold the bottom lip of the panels.  
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Step 12: Bring up panels on the lift latter 

 
Step 13: Put panel on rails and attach 
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Up close of the attachment 

 

 
Step 14: Repeat Process with other panels 
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Step 15: Install thermal censor and intakes/outputs from the 
panel through the roof 

 

 
Step 16. The line-set (the intakes and outakes of the panels) 
is then snaked to the existing hot water system typically in 
the basement. The plumber will interconnect the system, 
pressure test it, fill it with glycol and then you'll turn on the 
monitoring system that will begin running the pump and the 
system is operational. 
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Almost every part of the solar thermal installation is critical 
to performance and durability. 

▪ L-Foot Attachment. Each L foot must be firmly mounted to 
rafters for structural support, especially wind and snow 
loading. 

▪ Square Rail. For aesthetic purposes its key that the rail is 
square. Also, many solar thermal manufacturers pre-
measure each rail so they may not fit perfectly with the 
panels you've specified if its not square. . It's likely that 
if the rail is not square the panels will not fit. 

▪ Panel Connection. The connection between panels is a 
must for pressurized systems. If the connection is not 
100% perfect fluid will leak from the system and it will 
begin to perform poorly in a short amount of time. 
Good plumbers will pressure test the system with air 
before they fill it with glycol 

▪ Lineset Penetration. The linset penetration is the point 
where most leaks will occur so its critical that the 
penetrations through the roof and the membrane used 
will keep water out. Never used caulk as the primary 
barrier between the outside and conditioned space. 

Hope you enjoyed it! If you have any questions, please let me 
know. 
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Evaluating	  Flat	  Plate	  vs	  Evacuated	  Tube	  Collectors 
	  
	  

 
 

This is by far the most common question in the solar thermal industry, 
and strangely enough, many people have begun to take sides. Like a Red 
Sox vs Yankees type of rivalry, this is a heated debate. In the end, the real 
answer is that it depends on the job you’re working on–the climate, the 
roof, your budget, and the type of system you’re working on. For 
example, if you want to install a drain-back system, evacuated tubes 
simply will not work. Bob Ramlow recently wrote some helpful tips on 
selecting proper solar thermal equipment but I wanted to follow this up 
with a specific discussion on solar thermal technology. 

I’ll share with you an awesome comparison. Bob Nape had the same 
question, so he decided to install two systems side by side and monitor 
them in real time on the Internet. Check it out with the below link. IT IS 
AWESOME. 
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CLICK HERE TO SEE: Bob Nape’s side by side, real time comparison of 
solar thermal flat plate versus evacuated tube collectors.	  	  http://chuck-‐
wright.com/logger/tabs.php?loggerids[]=485E700680A6C389&tab=0	  

 

 
 
There are several design parameters to consider while looking into flat 
plates or evacuated tubes. So we’ll go over a few: 

Cost: 
Flat plate collectors tend to be cheaper than evacuated tubes because 
they are a simpler design and easier to manufacture. This analysis 
however, is on a collector-to-collector level. Flat plates are cheaper 
collector-to-collector and also on BTU per $$ level. Evacuated tubes tend 
to be 10-15% more expensive than flat plates, but their processing costs 
are dropping. 
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Warranties: 
Generally speaking, you want to design these systems to last 40 years, 
and they should be able to. In the past, I’ve spoken with contractors who 
have said the flat plate collectors will tend to have longer warranties–a 
20-year warranty as opposed to a 10-year warranty for evacuated tubes. 
This is presumably because of the level of sophistication with the 
technology. Be sure to check with the distributor and manufacture of the 
collector to see how long the warranty is. 

Installation: 
Flat plat collectors are heavier, take up more room, and can be 
cumbersome to install on certain roofs. Evacuated tubes tend to have 
lighter components and are easier to manage on the roof. On the other 
side, evacuated tubes tend to be more fragile than flat plates. 

Reliability: 
Flat plate collectors can only heat water up to 170-180 degrees 
Fahrenheit, which means there is very little risk of overheating. Evacuated 
tubes, on the other hand, can heat water to well over 250 degrees. For 
this reason, they are much more likely to overheat than flat plates, and 
you need to be more concise with your design. If you’re using evacuated 
tubes, it’s always better to oversize your storage tank rather than under-
size it for this reason. Evacuated tubes are also used more in colder 
climates because they are more efficient than flat plates in extremely cold 
temperatures. In extremely warm climates, evacuated tubes have a very 
high chance of overheating, so be careful if you’re in the southern states. 

Water Use: 
In determining the best collectors to use, it will depend on what you’re 
going to use the water for and how much you’re going to use. Evacuated 
tubes can heat large amounts of water very quickly and can get the water 
above 180 degrees. So, if you have a sizable load, such as in commercial 
or space heating situations, you may want to look into evacuated tubes. 
Flat plates work best with domestic water. Their temperate range fits well 
within code for hot water usage. They can also be used for space heating 
in low-heat hydronic applications, but you’ll need to size accordingly. 
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Snow: 
If you’re in the Northeast or Midwest, snow loading and production 
during the winter is a large factor. Generally, evacuated tubes are not 
good at shedding snow. This is because the tubes are such a good 
vacuum that they do not shed much snow. Flat plate, on the other hand, 
can shed snow easily with just a little sunlight. 

Structural Wind Loading: 
If you’re working on a job where the rafters are questionable, and you’re 
in an area with significant wind loading, evacuate tubes tend to have the 
advantage. They are lighter in general because less water runs through 
the system, but they also have less wind resistance because the wind can 
pass through the collectors. 

Performance: 
If both types of collectors are placed side by side on the same roof, the 
performance is based on the difference between the entering water 
temperature that you’re heating and the ambient temperature. In other 
words, the performance depends on the temperature of the water coming 
from the storage tank compared to the ambient temperature, i.e. the 
temperature of the surroundings. As the variance increases (i.e. you’re in 
colder temperatures), evacuated tubes become more efficient. 
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See this graphic as an example: 

	   

 
So the conclusion is that it depends. To be honest, they both work. If 
designed correctly, you’re not going to see a huge difference between 
one or the other in most cases. It’s not like an evacuated tube produces 
100% hotter water at 50% less cost–we’re talking about incremental 
performance considerations here. Just look at Bob Nape’s side-by-side 
comparison. They both work. 
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5	  Helpful	  Tips	  to	  Sizing	  the	  Selecting	  Solar	  Thermal	  
Equipment	  
	  
Rarely do we design solar water heaters to provide 100 percent of your 
hot water. There are just too many cloudy days over the course of a year. 
Nevertheless, a typical solar water heater will provide between 50- and 
75 percent of your annual load. In hot climates, or during the sunniest 
times of the year, you can expect to get nearly 100 percent of your hot 
water from solar. And even during the cloudiest periods, you may get as 
much as 50 percent, depending on your climate. 

In cool climates, you should allow 20 square feet of collector and 20 
gallons of storage capacity for each person in the household. For large 
families, you can reduce this by 10 percent for each person over four 
members in the household. In warm climates, size the system with 15 
square feet of collector and 25 gallons of storage for each person in the 
household, with the same reductions for larger families. These sizing 
methods will give the best return on investment. Smaller systems will 
work well, but your savings will be less. 

Solar Water Heaters for Warm Climates 
When choosing a solar water-heating system, the most important 
consideration will be your climate. The crucial factor is that when you 
expose a water-filled pipe to freezing conditions, the water inside the 
pipe will freeze and the pipe will burst. In any climate that experiences 
freezing temperatures, you must take some precautions to prevent pipes 
from freezing. 

In climates that never experience freezing conditions, or for systems that 
operate only in summer, such as those for summer homes and 
campgrounds, having water in the solar collector at all times presents no 
problems. The best type of solar water heater for these applications is an 
Integral Collector Storage (ICS) system, often called a batch heater. ICS 
systems are simply water tanks exposed to the sun. Commercial ICS 
collectors have one or more tanks inside an insulated box with glass on 
one side. Set the glass side to face the sun, and paint the tanks black, or 
cover them with a special coating that absorbs the sun’s energy. This 
system has no pumps or controls and you’ll plumb it directly into a 
home’s water system. It is the simplest, least expensive solar water 
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heater and is popular in all areas surrounding the equator. ICS systems 
are also the only type that heat domestic water directly. Most water 
supplies contain dissolved minerals, which will clog the small passages in 
other kinds of solar collectors, so these systems heat the domestic supply 
indirectly, using a heat-transfer fluid that you’ll keep separate from the 
water supply. 

Solar Water Heaters for Cooler Climates 
In areas that do experience freezing conditions, two kinds of solar water-
heating systems are appropriate – closed-loop, antifreeze systems, and 
drainback systems. The most popular and versatile type of system 
installed worldwide is a closed-loop antifreeze system. These systems 
consist of one or more collectors, insulated piping, a circulating pump, an 
expansion tank, a hot-water-storage tank, a heat exchanger, solar fluid 
(usually a solution of water and nontoxic propylene-glycol antifreeze), a 
controller, some valves and some gauges. The piping loops from the 
collectors to the heat exchanger and back again. You’ll fill this closed 
loop with the antifreeze solution, which stays inside the collectors and 
piping at all times. Whenever the sun shines on the collectors, the 
circulating pump comes on, and the solar fluid circulates within the 
closed loop. The fluid gets hot inside the collectors and travels through 
the piping to the heat exchanger. The heat exchanger transfers the heat 
from the fluid to the water inside the storage tank, which stores the 
heated water for your use. As the fluid heats, it expands, so be sure to 
include the expansion tank to absorb the excess pressure in the system. 
When the sun is not shining, the circulating pump simply turns off, and 
the fluid stops circulating. 

You can power the circulating pump in these systems with either AC or 
DC current. If AC-powered, the pump gets its energy from your home’s 
120-volt electrical power system. In this case, you’ll need a controller to 
turn the pump on and off at the appropriate times. You’ll connect the 
controller to temperature sensors in the collectors and on the storage 
tank. Whenever it is hotter in the collectors than it is in the storage tank, 
the controller turns the pump on. When it is warmer in the storage tank 
than in the collectors, the controller turns the pump off. 

If the circulating pump is DC-powered, you’ll wire it directly to a small 
photovoltaic (PV) panel mounted outside. Whenever the sun shines on the 
PV panel, electricity flows to the circulating pump, and it starts running. 
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When the sun stops shining the pump turns off. DC-powered systems are 
becoming the most popular kind of closed-loop antifreeze system on the 
market. There’s no AC connection; the pump runs whenever the sun is 
out, preventing stagnation and overheating; and it runs at variable-
speed, depending on the amount of sunlight, so it automatically matches 
the collector’s heat output. These pumps have limited power, but they’re 
strong enough to move the fluid through a piping system, which is 
always full. The absence of a pump controller (probably the most 
vulnerable component) makes PV-powered systems quite reliable. 

Drainback Systems 
Drainback systems are popular in moderate and hot climates. They’re 
similar to closed-loop antifreeze systems. The big difference is that they 
include an additional tank (called a drainback tank). When the system is 
not operating, the fluid stays in the drainback tank and the pipes and 
collectors are empty. The fluid can be pure water or a weak solution of 
antifreeze in water. 

Drainback systems always use a controller and an AC pump. The pump is 
a special, high-head pump because it has to lift the fluid to fill the piping 
and collectors every time the system turns on. This requires more power 
than an antifreeze system needs.  In those systems, the pump just 
circulates fluid through piping that’s always full. Otherwise, drainback 
systems operate similarly to an antifreeze system: When the sun warms 
the collectors, the high-head pump comes on and circulates the fluid into 
and throughout the system, and a heat exchanger transfers the heat from 
the fluid into the storage tank. There is no expansion tank and fewer 
valves and gauges than you have with an antifreeze system, but you have 
to install the piping carefully to allow for proper drainage. 

Additional Considerations 
A few other factors will influence your choice of a solar water heater. If 
you find a system that is substantially cheaper than others, there’s 
probably a reason, such as lower-quality components. There is no 
substitute for quality, and you should never take shortcuts with an 
investment such as this. You can often expand a solar water-heating 
system to include space heating as well. You will, however, have to use 
larger collectors and components. There are numerous approaches to 
storing and distributing heat in combination systems. 
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Closed-loop and drainback systems should always have a separate 
storage tank for solar-heated water and a backup water heater. The same 
tank can’t do both jobs efficiently. Typically, the output of the storage 
tank runs to the input of the backup heater. When solar output is 
sufficient, the backup heater doesn’t come on. 

Collectively Speaking 
There are two popular kinds of solar collectors:  flat-plate and 
evacuated-tube. Flat-plate collectors are by far the most popular kind of 
collector and they work well in all climates. They have been around the 
longest and are efficient and competitively priced. They are shallow 
rectangular boxes with glazed tops and insulated back and sides. An 
absorber plate inside gathers solar heat and transfers it to a network of 
copper tubing, through which the solar fluid flows. Most flat-plate 
collectors are made in the United States. They are the only collector that 
sheds snow and frost well. They also operate precisely within the 
temperature range needed to heat domestic water — below zero to about 
180 degrees — and they rarely overheat. 

Evacuated-tube collectors vary significantly from one manufacturer to 
another. They can overheat more easily than flat-plate collectors, so take 
care never to oversize the collectors or undersize the storage tank. They 
tend to cost more than flat-plate collectors for an equivalent heating 
capacity, but prices for high-quality, evacuated-tube collectors are 
coming down. Most are made outside the United States. They are also 
more fragile than flat plate collectors and don’t tend to shed snow or 
frost very well. On the other hand, they work well when there is a 
consistent, year-round load on the system. They also produce less wind-
loading stress, because there are spaces between the tubes in a collector, 
unlike the large closed surface of a flat-plate collector. 

Solar water heaters can last 40 years or more if the design is appropriate 
to the climate, and the system incorporates high-quality materials and 
workmanship. You could even call solar-energy systems patriotic, 
because a solar investment keeps our energy dollars at home and 
reduces our dependency on others. You will spend a certain amount of 
money to heat your hot water in any case, so why not choose to do it with 
solar energy? Your pocketbook, and the environment, will appreciate it! 
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About the Author 

 
Chris Williams is the Chief Marketing Officer at HeatSpring 

Magazine. He writes at Cleantechies, Alternative Energy 
Stocks and Renewable Energy World. He's a clean energy 

jack-of-all trades. He has installed over 300kW of solar PV 
systems, tens of residential and commercial solar hot 
water systems and 50 tons of geothermal equipment. 

Chris is an IGSPHA Certified Geothermal Installer and will 
be sitting for his NABCEP in September.  

 
If you have any questions…. 
If you read this guide and have any questions or want to 
get more article, whitepapers or information there are a few ways to keep 
in touch.  
 

 Subscribe via RSS: 
http://feeds.feedburner.com/heatspringmagazine 

Ask HeatSpring question on facebook: 
http://www.facebook.com/heatspring  

 Ask me, Chris Williams, question on twitter: 
http://www.twitter.com/topherwilliams 

 Subscribe to HeatSpring TV, our video podcast: 
http://itunes.apple.com/us/podcast/heatspring-tv/id448930213 

 Join our linkedin group to connect with HeatSpring alumni and 
other professionals: http://www.linkedin.com/groups/Clean-Energy-
Professionals-HeatSpring-Learning-
1907431?gid=1907431&mostPopular=&trk=tyah 
 
Email. You can email directly: cwilliams@heatspring.com 
Phone. If you have an in-depth question call me at 617 702 2676 
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Need In –Depth Training? 
 
If, after read this, you have determined you need 
more in-depth training on solar thermal look at 
our IREC Approved Solar Thermal Boot Camp:	  

http://www.heatspring.com/solar-courses 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 


