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W hen drawing up plans 
for net-zero homes, 
some builders refer 

back to an old paper from the 
Building Science Corporation for 
pointers on insulation thickness.

Titled “High R-Value Enclosures 
for High Performance Residential 
Buildings in All Climate Zones,” 
the paper has an oft-reproduced 
table with R-value recommenda-
tions for all climate zones in North 
America. These recommendations 
exceed requirements established 
by building codes, and they’re con-
sidered to be the R-value bible by 
some energy-smart builders.

But with photovoltaic (PV) pan-
els falling in price, some experts 
have started to question the paper’s 
recommendations. Since the paper 
was written in 2010, the installed 
price of a residential PV system in 
the United States has dropped from 
about $4 to $5 per watt to about 
$2.75 to $3 per watt. For net-zero 
home designers, this price drop 
means that the cost of building a 
net-zero-energy home can some-
times be reduced by increasing the 
size of the PV system and lowering 
insulation R-values. 

But here’s the rub: some of these 
designers misunderstood the origi-
nal recommendations.

The paper, written by a group 
of authors including building sci-
entists John Straube and Joseph 
Lstiburek, wasn’t about building 
net-zero homes; it was about pro-
duction homes. And it didn’t even 
take the then-high price of PV into 
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Climate 
Zone Wall Vented 

Attic
Unvented 

Roof
Basement 

Wall
Exposed 

Floor

1 R-10 R-40 R-35 R-5 R-10

2 R-15 R-50 R-40 R-10 R-20

3 R-20 R-50 R-45 R-10 R-20

4 R-25 R-60 R-45 R-15 R-30

5 R-30 R-65 R-50 R-15 R-30

6 R-35 R-75 R-60 R-20 R-40

7 R-40 R-90 R-65 R-25 R-45

8 R-50 R-100 R-75 R-35 R-50

High R-value Enclosure Recommendations*

*  Whole-assembly R-values, not nominal R-values from insulation labels 
For the full chart, visit buildingscience.com 
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account. When builders and designers ques-
tion the paper’s recommendations, they’re 
missing the point.

That said, the paper is seven years old, and 
the facts on the ground have changed. So I 
decided that it was time to ask Straube and 
Lstiburek whether the dropping price of 
PV has changed their R-value recommen-
dations in any way.

A reasonable guess
In writing their 2010 paper, Straube told 
me, “We were thinking about recommen-
dations for single-family homes built by 
production builders who wanted to create 
homes with a minimum life-cycle cost for 
the homeowners.”

I asked Lstiburek how they came up 
with their table of recommended R-values. 
“When we created that table, we just 
guessed,” Lstiburek said. “I think we 
guessed reasonably well.”

But the concept of net zero wasn’t seri-
ously considered in their recommendations, 
Lstiburek said. They were simply thinking 
of what seemed “reasonable and construc-
table” for production builders based on the 
technology and costs at the time. 

“I think that if the cost of PV back then 
was what it is now, it would have been  

hard for us to ignore that factor,” Lstiburek 
told me.

I pointed out that designers of net-zero-
energy homes usually compare the cost of 
thicker insulation to that of a bigger PV sys-
tem. “I don’t have any issues with that line 
of thinking,” Lstiburek said. “I’m not popu-
lar for saying this, but from my perspective, 
efficiency is efficiency.”

So, would the falling cost of PV cause him 
to change his R-value recommendations 
from 2010?

Lstiburek’s answer: “Not really.”

A rational approach
I asked Straube if the R-values he recom-
mended in 2010 still make sense in light of 
the plummeting cost of PV.

“The short answer to your question is that 
I think those numbers from 2010 are well 
within striking distance of what we’d rec-
ommend today,” he said. “Remember,  
those numbers were never based on PV  
versus insulation.”

But the question of PV versus enclosure is 
sensible to ask, he said. 

“Like many things we assess, we have to 
consider multiple requirements. We worry 
about comfort, resiliency after power out-
ages, condensation control, and how many 
square feet are available for PV.” 

As long as people are going through that 
list and making rational choices, Straube 
said he will be happy. “People need to use 

a rational approach. We’ll all reach differ-
ent conclusions, because some people value 
some things more than others.”

Still, Straube isn’t ready to dial back on 
R-values, and doesn’t think the numbers 
he recommended in 2010 are aggressive. 
“There doesn’t seem to be a future where it 
makes sense to have thermally uncomfort-
able buildings or energy-inefficient build-
ings,” he said. 

Playing the devil’s advocate, I noted that 
it doesn’t seem that energy codes in the 
United States are consistently enforced. But 
if they ever were, existing codes might not 
be far from a theoretical optimum level.

Straube said he can’t strongly disagree 
with that; it’s true in some places. “But 
code requirements are still a little on the 
low end. If you go that route … you’re just 
shooting low. If you increase the R-value of 
your enclosure, you might be able to specify 
an 18,000Btu/hr heat pump instead of a 
32,000Btu/hr heat pump.”

I asked Straube, “What about Passivhaus 
levels of insulation?”

He responded, “In most cases, I would  
say, ‘For sure, not.’ But I’ve always won-
dered about the answer to a basic question: 
What are the goals of Passivhaus? Is the 
idea to save resources? To reduce carbon 
emissions? Or to produce comfort? I  

“When we made those recommendations, we were thinking   
             about what a production builder could do, as opposed  
     to what a lunatic would do— someone like me or John.”

Joseph Lst iburek

 “There doesn’t seem to be a future where it makes 
sense to have thermally uncomfortable  
  buildings or energy-inefficient buildings.” 

John straube
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don’t know what the goals of Passivhaus 
really are.”

“Net frigging metering” 
Lstiburek and Straube both mentioned 
looming challenges for electric utilities. “a 
lot of people say, ‘I’ll just sell my excess PV 
power back to the utility,’” Lstiburek told 
me. “but the utility isn’t equipped to deal 
with it. until we figure out a way to intel-
ligently operate our utilities, I don’t think 
that PV will play a big role.”

Straube noted how quickly things have 
changed. “The future we spoke of a few 
decades ago has arrived,” he said. “These 
days, when we talk about PV, it’s all about 
the size of the array and aesthetics, not 
price. When it comes to PV production, the 
cost restraint has been removed.  now the 
problems are more about the grid.”

Straube said that he doesn’t know how 
that problem will be resolved. 

“The only thing the future can’t be based 
on is net frigging metering,” Straube said. 
“net metering is ridiculous. net metering is 
not the future. I think we are moving to the 
spot where we will be able to leapfrog over 
net metering. Storage may become econom-
ical. If the price of batteries drops, and if the 
price of the grid gets too high, people could 
opt out of the grid-based system. Then this 
issue will become a political problem. If it 
ever makes sense for a new home to avoid 
connecting to the grid, the utilities will start 
financially imploding. at that point there 
will be a political intervention to make sure 
the grid exists.”

It’s lunacy
Lstiburek mentioned that the insulation 
levels installed on his own house are even 
higher than those recommended in his 2010 
paper. “When we made those recommen-
dations, we were thinking about what a 
production builder could do, as opposed to 
what a lunatic would do—someone like me 
or John, since we put ridiculous amounts of 
insulation on our own houses,” he said.

at one point in my conversation with 
Straube, I mentioned that the table from 
the 2010 paper is considered a bible by some 
readers of Fine Homebuilding’s sister web-
site, greenbuildingadvisor.com. reflecting 
on the fact that only a small minority of 
builders are interested in high r-value 
building enclosures, Straube responded, “I 
think it’s the bible for a very bizarre cult.”
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