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There are two things I excel at and enjoy more than any-
thing else in my professional life.  

The first is using my big-picture vision skills and 
working with staff and members to solve big problems, 
to set a strategic course that makes sense.  

But for the first time since I joined the NESEA staff 
three years ago, it seems like there are no fires to fight, 
no intractable problems to solve. Working collabora- 
tively—members, staff, and board—we have made so 
much progress. While there are still big operational 
kinks to work out with respect to all our programs—

BuildingEnergy, BuildingEnergy Masters Series, Green Buildings Open House, 
membership, Zero Net Energy Building Award, chapters—most of these pro-
grams are the domain of my super-competent staff. I can assure you that the 
last thing they want is an overzealous executive director interfering with what 
she’s hired them to do—with what they do best.	

So the ship is essentially headed in the right direction, and we have the right 
people in place to keep it on course. What’s an executive director to do?

Fortunately, there’s the second thing I excel at and enjoy: connecting people 
with opportunities that help us meet our mutual goals. So now I’m going to focus 
on this. 

That is, I’m going to lunch. 	
I plan to invite at least one influential NESEA member to lunch each month 

to learn more about what they’re working on, brief them on what’s up at NESEA, 
and explore possible points of intersection. I’m going to lunch with no real 
expectations about the outcome, other than that we’ll have a good conversation 
and a good meal. I’m going to lunch knowing that good things happen when we 
break bread together and truly connect with open hearts and no agenda.	

I’ve started with an invitation to BuildingEnergy10 Conference Chair Betsy 
Pettit of Building Science Corporation, and another to Nadav Malin of Building 
Green. I’ll keep you posted on how this new “program” goes!

As always, I welcome your feedback. Feel free to email me at jmarrapese@
nesea.org, friend NESEA on Facebook, connect on LinkedIn, or respond via Twit-
ter @NESEA.org.

Jennifer J. Marrapese
Executive Director

While there are still big operational kinks to 
work out with respect to all our programs, most 

of these programs are the domain of my 
super-competent staff.
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I recently introduced my wife, Alison, to induction cooking technology. I was excited about saving 
energy and eliminating gas use in our kitchen. She is very serious when it comes to food, and 
after she read some articles and looked at some induction range models, she was excited too. 
Then we lost power, just for a few hours. 

On average, we lose power a half dozen times a year for two to six hours. In this case, it was 
two. Not long, but long enough to dampen our enthusiasm for an electric range, since we can 
cook with our gas range with or without electricity. So instead we diverted our resources to solar 
thermal domestic hot-water heating with a new backup oil boiler and double-wall oil tank. I will 
be sure to set up a means of running the solar pump when there is no power via PV, battery, or 
one of the kids on a treadmill. As for space heating, our primary system is a woodstove, fueled by 

whatever falls down in our seven-acre woods: white pine, poplar, black cherry, and when we’re lucky, a maple or an oak. 
What do you lose when the electricity goes out? And how about the buildings where you work or the ones that you 

design or build? What happens when the electricity goes out? 
In a recent design meeting for a 55-unit elderly housing apartment building located southwest of Boston, the question 

of design resilience came up. The owner and the owner’s 
rep, working with a tight budget, settled on a standby 
natural gas–fired generator to power the sewage 
ejector pumps, the egress lighting, and the domestic 
hot-water system. We determined that, except during 
the heating season, this arrangement would keep the 
building reasonably habitable for an extended period. 
We also determined that the building would remain above freezing unless a multiday power outage occurred in tandem 
with extreme cold temperatures. So for all but the most extreme circumstances, the water-based heating and cooling, 
potable water, and sprinkler systems would cause no property damage.

But the extreme circumstances seem, to just about everyone, to come more often these days. In the Northeast, 
120,000 homes and businesses were still without power two weeks after hurricane Sandy hit in late October. Late-fall, 
rather than mid-winter, temperatures somewhat tempered the severity of the storm’s aftermath. Katrina and Sandy 
together will likely adjust our common view of sustainability to include resilience. 

The public for the most part associates sustainability with windmills, solar panels, and ground-source heat pumps. 
But I think of sustainability and our designs in terms of failure modes. I ask myself, how would this system or building 
respond if it were not operating properly due to external forces like weather, or due to operator error? The exercise 
logically leads me to designs that are less dependent on physical infrastructure—inside or outside the building—and 
operator acumen. Buildings with high-performance enclosures coupled with hard-to-go-wrong supply-side infrastructure 
and building systems win out. 

With the science of climate change losing out to political allegiances in recent years, we need to recast sustainability 
as being about methods and technologies that create a resilient built environment. This gives our industry its best shot of 
providing environmental stewardship, and health and safety, to the public that we serve.

James Petersen
Chair, NESEA Board of Directors
james@petersenengineering.com   

P.S. I have really enjoyed being board chair, but by the time you read this, I will have left the reins in the capable hands of 
Caitriona Cooke of CSG. I look forward to continuing to serve on the board as chair of the development committee.

James Petersen is a mechanical engineer and the founder of Petersen Engineering (www.petersenengineering.com). All of his firm’s projects 
reflect his commitment to integrated design with a goal of significantly elevating building performance. For the past five years, James has also 
been a BE educational session track chair.
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Efficiency and Technology Without Resilience Doesn't Cut It Anymore

FROM THE
CHAIR

I think of sustainability and our designs in 
terms of failure modes.
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Understanding primary energy is the key to adapting Passive House standards to 
North America—and reducing global warming

Getting Real About Primary Energy 

By Katrin Klingenberg

Passive House is not a brand, but a 
set of universal principles: building 
science principles that govern the 
balancing of losses and internal gains. 
By applying them to enclosure design, 
we can create buildings that need little 
or no active space conditioning yet are 
comfortable in winter and summer. 
Conceptually, a house without an active 
heating or cooling system is the most 
efficient dwelling: comfort at no cost or 
energy input. In reality, Passive House 
principles yield a spectrum of solutions 
that more or less meet this goal: from 
no active system in some climates (e.g. 
San Diego) to small auxiliary systems, 
or slightly larger ones in extreme 
climates such as those of Halifax, Nova 
Scotia, or Lafayette, LA. 	

Wherever the project, passive prin-
ciples remain the best starting point 
and baseline for all high-performance, 
net zero, or plus-energy buildings in 
terms of efficiency and cost-effec-
tiveness. Consequently, the primary 
energy discussion in relationship to 
Passive House standards is relevant to 
everyone involved in the high-perfor-
mance and zero-/plus-energy build-
ing sector. Primary energy, because it 
accounts for environmental impacts, 
is the most important of the Passive 
House optimization criteria. But in 
North America it is poorly understood 
and often miscalculated—leading to 
significant underestimation of carbon 
dioxide emissions.

North America is not Central Europe 

Passive House principles actually origi-
nated in North America in the 1970s 
as a response to the 1973 oil embargo. 

After a long hiatus, during which the 
Europeans refined and optimized those 
principles for their continent, Pas-
sive House is regaining recognition in 
the United States. The Passive House 
Institute US (PHIUS) has been leading 
the effort to reintroduce Passive House 
with trainings and rigorous certification 
programs for people and projects, with 
an increased focus on climate-appro-
priate designs. The US Department of 
Energy recently recognized the PHIUS+ 
project certification in conjunction with 
its high-performance Challenge Home 
Program—a significant development. 
It acknowledges Passive House as 
a baseline for achieving zero energy 

and beyond. Support in the market is 
strengthening, and Passive House prin-
ciples are moving into the mainstream. 

During the last 10 years, PHIUS 
and the North American Passive House 
community have learned a great deal 
about how well—or poorly—the Euro-
pean standards and tools, developed 
for a Central European climate (mostly 
heating dominated), apply in practice 
in the much more varied climates of 
North America. It’s gradually become 
clear that the European metrics, 
methods, and tools need adaptation if 

BUILDINGENERGY 13
PREVIEW

Passive House is to be attainable and 
cost-effective on this side of the ocean.

What is primary energy?
One key to adaptation is primary 
energy, better known as source en-
ergy in North America. Architects, 
engineers, consultants, and builders 
need to better understand primary and 
site energy—and strive to optimize for 
primary energy consumption, not just 
site energy. 

• Site energy, also known as final en-
ergy, is the energy that is delivered to 
the house. 
• Primary energy accounts for and 

includes the losses and inefficiencies 
of the generation and delivery process 
and is therefore a more accurate rep-
resentation of total energy use and the 
impact on the environment.

Each unit of total energy used pro-
duces a certain amount of carbon diox-
ide emissions. To accurately calculate 
the carbon emissions associated with 
energy consumption, one has to work 
from primary energy, not site energy, 
calculations. 

The definition of site energy is rela-

Energy Type              Energy Carrier PE (non-regenertive)
kWhPrim/kWhFinal

CO2 GEMIS 3.0
kg/kWhFinal       lb/kWh        lb/kBTU

1 None

Fuel Source 2 Oil 1.1          0.31                0.68              0.20

3 Natural Gas 1.1          0.25                0.55              0.16

4 LPG 1.1          0.27                0.60              0.17

5 Hard Coal 1.1          0.44                0.97              0.28

6 Wood 0.2          0.05                0.11              0.03

Electricity 7 Electricity-Mix 2.7          0.68                1.50              0.44

8 Electricity from Photovoltaics 0.7          0.25                0.55              0.16

Table of Primary Energy Factors and CO2 - Equivalent Emissions Factors of Various Carriers

8 | Spring 2013 BuildingEnergy

Spring2013BuidlingEnergy.indd   8 1/16/13   12:24 PM



Energy Type              Energy Carrier PE (non-regenertive)
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tively straightforward: it is the energy 
consumption as measured at the meter 
of the building, typically expressed in 
kilowatt-hours (kWh) on the utility bill. 
It is the simplest and most direct 

feedback in terms of total energy use. 
Primary energy requires more detailed 
analysis: generally, it is defined as 
the total energy required to gener-
ate and deliver energy to the building. 
For electricity from the grid, primary 
energy can be a factor of three or more 
times the site energy, depending on the 
dominant fuel source in a given region.

Each region relies on its own mix 
of fuel types for electricity genera-
tion. To convert site energy to primary 
energy (PE), a PE factor—essentially 
the source-to-site ratio—is calculated 
for each region by dividing total energy 
delivered (PE) for each fuel component 
by total energy used (site, or final), 
and then summing the results. Each 
primary fuel source, such as coal, oil, 
gas, or wood, has a different PE fac-
tor. Some are better than others (see 
the table at left). Oil, gas, or wood are 
considered forms of primary energy. 
Gas or propane are delivered to the site 
and then burned there to provide heat 
and/or electricity. The PE factor for 
gas reflects only distribution and line 
losses, yielding a much better value 
than grid electricity. Coal and oil are 
also considered primary fuels that can 
be burned on-site. Here too there are 
only inefficiencies in storage, distribu-
tion, and line losses, which explains the 

initial low values for fossil fuels. 
Wood is considered a renewable 

on-site fuel source and also results in 
a very low PE factor. Hydro, wind, and 
solar are assumed to have a PE factor 
of 1.0 (energy used = energy delivered). 
It is assumed that there is no combus-
tion or conversion loss in the process 
of generating these forms of electricity. 
There is a difference between Euro-
pean and US conventions in terms of 
PE values assigned to renewables like 
PV and wood. In the United States, they 
are considered neutral (PE value = 1), 
but in Europe they are assigned a value 
below 1. PV is counted at PE = 0.7, and 
wood at PE = 0.2, which means that the 
primary energy must be smaller than 
the final energy. 

The Table of Primary Energy  
Factors on the facing page shows the 
primary energy and related CO2 emis-
sions used for modeling in the Passive 
House methodology. Note that the table 
is still showing the old PE value of 2.7 
for electricity mix in Germany, and that 
GEMIS (Global Emissions Model for 
Integrated Systems) is a European soft-
ware help tool and database. There are 
PE factors for each distinct grid region. 
Following the same method, a national 
PE factor is calculated as well.

In the passive building design 
methodology, only the “nonrenew-
able” portion of the total PE factor is 
used for energy balancing to convert 
specific site energy into total primary 
energy and its equivalent carbon diox-
ide emissions. The renewable energy 
component of the entire grid mix is 
already considered climate neutral 
(hydro, wind, solar, biomass) and, to 
account for the remaining emissions 
accurately, is actually removed from 
the total PE factor in order to arrive 
at this nonrenewable portion of PE. 
For example, in Germany, the total PE 
factor is 3.0, but the nonrenewable por-
tion is 2.6 (the grid has approximately 
15 percent renewables to date, which 
corresponds roughly to the reduction of 
the overall PE factor from 3 to 2.6). For 
all of Europe, the total PE is 3.31, and 

the nonrenewable portion is 3.14. For 
Austria, the total PE is 1.91, and the 
nonrenewable portion is 1.3! Nation-
wide in the United States, the total PE 
is 3.315, but the nonrenewable por-
tion is 3.138, according to a National 
Renewable Energy Laboratory report 
using 2004 data. 

CO2 emissions are underestimated	
Outside Germany, the Passive House 
designer should ideally use the locally 
accurate PE factor to achieve accurate 
modeling results in terms of total pri-
mary energy and emissions. However, 
certifying to the current Euro standard 
requires use of the German PE factor 
of 2.6. And this presents a problem: the 
German PE factor of 2.6 reflects the 
considerably higher mix of renewables 
in Germany’s electricity generation. 
Therefore, using that German figure 
significantly underestimates the cor-
rect primary energy balance and relat-
ed carbon dioxide emissions specific to 
North America! And that defeats part 
of the fundamental purpose of building 
to Passive House standards. 

This presents a difficult set of deci-
sions for the North American market. 
For example, should there be a na-
tionwide PE factor adjustment for the 
United States and Canada, or a region-
al factor for individual energy grids to 
calculate primary energy for a specific 
building? In the United States, this 
might make sense, as there are five 
distinct regional grid interconnections. 
According to the National Renewable 
Energy Lab (NREL), they have less 
than 1 percent interconnection. Either 
way, a higher national PE value would 
make it more difficult for all projects in 
the United States and Canada to meet 
the current European Passive House 
standards. The regional solution would 

At BE13  "Getting Real About Primary 
Energy: What It Means for Passive House," 
a half-day workshop with Katrin Klingen-
berg. Go to www.nesea.org/buildingenergy 
for details.
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For electricity from  
the grid, primary 

energy can be a factor 
of three or more 

times the site energy, 
depending on the 

dominant fuel source 
in a given region.
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make it easier for some (mostly in the 
Pacific Northwest, due to lots of hydro), 
but even more difficult for much of the 
nation. The primary criterion for small 
homes is already difficult to meet, a 
situation now well known as the “small 
homes penalty.” 	

The best solution at this point 
seems to be a national nonrenewable 
PE factor by country. After a quick 
review of the certified passive homes 
in the PHIUS database, it appears that 
this is a reasonable approach. Only 
about 20 percent of those projects 
would no longer meet the criteria if the 
PE factor were adjusted according to a 
national (US) nonrenewable PE factor 
of 3.14.		
	

The Passive House optimization 
strategy
To fully understand where primary 
energy fits into the Passive House 
approach, it’s important to first under-
stand how the Passive House optimiza-
tion strategy differs from traditional 

methods. The process starts with 
two of three main quantitative Pas-
sive House criteria: the specific space 
conditioning demands annually of 4.75 
kBtu/ft²/yr heating and cooling. (Alter-
natively, one could shoot for meeting 
the peak load limits of 1 W/ft², which 
can also qualify a project even if the 
annual quantitative criteria are not 
met.) Those criteria are energy metrics 
specific to conditioned square footage 
per year or hour and aim at guiding 
the optimization of the envelope in 
conjunction with minimization of the 
mechanical system (by passive means) 
first! Primary energy is the third crite-
rion annually relative to the conditioned 
floor area (38 kBtu/ft²/yr). It comes 
into play after envelope optimization 
and mechanical minimization, to as-
sure that the equipment choices are 
the most efficient in terms of primary 
energy and carbon emissions.

Passive House methodology should 
result in significantly better primary 
energy balances than traditional design 
methodologies, before counting renew-

able energy. The traditional engineer-
ing approach for high-performance or 
zero-energy homes seeks to optimize 
the level of insulation relative to a cost 
break-even point, in combination with 
efficient (perhaps renewable) tech-
nologies. Experience tells us that this 
approach yields a building that con-
sumes approximately three times more 
specific energy for space conditioning, 
compared to Passive House goals. 
That’s because it signals to the design-
er that it is not cost-effective to insu-
late beyond a certain cost break-even 
point. This can lead to projects that 
have three times more primary energy 
consumption and carbon-equivalent 
emissions for space conditioning.

The reason for this lesser level of 
efficiency is that the classic engineer-
ing approach is to use efficient systems 
to lower and optimize site energy. This 
process, in effect, favors optimizing 
for site energy! The economic argu-
ment tells the designer to relax the 
insulation level of the envelope, lead-
ing to (for the sake of the argument) 

10 | Spring 2013 BuildingEnergy
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A Passive House 
To-do List
• From the climate perspective, 
primary energy should become 
the Passive House standard’s 
most important qualifying  
criterion

• The required criterion should 
possibly be tightened to match 
worldwide carbon reduction 
goals

• Passive House should be 
amended with a per-person 
guideline aimed at inspiring 
more equitable energy use

• Regional PE factors need to 
be used to certify Passive House 
baseline status accurately and 
to reflect per-project primary-
energy and emissions impacts 
correctly

• Designers should practice the 
specific Passive House optimi-
zation and design measures 
that lead to the lowest possible 
primary-energy and carbon di-
oxide emissions at a reasonable 
cost to society

three times the loss of specific energy 
through the envelope (escaping Btu's) 
compared to a comparable Passive 
House. From a site-energy perspective, 
it might appear that the classic engi-
neering and Passive House approaches 
yield similar efficiencies, the difference 
being that the coefficient of perfor-
mance of the system in the Passive 
House—which might bring actual en-
ergy down by a factor of four—has not 
been factored in. The Passive House 
achieved the same result through the 
envelope measures alone. 

The argument that the two ap-
proaches are equally efficient would be 
true if, say, the Passive House were to 
be heated with direct electric base-
board heat (a bad choice for a Passive 
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House; it means giving up the advan-
tage in efficiency through additional 
envelope measures). But if the Passive 
House then also employs a heat pump 
with a coefficient of performance of 4, 
its site and resulting primary energy 
for space conditioning is then also four 
times more efficient than that of the 
classic engineering optimization case. 
Excluding efficient equipment from the 
optimization process initially is key to 
optimizing for primary energy.

Passive House also has a fixed 
optimization goal, but this goal is an 
optimal heat balance point rather than 
a cost break-even point first. The rea-
soning: costs for materials and energy 
constantly fluctuate and are therefore 
unreliable for true optimization. It’s a 
moving target, an important secondary 
optimization criterion. Passive House 
optimizes based on building science 
and comfort principles. It then applies 
efficient technology (no on-site renew-
ables yet)—for example, heat-pump 
technology with a COP of 4—further 
reducing the specific energy needed for 
space conditioning. Only at this point 
is renewable energy added and con-
sidered in the balance as a saving, as 
an offset, rather than a credit toward a 
goal like zero energy or plus energy.

Envelope, envelope, envelope 

All this puts conservation first, and the 
focus is on the performance of the en-
velope in terms of absolute kWh/Btu's 
used for space conditioning. It pro-
motes optimization of the mechanical 
system through the choice of the most 
efficient solutions after the envelope 
has been optimized to provide those 
absolute kWh using the least amount 
of on-site energy through efficiency 
and with it optimized primary energy 
and carbon. 	

Within the Passive House meth-
odology, renewable on-site system 
generation is added to the overall bal-
ance only after envelope and systems 
optimization. Nor is it counted to help 
meet the primary energy criterion. 

After the Passive House conserva-
tion criteria have been met, onsite PV 

P A V E R S  B Y  I D E A L
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■ Qualifies for LEED® credits

Ideal permeable pavers offer built-in technology - the pavement and base act 
as a stormwater treatment system that reduces or eliminates runoff 

to reduce pollutants and improve water quality.
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or wind can be used to reach renew-
able production goals: It can be used 
to produce just enough to offset total 
site energy use of the home and take 
the home to site zero. Typically, for a 
well optimized 1,000-square-foot Pas-
sive House, this means a system of 2.5 
kWh to 3 kWh! Or the system can be 
sized to overproduce, to outweigh the 
higher primary energy balance, which 
would make it a plus-energy home by 
site-energy measurements. But best 
of all, this methodology allows sizing 
to the next critical level: going beyond 
site or primary zero, the designer can 
now realistically target the emissions-
equivalent amount of carbon that 
needs to get zeroed out, aiming for car-
bon neutrality. 

In practice, not all Passive Houses 
are achieving excellent primary-energy 
results. As a design and professional 
community, we need to get better at 
optimizing for it. This relies on specific 
design choices and the designer’s ef-
fort to optimize toward primary energy 
(and eventually for carbon) rather than 
site energy or monthly utility bills or 
overall initial cost increase compared 
to standard construction. There are 
Passive Houses that, due to the cost-
related design choices (direct electric-
resistance heat instead of a more 
efficient heat pump), barely make the 
Passive House primary energy criteria. 
In terms of primary energy, they per-
form similarly to homes using classic 
engineering optimization (a point that 
John Straube from Building Science 
Corporation made in his 2009 paper on 
Passive Houses in cold climates).

It’s about the environment
In conclusion, I suggest that primary 
energy is the most important of all of 
the Passive House optimization criteria 
because it is the measure of impact 
on the environment. Not optimizing 
for primary energy after superinsulat-
ing wastes resources. There is only 
one thing as bad as a poorly optimized 
building shell with a giant renewable 
system to get to site zero: an over- or 
underinsulated Passive House that 

misses the opportunity to optimize for 
primary energy.

Current European standards, 
which are not optimized by climate, 
lead people on a wild goose chase in 
extreme climates to meet an envelope 
criteria (4.75) that does not apply there. 
In climates different from Central Eu-
rope’s, this can lead to either extreme 
overinsulation or significant underin-
sulation. To succeed in reducing CO2 
emissions and thereby global warm-
ing, the building sector must fine-tune 
the current optimization guidelines. 
(Some argue that the current European 
primary-energy targets are too lenient 
and do not match the reduction we 
need worldwide in regards to carbon.)

We should also investigate one 
more change. Primary-energy tar-
gets set per ft²/yr have a problematic 
unintended consequence: they favor 
large homes with few people in them 
and penalize smaller, more efficient 
homes for the same number of people. 
They favor larger homes with relatively 
higher energy consumption. The crite-
ria need a per-person amendment to 
adjust for and to curb this effect.

Katrin Klingenberg, a licensed architect 
in Germany, is cofounder and executive 
director of the Passive House Institute 
US (PHIUS). She is the lead instructor for 
PHIUS Certified Passive House Consul-
tant (CPHC) training. She also directs 
the technical and research programs of 
PHIUS. In 2003, she designed and built 
the very first US home constructed using 
the European Passive House standard 
and design specifications. She has since 
designed and consulted on numerous 
passive projects across North America’s 
varied climate zones.

Peer reviewer Marc Rosenbaum, PE, 
is director of engineering at the South 
Mountain Company, based in Martha’s 
Vineyard, MA. Much of his recent work 
has consisted of deep energy retrofits, 
Passive Houses, and zero net energy 
buildings. His work has been recognized 
nationally by ASHRAE, AIA, EEBA,  
and NESEA.
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Many homes have sloped ceiling areas: 
places where plaster or drywall is 
applied directly to the underside of the 
roof rafters. Cape-style houses, for 
example, usually have sloped ceilings 
between the knee wall and the flat 
ceiling above (see the drawing at right) 
or rooms with partial or full cathedral 
ceilings. Some homes just have a 
narrow sloped area for a few feet near 
the eaves. These enclosed cavities are 
more challenging than an open attic. 
Some have fairly easy access from an 
attic space; this is typical of a Cape. A 
full cathedral ceiling or a flat roof is 
more difficult. And moisture control is 
a big concern. The risk of condensation 
and moisture damage is much greater 
in closed cavities, where venting can 
be difficult or impossible. Moisture 
can go unnoticed until serious damage 
has occurred. Some folks say that 
dense-packing cellulose into unvented 
cavities is an easy fix, but I’m not 
convinced.

Venting is easy in an open attic, but 
there are serious concerns relating to 
venting a cathedral- or flat-roof ceiling 
space. Good air sealing (to which 
dense-packing can contribute) and 
indoor humidity control via mechanical 
ventilation help reduce condensation 
and moisture buildup. But cellulose 
is not an air barrier; even an excellent 
dense-pack job can allow some air 
movement. In an unvented cathedral 
ceiling or flat roof, significant moisture 
may be deposited at the roof deck, 
especially in a home with high humidity 
or an isolated leakage path that is 
packed improperly. There are two 
basic strategies to avoiding increased 
risk of condensation and potential 
damage to the roof deck: either use 

Insulation Challenge: Sloped Ceilings 
By Bruce Harley

Expert advice on tackling this tricky but common heat-loss area

foam insulation to control condensing 
temperatures or ensure an opening 
from the unvented cavities into a 
larger, vented space.

Continuous foam insulation
The first approach—using continuous 
foam insulation—is the only proven, 
code-approved method for an unvented 
roof. It can take two basic forms: 
rigid foam insulation added above 
and in contact with the roof deck, or 
sprayed foam added directly to the 
underside of the roof deck. Rigid foam 
is typically added during a re-roof, but 
usually a new sheathing surface (with 

a furred, vented space in heavy snow 
areas) is needed on top of the foam. 
This approach is expensive, but it’s a 
practical way to address a house with 
full cathedral ceilings if the roof is 
close to needing replacement.

Consider interior sprayed-foam 
insulation if you are planning more 
extensive interior renovations (see 
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facing page). In this case, in climate 
zones 5 and higher, you must either 
use closed-cell foam (which is itself 
a vapor retarder) or include a vapor 
retarder (such as sprayed vapor 
retarder primer) in direct contact with 
the interior surface of the foam. With 
either foam method, once the roof 
deck is protected from condensation 
by a high enough R-value of foam, 
the remainder of the cavity may be 
insulated with blown insulation or 
batts, with no additional vapor control 
layer. The R-value of foam insulation 
needed depends on climate (see table 
and map on facing page). Both of these 
methods are explicitly allowed by code. 

And both are energy efficient and 
present a code-compliant assembly 
with low risk in any climate.

A partial venting path
The second approach is to provide a 
partial venting path for the closed 
dense-pack area. This can be achieved 

Enclosed cavities are more challenging than an open attic.
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In the Northeast, both insulation and moisture-control requirements are high.

in homes (such as Cape-style homes) 
that have sections of sloped ceiling 
that may be difficult or impossible to 
vent properly. If one end of the dense-
packed area is open to a vented attic 
space (preferably the top), any wetting 
effects appear to be balanced by drying 
toward the vented space. This approach 

IECC Climate Zone Minimum Foam 
R-value*

2B, 3B (tile roof 

only)	
none required

1, 2, 3	 5

4C 10

4 A,B 15

5 20

6 25

7 30

8 35

Minimum R-values of Foam Insulation 
by Climate Zone

*Foam must be supplemented by other cavity 
insulation to meet the total R-value required by 
code or design.

If you don't need much R-value, you can use a 
two-part DIY spray-foam kit for the foam layer. 
Be sure to get consistent coverage; this applica-
tion will need a second layer to fill the cracks.
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At BE13  "Energy Calculations for 
Everyone,” a session with Bruce Harley. 
Go to www.nesea.org/buildingenergy 
for details.

can also be used under low-slope roofs 
(for example, that of a row house, or a 
shed dormer), where access near the 
low side is impossible. Experience has 
shown that up to one-third of the total 
attic area can be dense-packed without 
venting, provided that the remaining 

attic space is vented normally.
Note that this second method 

does not conform to standard code 
requirements, but it has been accepted 
by some local building officials. I would 
consider this approach much more 
risky in climate zones 6 to 8, where 
winters are colder and condensation 
potential increases. Of course, just 
as with an open attic floor, you have 
to be careful to avoid chimneys and 
non-IC-rated recessed lights. If you 
have a chimney in a key leak area, 
you will need to seal around it with 
noncombustible materials and ensure 
that no cellulose or foam is within 2 
inches of the chimney. If you have non-
IC-rated recessed lights, you’ll need to 
replace them with IC-rated fixtures.

Focus on sealing
If you don’t have the plans or budget 
for sprayed foam and partial venting 
is not an option, you can focus on 

sealing the tops of wall cavities (and 
their leaks) where the walls and roof 
connect. You can use this approach on 
all interior walls that intersect with the 
roof. To seal the wall tops, you can drill 
a series of holes in each wall cavity just 
below the ceiling and inject two-part 

foam from a kit, or you can dense-pack 
insulation at the top of the cavity (see 
illustration on page 16). This approach 
stays within code, but it falls short of 
the continuous foam method because 
it doesn’t increase the roof insulation 
or venting. However, it can be effective 
in houses with air-leakage-dominated 
problems such as ice dams or roof-
cavity condensation.

I’ve insulated a number of 
unvented roofs (including my own, 
which is partially vented), and I know a 
number of contractors who regularly 
insulate closed roof cavities with 
cellulose. But there have been cases 
of significant roof-sheathing moisture 
damage in homes that have been 
treated this way—usually in homes 
with high humidity levels—so the 
decision is yours. Your choice will 
depend on the climate, the building 
inspector, the shingle warranty, and the 
condition of the roof, as well as your 
confidence in the reliability of a given 
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indoor humidity control.
Roof-shingle warranties are 

another concern. Unvented cathedral 
ceilings experience hotter roof 
temperatures (typically by 2 to 4 
percent) than vented roofs. Because 
those higher temperatures may 
accelerate degradation (venting is 
assumed to reduce roof temperatures),
some roofing manufacturers won’t 
honor warranty claims on unvented, 
or hot, roofs. But research has shown 
that shingle color actually has a much 
larger impact on roof temperature than 
venting does—about 10 percent—and 
several manufacturers do provide 
warranty service for unvented roofs. 
Choose one of those, or vent the roof 
first if shingle-warranty service is 
important to you.

An insulated, unvented attic
In some cases, you may even want to 
convert an existing vented attic into 
an insulated unvented attic. There’s 

a trade-off, though. If an attic area 
is free of mechanical equipment and 
you can reach the air leaks at the 
attic floor, sealing the leaks and then 
insulating the attic floor with blown 
cellulose is a great approach. It’s 
inexpensive, and you can do much or 
all of the work yourself. But what if 
you have a complex space with floored 

areas that obscure big leaks, or lots of 
mechanical equipment and ductwork 
in the attic space? Or what if you plan 
to renovate and finish the attic space 
at some point in the future? You may 
not want to spend the time treating 
the attic floor, only to have the extra 
insulation in the way later on.

In these cases, consider insulating 

Filling the tops of partition walls with cellulose is sometimes the only way to reduce air leakage.
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job, by taking care of this difficult 
heat-loss area of a home, you or your 
clients should end up ahead. You’ll 
save on the home’s heating and cooling 
costs, make it more comfortable, and 
increase its durability while reducing 
greenhouse gas emissions.

Bruce Harley, technical director of 
Conservation Services Group (csgrp.com), 
is a 22-year veteran of residential energy 
efficiency programs, building science, 
and energy modeling. This article is 
excerpted from Bruce’s book Insulate 
and Weatherize, originally published in 
2002 and now completely revised and 
expanded. The new Taunton Press edition 
focuses on energy-efficiency fixes to 
existing homes as well as energy-efficient 
renovations. You can find it at www 
.tauntonstore.com. 

and sealing the roof and gable walls 
with sprayed polyurethane foam, 
creating what is often referred to as a 
“cathedralized attic.” This is not a do-
it-yourself job: spray rigs are expensive 
and require specialized training. But 
compared to the time and effort it 
would take to air-seal and insulate 

the attic floor and thoroughly seal and 
insulate the ducts, it may be well worth 

Custom Passive Windows and Doors, 
Prestigious Italian Design combined  with German
Engineering , for your Residential or Commercial Project

www.americaitaliana.com

• Wood, Clad-Alu, Steel and Aluminum
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Moisture control is a 
big concern. The risk 
of condensation and 
moisture damage is 

much greater in closed 
cavities, where venting 

can be difficult  
or impossible.

the extra investment. It may also be 
easier to find a competent spray- 
foam contractor than to get someone 
who is willing and able to do those 
other jobs right. Spraying foam on the 
roof and walls to create a complete, 
airtight thermal enclosure reduces air 
leakage and adds an insulation layer in 
one step.

I have created new, finished top-
floor space by insulating with sprayed 
foam before hanging drywall. These 
houses have lower total energy cost, 
even with significantly increased living 
area. If a cathedralized attic is left 
unfinished, ductwork may be left as 
is—losses from the ducts are retained 
inside the new, enlarged thermal 
boundary. Although it’s a good idea to 
connect any disconnected ducts, you 
won’t benefit substantially from any 
duct insulation or sealing.  

No matter how you choose to 
address your sloped-ceiling insulation 
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Systems Literacy: 
What You Didn’t Know You Knew
By Jamie Wolf

It's been said that science equips you 
with the tools to interpret what hap-
pens in front of you. So does language. 
Or drawing. Giving what you observe a 
measure, a name, or an image helps 

you to own what you know and, from 
that, to see and solve problems. You 
may even discover what you didn't 
know you knew. 

Every professional discipline uses 
precise language to communicate its
principles and practices. Your profes-
sional development depends on gain-
ing fluency with the language required 
to describe the work you do to both 
your peers and those you serve. As our  
understanding of sustainable prac-
tice develops, we confront the need to 
develop literacy in diverse, and often 
initially unfamiliar, fields. Over de-
cades, we at NESEA have helped each 
other to learn and use the languages 
of these fields. It is time to help each 
other learn the language of systems 
thinking. 

It’s time to help each other learn the language of systems thinking

Those who study systems see 
certain patterns emerge over and over. 
These recognizable systems arche-
types have been given names that help 
us think about and change systems. 
Shifting the burden is one. You may 
be familiar with others, like tragedy 
of the commons and success to the 
successful. Developing the capacity to 
recognize these patterns—and, further, 
the capacity to act with that aware-
ness—takes time and application. We 
need to use the language. We need to 
name names.	

Case in point: building science
Back in 1986, at what was then  
NESEA's Advanced Residential Con-
struction Conference (now BuildingEn-
ergy), Liz Fox quoted some Canadian 

building scientist by the name of Joe 
who claimed that roof venting was 
unnecessary in cold climates if there 
was adequate insulation (R-40) and 
something called an air/vapor bar-
rier. Heated discussion ensued. A few 
months later she brought the guy, Joe 
Lstiburek, on the road for a series of 
two-day workshops. He introduced 
us to this thing called building sci-
ence, and with it, to a whole lexicon for 
talking about how buildings actually 
perform. We also got to drink with Joe 
and hear tales of the wondrous north!

Year after year at NESEA confer-
ences, in trade journals, and over 
beers, those of us working to design 
and build responsibly tried to under-
stand and apply this new language 
to what we were building. Each term 
described a fundamental piece of a 

Your professional 
development depends 
on gaining fluency with 
the language required 
to describe the work 
you do to both your 

peers and those  
you serve.
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recognize and respond to the crucial 
connections between the generation 
and use of energy and the whole sys-
tems that sustain planetary health." 

Like building science, systems 
thinking is a discipline that employs 
verbal, visual, and mathematical lan-
guage to describe and help us under-
stand the dynamics of a system. But 
this language is unfamiliar to many 
of us, just as the language of building 
science once was. With exposure and 
practice, that can change. This is an 
invitation to observe systems at work 
in our lives and begin using systems 
language with each other to gain and 
describe insights we might otherwise 
miss. The language matters.

Insight in systems thinking comes 
from the principle of leverage, which 
says that we should determine which 
actions and changes in system struc-
tures are most important to creating 
enduring improvement. To discover 
these often small, easily overlooked  
leverage points, we begin by looking 
beneath the surface events that so of-
ten have our attention—and thus invite 
us to respond in ways that may only 
perpetuate a problem. By observing 
the behavior of the system over time, 
we recognize deeper structural pat-
terns. These patterns, or system ar-
chetypes, reveal predictable behaviors 
that, as we gain familiarity with them, 
help us determine how and where to 
effectively intervene.

As we observe and come to under-
stand the behavior of the system, we 
wonder about the mental models 
that may be holding it in place. These 
models (or belief systems, aka bound-
ed rationality in systems-speak) are 
embedded in the system and can be 
dramatic points of leverage. The more 
deeply embedded they are, the more 
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dynamic and intricately linked system. 
Words like dew point, permeance, and 
diffusion, and the ways in which those 
things were measured and what those 
measures meant, were presented, ap-
plied, observed, and discussed for what 
didn't just feel like, but actually were, 
decades. The better we got at using 
this language, the more sophisticated 
those conversations became.

At first—at least for those of us 
without science backgrounds—it was a 
struggle to successfully apply what we 
were learning. Just when you thought 
you were getting a grip, someone 
would present a new idea that seemed 
to contradict what you thought you 
knew. Or Joe would change his mind! 
Images of jaw-dropping building fail-
ures were evidence of the risk of failing 
to understand these fundamental prin-
ciples. ("What fool did that?" you would 
think . . . then quickly wonder if maybe 

you had done it too.) Along the way we 
began to develop some fluency in this 
language. The words became tools. 
The principles they described helped 
us think critically about what we were 
doing. This literacy, practically applied, 
gradually made us better designers 
and builders.

We can say the same about energy 
literacy. To talk about watts, Btu's, 

energy factors, and COPs, you need a 
nimble understanding of each measure 
and its application to the others. The 
more comfortable and fluent we be-
come with these words, and the more 
actively we work at using them ap-
propriately, the better equipped we are 
to apply NESEA member Marc Rosen-
baum’s simple dictum: Think clearly. 
Then act!

A language for sustainable practice
So we come to the discipline of sys-
tems thinking. It empowers us to 
observe, understand, and act to change 
seemingly intractable problems. It 
is essential to sustainable practice. 
NESEA's mission statement embraces 
it: "We as a community of professionals 

The discipline of 
systems thinking 
empowers us to 

observe, understand, 
and act to change 

seemingly intractable 
problems. It is 

essential to 
sustainable practice.

NESEA's mission 
statement embraces it.

At BE13  “Systems Literacy: What You 
Didn’t Know You Knew,” a Whole Sys-
tems in Action track session with  
Jamie Wolf and others. For details, go to 
www.nesea.org/buildingenergy or  
wholesystemsinaction.wordpress.com.

Systems Thinking 
at a Glance
• Consider a problem that is 
resistant to change

• Start by observing the behavior 
of the system to discover what is 
happening beneath the surface

• Look for patterns, systemic 
structures, mental models, deep 
feelings, and the vision that sup-
ports them all

• Use verbal, visual, and math-
ematical language to create a 
model of what you see 

• From what you observe, seek 
insight into the leverage points in 
the system 

• With that focus, make changes 
to the structure of the system to 
achieve enduring improvements

For useful links, books, and other 
"systems" resources, visit whole 
systemsinaction.wordpress.com
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ment of urgency), without the prepara-
tion necessary. So the project suffers, 
you barely break even, and the business 
needs cash—again! See the loop? See 
the pattern over time?

System behavior reveals itself as a 
series of events over time. The causal 
connections we observe produce bal-
ancing or reinforcing feedback loops
(this event causes that event, etc.). 

We describe them, draw them, and 
measure their stocks and flows (what 
enters and leaves) in order to "see" 

what's at work, always with an eye 
toward opportunities for leverage. We 
can draw the cycle, but we should also 
look for measures of these events with 
an X-factor over a period of time 
(picture the cash coming and going over 
the course of that project). If we inter-
vene effectively, these patterns reveal a 
positive change.

Since ultimately everything is con-
nected, we run the risk of drowning 
ourselves in endless causal connec-
tions. Observation needs boundaries. 
Being clear about the problem that 
interests us helps us think about where 
the important edges are. So first we 
observe and map the essential cycle 
and its measures. From there we look 
for additional influences that may have 
important effects on that cycle. As the 
pattern takes shape, we draw boundar-
ies on our observation, at what matters.

Take our business example and 
some likely side effects that compound 
the problem. Chronic cash shortages 
deprive the business of the ability to 
invest in marketing and in systems that 
could break the cycle. Doing work that 
is not aligned with your strengths may 
attract more such work. The threat of 
bounced checks keeps you frozen in the 
moment. These side effects create a 
vicious circle (a destructive reinforcing 
feedback loop) that inhibits your ability 
to thrive by doing what you are actu-
ally best at. How could we intervene to 
achieve a different outcome from this 
system?

Delay is part of the system
The answer introduces another fac-
tor that is important to understanding 
systems and their outcomes: delay. You 
know that if you were to invest in mar-
keting, organization, scheduling, and 
planning, you might have a backlog of 
the work you actually want to be doing 
and the capacity to do it profitably. But 
that would require two resources you 
are probably short on: money and time. 
In addition, you are not likely to see the 
results of those investments immedi-
ately. Unless you can embrace the value 

We often turn to the 
study of systems 

when a problem keeps 
reemerging despite  

our best effort to 
resolve it at the 

surface level. We look 
for patterns. System 

behavior reveals itself 
as a series of events 

over time
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powerful the leverage. The very deep-
est are rooted at the level of our vision 
of the world we want to live in. To effect 
change at this level, we must under-
stand the deep feelings and aspira-
tions that hold mental models in place. 
Change here comes the hardest but 
means the most.

For example, we know that oc-
cupant behavior can affect home 
energy use by a factor of 50 percent. 
We acknowledge this when we call the 
best homes we are building "net zero 
livable." Awareness and intention are 
as important as remarkable thermal 
performance and equipment efficiency. 
Mental models matter. And vision mat-
ters most.

It’s all about patterns
Verbal, visual, and mathematical lan-
guage let us create models that help 
us see, share, talk about, and hopefully 
discover the leverage points that can 
resolve systemic problems. We often 
turn to the study of systems when a 
problem keeps reemerging despite our 
best effort to resolve it at the surface 
level. We look for patterns. Take the 
situation illustrated above. Your busi-
ness needs cash, so you take work you 
shouldn't (the best choice at the mo-

Systems thinking sheds light on a common busness dilemma. Embracing the value of delay is key.
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of this delay—namely, the resulting 
backlog of work—you’ll remain trapped 
by the urgencies that are driving the 
cycle. In turn, a backlog of desirable 
work would serve as stock, providing 
a buffer that removes the condition—
cash crunch—that kept the vicious 
circle in motion. 

Introducing a delay in the system 
gives you time to focus on organiza-
tion and sales. That focus produces the 
resources that allow you to invest in the 
time the delay requires. By embracing 
the delay you shift the burden from the 
negative outcome of the short cycle 
to the enduring and positive outcome 
made possible by the longer cycle.

There is one other critical delay, 
one to be avoided: once you recognize 
the potential for change, the longer 
you wait to act, the more difficult that 
change becomes!

The systems lab is always open
Again, it takes time to develop literacy 
in any field. One of the surest ways to 
develop yours is to attempt to under-
stand and use the language of systems 
to describe problems you encounter in 
your work, in your personal and civic 
life, or in the world. The systems lab is 
always open, because systems are at 
work everywhere and at every scale. 
Endeavor to learn and use the language 
that systems thinkers employ. Encour-
age others to share in the conversation. 
In a few decades, we'll be speaking like 
natives.

Jamie Wolf works to foster engagement 
and participation in the NESEA community 
while operating Wolfworks, a design/build 
enterprise in Avon, CT, that strives for 
“beautility” in low-energy homes. You can 
see his work at www.homesthatfit.com.

39 Years             
of Green    
Building                                                

new homes +               
additions +                

renovations +              
workplaces  +         

energy retrofits + 
design +                

construction             
management 

 48 Bates Street 
Northampton, MA 

(413) 586-8287 

wright-builders.com 

 

Coldham and Hartman Architects 

The Pellet

Advantage

Find out how these homeowners are 

heating responsibly by using wood 

pellet central heat.

Rambling floor plans and period details give historic homes 

charm, but they can make heating a challenge. Facing 

shocking heating bills Steve and Joan Stoia were drawn 

to pellet heat to reduce their carbon footprint and increase 

comfort in their bed and breakfast.

Sandri installed a fully automated pellet boiler, which is 

thermostatically controlled and automatically transfers 

pellets from a bulk storage bin to the boiler just like their 

old oil system.

The Stoias expect to cut their energy bill in half, while 

displacing 2,180 gallons of fossil fuel!

Call: 800-628-1900

Email: pellets@sandri.com

Web: Sandri.com

Scan Here For a Free 
Copy of our Pellet 
Heating Magazine

Spring2013BuidlingEnergy.indd   21 1/16/13   12:24 PM



22 | Spring 2013 BuildingEnergy

BUILDINGENERGY 13
PREVIEW

A Building That Teaches 

By Adam Cohen

Seven years in the making, the Center 
for Energy Efficient Design (CEED) in 
Rocky Mount, VA, is more than a K-12 
school. From its conception, it was en-
visioned as a classroom for advanced-
placement environmental studies 
students, a practical demonstration of 
sustainable building practices, and a 
problem-based learning model for en-
vironmental science, advanced learn-
ing technologies, architecture, and 
building systems. And it is succeeding.

The building as a system and its 
monitored performance results are be-
ing used to support the basic curricu-
lum of the entire county school dis-
trict. It is open to surrounding school 
jurisdictions, and its real-time data and 
curriculum are available on the Inter-
net for long-distance teaching. It has 
sparked the interest and support of the 

Year-one results for the country’s first Passive House K-12 public school 
demonstrate the power of methodology

entire region and is well on its way to 
becoming “a building that teaches.”

The CEED was completed in 
November 2010, received Passive 
House certification from Passive House 
Institute US (PHIUS) in February 2011, 
and received LEED Platinum certifica-
tion in 2012. This article summarizes 
the first years’ energy and comfort 
performance. It was a year of discovery 
and growth, but in short, the building 
performed every bit as well as expect-
ed, thus demonstrating the accuracy 
and robust nature of the Passive House 
Planning Package (PHPP) software as 
an energy modeling tool.

The timber and concrete building 
is small, with a treated floor area of 
3,053 square feet (3,600 by US gross 
envelope standards). See tables 1 and 
2 (facing page) for R- and U-values and 
specific demands.

Windows proved to be a chal-
lenge. A local window manufacturer 
stepped up to donate aluminum-clad 
wood windows with double glazing, 
and while these windows would have 
been adequate for the original earth-
sheltered design, they fell well short 
of the performance needed for the 
Passive House building. When we dis-
cussed this with the manufacturer, they 
modified an existing insulated triple-
pane UPVC window product for the 
project. While they did not achieve the 
prescribed Passive House U-values, 
they were close enough. With some 
modification to both the standard win-
dow and the installation, we achieved 
satisfactory results, with field testing 
confirming the adequacy of the airtight 
performance. See table 3 (facing page) 
for the window values.

It was a year of 
discovery and growth, 

but in short, the 
building performed 

every bit as well 
as expected, thus 
demonstrating the 

accuracy and robust 
nature of the Passive 

House Planning 
Package software  

as an energy  
modeling tool. 

The Center for Energy Efficient Design, a K-12 school in Rocky Mount, VA, was conceived as a dem-
onstration of sustainable building practices. It’s being used to support the curriculum of the whole 
county and has sparked the interest of the entire region.
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Modeling for diverse usage
For the most part, the building is used 
by one teacher with about 24 students. 
But as a demonstration project, it must 
accommodate groups of up to 100 
people during tours and events. It was 
necessary to model the building with 
this very diverse usage to ensure that 
it would perform under all conditions. 
This being the first certified Passive 
House US public school, it could not 
be uncomfortable for the occupants, 
even for the briefest periods. American 
buildings are typically kept in a very 
tight comfort range in all climates, in 
all seasons, with massive heating and 

cooling systems. This building had to 
meet this American expectation: we 
might not have a second chance to 
prove the Passive House approach to 
potentially skeptical public policy  
makers. 

We therefore modeled the building 
with a worst-case scenario of 100-per-
son occupancy in midsummer with 
high humidity to determine mechani-
cal system loads. We found that under 
most conditions the building would 
require only minimal additional heat or 
cooling, but that under the worst-case 
design, after our stage-one ground 
loop, we needed about 2.5 tons (30,000 
Btu/hr) cooling to overcome the sen-

sible and latent loading from the occu-
pants. We adopted a two-stage strategy 
for heating and cooling (mechanical 
system details are below).

Made in the USA
We had been directed by the school 
board to use only US-made equip-
ment and materials. This presented a 
challenge with regards to the energy 
recovery ventilator (ERV). Most of the 
time, a small US-made ERV would 
handle the ventilation demand. During 
times of larger occupancy, however, a 
much larger airflow would be required. 
And a high-efficiency, large-capacity, 
variable-speed ERV was not available 
in the United States at the time. 

We contacted the US manufac-
turer of a smaller unit to discuss 
options, such as operating their units 
in series. During the discussions, the 
engineer for the company told our 
team they were working on the design 
of a prototype commercial-scale ERV 
based on their existing technology. In 
subsequent discussions it was agreed 
that our team would fund the prototype 
development, which would then be de-
ployed in the CEED. Over the next nine 
months, the team created a variable-
speed 200–2,000 CFM unit with a 
projected 90 percent efficiency. The 
field measurements to date indicate 
sensible efficiency at low speed of over 
95 percent.

The mechanical systems
The mechanical system employs a 
variable-speed rotary ERV with a two-
stage heating and cooling strategy. 
Stage one is preheating, precooling, 
and pre-dehumidification provided by 
a water-to-air heat exchanger in the 

R value 
(hr. ft2F/Btu)

U value
(W/m2K)

Slab 39.3 0.144

Concrete walls 33.4 0.170

Frame walls with brick 33.5 0.169

Frames walls with EIFS 42.3 0.134

Frame walls with EIFS no windows 45.5 0.125

North roof 68.0 0.084

South roof 59.6 0.095

Table 1: R- and U-values

Specific heat demand 3.69 kBtu/(ft²/yr) 11.64 kWh/(m2a)

Specific cooling demand 1.00 kBtu/(ft²/yr) 3.15 kWh/(m2a)

Specific primary energy 
demand

32.2 kBtu/(ft²/yr) 101.57 kWh/(m2a)

Depressurization test result 0.57 ACH50 0.57 h-1

Pressurization test result 0.61 ACH50 0.61 h-1

Pressurization test result 0.59 ACH50 0.59 h-1

Table 2: Demand

Table 3: Window Values

Glass SHGC 0.542 Glass 
SHGC

0.542

Rcog 7.41 (hr. ft2F/BTU/) Ucog
0.77 (W/m2K)

R frame 3.47 (hr. ft2F/BTU) U frame 1.63 (W/m2K)

YSpacer* .026 (BTU/hr.ft.F) YSpacer
0.045* (W/mK)

YInstallation .028 (BTU/hr.ft.F) YInstallation
0,050 (W/mK)

*Note: calculated PSI value was less; default PHPP value was used to be conservative.

nesea.org | 23

At BE13  “Commercial Passive House 
Design Principles,” both a half-day 
workshop and a session with Adam 
Cohen. Go to www.nesea.org/
buildingenergy for details.
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Broadway Renewable Strategies completes 
4 PV installations for town of Leicester
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National Grid facility earns LEED Gold
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LEICESTER, MA Broadway Electrical Company’s re-
newable division, Broadway Renewable Strategies, 
has recently completed 4 photovoltaic (PV) installa-
tions for the town at Leicester High School (172.48 
kW) Leicester Primary School (110.88 kW), Memo-
rial School (90.72 kW) and the Leicester Police Station 
(22.40 kW). On November 9, local offi cials, students, 
representatives from Broadway Renewable Strategies, 
and WPI students and faculty attended a ribbon-cut-
ting ceremony at Leicester High School. The four roof-
mounted solar systems are projected to collectively save 
the town $34,000 annually.

Broadway Renewable Strategies provided engineer-
ing, procurement, construction and fi nancing of each of 
the four PV systems. The NECA contractor will also 
own and maintain the solar systems. Broadway provid-
ed equipment and services in a Solar Power Purchase 
agreement with the town. The town has no capital invest-
ment in the system. Broadway will furnish these town 
facilities with solar-generated electricity at a defi ned, 
signifi cantly discounted per kWh rate, helping the town 

reap the signifi -
cant energy sav-
ings and protect 
the town’s bud-
get from future 
volatile energy 
prices.

B r o a d w a y 
supervised four 
fi eld crews com-
prised of a total 
of 17 licensed 
IBEW electri-
cians – a project 
executive and 
4 project fore-
men based out 
of IBEW Local 
103 and 12 li-

censed journeymen wiremen from IBEW Local 96 in 
Worcester. 

Leicester, Mass. Primary School

GRANTHAM, MA Warrenstreet Architects and Mile-
stone Engineering & Construction said that the South 
Cove Recreation Center has received the 2011 LEED 
Sustainable Building of the Year Award by the U.S. 
Green Building Council (USGBC) N.H. Chapter.  This 
was the fi rst year the USGBC-NH Chapter recognized 
LEED certifi ed buildings in N.H. completed between 
2009 and 2011. The Jordan Institute was the LEED 
Consultant for the project.  

 The South Cove Recreation Center is a 16,152 s/f 
community building located in the Eastman Communi-
ty Association.  It provides the community with a place 
to hold all recreation programs, houses a 25 yard three 
lane pool, 4 gathering rooms, a fi tness/exercise room 
and youth center for the children who live in the asso-
ciation.  The residents of Eastman had high standards 
of sustainability and we worked closely with them to 
achieve those standards.

Warrenstreet and Milestone’s 
South Cove Recreation Center 

project honored by USGBC-NH

New England Real Estate Journal

Promoting sustainable design & 
construction to the New England 

commercial real estate community. 
Contact us today to tell our 
25,000 readers your story.

John Picard, jpicard@nerej.com
800-654-4993
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intake of the ERV. This heat exchanger 
can circulate both solar-heated wa-
ter and a passive brine ground loop. 
Stage two is a 3-ton (36,000 BTU/hr), 
two-stage ground-source heat pump 
(GSHP), for additional cooling when the 
occupant load spikes. We discussed 
using a high-efficiency mini split heat 
pump unit for the second stage. This 
would have saved almost $25,000. But 
because there was no US-made unit, 
the school board opted for the US-
made GSHP. 

We also integrated a humidistat 
into the GSHP to combat the possibility 
of high humidity in summer. This was 
precautionary; our analyses indicate 
it probably will not be required with 
the dehumidification of the stage-one 
ground loop and the latent transfer of 
the enthalpy wheel. Additionally, we 
equipped the ERV with an automatic 
sensor (economizer) that controls a 
summer bypass to decrease tempera-
ture gain in the summer months.  

Control of the system proved to 
be problematic. US-made integrated 
controls for this type of system were 
prohibitively expensive, so we opted 
for a simple control system. The ERV 
is controlled by a CO2 sensor with four 
preset flow levels. We then installed 
two digital thermostats, one to control 
the water-to-air heat exchanger and 
one to control the heat pump. We could 
have used a single thermostat, but 
US “off the shelf” thermostats do not 
allow for three stages in the cooling 
mode, which meant we would not have 

the option of utilizing the two stages 
on the GSHP—which would ultimately 
lead to higher energy use. We put the 
thermostats in sync and programmed a 
2°F difference between stage one and 
stage two. 

During the two winters (2010 and 
2011) since the CEED was completed, 
stage-one heating (solar heat delivered 
through ventilation air) has been suf-
ficient—the stage-two GSHP has not 
even come on.
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CEED �rst-year energy usage: predicted and actual

Figure 1: First-year energy usage was very close to predictions.

First year: on target
When the CEED's first-year data (see 
figures 1 and 2, above) were analyzed, 
it was determined that the total might 
have been low due to low usage during 
initial occupancy—the building had to 
be flushed with air continuously before 
students occupied it, per USGBC LEED 
requirements. We examined the data 
available to us—the first 16 months of 
energy usage—and chose to look  

Figure 2: The first 12 months of energy usage was thought to be low due to low usage during initial 
occupancy—the building had to be flushed with air continuously before students occupied it.
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American buildings 
are typically kept in 
a very tight comfort 
range.  We had to 

meet this expectation: 
we might not have a 

second chance to prove 
the Passive House 

approach.
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at the highest 12-month aggregate (see  
figure 3, above). When examined, this 
total of 10,641 kWh virtually matched 
the predicted 10,686 kWh.

The energy usage was as projected 
for two reasons. The first is the dem-
onstrated accuracy of Passive House 
Planning Package software for heating 
and cooling energy prediction. The sec-
ond is the initial consultations with the 
intended user of the building to predict 
plug loads. We expect to see the 
plug-load portion of the energy usage 
fluctuate as the usage of the building 
changes and grows, but the first year 
certainly has demonstrated the accu-
racy and robust nature of PHPP as an 
energy-modeling tool. 		

Also gratifying for the design team 
were the results of the thermal comfort 
survey required by the USGBC
LEED process, conducted after 10 
months of occupancy. Not a single  
person reported any dissatisfaction 
with the thermal comfort of the build-
ing. Temperature, humidity, and air 
quality all passed muster, no matter 
the season. Another confirmation of 
the Passive House community’s  
methodologies.

Figure 3: From the 16 months of energy usage available, we chose to look at the highest 12-month 
aggregate.
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An active design/builder and green 
building expert, Adam Cohen is a princi-
pal partner in Structures Design/Build, 
LLC, and Passiv Structures, LLC. He is 
recognized as a national leader in the 
Passivhaus movement and has presented 
technical papers at both national and 
international Passivhaus conferences. 
His leadership in commercial Passivhaus 
design has made him a sought-after 
speaker, consultant, and teacher of ad-
vanced courses in Passivhaus ultra-low-
energy design.

Peer reviewer Jordan Goldman is the en-
gineering principal at ZeroEnergy Design, 
where he serves as a specialist in energy 
performance consulting, energy model-
ing, mechanical engineering, and HVAC 
design. He is a LEED Accredited Profes-
sional, a Passive House Consultant, an 
NAHB Green Verifier, and a HERS Rater. 
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Solar’s Role in Domestic Water Heating 
By Everett M. Barber Jr.

As the installed price for grid-tied solar 
electric systems continues to decrease, 
the question arises as to when, or if, the 
cost of solar electric systems for heat-
ing domestic water* will drop below that 
of solar thermal systems (SDHW) used 
for the same purpose. This two-part 
peer-reviewed article examines SDHW 
systems versus grid-tied solar electric 
systems serving air-source heat-pump 
water heaters (PV/ASHPWHs). Part one, 
published in the fall 2012 issue (with sup-
porting data for parts one and two), at-
tempted to quantify the first costs of the 
two systems. Part two, below, attempts 
to quantify cost of ownership. 
—The editors

In part one, we saw that in the United 
States, the installed cost of the most 
costly SDHW system we could find 
($12,000) is already greater than that 
of a PV/ASHPWH ($5.00/watt DC + 
$3000 ASHPWH) that provides the 
same amount of hot water. In other 
parts of the country, where the in-
stalled cost of a SDHW system is in 
the $7,000 to $8,000 range, the cost 
of a PV/ASHPWH must drop to be-
tween $2.50 and $3.00/watt before the 
two systems are equal in first cost. It 
remains to be seen whether the most 
costly SDHW systems will drop with 
competition.

But how do the two systems com-
pare in terms of owning costs?

Solar thermal versus solar electric: Is thermal still better for hot water? 

BUILDINGENERGY 13
PREVIEW

* Note that domestic water is defined here as potable water used for personal hygiene and for washing dishes and clothes—not water used for swim-
ming pools or for space heating. The latter types of loads are more likely to be met with large SDHW systems used in conjunction with other types of 
domestic water heaters—oil- or gas-fired, for example. Further, very small loads (5 to 10 gallons a day) are most likely to be met with small electric-
resistance water heaters. Solar installations for commercial water heating—apartment buildings, laundries, athletic centers, industrial processes, 
pool heating—are not considered here. 

Although the majority of consum-
ers make their buying decision based 
on first cost, a substantial minority  
often decide based on the owning 
costs. Components of the owning cost 
include engineering, such as roof 
structure assessment for a solar array; 
tree trimming or removal; installation 
of the system and any related systems; 
fuel to operate the appliance; expected 
maintenance; incentives for purchase, 

if any; expected longevity; replacement; 
and other costs related to long-term 
use. 

ST w/PHT & 

ELRHT

PV+

ASHPWH 

Installation	 $10,000 $11,018 

Replacement $1,458 $11,458 

Maintenance $1,944 $1,250 

Reshingle $2,500 $3,000 

Fuel $3,375 $0 

Total $19,278 $26,726 

Incentives were not included in this analysis because they vary so widely. If they are evenly balanced 
between solar thermal and solar electric, then the solar thermal system is likely to remain the less 
costly choice for some years.

0

5000

10000

15000

20000

25000

30000
25 Year Owning Costs W/O Incentives

Total; ST w/PHT & ELRHT; 
$19,278

Total; PV+ASHPWH; 
$26,727

Fuel

Reshingle

Maintenance

Replacement

Installation

As a generalization, and using 25 
years as the period of ownership, the 
SDHW system presently has the lower 
owning cost. However, as described 
below, a number of variables will affect 
the long-term outcome of this race. 
To make a straightforward comparison 
between the two system types, each 
was considered as a stand-alone. In 
reality, the PV/ASHPWH may be sold as
part of a larger solar electric system 

for whole-house loads. In that case, the 
cost of PV system components would 
be a portion of the cost of the larger 

Th
an

ks
 to

 D
av

id
 W

hi
te

 fo
r 

su
gg

es
tin

g 
th

is
 c

ha
rt

 fo
rm

at

Spring2013BuidlingEnergy.indd   28 1/16/13   12:24 PM



anyone’s guess. Also uncertain is the 
impact that tariffs, imposed on China 
to offset their dumping of PV modules 
and cells in the United States, will have 
on the continued decline in PV system 
costs. Unlike PV prices, SDHW system 
prices seem to vary widely across the 
country, with contractors charging what 
the market will bear. 

Finally, state and local incentives—
not included in this analysis—will play a 
significant role in which system type is 
less costly. If incentives are evenly bal-
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system. The same goes for main-
tenance costs. This could make the 
owning cost of the PV/ASHPWH system 
much closer to, if not less than, that of 
the SDHW system. A SDHW system is 
typically sold as a stand-alone system, 
and thus repair costs would not be pro-
rated. However, like the PV/ASHPWH, 
it may also be sold as part of a larger 
solar thermal space-heating system, in 
which case they could be prorated. 
The longevity of the ASHPWH is critical 
to the outcome of this comparison. 
ASHPWHs might last only 7 to 8 years 
on average, because the compressor 
fails, or the microcomputer fails, or 
the tank leaks, or the heat exchanger 
is fouled by deposits. The more often 
the system or its components must be 
replaced, the higher the 25-year own-
ing cost. 

The decline in PV system instal-
lation price is certainly ongoing, but 
where the installed price, currently 
about $5.00/watt DC, will level off is 

The impact that tariffs 
imposed on China will 
have on the continued 
decline in PV system 

costs is uncertain. 

ST incl. PHTank PV/ASHPWH

Total cost 25 yrs $19,278 $26,727

Water heating load/yr 3.2 occs.; 20 gpd 3.2 occs.; 20 gpd

Solar fraction 0.8 1.0

Fuel cost $0.13/kWh $0

Fuel cost escalation 0% 0%

Installed $ sol. sys. $10,000 $8,019

Installed $ ASHPWH not apply $3,000

Supplemental fuel $ $3,375 $0

FITC not used not used

State rebate not used not used

Local SREC not apply not used

Replace conventional htr. $700 every 12 yrs not apply 

Replace ASHPWH not apply $2500 every 10 yrs

Replace inverter not apply $2500 every 12 yrs

Replace solar array not required not required

ST system maintenance $700 every 9 yrs not apply

PV system maintenance not apply  $300. every 5 yrs

R&R array: reshingle $2500 every 20 yrs $3000 every 20 yrs

Tree shade removal ignored ignored

At BE13  “Solar Heating,” a session with 
Everett Barber and others. Go to www.
nesea.org/buildingenergy for details.

anced between solar thermal and solar 
electric, then the solar thermal system 
is likely to remain the less costly choice 
for some years.

The details of these considerations, 
along with supporting data, are below. 

Two systems
The graph on the facing page shows 
the estimates of the cost of ownership 
of two types of solar water heating 
systems over a 25-year period. One 
is an SDHW system that includes the 
solar preheat tank, and a separate 
storage-type electric resistance water 
heater as the supplemental heater. The 
other is a PV/ASHPWH, with an electric 
resistance supplemental heater in the 
same storage tank that is heated by the 
heat pump. The table summarizes the 
assumptions used here. For the spe-
cific assumptions used, see the table 
“Detailed Assumptions,” at left. 

Fuel cost
An estimate of the fuel cost to oper-
ate a given appliance is usually made 
by calculating the load, in this case 
the water heating load, and by using 
published data for the efficiency of the 
appliance (or, in its absence, measured 
fuel-cost data).

Incentives
Various incentives meant to stimulate 
the use of renewable energy equipment 
have been enacted at both the federal 
and state levels. While incentives can 
be very effective tools for promoting 
one technology over another, they are 
far from permanent. Some incentives 
reduce the first cost of an installation, 
while others reduce the owning cost. An 

Detailed Assumptions: 25-Year Owning Cost

Spring2013BuidlingEnergy.indd   29 1/16/13   12:24 PM



Peer Review 

“The technologies 
are in close competition”
By David White

I'm honored to have assisted Everett Barber with this article and to have 
learned from his wealth of experience with water heating systems, as well 
as his dedication to thorough research.

I agree with all of the article’s assumptions, with one exception: as-
suming the PV system is of typical 4 to 5 kW size, I would attribute only 
about one-third of inverter replacement and roof reshingling to the water 
heater. Making this adjustment to the cost-of-ownership analysis brings 
the PV/HPWH option almost to cost parity. I think the technologies are in 
close competition, and I hope this will drive excellence in the market. I 
expect the favorite for a given project will depend on the following factors, 
in order of importance:

• Repair and replacement costs of heat-pump water heater. This made up 
around 20 percent of cost of ownership in the analysis, and the new genera-
tion of devices may prove much better or worse than assumed. 

• Capital budget and subsidies specific to the project. On real projects 
these are very influential, although it remains useful to compare the cost of 
the two technologies independent of government support. 

• The predetermined use of PV on the project. This will affect domestic hot-
water system incremental cost and its impact on overall project complexity.

• Rooftop and/or interior space limitations. Especially related to the ther-
mal and acoustical design issues with heat-pump water heaters.

• Future management of a renewable energy grid (and associated pricing). 
Currently SDHW does the least to unbalance the grid, but in the future PV/
HPWH may actively stabilize it.

• Price and availability of various types of SDHW backup heating fuel.

• Specific project goals, e.g. net zero.

David White has been practicing building-energy efficiency since 1998. Through 
his office, Right Environments, he designs enclosures and mechanical systems 
for state-of-the-art residential buildings in the Northeast. He is an assistant 
professor at Parsons the New School for Design, where he teaches environ-
mental technology to architecture students. He has taught the Passive House 
Planning Package and THERM software to professional trainees since 2009, 
and he is currently collaborating with the German Passive House Institute on 
adaptation of the PHPP for humid climates.
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continued on page 42

example of the former is the Federal 
Income Tax Credit (FITC), which allows 
solar system buyers to subtract 30 
percent of the installed cost of a sys-
tem from their federal income taxes. 
The present solar FITC is set to expire 
at the end of 2016. An example of the 
latter is the production credit, such 
as Solar Renewable Energy Credits, 
or SRECs. This gives system owners a 
credit for the energy produced by the 
system over some period of time—15 
years, for instance. 

Incentives were not included in this 
analysis because they vary so widely 
from state to state and from one tech-
nology to another. (For detailed, cur-
rent information on federal, state, and 
local incentives, go to www.dsireusa.
org and search the region of interest.) 

Longevity
How long does a solar system last? 
The average life of nearly any product 
is represented by a bell-shaped curve 
whose peak is the “average” life. Some 
products fail sooner than average, oth-
ers fail years later. 

Assume that the SDHW system is 
an indirect, forced-circulation system, 
probably the most common type in 
the United States. Well-built collec-
tors should last 50 years. The life of 
the solar preheat tank will depend on 
its construction, the chemistry of the 
water it contains, its maximum tem-
perature, and other variables. A range 
for average tank life might be 8 to 15 
years (more on this below). The bal-
ance of system components, such as 
the coolant, circulator, pump control 
and sensors, and exterior pipe insula-
tion, can be expected to last at least  
20 years.

Assume that the solar electric 
systems considered here are for resi-
dential use and are grid-tied without 
battery backup. The solar electric sys-
tem may be paired with a conventional 
storage-type electric resistance water 
heater (PV/ERWH) or with an ASHPWH. 
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New Hampshire

The solar electric modules should 
last 20 years, at least. They may last 
longer, but there is very little experi-
ence with them much beyond 20 years. 
The longevity of inverters is a question. 
Of 24 systems I have been tracking for 
up to 8 years, about 40 percent of the 
inverters have needed replacement. 
Improvement in product quality is 
ongoing. 

For this analysis, an average life 
for an inverter was assumed to be 12 
years. Manufacturers’ warranties are 
typically 5 to 10 years, but longer are 
available at additional cost. The bal-
ance of system components, such as 
the wiring and combiner box and roof 
flashing, should last at least 20 years. 
See below for more about the expected 
life of tanks and the ASHPWH. 

Hot-water storage tanks are used 
with the solar thermal system and both 
solar electric system configurations. 
Construction varies, but the most com-
mon domestic hot-water tank by far is 
made of hot-rolled steel with a glass 
frit lining fired to the interior. The life of 
such a glass-lined steel tank depends 
on its construction and to a large extent 
on the water chemistry. If the water to 
be heated is acidic, with a pH between 
5.0 and 6.0, it may last no more than 
7 to 9 years. If the pH is greater than 
7.0, then it may last 15 years, perhaps 
longer. Note that most domestic hot-
water tanks carry a 5-year warranty. 
Some manufacturers offer a 10-year 
warranty, at extra cost. 

The longevity of ASHPWHs is dif-
ficult to prognosticate indeed, since 
we have no long-term experience with 
them. If we base their expected service 
life on experience in the 1970s and 
1980s, then 2 to 3 years might be a 
realistic estimate. However, it is likely 
that the major appliance manufactur-
ers now producing them have improved 
their longevity. Another aspect of 
ASHPWHs is installation and service. 
They’re typically installed by a plumber 
but must be serviced by a technician 
with a refrigeration mechanic’s or 
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The Real Costs and Benefits of Solar Electricity 

By Fred Unger

We’ve been hearing for years that solar 
energy generation is too expensive. But 
utility pricing mechanisms don’t reflect 
the actual costs and benefits of the 
resources that provide our energy. Cur-
rent electricity prices reflect neither 
the costly “externalities” of fossil- and 
nuclear-fueled generation, nor the real 
benefits of solar to ratepayers and to 
the electric utility system. When both 
are assessed appropriately, a new 
picture emerges: solar energy is an 
abundant, reliable, cost-effective, and 
low-risk energy solution that saves 
ratepayers money.  

Solar is plentiful
Public policy around energy should 
start with a clear understanding of the 
resources available. Despite recent  
advances in fossil energy extraction 
technologies, solar remains by far 
the most plentiful energy resource 
available to society. The chart1 at 
right offers a compelling overview of 
the relative scale of available energy 
resources.

Solar helps reduce peak loads
Solar electricity generation reduces 
costs to all ratepayers at periods of 
high electricity demand. SUNY Atmo-
spheric Sciences Research Center 
professor Richard Perez and his as-

Solar is delivering on its promise today, but our utility policy and regulatory 
framework is lagging behind

BUILDINGENERGY 13
PREVIEW

sociates show that peak demand on 
the US grid is driven primarily by air 
conditioning usage, which in turn is 
driven by the sun. They prove that be-
cause peak demand occurs around the 
same time that solar generators are 
performing at maximum output, solar 
is uniquely suited to providing energy 
when the grid is close to peak demand 
and prices are high.2

Wholesale electricity prices in 

New England averaged less than 3.4 
cents per kilowatt hour (kWh) for the 
12 months ending October 31, 2012. 
But there were 233 hours in the year 
that real-time prices were more than 
double the average, reaching as high 
as 41.5 cents per kWh for New Eng-
land as a whole, 56 cents in the Boston 
area load zone, 55.7 cents in Rhode 
Island, and 56.9 cents in Connecticut.3 
Because solar generation reduces 

SOLAR10

23,000 TWy/year

2009 World energy
consumption
16 TWy/year

2050: 28 TWy
TIDES
0.3 per year

0.3  2 per year
Geothermal

3-4 per year
HYDRO

2-6 per year
Biomass

3-11 per year
OTEC

© R. Perez et al. 900
Total reserve

90 300
Total

240
Total

215
Total

25 70
per year

Waves1
0.2-2

Natural Gas

Petroleum

Uranium

COAL

renewable                                                    �nite} }

1. Perez, R. and M. Perez (2009): A fundamental look at energy reserves for the planet. The IEA SHC Solar Update, Volume 50, pp. 2-3, April 2009. 
http://www.iea-shc.org/publications/downloads/2009-04-SolarUpdate.pdf 
2. Perez R., K. Zweibel & T. Hoff (2011): Solar Energy in the US—Too Expensive, or a Bargain? Submitted to Energy Policy. 
http://www.asrc.cestm.albany.edu/perez/2011/solval.pdf
3. Hourly Zonal Information - 2011 & 2012 SMD Hourly Data (2012), ISO New England, http://iso-ne.com/markets/hstdata/znl_info/hourly/index.html

Solar is our most plentiful energy resource. Total known recoverable reserves in 2007 are shown 
for finite resources, while annual available energy is shown for renewable resources. All resources 
shown in terawatt-years.
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demand for electricity needed from 
gas-fueled generating plants at times 
when wholesale electricity costs are 
highest, it provides substantial savings 
for ratepayers. This benefit is over-
looked in policy, regulatory, and rate 
discussions. 

A net gain for ratepayers
International and US studies show 
that investments in solar technology 
can provide a net economic benefit to 
ratepayers.

In Germany, the Institute for Future 
Energy Systems has found that solar 

power has reduced the price of elec-
tricity by 10 percent on average, and 
by up to 40 percent during peak hours, 
when costs are typically highest.4  
German prices during afternoon hours  
are running lower than at 2 a.m.5 The 
chart above6 shows the average daily 
price curve for energy in Germany  
on EPEX, the European Power  
Exchange.

A recent study suggests that in 
Texas, major deployment of solar in 
2011 would have saved ratepayers 
between 20.6 cents and 33.3 cents per 
kWh of solar energy produced.7

In Massachusetts, a 2008 study by 

Synapse Energy Economics Inc.8 pro- 
jects that if solar were to meet just 1 
percent of the state’s demand by 2020, 
it would displace 356 GWh of purchases 
from the wholesale market. Since solar 
production and peak electrical demand 
more or less coincide, the reduction of 
peak demand would drop the state’s 
average annual wholesale market 
prices by 0.4 percent. That may sound 
small, but multiplied by the remaining 
projected 68,094 GWh load, the benefit 
to Massachusetts customers would be 
about $23 million.9 Since solar in Mas-
sachusetts affects the entire ISO New 
England electricity supply, that invest-
ment would provide a price suppres-
sion benefit to New England ratepayers 
of 14 cents per kWh of solar generated. 
And that is before valuing the energy, 
the environmental benefits, the long-
term price volatility hedge, and other 
factors that should be included to ap-
propriately price solar energy.

In estimating the societal benefits 
of solar PV, Perez et al account for 
savings to the utility system via cost re-
ductions associated with peak demand, 
increased grid resilience, and other 
benefits that generally aren’t consid-
ered in electricity market pricing. They 
suggest that the total value to ratepay-
ers is between 15 and 41 cents. 10, 11
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PV-Stromproduktion

Durchschnittliche Tagespreiskurve
an der EPEX-Börse im Jahr 2007

Durchschnittliche Tagespreiskurve
an der EPEX-Börse im Jahr 2011

4. Shahan, Z. (2012): Solar PV Reducing Price of Electricity in Germany, Clean Technica. 
http://cleantechnica.com/2012/02/09/solar-pv-reducing-price-of-electricity-in-germany/
5. Parkinson, G. (2012): Euro utilities declare war on solar PV, Renew Economy.
http://reneweconomy.com.au/2012/euro-utilities-declare-war-on-solar-pv-57935
6. Leprich, U. (2012): Preissenkende Effekte der Solarstromerzeugung auf den Börsenstrompreis
(Price-lowering effects of solar power generation on the spot electricity prices), presentation to IZES (Institute for Future Energy Systems).
http://www.solarwirtschaft.de/fileadmin/media/pdf/120131_Pr%C3%A4sentation_Preiseffekte_von_PV.pdf
7. Weiss, J., and O. Aydin (2012): The Potential Impact of Solar PV on Electricity Markets in Texas, presentation for Solar Energy Industries Association. 
http://www.seia.org/sites/default/files/2012-Brattle-Group-Report-Potential-Impact-of-Solar-PV-on-Electricity-Markets-Texas-Slides-6.19.12.pdf
8. Drunsic, M., D. White, and R. Hornby (2008): Impacts of Distributed Generation on Wholesale Electric Prices and Air Emissions in Massachusetts, 
Synapse Energy Economics. 
http://www.synapse-energy.com/Downloads/SynapseReport.2008-03.MTC.Price-and-Emissions-Impacts-of-DG-in-MA.07-080.pdf
9. Since Massachusetts’s load represents only about 46 percent of the overall ISO New England load affected by this peak-demand reduction, the total 
price impact of that 1 percent PV share of Massachusetts load would be an overall wholesale price savings to New England ratepayers of about $140/
MWh or 14 cents per kWh of solar generated ($23,000,000 / 356,000 MWh = $64.61 per MWh / 0.46 = $140.45 per MWh).
10. Perez, R., K. Zweibel, and T. Hoff (2011): Solar Energy in the US—Too Expensive, or a Bargain? Submitted to Energy Policy. http://www.asrc.cestm 
.albany.edu/perez/2011/solval.pdf
11. Perez, R., and T. Hoff (2008): Energy and Capacity Valuation of Photovoltaic Power Generation in New York. Published by the New York Solar Energy 
Industry Association and the Solar Alliance. http://www.asrc.cestm.albany.edu/perez/publications/Utility%20Peak%20Shaving%20and%20Capacity%20
Credit/Papers%20on%20PV%20Load%20Matching%20and%20Economic%20Evaluation/Energy%20Capacity%20Valuation-08.pdf

The average daily price curve for energy in Germany on the European Power Exchange shows how 
solar power has reduced the price of electricity by up to 40 percent during peak hours.
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Resource Initial Cost 
Risk

Fuel, O&M 
Cost Risk

New Regula-
tion Risk

Carbon Price 
Risk

Water Con-
straint Risk

Capital 
Shock Risk

Planning 
Risk

Biomass Medium Medium Medium Medium High Medium Medium

Biomass w/ incentives Medium Medium Medium Medium High Low Medium

Biomass Co-firing Low Low Medium Low High Low Low

Coal IGCC High Medium Medium Medium High Medium Medium

Coal IGCC w/ incentives High Medium Medium Medium High Low Medium

Coal IGCC-CCS High Medium Medium Low High High High

Coal IGCC-CCS w/ incentives High Medium Medium Low High Medium High

Efficiency Low None Low None None Low None

Geothermal Medium None Medium None High Medium Medium

Geothermal w/ incentives Medium None Medium None High Low Medium

Large Solar PV Low None Low None None Medium Low

Large Solar PV w/ incentives Low None Low None None Low Low

Natural Gas CC Medium High Medium Medium Medium Medium Medium

Natural Gas CC-CCS High Medium Medium Low High High Medium

Nuclear Very High Medium High None High Very High High

Nuclear w/ incentives Very High Medium High None High High Medium

Onshore Wind Low None Low None None Low Low

Onshore Wind w/ incentives Low None Low None None None Low

Pulverized Coal Medium Medium High Very High High Medium Medium

Solar - Distributed Low None Low None None Low Low

Solar Thermal Medium None Low None High Medium Medium

Solar Thermal w/ incentives Medium None Low None High Low Medium

RELATIVE RISK EXPOSURE OF NEW GENERATION RESOURCES

Less risk, more grid and 
price stability
Solar also reduces the risk of electrical 
system disruption during high-demand 
periods, when problems are most 
likely. Research by Perez and Steven 
Letendre indicates that distributed 
photovoltaics could help prevent major 
power outages and moderate peak 
pricing in wholesale energy markets. 
They argue, “Dispersed, grid-con-
nected PV systems’ contribution to the 
electric industry should be understood 
in the context of both grid support and 
as a provider of electricity during the 
hours of peak demand.”12

Ronald J. Binz, chairman of the 
Colorado Public Utilities Commission 

from 2007 to 2011, and his associates 
support this view in an extensive study 
on utility risk mitigation. They con-
clude, “The US electric utility industry 
has entered what may be the most 
uncertain, complex and risky period in 
its history. . . . These challenges call 
for new utility business models and 
new regulatory paradigms.” The first of 
seven primary risk-reduction strate-
gies identified in this report is to di-
versify utility supply portfolios “with an 
emphasis on low-carbon resources and 
energy efficiency.”13 Binz et al summa-
rize the risks of various energy
technologies in the chart above, which 
shows distributed solar to have the 
lowest risk profile of any generation 
resource. 

Utility operators and regulators 
often express concern about the impact 
of intermittent resources on grid reli-
ability and power quality. The German 
experience has made the strong case 
for a modernized grid that utilizes so-
lar and other distributed generation to 
stabilize the system. On Saturday, May 
26, 2012, in Germany, solar provided 
energy equivalent to 20 large nuclear 
plants running at full capacity. For the 
first time anywhere, solar provided 50 
percent of the peak load. 14 Renewables 
International reports 15 that since shut-
ting down 8 of its 17 nuclear plants and 
substituting renewables, the German 
grid has experienced the least down-
time on record. As the article asserts, 
“Germany clearly demonstrates that 
a very high level of grid reliability is 
feasible with a high penetration level of 
intermittent wind and solar power.” 

Because solar generators have no 
fuel and minimal operating and main-
tenance costs, almost all the cost of 
solar goes toward repayment of initial 
capital investment. Thus pricing of so-
lar energy is highly predictable and can 
be fixed long-term, providing ratepay-
ers a hedge against fuel-price volatility. 

12. Letendre, S., and R. Perez (2006): Understanding the Benefits of Dispersed Grid-Connected Photovoltaics: From Avoiding the Next Major Outage to 
Taming Wholesale Power Markets. The Electricity Journal, 19, 6, 64-72. 
http://www.asrc.cestm.albany.edu/perez/publications/Utility%20Peak%20Shaving%20and%20Capacity%20Credit/Papers%20on%20PV%20Load%20
Matching%20and%20Economic%20Evaluation/understanding%20benefit%20of%20dispersed%20grid-connected%20PV-06.pdf
13. Binz, R., R. Sedano, D. Furey, and D. Mullen (2012): Practicing Risk-Aware Electricity Regulation, a Ceres report. http://www.rbinz.com/Binz%20 
Sedano%20Ceres%20Risk%20Aware%20Regulation.pdf 
14. Kirschbaum, E. (2012): Germany sets new solar power record, institute says, Reuters.
http://www.reuters.com/article/2012/05/26/us-climate-germany-solar-idUSBRE84P0FI20120526
15. German grid reaches record reliability in 2011 (2012): Renewables International. http://www.renewablesinternational.net/german-grid-reaches-
record-reliability-in-2011/150/537/56183/
16. Quote and solar production statistics provided by e-mail from Jigar Shah.

Pricing of solar energy 
is highly predictable, 
offering ratepayers a 
hedge against fuel-

price volatility.

Distributed solar has the lowest risk profile of any generation resource, thus tempering electricity 
price increases and volatility.

C
ou

rt
es

y 
of

 C
er

es

34 | Spring 2013 BuildingEnergy

Spring2013BuidlingEnergy.indd   34 1/16/13   12:25 PM



C
ou

rt
es

y 
of

 C
er

es

$0

$4,000

$8,000

$12,000

$16,000

$20,000
$18,000

$14,000

$10,000

$6,000

$2,000

Comparison of U.S. and German Solar Costs

U.S. Solar Costs German Solar Costs

Supply Chain

Labor

Electrical/Hardware

Inverter

Module

Pro�t

Sales Tax

Overhead

Customer Acq.

Permitting

“Hard costs” are way down, but “soft costs” are higher than necessary. The installed cost of residen-
tial solar systems in the United States is about twice that of comparable systems in Germany.

As the solar industry grows, 
costs drop 

In 2011, over $93 billion was invested 
in new solar projects globally—signifi-

cantly more than in new natural gas, 
coal, or nuclear generating plants. In 
2012, global solar installations grew by 
an additional 30 percent. As the  
industry grows, efficiency of scale 

drives down costs. 
“Hard costs” have dropped dra-

matically. Panel costs, which were 
around $4 per watt in 2008, were under 
a dollar in 2012. 

Capital costs are also dropping. 
Solar has the lowest technology risk 
or performance risk of any generat-
ing technology, explains Jigar Shah, 
founder of SunEdison, now one of the 
largest solar development companies 
in the world: “With zero fuel risk and 
creditworthy maintenance providers, 
capital markets are starting to com-
pare solar projects to low-risk bonds, 
leading to much lower costs of capital 
than other energy investments.” 16 

However, “soft costs” for permit-
ting, interconnection, subsidy compli-
ance, and labor-related regulations are 
higher than necessary. Rocky Mountain 
Institute has found that in Colorado, 
such costs can account for up to 40 
percent of the installed price of a PV 
system.17 As illustrated by the chart 
at left, Akeena Solar founder Barry C
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Increasing the contribution of solar 
generation to the electrical grid will 
reduce costs, risk, and price volatility 
for ratepayers, increase grid reliability, 
and significantly reduce the environ-
mental impacts of our energy system. 
We couldn't really ask for much more, 
could we?  

If electricity prices reflected the 
real costs of conventional fuels and 
the full benefits of solar energy to 
ratepayers, and regulatory obstacles 
to efficient solar deployment were 
streamlined, solar would be growing 
even faster than it already is, without 

17. Vaughn, K. (2012): Building Solar Friendly Communities in Colorado, Rocky Mountain Institute http://blog.rmi.org/blog_building_solar_friendly_
communities_in_colorado.
18. Cinnamon, B. (2012): Cut the Price of Solar in Half by Cutting Red Tape, Forbes. http://www.forbes.com/sites/toddwoody/2012/07/05/cut-the-price-
of-solar-in-half-by-cutting-red-tape/
19. World Energy Outlook 2012 (2012) International Energy Agency http://www.iea.org/Textbase/npsum/weo2012sum.pdf
20. Gray Davidson, O. (2012) Germany Has Built Clean Energy Economy U.S. Rejected in ’80s, Bloomberg, http://www.bloomberg.com/news/2012-11-
13/germany-has-built-clean-energy-economy-u-s-rejected-in-80s.html

Increasing the 
contribution of solar 

generation to the 
electrical grid will 
reduce costs, risk, 

and price volatility for 
ratepayers, increase 
grid reliability, and 

significantly reduce the 
environmental impacts 
of our energy system. 

Northeast Sun
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Call 413.549.7919 for a FREE CONSULTATION

I N T E G R I T Y
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 Reduce your energy costs and increase your comfort
•  Create a continuous thermal envelope by upgrading insulation and replacing old windows and 

doors with energy-effi  cient models
•  Install new high-effi  ciency heating, AC and hot water systems to lower your long-term utility bills

110 Pulpit Hill Rd., Amherst  •  www.integbuild.com

Cinnamon has shown that the installed 
cost of residential solar systems in 
the United States is about twice that 
of comparable systems in Germany.18 
While the disparity is not nearly as 
extreme with larger systems, soft costs 
are high in most of the United States, 
often due to well-intended policies that 
add unnecessary complexity. Reducing 
regulatory burdens and bringing down 
the soft costs of solar will increase 
solar’s benefit to ratepayers and should 
be a policy priority.

We need a new policy and 
regulatory perspective	

The International Energy Agency 
World Energy Outlook 2012 report 
projects that renewables will become 
the world’s second-largest source of 
power generation by 2015 and ap-
proach coal as the primary source of 
global electricity by 2035.19 Solar, wind, 
and biomass now provide 25 percent of 
Germany's electricity, and the Ger-
man government has set a target of 80 
percent by 2050.20 Here in the United 
States, we have yet to even acknowl-
edge the value solar energy provides in 
our regulated electricity market
systems.

the need for today’s complex and inef-
ficient subsidies. 	

Deeper consideration of these 
significant solar benefits could help 
inspire development of utility regula-
tory paradigms better suited for the 
21st century. 
Copyright 2012, Fred Unger, Providence RI

Fred Unger has been involved with  
NESEA since 1979. He served on the 
board for six years and chaired the 
BuildingEnergy conference in 2003. He 
has worked as a builder and real estate 
developer. For the last five years he has 
managed operations for a solar project 
development company with 62 intercon-
nected systems operating and many more 
in development. His company website is 
www.heartwoodsolutions.com.

Peer reviewers: Warren Leon, Richard 
Perez, Jigar Shah, Barry Cinnamon, Seth 
Handy, John Abrams, Pentti Alto, Rob 
Meyers, Bill Ferguson, Scott Englander, 
Fran Cummings, Joel Gordes.

Special thanks to past NESEA Board 
member Dr. Richard Perez for so much 
of the primary research that this article 
depends on.
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Zero Energy and Beyond in Devens, MA  

By R. Carter Scott

My Massachusetts-based company, 
Transformations Inc., had already built 
several double-studded homes with 
Home Energy Rating System (HERS) 
indexes as low as -4 when MassDe-
velopment—the state’s finance and 
development authority—was looking to 
showcase sustainable housing in 2009. 
They put out a request for qualifica-
tions for developer/builders to design 
and build moderately priced single- 
and multifamily homes at their Devens, 
MA, residential community. The goal: 
to provide an example of sustainably 
built zero or near-zero net energy 
housing that was practical and repli-
cable in the state.	

At Transformations, we enjoy being 
on the creative edge of energy-efficient 
building, and part of our mission is to 
share what we learn with others. The 
MassDevelopment project presented 
an opportunity to take things to the 
next level—to continue the innovations 
and help get the word out on affordable 
zero-energy homes. We seized that op-
portunity, and we made the most of it. 
Here's the story.

The dream team gets the job
I contacted Betsy Pettit of Building 
Science Corporation (BSC) and asked 
her if we could get assistance under 
the Department of Energy’s Building 
America program. Building America 
is a public/private partnership work-
ing to accelerate the development and 
adoption of innovative building pro-
cesses and technologies for produc-
tion housing, and BSC leads one of the 

A MassDevelopment residential community showcases homes that produce more 
energy than they use

BUILDINGENERGY 13
PREVIEW

program’s five teams. They have many 
staff members who have consider-
able experience with energy efficient 
enclosures. I proposed to advance 
zero-energy homes via the Devens sus-
tainable housing project and two other 
Transformations developments. Betsy 
agreed and proceeded to line up talent 
within her company: Kohta Ueno, Dan-
iel Bergey, and Honorata Wytrykowska. 

We started with a charette at Joe 
and Betsy's barn in Westford—10 
engineers and 4 architects. I invited 
several building-science engineers and 
architects whom I had worked with in 
the past: Marc Rosenbaum, Mark Kelly, 
Mike Duclos, Ben Nickerson, and Paul 
Panish. In addition, Rick Gilles, Bryan 
Urban from Fraunhofer, and Luke McK-
neally from Solar Design Associates 

Not as traditional as it looks: This saltbox-style home’s expansive rear roof (seen on the next page)
is covered with PV.

came out to help. Joe Lstiburek and 
John Straube rounded out BSC talent 
at the charette. 

We used the 2008 Farmhouse, a 
Transformations design that had been 
built in Townsend, as a base model and 
picked it apart. We were looking for 
ways to increase efficiency, bring down 
costs, and improve the aesthetics of the 
homes. With all of the group's intense 
conversations, it took five hours to 
get though about 25 slides! Ventila-
tion (heat recovery ventilator versus 
bathroom exhaust fans), keeping the 
basement in the thermal envelope, and 
roof-integrated photovoltaics (leaking 
concerns, cost concerns) were among 
the topics discussed.	

We submitted the resulting pro-
posal, and MassDevelopment chose 
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Transformations to build the eight sin-
gle-family homes at Devens, and in the 
summer of 2011 we began construction 
on the first two. The first home was 
sold by October. We had planned on a 
three-and-a-half-year build-out, but by 
the following October, all eight homes 
were either sold or under agreement. 
Zero-energy homes and the great 

Harvard public schools seemed to be a 
potent combination.

Getting to zero energy
Walls. All of the home designs started 
with our standard superinsulated shell. 
We built 12-inch-thick, double-studded 
above-grade exterior walls with 2x4s at 
16 inches on center (OC) for the outside 
walls, a 5-inch gap, and 2x4s at 16 
inches OC for the inside walls. We filled 
this with low-density (open-cell) foam 
for an R-value of 45.6 (R-3.8/inch). The 
attics were sprayed with 18 inches of 
cellulose for an R-value of 63.

Basement. We added about 3.5 inches 
of high-density (closed-cell) foam on 
the basement foundation walls for an 
R-Value of 20 (R-6/inch) and put 2-inch 

rigid XPS under the slab for R-10. This 
was a result of the charette and the 
analysis with BSC.

Windows. Triple-glazed windows 
(mostly from Harvey Industries) with a 
U-value of 0.21 (about R-5). 

Hot water. We took Betsy's suggestion 
of a propane Navien instantaneous hot-

water heater in the basement. 

Heating and cooling. Mitsubishi 
dual-stage air-source heat pumps 
(MSZ-FE12NA indoor units and MUZ-
FE12NA outdoor units). These units 
have a Seasonal Energy Efficiency 
Ratio (SEER) rating of 23 for cooling 
and a HSPF rating of 10.6 for heating. 
They put out 92 percent of their rated 
capacity at 5 degrees F and 58 percent 
down at -13 degrees F. We chose these 
mini-splits because of price (around 
$3,000 installed per floor), efficiency, 
and reliability.

We modeled the homes with 
RemRate software and found that 
they produced a HERS index of around 
40. To get to zero energy, we typically 
added a roof-mounted 7.92 kW solar 
electric (PV) system. The Greek Revival, 

Victorian, and Farmhouse designs 
had the gable end to the street so the 
long roof could face south. We wanted 
to both have a good street view and 
maximize the PV system. These homes 
have three bedrooms as a standard, 
and a bonus room that can be finished 
off later as a fourth bedroom, office, or 
recreation room. HERS indexes came 
in at 7 and 8 on these designs. Without 
the bonus room in the heated envelope, 
the HERS index came in at 0.

Going further: net producing homes
With a zero net energy home, you 
eliminate your share of the 48 percent 
of carbon emissions that come from 
the building sector—and you don't have 
any utility bills to pay. We now can go 
beyond this and start to address the 33 
percent of carbon emissions that come 
from the transportation sector.

By increasing the roof area relative 
to the living area, Transformations built 
homes that produce considerably more 
energy than they use. The lots were 
laid out such that the rear of three of 
the homes would face south. We evalu-
ated the traditional forms and decided 
that the ranch and saltbox styles could 
take best advantage of this roof area. 

These homes allowed for a first-
floor master bedroom, which was 
becoming more popular. They also let 
us put the PV system on the back of 
the garage as well as the main roof. A 
custom version of a saltbox model with 

Cooler than a pool: This backyard PV system was estimated to produce enough extra power annually 
to run a Chevy Volt 30,000 miles.

By increasing the roof 
area relative to the 
living area, we built 
homes that produce 

more energy than 
they use.
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an 18.33 kW PV system was completed 
in the spring of 2012. The final certified 
HERS index was -21. It was estimated 
to produce 10,200 kW hours more 
than it consumed annually—enough 
to power a Nissan Leaf or Chevy Volt 
for 30,000 miles, given a .34 kWh/
mile average. Another saltbox built on 
speculation sold for $360,000 in the 
late summer of 2012. It had a first-floor 
master bedroom and two upstairs bed-
rooms. With its 16.31 kW PV system, 
it had a HERS index of -37. The ranch 
model was customized and completed 
in the fall of 2012. Its 17.28 kW PV sys-
tem gave it a HERS rating of -36.

Resiliency gets put to the test
The 12-inch-thick walls not only reduce 
energy usage, but also allow the inte-
rior temperature to coast down gently 
during winter power outages. We had 
data loggers in one of our superin-
sulated, airtight homes in Townsend 
when it was without power for seven 
days in the December 2008 ice storm. 
In an eight-hour overnight period, with 
the temperatures in the 20s outside, 
the home lost just 3.6 degrees F. Many 
others in town suffered broken pipes. 

Further, we can now offer vehicle-
to-home back-up power. I recently 
purchased a 2 kW "plug out" inverter 
that runs off my Prius to power my es-
sential loads during power outages.

Monitoring for moisture and comfort
How do 12-inch-thick walls perform 
over time? What happens with mois-
ture in these walls? How does the 
low-density foam compare with cel-
lulose? Are home owners comfortable 
with one point-source heating and 
cooling per floor? How is air infiltration 
reduced in these homes? We looked 
at these questions and others. To give 
some answers to these questions, BSC 
prepared, and recently submitted to the 
National Renewable Energy Laboratory 
(NREL), a 70-page technical report. 
The study confirmed a suspicion that 
the cellulose walls would contain more 
moisture than the low-density foam 
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walls (28 percent versus 18 percent in 
the north wall). It also confirmed that 
most home owners were comfortable 
with just one point of heating and cool-
ing per floor.

In sum: another model community
The Devens project has been a re-
sounding success on many levels. 
These homes met the goals of MassDe-
velopment, which was pleased with the 
aesthetics, the pace of homes sales, 
and the energy efficiency. MassDevel-
opment sponsored two zero-energy 
home workshops to help get the word 
out to other builders and developers. 
The buyers were happy to have well-
built homes and little to no energy cost, 
and in some cases, credits as high a 
$100 per month. The DOE extended the 
Building America program for BSC to 
continue our work together. And Trans-

PioneerValleyPhotoVoltaics 

2 (        ) ™ 

a   w o r k e r - o w n e d c o o p e r a t i v e 

311 Wells Street, Suite B, 
Greenfield, MA 01301
413.772.8788

185 Main Street, Suite 202, 
New Britain, CT 06051
860.827.8599

www.pvsquared.coop
MA Elec. Lic. A13764 and MA HIC 140077

SOLAR POWER FOR 
SUSTAINABLE 
COMMUNITIES

Selling and

Servicing

Renewable

Energy 

Systems

formations was pleased with another 
model community designed and built to 
advance energy efficient construction 
in the Northeast.

R. Carter Scott is president of Transfor-
mations Inc., a Massachusetts company 
that develops and builds zero-energy 
residential communities, builds zero-
energy custom homes, and installs solar 
electric systems for home owners, other 
builders, and commercial clients. 
www.transformations-inc.com

Peer reviewer Andrew Webster is a de-
signer and project manager at Coldham 
& Hartman Architects in Amherst, MA.
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building inspector may require an opin-
ion letter from a licensed structural 
engineer vouching for the structural 
integrity of the roof. The opinion letter 
can cost between $700 and $1,500.

Shingled roofs typically need 
reshingling every 20 to 25 years. If a 
solar array is installed over shingles, it 
should be removed when a new layer is 
applied or when shingles are replaced. 
The removal and remounting can be a 
significant and unexpected cost to the 
home owner. 

Tree shade can significantly reduce 
the expected output of a solar array. 
Even after deciduous trees have lost 
their leaves, reductions of between 30 
percent and 65 percent are common 
from tree branches without leaves. 
Tree or limb removal can be costly.

The longevity of a given ASHPWH 
system will be affected by the service 
tech’s decision to repair or replace 
the system. While the least cost to 
the home owner may be the repair 
of a component by a knowledgeable 
technician, it is often easier—and more 
profitable—for a technician, especially 
a less knowledgeable one, to replace 
an entire system than to figure out how 
to make the repair. 

Solar’s Role in Domestic Water Heating
from page 31

heating contractor’s license. The new 
systems include the heat-pump com-
pressor, evaporator, condenser, stor-
age tank, microprocessor, and supple-
mental electric resistance heater as an 
integral unit. They are indeed a tightly 
integrated system. If the tank leaks, 
the entire unit must be replaced. If the 
compressor fails, it is likely that the 
entire unit will have to be replaced. For 
the owning cost analysis, a 10-year life 
was assumed, since most of the units 
carry a limited 10-year warranty. There 
is a very informative online forum on 
ASHPWHs that I recommend to anyone 
considering them: http://www.thetank 
atwaterheaterrescue.com/forums/
forum3/2544-1.html. There is also a 
recent (June 26, 2012) comprehensive 
study by Steven Winter Associates: 
“Heat Pump Water Heater, Evaluation 
of Field Installed Performance.”

Other costs and considerations
In some localities, before a solar array 
can be placed on the roof, the local 

Where available roof 
area is a factor, the 

greater output-per-unit 
area of a solar thermal 
system may influence 

the water heating 
system choice.  

 

ASHPWHs draw heat from the 
surrounding atmosphere. If that heat is 
supplied by the house heating system, 
it will lower the system’s effective COP 
(coefficient of performance). In most 
of the country, the ASHPWHs must be 
located indoors, in a space 1,000 cubic 
feet or larger. Removal of heat from 
that space cools and dehumidifies it 
year-round. During the cooling season, 
that heat and moisture removal are 

usually welcome. During the heating 
season, that heat removal will add to 
the cost of heating the house. 

Where available roof area is a fac-
tor, the greater output-per-unit area 
of a solar thermal system may influ-
ence the water heating system choice. 
A solar thermal system will put out at 
least four times as much energy per 
square foot as a PV/ERWH, and about 
1.5 times as much compared to a PV/
ASHPWH.

Factors beyond the designer’s 
control: The SDHW will not perform 
well when the system owner fails to 
notice that it is not collecting heat and 
the supplemental heater is automati-
cally providing all of the hot water. The 
PV/ASHPWH system will not perform 
well if placed in a closet or other 
small space, or when the owner fails 
to change the intake air filters regu-
larly, or does not notice that the ASHP 
has stopped heating the tank and the 
electric resistance element is doing 
all the water heating. Import tariffs of 
between 30 percent and 250 percent, if 
imposed, will have a dramatic impact 
on the installed cost of PV systems.  

Learn more: Portions of this article were 
omitted due to space constraints. For an 
extended version, please contact the au-
thor directly: everett.barber@gmail.com.

Everett M. Barber recently coauthored 
Convert Your Home to Solar Energy, a 
consumer’s guide to solar applications 
(Taunton Press). He is now working on a 
design guide for commercial and in-
dustrial solar thermal systems. He was 
founder and past president of Sunsearch 
Inc., a solar thermal/solar electric de-
sign, build, and service firm in southern 
New England (1975–2007), as well as an 
associate professor (adjunct/retired) of 
building environmental technologies at 
Yale School of Architecture (1972–1998).

Acknowledgments: Thanks to David 
White for many valuable discussions, ed-
its, and improved graphics; Marc Rosen-
baum, PE; David Madigan, PE; Gene 
DeJoannis, PE; Paul Popinchalk, PE; and 
Tom Lane.
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www.buildinggreen.com/uc/BGI

Become a member for only $5 (Individual) when 
you register for a one or two day conference pass.
 

The BuildingEnergy Conference and Trade Show is brought to you by NESEA members – 

in particular Conference Chair Paul Eldrenkamp, Byggmeister 
and Vice Chair Marc Sternick, Dietz and Company Architects. 
 

Join NESEA and be a part of this 
dynamic community 365. 

BUILDINGENERGY 13

REGISTER TO ATTEND.
GET INSPIRED.

nesea.org/buildingenergy
nesea.org/join

Spring2013BuidlingEnergy.indd   43 1/16/13   12:25 PM



High R-Value Walls – Learn how to design and build high R-value 
walls, including rigid exterior foam walls and double stud walls.
 
Building an Airtight House – Learn how to design and build airtight 
houses that meet the new IECC 2012 air tightness requirements.

CET is the leader in providing workshops and training programs for 
construction and retrofit professionals throughout New England.

For a full list of trainings and to register: 

www.cetonline.org/training • 413-586-7350 x240

REGISTER FOR ONE OF OUR

NEW High Performance Construction Workshops

This spring, you won’t have to clear your schedule to get cutting edge green building training, thanks to our 
BuildingEnergy Masters Series on-line courses.  Tap into the knowledge of some of the NESEA community’s finest 
instructors while working at your own pace in the comfort of your own home or office.  Courses begin in March and
April.

REGISTER NOW:
   Zero Net Energy Homes with Marc Rosenbaum, March 11 - May 17  |  See website for additional offerings
   Complimentary NESEA membership included with enrollment.
   
   Get started at nesea.org/be-masters-series
 

WE’RE BRINGING MASTER CLASSES TO YOU

BUILDINGENERGY
M A S T E R S  S E R I E S
by the NORTHEAST SUSTAINABLE ENERGY ASSOCIATION

discover more        #bems
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Boston Area Solar Energy 
Association (BASEA)
Henry K. Vandermark
Tel: 617-242-2150
hkv@solarwave.com
www.basea.org

GreenHome NYC
info@greenhomenyc.org
www.greenhomenyc.org

NESEA Cape & Islands
Part of the Cape and Islands Renewable 
Energy Collaborative 
Liz Argo
Tel: 774-722-1812
argoconsulting1@gmail.com

NESEA RI
John Jacobson
johntaborjacobson@yahoo.com
neseari.wordpress.com

Sustainable Delaware - NESEA
John Mateyko
Tel: 302-645-2657
johnmateyko@verizon.net

Western New York Sustainable 
Energy Association (WNYSEA)
Tim Williamson
putschbytim@gmail.com
www.wnysea.com

Springfield Area Sustainable Energy 
Association (SASEA) (Massachusetts)
Mike Kocsmiersky
Tel: 413-883-3144
mikek@spiritsolar.net

UMASS Lowell Solar Energy 
Association (student chapter)
John J. Duffy
Tel: 978-934-2968
john_duffy@uml.edu
energy.caeds.eng.uml.edu

Affiliates:

Building For Social Responsibility (BSR)
Hillary Hunter
Tel: 802-825-5957
hhunter@bsr-vt.org
www.bsr-vt.org

Get Involved! 
Chapters and affiliates offer NESEA members the opportunity to participate closer to home. 
See what’s happening in your neck of the woods.

Maine Solar Energy Association (MESEA)
Richard Komp
Tel: 207-497-2204
sunwatt@juno.com
www.mainesolar.org

New Hampshire Sustainable Energy 
Association (NHSEA)
Tel: 603-226-4731 (22NHSEA)
info@nhsea.org
www.nhsea.org

Philadephia Solar Energy Association 
(PSEA) 
www.phillysolar.org

Solar Energy Association of Connecticut 
(SEAC)
K. Raman, PhD.
Tel: 860-233-5684
ramank@yahoo.com
www.SolarEnergyofCT.org

(520) 289 - 8700  WWW.SCHLETTER.US  |  WWW.SCHLETTER.CA  (519) 946 - 3800

Standard Flush
Mount Systems − 
Solutions for all
Roof Types

We’re setting the standard for �ush mount systems with minimal material usage, 
integrated grounding and industry-leading quality. Comprised of only three 

components, Schletter Standard Flush Mount Systems o�er an 
easy-to-assemble solution for any roof type!
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Now there’s a choice for renewable energy DHW

MADE IN
GERMANY800.582.8423

www.stiebel-eltron-usa.com

Simply the Best

Our thirty years of experience with heat pumps has 
taught us how to design our heat pump water heater to 
be as efficient as possible. We rely on the heat pump to 
make hot water. A single, specially-designed 1700 watt 
element (that can be disabled) is used only as back-up. 
We don’t waste energy pumping DHW through the heat 
pump — heat is transferred from the refrigerant via a 
wrap-around on the tank. We designed an 80-gallon 
tank that over the course of a year is more efficient 
than competing 50-gallon tanks.

The Accelera® 300 heat pump draws only 500 watts, 
low enough that operation off-grid with PV is a 
viable option. Use the back-up element and grid-tie 
is probably necessary, but with a full tank of 140°F 
water, and a 78.6 gallon first hour rating, daily hot 
water needs may be satisfied without it. Sometimes 
solar thermal isn’t a choice, and when it’s not, there’s a 
renewable energy option.

Solar PV + Accelera® 300 Heat Pump Water Heater

Stiebel Eltron has been designing solar thermal systems 
for 40 years. Our newest collector, the Sol 27 Premium, 
is one of the top 10 solar thermal collectors as certified 
by the SRCC. The highly efficient flat plate collector has 
an extremely low profile and uses precision o-ring 
connectors for fast installations. Our solar tanks are 
among the highest efficiency tanks on the market, with 
extremely low standby losses and large heat exchangers. 
Our new rack system is made from rugged, extruded 
aluminum, and assembles with only 2 socket sizes. We 
make these components ourselves in Germany and in 
the U.S.

Because every installation is different, we have a full 
line of SOLKits and mounting hardware configurations, 
and all components are available for individual sale. 
From simple systems to commercial installations, 
including large, district systems, we are committed to 
supplying the best solar thermal components available. 
We’ve been at the forefront of water heating technology 
for almost 90 years. As a leader in the field we have no 
intention of standing still.

Stiebel Eltron SOLKit 2 Solar Thermal

Don’t quite believe us? Try here:

» passivehouse.us/blog/?p=125

» greenbuildingadvisor.com/blogs/dept/musings/solar-thermal-dead

Come visit us at
Building Energy 2013

A Round of Applause for Our Donors
We cannot thank you, our donors, enough for your financial support in 2012. Our success would not be possible with-
out the generosity of our members and our corporate, government, and foundation sponsors. You are the heart of our 
association, programs, and initiatives.
     The list below recognizes those who provided financial support above and beyond NESEA membership dues last 
year. Thanks also go to our lifetime members, who have made a special financial commitment to us over many years. 
We would also like to thank the hundreds of members who are not listed here but who have given their time to devel-
oping our cutting-edge conferences, supporting our many public educational events, and taking leadership roles in 
our chapters.
     NESEA’s work and mission have never been more important. Thank you for your commitment. Thank you for your 
support. Together, we are a strong voice for clean, efficient, renewable energy and whole systems thinking.
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Richard	 Toole
Rachel White
Jonathan Wright
Satu Zoller

Friends 
Up to $99
Michael Anctil
Steve Andersen
Hans Apfelbaum
Patricia Auchard
Nancy Bair
Jack Barnett
Clifton Below
Robert Benz
Howard Bernstein
Peter Brooks
Yolanda Campbell
Michelle Canizio
R. William Card
Greg Crawford
Chris DeSisto
David Dickson
Stephen M. DiGiacomo
Norma Ditri
Barry Felson
John Fülöp
Susan Gerbi-McIlwain
Filson Glanz
Elaine Goldman
Steve Goldsmith
Margaret Goodman
Emily Gopen
Scott Greenbaum
Cathy Grier
Andy Grossman
J.P. Hamel
Pat Hanson
Allan Hanson
Mark Hoffman
Steve Hogan
Dean Holden
Kevin Ireton
Franz Kaufmann
Robert Kendall

Dan Kolbert
Thomas Koshy
Richard Lawrence
Spencer Lawrence
Grey Lee
Peggy Liversidge
Isabel Marrapese
Courtney McCracken
Rustin McIntosh
Erich Mettler
Paul Panish
Robert and Susan Pasteris
Richard Perez and 
     Susan Nesbitt Perez
Eleanor Perlman
Newell Pledger-Shinn
Elliot Quint
Earl Roberts
John Rountree
Emma Russo
Raymond Sebold
Harry Seidel
Ken Shaknites
Barry Sheingold
Kate Stephenson
Daphne Stevens
Richard & Ruth Stuart
Richard Thompson
Jason Turner
A. Quincy Vale
Neil Veilleux
Carter Wall
Gary Wersinger

The donor list reflects gifts 
made to NESEA between 
January 1, 2012, 
and December 31, 2012. 

Please accept our apologies 
if an error or omission has 
occurred and kindly notify us 
by calling Dan Gronwald at 
413-774-6051, ext. 10
dgronwald@nesea.org.
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Now there’s a choice for renewable energy DHW

MADE IN
GERMANY800.582.8423

www.stiebel-eltron-usa.com

Simply the Best

Our thirty years of experience with heat pumps has 
taught us how to design our heat pump water heater to 
be as efficient as possible. We rely on the heat pump to 
make hot water. A single, specially-designed 1700 watt 
element (that can be disabled) is used only as back-up. 
We don’t waste energy pumping DHW through the heat 
pump — heat is transferred from the refrigerant via a 
wrap-around on the tank. We designed an 80-gallon 
tank that over the course of a year is more efficient 
than competing 50-gallon tanks.

The Accelera® 300 heat pump draws only 500 watts, 
low enough that operation off-grid with PV is a 
viable option. Use the back-up element and grid-tie 
is probably necessary, but with a full tank of 140°F 
water, and a 78.6 gallon first hour rating, daily hot 
water needs may be satisfied without it. Sometimes 
solar thermal isn’t a choice, and when it’s not, there’s a 
renewable energy option.

Solar PV + Accelera® 300 Heat Pump Water Heater

Stiebel Eltron has been designing solar thermal systems 
for 40 years. Our newest collector, the Sol 27 Premium, 
is one of the top 10 solar thermal collectors as certified 
by the SRCC. The highly efficient flat plate collector has 
an extremely low profile and uses precision o-ring 
connectors for fast installations. Our solar tanks are 
among the highest efficiency tanks on the market, with 
extremely low standby losses and large heat exchangers. 
Our new rack system is made from rugged, extruded 
aluminum, and assembles with only 2 socket sizes. We 
make these components ourselves in Germany and in 
the U.S.

Because every installation is different, we have a full 
line of SOLKits and mounting hardware configurations, 
and all components are available for individual sale. 
From simple systems to commercial installations, 
including large, district systems, we are committed to 
supplying the best solar thermal components available. 
We’ve been at the forefront of water heating technology 
for almost 90 years. As a leader in the field we have no 
intention of standing still.

Stiebel Eltron SOLKit 2 Solar Thermal

Don’t quite believe us? Try here:

» passivehouse.us/blog/?p=125

» greenbuildingadvisor.com/blogs/dept/musings/solar-thermal-dead

Come visit us at
Building Energy 2013
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Please check your label.
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the NESEA office with the 
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Mitsubishi Electric Heat Pump Technology . . .
the best way to heat your Net Zero project!

America’s #1 Selling Brand of Ductless Technology
For more information go to: Mistubishicomfort.com Or contact: Susan Pickett, Regional Manager  
Cell: 508-954-8035  •  spickett@hvac.mea.com

Learn more at booth # 707 at the Building 
Energy 13 Conference or join us at the 
Demo Stage 1 at 2:00 pm on ­ursday.
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