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CO2 in our atmosphere  
over the last 800,000 years 



We’ve known about this problem 
                        for decades 

This graph showing CO2  

levels in the earth’s 
atmosphere appeared in 
Limits to Growth, a book 
published in 1972.  

This was a textbook for 
an engineering course I 
took at Yale in 1973. 



It’s too bad we didn’t start addressing 
climate change in the 1970s 

In 1973, President 
Nixon declared 
that the U.S. will 
achieve energy 
independence by 
1980. 

 



President Carter supported  
solar research 

On June 20, 
1979, Jimmy 
Carter 
inaugurated the 
newly installed 
solar hot water 
system on the 
White House 
roof. 

 



Like Nixon, Carter aimed for  
“energy independence” 

In 1979, President Jimmy 
Carter pledged that the 
U.S. would attain energy 
independence by 1990: 

“Beginning this moment, 
this nation will never use 
more foreign oil than we 
did in 1977 — never.” 

 



Then the oil price dropped, and 
Ronald Reagan was elected 

In 1986, the price of oil 
dropped from $32 per 
barrel in 1982 to $11 in 
1986.  President Reagan 
slashed funding for a 
variety of energy-
efficiency programs 
established by Jimmy 
Carter. 

 



Unlike the U.S., some European 
countries didn’t drop the ball 

• In 1977, Sweden 
implemented a new building 
code that effectively 
mandated triple-glazed 
windows. 

• Sweden also required new 
homes to pass a blower-
door test. 

 



President Carter wasn’t really 
trying to address climate change 

The oil price shocks of the 1970s led to a brief period 
when the U.S. government supported research into 
energy efficiency and renewable energy.  But these 
efforts had nothing to do with climate change. 



Warnings from scientists were 
ignored by politicians 

In 1988, the World Conference on the Changing 
Atmosphere conference in Toronto issued a 
statement noting that changes in the atmosphere 
due to human pollution “represent a major threat to 
international security and are already having harmful 
consequences over many parts of the globe.” 

The statement set the following goal:  By 2005, the 
world should push its emissions some 20% below the 
1988 level. 



So the projected rise in 
atmospheric CO2 came to pass  

The graph published 
in 1972 was a fairly 
accurate prediction 
of the future.  

We are now living 
beyond the top of 
the graph. 



Global temperatures are rising 

 



Storms are increasing in frequency 

 

Hurricane Sandy 



Glaciers and sea ice are melting… 

… and 
sea 
levels 
are 
rising. 



Yet the U.S. Senate is full of  
climate change deniers 

“We can pass a bunch of 
laws that will destroy our 
economy, but it isn’t going 
to change the weather.”  

– Sen. Marco Rubio (R-Fl.) 



The U.S. Senate is full of climate 
change deniers 

“The threat of 
catastrophic global 
warming is the greatest 
hoax ever perpetrated on 
the American people.” 

- Sen. James M. Inhofe 
(R-Okla) 



There are two kinds of climate 
change deniers 

One type of denier says: 
“Yes, the climate is 
changing, but the changes 
aren’t caused by human 
activity.” 

But the really stupid ones 
say, “I don’t even believe 
that the climate is 
changing.” 



There is a scientific consensus 

The black area 
represents scientific 
papers (1991-2012) 
that accept that 
climate change is 
anthropogenic.  

The very slim red area 
represents scientific 
papers that don’t. 



Anyone got any solutions? 

We all know 
that we have to 
drastically 
reduce carbon 
dioxide 
emissions. 

So how will we 
do it? 



Some people see Passivhaus 
buildings as a way to address 

climate change 



After all, about 39% of U.S. energy 
is used in buildings 

Graph: Lawrence Berkeley National Laboratory 



A climate change solution? 

“Passive House offers a clear, 
sustainable and affordable 
path for combating climate 
change.” 

 

New York Passive House web site 
http://events.r20.constantcontact.com/register/event?
oeidk=a07e5y2wnhrdf6f3509&llr=xj9mnbeab 



A climate change solution? 

Mark Miller, an architect and 
executive director of the Passive 
House Alliance: 

“The mission of passive house is 
about stopping climate change.”  
 

 

http://www.remodeling.hw.net/building-performance/treading-lightly-
passive-house-comes-to-chicago.aspx 



A climate change solution? 

Katrin Klingenberg, 
executive director of PHIUS:   

“Passive house envelopes 
help to avert climate 
change.” 
 

http://beforeitsnews.com/green-living/2013/01/passive-
house-interview-with-katrin-klingenberg-executive-
director-of-phius-2445176.html 



“Homes for a Changing Climate” 

 

 



What is the Passivhaus standard? 

• A stringent building standard 
developed in Germany by Dr. 
Wolfgang Feist 

• Most U.S. Passivhaus buildings 
have cost considerably more 
than conventional buildings. 

• There are only 34 certified 
Passivhaus buildings in the 
U.S. 

 

 



So … is this a good way to address 
climate change? 

It can’t hurt. 



How much less energy do 
Passivhaus buildings use? 

Many Passivhaus 
websites and 
documents claim 
that Passivhaus 
buildings use 90% 
less energy than 
regular homes. 



A Passivhaus won’t really use 90% 
less energy 

The 90% savings claim is 
about space heating and 
cooling – not about all 
energy used in the home. 
And it compares a new 
Passivhaus to an older 
building, not a new 
building meeting modern 
energy codes. 



Here’s what they meant to say… 

What the misleading 
websites meant to 
say is: 

“A Passivhaus 
building uses 90% 
less energy for space 
heating than an old 
house in Germany.” 



A more relevant comparison 

A Passivhaus 
building will use 
about 50% less 
energy than a new 
home that barely 
meets the current 
U.S. energy code. 



Can we build new Passivhaus 
buildings fast enough to save the 

planet? 

Probably not, 
but let’s do 
the math. 



New home construction in the U.S. 

• There are 132 million homes in the U.S. 

• Annual U.S. population growth rate is 0.9%. 

• We need 1.19 million new homes a year just to 
match the population growth rate. 

• In 2050, the U.S. will probably have 185 million 
homes. 

• In recent years, we’ve built 587,000 new 
homes per year. This number rises to about 
1.85 million homes in boom years.  

 



What if the building code mandated 
adherence to Passivhaus? 

By 2050 (in 37 years), we 
would have built between 
22 million and 68 million 
new Passivhaus homes. That 
would represent between 
12% and 36% of all homes in 
the U.S. in 2050. (The high 
end of the range is very 
unlikely.) 

 



In 2050, most of us will live in an 
old building 

Even if the U.S. government required all new 
homes to meet the Passivhaus standard, 
beginning this year, it’s likely that 80% of all 
homes in the U.S. in 2050 will be old homes that 
don’t meet the Passivhaus standard. 



There are cheaper ways to reduce 
C02 emissions 

• Investing in other 
measures (for example, 
utility-scale wind 
projects) yields greater 
CO2 reductions per dollar 
invested. 

• The Passivhaus standard 
is arbitrary rather than 
logical. 



Stabilization wedges 

 



The wedge assumptions are 
optimistic 

The “efficiency 
improvements” wedge 
is based on optimistic 
assumptions about 
potential energy 
savings in houses, 
according to Michael 
Blasnik 

Studies comparing 

pre-retrofit and 

post-retrofit energy 

usage date show 

that efficiency 

advocates 

exaggerate 

potential savings 



To achieve climate goals,  
we must focus on existing houses 

When it comes to 
reducing housing-
related CO2 

emissions, new 
home 
construction is 
almost irrelevant. 



By 2050, we need to  
reduce CO2  emissions by 80% 

Goal: “Achieving an 80 percent 
reduction in CO2 emissions 
below 1990 levels by 2050 (90 
percent below our baseline 
projections).” 
 

 
http://www.stateinnovation.org/Events/Event-Listing/New-Jersey-Energy-
Strategy-Academy-%281%29/Additional-Materials/Smart-and-Efficient-
Buildings/Reducing-CO2-Emissions-through-Improved-Energy-Eff.aspx 



Another report: We need 80% 
reductions of CO2 by 2050 

“For developed countries, emissions 
must be at least 80% below current 
(2010) levels by 2050 to permit 
convergence on a CO2  concentration 
likely to be less than 450 parts per 
million, which would in turn probably 
result in global temperature increases of 
less than 2°C (3.6°F).” 
http://www.urbangreencouncil.org/servlet/servlet.FileDownl
oad?file=015U0000000nD3r 



But building energy use is growing 

“Overall energy consumption and carbon emissions 
from the buildings sector are rising because the 
number of buildings, their size and their ‘plug loads’ 
all are growing.   Residential energy use has 
increased by more than one-third since 1980 …  
“Square footage per home has increased by more 
than 50 percent since the 1980s, air conditioning 
has become common, washers and dishwashers are 
standard appliances in most households, and the 
use of personal electronics has increased sharply.”  
 
http://www.stateinnovation.org/Events/Event-Listing/New-Jersey-Energy-Strategy-Academy-%281%29/Additional-Materials/Smart-and- 
Efficient-Buildings/Reducing-CO2-Emissions-through-Improved-Energy-Eff.aspx 



The Passivhaus standard focuses 
on space heating 

But a well-
insulated home 
often requires 
more energy for 
domestic hot 
water than space 
heat 



The gadget problem 

Plug loads keep growing every year 



Plug loads are 40% of residential 
energy use, and growing 

“The ‘other’ [energy] end-uses (appliances, 
lighting, electronics, and miscellaneous 
equipment) … account for over half of residential 
electricity use … and about 40% of total residential 
primary energy consumption. Moreover, 
miscellaneous energy is the fastest growing end-
use in U.S. homes, projected to more than double 
in the next 20 years.” 
- “Appliances, Lighting, Electronics, and Miscellaneous Equipment Electricity Use in New Homes” by 
Richard Brown, William Rittelmann, Danny Parker, and Gregory Homan.  



The Jevons Paradox 

William Stanley Jevons, an 
economist, was the author of 
an 1865 book, The Coal 
Question.  

In that book, Jevons explained 
that energy efficiency 
improvements lead to 
increased energy 
consumption. 



Energy efficiency improvements 
put more money in our pockets 

The ad on the left 
(from Tommy Williams 
High-Performance 
Homes) shows a 
couple on vacation: 
“The money we saved 
on our utility bills pays 
for our babysitter for a 
week!” 



Examples of the Jevons paradox 

• Homes have become more 
efficient, and now homes have 
gotten bigger. 

• Refrigerators have gotten more 
efficient, so we install more 
refrigerators per home. 

• Lighting has gotten more 
efficient, so our homes have 
gotten brighter. 



Even zero emissions growth is a 
tough goal 

 

A report from the Alliance to Save Energy, 
“Reducing Carbon Dioxide Emissions through 
Improved Energy Efficiency in Buildings,” concludes 
that we must reduce projected emissions in 2050 
by 35% to have zero emissions growth. 
 
http://www.stateinnovation.org/Events/Event-Listing/New-Jersey-Energy-
Strategy-Academy-%281%29/Additional-Materials/Smart-and-Efficient-
Buildings/Reducing-CO2-Emissions-through-Improved-Energy-Eff.aspx 

? 



It’s hard to make the math work 

• To address climate change, we need to make 
huge reductions in CO2 emissions. 

• CO2 emissions are still rising. 

• Residential electricity use is still rising. 

• Even Passivhaus homes use more energy than 
Passivhaus advocates declare. 

• We can’t build homes fast enough to make a 
significant dent in CO2 emissions. 



What about deep energy retrofits? 

A deep energy retrofit 
attempts to reduce a 
home’s energy consumption 
by 40% to 65%. 
 

This is easier to do in a 
leaky, poorly insulated 
house than in a decent 
house. 
[Time check] 



What is a deep energy retrofit? 

A deep energy retrofit usually requires: 

• Air sealing measures 

• Installation of insulation on basement walls 

• New attic insulation 

• Installation of rigid foam insulation 

     on the exterior of the walls 

• New siding 

• New windows 

• A new heating system 



In essence, you’re almost building 
a whole new house 

A deep-energy retrofit 
may cost almost as 
much as building a 
new house — and it’s 
hard to do, because 
there’s an old house in 
the way, right where 
you want to build the 
new house. 



How much does a deep-energy 
retrofit cost? 

“Tightening Up a Two-
Family Home,” JLC, 
September 2012. 

 

The total project cost — 
before incentives — 
was $275,000. 

 



How much does a deep-energy 
                                retrofit cost? 

• Retrofits of 4 bldgs. (one was a duplex) in Utica, NY 

• Cost: $112,000 per bldg., or $89,783 per unit.  

• Overall energy use (including space heating, 
domestic hot water, and electricity) was reduced by 
60% to 65%. 

NYSERDA  
research project 



How much does a deep-energy 
retrofit cost? 

• Alex Cheimets, 
Arlington, Mass. 

• A duplex 

• Total project cost, 
$140,000 

• 65% savings in 
heating fuel use 



How much does a deep-energy 
retrofit cost? 

• Jane Bindley, 
Holderness, N.H. 

• 3,400-s.f. ranch house 

• Total project cost, 
$1,190,000 

• Because of a 7.5-kW 
PV system, energy 
savings = 100% 



How much does a deep-energy 
retrofit cost? 

• Cador Price-Jones, 
Somerville, Mass. 

• A duplex 

• Total project cost, 
$148,300 

• 44% energy savings 



Every DER project encounters 
expensive surprises 

Unforeseen 
conditions are the 
norm:  

damp basements, 
undersized electrical 
service, lead hazards, 
asbestos, combustion 
safety problems 



Deep energy retrofit summary 

Energy savings of  

45% to 65% are 
possible if you are 
willing to invest  
$74,000 to $90,000 
per housing unit. 



Can we perform a DER on  
every house in the U.S.? 

$50,000 per home x  
132 million homes = $6.6 trillion 
 

For comparison, this is:  
• 6 times the U.S. federal deficit in 

2012 ($1.1 trillion) 
• 9 times Obama’s stimulus 

package ($700 billion) 
• 41% of the entire U.S. national 

debt ($16 trillion) 
 

 
 



Can we afford it? 

Probably, but 
just barely.  

 

The challenge 
is on the order 
of fighting 
World War 2. 



Is such a program  
politically feasible? 

Probably not, 
unless massive new 
storms, heat waves, 
and droughts cause 
hundreds of 
thousands of 
deaths and huge 
property losses. 



Even if we could afford it,  
and even if politicians endorsed it… 

There are at least two other problems: 

• There is a nationwide shortage of qualified home 
performance contractors 

• If the work is rushed to meet the timetable of our 
climate change emergency, we’re likely to ruin a lot 
of homes. 



Your local siding contractor… 

Does your local siding 
contractor know: 

• How to attach 4 
inches of rigid foam 
to an exterior wall? 

• How to flash an 
innie window? 



What are the risks? 

• Adding exterior rigid 
foam complicates 
window flashing 
details, raising the 
chance of water entry. 

• Insulated walls have a 
slower drying rate 
than uninsulated 
walls. 



To sum up: there are several hurdles 
and risks to instituting a massive 
program of deep energy retrofits 

• There is a financial hurdle. 

• There is a political hurdle. 

• There is a practical hurdle (the shortage of 
qualified contractors). 

• There is inherent risk (because rushed work 
can damage  buildings). 



Is there a way to make  
deep energy retrofits cheaper? 

A group of “true believers” in deep-energy 
retrofits dreams of technical breakthrough that 
will make the work much cheaper. 



Is there a way to make  
deep energy retrofits cheaper? 

The dream:  a “tea cozy” for your house –  

a one-size-fits-all solution that is fast to install. 

Model A           Model B             Model C                Model D 



Unfortunately… 

Contractors have been 
performing deep energy 
retrofits for over 30 
years.  
 
(This illustration of a 
Larsen truss retrofit job 
comes from the April 
1984 issue of Fine 
Homebuilding.) 



Costs aren’t likely to come down 

Deep energy retrofit work is well 
understood. It’s basic carpentry.  
 

It requires air sealing work,  
insulation work, window 
replacement, and HVAC work.  
 

There are no miracle cost-saving 
tricks on the horizon. 



We know what this work costs 

Window replacement 
contractors know how much it 
costs to replace a window. 

Siding contractors know how 
much a siding job costs. 

Commercial roofing contractors 
know how much it costs to strip 
a roof, install a layer of rigid 
foam, and install a new roof 



What about weatherization? 

• In an old, leaky house, 
an investment of 
$6,500 per housing 
unit can yield energy 
savings of 20% to 35%. 

• Energy savings will be 
highest in homes that 
use a lot of energy. 

  

 



Unfortunately, we’re running out 
of really bad houses 

In colder areas 
of the U.S., it’s 
getting hard to 
find a house 
with single-pane 
windows and 
uninsulated 
walls 



Weatherization saves the typical 
homeowner $437 per year 

During the past 33 years, WAP has 
provided weatherization services to 
more than 6.4 million low-income 
households. Families receiving 
weatherization services see their 
annual energy bills reduced by an 
average of about $437. 
 

http://www1.eere.energy.gov/wip/wap.html 



Energy savings from weatherization 
range from 15% to 35% 

Michael Blasnik: “It's very hard to 
get to 35% energy savings with 
weatherization, but there are 
certainly segments of the treated 
population in some evaluations that 
average that much savings — 
mostly homes that got a full set of 
treatments including heating 
system replacement, attic and wall 
insulation, and air sealing.” 



Low-hanging fruit 

Every house is different, but the following 
weatherization measures are typical: 

• Fix leaky and poorly insulated ductwork; 

• Insulate walls (if they are uninsulated); 

• Add insulation to the attic floor; 

• Perform blower-door-directed air sealing; 

• Swap incandescents for CFLs; 

• Install efficient new HVAC equipment if needed. 
 



The work isn’t glamorous,  
but it’s extremely important 

The federal Weatherization 
Assistance Program is one of the 
best federal programs out there. 
Funding has hovered around $210 
million per year (excluding the 
stimulus injection), while federal 
subsidies for corn ethanol have been 
pegged at between $5 billion and $6 
billion per year. 



What’s cost-effective? 

• There is no agreed-upon 
definition for “cost-
effective” energy retrofit 
measures. 

• Among the suggested 
criteria: measures that 
provide positive cash flow; 
measures with a payback 
period of 7 years or less. 

 



Cost-effectiveness and payback 

• While individual homeowners 
are free to ignore cost-
effectiveness and payback, 
government programs are not. 

• It is wasteful to use tax money 
for efficiency measures that 
are expensive when less 
expensive measures remain 
unfunded. 

Retrofitting 

coal plants or 

building wind 

turbines 

yields greater  

CO2 

reductions 

per dollar 

invested than 

PV subsidies 



My own personal benchmark 
To be cost-effective, an energy-retrofit measure 
has to be less expensive than PV. 

A 1-kW PV system now costs about $4,000 

Annual electricity production of a 1-kW PV array: 

• Seattle, Wash.:     970 kWh 

• Syracuse, N.Y.:   1,123 kWh 

• Atlanta, GA:       1,345 kWh 

• Phoenix, AZ:      1,617 kWh 



Cost-effective definition 

So, to be cost-effective, every dollar 
invested in an energy-retrofit 
measure must save at least: 
• 0.24 kWh/year in Seattle 
• 0.28 kWh/year in Syracuse, NY 
• 0.34 kWh/year in Atlanta, GA 
• 0.40 kWh/year in Phoenix, AZ 

 
If a measure saves fewer kWh per 
year, you might as well invest in PV 
instead. 

 
 



The Passivhaus standard doesn’t 
address this point 

To meet the Passivhaus 
standard, especially in 
cold climates, designers 
are forced to specify 
building envelope 
components that cost 
more (in terms of 
energy saved) than PV 



How expensive will electricity get? 

Extreme envelope 
measures (R-90 attic 
insulation, R-50 walls, R-50 
subslab foam) only make 
economic sense if you 
anticipate a future in which 
electricity costs more than 
the current cost of PV-
generated electricity 



Old truths are giving way  
to new truths 

• Old timers learned that 
plugging air leaks and adding 
insulation was always 
cheaper than adding a 
renewable energy system 

• But dropping PV prices has 
turned that truism on its 
head 

 



Old truths are giving way  
to new truths 

• Installing a new PV system now yields a better 
energy return than many traditional 
weatherization measures. 

 

• Do the math! 



However:  Fuel is too cheap, so 
cost-effectiveness calculations may 

need to be adjusted 

When it comes to 
addressing climate change, 
we probably can’t limit 
ourselves to efficiency 
measures that are currently 
cost-effective, because 
fossil fuel energy is now 
unrealistically cheap. 



Fuel may get more expensive 

If carbon taxes are 
implemented, some 
efficiency measures that 
formerly were not cost-
effective will become cost-
effective.   

But the cost of PV is likely 
to remain the upper limit 
on cost-effectiveness. 



Conclusions 

We can’t build new Passivhaus homes fast 
enough to make a significant dent in CO2 
emissions. 



Conclusions 
Performing enough deep-energy retrofits to 
make a significant dent in CO2 emissions would 
bankrupt the country. 



Conclusions 
We’re back to the same remedy 
developed during the 1970s – good 
old-fashioned weatherization. 



So how do we limit fossil fuel use? 

Carbon taxes! 



If we’re smart enough to introduce 
carbon taxes… 

Everything is going to 
get more expensive 
for a while … because 
the era of cheap 
energy will be 
drawing to a close. 



We’re going to have to  
change our lifestyles 

If carbon taxes are high 
enough to reduce CO2 
emissions to the levels 
necessary to address 
climate change, many 
people won’t be able to 
afford to heat or cool their 
homes. 



In cold climates, some families may 
choose to heat just one room 

If carbon taxes 
are high enough 
to drastically cut 
demand, fuel 
prices have to be 
high enough to 
hurt. 



In hot climates, some families will 
give up air conditioning 

We’ve only had 
air conditioning 
for about 80 
years 



But if we don’t implement  
carbon taxes… 

Fuel will 
remain 
cheap …. 

and the 
polar 
bears are 
doomed. 



The solution: a basket of measures 

How will we muddle through the next few decades? 

• If we’re lucky, fossil fuel prices will rise due to 
new carbon taxes. Cheap energy is bad news. 

• PV equipment will continue to get cheaper. 

• Out of economic necessity, many Americans will 
weatherize their homes. 

• Many people will be less comfortable. 

• The climate will probably get much hotter. 



What kind of future do we face? 

• Most national governments have failed to 
implement policies that respond adequately 
to the climate change threat. 

• International agreements are weak and widely 
ignored. 

• All signs point to continued increases in CO2 
emissions and rising temperatures. 

• In other words, it’s not a pretty picture. 



However… 

When it comes to 
predictions, the first rule 
is:  Be humble. Most 
predictions are wrong. 

The Danish physicist 
Niels Bohr said, 
“Prediction is very 
difficult, especially about 
the future.” 



Lots of low-hanging fruit 

• Leaky homes that 
could benefit from 
blower-door 
directed air sealing 

• Leaky ducts 

• Ducts located 
outside the thermal 
envelope 

• Let’s get to work! 



Thanks! 

Martin Holladay 

martin@greenbuildingadvisor.com 


