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Pat Parenteau, thank you so much. What an inspirational opening and 
thank you for your kind introduction of me. What my wife says is-I can’t 
keep a job so that’s the real story-but I am so thrilled to be among so many 
people who are such good friends here. It starts with Pat; but, [also] Steve 
Dycus, whom I worked with long ago at the Natural Resources Defense 
Council. Peter Bradford who I’ve known for years and years, who’s on the 
faculty here as well. Michael Dworkin-Michael will be here later-[I’ve] 
known for years and years. And, I actually have a boss-an old boss-in the 
room, Tony Roisman. I didn’t know Tony was here, I didn’t know he’s 
heading up-that he’s chairing-the Vermont Public Service Board, the Public 
Utility Commission here. I worked for him as a lowly paralegal at the Justice 
Department, I don’t know, 75 or 80 years ago-Tony, it must have been, 
something like that. Then, I also want to thank Russell King and Elizabeth 
Doherty for helping me get here and helping to put on this whole wonderful 
event. You guys have been great and I appreciate it.  

I didn’t get too lost getting here this morning. It’s also great to be back 
in Vermont. I lived over in Norwich not too many years ago. [I] still have a 
home up in the Mad River Valley and have some unusual things that 
happened to me and my family here, which I will get to in a moment.  

So, my job this morning is not to talk about solar, and wind, and all those 
good things-which I do love-but, to talk about the real workhorse in all of 
this which is energy efficiency. And I’d like to do that for about 40 minutes 
and then take your questions, any that you have, any good jokes—I’m 
looking for whatever you have.  

So, let’s dive in. So, Pat put it well—we have storms on steroids. The 
future is in fact not what it used to be, and you need only look at Houston or 
Florida or the real sadness in Puerto Rico, to kind of get a sense about what 
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we’re up to right now. And, of course, it all does come back to our global 
carbon footprint. We can debate how big a cause all of those sorts of things 
that the scientists are debating but when it comes right down to it the 
emissions that we’re seeing from carbon are having a profound effect and the 
three biggest emitters are China, the U.S., and India.1  

We are the heel, we’re the heel in this diagram,2 [and] I’m not sure how 
they picked that for our position, but—and then there’s much of the rest of 
the world that makes this up—but, this is kind of the root cause of so much 
of what we’re seeing. It also though, creates the great opportunity and that’s 
part of what I want to talk to you about today. There is an extraordinary 
opportunity in going out and not just transitioning our energy system, but, 
fundamentally rebuilding it in so many different ways. So, if the future is not 
what it used to be, the best way to predict the future is to invent it—and that’s 
what I find so exciting about this moment that we find ourselves in. There is 
a lot of doom and gloom but there’s an extraordinary opportunity to basically 
build the future that we want in the energy area, in this energy transition as 
you’re calling it today.  

This not how we’re going to get there, for those of you who can’t read it, 
“Sorry, Harold, but I’m reducing our carbon footprint.”3  That’s the way 
we’re not going to get to a clean energy future nor from the academy is this 
it. Whoops. “Then a miracle occurs.” (These are two Stanford or Vermont 
Law School talking to each other.)  

In fact, how we’re going to get there, in my view, is this: This is my 
favorite triangle (there is a rumor at Stanford I have this tattooed on my back). 
I will not either confirm nor deny that this morning. But, if we’re going to 
build a more sustainable energy future, it’s about technology, policy, and 
finance. And technology is science. Technology [is] engineering. Policy is 
law; policy—and all those related areas; and, finance is economics, 
marketing, business, finance-you name it-but, these are how I have 
crystallized these. What I say to friends, colleagues, students is—if you’re 
interested in this whole area, get good at one point of this triangle; but, do 
not ignore the other two. I’ve seen so many people invent technologies all 
over this country—really interesting, compelling technologies—but, [they] 
stumble in the law and policy world. [They] find themselves unable to raise 
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early stage capital, or down the road from there, to secure project finance—
to actually get full-scale deployment with technology.  

We’ve got to integrate across this triangle; and, as you go out into the 
world as students, you might be here—but, be sure you have some 
understandings about those other two points if you want to work in this whole 
area of sustainable energy. So, I’m going to walk you around this triangle 
with respect to energy efficiency and then take your questions. So, just a few 
fundamentals, because I understand there’s some folks who don’t come 
directly from the energy world, some of you come from the environmental 
law world so I just wanted to talk about a few things that will set the stage a 
little bit for my talk but also for today.  

The first is no surprise, energy sources evolve over time. We were a 
largely wood or biomass powered world, this goes all the way to the 1800s. 
Coal came in, pushing a big amount of that biomass out. From there, we went 
to oil; natural gas came in; the era of hydro began to take some piece of this; 
nuclear arrived; and then, that small, little [bit] up there-called other 
renewables. This is a chart from 2013, it would be a bigger slice today and 
it’s a fast-growing one-still not huge but, a fast-growing one.4 So, this is kind 
of the evolution.  

I want to tell you you’re sitting in a state that I think was the birthplace 
of modern renewable energy[, Vermont]. Seventy-five years ago, last 
October, the first megawatt scale wind turbine in the world, the first wind 
turbine hooked up to a large-scale utility grid was built on a mountain called 
Grandpa’s Knob in southern Vermont.5 It’s a great, great story; there’s a 
book you ought to read called Power from the Wind written in 1948.6 The 
plan with this-but for World War II-this was put up in 1941. The plan was to 
put another 10 to 15 turbines along the ridge of the Green Mountains, and I 
would make the case that we would be 30 or 40 years further ahead in the 
wind industry had that happened. But, World War II intervened; coal came 
in, in a much bigger way; the nuclear era began; and, we didn’t get back to a 
megawatt scale wind turbine until the 1970s.7 It was a brilliant team that put 
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this together and it was an interesting fork in the road when it comes to the 
history of energy technology.  

And now, [as] we’re going to see, I am involved with a floating offshore 
wind company. 8  We’re not only putting turbines on the bottom, in the 
shallow water; we’re now beginning to put turbines in deep water—20, 30, 
40, 50 miles offshore. This is this 50, 60, 70-year evolution of technology, 
that Pat rightly said, we got to speed up. The good news is though, (a lot of 
this is speeding up)-and this is one of those in the North Sea off the coast of 
Norway9-in a hurricane, [this turbine] does very well, and I can tell you about 
that later if anyone’s interested. Full-scale project now being built off the 
coast of Scotland.10 Very deep water, massive winds, and the best off-shore 
wind resource in the United States is off the coast of California, the deep 
water, and in the Great Lakes, who would’ve thought.11 So, that’s a little bit 
about technology transition.  

Don’t get too scared about this chart, this is the ultimate wiring chart of 
U.S. energy consumption put together annually, 12 I recommend it to you, if 
you really want to understand where energy goes in our economy in the U.S. 
So, you start with petroleum; most of it goes into transportation, some of it 
goes into industrial use, [and] literally none of it, almost none of it goes into 
electricity production.13 We don’t make electricity from oil in this country 
anymore.14 Natural gas, on the other hand, goes into the industrial sector, the 
commercial sector, residential sector, and we make a lot of electricity.15 Take 
nuclear: [it] all goes into electricity, none goes into these other sectors of the 
economy.16 So, that’s the wiring diagram.  

Why do I show you all this? Well, first, I think it’s important to 
understand where these different sources go in our economy. But, the second 
is, of all this energy that goes in, a hundred quadrillion BTUs or a hundred 
quads, a little under 40 comes out as useful energy, and guess what, the other 
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60 comes out as rejected energy, the energy we waste.17 That’s why we’re 
talking about energy efficiency. Hundred quads of energy in, 40 
outperforming useful work, and 60 gets thrown away. That’s why energy 
efficiency is so important in our economy and why yes solar, yes wind, yes 
to all the renewables—but, we [have] got to start with energy efficiency.  

For climate, we need all of these renewables—carbon capture, changing 
the fuels in power plants, and use fuel switching; and then this big one—the 
biggest one of all—at 38% according to the International Energy Agency—
that’s energy efficiency. 18  The brown segments here are where energy 
efficiency makes up big chunks of what we got to get done. Efficiency’s 
needed in industry, it’s needed in transportation, it’s needed in our buildings, 
and it’s needed in a host of other sorts of things.19 So, energy is the big dog 
in all of this when it comes to this energy transition and I think that’s why 
we’re starting out with energy efficiency this morning.  

The good news regarding “EE,” or energy efficiency, is [that] it’s our 
lowest cost resource.20 It’s cheaper than wind or natural gas or all of these 
other things. These are the standard kind of cost numbers that one of the big 
investment banks in New York, Lazard, puts together on a regular basis and 
look where energy efficiency comes out.21  This is in cents per kilowatt 
hour—this is the cheap stuff.22 So, what do we say? We say, efficiency first-
and I love what Amory Lovins has to say about [this], “All people want is 
cold beer and hot showers.”23 We want the services energy provides, [and] if 
we can do it with less energy, we’re going to save in our pocketbook, we’re 
going to save in a climate context. So, we want the services and the less we 
can provide those services, the less energy, the better off we’re going to be. 
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Another complicated chart-but, this is the famous McKinsey curve for 
what the cheap and the expensive stuff is when you’re going to fix climate 
change.24 This is all the cheap stuff, the low cost, and in fact-in many ways, 
negative cost: insulation, fuel-efficient vehicles, lighting, air conditioning, 
water heating.25 It doesn’t get much more boring than that, but, this is-this is 
the important stuff when it comes to energy efficiency-and, I want to focus 
for a second on lighting. This is of course the LED.26 This is the highly 
efficient technology developed decades ago but now coming into its own. 
These are those old fashioned incandescent bulbs, lumens per watt is how we 
measure light per unit of power, very inefficient, thirteen to eighteen 
lumens.27 Compact fluorescents, those curly ones, somewhere in the 55 to 70 
lumens per watt.28 And, LEDs in the old days couldn’t really beat compact 
fluorescents, but now they’re rising.29  

The amount of light you get out for the amount of energy you put in, gets 
better and better and better; and, the great news is [that] they used to be 
extremely expensive-LEDs-but, they’ve come down radically in cost. I was 
at a hardware store a couple months ago (and it was a real freight for an 
energy nerd like myself)—[it] was exciting to go in and see that I could buy 
four LEDs for the same price as buying four old-fashioned, old fashioned 
incandescents. The same price you would have gone into a hardware store 
not too many years ago and they would have been five or six or eight times 
as expensive. So, this has become not only a great technology, but a cheap 
one.  

I owned a house over in Norwich, Vermont-I guess John Echeverria 
almost bought this house as it turns out-and, I learned about another energy 
technology called the blower door test.30 What the heck is that? Well, houses 
in cold and hot places leak a lot of energy if they’re not well-insulated; and, 
what you do is, you essentially put a giant fan in the door and you blow air 
out-having sealed up the whole house and closing off everything. So, this guy 
comes over and he does the blower door test; and, 20 or 30 minutes later, he 
comes back and he says “You know, I’ve never had a house that failed this 
test so miserably.” He said, “I can’t get this thing to depressurize at all”-
because you depressurize it, and then all the cold air starts coming in, and 
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you can identify it with all sorts of things. He says, “I can’t get this to do 
anything!”  

Now, the rule is, the auditor will need to close all exterior doors and 
windows, open all interior doors, close any fireplace damper, doors, and 
woodstove air inlets. We did everything!  But, we couldn’t get it done. I said, 
“What do we do?” He said, “I don’t know.” He came back a half an hour 
later though, and he said, “How many chimneys do you think you have in 
this house?” I said, “Two?” He said, “Well actually, you’ve got a third.” He 
discovered a third chimney—and for the last seventy years, it was open. Just 
leaking all of the heat in the house, and [now] we finally knew why this house 
was so cold and so expensive. [So], I said, “Is it a big job to fix it?” He said, 
“No.” Five minutes, a bunch of insulation, and some foam, and it was done. 
So, some of this stuff is really cheap and really effective!  

“If you can’t measure it, you can’t improve it.” This is Lord Kelvin as in 
the Kelvin scale. We call this “ET meets IT,” energy technology meets 
information technology. This is a very exciting area, something we spend a 
lot of time at Google on—there’s lots of start-up companies, lots of big 
companies. We developed something called the “Google power meter,”31 our 
tagline was, “Knowledge is less power.”32And, we gave people real time 
information on their kitchen counter with a little meter… what was going on 
every moment of the day. 

My then-seven-year-old ran down one morning and he said, “How does 
this work?” I said, “Go put some bread in the toaster and make some toast.” 
And he saw the thing shoot up. And [then] he ran all over the house, turning 
things on and off, running down to the kitchen, and-I swear-after about 
twenty minutes, he knew more about energy use in a home than about 95 
percent of Americans. This thing kind of worked. Unfortunately, many other 
people thought it as well. “Began using Google PowerMeter yesterday. Time 
to buy a more-efficient clothes dryer today.” Unfortunately, Google did not 
go ahead [with the meter], but the good news is—there’s lots . . . . 

* * * 
. . . might have argued they could have saved 2.9 billion had we gone on 

with power meter, but that’s another story for another day.  
Alright, there is one energy number people do know-one energy number 

we all know-and people really focus on, and that’s the cost of gasoline. I 
know this for a very peculiar reason, because my third child was born at a 
Shell station on a cold day in April in Waterbury, Vermont. We made it to 
the hospital, the doctor sent us home, we drove 50 miles home, we went, we 
had to go back, and we didn’t make it. So, every year, we go back to this 
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same gas station and take his picture as he grows up. His nickname is indeed, 
“Car-son.”  

Alright, let’s keep going. So, what’s been not driving our improvement 
in automobile fuel economy for years has been the CAFÉ requirement.33 I’m 
going to talk a little about that in a few minutes but we are finally now, as 
many of you know, on a path where, as a result of regulation set in the Obama 
administration, we’re on our way to fifty-four and a half miles per gallon.34 
From where we were stuck at about 27 miles per gallon for years and years 
and years.  

How are we going to get there? This is not going be the answer. [As] 
much as some people like to think that you could do this. But, in fact, it’s 
cars like this. You know, everybody’s favorite—Prius. Chevy now-with not 
only the Volt-but, the Bolt is now out. You know, thirty-five thousand 
dollars, two-hundred and twenty mile range—this is a big, big deal. And, of 
course, everybody’s favorite car in California—the Tesla. This is the “S,” 
but, coming soon is the “3”-also 35,000; we put our thousand dollars down, 
we are number 278,451 on the list. Sometime between now and 2020, we 
may get this car, but I’ll have to tell you, I’m a little nervous about this car. 
This is the dashboard. There are no dials on the dashboard. And I said to my 
kids, “How am I going to drive this thing? I gotta keep doing this.” They said, 
“You’ll figure it out.” So, we’ll see.  

Anyway, the great thing about these plug-in cars, is that they can 
integrate themselves with the grid, not only taking electricity from the grid 
but sending electricity back to the grid. And, at Google, we did some early 
work on this two-way flow of electricity between a plug-in vehicle and the 
electric grid. And why would that be interesting? Well, you know, on a day 
when, the, we’re, we’re facing brown outs in California, the two much of a 
draw from the grid as a result of serious air conditioning load, if you’ve 
signed up some of those cars you could say, “You know that power that, ugh, 
that power that you bought for four cents a kilowatt hour? Um, we’d like 
some of that and we’ll pay you three times what you paid—send that back to 
us.” And you can-you can move this in two directions, and that’s what very 
exciting about this whole opportunity with plug-in vehicles.  
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So, where did this take us? Not to tomorrow’s smart grid, and we actually 
used to talk about tomorrow’s smart grid, but we really are looking at today’s 
smart grid with renewables, advanced transmission and distribution, an 
increasingly smart home, with the sort of metering that I talked about, and 
then a plug-in vehicle. All of this is here today-all of this is rapidly advancing 
lots of small companies and big companies in this, in this game and moving 
forward quite smartly. 

So, policy. That was a quick run through technology, now let’s get to the 
next point of the triangle. And, I don’t- I’m not going to use an energy 
efficiency example, I’m going to use a wind example. Policy really, really, 
really does matter-as most of you in this room knows-when it comes to 
energy and environment. This is a chart of the wind production tax credit;35 
this is the tax credit that has driven wind deployment of the United States 
since the 1990s.When it’s in place, we see substantial wind deployment.36 
When it expires, as it regularly does, we see massive drops, and the biggest 
was in 2012.37 13,000 megawatts built in 2012, the credit expired, and look 
where we ended up-at about a thousand.38  

Policy really matters. Fortunately, [we] moved forward in 2015; and, as 
some of you know, both the solar tax credit and the wind tax credit were 
extended over five years, but the wind tax credit is now coming down,39 but 
that’s a predictable decline. That’s the way it was set by Congress. It wasn’t 
a one-year authorization, so policy really can make a big difference and I 
always have thought this is a-this is quite a-quite a visible example of that. 

I want to talk about two issues regarding energy efficiency and the policy 
context that is low consumer demand, in the finance context that is investor 
concerns about risk. I think these are the two fundamental problems that we 
face with energy efficiency today, so let’s talk about those. “This is 
fundamentally a demand challenge.” This comes from a building energy 
efficiency specialist at the Lawrence Berkley National Lab. “People just 
don’t care that much about their energy use. . . . You’ve got to solve a 
problem people feel like they have.” And, I really think that’s one of the 
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things we’re up against when it comes to selling this cheap energy resource 
called energy efficiency. Our cheapest energy “resource.”  

Now, President Obama did think that insulation is “sexy stuff.”40 I kind 
of love that quote. I started to talk about it—but most people do not think that 
insulation is sexy stuff. Our current President—well, I won’t go into that.  

Alright, so let me ask you, what’s cooler? The Vermont house with solar 
panels or the high efficiency furnace in your basement? Yeah. I mean, this is 
a fundamental problem. If I could get solar panels on my house, boy that 
would be exciting, I’d love to do that. I’ll struggle to do that. I’ll go online. 
A high efficiency furnace? It doesn’t get much more boring than that. And I 
say that because I think this is one of our problems in selling energy 
efficiency. And we’re up against this across pretty much the entire range of 
energy efficiency technologies.  

We owned a house in Washington, D.C., and when I was in the Clinton 
Administration, I decided it was time to walk—walk the talk. So, we did a 
renovation; we did a green renovation of this house in 1998. We did all of 
the sort of things you need to do. We put in a high efficiency CR-15 air 
conditioner, we redid the furnace, we put in insulation, all of that. But the 
cool part of it were the solar panels on the back. And you know, we got to 
write a piece for the Washington Post about it back then in the late 90s about 
actually selling power back to the local power company.41 So I got a taste of 
that-you know, when it comes to the press, when it comes to a whole host of 
people-this is the exciting stuff. I will tell you, we had a two-and-a-half-foot 
snow storm in D.C. one night six months after these panels were put in. I 
heard a big boom on the roof, and I went out the next morning and the entire 
solar system had collapsed. Had the wrong rack, and it was destroyed, and 
my insurance agent said he had never heard of solar power before. That was 
our six-month first experience with solar on the roof.  

One of the answers to this is psychology and behavior, and there’s a 
whole group of people out in the world, an annual conference [was held] 
earlier this month [actually], [that] look[ed] at the relationship between 
behavior and energy use. 42  I’m not going to talk about this, but I do 
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recommend this whole area to you if you really want to dig into the kind of- 
some of-the psychological and behavioral barriers we’ve got to moving 
energy efficiency forward.  

What I do want to quickly go through, are some of the policy tools to 
stimulate energy efficiency demand. There’s a whole set of tools we’ve put 
in place at the federal, state, and local level to stimulate energy efficiency. It 
was a recognition-decades ago-that energy efficiency wasn’t going to sell 
itself very readily. So, let’s walk through these.  

The first are federal energy efficiency standards, this is the, the unsung 
work horse of federal energy policy, federal climate policy.43 This is a long 
standing program at the Department of Energy now covering more than sixty 
products, a huge percentage of residential energy use, as well as fairly 
substantial commercial and industrial, things like washing machines, 
refrigerators, air-conditioning, pumps and motors, the efficiency of an 
electric motor, the efficiency of a pump.44 This is also really boring stuff, but 
this is really gets deeply into energy use in this country. The savings over 
time as a result of these many standards have been very substantial. 
Remember, we use a hundred quadrillion BTUs in the US economy.45 This 
is what we saved- it is well over one year’s [worth] of overall energy use and 
seven billion metric tons more than what we annually emit in terms of carbon 
dioxide, so-over the life of these standards.46  

The legal basis, these go way back to the 1975 Energy Policy Act47 and 
the key is the Secretary of Energy sets them.48 They have to be determined 
to be both technologically feasible and economically justified. 49 
Technologically feasible and economically justified. Those are the two 
prongs, and we battle over that when each of these standards get set. There’s 
a very elaborate process for setting these standards.50 It generally takes three 
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or four years.51 There can be litigation, but there’s a lot of analytical work 
that gets done looking at all sorts of impacts: manufacturing impacts, 
consumer impacts, emissions related impacts. 52  There’s a regulatory 
impact. 53  You put out a “NOPR,” as you know, a notice of proposed 
rulemaking, lots of comments, and these get-these get adopted. 

I had the honor of setting the 2001 U.S. Standard for refrigerators, and 
you can see where we were back in the early 70s.54 Those refrigerators were 
using almost 2000 kilowatt hours a year on average in the United States. And, 
as a result of this standard, we were down at about 500. 

Now, as I keep saying, this is pretty boring stuff. The Secretary of Energy 
at the time said we were going to do a little press conference on the release 
of these standards. And the Secretary at that time was a guy named Bill 
Richardson, the former governor of New Mexico, former U.N. Secretary. 
And he says to me, “So, what am I going to get up and say at this press 
conference, you know, who’s going to write about energy efficiency of 
refrigerators?” So, I thought to myself very quickly. A few weeks earlier 
President Clinton had given his final State of the Union, and the theme of 
that was this transition we were making from ‘99 into 2000.55 And he, he 
talked about building a bridge to the 21st century. So, I thought to myself 
quickly, I said to the Secretary, “Why don’t you get up and announce that 
we’re building a fridge to the twenty-first century.” It was the quote of the 
week in Newsweek,56 it was my greatest day as a bureaucrat. By far.  

A few weeks later, we had to do a press-conference on an even more 
boring topic which is washing machines. So, he says, “Reicher, what am I 
going to say at this one?” And I thought fast, and I said, “Well, Mr. Secretary, 
why don’t you announce that we’re agitating for change.” And he said, “No, 
you do that one.” 

So, I showed you this chart and these are these federal standards, and I 
want to point out very quickly because we will come back to this in a few 
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minutes: the actual original standards didn’t come from the federal 
government, they came from the State of California.57  

I also want to point out that the volume of these refrigerators has gone 
up; the price since 2014 has gone down. So, we’re building bigger 
refrigerators, they hold more stuff, and they cost less than they used to cost. 
And they now talk to us. I mean these refrigerators—they have all sorts of 
smart features. I’m not so sure about that feature, but . . . . Alright! 

So, that’s one thing that we do. The second are these yellow energy 
guides, which I’m sure you’ve seen. This came early. One of the early laws, 
the Energy Policy and Conservation Act58 basically said to the Federal Trade 
Commission, “At least tell people how much energy all these appliances and 
equipment use.” And that is the yellow energy tag. Again, getting people 
engaged, getting them more interested, in energy use. 

This was the bigger one that came out of the EPA in 1992: Based on all 
the Department of Energy (DOE) data, we started to put the energy star label 
on the more efficient appliances and equipment. And this might be 20 or 30 
percent better than the average-it might be the top five percent. There are 
various ways this gets measured. And we now also have an Energy Star 
buildings program. 59  [For] the most highly efficient [buildings]. Again, 
giving people some motivation; highlighting things that do better. 

Now, going to the state-level, there is also a whole set of energy 
efficiency building codes that have been put in place over many decades by 
the American National Standards Institute;60 and the Heating, Refrigerating 
and Cooling Association.61 The white are states that haven’t done anything 
on this in terms of this, in terms of energy efficiency codes, these are building 
codes. 62  The dark greens are the ones that are already using the most 
advanced codes. And these browns, these browns are kind of middle-tier. 
You can spend an entire career on this–and people do–but these codes have 
helped a lot when it comes to buildings and making sure that they’re energy 
efficient. And some of the states have been real leaders. 
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We also have Energy Efficiency Resource Standards.63 This is kind of 
energy-efficiency’s version of a renewable portfolio standard, or “renewable 
energy standard.” Again, [in] a fair number of states, some of these 
[efficiency standards] are combined with the renewable portfolio standards 
that have been adopted in various states; some have been set by public utility 
commissions; some have been set by state legislatures. The darker the color, 
the more the energy reduction on an annual basis. So again, another approach 
to this. And this says to utilities, “As you go out and do your work providing 
electricity in the state, we want you to work to cut energy use.” 

Going from the state to the city-level, there are now a variety of cities, 
around the U.S.–D.C., Austin, Washington, New York, Seattle, San 
Francisco, Philadelphia, and actually the entire state of California–that has 
adopted what are called “Energy Benchmarking and Disclosure.”64 This is 
essentially a system where commercial building owners have to become 
transparent about the energy use in their commercial buildings. So, it says to 
people out looking for commercial space, “You are moving into either an 
efficient or an inefficient one”; it sets up some competitive juices among 
commercial building owners—there are a whole host of things this can drive. 
So again, highlighting the energy efficiency situation that we find ourselves 
in, in commercial buildings, particularly in big cities. 

And this is, maybe, my favorite. So, any of you who’ve bought a home 
know that you go through an appraisal, and then you go through mortgage 
underwriting. They see what you can qualify for when you go out to get a 
loan to purchase the house. Home appraisals typically look at all of these 
things: termites; lead paint; soil, you know-is it going to slip down a hillside; 
health and safety; water and sewage. But strangely, we haven’t looked at 
energy use in a house, typically.  

Similarly, when you go to get a mortgage, they want to make sure you 
can pay the monthly mortgage. So, they look at what the principle costs on 
the loan are going to be, what the interests, taxes, and insurance-the taxes on 
the house, the insurance on the house. But interestingly, we’ve never looked 
at energy. What’s it cost, in a cold state like Vermont or a hot state like 
Arizona, to actually power the house? Electricity, heating, cooling, and all of 
that. This is called PITI,65 it’s a kind of common formula. We’ve said, “add 
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the ‘E’ to it, add energy to it,” and also, “Add energy to home appraisal.” So, 
the tagline, “Buying an energy efficient home? Get a better mortgage!” Talk 
about motivation for people to think about energy efficiency!  

Now, remember, we’re trying to sell energy efficiency to people out in 
the marketplace. If you knew, first of all, that home is $5,000 a year to heat, 
cool, and provide electricity; that one is $1,500, and you’re relatively 
indifferent as between the two. That $3,500 difference would qualify you for 
a bigger mortgage because you have less of a monthly or annual payment.  

The Sensible Accounting to Value Energy Act66:  Introduced in the U.S. 
Congress, it’s originally in 2013, it is now in the pending Senate energy bill.67 
One of the two sponsors, Senator Isakson, a Republican from Georgia, is a 
former real estate agent. He got this, was not a hard sell at all. And it would 
basically say, “HUD–Housing and Urban Development–would provide 
criteria for appraisal and underwriting that would take energy savings of an 
efficient home into account, based on a qualified energy report.” So, this 
would be injected into the federally regulated system of mortgages and 
underwriting, and you would get this cranked into the system. Again, how do 
you get people to take a greater interest in efficiency than they normally do?  

Now, of course the new factor, [President Trump], when it comes to this 
whole policy realm-obviously, this [Paris Climate Accord – COP21] is a big 
question mark, where we’re headed. But, I wanted to very quickly mention 
these three, the big three U.S. Energy Standards, and where we find 
ourselves. The first of course, as many of you know, is the Clean Power 
Plan.68 I’m not going to spend any time on this, but this is the big one that is 
very much at risk right now. 

This is the CAFE Standard.69 On our way, as I said, to 54.5 miles per 
gallon by 2025. This I think is the single biggest environmental 
accomplishment of the Obama administration. Getting the EPA and the 
Department of Transportation to sit down with the Detroit Automakers and 
work out that very steep Green line—and they got it done. But, they agreed 
to a kind of mid-course review, which is what’s happening right now.70 
President Obama, before he left, set this up well, and we probably would 
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have continued on this path, but the Trump administration has pulled back 
from that.71 And this is very much a question mark, whether we’re going to 
continue on to 54.5 miles per gallon.  

Coming back to this: The Federal Energy Efficiency Standards. Through 
thick and thin, Democratic and Republican administrations, back to the 
1970s, have been putting out these standards. The Little Engine That Could.72 
But, there is a real risk that we now have an administration that won’t. These 
have to come out of DOE, as I said, and then they have to be reviewed by 
OMB, the Office of Management and Budget. And, there is a real risk that 
the many standards that are pending–several of which are actually required 
standards–are not going to find their way out of the U.S. federal government. 
And that would be a real shame because this is kind of the unsung energy 
efficiency success story of the U.S. federal government. 

Alright, California to the rescue: The sixth largest economy in the 
world;73 an aggressive climate program;74 a 50% RPS (we may well move to 
100%)75; and even independent climate agreements with other states and 
nations.76 Governor Brown and the Premier of China reached an agreement 
in June on climate change.77 But, here is what I wanted to quickly focus on: 
California both has independent authority for energy efficiency standards, 
and independent authority for fuel economy standards. The two things we 
just talked about. 

So, remember I told you: California actually was ahead of the federal 
government–ahead of federal regulation–so [it] actually has independent 
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authority that it could continue to assert, even if the Trump administration 
puts a big “X” through the current DOE energy efficiency standards program. 
And, a number of states are following California’s lead on the corporate 
average fuel economy,78 because again, California was there earlier. So, we 
may see–we are seeing–even if the Trump administration does not continue 
on this 54.5 mile per gallon path, we may well see California and this group 
of states continue. I was speaking in Minnesota a few weeks ago. They’re not 
on this list and there is a big debate there about whether Minnesota ought to 
sign up for the same agreement,79 with the same authority.  

Alright, the final stop on our tour around my favorite triangle. Let’s talk 
about finance. Don’t get nervous, you can handle this. Alright, here are some 
really, really, really important numbers. This is what we’re spending globally 
on all clean energy, according to the International Energy Agency. The 
average between 2010 and 2015—750 billion dollars a year on all clean 
energy . . . 750 billion dollars a year on all clean energy globally.80 This is 
not just solar and wind, this is all of the zero-carbon sources, including energy 
efficiency and low carbon sources.81 This is what the International Energy 
Agency says we should be spending—very quickly—if we want to have any 
chance of staying in the 450-parts per million, 2ºC that Pat Parenteau talked 
about. 82  We need to very quickly–like right away–triple current global 
spending on clean energy.  

I used to take great comfort that there was a lot of money on the planet 
that institutional capital as we call it–the big pension funds; insurance 
companies; mutual funds; sovereign wealth funds, which is like Saudi 
Arabia’s oil fund, the Norwegian’s oil fund; and then lots of billionaires–the 
total is about $100 trillion dollars.83 And I used to say, until I met a very smart 
guy from Goldman Sachs, “We got plenty of money.” It turns out, that’s the 
wrong number. This is the right number, this is what’s available annually—
the investable capital as they call it—on everything globally.84 Investment in 
transportation, in IT, you name it; this is the rough number that we’ve got to 
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spend on everything. Set that aside, set that next to the 2.3-trillion-dollar need 
that I just talked about, and what you’re beginning to see is that what we’ve 
got to be spending on clean energy to have a shot at dealing with climate, is 
a pretty big percentage of this–of all the capital–that’s available annually.  

A complicated chart, but what the story is here, this is a breakdown of all 
the pension fund investments.85 Anyone who’s got a pension fund, you’ve 
got people in New York who are out investing your pension fund, and they 
put it into mutual funds, and government bonds, and private bonds, and 
shares of public companies. It turns out, a very tiny slice of that is even 
available to go into energy. And it’s not just an 8% slice, it’s a much smaller 
slice of that.86 In part because of the risk that comes with much of the energy 
investing globally.87 

What do I mean by that. We talk about four big risk categories when it 
comes to investing in energy projects around the world: there’s policy risk, 
emissions rules, trade policy (we’ve got a big mess right now in Washington 
that may result in a solar tariff. If you’re an investor, and you’re looking out 
at the prospect of a big tariff being placed on solar, you’re saying to yourself, 
“well that’s a risky investment.”), low and unstable electricity prices, low 
and volatile natural gas and oil prices. We’ve got cheap natural gas.88 What 
if it becomes expensive natural gas? We’ve got cheaper oil,89  what if it 
changes? Over-generation and curtailment; this is, we’ve got a problem in 
California now where in certain parts of the day, certain seasons, we’re 
producing more electricity than we can use, we are over-generating, and we 
are curtailing the solar and wind projects that are producing more than we 
can use.90 That does not sit well with an investor in a solar or wind project, 
the prospect that you may not get paid at all for some of the electricity you’re 
producing.  

Now, the good news is there’s opportunities for storage that are coming 
down the road. You can build more transmission, but all of that’s complicated 
and that has its own set of costs.91 Permitting: it’s tough to get certain projects 
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permitted in this country and a lot of places around the world. 92 
Transmission: we’ve used up a lot of the good transmission and 
interconnection sites for a lot of projects in the U.S. and in some countries 
they don’t exist in the first place.93 And then, a whole set of things, the 
investment regime, unstable currencies, for example, in the developing 
world, you put dollars in, if you’re a foreign investor, you get their currency 
back, what if it’s volatile? Again, these are the sort of complexities that make 
much of the investment in clean energy projects around the world not the sort 
of risk that a lot of investors want to take, and it’s what gets you into that 
pretty small slice of the pension fund pool that I mentioned a few minutes 
ago.  

Now, there’s good news here: we know how to fix a lot of these things, 
and we have a project at Stanford that’s digging into each one of these 
investment risks and what can be done.94 We’re working with some of the 
big investment banks, we’re working with governments, we’re working with 
a variety of people. How can we lower the risk that attends many of these 
kinds of clean energy projects? And I want to be clear, I’m not just talking 
about solar and wind projects, I’m talking about the rest of the renewables, 
I’m talking carbon capture, nuclear projects, and even energy efficiency. 
There are a variety of challenges with energy efficiency as we’ve talked 
about a little bit.  

So, what happens is, these four risks compound and make a desirable 
investment—nice tall green bar and a nice short red one, it makes the green 
bar drop and the red ones go up—CO2 prices unstable, electricity prices 
unstable, an uncertain EPC (that means an Engineering, Procurement, and 
Construction Contract), you have a technology that’s not fully ready, the 
contractor’s going to say, “Sorry, it’s going to cost you more to get it done,” 
and then the debt term, you’d like a nice long term loan of 25 years, but if 
you’ve got a risky project, the lender may say: “I’ll give you seven years.”95 
That raises the price. 

That’s the bad news. The great news is this is a massive economic 
opportunity. We’re going to spend, one way or another, about 50 trillion 
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dollars between now and 2035 on energy — and I didn’t say clean energy.96 
We’re going to make that choice, how clean or not clean it is. But we’re going 
to be spending tens of trillions of dollars building and rebuilding global 
energy infrastructure. So, it’s a massive economic opportunity. And some, 
like the International Energy Agency, call it the biggest economic 
opportunity of the 21st century, bar none.97  

The great news is that energy efficiency has nice returns and relatively 
low risk. So not only is it cheap, as we saw at the beginning, but among 
investors, it’s looked at as a pretty attractive investment given its relatively 
low risk.98 You pretty much know that if you put in this advanced lighting 
system, it’s probably going to work, and you’ve got a lot of experience with 
it. And again, we saw this before: a low levelized cost of electricity. 

We’re spending about 230 billion dollars a year on energy efficiency 
globally,99 and what that original chart I showed you from the International 
Energy Agency says is, we’ve got to multiply that by 5 or 6.100 It’s the single 
biggest increment of increased investment that we need if we’re going to 
have a shot, again, at staying within that 450 parts per million, 2 degrees 
centigrade.101 

Here’s an interesting example of the U.S. efficiency opportunity—a 300 
billion dollar investment opportunity. 102  This is Deutsche Bank; [they] 
looked at this. A trillion dollars in energy savings over ten years—and you 
could cut about 10 percent of U.S. climate emissions.103 That’s a pretty sweet 
deal. The capital is there in the United States, but it is not flowing. So, three 
percent of existing commercial space is renovated each year.104 Just one-
tenth include a state-of-the-art energy efficiency upgrade.105 And it’s even 
lower, people, you know, the granite counter tops are much more interesting 
than the efficient furnace. That’s our basic dilemma.  
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This is the second issue: We talked about low consumer demand in the 
policy context; let’s finish up talking about investor concerns about risk. 
There’s three kinds of risks. There’s credit risk (think-Is the borrower, the 
person who’s borrowed the money, likely to pay you back?), and that comes 
up in both the residential and commercial contexts. 106  “MUSH” means 
“municipalities, universities, schools, and hospitals,” this is another category 
of investment opportunities where energy efficiency is a big deal.107 Asset 
risk, are we going to compromise the value of the property if we make an 
energy efficiency upgrade? And, what the heck do I mean by that? Well, 
we’ve had experiences for example, where you tighten up a house too much 
and you have indoor air quality problems; you put in windows that don’t 
quite work; there’s a variety of things you can do. I don’t want to overstate 
this problem, the asset risk problem, but investors do take a serious look at 
it. And then this [performance risk] is a big one. The engineer tells you, you 
make the following five improvements and you’re going to get a 34 percent 
decrease in energy use, but when you actually go in and measure it, it’s 27 
percent. That’s a real problem for a financial model for an investor. He or she 
wants to know: are you really going to get 34 percent, because if you don’t, 
and I’m six percentage points below that, this investment doesn’t look very 
good.  

So, there’s again, just like we saw the policy tools to stimulate demand, 
there’s a whole set of tools to stimulate efficiency investment, I’m going to 
go through these fast, because I want to be sure we have some time for 
questions. The first are energy efficiency tax credits. Not many people know 
that they exist. They’re pretty modest, but they do, or I should say, they did 
exist.108 When the solar and wind tax credits were extended,109 there are the 
orphan tax credits that didn’t get extended: geothermal, biomass, energy 
efficiency.110 All of these got left on the cutting room floor. The only ones 
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that got extended were solar and wind.111 The orphan tax credits, and this is 
one of them, was a really unfortunate result, and there’s all sorts of finger 
pointing about why it happened, but what we need to do, is in this current tax 
discussion in Washington, we should put these orphan credits back in place 
like we did in solar and wind. 

Alright, these are complicated, so I’m going to go through them fast. 
There’s lots of ways to make it easier for people to renovate in an energy 
efficient way, either a residential or commercial building. One is, let them 
pay it back on their energy bill, their electricity bill. Give them a loan, and 
this is a monthly payment they make anyway, put it on that bill, and that can 
help the investor say: “Ah ha, I have a better assurance this is actually going 
to get paid.” Another one, Property Assessed Clean Energy, is put it on the 
annual property tax bill.112 Essentially float the loan and have it paid back on 
the property tax bill. We call that PACE, and there’s something called the 
PACE Assessment.113 [There are] lots of complexities in this one, it works in 
a commercial space, but Fannie Mae and Freddie Mac have problems in the 
residential area, I won’t get into it, but it’s an interesting concept and it’s 
getting some traction.114 

This is one of my favorites, called Energy Savings Performance 
Contracts (ESPCs).115 This is where big companies, you’ve probably heard 
of a company like Honeywell, it takes its own money, goes into a building 
(commercial building, and frequently a federal building), does the energy 
retrofit under a contract, and pays itself back, well, let me say it this way, the 
company that owns the building or the federal agency pays this back, but has 
already achieved some savings, so this is the debt service, and this is the 
reduced energy bill, but it’s already saving. And then when the contract is 
over, when Honeywell has been fully paid back, you have a big, a much-
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reduced energy bill. So, the company puts the money in, and it essentially 
pays itself back out of the savings, and the owner of the building five or ten 
years later, gets a vastly cheaper building to operate. Utilities also do 
something like this, a version of the ESPC; it’s called utility energy service 
contracts.116  

And then this last one is a purely private sector approach that’s being 
advanced by a variety of companies, one is a small one in Washington D.C. 
called Sparkfund.117 Actually some students who came out of Middlebury 
and Dartmouth who set this company up a few years ago, and it’s doing very, 
very well, with something called the “technology subscription service,” and 
they’ve raised lots of money and they’ve got lots of clients.118 So, yet another 
approach to this. 

Now the exciting thing for me, because this is where things get really 
well-integrated, was when Solar City announced, “we’re coming over to your 
house anyway, why don’t we also do the energy efficiency upgrade.” Lyndon 
Rive, the CEO, says: “our goal is to manage all the energy needs of the 
home.”119 They got a loan from a bank in Boston and they started to do this. 
Unfortunately, nine months later, they gave up on it, because, they realize, 
that unlike putting panels on the roof, going in and doing efficiency retrofits 
to homes was a lot more complicated. Every home is different. And it just 
was taking time and money they couldn’t spend. And, they didn’t say this, 
but of course, if you cut the electricity load in a home, what happens to your 
solar panel sales? So that didn’t work very well for Solar City either. So, this 
was a bright and shining moment, but I think we can get back to this, I think 
there are ways to do it, and I think that’s ultimately providing an integrated 
solution, solar on the roof, that new furnace in the basement, insulation in the 
walls, there’s a whole variety of ways to do that.  

This State, [Vermont], has the first Energy Efficiency Utility, Efficiency 
Vermont, that has been pioneering a lot of very important mechanisms for 
getting this done. The State Public Utility Commission, you have current and 
former commissioners sitting here [who have] done a lot of very creative 
things to get things done in this way.120 So, I would give Vermont a lot of 
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credit for being a very pioneering state when it comes to what we can do with 
energy efficiency. 

And then the last one is the biggest user of energy of all, on the planet. 
And that is the U.S. Federal Government. 23-billion-dollar energy bill.121 
400,000 buildings. Even more vehicles. Lots and lots of energy efficiency 
tools: federal procurement, federal finance, technology demonstrations, these 
energy savings performance contracts, a whole host of other things.  

I co-chaired a report last year, that we submitted to the Secretary of 
Energy, about all these opportunities in federal energy management to 
pioneer some of the things we need to be able to do in energy efficiency. 
And, I did a piece in The Hill, just after Trump was elected, saying as 
President, Trump will be CEO of U.S. Energy Incorporated.122 And I pointed 
out to the President (I don’t think he read it), but he owned a mere two million 
square feet of real estate, he was now taking over an empire with three billion 
square feet of real estate.123 And I thought it was a great opportunity for the 
President to step up, take a look at this report we did, and really do some 
great things in the federal context.  

So, the biggest economic opportunity of the twenty-first century, and the 
way I will leave this for you is, it’s an unprecedented chance to do good and 
do well. And I think it’s that intersection that’s going to motivate people more 
than anything else when it comes to moving the unprecedented amounts of 
capital that is going to have to start flowing if we’re going to fix this problem. 
So, don’t forget the triangle as you go out. And with that, I thank you and I 
would be happy to take your questions. 
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