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result of the rule, is a truly breathtaking 
distortion of reality. 

Uncharted territory / The notion that 
imposing higher compliance costs on a 
company somehow results in more jobs 
is not just the blithe justification of some 
EPA mandarin. In her speech announcing 
the new greenhouse gas standards, EPA 
Administrator Gina McCarthy declared 
that “utilities like Exelon and Entergy 
are weaving climate considerations into 
business plans. All this means more jobs, 
not less.” It’s a claim that sits on a house 
of shaky inferences, improper extrapola-
tions, and shoddy math.

The EPA acknowledges it is, in effect, 
inventing an entirely new cost-benefit 
methodology, conceding in the Regula-
tory Impact Analysis (RIA) for the CPP 
that “employment impacts of demand-side 
energy efficiency programs have not been 
extensively studied in the peer-reviewed, 
published economic literature.” But just 
because the entire economics profession 
has not figured out how to do something 
is no reason for EPA officials to not do it 
themselves. 

One problem—but far from the only 
one—with the EPA’s job creation method-
ology is that the agency uses data from the 
Annual Survey of Manufacturers, which 
is a broad but far from in-depth data set, 
to derive a multiplier of energy efficiency 
spending to jobs. However, only half of the 
data it takes from the survey relate to the 
energy efficiency sector. With half a sample, 
the agency then assumes the multiplier in 
the construction industry is the same as 
the manufacturing sector. 

After using data only tangentially 
related to energy efficiency to infer that 
construction and manufacturing support 
the same employment levels, the EPA pos-
its a jobs multiplier whereby $1 million 
in demand-side energy efficiency creates 
2.56 new jobs. That number is at odds 
with other studies used more often by the 
EPA; for instance, Richard Morgenstern, 
an economist at Resources for the Future, 
estimates that $1 million in environmental 
spending supports only about 1.5 new 

jobs, well less than the EPA’s new claim. 
However, Morgenstern’s own estimates 
have a standard error of 2.2 jobs, which 
suggests that the true effect of such mea-
sures on jobs is likely to be “insignificant.” 
Despite the EPA’s previous reliance on 
Morgenstern, the agency is now happy to 
jettison his research and instead embrace 
claims that energy efficiency spending will 
reap greater employment benefits.

The very notion of a spending multiplier 
for some government action is controversial 
and one that various government entities 
have spent significant time studying. For 
example, the Congressional Budget Office 
analyzed the effects of the 2009 economic 
stimulus and quantified various output 
multipliers ranging from 0.4 for deferral of 
income to 2.5 for the “purchases of goods 
and services by the federal government.” 
Each multiplier represents the direct and 
indirect effects on the nation’s output of 
a dollar’s worth of given policy. However, 
the EPA posits a higher multiplier than 
any of the CBO’s estimates, even though 
the EPA’s actions take place in a robust 
economy when any multiplier effect would 
be muted relative to a period like the Great 
Recession of 2008–2009. 

Perhaps the most glaring fault in the 
EPA’s calculus is the disconnect between its 
estimated 78,800 jobs created by the CPP 
and the economy-wide compliance costs 
of the regulations. While the agency claims 
demand-side spending would range from 
$8 billion to $12.3 billion by 2020, the 
EPA’s multiplier of $1 million in demand-
side efficiency spending creating 2.56 new 
jobs implies compliance costs exceeding 
$30 billion. 

If the EPA’s math is wrong about the 
short-term effect of the CPP rule when it is 
phased in beginning in 2020, what implica-
tions does that have for the agency’s eco-
nomic analysis regarding CPP’s ultimate 
effect in 2030, when the agency predicts 
anywhere from $42 billion to $51 billion 
in energy efficiency spending? If the EPA is 
off by a factor of three in 2030, as it seems 
to be for 2020, it would imply that the total 
implementation costs imposed by the CPP 
are somewhere north of $150 billion. 

Real employment implications / The EPA 
has been regulating power plants for 
some time. Its Maximum Achievable 
Control Technology standards for power 
plants was the costliest rule issued under 
President Obama when it was intro-
duced, imposing $10 billion in compli-
ance costs, while its Cross-State Air Pol-
lution rule added another $1 billion in 
regulatory compliance costs. Last year 
the EPA finalized rules controlling cool-
ing water intakes at power plants, creat-
ing another $300 million in compliance 
costs per annum.

The result of those regulations has 
been a gradual diminution of employ-
ment in power plants since 2008, which is 
the opposite of what the Obama admin-
istration would have us believe. Now, it 
is true that job creation should never be 
the sine qua non of government activ-
ity, and in this economy there has been 
undue weight placed on the employment 
gains—both real and imagined—from gov-
ernment activity. As Milton Friedman 
loved to point out, we could get to full 
employment in a jiffy if we mandated that 
people build roads with shovels instead of 
bulldozers. But to pretend that a rule that 
would close 100 power plants and boost 
energy costs throughout the economy 
would be a job-creator is a distortion of 
epic proportion. 

Setting aside the half-baked Keynes-
ian stimulus nonsense, here is what we 
know, using the EPA’s own numbers: Even 
with $8.8 billion in estimated compliance 
costs, the EPA admits that the CPP will 
result in the premature retirement of 50 
gigawatts (GW) of coal-fired power, which 
represents one-fifth of current capacity. 
The agency’s previous forays into power 
plant regulation already managed to retire 
approximately 51 GW. The EPA projects 
that retiring 50 GW would destroy 15,600 
jobs by 2020 along with an additional 
14,100 employees laid off by 2025, with 
a total of 42,000 fewer employees in the 
power plant sector by 2030. 

The EPA does not model exactly which 
power plants and which states would be 
most affected, but some sorting using the 
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agency’s data allows us to infer how this 
might happen. Under the CPP, the EPA 
would calculate most states’ ratio of car-
bon dioxide output to megawatt hours of 
energy production (CO2/MWh). Plants 
with high ratios would drag up state aver-
ages and make it more difficult to comply 
with the new standards. Shuttering inef-
ficient plants is one compliance path to 
lower a state’s CO2/MWh rate.

Using the EPA’s e-Grid data, we sorted 
the power plants with the highest CO2/
MWh and nominal heat rates that might 
be candidates for retirement. We found 93 
plants in 31 states with an average CO2/
MWh rate of 2,626, or roughly 20 percent 
less efficient than the average coal plant. 
Those facilities produce about 50 GW of 
power, or what the EPA forecasts for early 
retirements under the proposal. Based 
on those data, Pennsylvania is the most 
affected state, with 13 plants in danger of 
retirement. Michigan is next with seven 
possible retirements and Illinois has six 
that would presumably close because of 
the new rules. 

The final flaw in the EPA’s RIA is that 
it does not appear to monetize the 42,000 
lost power plant jobs. For a baseline, the 
University of Chicago’s Jonathan Masur 
and Eric Posner estimated $100,000 per 
displaced worker, which would add another 
$4.2 billion to the cost of the CPP, or almost 
half of the EPA’s cost estimate. 

Worthwhile analysis? / The EPA analysis 
of the CPP illustrates the sad fact that the 
agency often uses RIAs more as a way to 
sell its preferred regulatory intervention 
than a dispassionate attempt to measure 
the costs and benefits and explore real 
alternatives to what it’s proposing. 

Sorting through the rigmarole offered 
in the CPP RIA nicely illustrates the need 
for an independent agency to do the cost-
benefit analysis of regulatory agencies’ pro-
posals so that the White House can be sure 
that the agencies aren’t stacking the deck. 
It’s a solution we’ve offered in these pages 
before, and it remains as timely and as far 
from actually happening as when we first 
made that suggestion. 

Complexity, Regulation  
and Nanotechnology
✒ By Pythagoras Petratos

Nanotechnology has been characterized as the next industrial rev-
olution. It has a plethora of applications in every industry. From 
nanomedicines—representing a whole new class of pharma-

ceuticals—to the shrinking of semiconductors down to the nanoscale, 
nanotechnology is destined to have a massive effect on everyday
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life. Two examples are the diminishing 
size and improving functionality of smart-
phones and the promise of nanorobots 
that will exclusively target cancer cells for 
the treatment of cancer. 

Despite the promises of nanotechnol-
ogy, only a few companies have received 
approval from the U.S. Food and Drug 
Administration to commercialize 
nanoscale materials and devices. Many 
nanosystems are under clinical trial, but 
only a small portion of them have been 
successfully commercialized. Innovation, 
value creation, and other benefits from the 
commercialization of nanotechnologies 
can be accelerated by a functional regula-
tory framework. 

In this article I examine the current 
regulatory regime and propose a number 
of policies that could facilitate commer-
cialization of nanotechnology products. 

Nanotechnology / What is nanotechnology? 
It is the systematic application of scientific 
research at the nano level. A nanometer 
(nm) is the unit of length in the metric sys-
tem equal to one billionth of a meter. As a 
sense of scale, consider that the width of a 
human hair is around 80,000nm. 

At the nanometer level, chemical reac-
tivity as well as magnetic and electrical 
properties change. A more formal defini-
tion offered by the federal government’s 
National Nanotechnology Initiative web-
site describes it as “the understanding 
and control of matter at the nanoscale, 
at dimensions between approximately 1 

and 100 nanometers, where unique phe-
nomena enable novel applications.” For 
example, nanostructures can pass through 
biological barriers without triggering the 
immune system. While this generates 
incredible opportunities for health care, 
it also raises concerns about safety. 

FDA regulation / The FDA is a key regu-
lator of nanotechnology. And yet the 
agency has acknowledged that it cannot 
adequately regulate (medical) products of 
“new sciences” such as nanotechnology. 
“This compromises not only the public 
health mission since the Agency cannot 
effectively regulate products built on 
emerging science, but it also hamstrings 
the Agency’s ability to support innova-
tion in the industries and markets that it 
regulates,” noted a 2007 report by an FDA 
Science Board subcommittee 

The FDA has two main problems 
dealing with the regulatory complexity 
of nanotechnology. The first is a lack of 
scientific expertise. The agency recognizes 
that it has a weak scientific base and orga-
nizational structure, which is supported 
by an inadequate information technology 
infrastructure.

The second problem is a mismatch 
between the existing organizational 
culture of the FDA and the realities of 
nanotechnology. The FDA and similar 
organizations usually have complex struc-
tures and contain diverse subdivisions. 
Moreover, “each center and each regulated 
product category has its own statutory 
requirements and regulatory criteria,” as 
noted in a 2009 paper by Gary Marchant, 
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Douglas Sylvester, and Kenneth 
Abbott. Each of those regulated 
product categories resulted 
from a particular crisis that pro-
voked legislation. Much of the 
current FDA culture stems from 
the thalidomide birth defects 
scandal of the early 1960s and 
the 1962 amendments to the 
federal Food and Drug Act that 
mandated the current regime of 
requiring clinical trials to prove 
the safety and eff ectiveness of 
new prescription drugs. nano-
technology does not fi t easily 
and clearly within that frame-
work and culture. As a result, 
signifi cant delays and transaction costs in 
the commercialization of nanotechnology 
products may occur. 

In June 2014, the FDA issued one 
draft and three fi nal guidance documents 
related to the use of nanotechnology. As 
the terminology suggests, rather than 
being binding, they are representative of 
the FDA’s current thinking. The good 
news is that the FDA says it will focus on 
the fi nished product rather than on the 
nanotechnological aspects of the manu-
facturing process. The bad news is that 
while the guidance refers to the defi nition 
of nanotechnology as having at least one 
dimension in the nanoscale range (1nm 
to 100nm), it can include materials or end 
products that could exhibit specifi c prop-
erties, the dimensions of which fall out-
side the nanoscale range (up to 1,000nm). 
Taking into account the uncertainty of 
measurement at this level, the defi nition 
of these particular properties can be quite 
complicated and vague. 

The U.S. Environmental Protection 
Agency also claims regulatory jurisdiction 
over nanotechnology. Many nanotechnolo-
gies are regarded as “chemical substances” 
controlled by the Toxic Substances Con-
trol Act (TSCA). The EPA has imposed 
four new sets of rules for nanotechnology 
under the TSCA. Thus a nanostructure 
might receive approval from the EPA but 
not the FDA, or the other way round, thus 
delaying innovation commercialization. 

An example is the aggressive approach by 
the EPA to regulating nanoscale silver. In 
contrast, nanosilver is extensively used in 
drugs, foods, and medical devices under 
the approval of the FDA.

Policy suggestions / What can be done to 
clarify and expedite nanotechnology regu-
lation? My fi rst suggestion is to ensure 
a clear and widely accepted defi nition of 
nanotechnology. Based on previous argu-
ments regarding dimensions, a clear defi -
nition would help fi rms understand what 
is and is not regulated.

Because nanotechnology transcends 
regulatory agencies, cooperation and coor-
dination among diff erent organizations 
are vital. This should include not only state 
and federal agencies, but also international 
organizations. The EPA, for example, is 
working collaboratively with the Orga-
nization for Economic Cooperation and 
Development and the International Orga-
nization for Standardization. 

The participation of the private sector 
in setting standards, best practices, and 
self-regulation is essential. Public–private 
partnerships would encourage transpar-
ency through the participation of the 
entrepreneurial stakeholders in the regu-
latory process. Additionally, these partner-
ships would build capacity by providing 
technical skills, risk analysis, research, and 
knowledge sharing. 

But the most important feature is to 

establish nonarbitrary methodol-
ogy to assess not only the risks 
and costs of nanotechnology, but 
also the benefits. “Benefit-Cost 
analysis can play an important 
role in legislative and regulatory 
policy debates,” Kenneth Arrow 
and coauthors noted in a 1996 Sci-
ence article. The “Stanford Model” 
of risk assessment, as described 
by Henry Miller (“The Use and 
Abuse of Science in Policymak-
ing,” Summer 2012), could be a 
useful paradigm for risk-based 
regulation for nanotechnologies. 
It is a fl exible protocol that could 
easily be applied to the commer-

cialization of diff erent kinds of technologies, 
industries, and regulatory preferences.
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