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Three Takeaways

» Research and development (R&D) is critical for both
economic growth and the survival and long-term
prosperity of individual firms

» A general concern exists over deficient R&D for both
the country as a whole and individual industries,
including energy public utilities

e State utility commissions might want to revisit their
polices and practices that affect utilities’ willingness
and ability to invest in R&D
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The Importance of R&D

Innovation (e.g., technological change) is a key element for
economic growth and long-term prosperity

It can spawn new products, improvement of existing products, or higher
efficiency of production processes

Economists have long held that technological change is critical for
economic growth
A precursor to innovation is investments in R&D

Demand for R&D is therefore a derived demand for improved
products/processes that are commercially profitable or
achieve some public benefit more effectively or at a lower cost
(knowledge for the sake of knowledge has no commercial
value)

R&D is also critical for advancing long-term policy objectives
(e.g., safety, reliability, cheaper energy, cleaner environment)
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The Innovation Process

e “Innovation is the search for, and the discovery, development,
improvement, adoption and commercialization of new
processes, new products, and new organizational structures
and procedures”

¢ Innovation consists of two basic steps: (1) create new ideas
and (2) implement them

» Innovation process involves three sequential actions:

Scientific process of discovering new knowledge and determining the
feasibility of new technologies (R&D)

Demonstration stage where new ideas and technologies are
implemented in prototype plants to evaluate performance and
cost(required information, e.g., for assessing practical or commercial
viability of a technology)

Deployment involves commercialization of the new technology
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Shift toward short-term R&D projects
with quick payback

Decline over time in the level of R&D

funding (in constant $) by the federal
government

Total spending on R&D (public plus
private) has been relatively stable over
the past three decades at roughly 2.5%
of GDP

But the share of private R&D has
increased while the share of public
R&D has fallen

After 1980, small firms rivaled and
even surpassed large firms in terms of
R&D intensity

Because of the federal budget
situation, we can expect lower R&D
financial support from the federal
government in the future
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R&D in the U.S. totaled $456.1 billion in
2013

Funding by the business sector
accounted for $297.3 billion, or 65% of
the national total

The federal government funded $121.8,
or 27% of U.S. R&D

Of the total R&D, basic research accounts
for 18%, applied research for 20% and
development for 62%

Government is the most important
source of financial support for basic
research

Over 50% of basic research is conducted
by universities and colleges, 56% of
applied research by the business sector,
and almost 90% of development by the
business sector
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National Trends in R&D

There is concern over the downward
trend in basic research affecting future
innovation

There is also concern over the low level
of R&D in the energy industry

R&D is vulnerable to budget cuts, by
both the government and business
sector, since its contributions are long
term in nature and difficult to quantify

During 1953-1987, the real annual
growth rate in federal R&D spending
was 4.9%, during 1987-2008 it grew at
just 0.3%, and during 2008-2013 it
declined by 1%

The federal government funded most
of R&D before the 1980s; share of
business sector funded R&D rose
relative to federal-funded R&D since
the mid-1960s
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Some Facts on R&D in General

Five industries (that include chemicals,
pharmaceuticals and medicines,
electronic products) accounted for 87%
of domestic business R&D in 2013

There is a wide difference in R&D
intensity across industries

For all industries in 2013, the R&D
intensity was 3.3%; 3.8% for
manufacturers and 2.7% for non-
manufacturers

The U.S. is the world’s largest R&D
performer but its share has declined over
time

The U.S. spends less R&D as a
percentage of GDP than many other
developed countries

Empirical evidence shows the social rates
of return on R&D to be much greater
than the private rates of returns
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Utilities, which include power
generation, transmission, and
distribution, natural gas
distribution, water supply and
sewerage treatment, spent just 0.1%
of revenues on R&D

Federal government energy R&D as
a percentage of GDP has dropped
since the 1970s

The federal commitment to energy
R&D is less than 0.5% of the annual
nationwide energy bill

While U.S. expenditures for energy
R&D has risen in recent years, they
are only about one-half the level in
real dollars of R&D in late 1970s
during the oil crisis

November 2015

Expensive

Initiated by technology-push or
demand-pull incentives

Expenditures can incur several
years before the firm reaps
additional revenues or other
benefits

Inherently risky (“dry holes” are
common) — costs and success are
difficult to predict, and benefits
are often distant

In a dynamic world, R&D for one
technology can quickly become
obsolete with the introduction of
newer, more promising
technologies

Some Facts on Energy R&D

Federal R&D expenditures have
shifted toward “clean air” programs,
such as energy efficiency, renewable
energy, and modernization of the
electric grid

DOE receives about 7% of the total
federal budget for R&D (Defense
gets 50% with Health and Human
Services receiving 25%)

DOE has different R&D
arrangements: contracts with
industry, work at its labs, and grants
to universities and industry
consortia

As discussed later, we have seen
R&D drastically curtailed in the
natural gas sector
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The Economics of R&D:

Challenges Abound

Benefits can be appropriated by
others, competing firms in the
industry or the public at large
(“free riders”)

The above comments imply that
firms are unlikely to innovate
unless the payoff from successful
innovation is large, which is
usually the case

The market may also under-
allocate resources to R&D, for
example because of public
benefits

Innovation usually begins with
R&D, but not always
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R&D in the Private Non-
Regulated Sector

Driven by the profit motive

Tradeoff of an early adopter between additional costs and
potentially higher benefits

For example, leaders can reap higher profits but often incur
higher costs than later adopters because of learning by doing
and scale economies

For many non-regulated firms, survival depends on keeping a
technological edge over competitors

Firms shoulder all of the risk

Benefit-sharing exists between firms and consumers (short-
runv long run)

The willingness of firms to undertake R&D depends on market
structure (competition, monopoly, oligopoly)
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R&D by Public Utilities

Energy-utility industry R&D ¢ Successful energy utility innovation
spending has declined in absolute consider technical performance,
dollars since the mid-1990s economic cost, commercial

One reason is that in responding to CompetitiveneSS, and environmental
increased competition, utilities cut effects

back on internal R&D in additionto e Ultilities are both producers and
reducing their support for consumers of innovation
collaborative research managed by Industry-funded R&D may have to
EPRI and GRI involve more basic research in the
As mentioned earlier, R&D intensity future, as the federal government is
for utilities is much less than for likely to spend less on R&D than in
U.S. industries as a whole the past

Historically, utilities conducted One economic argument is that
much of their R&D through more emphasis should fall on R&D
collaboration and outside vendors and less on subsidies to promote
NARUC has passed two resolutions new technologies that achieve
endorsing R&D in the energy specific policy objectives (e.g., clean

utilities sectors air)
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Government funding of gas
distribution R&D is significantly less
than for electric and potable water
utilities

Draconian cutbacks in government
and industry-funded R&D over the

The Case of Gas Utilities

o Utilities in 29 states are funding GTI

(but at a much lower level then
utility funding for GRI in the 1980s
and 1990s)

Potential benefits of innovation
include improved pipeline safety,

reductions in methane emissions,
greater energy efficiency, and more
efficient and effective pipeline
inspection and repair processes

e Policy question: Are current
levels of R&D funds for gas
distribution adequate?

past 15 years

The elimination of DOE R&D
funding earlier this decade reduced
the federal government’s support for
gas distribution infrastructure

As gas markets became more
competitive, some pipelines called
for elimination of the mandatory
mechanism to fund GRI
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A Few Examples of Innovation in
the Natural Gas Sector

 Fuel cells powered by natural gas

e 3-D and 4-D seismic mapping

e Hydraulic fracturing

e Gas turbines

e Application of GPS technology

e Methane detection and measurement
e Gas sensing and monitoring

» Natural gas vehicles

e Micro CHP for home use
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The Effect of Utility Regulation

* Regulation affects: (1) the amount utilities spend to
innovate, (2) the speed at which they innovate, (3) the
nature of innovative activities, and (4) the management of
R&D projects

e A core question relates to the regulatory incentives for
innovative activities by utilities
Economists have criticized traditional rate-of-return (ROR)
regulation for providing utilities with less-than-robust incentives

But history has shown that, depending on the operation of ROR
regulation and specific conditions, a utility could be either over-
motivated or under-motivated to innovate
Electric utilities have often been adopters of new technologies under
favorable conditions

For example, periods of regulatory lag under decreasing costs, high sales
growth and no retrospective reviews
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Major Policy Matters

Incentives for utilities to Groupings of innovations
innovate (i.e., utility demand for (supply-side, demand-side,
innovation) private benefits, public benefits)
The effect of a new business Utility-customer demand for
model on creating new demand innovation

for innovation by utilities,
customers and third-parties

Role of R&D in innovation (link
between R&D and innovation)

Parties carrying out innovation
(utilities, third-parties, e.g.,
Google): Why should utilities get
involve with the development of
new technologies; can’t other
entities better serve this role?

Regulatory objectives for R&D

¢ The benefits of collaborative
research

¢ Role of state commissions in
accommodating and supporting
innovation that is in the public
interest

¢ Regulatory guidelines or
principles on utility R&D

November 2015 © Ken Costello, NRRI




November 2015

The payoff to utilities may
simply be too low relative to the
risks

Utilities discount or ignore
completely public benefits

Traditional utility regulation (1)
restricts the threat of competitive
entry and (2) tightly controls a
utility’s prices and profits

For example, prices are based on
a utility’s actual costs

Innovation might lead to the

erosion of a utility's monopoly
status
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Sustained and stable funding

Funding levels sufficient for
achieving regulatory/policy goals

Consistent with a long-term and
strategic perspective

Portfolio approach for selecting
projects within broad programs
(challenging because of uncertainty
and multiple policy/company
objectives)

Allowing utilities to assume
reasonable risks, and encouraging
innovation by willing to pass at least
some costs of failure to customers

Picking winners can easily lead to
unfavorable technology lock-in

Why Utilities May Underinvest in
R&D/Innovation

* Book depreciation can cause

“stranded costs” of old assets

The conventional wisdom is that
regulation causes utilities to be
slow to innovate, since the costs
and benefits of innovation tend
to be uncertain

As one author noted, utilities
operate within a “culture of
caution”
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Illustrative Regulatory
Principles for R&D

Articulated FERC criteria: “R&D
projects should be well-defined,
clearly explained and with consumer
benefits, targets and justification”

Selection of ratepayer-funded
projects based on the public interest

Basic research best funded by
government

Consideration of new R&D funding
mechanisms

Well-managed R&D projects
Measurable outcomes

Retrospective and prospective
analyses

© Ken Costello, NRRI




Fundamental Provisions in
Regulatory Guidelines

Funders of R&D

Criteria for commission acceptability
Third-party innovations

Purpose of pilot programs
Statement of R&D objectives

Utility role

Ex ante/ex post evaluations

Cost allocation/recovery mechanism
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Concluding Comments

Assessing the adequacy of R&D in the
natural gas sector requires that one
knows both (1) the optimal level and
nature of research activities that promote
the public good and (2) the current
status of R&D activities in the sector;
both factors are either unknown or highly
speculative

The evidence suggests, however, support
for speedier actions and higher levels of
R&D funding in the natural gas sector
Like for other sectors, much of the R&D
in the energy natural gas has a public-
good feature that is likely to be
suboptimal in scale in the absence of
public support

The dramatic drop in collaborative R&D
by the natural gas utilities over the past
20 years presents a real concern
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Collaborative research has several
benefits that regulators should recognize;
such research is more likely when
companies are unconcerned about
keeping a new technology or new
information proprietary

Utilities would tend to underinvest in
innovations that have public benefits or
erode their monopoly status

There is a need for evaluating the
effectiveness of R&D funded by utility
customers

To ensure that customer are getting bang for
their buck

To improve future performance

To learn from failures
A poor R&D program is (1) short-term in
nature and (2) thinly spread among
countless uncoordinated projects that
lack useful performance measures and
are disconnected from outcomes
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