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Technological Change & the Environment

* Technological change proceeds in three stages:
— Invention: an idea must be born

— Innovation: new ideas are then developed into
commercially viable products

» Often, these two stages of technological change are lumped
together under the rubric of research and development (R&D)

— Diffusion: to have an effect on the economy, individuals
must choose to make use of the innovation

“TITIT David Popp The Maxwell School of Citizenship and Public Affairs Syracuse University




Technological Change & the Environment

At all three stages, market forces provide insufficient
incentives for the development and diffusion of
environmentally-friendly technologies

— Environmental Externalities

* Pollution created in the production or use of a product are not
normally included in the price of the product

— Thus, neither firms nor consumers have incentive to reduce
pollution on their own

* This limits the market for technologies that reduce emissions,
which in turn reduces the incentives to develop such technologies

— Note that there may be some private benefits (e.g. lower fuel
costs, increased demand from green consumers), so demand
is not necessarily zero

w * Addressed by environmental policy

TITT David Popp The Maxwell School of Citizenship and Public Affairs Syracuse University




Technological Change & the Environment

e At all three stages, market forces provide insufficient
incentives for the development and diffusion of
environmentally-friendly technologies

— Environmental Externalities

— Knowledge as a Public Good
* New technologies must be made available to the public for the
inventor to profit

— When this happens, some or all of the knowledge that makes
up the invention also becomes available to the public.

* Public knowledge may lead to knowledge spillovers—additional
innovations, or even to copies of the current innovations, that
provide benefits to the public as a whole, but not to the innovator

* Addressed by science and technology policy
w — May be general (IP) or specific (subsidies for renewable R&D)
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The Role of Policy

* R&D policy can help with the development of
technologies, but not with the diffusion of technologies

 While R&D policy plays a role, it is not a substitute for
environmental policy
— Popp (2006) examines gains from carbon tax & R&D subsidies

* Only using carbon tax => 95% of welfare gain of both
* Only using R&D subsidy => 11% of welfare gain of both
— Fisher & Newell (2008) rank emission-reducing policies:

* (1) emissions price, (2) emissions performance standard, (3) fossil
power tax, (4) renewables share requirement, (5) renewables subsidy,
(6) R&D subsidy
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The Role of Policy

* Environmental policy creates a demand for clean
technologies

* This demand creates incentives for eco-innovation

* Eco-innovation responds quickly to the incentives
from environmental policy
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Innovation and Climate Policy
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U.S. NO, Post-Comb. Treatment Patents
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Design of Policy Instruments

* Key questions
— How to signal future policy?

* Potential profits from clean technology innovation depend on the
policies that will be in place years from now

* Thus, innovators face the risk of policy uncertainty
— Goals must be credible (CA ZEV as negative example)
— How easily can government retract policy later?
» E.g.:is the policy a valuable revenue source?

— What types of policies are needed?
* |s “getting the prices right” sufficient?

e Can knowledge-market failures be addressed by more general
sci/tech policies, or are targeted R&D programs needed?
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Design of Policy Instruments

* A wide-range of environmental policy instruments
are used

— Command & Control (CAC) policies provide specific
performance targets

— Market-based policies establish a price for emissions

 Either directly (e.g. a carbon tax) or indirectly (e.g. through the use
of tradable permits)
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Design of Policy Instruments

* Economists tend to prefer market-based regulation
over command-and-control options because they
provide greater incentives for innovation

— Command-and-control regulation provides incentives to
meet, but not exceed, standards (Popp 2003)

— In contrast, market-based options provide rewards for
continual improvement
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Removal Efficiency of New FGD Units
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Design of Policy Instruments

* How to develop long-term technologies?

— Problems such as climate change will require a diverse
range of technologies

— Will market-based policies produce a diverse range?

* Policy options
Technology neutral
e Carbon tax

e Cap-and-trade
* Renewable Energy Certificates/Renewable Portfolio Standards

Technology-specific
* Feed-in tariffs
* Investment subsidies

“TITIT David Popp The Maxwell School of Citizenship and Public Affairs Syracuse University




Design of Policy Instruments: “Picking
Winners”?

* Policies that let the market “pick winners” will focus
research efforts on technologies closest to market
(Johnstone et al. 2009)

— Renewable energy mandates => wind innovation
— Guaranteed prices (e.g. feed-in tariffs) => solar innovation

e Consider, for example, solar energy in Germany

 However, policies that promote specific technologies
may increase short-run compliance costs

— Government R&D emerges as an option to support long-
term research needs
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The Role of Public R&D

e Government R&D is likely to be important for
breakthrough innovations

— Such innovations are likely to be more basic
e Long-term payoffs
* Harder to appropriate returns
 Uncertain returns

 How is government R&D different from other R&D?

— Usually doesn’t focus on the final product
* Technology transfer needed to bring results to market
* Here, again, environmental policies will be important
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The Role of Public R&D

* Guidance for public R&D
— The nature of government R&D matters

* To avoid duplicating, and potentially crowding-out, private
research efforts, government R&D support should focus on:

— basic research

— applied research whose benefits are difficult to capture
through market activity

» e.g. improved electricity transmission, solar photovoltaics

* Popp (2002): US government energy R&D served as a substitute
for private energy R&D during the 1970s, but as a complement to
private energy R&D afterwards
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The Role of Public R&D

* Guidance for public R&D
— The nature of government R&D matters

— Adjustment costs are important

* Limits to how much we can spend on green R&D are likely to come
not from the number of deserving projects, but rather from limits
of the existing research infrastructure

* US NIH experience is an example
— Budget doubled between 1998-2003

— Adjustment costs were high (including NIH administrative
costs)

— Funds were then cut
» Real NIH spending 6.6% lower in 2007 than in 2004
» More competition for jobs among recent post-docs
» Researchers spend more time writing grants
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Technology Transfer for Eco-Innovations

* Nearly all of the world’s R&D is performed in the
developed OECD economies

— Dechezleprétre et al. (2009) find that 2/3 of climate-
friendly innovations from 1978-2003 come from the U.S,,
Japan, or Germany
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Technology Transfer for Eco-Innovations

* Nearly all of the world’s R&D is performed in the
developed OECD economies

— As aresult, their environmental policies usually shape the
development of eco-friendly technologies
* Most pollution control patents in developing countries come from
developed country inventors
— Binding emissions constraints in developing countries will
not be necessary to encourage the invention and
innovation of green technologies

* The key question is how to get these innovations to developing
countries
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Technology Transfer for Eco-Innovations

e Policy incentives are needed for the transfer of eco-
Innovations

— These may come from the recipient countries (e.g. local
policies) or from the source countries (e.g. CDM)

* Adoption of environmental regulation follows
standard diffusion curves
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Technology Transfer for Eco-Innovations

* QOver time, countries adopt environmental regulation
at lower levels of per capita income

— As pollution control technologies improve, the costs of
adopting environmental regulation fall
e Late adopters can learn from early adopters

* Hilton (2001): countries phasing out leaded gasoline after 1979
completed the process five years faster than those going earlier

— As a result, countries adopt regulation at earlier levels of
development
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Per Capita GDP (1,000 1995 US $)
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Technology Transfer for Eco-Innovations

* QOver time, countries adopt environmental regulation
at lower levels of per capita income

— As pollution control technologies improve, the costs of
adopting environmental regulation fall
e Late adopters can learn from early adopters

* Hilton (2001): countries phasing out leaded gasoline after 1979
completed the process five years faster than those going earlier

— As a result, countries adopt regulation at earlier levels of
development

— International trade improves access to technology, leading
to earlier adoption of regulation (Lovely/Popp 2009)
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Technology Transfer for Eco-Innovations

* Note that, while politicians express concern over the
lack of binding emission reductions from developing
countries, this is no different than the path taken
with other environmental regulations

— However, local air pollution reductions benefit the local
population

— That is not the case for climate change
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David Popp

Thank You!
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