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In the past at these meetings...

We've typically started with a set of “wiring diagrams” to show how the
various things we have been working on fit together and build on each other.
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Lighting = 20% of US electricity

Discrete Choice
Analysis

for DCvs AC lighting systems
w/o PV and storage

Ré.4: Energy poverty: definition
and implications for rebound effect

This year | am going to do something a bit different. In the first

half of my talk, | will present a few highlights from the past five
years. Then | will talk about plans for the coming five years.



CEDM has been remarkably productive

Over the past five years we have:

e Graduated 38 PhDs

* Published over 200 papers

* Run 7 Theory & Methods workshops

* Held 60 invited seminars

* Developed and disseminated a variety of tools
for decision support

* Provided briefings to many stakeholders, and

* Conducted numerous educational and outreach
activities for policymakers, the public, and
middle-school teachers and students.
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The Geoengineering Option
A Last Resort Against Global Warming?

David G. Victor, M. Granger Morgan, FJay Apt,
FJobn Steinbruner, and Katharine Ricke

EacH YEAR, the effects of climate change are coming into sharper
focus. Barely a month goes by without some fresh bad news: ice sheets
and glaciers are melting faster than expected, sea levels are rising more
rapidly than ever in recorded history, plants are blooming earlier in
the spring, water supplies and habitats are in danger, birds are being
forced to find new migratory patterns.

The odds that the global climate will reach a dangerous tipping
point are increasing. Over the course of the twenty-first century, key
ocean currents, such as the Gulf Stream, could shift radically, and
thawing permafrost could release huge amounts of additional green-
house gases into the atmosphere. Such scenarios, although still remote,
would dramatically accelerate and compound the consequences of
global warming. Scientists are taking these doomsday scenarios seriously
because the steady accumulation of warming gases in the atmosphere
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Assessments of energy efficiency,
renewable energy, and small-scale
cogeneration

Kyle Siler-Evans addressed DG, emissions from generation

and location of solar and wind.

Sy Py 42 (202) Sm-S80.

Energy Policy

journal hama page: www. aisevier com/locata/anpol

Distributed cogeneration for commercial buildings: Can we make the

economics work?
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Informed Public Preferences for Electricity Portfolios
with CCS and Other Low-Carbon Technologies

Lauren A. Fleishman,"-* Windi Bruine de Bruin,"* and M. Granger Morgan'

Public perceplices of carbon capture and sequestration (CCS) and ather low.carbon
electricity-gencrating technologies may affect the feasibility of their widespread deployment.
recruil

We asked a di

ted I ty groups in Pitisburgh,

Penssylvania to rank 10 technologies (e.g.. coal with OCS, natural gas. nudear, various re-
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newables, and

efficiency), and seven

of these

d carefully balanced materials that explained

3 o y
the costs and beneits of cach technalogy. Rankings were obtained in small group seifings as
well as individually before and afier the growp discussions. The rasking exercise asked par-
licipants o assame that the U.S. Congress had mandated a reduction in carboa diowide emis-
sions from power plasts o be bailt in the future. Overall, rankings suggest that paricipants
favared energy efficiency, followed by muclear power, integraled gasificatia combined-cycle
caal with OCS and wind. The most preferred portfolio also incleded these tochnologies. We
find that these informed members af the geacral public preferred diverse porifolias that con-
tained CCS and naclear over alternatives oace they fully understood the benefits, cost, and
limitatices af each. The materizk and approack developed for this stedy may also have valae
in educating members of the gencral public about the challenges of achicving a low-carbon

energy fisture.

KEY WORDS: Carbon capture and ssquestralion; CCS; dlecricity generatica; low-carbos public risk
unication
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1. INTRODUCTION

Fossil fuel use by the elecricity sector is the
largest source of carbon dioxide (C0;) emissions in
the United States. To avoid the worst global warming
scenarios, CO; emissions from the electricity sector
‘must be reduced by 50-80% below today's levels by
2050 Achieving this reduction in the United States
over the next half century will require an spgressive

" Department of Eagineerisg and Public Folkcy, Carnzgle Mellon
Usihessity, PA, USA.

ZDepartment of Soctal and Decision Sclences, Camegle Melion
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* Address correspondesce 10 1aunen A. Flsishman, 5000 Forbes
Ave, 129 Haker Hall, Plttsbargh, PA 15213, USA; lek: 412268
S6T; fax: 4122683757, lamrenifcme nda.

deployment of several advanced low-carbon tech-
nologies including nuclear plants, natural gas plants,
and coal plants with carbon capture and sequestra-
tion (CCS), which separates OO, from the flue gas of
electricity ing pi: d it in deep
geological formations.

Renewable electricity sources, such as wind tur-
bines, and perhaps solar thermal systems, will likely
also play an important role in decarbonizing the
electricity grid, but are currently unable to reliably
meet demand for electricity.? The power generated

Traditional Coal
Plants

Option 1: CO; is released into air

How it Works: Traditional coal plants bum coal to
make steam. The steam is used as fuel ina type
of engine, calleda "urbine” This turbine runs a
generator to make electricity.

Rk
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When coal is bumed, CO; is released by the plant In Option 1, this CO; escapes

into the air because no equipment is added to capture the CQ.

MORE INFORMATION (ABOUT TRADITIONAL COAL PLANTS)

Public preferences for
portfolios of low-carbon
generation

Lauren Fleishman Mayer explored public preferences for portfolios of
low carbon electricity generation.

COURITDETE

Informed Public Choices for Low-Carbon Electricity Portfolios Using a

Computer Decision Tool
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¢ Letter to the Editor

The value of CCS public opinion research

A letter in response to Malone, Dooley and Bradbury (2010)

Presser and Blair, 1994). Structured surveys typically i
direct interaction between researchers and individual res

carbon dioxide capture and storage towards realistic
it”

veys
stakeholder involvement

In their article entitled “Moving from misinformation derived

but rather present a relatively large sample of respond
paper-and-pencil or computer-based surveys that ask
mined questions. These structured surveys can be used t
sufficient statistical power to allow researchers to unde:
prevalence of beliefs and their correlation with prefer

towards realistic stakeholder involvement,” Malone et al. (2010)
argue that previous research on public perceptions of carbon cap-

results can only reveal beliefs that are covered by the
(e.g. Converse and Presser, 1986; Tourangeau et al., 200
survey methodologists commonly advise to use a mixe
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Sustaining Critical Social Services During Extended Regional

Power Blackouts

Anu Naravanan® and M. Granger Morgan

Desplte contlnulbng effcrts to make the electrle power system robust, some risk remalns of
widespread and extended power outages due to extreme weather of acts of terrorlsm. One
way to alleviate the most serlows effects of a prolonged blackout Is to find local means to
seoure the cobitlbued provislon of critical soclal servloes upon which the health and safety
of soclety depend. This article outll.lw: and estimates the Incremental cost of a strategy that

uses small

and smart meters to keep a set

of aritical soclal services operational duting a prolonged powet cutage that lasts for days of
weeks and extends over hundreds of kllometers.

KEY WORDS: Critical social services; distril i ck

L INTRODUCTION

Engineers have worked hard to make the electric
power transmission and distribution system as meli-
able as possible. However, there are limits to how se-
cure it is possible to make a system that consists of
thousands of critical parts that are spread across the
landscape./t! Widespread and extended power out-
ages can result from human error, intense geomag-
netic storms,®! extreme weather such as the 1998
ice storm in Ontario,® or terrorist attack. The
1998 Ontario ice storm and the 2003 blackout in the
Northeast left millions without power, and in the case
of the former, for weeks.

Electricity supports many critical social services.
When the power goes out. these services are inter-
rupted or severely curtailed. Most of us have expe-
rience with blackouts after storms that last for just a
few hours, and are relatively localized. Such black-
outs are mot the focus of this article. Here we ask

Department of Enginesring and Public Palicy, Carnegic Mellan
University, Pitisbargh, PA, USA.
* Address 1o Anu of En-

gineering and Public Palicy, Carnegie Melica Umvenlly Baker
Hall 129, 5000 Forbes Ave., Pittsburgh, PA 15213, USA; tel:
(413) 268-3378; fax: (412) 268.3757; anarayan@andrew. cnu.sdu

smart grids

What could be done #~ mabe critioal ercial corvino
Jess valnerable to low
events that cause a b
or weeks and across b
We examine four
(1) How might *
to distribution
some distribut
generation (D
ity in the even
outs?

(2) What would b

additions?
(3) What would t
duration black
ment of such a
(4) What policy o
sure that such,
cial “insurance

L THE MODELSY

Although power
continental scale, the
specific technology an
makes it impossible t

Low Vulugé i
e Dislribulion
Syslem

Large Central Slation
Generalons

Cuslomer loads
o . Inchding schools,

relal

0724V 1AL00
g i

price, hames
e with G

\ Securing electr|C|ty dependent
J critical social services

Effects of a Smart Meter Based Attack on
the Stability of the Bulk Power Grid

Aru Narayaran, Eduarde Cotilla-Sanchez, Paul Hines, Granger Morgan

Absteact— This paper estimates the effects of o smart meter
based attack on the stability of the bulk power grid using results
from a PSAT sinsulation run on the IEEE 9 and 39 bus test
networks. We address the guestion: What fraction of system load
needs to be cycled on and off In arder to nedably affect system
stabllity” We focus om a load cycling attack because the simple
drepping of even entire distribution feeders (as eften happens
when lightning strikes) rarely causes any notable reliability
problenss for the bulk power grid. But  system operating at
stressed state could become unstable If a coardinated, escillatory
nu:k were launched en o large namber of smart meters ot &

g ¥ known to be I Results indicate that it is
likely infeasibie for even & determined adversary to gain contrel
of a suffickent number of meters to destabilize the bulk power
grid.

Imdex TermsSmart grid ecyber security, smart meter
vulnernbdlities, electric grid relisbilicy
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hat is deployed by wtilities in the process of modermixing their
systems [2]. Growing hand in hand with the rumber of
deployed smart meters in the ULS, are concerns regarding the
privacy and security implications of metering systems
resulting from bmﬂ: ins at any DFI.hc several layers of the
advanced metering infrastructare’. Smart meter privacy
concerns are not addressed in this paper. Rather, the focus
here is on the security implications of smart metering systems.
There have been several documented successful efforts
directed at hackirg smart meters and identifying the sorts of
attacks that might subsequertly be implemented [1]. A hacker
wha is relatively knowledgeanle about electronics and
software engineering might be able to hack into smart meters
1o commit energy fraud, implement a denial of service attack,
ar even disrupt electric service 1o a large number of customers
'y disconnecting loads via the remote disconmect switch.
Energy fraud and denial of service are likely to only
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Discrete choice anaysis for other energy technologies: « Replacing inefficient lamps atfects heating and cooling demands of a building
Comjoint anadysis « We assess regional differences of this effect at 105 cities in the US

« The effect size depends on regional factors such as climate and fuel mix

« The effect can undermine up to 40% of onginally mtended primary energy savings.

« The overall effect is at most 1% of total energy consumption by a house
1. Introduction 1982; Brown, 2001; Colot

gy caused by distortional | .
In 2008, residential compact fluorescent lamp (CFL) sacket satura- anes and landlords (also k ARTICLE INFO ABSTRACT

tion was 10% nationwide (D&R Intemational, Ltd., 2009), with the re-  access 10 financng opuior Areicie history: Lighting accounts for 19% of total U S. electricity consumption and 6% of carbon dsoxide equivalent (COe)
mander bewng almost entirely incandescent bulbs. About half of the  future price of electricity Received 14 June 2014 . emissions. Existing technologies, such as compact fluorescent lamps and light emitting diodes. can
tocal lighting service (in terms of lumens) was provided by incandes-  far consumers among oth Received in revised form 13 November 2014 substitute low-efficiency technologies such as mcandescent lamps, while saving energy and reducing
cent bulbs, and a lictle over 20% was provided by CFL bulbs (Navigant  sumers’ limited cognitive At 19 November 2014 energy bills to consumers. For that reason. lighting efficiency goals have been emphasized in US. energy
Consulting. 2010), mgm[mgm funh«adommn of CFLs - ar ocher ef- the fact that energy efficie effhiciency policies. However, incandescent bulbs release up to 95% of input energy as heat, impacting the

overall bullding energy consumption: replacing them increases demands for heating service that needs to
be pravided by the heating systems and decreases demands for cooling service that needs to be provided
by the cooling systems. This work investigates the net energy consumpeion. COze emissions, and savings

fickent lighting technologles, such as light emitting diodes - coukd features in products (Gol Keywords

achweve considerable energy savings In the residential sector. In many National Acedemies of S| Heat replacement effect
Encrgy efficient kgiving

cases, these efficient alternatives would also save money for house- such as buildng energy ¢ Bullding energy simulation in energy bills for single-family detached houses across the US. as one adopts more efficient lighting
holds. The show transition to CFLs does not seem 1o be due 1o poar public clency standards could b gebound ettects systems. In some regions, these heating and cooling effects from more efficient Iighting can undermine
awareness, since about 70% of Americans know about CFLs [Sylvania, palicy mitiatives already up to 40% of originally intended primary energy savings, erode anticipated carbon savings completely.
2010). These data suggest that there may be other barriers that keep quadrillon BTU per year or lead to 30% less household monetary savings than intended The size of the effect depends on regional
consumers from adopting CFLs Researchers have take factors such as climate, technologies used for heating and cooling. electniony fuel mix. emissions factors,

and electricity prices. Howewver. we also find that for moderate lighting efficiency mterventions. the
overall effect is small in magnitude, corresponding at most to 1% of either total emissions or of energy
consumption by a house

With 2 other pieces under way using scanner data from 30K household
purchases in a nationally representative sample...

Engineering economic analyses have long suggested that there s a priority consumers plac
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available through tax and fee collection. One large source of revenue generation for trans-
portation infrastructure is use fees that are charged through taxes on gasoline both on a
federal and state level. A massive adoption of electric vehicles (EVs) in the United States
would result in significantly lower gasoline consumption and thus reduce the revenue col-
lected to maintain the US. transportation infrastructure. We investigate how different
vehicles will change the annual fee collected on a marginal basis. In addition, we assess

hmdmg transportation infrastructure N
Taxes and fees the effects of adoption of alternative vehicles on revenues using several projections of
Electric vehicles alternative vehicles adoption, both on a state-by-state basis and at the national level. We
Gas Lax find that baseline midsize and compact vehicles such as the Toyota Camry and Honda
Civic generate approximately $2500-$4000 in tax revenue over their lifetime. Under the
current funding structure, battery-electric vehicles (BEVs) such as the Nissan Leaf generate
substantially less at $400-$1300, while plug-in hybrid electric vehicles (PHEVs) such as the
Chevrolet Volt generate $1500-$2700. Even in states with high lifetime fees due to fuel
H h 2 h H b H d 1 S H 1 taxes, such as California, revenue generation can be upwards of 50% lower than in states
Wlt Ot e r p I eces S u m Itte to c I e n Ce’ to with high registration fees such as Colorado. Total annual revenue generation decreases
by about $200 million by 2025 as a result of EV adoption in our base case, but in projections
with larger adoption of alternative vehicles could lead to revenue generation reductions as

Energy Econom ics) and 2 other bein g finalized before Lot 5 5500 muion by 2025, Patential schemes that chacge wse foes o akernacve fue

vehicles to overcome the decrease in revenue include a flat annual registration fee at 0.6%

. of the vehicle’s manufacturer suggested retail price (MSRP) or 22¢ per mile fee.
h e h e a d S to U C DaVI S © 2015 Elsevier Ltd. All nghts reserved.
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bemele The rebound effect

We then published a 35-page

In 2011, June 27-28 we ran a T&M summary report that has been
workshop in Washington on the distributed internationally by IRGC.
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Report

The Rebound Effect:
Implications of Consumer
Behaviour for Robust Energy
Policies

A review of the literature on the rebound effect

in energy efficiency and report from expert
workshops

‘ Inlemationsi rick governanca councll

We reviewed the literature, participants wrote “think pieces”

and we made considerable progress on issues of definition. To download this and other CEDM reports published
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Consumer End-Use Energy
Efficiency and Rebound Effects

Inés M.L. Azevedo
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Keywords
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Abstract

Energy efficiency policies are pursued as a way to provide affordable and
sustainable energy services. Efficiency measures that reduce energy ser-
vice costs will free up resources that can be spent in the form of increased
consumption—either of that same good or service or of other goods and
services that require energy (and that have associated emissions). This is
called the rebound effect. There is still significant ambiguity about how the
rebound effect should be defined, how we can measure it, and how we can
characterize its uncertainty. Occasionally the debate regarding its impor-
tance reemerges, in part because the existing studies are not easily compa-
rable. The scope, region, end-uses, time period of analysis, and drivers for
efficiency improvements all differ widely from study to study. Asa result, list-
ing one single number for rebound effects would be misleading. Rebound
effects are likely to depend on the specific attributes of the policies that
trigger the efficiency improvement, but such factors are often ignored. Im-
plications for welfare changes resulting from rebound have also been largely
ignored in the literature until recently.
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In this case...

...using funds we had obtained from the MacArthur

Foundation, Ahmed Abdulla had already conducted
an expert elicitation on SMRs.
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We’ve gone on to...

.produce a series of additional papers, present results
to EPRI, AAAS and a number of others...

n the United States and much of the
developed world, nuclear power raises deep
misgivings among many decisionmakers
and ordinary people. Concerns about safety
have been rekindled by the Fukushima
Datichi nuclear disaster in Japan. There are
also long-standing worries over proliferation and
spent fuel management. And the technalogy has
proven expensive: its high capttal costs, combined
with restructured electriclty markets that place
heavy emphasis on short-term economic
cheap natural gas in the United States, and the
absence of a serfous commitment to greenhouse
gas emissions reduction, make nuclear power
uncompetstive in many markets. The four new
reactors betng bullt in the United States todzy
are In states that have vertically Integrated power
companies, where public uttlity commissions czn
approve the addstion of the cost to the rate base.

‘But nuclear power & not dead. Seventy nucear
reactors are under construction worldwide. Twenty-
seven of those are in China, ten are in Russla, and stx
are 1n Indta. With few exceptions, these new reactors
are of the large light water type that dominate today’s
commercial flest, producing roughly 75% of the
electricity in France, 20% in the United States, 18%
in the United Kingdom, znd 17% in Germany.

‘The same holds true when 1t comes to the
development of new reactor designs. Some limited
work continues in the United States, but efforts
by its Department of Energy to rekindle interest
among commerctal players have seen imited
success. Germany, once a leader in advanced
reactor destgns, closed its reactor development
Isboratories some years ago, ending all such

Nuclear Power for the
DevelopingWorId‘

research. lts Isbs now focus only on reactar safety
for select advanced designs. However, China, India,
Kores, and Russia continge to support vigorous
development and demonstration programs.

As developed countries come to apprectate
the magnitude of the effort needed to fully wean
thetr energy systems off of carbon-emitting
energy sources, there s 2 possibility that they
will see a resurgence of support for nuclear
power—presumably using safer and lower-cost
technalogles. In the meantime, the rest of the
world will continue its present butlding boom and
push on with the development of new designs.

Thinking small

Many praponents of nucear power believe that

the technalogy's problems can be solved through
tnnovation. Same have held up  viston of small
‘moduar reactors (SMRs), capble of productng 5
megawatts to 300 megawatts of electricity that would
be manufactured on a factory production line and
then shipped to the field as a complete module to be
tnstalled on a pre-prepared site. Proponents argue
that factory manufacturing would nat just reduce
costs; It could also result in dramatic Improvements
tn qualtty and relizbilsty. Moreover, f these SMRs
could then be returned—stll fully fueled—to
secure facilities at the end of their core 1if, the

risk of proliferation could be better managed.

Tt 1s 2 lavely viston, bt it realization ltes decades
1n the fisture, I 1 Is even possible. Estimates of the
capital cost per megawatt of first-generation light
water SMUs le a factar of two ar three above that of
conventional reactors. Of course, since SMRs would
be much smaller, the tota] cost would be much lower;
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1. Introduction kafinter and legally binding
instruments, informal agreements, natinal laws, and diplamatic
In arderta mave d dand  presaure. The main pillars of this regime include: the Nuclear Non-
relidle energy sysiems 2 partialio s and ian Treaty (NPT . which bars allbut fve sates from having
strategies is nesded. i & are  nuclear 1l staes to eventual disarmament;

small modular reactors (SMRs) (Abdulla et al, 2013). The Intena-
tiomal Atormic Energy Agency (IAEA) defines SMRs 25 nudear re-
actors producing les than 300 MW of elecricty ("Small and
Medium Sizd R 2013). SMRs might became an energy aptian
which, like tnday's large reaciors, will not emit greenhouse gawes
while having much lower initial total capital costs, and be mare
easily deplayed (evenin remote areas). standardized, and be safer
(Abdulla =t al. 2013; Liv and Fan, 2014). Such a technalogy could
play akey role in 2 partilia of generatian echnolagies far a glabal
reduction in cabon emissoms. Since SMRs might be widely
deplayed if they become economically viable. it bemmes impera-
i to examine the mprckferation dul'lenss they present and
benefits they affer (0 =d 2013}

Resalution 1540 which commits United Natians (UN) member
states to munter nud ear termrism by preventing nudear materials
fram getting ints the hands of nan-state aciors; and the Compre-
‘ensive Test Ban Treaty (CTHT), which — upan ratification — would
commit member sttes not to explode muckar devias in any
envirnment for any purpase (Council an Fareign Relations, 2013).
The 1AA is respansible for
states non-proiferation abligations e met, and B grarted the
right 1 manitor nuclear activity in member states, inchuding spat
inspections and creful material contral and  acounting
{International Atarmic Energy Agency, 2074ab). An increase in the
number of mclear s, the total amount of nudear material in
cinculation, or the geographic distribution of these wtes would

This paper highlight ‘hew SMRs could improve

Tt would

and challenge the existing nonprofiferation regime. This regime
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alko lead to an increase in the number of potential targets for
sahatage. ar the po
vohmme of nuclear material in droulation. Therefare, it & important
1 investigate whether and to what ecent different SMR desigm

Preserving the Nuclear Option

Overcoming the Institutional challenges facing
small modular reactors

An Opinion Piece for IRGC

Ahmed Abdulla, Department of Engineering and Public
Policy, Camegie Mellon University

...and now PhD student Mike Ford (Capt. USN
Ret) is starting work on a MacArthur-supported
PhD on floating SMRs. Mike will present on his
work this afternoon




One other notable consequence...

...of Ahmed’s work on expert
elicitation on SMRs is that the editors
at PNAS asked me to write a nine
page “perspective” piece on the use
(and abuse ) of expert elicitation.

This paper built on the more than 20
years of work on expert elicitation
that we have conducted with NSF
support in HDGC, CDMC and CEDM.

M. Granger Morgan, "The Use (and Abuse) of Expert
Elicitation in support of Decision Making for Public
Policy," PNAS, 111(20), 7176-7184, 2014.

. PERSPECTIVE

@ (‘:r.anﬁ

Use (and abuse) of expert elicitation in
support of decision making for public policy

M. Granger Morgan®

Department of Engineering and Publc Policy, Carnegie Mellon University, Pitsburgh, PA 158212
Bt by Wil . Clark, Marvard Univerd iy, Camiricie, MA, and spproved March 18, 2004 fecsived for redew Cctober 22, 2009
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It took a couple of years...

...but we now have two students, Lynn Kaack and Evan
Sherwin, working on PhDs that will develop and demonstrate

improved methods for dealing with uncertainty in energy and
other forecasts. This work is partly supported by EPRI.

Many of us will have a discussion
with the two of them in a session
tomorrow morning.
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This summer CEDM will...

...have a full day at the annual EMF Snowmass climate meeting
to summarize our accomplishments to date to folks from across
the climate assessment community. m g




So what’s next?

In April last year we got word that we were
invited to submit a proposal for an
additional five years

Subject: Invitation to Submit a Renewal Proposal tor a DMUU Collaborative Group

Date: Friday, April 25, 2014 8:34 AM

From: Eavey, Cheryl L. <ceavey@nsf.gov>

To: Sabine Marx <sm2234@columbia.edu>, "dhk@columbia.edu” <dhk@columbia.edu>, Dave White
<Dave.White@asu.edu>, lan Foster <foster@uchicago.edu>, Granger Morgan
<granger.morgan@andrew.cmu.edu>, Ines Azevedo <iazevedo@cmu.edu>

Cc: "Baerwald, Thomas J.” <tbaerwal@nsf.gov>, “O'Connor, Robert E” <roconnor@nsf.gov>
Conversation: Invitation to Submit a Renewal Proposal for a DMUU Collaborative Group

Dear DMUU Pls:

In accordance with the DMUU solicitation that was the basis for your current awards
(accessible at https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503374 <https://
www.nsf.gov/funding/pgm_summ.jsp?pims_id=503374> ) and the terms of your
cooperative agreements, NSF invites each awardee to submit a renewal proposal to
continue DMUU collaborative group activities. Our invitation to submit renewal
proposals reflects both the intention of the DMUU solicitation and resulting cooperative
agreements as well as the positive performances of the DMUU centers over the course
of your current awards. Because of the significant demands on program budgets,
however, we will not be able to provide support at the level indicated in the solicitation
cited above or in the current cooperative agreements.

Please use the information in this email message to complement the instructions
presented in the original program solicitation. In addition, please use the update”
information in the most recent NSF Grant Proposal Guide (GPG, accessible at b’
www.nsf.gov/pubs/policydocs/pappguide/nsf14001/gpg_index.jsp <http://wv .
pubs/policydocs/pappguide/nsf14001/gpg_index.jsp> ) when you prepar~ . wroposal.
1) You may submit a renewal proposal requesting between three and five years of
support. Regardless of the length of the requested support, funding (and related
activities) must ramp down. No single year of funding in your renewal proposal may
exceed $1,400,000 in total costs (i.e., direct plus indirect) and requested total costs over
the duration of the renewal request may not exceed $4,500,000.

[for] between three
and five years...No
single year of
funding ...may
exceed $1,400,000
in total costs...and...
costs over the
duration of the
renewal request
may not exceed
$4,500,000.

22



We spent most of the spring and summer...

...preparing the proposal.

Fundamental
Research Goals

I I T Ty

| % To assess public understanding of !
! climate change science, and of the .
1 strategies needed to decarbonizing the |
| energy system. 1
| % To understand how difference

, chance science and mitigation and

! adapiation strategies.

1 4T assess whetherhow improved

| understanding affects policy cutcomes.

__________________________

|+ Ta identify strategies that won't lead

i . .
, to potential dead ends.

! 4 To expand theory and

! methods in social sciences with
, applications to climate and

\ energy decision making under
| uncertainty.

< To evaluate decision-making
strategies and technologies to
decarbonize the energy system in
the LS. and in other parts of the
world. ]

I
1 communication strategies may impmv‘
| the level of understanding of climate

= Refinement and
information flow from
one topic to another

Research Topics

A A

T
I
I
I

i\

Year 1 Year 2 Year 3 Year 4 Year 5
: : | | T
: : : | |
TOPIC 1: Studies of public and decision E E
makers' understanding of climate change ! !
and energy transitions. ' '
‘ i ] [ > i i
el Tl
: : ; : o
TOPIC 3: Development of a set of well vetted strategies to E
have available when policy windows open — informed by !
several new Theory & Methods workshops. }1:

Envisioned
Qutcomes

15t visioning E 2nd visioning Book

e e pepasion

j : | ; |

i L i L } :

TOPIC 2: Studies of regulatory, economic, :
behavioral and technology strategies to :
decarbonize the U.S. energy system. > !
| : | ; |

| | | | L]

| | | : i

| | | | i

] L} 1 I L]

1 L} | J i

Year 1 Year 2 Year 3 Year 4 Year 5

< Understanding of how
various publics
conceptualize key issues
related to climate change
and mitigation and how
to effectively
communicate those.

<Understanding of
whether improved
understanding matters to
policy outcomes,

< ldentification of
strategies to decarbonize
the energy system.

< Creation of a group of
interdisciplinary scholars
in climate and energy
decision making under
uncertainty {we expect
about 60 CEDM affiliated
PhD students since
2010).

< Contribution to the
literature (we anticipate =
than 400 refereed
publications in between
2010 and 2020).
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. Public & decision makers' understanding
TaSk 1 of climate change

For reasons I'll explain, we think many people view the problem of climate
change as similar to the problem of air pollution.

If and when it gets
bad enough, we’ll
just clean things up.

Of course, the climate problem is not like that. We suspect that
public support for consistent abatement policy requires a basic
understanding that “once carbon dioxide gets into the atmosphere
the stuff builds up and most of it stays there for over a century.”

Images from: phys.org and impressivebuldings.com
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We also suspect...

...that too few members of the general public and indeed
opinion leaders and decision makers do not realize the
magnitude of the task involved in decarbonizing the energy

system.

oo

emitting

energy
sources

Image Sources: Artinamericamagazine.com; mountatnmadness.com

Energy
sources
that do
not emit
Co,
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We’ve done several previous studies...

Of public understanding of climate change:

* Ann Bostrom, M. Granger Morgan, Baruch Fischhoff and Daniel Read,
"What Do People Know About Global Climate Change? Part 1: Mental
models," Risk Analysis, 14(6), 959-970, 1994.

* Daniel Read, Ann Bostrom, M. Granger Morgan, Baruch Fischhoff and
Tom Smuts, "What Do People Know About Global Climate Change? Part
2: Survey studies of educated laypeople," Risk Analysis, 14(6), 971-982,
1994.

* Travis Reynolds, Ann Bostrom, Daniel Read and M. Granger Morgan,
"Now What Do People Know About Climate Change?", Risk Analysis, 30
(10), 1520-1538, 2010.

Ann Bostrom wandi
Bruine de Bruin

These studies and other work suggest that many
view climate change as being much like air pollution.
“If it ever gets bad enough, we'll just fix it like
we did in the case of air pollution.” ik "

AT L

Over the next couple of years Ann, Wandi and | plan a series of
studies to assess the prevalence of such a mental model, and to
explore how it might best be corrected.

Image from eXpIorepahistbry.com
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To be more specific:

Our objectives in Task 1 are to:

Understand how various publics think about, and how to

effectively communicate:

a) the central role of CO, in climate change and the fundamental
difference between CO, and conventional air pollutants;

b) the fact that transforming the energy system will require a
portfolio of technologies, and the associated implications of
existing long-lived energy infrastructure.

Understand whether greater public
appreciation of (a) or (b) matters to policy
preferences or outcomes.

We will address these issues with mental
model and similar studies and with a
T&M workshop on the issue “does better
understanding actually matter?”




Continue and seed research on key behavioral, economic,
TaS k 2 - and technical issues, and issues in regulatory design, that lie
along critical paths to decarbonizing the energy system

We will do this by focusing on a subset of important problems

on which CEDM has a clear comparative advantage the team

will work to:

1) find ways to use energy more efficiently;

2) develop more sources of energy that are safe, clean,
affordable, secure, and sustainable;

3) deliver the energy the U.S. uses with greater security and
efficiency; and

4) facilitate innovation in both technology and in organizations,
regulation, and public policy.
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Source: LLNL

We will address issues all
across the energy system
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Tasks 2.1to 2.4

Table 1. Topics planned under Task 2. Those listed in black will be fully funded with CEDM funds.
Those in gray we will seed. While below we only describe the project we will fully support, we have prepared

comparable write-ups on the projects we will seed, and can provide them on request.

Task 2.1 Find ways to use the energy we have more efficiently.
Behavioral and other barriers and market failures that impede the adoption of existing and new cost-saving energy
efficiency measures, and on how these barriers may best be overcome

Task 2.2: Develop more sources of energy that are safe, clean, affordable, secure and

Strategies that private and public decision makers should be considering as they work to implement CAA 111(d)

Lessons for U.S. decision makers from a quantitative assessment of European experience
Consumer adoption and environmental assessment of electric and hybrid propulsion in transportation

Task 2.3 Deliver energy services with greater security and efficiency.
Improve the resilience and adaptive capacity of energy and related infrastructure
Behaviorally realistic strategies to value complete partial electric power service disruption

Task 2.4: Innovation in technology and in organizations, regulation, public policy, economics and

behaviors.
Work designed to help support and improve PUC decision making



Task 3:

Development of a set of well-vetted strategies
to have available when policy windows open.

Several authors have discussed the discontinuous nature of the policy
process (Downs, 1974; Kingdon, 1984; Baumgartner and Jones, 1993).

It is important to have well
developed and well vetted
new ideas when an
opportunity arises to inject
them into the policy
process.

|dentifying and developing
such ideas will be a key
objective under Task 3.

A policy window can be
opened by
developments in any of
the three streams...

Time

(o]
e poli
L wi

T . The political world moves along to its own schedules and
The Politics Stream: rules: elections, players jockeying for advantage etc.

that advance their objectives into the stream of
political decision making .

Policy entrepreneurs work to inject policy options

The Problem Stream: “Cenditions” are converted into "problems” by a
" variety of processes.

+
Policy entrepreneurs work to find

ways to convert conditions they care
about into problems.

. Poli? alternative are combined, recombined and filtered in
The Policy Stream: an sffort to find a combination that is feasible, congruent
with community values, meets constraints, etc.

r
Experts, such as those engaged in policy-
focused research, develop a variety of ideas
that enter the policy stream.

policy will be adopted are greatly
enhanced when all three streams
become joined.

...however the odds that a new }

Diagram developed based on ideas articulated in J.W. Kingdon,
Agendas, Alternatives and Public Policies, Little, Brown and
Company, 240pp., 1984. 31



We are concerned that...

...many short-term strategies which result in some
limited reduction in CO, emissions will not readily
scale-up to larger future reductions. Hence, another
objective in Task 3 is to identify and seek strategies to
avoid or exit from such “dead ends.”

Images from: Lymedisease.org; coolfunpics.com;clicker.com
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Two weeks ago...

...| gave a talk at Rutgers titled
“Muddling Through is Good Climate
Policy...but Not Enough.” The reference
is, of course, to Lindblom.

5 and apyy,

sriempad
Bardeq

There is a risk that things like state-by-
state programs to achieve a 30%
reduction under CAA Section 111(d), or

the ICAO proposal for international
aircraft, may make it difficult or impossible to move on to the

>90% reductions that ultimately will be needed. Through a set
of “visioning exercises” and other activities we plan
over the next four years, we will work to identify
such possible dead ends and assess technical and
regulatory strategies to avoid them.

compy; ternan
s, such Plicateg Ty, woul,

L ey dilierey ) fom o iy e
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Price Jo,, exam
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& Public Administration Review, Vol. 19, No. 2 (Spring, 1959), pp. 79-88



Visioning Exercises (in the 15t and 3 year)

These will focus on:

— A range of plausible future trajectories down that piggy-backing
and muddling through could lead to dead ends, from which it
would be hard, very expensive, or perhaps even impossible, for
society to extract itself;

— A set of potential path dependencies that could influence which
actions or investments get made and which get blocked;

— A set of future trajectories (informed by the work in Task 2) that

could, in major ways, move society in the direction of greater
resilience and a lower carbon footprint;

— Types of possible crises or other events that could open policy
windows that provide an opportunity for change;

— Implications of the findings from the mental model studies

planned as part of Task 1, and the associated T&M workshop, for
the formulation of future abatement policy.
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Theory and Methods Workshops

We will continue to run T&M workshops as we have over
the course of the past five years. We will use some of
them to prepare for and support the proposed Visioning
Exercises while simultaneously working to expand the
frontiers of social & behavioral science and decision
making in energy and climate change.

Candidate topics for T&M workshops include:
« Does it make any difference if most people don't understand the climate
problem?

« How can one justify investment in long-lived energy infrastructure in a
short-term world

« Overcoming behavioral obstacles to the adoption of cost-effective
energy efficiency

« Making energy-dependent critical social services less vulnerable to more

frequent and intense extreme events’

| /
|
|
W



The fifth (and final year)

We proposed to spend the last year preparing a book that
will summarize all the key contributions across the >20
years we have enjoyed NSF support from climate-related
centers

A

) -

1995-2005 2005-2010 2010-2020
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One May 15t we got the following
wonderful message!

| am happy to
Granger and Ines: inform you that
NSF has completed its review of your renewal proposal (1463492). 1am happy to inform you that NSF will NSF will be able
be able to support your project at the level requested. For your information, | have attached an advance to su ppo rt your
copy of your site visit report. You will receive a link to this report and the external reviews on your .
proposal with the award nofification. proje ct at the
level requested.

We will be in touch soon with more information regarding the terms and conditions of your cooperative
agreement and any other additional information requests. In the meantime, please prepare a draft
abstract (guidelines are attached) and forward to me your IRB certification by email.

Congratulations. We are delighted to be able to support your project.

Cheryl and Tom
4

Cheryl L. Eavey, Program Director
Methodology, Measurement, and Statistics
National Science Foundation

4201 Wilson Blvd., Room 995.25

Arlington, VA 22230

703.292.7269 (voice) 703.292.5068 (FAX)
ceavey@nsf.gov <mailto:ceavey@nsf.gov>
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COMPETEing visions for U.S. research
A bill drafted by House Republicans matches White House spending

Of C O u rS e priorities for science in some areas but diverges greatly in others.
©ee 2016 funding levels, in $ billions

COMPETES
PRESIDENT'S COMPETES COMPARED
REQUEST DRAFT WITH REQUEST
COMPETES would boost:
DOE fusion 0.420 0488 16%
NSF biclogy 0748 0835 129
MNSF engineering 0529 1034 1%
NSF computer science 0954 1050 10%
MSF math/physical sciences 1366 1.500 10%
COMPETES would reduce:
NIST science 0755 0745 =1%
MNSF overall 7723 7597 =2%
NSF education 0962 0866 -10%
DOE bio/environment 0612 0550 =10%
MNSF geosciences 1365 1.200 =12%
NIST 1120 0934 =17%
DOE renewables &fficiency 2722 1199 =56%
ARPA-E 0325 0140 =57%
MNSF social/behavioral® 0237 0100 —58%
Mo change:
. MSF research account 6.186 6.186 0%
If you are a U.S. resident, POE oM orsciene 530 530 ow
please Write your U S DOE advanced computing 0.621 0621 0%
Ty DOE Basic Energy Sciences 1849 1850 0%
DOE High Energy Physics 0788 0788 0%
DOE Muclear Physics 0625 0625 0%

* Excludes funding for NSF s statistical agency Science Apr 24 2015
) 7



I’'ve already done that

Carnegie Mellon University M. Granger Morgan

Univarsity and sor of Enginearing
F«mm El’um-mw

2015 May 15

Senator Robert P. Casey, Jr.
393 Russell Senate Office Building
Washington, DC 20510

Dear Senator Casey:

The Department of Engineering and Public Policy, a department in the Engineering College at
Camegie Mellon Uni ity, is the leading of its kind amy in the world. For years our
department has been fortunate to receive support for research on decision-making sbout energy and
related issnes from the Directorate for the Social, Behavioral and Economic Sciences (SBES) at the
National Science Foundstion.

Over the period from 2010 throngh 2014 this NSF support throngh SBES has provided partial or
complete finding, or other support, for the PhDs of 39 engineering students in our depantment. The
research done by these smdents has addressed problems that range from the development of lower-cost,
safe and relisble small modular miclear reactors of the type that Westinghouse has worked on,
demanstrated the greater benefits of locating wind and solar plants in our region rather than in the south-
‘west, assessed ies to make ficient use of th ‘we have, help the owners of
commercial buildings find ways to reduce fheir energy bills, explored the use of natural gas and elecicity
to power vehicles, and addressed many other similar issues.

These topics may not immediately strike you as things likely to be funded by NSF's Directorate
for the Social, Behavioral and Bcomomic Sciences — but in addition to technology they all involve issnes
of economics, as well as human preferences and decision-making. Iwould be happy to provide details if
that would be useful.

We have grown deeply concemed by provisions in H.R_ 1806 that specifically call for a 58%
reduction in the tudzet of the NSF's Directorate for the Social, Behavioral and Economic Sciences.

‘We have recently received word that NSF has approved of an additional five years of support of
54.5-million that will come to our department from SBES. Faculty in our department have at least one
other large proposal now pending with that Directorate.

If language implementing a major cut to N5F-SBES makes it to the Senate, I very much hope you
will do what you can to restore finding, since, if implemented such a major cut will have a devastating
impact on research and doctoral student support in our engineering department.

Thank you for your consideration. Do let me know if I or any of my colleagues can be helpful on
this or related matters. A number of my collesgues and I are in Washington on a regular basis and would
be happy to come and meet in person, if that would be useful

M. Granger Morgan
Department of Engineering

and Public Policy
University and Lord Chair Professor
Professor, EPP/ECE/Heinz
MGM:pjs
ce: 5. Grant
D. Tekavec
T. McNulty

Carnegic Mellon University M. Granger Morgan

Lord Chr
Founding Head, EPP (1977-2014)

Pittsburgh, mmﬁ 18213-3800

granger.morgan@andrew.cmu.edu
Phone: 412:208.2672

Fac 412-208-2757

W pp o edu

2015 May 15

Senator Patrick J. Toomey
248 Russell Senate Office Building
Washington, DC 20510

Dear Senator Toomey:

The Department of Engineering and Public Poliry, 2 department in fhe Engineering College at
Camegie Mellon University, is the leading department of its kind anywhere in the world. For years our
department has heen fortmate to receive support for research on decision-making about energy and
related issues from the Directorate for the Social, Behavioral and Economic Sciences (SBES) at the
National Science Foundation.

Ove'(ﬂ:epumdﬁomlOlOﬂ\wngthMﬂmNSFsuppuﬂﬂnonghSBEShspmﬂdedpamzlor
complete funding, or other support, for the PhDs of 39 engineering students in our d
mmmwmﬁemhsmgsmdmuhtnmﬁmhmdwmmﬁmm
safe and reliable small modular nuclear reactors of the type that Westinghouse has worked on,
demonstrated the greater benefits of locating wind and solar plants in our region rather than in the south-
‘west, assessed strategies to make more efficient use of the energy we have, help the owners of
commercial buildings find ways to reduce their energy bills, explored the use of natural gas and electricity
o power vehicles, and addressed many other similar issues.

These topics may not immediately strike yon as things likely to be imded by NSF's Directoraie
for the Social, Behavioral and Economic Sciences — but in addition to technology they all mvolve issues
of ecomomics, 2s well as uman preferences and decision-making. Iwould be happy o provide details if
that would be useful.

‘We have grown deeply concerned by provisions in H.R. 1806 that specifically call for a 58%
reduction in the budget of the NSF's Directorate for the Social, Behavioral and Economic Sciences.

‘We have recently received word that NSF has approved of an additional five years of support of
$4.5-million that will come to our department from SBES. Faculty in our department have at least one
other large proposal now pending with that Directorate.

H]zng\ngglmplumnngamzjmmtnNSF -SBES makes it to the Senate, I very much hope you
will do what you can to restore funding, since, if implemented, such a major cut will have a devastating
impact on research and doctoral student support in our engineering department.

Thank you for your consideration. Do let me know if I or any of my colleagues can be helpful on
this or related matters. A number of my colleaznes and I are in Washington on a regular basis and would
be happy to come and meet in person, if that would be useful

Yours,

Vo ;:, 2! f‘r”' ~~;;(.1- ~
M. Granger Morgan
Department of Engineering

and Public Policy
Umniversity and Lord Chair Professor
Professor, EPP/ECE/Heinz

MGM:pjs
cc: S. Grant

D. Tekavec
T. McNulty
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Addresses

PA: Casey, Robert P., Jr. - (D - PA)
393 Russell Senate Office Building Washington DC 20510
(202) 224-6324

Contact: www.casey.senate.gov/contact/

Toomey, Patrick J. - (R - PA)

248 Russell Senate Office Building Washington DC 20510
(202) 224-4254

Contact: www.toomey.senate.gov/?p=contact

NC: Bur, Richard - (R -NC)
217 Russell Senate Office Building Washington DC 20510
(202) 224-3154

Contact: www.burr.senate.gov/public/index.cfm?FuseAction=Contact.C...

Tillis, Thom - (R - NC)

G55 Dirksen Senate Office Building Washington DC 20510
(202) 224-6342

Contact: www.tillis.senate.gov/content/contact-thom

WA: Cantwell, Maria - (D - WA)
511 Hart Senate Office Building Washington DC 20510
(202) 224-3441

Contact: www.cantwell.senate.gov/public/index.cfm/email-maria

Murray, Patty - (D - WA)

154 Russell Senate Office Building Washington DC 20510
(202) 224-2621

Contact: www.murray.senate.gov/public/index.cfm/contactme
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Agenda

Marginal emissions, trade-offs, and co-benefits in climate mitigation and air quality.

10:00 -10:10

10:10-10:20
10:20-10:30

10:30-10:40
10:40-11:10
11:10-11:20

A marginal damages framework: examples for renewables and storage —
Inés Azevedo

Emissions and damages from personal transportation — Jeremy Michalek
Cost-aware load shifting for geographically distributed data centers —
Nathaniel Horner

Results from a new air quality-damages model: EASIUR — Peter Adams
Panel discussion

Coffee break

Transportation Policy and Climate Change

11:20-11:30
11:30-11:40
11:40-11:50
11:50-12:00
12:00-12:30

12:30-13:00

How will we fund our roads? A case of decreasing revenue from electric
vehicles — Alan Jenn

CO, emissions from aviation and ocean shipping — Parth Vaishnav
Natural gas pathways for transportation — Fan Tong

Social/behavioral dimensions of short-term mobility services — Hadi
Dowlatabadi

Panel discussion

Lunch and informal discussions



Agenda...(Cont.)

Reducing GHG Emissions Through Low Carbon Electricity Generation

13:00—-13:10 Meeting the objectives of EPA Section 111(d) — Paul Fischbeck

13:10-13:20 Alternative compliance payments for existing coal-fired power plants: the
value of waiting to invest — Dalia Patifio-Echeverri

13:20 - 13:30 Floating small modular reactors — Michael Ford

13:30—-14:00 Panel discussion

Perceptions, Attitudes, Behavior and Choices |

14:00 — 14:10 Public perceptions in the UK of weather and climate change — Wandi
Bruine de Bruin

14:10 - 14:20 A strategy to improve the valuation of reliable electric power — Sunhee
Baik

14:20 — 14:30 Lay judgment of visual cues of tornado risk — Barry Dewitt

14:30—-15:00 Panel Discussion



Agenda...(Cont.)

Perceptions, Attitudes, Behavior and Choices Il

15:00 — 15:10 Studies with data from smart meters and instrumented appliances —
Tamar Krishnamurti

15:10—15:20 A behavioral decision approach to energy efficiency investments —
Alex Davis

15:20—-15:30 Views on preparing for coastal flooding risk among vulnerable
communities in NJ, CT and NY — Gabrielle Wong-Parodi

15:30—-16:00 Panel Discussion

16:00—-16:10 Coffee break

16:10 — 16:45 Panel Discussion: future studies of public understanding of GHGs —
Wandi Bruine de Bruin, Granger Morgan, Ann Bostrom, Brian Sergi

16:45 —17:30 Poster Session, with cheese and wine

Adjourn and head to dinner at Café Sam’s
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