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Please describe your qualifications.

| am currently pursuing a Ph.D. in Urban Affars and Public Policy a the Universty of
Ddavare, where | am dfiliated with the Center for Energy and Environmenta Policy
(CEEP). I am Norwegian and my doctord dissartation investigates Norwegian energy policy
with afocus on resdentia energy efficiency policy and energy information messures.

Prior to joining the Universty of Deaware | receved a Maders in Environmentd Studies,
with a concentration in Environmenta Policy, and a Bachdors in Marketing and Economics,
both from the Universty of Strathdyde in Glasgow, Scotland.

While a CEEP, | have worked as policy andyst and research associate on two mgor energy
infformation projects 1) The Energy Sa Billing program, a piot innovaive hilling
information project funded by the U.S. Environmenta Protection Agency (EPA) and 2) The
Nationa Information Infrastructure Project. 2 Under a U.S. Department of Energy contract,
we cooperated with Dr. Charles Goldman a the Lawrence Berkdey Nationd Laboratory in
Cdiforniay to assess and evduate consumer interest in communications-based  energy
information sarvices. On both projects | worked under Dr. Willett Kempton, Senior Research
Scientist a the CEEP.

Prior to working with Dr. Kempton, | was a research associae at the CEEP on contract with
the Dlavare Generd Assembly — providing technicd assgtance on the formulation of viable
growth management policies for the State of Delaware, as wdl as with the Ddaware Office of
Public Advocaie, providing technicd assgance on quesions concarning public  utility
deregulaion and possble impacts on consumers, and preparing evidence presented in dockets
before the Delaware Public Services Commission.

In 1997 | received a doctord felowship from the Norwegian Research Council to investigate
enagy information messures and dectric utility billing information in Norway, in paticular. |
joined Dr. Hd Wilhite s hilling feedback project group the same year. | paticipated in focus
group ressarch and in numerous meetings during the development and experimenta testing of
the proect's compaaive grgphic displays in  paticuar normative feedback and
dissggregation of end use. Furthermore, | dso acted as liason between the project groups in
Norway and the US. Though there are differences both in gpproach and results, both projects
have benefited from an exchange of information and experiences.

A complete lig of references providing detail about both projects, the evauations and
background can be found a the end of this document. | have dso induded a lig of my mogt
relevant publications from the projects mentioned above in Appendix G.

! The research discussed here was funded in part by the United States Environmental Protection Agency (EPA)
under co-operaive agreement CX 8244452-01 to the University of Delaware.

*This project was funded by t he Norwegian Water and Power Authority (NVE), Odo Energi and Stavanger
Energi (now Lyse Energi)



What isthe background and rationale for your programs?

The improved hilling information dscussed here is particulaly important for two reasons
Fird, to make houscholds aware of their energy use — providing a better plaform for energy
svings — and second, to improve communications between the utility and the energy
consumer.  Furthermore, the compardive billing component provides individudised energy
information for a mass-audience, a very low cod, usng an dready exiding, but often under-
utilised, communications channd — the utility bill. Prior dudies dso show that the more
goecific and relevant the energy information is to the household the more effective it is in
achieving energy savings (Schipper, 1987).

Research on energy consarvation in family households shows that per-household savings up
to 30% can be redised through consumer behaviour changes done (Sdigman and Daley,
1977, Gdler e d. 1982). The provison of feedback information is a noncoercive, non-
inrusve policy for tapping pat of this potentid. Fndings from ealier billing projects
introducing hidoricd  sdf-comparisons  implemented in Norway and Fnland  support  this
finding.

The dudies | paticipaed in had as thar man god to devdop hilling information that
addresad the problems identified in these earlier dudies The information had to meet
consumer needs and preferences and provide information that was andyticdly sound and essy
to comprehend, 0 as to dlow for wdl-informed decisons aout energy use and conservaion
efforts. Both programs were developed in cooperation with utilities and developers of utility
software and, as such, are rdaivey essy to implement within exising utility billings sysems

and equipment.

Both projects were motivated by prior research efforts that found exising utility hills to be
deficient in a number of ways Billing informetion is often poorly undersood and interpreted
by consumers and does not address the information needs of many bill payers (Kempton and
Layne 1994). Evidence from severd dudies caried out by Kempton e d. shows that
consumeas use hilling information, often extensvely, but make invdid inferences about
consarvation measures based on existing data given on the bill (Kempton and Layne, 1994).

Thexe earlier sudies dso show that resdentid utility cusomers vaue accurate and easy-to-
uderdand information about ther energy use and would like to receive more informative
billing information, a finding that has been subgantiated in dl the energy billing Sudies that
we have done. Kempton (1995) found that customers want ther utility to provide them with
ample, draghtforward information that addresses the specific dtuations of ther own home,
meking the case for household spedific rather than generd information rdying on  utility
averages.

Kempton and Montgomery further found that because energy services (hedt, light, etc.) are
billed in the aggregate and in unfamiliar units of kilowatt hours (kWh), consumers have no
easy mechanisms for learning about their homes energy use (1982) meking the case for
dissggregated  billing information. With aggregate energy hilling energy consarvers receive no
cer 9gnd about the savings associated with prior actions, making evauation of efficiency
measures very difficult.



What characterises the comparative energy information and on what bass are
comparisons made?

Our dudies are concerned with feedback that shows each customer how ther billed energy
use compares to that of others in “houses like yours” It is a compaative peformance

measure and works only in those cases where the consumer is adle to recognise the
relationship between behaviour and outcome.

In the Savanger Energi study’ we adso tested information disaggregated end use By
dissggregation, we mean meking visble for the energy consumer how much energy goes to
important end uses in the dwdling. Since typicdly individud enduses are not metered, there
are widespread misconceptions about how much energy goes where. Severd dudies have
found that a common misconception is that more energy goes to lighting and cooking (visble)
than actudly does ad les to sace hedting and cooling (invisble) (Kempton and
Montgomery 1982; Wilhite 1984; Wilhite e d. 1996). The objective of disaggregetion is to
correct misunderstandings and rase awareness about the contribution of importat end uses
like space heat and hot water.

The US sudy’ used a “neighbourhood comparison” approach, the comparison group being
dl of the households in a given neighbourhood, combined with house sze and agppliance mix.
In the Norwegian study (covering Stavanger and Odo), it was decided to place recipients into
groups of dmilar households drawvn from the entire greater metropolitan area. The categories
usd were number of people in the household, type of dweling, house Sze, use of dectric
hedting (three categories. 100% electric, mix of eectric and other, no dectric), and hot water
ather incdluded or exduded from the household dectricity hill (a Stuation particular to multi
household dwellings)

Neighbourhood comparisons can dso be based on addresses, postd codes or meter read
routes. This diminates any data costs associated with collecting house data and encourages
informal discussions among neighbours who receive the comparative feedback.

Please describe the projects and the resear ch work conducted in the U.S.

The research work we did in the U.S. fdls into tree categories and occurred at severd stages.
The fird dage involved facetoface interviews and a mal survey. During the second Stage,
we did facetoface interviews with cusomers in the Traer municipd utility’s service territory,
after they had received the hilling graphic for two months. We then proceeded with faceto
face interviews with cusomers in both Traer and Amana (another participating municipd
utility) after the utilities had provided the information on the hill for 3 years and 1 year,
respectively. At this point we dso caried out a mal survey of the entire customer base in
both utilities Since our project culminated in the implementation of a comparaive graph by
the two Mid-Wegtern utilities, we mostly concentrate on the evaduation results of the program,
but dso indude some of the man findings from the fird mal survey thet tested preference
and comprehengon of theinitid four grgphic displays.

3 This study evaluated the effects of normative (comparetive) feedback and disagregated end-use information
provided.

* This study evaluated the effects of comparative feedback provided in the Traer and Amanamunicipa utility
srvice territories.



Please describe the projects and the resear ch work conducted in Norway

The decison to explore normaive feedback and disaggregation of end use in Norway, came
& a resllt of very postive results from implementation of higtoricd feedback by Stavanger
Energi. In fact, Stavanger’s success with the program, that has reported dectricity savings of
8%, leed NVE to introduce legidation mandatiing that dl utiliies provide this type of
informetion to their cusomers as of July 1, 1999. Denmak has gone one step further and has
decided that dl utilities have to implement both higoricd and normative (i.e. comparative)
feedback on their bills.

In Norway, 3 displays were tested in a totd of 6 focus groups in Odo and Stavanger. Three
types of digplays were chosen to visudise the comparison: a linear verson which placed the
recipient's consumption in relaion to the highest and lowest energy consumers in the group; a
normd (bel) curve verson which shows not only the placement, but the digtribution of
households within the group; and a variaion on the normd curve, in which the shape of the
curve is represented with figures of smal houses. The later is smilar to the display preferred
in the U.S. Study.

The linear verson and the normd curve verson, but not the smdl house verson, were then
teted usng a mal survey with a larger sample Examples of the find versons of the linear
and normad curve representations which were used in the tet are presented here as
Appendices E and F. A questionnaire was st to 2000 households, 1000 in Odo and 1000 in
Savanger. Findings were gmilar in both dties (for dmplicty, | will discuss only the
Savanger findings in my testimony).

In Norway, disaggregated end use information was dso explored. By testing in facus groups
we found that the pie chart verson was overwhdmingly favoured in dl of the groups over the
bar chat. The pie chat (see Appendix F) was conddered to be esder to interpret and to give
an exde ovaview of the dissggregation. Similarily, based on tests in the same focus groups
and on the limitations on quedtionnaire length and progranming, we sdected Sx end usss to
be incduded in the dislay: dectric space hedting, other gpace hedating, hot water, light, “white
gppliances’ (in Norway these are kitchen gppliances and washing machine), and “ other”.

In the U.S. examples you have worked on, were customers able to comprehend in a
meaningful way the information provided?

Our programn evauation of both the Traer and Amana programs shows tha only 4% of
respondents said they could not understand the grgph. Those who said they did not understand
the graph were dgnificantly older, average 67 years, versus 54 years for those who were able
to properly interpret it. More customers a Traer correctly understood the graph — perhaps
because @ the time of the evaduation it had been a component of Traer's hill for three years,
varsus only a year @ Amana For those who made the comparison, the respondents actud
posgition on the graph was used to verify comprehension.

Thefdlowing table[rup1 indicates the evauation results.



Graph Comprehension: Per centage of non-missing
Ability to make comparison

Grgph too difficult to understand 1%
Not enough information 10%
Did not answer, missing N/A
Made comparison (Lower, same, or higher bill) 83%

The results of the initid mal survey, tha tested the four grgphicd displays in Appendix A,
show tha 67% of regpondents undersood and interpreted the grgphs correctly. The
digribution graph with houses was preferred over the other three displays, and understood by
79% of respondents.

What about customer comprehension of theinformation in Norway?

Our sudy of cusomer comprehenson in Norway found that only 16% of respondents found
that the norma curve was difficult to undersand, while 77% found the contrary. This is a
remarkable result, given the sophistication of the normd curve,

The results of the linear graph reved that it is widdy undersood, and comparatively speeking,
fewer had problems undergtanding it then did the normd curve. Only 9% found it difficult to
understand and 83% disagreed with this statement. Looking & the demographic subgroups,
the only group that had greater problems than the average was those over 60 years old. Even
there, only 29% of this subgroup found the normd curve difficult to underdand. None of the
subgroups had greater than average problems with the linear graph.

The fallowing table illugtrates the results of the * gbility to comprehend’ research.

Stavanger: “ Thefigurewastoo difficult to undersand” Normal curve | Linear
Agree/completely agree 16% Y%
Unsure/Don’'t know 8% 6%
Disagree/Completely disagree % 83%

Agan, the reallts for dissggregation are dso convincing. Vey few had trouble with
comprehenson. There were two groups which were somewhat wesker than the norm, those
whose age was over 60 years old and those who had 9 years or less of education. In both
groups, about 19% found the figure difficult to understand.

Stavanger: “ Thefigureisdifficult to under stand” Disaggr egated
Agree/completely agree 7%
Unsure/Don't know 5%
Disagree/Completely disagree 8P

Inthe U.S. examples, did customer s appr eciate the infor mation provided?

The U.S evduaion data indicates that respondents gregtly appreciste the program's
compardive billing information; that the mgority comprehends it; and that it leads them to
say that they have, or would, adopt energy conservation measures.



In fact, compardtive billing is seen as having aufficient vaue that it actudly afects the rated
ovedl qudity of sarvice of the utility, as wel as the likdihood, if this option were to exis, of
switching utilities. According to our evauation, those recaiving the grgph raied utility service
above those who did not, and the difference was highly dgnificant a the p<.0001 leve
(pooled t—test = 70, 554 df, p < 0.0001). Also, 17% said they would switch utilities to recaive
the greph, even if the were satidfied with their current utility. These daa indicate strong
gppreciation for the type of information provided.

Furthermore, 64% said they have made energy efficiency changes as a result of receiving the
comparative grgph and an overlgpping 40% expressed their intention to do so.

Are reaults in terms of customer satisfaction and appreciation Smilar in the Norway
projectsyou worked on?

Yes In Norway, Stavanger’'s experiences reved that each of these vaious forms of
comparative feedback information — comparison with others and dissggregaion of energy end
uses — are highly vaued by customers and in addition have the effect of increesing avareness
and knowledge about energy use.

In fact, only a very sndl proportion of recipients found it to be usdess or uninteresting.
Virtudly the entire sample, 94% and 98%, was interested in recaving the normd curve and
the linear curve should it be offered in the future. 88% thought the information in the normd
curve was useful.

Stavanger: Leve of interest Normal curve | Linear
Agree/completely agree: The information is useful 88% 8%
Disaggree/completely disaggree: The informetion is not interesting 8% 88%
| am interested in receiving the information should it be offered % W%

The cudome evduaions in Stavanger give a number of drong indications tha the
dissggregation is an information messure people are very interested in and that it has the
desred pedagogica effects. 81% found the information to be very useful. And the fact that an
impressve 95% was interesed in recaving the information in the future is in itsdf an
extremdy pogtive evadudion. Respondents were about equaly divided on whether they
would like to have the informaion with every hill, or only once a year. In repone to a
quesion on whether people would be interesed in getting the information by internet, 20%
reponded yes. Based on the podtive results in evauaing these compaative energy
information measures, Lyse Energi® is currently exploring the possibilities of offering a web-
based verson.

What do we know about the ability of this type of information to help customers
improve ener gy efficiency and reducetheir energy bills?

The U.S. evdudions of the graph in Traar and Amana shows that a very high proportion of

customers report that they have taken energy efficiency actions (64%), and an overlgoping but
dso high pecentage saying they plan to do so (40%). Although 34% of the customers

° Stevenger Energi recently merged with severd other utilities. Lyse Energi is the name of the new utility.



reported “The graph did not cause us to want to do anything,” this must be framed by looking
a thar additiond comments written in a “Comments’ section of the survey. Many of these
customers reported that they had dready taken actions to lower their energy use before they
saw this graph, and the grgph only reinforced and informed them to keep doing wha they hed
been doing.

Actions taken following receipt of graph Per centage
Have dready taken one or more actions (mean = 1.6 actions) 64%
Plan to take action (improve house or buy efficient appliances) 4%
No action stimulated by grgph A%
Wanted to act, but did not know whet to do 5%

Bdow fallowsaligt of the specific actions respondents reported having taken, or plan to take.

Reported actions Per centage of
Valid Answers
Cdled Utility 5%
Asked Utility How to Lower Bill 1%
Discussed Graph Within House 19%
Discussad Graph With Neighbor 6%
Changed Habits 2%
ChoseLow-Energy Appliance 21%
House Improvements 13%
Planto Buy Low-Energy Appliance 2%
Other Changes 3%

What about energy savings resultsin Norway?

We found that providing comparative informaion increeses consumers  knowledge about
ther own energy use and raises avaeness as to the exiding energy efficency or savings
potentid. The numbers in the two tables below illugrate this assartion. With both versons,
somewhere between 35% and 51% of the respondents were surprised a their placement with
respect to others and around one third found ther rddive dectricity use to be higher than they
had assumed. Thus the feedback had the desred effect of correcting misconceptions and
rasing awareness for alarge portion of the respondents.

Stavanger: “I’'m surprised by how the amount of my dectricity Normd curve | Linear
consumption compareswith others’

Agree/completely agree 35 51%
Unsure/Don't know 3% 28%
Disagree/Completely disagree 2% 24%
Stavanger: “ The placement of my electricity wasfurther tothe Normd curve | Linear
right in the diagram than | would have believed”

Agree/completely agree 2% 3%
Unsure/Don't know 28% 2%
Disagree/Completely disagree 42% 3B%




Following on this aout three fourths of the Norwegian respondents sad they would be
motivated to reduce their dectricity use if they were usng more than the average household in
their comparison group. Since about hdf have dectricity consumption higher than average,
one could deduce that 36% of the regondents who received the normd curve and 38% who
received the linear graph would be motivated by the feedback to save energy.

Stavanger: “If my eectricity consumption wer e higher than the Normd curve | Linear
average, it would motivate meto save energy”

Agree/completely agree %% %
Unsure/Don’'t know 15% 16%
Disagree/Completely disagree 11% 6%

In sum, normetive (i.e. comparative) feedback has received high maks when it comes to
customer interest, and it clearly has the desired effects of increesing awareness and acting as
an incentive to reduce energy use.

We dso found that 84% thought the disaggregated information gave them a better
underganding of their household's dectricity use, while 81% acknowledged that the display
provided them with knowledge about ther energy use tha they did not get through other
information. Another 84% sad that seeing the disaggregation of end uses had led them to
better understand their energy use.

38% had misconceptions about the breskdown of ther dectricity use, saying thet the various
caegories were different from what they previoudy bdieved, and 34% were unsure,
suggesting that they were uncertain beforehand. These responses indicate tha the
disaggregation has had its desired effect for a significant proportion of the sample.

A subssquent sudy caried out in Fnland that provided bimonthly disaggregated informeation
dong with energy informetion compaing the household consumption of the participants in
the dudy to that of others in Finland and to the other households participating in the study,
further reported decreases in dectricity consumption after monitoring and feedback of 17-
21% (Hagkana et d. 1997).

Could you qualify the costs of these programmesreative to their benefits?

Because the program implemented in Norway was an experimenta one, we do not have full
data on cods of implementation. However we do know that benefits are condderable
increesed cugtomer  sdtidfaction, more informed cusomers, and potentidly large  utility-wide
energy savings — providing benefits to utilities, individud consumers and sodiety.

As for actud energy savings, the results from Traer and Amana are impressve. For example,
even if only a fraction of the 21% who said they bought more efficient gppliances — and the
27% who sad they plan to — actudly did 0 as a result of the comparaive hilling graph, as
they dam, this done would likdy judify the cost of the program implementation many times
over.



Regading implementation, both Traer and Amana reported that cost of program
implementation was low; the induson of the comparaive grgph did not generate additiona
load on customer service, and ongoing codts were negligible.

We know from evadudion of experimentd implementation of Smilar programs, that the
billing innovetions we have devdoped and, in the case of Traer and Amang, implemented can
reasonably be expected to produce energy savings that are smdl (0.5%-2%) but highly cost-
effective (roughly 0.5-2¢/kwWh). This represents a savings of approimatdy $5-$20 per
participating household.

Are there any substantive reasons to believe that results would be markably different in
Hydro-Québec’'s service territory?

No. While Hydro-Québec is sgnificantly larger than the utilities we evduaed, there is no
reason for this to affect the results, in terms both of savings and unit codts (if anything, unit
cogts would likely be lower) rupz. Furthermore, the peculiarities of Hydro-Québec's system —
its dimate, its generdion mix and the unusudly high market peneration of eectric space
heating — are mirrored by the Norwegian examples. Findly, | am not aware of any reason for
which Québec consumers would be less educated or less able to comprehend and appreciate
the information provided in comparaive hilling than were cusomersin Norway or the U.S.

Does this conclude your testimony?

Yesit does.
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Appendix A
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Figure 1. We tested the graphsin displays A, B, C and D inamail survey of 600 Delaware

residents.
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Appendix B
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Fgure 2. Sample didribution graph with houses, developed for the US study

Thegraph in figure 2 isthe primary bill option that emerged as aresult of the

extensve consumer testing described above. It is amonthly digtribution grgphic
comparing the customer to “houses like yours,” with “houseslike yours’ represented
by house iconsadong aline of monthly bill expenses, stacking representing more

houses a that monthly expense leve, and a darkened house representing the recipient's
own bill that month. (The two houses shown off the right edge of the graph are
outliers)

Conparing 0-1016 sqft hores
H: G Wh: G Dy: G OQen: G AC Y

X = your electric bill: $111.06
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Figure 3. Character-only bar graph implemented in Traer and Amana utilities due to
limited graphic cgpabilitiesin billing system
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Appendix C

TRAER MUNICIPAL UTILITIES
I 649 2nd STREET
TRAER, IOWA 50675
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STATE, EIP CODE

’ | BANE NAME

BAMNK ACCOUNT

|

ACCOUNT NO:

887 5 3516

AMOUNT DUE HOW

171.29

09/20 98

P PR

PAY THIS AMOUNT § 172.96 ]
AMBUNY ENELGSED i
iy = =
RETURH TOP PORTION WITH YOL = SATWENT T0 RSURE TRUPEH LHEINL ! o At
JR— M'*_I'_ ACTOUNT NO. READING DATES 2
EMP ACCOUNT ADDRESS 887 & 3516 PREVIOUS __D'J',.FIE PRESEMT 08 /20
METER READINGS B |' ioe |
PRESEMT | PREVIOLIS [ W= RN L o] e i
29996 28504 1.0 1492 RES 105.66
FFA 5.40
S5EW 8.83
403700 198400 1.0 5300 WAT 34 . B8
GAR 9,25
Comparing 0-1016 sgft homes - 5. 48
Ht:G Wth:G Dry!G Ovn:G AC:Y -
X = your electric bill: $111.06 ARitls DU HoW. 171.29 |

$7 $122

TRAER MUNICIFAL UTILITIES (313) 478-8750

FHgure4. Sample Treer bill

| mrreR

T 09/20/98 |
A

| EAY THIS AMOUNT

172.96 |}
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Appendix D

STAVAMGER
EHERGI

Hliawes al Ok Jaagen
Armader Harsensvai 57

L2011 BIAVAMSER

Her kan du sammanligne ditt stramforbruk mad andre @ svarende husncldninger.
Forhruket omfatter de siste 2 maneder.

| e e W Gereomnkiy Twir b g Teer 0 1
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G brukee 113 miwde sl emo genanssniial o din gnppe

7% e humbaldningene bruosr misdes alam onr dn

Dhrs bousbaidd m LT T Lyl i Wl anwle: saomy

w st av 1-0 parsands

& 00 e IR

w e dude v SRAOR AT nalfom 5 (=] 20 mz
e O ekl e G ygnesdieny

& ki Par var il sene Dliae | distens

Arfal bosholcnnce | dngupoe af .

Fgure 5: Linear graph tested in Stavanger Energi study of normative feedback. The graph
shows the household' s dectricity consumption relative to other households with same number
of occupants, same type of dweling, smilar floor space, dl dectric, and with consumption of
hot water not included in rent. The graph shows highest, lowest and average consumption and
“you are here” Under the graph there is a message saying that “Y ou use 11% less dectricity
than the average in your comparison group.” and “37% of households use less dectricity than

yours” Alsp, it gives the totd number of householdsin your comparison group.
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Appendix E

ITAVAHGER
EHERGI

DOisean dihan Gjemnce
_yder Sugenspd 25

Wiz STAVANGER

Her kar du sammenligne dilt stremfarzrus med andre disvarende husheldninger.
Farbrukel amfattar de siste 2 mancder,

T T B Cirroorilg foren g e G0 1

34

3
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F
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Forbnd 0

Do brueer 205 e shmim een gie nom s el foe i propges

4% av haholen ngens hruker mindrs sirem e dn

D nushdring ar sam marigre, med ande soen
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Fgure 6. Normd digribution curve tested in the Stavanger study of normétive feedback. This
digolay shows the same information as the grgph displayed in Figure 5.



Appendix F

STAVARNGER
EMERGI

Dlzer Jahan G emine
Lydar Sagnnagt 28

ayi? STAVANGER

Her er an amiatt fordeling av emergibrakan i din buoliy

UpLTALikGa LY

Dtgranr et e by gy mel il Trzs g o pst soemoer (pl Do det e de sp :'rr"-_-.lc_r: T

Cassom and-a snarpifiorrar aom ledlriedat or brukt or Jizee madiad | dagmmmat.

Figure 7. Pie chart showing disaggrested end uses of dectricity in the household used in the
Stavanger Energi study.
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