How to Promote Energy Conservation Behaviors
based on Smart Meter Data Analytics

Case Studies on Energy Advice Reports for Residential and Commercial Customers

Central Research Institute of Electric Power Industry

Hidenori Komatsu, Osamu Kimura,
Toshihiro Mukai, Ken-ichiro Nishio, and Yasushi Shinohara

IERE-TNB @ Putrajaya, Malaysia
November 22nd, 2017

BIIPRAT P

© CRIEPI 1



BIPRAZ P

Today’s Topics

@ Information provision utilizing ‘Nudging’ concept

“A nudge, as we will use the term, is any aspect of
the choice architecture that alters people’s behavior in
a predictable way without forbidding any options or
significantly changing their economic incentives.”

from “Nudge: Improving Decisions about Health, Wealth,
and Happiness” p.6

€ ‘Nudging’ consumer’s energy conservation behaviors

» Information provision by automatic energy advice generating
tools —

@ Targets of interventions
» DResidential sector — =
» @ Commercial sector
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@) For residential sector

@ Evaluating the peak saving impact of behavioral interventions.

€ Enabled by using “smart meter” data.
» Information-based: (1) IHD, (2) weekly reports, (3) email alert

» Price-based: (4) 30-minute rate - uniformly designed with IHD

@ RCT experiment for 16 months
» August 2013 to November 2014

€ Around 500 HHs in a condominium participated in the trial

» From Aug 2013 ... 230 HHs - i%iggg%ﬂ <
(the 1st phase) i s ’J’
i

» From Nov 2013 ... 230 + 270 HHs
(the 2nd phase)

(the cond in Funabashi)
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Randomized experiment
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Information-based interventions s ofaug. 2014

IHD,
No Feedback IHD only Weekly Report
and Email Alert

318y paJalL
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Control (Group D) Treatment Group C
L=l ) SRR s
= FIRST 60 HHs = FIRST 59 HHs

+ SECOND 70 HHs \+ SECOND 69 HHs

Treatment Group A  Treatment Group B

116 HHs 120 HHs
= FIRST 53 HHs = FIRST 55 HHs
+ SECOND 63 HHs + SECOND 65 HHs

(Note: Control group (group D) is under equivalent situation to the customers of standard TEPCO services.)
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Price-based Intervention

Conventional Tiered Rate 30-Minute Tiered Rate
(TEPCO’s “Meter Rate Lighting B”) (Family-net Japan’s “Smart Plan”)
Unit rate [JPY/kWh] 30-minute usage
29 JPY/kWh
Red Zone
25 JPY/kWh - (40 JPY/KWh)
19 1500Wh/h
JPY/kWh
Yellow Zone
4 . Tier Il (29 JPY/kWh)
Tier |
400Wh/h Green Zone
(24 JPY/KWh)
120 kWh 300 kWh Monthly (Ex. 19:00 19:30 20:00 20:30) Time of Day

usage

The rate increases as a function of 30-min consumption.
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Information-based interventions

[ In-Home Display J [ Weekly Report ]

“Real-time electricity usage” A4 .
-Slze
Coloring m. il AL(Wi| | 1page report
corresponding to E * @* @
the tariff structure S I S \
i i)\ Composed of
LED blinks when I 4 modules
usage > 15kW S 7

Real-time usage information A variety of information including social

(Assistive of the 30-min. tiered rate) comparison of peak time usage
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An example of ‘Story’

“Save electricity usage around 2
pm weekdays during summer!”

“Your usage pattern for last
week, Aug. 5 (Mon) to 11 (Sun)”

“Within TEPCO’s

\

supply network ES0OYH 14056 OFEIC
area, demand tends CiRhBEmALETD !
to peak... ”
ERENERNTELE DN
RELDITNDIE, . .
O 520
B

“Around 2 pm 14658

weekdays during
summer”

O 68 1285 186

REEE=ELD,
ENE-INRED 2 EI10BDS5
OB™T. 14EB8ICHEELTNELE,

X

year’s highest 10
around 2 pm.”

“Based on last year’s actual peak data, of last

peak days, 4 days peaked

v

“Usage comparison
around 2 pm last week,
Aug. 5 (Mon) to 11 (Sun)”

¥

IR & ehseme

“Around 2 pm during summer,

your room air conditioner
electricity usage increases!”

SeROBIFCOFERINT—/ 5ol 14055 oEASE
8/5(A)~8/11(8) 8/5A)~8/11(8)
W
1,000
900 “Efficient
200 . aLw A 1uscholds”
[EGs)
700
600 © Wiy “Average
500 it households™
400
200
0 0 500 1,000
o e E BEEE, sTREED "
ROET, 148 TH> T, #3615
Mttt C s LT HE L& S, fERLTHELE.
“In the next picture, let us compare “You used about 3.6

your usage with your neighbors
focusing around 2 pm.”

times more than your
efficient neighbors.”

BEOYA1AEE IC—B] .
TP IVOEREHY Air conditioner,
=SFENZET! 53% (of total

usage in
residence).”

HEEER (1 4EOEEDER

N

1B IPIVEREL,

FOYER

BREMETRLTHTE?

X

“Based on
governmental
documents*

“We suggest you
use electric fans
only for one hour.

2

Promote energy conservation in system demand peak time by

social

comparison.
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Personalized story selection [

A story automatically chosen by monitoring the 30-min
interval data was provided to each household every week

» A story estimated to be effective is chosen for each household
» Messages/advices consider the reporting season

» Stories recently provided are not chosen so as not to get
customers bored
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Hourly Usage

800
I

700
I

Pt

30-min. Report
tiered +
rate IHD Alert
Group A ) ) X
Group B ° )
__________ | GroupC X )

Group A (30-min. tiered rate + |HD)

Group B (30-min. tiered rate + IHD + Report + Alert)
Group C (Conventional tiered rate + IHD + Report + Alert)

Group D (Conventional tiered rate)

The treatment groups showed usage reduction compared to the
control group

© CRIEPI




- WREwLPI

@ For Commercial sector

€ Adoption of smart-meters is accelerating

» Growing amount of interval data available for energy
efficiency services

€ Expanding energy audits to SMEs is necessary

» Public audit programs can reach only a fraction of SMEs
» Traditional audits are cost- and time-intensive

& Targets

» Utilities, Energy service providers, Multi-site companies
with interval electricity meters
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Input and output of our tool

/SO—minites Interval data\

ID1 ID2 ID3 D4
2015/4/1 0:00 368 184 258 161
2015/4/1 0:30 368 161 258 138

2015/4/1 1:00 368 161 258 184
2015/4/1 1:30 368 184 129 184
2015/4/1 2:00 368 138 258 161
2015/4/1 2:30 345 161 258 161
2015/4/1 3:00 322 161 129 184
2015/4/1 3:30 345 161 258 138
2015/4/1 4:00 345 138 258 161
2015/4/1 4:30 345 161 129 161
2015/4/1 5:00 322 138 258 161
2015/4/1 5:30 322 184 129 138

Basic demographic data
(* optional)

Building type |Address

ID1
1D2
1D3

Customized energy
saving advice reports

| T YT S —
| T X I S —
| T N T S —

[ Brerbiis-- ]

e ol AN S " b
= T A b
el P

Our report
generator

Temperature
(public data)

1D4

By
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2 pages, A4 size paper, by mail, twice a year

o Advice Report

Building type
Data description
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Design and selection of advices

S Approaches for designing advices

LA ’—1. Fault detection
;;:::::::::::::::::i 2. Simplified disaggregation

U\ 3. Social comparison (benchmarking)

. .- | 4.Selective visualization

9 o | G
poie (|

------------------------------------
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1. Fault detection

Example: detecting unnecessary demand increases
focusing on time of day.

The maximum demand was increased by 6 % in the highest 5 hours.

Hourly demand in days with highest demands in a year
° .. e To avoid demand

1 ;c peaks, be careful for
?!,g;z? 1.%@3; 770 operation of air-
o) R ] U conditioning, when e.g.
starting-up, or
extremely hot.

| ..  Check if any
s m wli A equipment can be
O 3 6 9 12 15 18 21 ! :

Time stopped in a peak time.
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1. Fault detection (cont.)

The maximum demand was increased by 13 % in the highest 5 hours.

Hourly demand in days with highest demands in a year
e To avoid demand
peaks, be careful for
4200 operation of air-

s
=

T
=

Hourly demand [kKW]

<73z conditioning, when e.g.
40' :iﬁ% starting-up, or
3/11
3714R)  extremely hot.

Pl
=

e Checkif any
equipment can be

0 8 6 9 121518 21 stopped in a peak time.
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2. Social comparison (benchmarking)

Example: benchmarking of yearly kWh per m?.

Your building consumed more than similar ones

 Your building
consumed more than
similar ones last yeatr,

Efficient

Average 11 if and ranked 23rd out
Your of 25.
building e If you redgce
0 25 50 75 consumption to the

Consumption per square meters [kWh/m?] average level. it will

save 40% of your total
consumption.
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3. Disaggregation by end use

Example: Disaggregation highlighting the lighting demand.

Lighting accounted for 59% of total consumption last year.

Share of electricity

consumption by end-use * This can be saved by

reducing lamps and
replacing with LED
lighting.

e Measure the lighting
levels and you will find
areas with excessive
lighting.
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3. Disaggregation by end use

Example: Disaggregation highlighting the base load.

Saving base load by 5% reduces 60 thousand yen of electricity bill per year

Share of base load e Consumption is large not only
on operating days but also at

midnight or on non-operating
days, and the share is high
compared to other buildings.
Saving base load by 5%
reduces 60 thousand yen of
electricity bill per year.
RSB B B D 55%E A~ AW TOES e Turn off power completely
(PR EREFTClE29%) after work and check if you
have equipment that can be
3 6 9 12 15 18 21 stopped at night or on non-
Time operating days.

= = [ M
o €3] o ]
[ ]

Hourly demand [kW]

o]

o
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4. Selective visualization

Example: comparison of monthly consumption with last year’s.

Consumption increased in the last four months sequentially

This year’s monthly consumption
compared with last year’s e Consumption of this

year was 5% larger
than last year’s.

e TN
31 o

=
o

* |dentify the causes
that increased the
consumption.

e
w

Monthly demand [10MWh]

2
2

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Month
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5. Summary

e [ntroducing demand monitors or improving operation of air-
conditioning to reduce the maximum demand in the 3 highest
demand days could result in saving 210 thousand yen per year.

e Improving operation time of air-conditioning or updating old
equipment to reduce 20% of air-conditioning demand days could
result in saving 140 thousand yen per year.

e Replacing with LED or reducing lamps to reduce the lighting
demand could result in saving 220thousand yen per year.

- Summary is always appeared in the end of reports
- If the savings of electricity bills are small, the terms
are omitted.
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Selection of advice

Re-order by Re-order by
evaluation result topic flow Final order

Aovic= <‘\
Advice 2

e
A eo R

Initial order

Advice 4
Advice 6
Advice 2

Advice 4
Advice 6
Advice 5

Advice 1
Advice 2
Advice 3
Advice 4

il

Advice 2

Advice 5
Advice 6

Advice 5
Advice 6
Advice 7
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An example of output
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- Shows that the
highest demand is
always just after
opening time
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e X7 3T I T improving HVAC
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Indicates the share
of HVAC to the peak
time usage at 8 am.
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Responses from energy managers

@ “Useful to understand the patterns of electricity
usage, since we do not have demand monitors.”

@ “Can be utilized as important materials for planning
EE measures.”

@ “Too busy to take a look.”

& “We've already done those recommendations.”
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THANK YOU VERY MUCH
FOR YOUR ATTENTION!

Hidenori Komatsu, PhD

E-mail:
komatsu@criepi.denken.or.jp
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