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The context of the Reunion
1 Island and the USER project
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The Reunion Island
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The Specificities of the overseas territories regarding electricity

 Electricity generation mainly relies on CO, rich solutions (69 % with fossil fuels)

» The tariff equalization mechanism keeps the price of the kWh on the island exactly the same as the one paid
on France mainland

Answers:

« Switching to a larger share of renewables

* Improving energy efficiency and reducing consumptions (in particular for the residential sector)
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The USER project

For most households on the Reunion Island, specific end-uses are their sole electricity consumptions
(no heating, no hot water)

USER (specific end-uses of electricity on the Reunion Island) is a three-year project launched in 2019 and
backed by the French Agency for Ecological Transition (ADEME)

Goals: Increase the knowledge about the specific end-uses on the Reunion Island: appliances ownership rates
and characteristics, energy consumptions, impact of the energy efficiency advice, households behaviours
regarding electricity and their choices
USER’s answers:

1. A quantitative survey to get an overlook on the appliances’ stock on the island

2. Atwo-part qualitative monitoring campaign

3. A qualitative sociological study

We will focus on point 2
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Methodology for the monitoring
2 campaign and results
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A two-phase monitoring campaign to assess the impact of efficiency advice

Explanation to the
Phase 1 households over
the phone
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Live in situ
explanation to the
Househols

Phase 2

Second

campaign
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What is recorded?

Enocean
Plug-in socket dongle Hub
\
\ SD card
— @ EE=
Enocean \
X9 wireless Real time
protocol clock

» Instantaneous active power
* 6 seconds time step
« Up to 5 appliances

« Plug and play but in the USER context, installed on site by SPL-Horizon Reunion % o
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The advantages of a « short » time step

Washing machine cycle at a 6 s time step Washing machine cycle at a 10 minutes time step
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10 min time step

» Real and accurate image of the appliances’ functionning and power demand

» Allows to compute a large range of indicators
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Building a balanced sample

Two main guidelines:
« Capture enough diversity

* Follow as much as possible the same quotas than those used for the quantitative survey
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Household . .
. : Financial Number
Housing type | size (people Target ) Percentage
over 15) status recruited
Financial
House <2 . . 11% 11 17%
insecurity
No financial
House <2 ) . 26% 21 33%
insecurity
Financial
House >2 . . 9% 8 13%
insecurity
No financial
House >2 . . 21% 10 16%
iInsecurity
Financial
Flat <2 . . 6% 5 8%
insecurity
No financial
Flat <2 ) . 12% 1 2%
insecurity
Financial
Flat >2 . . 5% 4 6%
insecurity
No financial
Flat >2 . . 10% 3 5%
insecurity
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Phase one: appliances recorded Appliances monitored

‘Washing miachine | 4 |
Refrigerator freezer (freezer above first ran|:) | e 32
Rice cooker |, 2 O
Horizontal freezer | 2 5

28 different types of -
appliances recorded Microwave oven  EE— 10

LEDTV I o
Vertical freezer GGG O

FOCUS On the COld appllances Refrigerator freezer (freezer under first rank) GGG

. American refrigerator (first rank) INIIIEEEEEEGEGEEGEGGGG
(refrigerators and freezers) Dish washer  E—

Tumble dryer I 4
Water heater NI 2

WaShIng maChIneS, TVS and Refrigerator freezer (freezer under second rank) I 3
. American refrigerator (second rank) I 2
rlce COOkerS We” Portable electric heater N 2
represented Oven 2

Partable air conditionner I 2
Internet modem N 2

Mlsce”aneous (acceptance One door refrigerator (first rank) B 1
. Poolpump HE 1
sometimes hard) Wood stove mmm 1

Desktop computer BN 1

Laptop computer [ 1

At least one month of data Steam cooker W 1
Steam iron N 1

Traditional coffee machine Wl 1

Wine cellar mm 1

0 5 10 15 20 25 30 35 40
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Ex-post results

The five appliances considered are:
* The rice cookers
« TheTVs
« The washing-machines
« The fridges
« The freezers (not presented because similar to the fridges)
Why those appliances?
« Widespread: owned by a vast majority of households and therefore large sample
« Cover different end-uses: cooking, entertainment, hygiene, food preservation

« Large share of the specific electricity consumptions for the households
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Results for the rice cookers

* 11 households
« Advice given:

v' Don’t use the keep it
warm

« About one third managed to
both reduce their average
daily number of cycles and
the average cycles’ durations
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Rice cooker usage through one day

400 -

200 -

cooking
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Keep it warm during 3 h 30
About 140 Wh
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Average durations of cooking cycles

variation
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average cooking cycles durations variation between phase 1 and phase 2
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What we want to

avoid!

Rice cookers daily average number of cooking cycles variation vs daily
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Results for the rice cookers Quadrant graph for the Rice cookers

Less cycles y = x annual consumption More cycles y = x annual consumption
Longer cycles Longer cycles °
* 11 households °
o 0 °
9 % of the o 45 % of the
a Household with an average consumption per households households
cycle lower in phase 2 than in phase 1 Less cycles y = x annual consumption More cycles y =x annual consumption
Py Household with an average consumption per Shorter cycles Shorter cycles
cycle higherin phase 2 than in phase 1
L]
‘ 37 % of the 9 %of the
households households

Average energy consumption per year extrapolated kWh
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* Finally, 4 households out of
11 (36 %) managed to lower
their consumption against 45
% which increased it
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Evolution of the annual consumptions for the rice cookers

Results for the rice cookers Y o

80%
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* 11 households

« Overall, the global (sum)
consumption decreased by 2

-40%
-60%

Variation between phase 1 and pha

0
... o
136 109 91 84 47 45 35 33 28 22 18
kWh / year phase 1
Rice caokers annual extrapolated consumption
5
 Lesson learned: the advice for N
the rice cookers was very simple
and easy to understand. .
Nevertheless it seems quite hard E 2 Frst wave
for a slight majority to follow it. , |
This may imply that cooking is a
quite difficult habit to change (?) L
N
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Results for the TV

* 7 households

TV daily average number of watching cycles variation vs daily average
watching cycles durations variation between phase 1 and phase 2

« Advice given:

v' Watch TV less!

Average durations of watching cycles
variation

* The sample size is not
significant, only three
households managed to both A TV replaced by the household
reduce their number of
cycles and their durations

<seoF 17

Average number of daily watching cycles variation




Results for the TV

7 households

Household with an average consumption per
cycle lower in phase 2 than in phase 1

PY Household with an average consumption per
cycle higher in phase 2 than in phase 1

Household with an average consumption per
A cycle higher in phase 2 than in phase 1 with
an appliance replaced (household’sinitiative)

* The annual extrapolated
consumptions remained the
same between the first wave

and the second wave!
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Less cycles
Longer cycles

Quadrant graph for the TV

¥ =% annual consumptian

29 % of the

households

y = % annual consumption

Mare cycles
Longer cycles

14 % of the

households

Less cycles
Shorter cycles

¥ =% annual consumption

¥ =¥ annual consumptian
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Shorter cycles

P9 43 % of the 14 %ufthe
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TV daily average number of watching cycles variation vs daily average
watching cycles durations variation between phase 1 and phase 2

40%
30%
20%
10%
° 0'% ¢
-50% -40% -30% -20% -10%  -10% 0% ® 10%

- -30%
- -40%

-50%
Average number of daily watching cycles variation

Results for the TV

A

Average durations of watching cycles
variation

TV LCD 2020-08-06 TV LCD 2021-09-05
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Results for the TV

* 7 households

« Overall, the global (sum)
consumption decreased by 1
%...

 Lesson learned: Like rice
cookers, TVs' energy
consumptions seem hard to
lower!
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Variation between phase 1 and phase 2
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0%

-10%
-20%
-30%
-40%
-50%

-60%

631

TV annual extrapolated consumption
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kWh / year phase 1

300 400
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500

600

Evolution of the annual consumptions for the TVs

Decreasing annual consumption

64

3 First wave
3 Second wave
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Results for the washing-machines
« 28 households

« Advice given:

v" Reduce the number of
cycles

v Lower the washing
temperature

« About one third managed to
both reduce their average
daily number of cycles and
the average cycles’ energy
consumptions.

93 % of the households

managed to reduce their
cycles’consumptions and / or
reduce their daily number of

. cycles
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Washing-machines daily average number of washing cycles variation vs daily
average washing cycles' energy consumption variation between phase 1 and

phase 2
oo
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Results for the washing-machines

e 28 households

A Washing-machinereplaced by the household

* Finally, 71 % of the
households managed to
reduce their energy
consumptions of their
washing-machines
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Less cycles

More energy per cycle

Quadrant graph for the washing-machines

y = x annual consumption More cycles

More energy per cycle
o}

29 % of the

households

y = x annual consumption

7 % of the

households

Less cycles

Less energy per cycle

y = x annual consumption
More cycles

Less energy per cycle

32 % of the

households

y = x annual consumption

32 % of the

households

Second wave

Washing-machines average energy consumption per year

400

300

200

100

0

extrapolated kWh

50 100 150 200 250

First wave

300 350
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Evolution of the annual consumptions for the washing-machines

. . 250%
Results for the washing-machines o

150%

100%
50% I
0% I - n I

e "'III L
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e 28 households

« Overall, the global (sum)
consumption decreased by

-100%

Variation between phase 1 and phase 2

17 %... 50

SSINSCEERRREENAARSIBLEREIBLRNN

B WM replaced (household's initiative) N/ vear phase 1
Washing-machines annual extrapolated consumption
5
 Lesson learned: the advice for

the washing-machines did work. 6
People seem to have well . / o
understand simple actions on - 3 Second wave

which they have total control with
an identical result: wash less,
lower the temperature

[} 0 50 100 150 200 250 300 .
: :eDF kWh per year g 23




Results for the fridges
« 24 households

« Advice given:

v Clean and defrost regularly

v Avoid useless openings

v Avoid storing too much food
an air flow is needed

v Cool down food before
storing it

v' The temperature set point
should be of + 4 °C for the
refrigerators and of — 18 °C
for the freezers

v The appliances should be in a
cool room or at least away
from the direct sunlight or
from a heat source.
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10 % of the refrigerators were malfunctionning!

750 A
500 -

250 4

70 -

= 651

60 -

Power demand of a well-functioning refrigerator

I O 'I_J T 1J 1J'_f I

0

2000 4000 6000 28000 10000 12000 14000
time {6 s)

Malfunctioning refrigerator {non-cycling)
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2000 4000 6000 8000 10000 12000 14000
time {6 s)




Quadrant graph for the Refrigerators

y = x annual consumption

More cycles
Longer cycles

Results for the fridges Less cycles

Longer cycles

24 households 58 % of the

households

0 % of the

. . households
Household with an average consumption per

cycle lower in phase 2 than in phase 1

y = x annual consumption y =X annual consumption

Less cycles More cycles

Py Household with an average consumption per Shorter cycles Shorter cycles

cycle higher in phase 2 than in phase 1

Household with an average consumption per
cycle lower in phase 2 than in phase 1 with an
appliance replaced (household’s initiative)

Household with an average consumption per u
0, o,
B cycle lowerin phase 2 than in phase 1 with an 0 A’ of the /. A 42 A) of the

appliance replaced (USER’s initiative) households households

Household with an average consumption per
A cycle higherin phase 2 than in phase 1 with

an appliance replaced (household’s initiative)

Refrigerators average energy consumption per year extrapolated kWh
Household with an average consumption per g g gy P pery P

A cyclg lower in phase 2 than in phgs.ell Yvith an 1000
aEg;IJ:ILaOnucFl’aor:)placed (household’s initiative with 900
800
* The indoor temperature v ;gg
could not be controlled 3 500
nevertheless, we can see § 400
) 300
that those who did not 200
replaced their appliance are 100
] 0

somehow close to the first 0 100 200 300 400 500 600 700 800 900 1000

bISSGCtOr First wave
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Evolution of the annual consumptions for the refrgerators

Results for the fridges 3 B
£ 100%
g Switch from a two-door
@ o refrigerator to a combined fridge @~——*
« 24 households 5 :
_‘,:DU. 0% ] l - I I - . | | I | I
g L | I I " 1 "1
* Overall, the global (sum) S oy
consumption decreased by <
15%... E-loo%vﬂ-mvhwmmwmmmmmm‘—'mmchﬁmmw
s B IR SRRCB88SIS8ITARANARRES
&

I Refrigerator replaced (household's initiative) kWh / year phase 1

Refrigerator annual extrapolated consumption

 Lesson learned: the appliances
stock contains a significant
number of malfunctionning
appliances. When they are
replaced, the gains are there. For
the unreplaced ones, the effects
of the advice are more uncertain

[ } B r T
‘." "‘EDF 200 100 600 800 1000 % 26
KWh per year

[ First wave
3 Second wave
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3 Conclusion and perspectives
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Conclusion

Washing-machines -17 %

Fridges -15 %

Rice cookers -2 %
TVs -1 %

.
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e 2 groups:

v Around -15%:
= Washing-machines: advice
» Fridges: replacement

v Around -2 %:
= Rice cookers: advice
= TVs: advice

« Merit order according to what we noticed through the USER project:

v" No replacement possible: the appliances for which the
household has “full control”, understands the direct impact of its
actions (number of cycles, temperature) should be targeted first
as for example the washing-machines

v Areplacement is possible: the malfunctioning cold appliances
should be sought after. In doing so, the gains are significant in
terms of direct electricity consumed

v" For end-uses with strong habits like cooking and
entertainment, advice can be given but positive results seem
harder to reach even if cooking leaves room for hope.
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Perspectives

If further works should be continued, it would be interesting:

« To have a feedback from the households about why they could not follow some advice for some end-uses
(cooking for example)

« To put in place, for the cold appliances, a temperature control instead of the sole “ same season”
« To conduct the measures on a larger sample of households for more robust conclusions (but it's difficult and
expensive!)
Curious about the first part of the USER project?

“Load monitoring at a short time step to set up actions: a feedback from the USER project
on the Reunion Island” ECEEE Summer Study 2022
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https://www.eceee.org/library/conference_proceedings/eceee_Summer_Studies/2022/4-monitoring-and-evaluation-for-a-wise-just-and-inclusive-transition/load-monitoring-at-a-short-time-step-to-set-up-actions-a-feedback-from-the-user-project-on-the-reunion-island/
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