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Peaks every day

Comparison of the National demand across seasons
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Price Carbon intensity

Sum of 100 feeders from a sub-urban distribution network, w/c 13 Oct 14 (and same week of 2015) Sum of 100 feeders from a sub-urban distribution network, w/c 13 Oct 14 (and same week of 2015)
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Data on what
people do

Diary/ Starting Ending | Main activity Parallel activity Who with: Where/mode
Alone Spouse | Small | Other | of tranport
person Time Time
child pers.
id
AA23 04:00 07:20 Sleep At home
AA23 07:20 07:50 Shower At home
AA23 7:50 08:30 Had breakfast Read newspaper Ch At home
AA23 08:30 08:40 Walked to bus A By foot
AA23 08:40 09:00 Bus to job opP By bus
Work and Sleep and TVand
Country StartTime study Travel to/from | Household work other Eating Freetime video Unspecified time
work/study personal care

Belgium 04:00 1.04 0.07 0.16 97.16 0.15 1.01 0.17 0.24

Belgium 04:10 1.09 0.09 0.28 97.14 0.18 0.85 0.14 0.23

Belgium 04:20 1.09 0.15 0.18 96.94 0.4 0.81 0.17 0.25

Belgium 04:30 1.13 0.35 0.23 96.51 0.27 1.09 0.17 0.27

Belgium 04:40 1.23 0.34 0.36 96.46 0.2 0.97 0.15 0.29

Belgium 04:50 1.26 0.35 0.44 95.81 0.49 1.16 0.18 0.31

Belgium 05:00 1.53 0.34 0.61 94.76 0.49 1.78 0.21 0.27

Belgium 05:10 1.6 0.47 0.68 94.82 0.61 1.34 0.21 0.27

Belgium 05:20 1.71 0.64 0.61 94.54 0.65 1.25 0.24 0.36

Belgium 05:30 1.83 0.95 0.7 93.31 0.77 1.84 0.22 0.37

Belgium 05:40 1.94 1.26 0.99 92.77 0.74 1.74 0.24 0.3

Belgium 05:50 2.31 1.22 1.08 91.76 0.98 2.09 0.21 0.36

Belgium 06:00 3.08 1.06 1.39 88.08 1 4.81 0.23 0.34




Activities and electricity demand

Stacked distribition of top 8 activites when away from home. Season: Winter (Nov)
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Activites related to employment
Arts and hobbies

Household management Resting

Informal help to others School or University

Childcare of own household member . Main job Second job

Computing Making care for textiles Shopping and senvices
Construction and repairs Mass media Sleep
o Eating Organisational work Social care
g Employment Other personal care Social life
§ Entertainment and culture Participatory activties Sport and outdoor activities
o Food management PC Games Sportsrelated activities

Free time study Personal care Study

Gardening and pet care Physical exercise Travel and unspecified time use

Help to an adult household member Productive exercise Travel by purpose

Hobbies, games and computing Punctuating activity Tv and video

House and family care Radio and music Volunteer work and meeting

Household maintenance Reading




Activities and gender
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Households with children

With Children
children

Without
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Knowing WHEN and WHERE

Computer use-UK TV use-Spain

03:.00

Average TV electricity consumption in
Spain (MWh)

Morning Evening

Peak Peak
i l Minimum 7,93 82,35
‘ (6 Weekd ’ ’
& geﬁ% seaays Maximum 17,45 181,18
Minimum 17,30 104,13
Weekends

Maximum 38,06 229,08




Household activities and
greenhouse gas emissions

Higher home occupancy
reflects higher

Travelling green house gaS
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Occupancy in European countries

Percentage of housholds with one active occupant

Time of day

M 15 countries average m UK M France MW Slovenia
M Estonia W Lithuania M Finland m Sweden
= Norway M Spain m Germany Poland

Belgium Bulgaria Latvia Italy




Germany and UK comparison

* Probability of >=1 active person undertaking one of these six activities

activity probability activity probability
distribution DE distribution UK
0,80 0,80
0,60 0,60
0,40 0,40
0,20 0,20
0,00 . 0,00
TN FLBRERISSRAT TNRFLBERSSIYRT
mAct TV m Act_Cooking W Act TV m Act_Cooking
Act_Laundry Act_WashDress Act_Laundry Act_WashDress
W Act _Iron Hm Act_HouseClean W Act_Iron m Act_HouseClean

e Stronger midday peak in DE, morning peak more pronounced in UK
* Higher evening peak in DE, compared to flatter/broader one in UK
e Strong similarities in evening TV watching habits




Wee kday

Peaks across decades 7~

* Relative decrease in mid- \ g
day demand =

* Evening peak is later 5

* This is especially visible in > /}\ )
July -

03:00:00
06:00:00
09:00:00
12:00:00
15:00:00
18:00:00
21:00:00

Time of Day

2006 — 2011 — 2016

Source: National Grid half-hourly demand data (England & Wales) 2006-2016
Peak demand period shown shaded




% halfhours (main act)

At own home Notat own home

| Activities across decades
Shift to later eating for all (especially
et working age)
S Reduced or shifted evening media use
(squeezed between later eating and
e sleep)
Reduction in morning weekday and
T Saturday ‘personal/home care’
Household care tasks have been
shifted from weekdays to the evening

peak period

--------------------------

Synthetic MTUS 1974 - 2014, UK sample (%, weighted)



DEMAND-SIDE FLEXIBILITY




Flexibility: a win-win?

* Improving balancing with renewables
* Reducing costs of electricity generation

* Making the most of smart systems and battery storage

2005 20' 2015 o ‘ 2025

1 . € ade
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An analysis of electricity system
flexibility for Great Britain
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Time of Use (ToU) tariffs
unit

price Flat
} ) Toll
Electrificati i i
Current High Electrificati fft;;mat:: j i > -
rimi 1on W, mantion
Trends Renewables SCHHIEatio . 1) 4PM 8PM Ime
Static TOU
Opt-in 5% 5% 7% 8%
Opt-out 3% 3% 4%
iTOU
Opt-in N/ 10% [2]

Souce: Hledik et al (2017), “The Value of Time of Use Tariffs in Great Britain: Insights for
Decision Makers: Final Report”, Report prepared for Citizens Advice. July 2017.




APPROACH 1: Individual behaviour => % a |
price elasticity of demand

* Simple web-based choice experiment to elicit preferences
for fixed tariffs and two dynamic tariffs (Time of Use and
Critical Peak Pricing)

* The price attribute was framed as an electricity bill discount
(i.e. a WTA format) to switch to the dynamic tariff

* Respondents were presented with four labelled choice
cards

e Respondents were randomly divided into two sub-samples,
with environmental and system benefits information
presented to only one




Tariff Type

||[Fixed

||Time of Use (TOU)

|[Critical Peak Pricing (CPP)

Description

*Price stays the same throughout the day.

*Cost: Rate is 50% higher than your current
fixed rate 6 hours of the day, every weekday,

*Benefit: Rate is 25% lower than your current
fixed rate all other times.

from 2pm until 8pm, during daily high demand.

#*Cost: On 10 weekdays selected by the electric
company prices will raise 8x from your current
fixed rate for 6 hours, from 2pm to Epm, during
emergency conditions. Your electric company
notifies you one day in advance.

*Benefit: Rate is 25% lower than your current
fixed rate all other times that day and all other
days in the year.

Environmental and Grid Benefits

*Mone

¥Less water and air pollution.
*Aid the expansion of renewable energy.
¥Increased electricity reliability.

*Less water and air pollution.
*Aid the expansion of renewable energy.
¥*Increased electricity reliability.

¥Slow the rate of electricity price increases.

¥Slow the rate of electricity price increases.

Graphic

Fixed Rate ($/kilowatt-hour)

{?‘ Eh@ E{qu@ @.;VIP.‘D-@ & J@IP@{V@G@
—— Flat Rate

Fixed vs. TOU ($/kilowatt-hour)
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Fixed vs. CPP (S/kilowatt-hour)
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——Flat Rate —— CPP- Paak Days

Required Behavior Change to get Savings

*Mone - it's your current plan.

Sustained, moderate changes during daily
high priced times:

*All regions: Shift all listed appliances.
*US.: Adjust thermostat up by 2F (1C) from
T5F (25C) during the summer.

*Europe: If you use electric heating, adjust
vour thermostat down by 2F (1C) from 68F
(20C) during the winter. Use stand-alone
electric room heaters at their lowest setting.

Oneoff, significant changes during 10 days'
high priced times:

#*All regions: Shift all listed appliances.
*US.: Adjust thermostat up by 5F (2.5C) from
75F (25C) during the summer. Tumn off window
and room air conditioning units, and all but
essential lighting.

*Europe: If vou use electric heating, adjust
your thermostat down by 5F (2.5C) from 68F
(20C) during the winter. Turn off stand-alone
electric room heaters. Turn off all but essential
lighting. Restrict use of electric cooking
appliances by 50%.

Potential Bill Increase with No Behavior

0% 0% to 5% 0% to 5%
Change 30 to $5.00 per month %50 to 35.00 per month
Potential Bill Savings with Behavior Change
0% 10% 5%
Approximately $10.00 per month Approximately $5.00 per month
Please Select One Choice 1 Choice 2 Choice 3




Discount needed for shifting electricity demand

Coefficient Std. Error MWTA? Std. Error®
DISCOUNT 0.163*** 0.020
TOU¢ -1.993** 0.830 12.22% 4.91%
E&SxTOU 1.599%** 0.622 -9.81% 3.87%
MALExTOU -1.779%** 0.627 10.91% 3.91%
HIBILLxTOU 1.255** 0.619 -7.70% 3.82%
STUDENTXTOU -0.056 0.629 0.34% 3.86%
EASYXTOU  28ag»* 0657  -1747%  419%
CPPc -3.009*** 1.039 18.45% 6.20%
E&SxCPP 2.086*** 0.788 -12.80% 4.87%
MALExCPP -1.437* 0.790 8.81% 4.88%
HIBILLxCPP -0.390 0.793 2.39% 4.86%
STUDENTxCPP -1.728** 0.804 10.60% 4.97%

Standard Deviations of Random Coeffs.
TOU 2.776*** 0.381
CPP 3.365%** 0.535
Df
Replications
Observations
Log likelihood
LR x? SDs (2)

13

1000

1920
-438.380
205.56%**
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Waterials Materials:including things,
technologies, tangible physical
entities, and the stuff of which
objects are made.

Social practices s, S

Competences: which encompass
skill, know-how and technique.

(Shove etal, 2012, p.14)

Shove, E., Pantzar, M., & Watson, M. (2012). The dynamics of social
practice: Everyday life and how it changes. Sage.




APPROACH 2: Activitiesasthe

* Clustering based on what people do at peak time

* Imposing Time of Use tariffs on different:
* Socio-demographic groups %%
* Clusters

DEePRED




DISTRIBUTIONAL EFFECTS OF TIME
OF USE TARIFFS
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Peak to off-peak ratio: Income

Cooking on a weekday Active occupancy on a weekday Watching TV on weekday
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Clustering households by activity ¥ Reading

Mean and median for cluster 0 with size: 4166
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Peak to off-peak ratio

Ratio of peak-time to non-peak time

Comparison of peak-time and non-peak time activities for parameter:

cluster
60 I | | | | | | | | | | | | I | | I |
I Product of probabilities: cooling, laundry and ironing

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20
Cluster




0
(%2]
¢ £
S
L '
9
0
(V2]
)
C
LD
ke,
(%]
¢ QU
o
¢ ©
©
0¢ W
Ge
]
or Aono
Gy
0S8
0
-
G0 o
v
=
@)
o
gL C
[
1BUYI0
2r0) 988t , TR yy xa|dwos ur 48
59 € : 66 1959 G5 SRR Yy xapdwod ul D/
BLFT bbb £ 3 T : z | 25TE  T9GE 4 LIPDIYO OM 45

eAarEes UIDIYD M 45

Ty 995 i 76 G 9L
| 53| v [ e | e 22| LIPIUD O O/
uIpIyo M O/
szuz | 9|6UIS

0S

awi} yead-uou o} swn-yead jo ojey

a_u_._:m_.mc__oou“wmn___gmﬁ_o._&e ﬁ:uEn_Ii
I I I I I I

I
21sNn|9
:19)9wesed 1o} saijAnoe aw} ¥t ad-uou pue sw-yead jo uosiedilon




From time use data to load profiles

ACTIVITY SCHEME DISHWASHER ACTIVITY SCHEME TV ACTIVITY SCHEME RADIO
e P
B Fa 1 el
L
8 ) | ===ss Tk & Trd - Tre
ety = i i Aoy - vy = = ==
Person 1 m — T — E——r 2 T— « TIME LSE
Person 2 S S R ISR IS e N eSS E st == - = == : somm BACTIVITIES
8 (1] 2 [ 18 20 22 2

Activity schemes can enable
to link time use activities
with appliance and
electricity use
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Demand profiles
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Applying Time of Use tariffs

Static ToUs and Flat tariffs: CSE

||
Weekend

| |
= == CSE-Flat Weekday
CSE-ToU-1

i
= 20 CSE-ToU-2
i
S

CSE-ToU-3

—_ | I IR AR —_ o =
10 I ) ‘ - : —_—

1 1 1 1 1 i 1 1 1 1 1
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00

Static ToUs and Flat tariffs: Brattle+tUCL+CAB
|| I ||

30 I I T T T T T |
== == Brattle-Flat :
Brattle-sToU
§ 20 -
=
Q_ —_— L] | | L] | | _— | | | — | | L] | —I L | | | | | | L] | —_— L] | _— | -
10~ ' -

00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00

CSE - Centre for Sustainable Energy. 2014. “Investigating the Potential Brattle +UCL - Hledik, Ryan, Will Gorman, Nicole Irwin, Michael Fell, Moira
Impacts of Time of Use (ToU) Tariffs on Domestic Electricity Nicolson, and Gesche Huebner. 2017. “The Value of TOU Tariffs in Great
Customers: Smarter Markets Programme.” Britain : Insights for Decision-Makers.” Vol. I.
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Next: a better (?!) methodology to assess
distributional impacts

Smart Meter datasets:

LCL

CLNR

NTVV (no
demographics)

—

Apply ToU on LCL and
CLNR

* High income

* Lowincome

>

Normalise profiles:

- peak
- Mean demand

UKTUS

Activity and occupancy probabilities:
High income
* Lowincome

Activity and occupancy probabilities:
e Per cluster

Apply ToU to
matching
demand profiles

> Winners and losers in
LCL and CLNR
Calculate Peak/Off-
peak ratios Match demand
) >
>| profiles to >
Correlation / DTW per UKTUS groups 7
> weekday/weekend for —> P - .7
winter demand T
L7 7
-~ -
-7 -7
-~ - - - .
L > Model demand from _- - Winners and
probabilities o losers per cluster

Winners and losers per
Income groups

[

Define kWh value per
activity and occupancy
probability

e

Compare winners
and losers for income
groups




Power to the (flexible) people?
What happens to those who do not have

the time and means for demand-side
flexibility?

Time and non-energy arrangements

The single mother nurse
* Protecting her from flexibility
costs?
* Excluding her from flexibility
opportunities?

2

University of

Reading
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