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Motivation

A technical innovation
Electricity meters that record at half-hourly intervals
In this case, readings transmitted wirelessly to the retailer

Provides potential market opportunities for the retailer:

An additional retail ‘product’: prices that vary by time of day

As demand and costs vary
Prepay for electricity
Provide better information about usage to customers

Potentially supply energy-management advice/services



Daily demand cycles
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Example of daily cycles in wholesale prices
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Alternative retail pricing schemes

Average-cost pricing
Same price per kwh all day, the conventional approach
Sometimes higher than cost, sometimes lower
Real-time (marginal-cost) pricing
Retail price varies potentially half-hourly
Time-of-use (TOU)
Retail price varies by set amounts at set times
E.g., peak/off-peak, or peak/shoulder/off-peak
Variants: “critical”/peak/off-peak

Or: “dynamic” TOU pricing



Set up of the experiment

In June of 2008 Mercury staff
Recruited ~400 households to participate in the experiment
Out of 4000 customers with half-hourly meters

Customers ‘opted-in’
Interviewed each household face-to-face

Experiment ran from 1 August 2008 to 31 July 2009
Peak: 7 am to 7 pm weekdays

Off-peak: 7 pm to 7 am weekdays
all day weekends and public holidays

Households interviewed again in September 2009



Set up (continued)

Mercury staff assighed each household at random to one of four
experimental groups:

Information only, no TOU pricing: 0¢ differential
Low price differential: 4¢

Medium price differential: 10¢

High price differential: 20¢

E.g., 10¢ off-peak and 30¢ peak
~ 80 in each group completed the experiment

+ 50 in a control group, who new nothing of the experiment
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List of energy
saving tips

ENERGY SAVING TIPS

The following tips are designed to help you manage your electricity usage,

save energy and save money without having to make huge investments.

Take a look at the chart for a typical household’s spread of
electricity usage. As you can see, paying particular attention

to space heating and hot water will reap the biggest rewards
when it comes to your bill. Plus, using high-usage appliances
such as dishwashers, washing machines and heating devices
during off-peak hours will effectively reduce your electricity bill.

[ 34% Space Heating

B 29% Hot Water

. 8% Lighting

. 10% Refrigeration
6% Cooking

13% Other Appliances

Source: BRANZ study report SR 155, 2006

GENERAL
Make sure your house is insulated and free of draughts.

+  Ceiling and under floor insulation will make the house
warmer with less internal moisture and mould, and
fewer draughts. Up to 42% of heat is lost through
the ceiling.

«  Seal gaps around the windows and doors, fitting weather
proofing and door stoppers to reduce draughts.

KITCHEN
Locate the fridge away from any heat-producing
sources, warm airflow, or sunlight. Make sure there is
a ventilation gap behind the fridge.

+ Ensure the door seals on the fridge and freezer are
clean and tight fitting.

+  Fridges and freezers work best when they are full and
defrosted regularly.

+  Fill the jug from the cold tap.

+ Itis cheaper to boil the jug to wash a few dishes than
it is to fill the sink with water from the hot tap.

» Itis cheaperto do one load in the dishwasher than
three sink-loads of dishes.

+  Match pots and pans to the stove element size and
keep the lids on.

+  Ensure the oven door seals are cleaned regularly, well
fitted and in good condition.

+  Usesmaller appliances for specific tasks whenever
possible (e.g. toasters, electric frypans and microwaves
rather than ovens).

+  When defrosting food do it naturally.

+  Use the microwave instead of the oven or stovetop at
peak times.

« Don'’trinse dirty dishes under the hot tap before
washing in the dishwasher or sink.

«  Only run the dishwasher when it’s full, and use the
‘economy’ option, trying to avoid peak times.

Mercury Energy

LIGHTING
Fluorescent lamps are the most energy efficient form of
lighting. They use only 1/5 the energy of standard light
bulbs. They are ideal for rooms where lighting is required
for long periods of time, such as in the living room,
hallway and kitchen.

BATHROOM
Take a shower instead of a bath and limit the time
in showers to 5 minutes.

+  Keep the bathroom door closed at all times to reduce
the moisture going through the rest of the house.

+  Consider installing a timer for your heated towel rail
to avoid peak times.

+  Consider installing a water saving shower head and
save on water bills as well as reduced hot water costs.

LAUNDRY
Don’t over-fill the clothes dryer.

«  Wash your clothes in cold water and dry the clothes
outside as much as possible. A covered line is useful
for wet days.

«  Dryers should be ventilated to the outside.

«  Carefully set the timer on the dryer to prevent using
for longer than necessary, and if possible set to run at
off-peak times.

+  When buying a dryer look for one which senses when
the clothes are dry.

« Do cold washes; hot washes use 9o% more electricity.

*  Runyour washing machine with full loads or adjust
your cycle to match the load.

HEATING
Choose the right size of heater for the space to be heated.

+  Close the doors separating heated from unheated
rooms and block off fireplaces when not in use.

« Install curtains made of thick material that generously
cover the windows. They should be well lined or have a
thermal backing. Close curtains before sunset and make
sure curtains and doors are closed when heaters are on.

+  Usea heater with a thermostat. A timer is also useful
for setting specific on and off times for heaters.

«  Ifyou're going away for more than one week, turn off
your hot water cylinder.

+  Fixleaking hot water taps and save up to $30 per tap, per year.

+ Install an energy saving hot water cylinder wrap and
pipe lagging to reduce the constant heat loss from your
hot water cylinder.

OTHER APPLIANCES
Unplug mobile phone chargers when not in use.

«  Never have appliances on standby. Standby electricity
consumption accounts for around 5% of the total
household electricity use in New Zealand.

Source: Energy Smart
8y EST



Information in
monthly bill

Usage Statement this

Mercury Energy

Your account number

ELECTRICITY USE FOR PERIOD 1/08/09 - 1/09/09
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ENERGY
SAVING TIP

Fix leaking hot water
taps and save up to
$30 per tap, per year.

Source: Energy Smart
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First-pass analysis

Mercury supplied us:
Daily peak and off-peak electricity consumption
From 1 August 2007 (year before) through 31 July 2009

For each participant household

Plus the control group

We started with a standard analytical approach:
“Differences in differences”
Average differences across groups (relative to control)

in average % differences in year-to-year consumption

We allowed the response to vary by season

Summer through to winter (Feb through July)



Moving average peak % difference from control
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Moving average off-peak % difference from control
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Conclusions from the first-pass analysis

Less response in summer (on average)
Some conservation off-peak

Seems likely due to relatively small summer bills (on average)

Conservation in winter (on average)
~15% (?)

Little response to higher prices during peak (on average)

All experimental groups conserved similar amounts

Response to lower prices off-peak (on average)

Lower prices encouraged less conservation relative to control



Questions raised from the first-pass analysis

How do individual responses vary around the averages?
e.g., with house and household characteristics

income, household size, water and space heaters...

Are there effects of changes year-to-year?
Conditions (e.g., weather...)

Household circumstances

Other statistical issues?
e.g., especially odd and influential observations

Influential differences across groups



Daily max temps, April — July, 2008 and 2009
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Demand 2008 vs. 2009, seven day rolling average
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Median daily usage in the sample

Med Total Elactricity Usage (Peak and Off-
FPeak)
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So, what do we do next?

Concentrate on a range of winter temperatures

Mean daily temperature range of 9.5 to 13 deg C

Look at how house and household characteristics affect total
week day consumption

Estimate the response of each household to the experiment

Median % difference in peak and off-peak week day
consumption in 2009 relative to 2008

How does the response vary with price and house and
household characteristics?
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% change in kwh

10 m of floor area
Electric hot water
Built pre-1980
Heatpump
Woodburner

Gas central heat
Electric central heat
S10k more HH income
1 more person

1 more hour away

Someone home ill

2.2%
76.7%
-7.1%
9.5%
-4.3%
-29.7%
25.1%
4.1%
11.1%
-1.6%
31.6%

Influences on weekday electricity consumption

Std error

0.6%
6.0%
9.0%
7.9%
8.1%
38.4%
19.1%
0.8%
2.0%
0.7%
13.9%



Characteristics of sample houses/households

Winter weekday kwh

Floor area (m)
Electric hot water
Built pre-1980
Heatpump
Woodburner

Gas central heat
Electric central heat

Household income

Household size

Hours away from home

Someone home ill

Mean

24.2
186

71.9%
9.5%
11.0%
10.1%
0.6%
2.5%
$83,400
2.96
5.78

3.8%

Std dev

12
51

$36,800
1.44
3.65

$15,000

Max

67.1
340

$125,000

16



Distribution of total week day kwh across groups

Control Information only Low price differential
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Distribution of household incomes across groups

Control Information only Low price differential
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% year-on-year difference in peak consumption
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Outlier in the control g'roup_
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Distribution of percent peak response by group

Control Information only Low price differential
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Average % year-on-year difference in peak kwh
by group, 9.5to 13 deg C

Mean % diff Standard error

Control + 1.8% 4.7%
Info only —5.1% 3.7%
Low (+2¢) diff —6.3% 3.3%
Med (+5¢) diff —5.2% 4.5%

High (+10¢) diff ~11.1% 4.4%



Influences on % year-on-year difference in peak kwh

Built before 1980
Woodburner
Heatpump

Electric hot water
Household income
Household size
Added insulation
New heater

New HRV
Increase in HH size
New illness

R-squared

Mean
7.14%
1.49%
-4.74%
6.27%
0.11%
-3.26%
-3.44%
4.02%
30.86%
11.46%
8.52%
0.16

Std error

3.23%
2.76%
2.74%
2.02%
0.24%
0.63%
3.89%
3.06%
5.37%
1.52%
5.74%



Average % year-on-year difference in peak kwh
by group, 9.5 to 13 deg C

W/o control vars With controls
Control +1.8% + 1.8%
Info only —5.1% —5.1%
Low (+2¢) diff —6.3% —8.5%
Med (+5¢) diff - 5.2% —2.3%
High (+10¢) diff -11.1% -11.3%

Note. Response in the ‘high’ group falls with income:
—2% per S10k, on average

Lower income households respond more to price



Built before 1980
Woodburner
Heatpump

Electric hot water
Household income
Household size
Added insulation
New heater

New HRV
Increase in HH size

New illness
R-squared

Mean
9.62%
-8.59%
-5.76%
7.57%
-0.76%
-0.16%
-0.79%
8.55%
17.53%
9.07%

-4.89%
0.16

Influences on % year-on-year difference in off-peak kwh

Std error

5.58%
4.83%
4.66%
3.48%
0.42%
1.10%
6.82%
5.35%
10.03%
2.66%
11.25%



Effects of lower off-peak prices with control variables

w/o control vars  With controls

Control group + 3.2% + 3.2%
Info only —4.9% —4.9%
Low ( — 2¢) diff —1.3% —4.0%
Med ( — 5¢) diff - 1.3% —3.6%
High ( — 10¢) diff —0.8% —0.5%

Less response to lower off-peak prices with controls by the low
and medium price differential groups



Conclusions revised from the first-pass analysis

Conservation in winter (on average)
~7.5% (rather than ~ 15%)

Peak response higher in the high-price-differential group
Additional 6% conservation on average

Lower income led to a stronger response, on average
(in contrast to existing estimates)

Similar result off-peak (on average)

High-price-differential group conserved ~ 5% less

These results roughly in line with international experience

Key questions: do they generalise? Is it good?



Results from some recent
international experience

Percent Reduction in Peak Load
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Opinions expressed after the experiment

Strongly Agree Neither agree Disagree  Strongly disagree
agree (%) (%) nor disagree (%) (%0) (%0)
The differences in prices was an 25.1 48.5 11.9 11.9 2.2
incentive to change the time of
use
The difference in prices was too 6.6 30.0 12.3 41.4 5.7
small to make the effort
Easy to change to take advantage 13.7 50.2 15.0 16.7 2.6
of prices
Too much trouble to change 1.3 17.2 11.0 59.5 9.3
Information graphs were easy to 28.5 66.4 1.7 3.3 0.3
understand
Monthly reports did not supply 2.6 16.9 7.7 61.9 10.9

enough information



Average % changes around peak/off-peak boundary
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