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Abstract
This report was prepared by researchers at the University of Otago as part of the GREEN Grid
project funded by the Ministry of Business, Innovation and Employment. The report
summarises our order-of-magnitude estimates of the maximum technical potential and
economic value of residential electricity demand response.
This work focuses on the demand response potential for three appliances - heat pumps for
space heating, electric resistive hot water heating and refrigeration - due to their large
electricity demand and because this demand can in principle be shifted out of peak periods
(6-10 am and 5-9 pm) without significant impact on service. A proportion of residential hot
water heaters are already used for electricity demand response (‘ripple’ control) in New
Zealand (particularly in the North of the South Island), but the exact percentage in actual use
is not known. The results of the current analysis are therefore presented as a percentage of
units available for additional demand response ranging from 100% (i.e. 0% ripple control) to
40% (60% ripple control). Note that the realisable potential has not been estimated in this
report and so our results should be seen as technical maximum values.
Based on simplified demand response scenarios the analysis found that:
• The greatest residential load-shifting potential is in winter, which is currently the period of
maximum congestion on the network. The combination of heat pumps, electric resistive
hot water heating and refrigeration makes up approximately 20%-13% (for hot water
heater availability ranging from 100%-40%) of New Zealand total winter morning and
evening peak demand. Demand shifting could achieve a demand reduction of 1.6-0.9 GW
in the winter peaks. This equates to an average daily energy shifting potential of 5-3.2
GWh.
• Shifting load out of peak periods from these three types of appliances would result in a
total estimated annual saving of approximately $60-40 M.
Although the analysis has focused on what is technically available with current consumption
patterns, the results suggest that the implementation of residential demand response could
provide a partial solution to the problem of how to implement a future 100% renewable
electricity system in the face of a projected 150-200% increase in demand. Residential
demand response at scale could assist with:
•
•
•
•
•

Preserving New Zealand’s hydro resource in dry years;
Avoiding the need to employ fossil-fuel based (and thus high Greenhouse Gas (GHG)
emitting) peaking plants;
Avoiding over-investment in generation and lines capacity;
Providing greater demand flexibility to match increasing supply variability as the
proportion of renewable generation tends towards 100%; and
Providing households with a means to offset energy bills by offering income-generating
demand response services to lines companies and/or the system operator.
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Background to the study
Electricity supply systems must be designed so that they can meet electricity demand at all
times. Catering for significant peaks in demand leads to a costly under-utilisation (in times of
lower demand) of installed network components such as transmission lines and electricity
generation facilities. In addition, if not well managed, shortfalls in supply from renewable
sources may be met by fossil fuel generation, thereby increasing greenhouse gas emissions.
These undesirable effects of demand and supply variability could be exacerbated by New
Zealand’s low carbon economy ambitions which will lead to future increases in variable
renewable sources and new variable electrical loads such as electric vehicles.
Demand response aims to counter the mismatch between electricity supply and demand. One
definition of demand response is:
‘‘[…] end-use consumers intentionally altering their normal consumption patterns (by changing
their instantaneous demand for electricity, the timing of their electricity consumption, or their
total consumption of electricity), in response to electricity price changes, or to incentive payments
designed to induce lower electricity use at times of high wholesale market prices or when system
reliability is jeopardised.’’ (Electricity Authority, 2015).

Load reduction during peaks through demand response can reduce underutilized generation
and transmission capacity. The ability to change electricity demand when required can also
lower the cost of integrating variable renewable supply and new types of variable demand
(such as electric vehicles) into the grid. Demand response may therefore provide a low-cost
pathway to reducing energy-related greenhouse gas emissions in New Zealand even in the
face of potential rising demand.
This report focuses on the technical opportunities for residential demand response as it is a
relatively unexploited area and makes a significant contribution to national peak demand. By
technical we mean the maximum potential response that could be achieved in principle1, not
the realisable response, which will be determined by social, market and other factors. We
focus on estimating the total electrical demand that could in principle be reduced or shifted
by three key types of residential appliance during times of daily and annual peak demand in
the electricity system. We leave analysis of the technological, market and social innovations
required to implement these scenarios to future work.
Apart from minor price signalling by a few retailers and distribution companies, currently
the main mechanism for residential demand response is ripple control of hot water
cylinders. However there are significant regional differences in equipment maintenance and
the extent of usage of ripple control by distribution networks2. In addition, with the advent
of smart controllers3, there are now many more potential options for more nuanced control
of hot water cylinders and other appliances.

1

We focus on scenarios that shift demand to other times but still utilize the same amount of energy. The possibility of
completely dropping demand at peak times is considered in the Technical Report (see footnote 5 below).
2
Ministry of Business, Innovation & Employment - New Zealand Smart Grid Forum, “Learnings from Market Investment in
Ripple Control and Smart Meters - Coordination Challenges and Options,” March 2015
3
Jack, M. W. Suomalainen, K. Dew, J. J. W., and Eyers, D., A minimal simulation of the electricity demand of a domestic hot
water cylinder for smart control, Applied Energy, 211, 104 (2018) and references within.
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Figure 1: Total electricity demand by technology in sector household for 20154.

The study focused on the load shifting potential of three types of household appliances that
can be delayed but still provide service: heat pumps, hot water heaters, and refrigerators.
These appliances constitute 50% of the total residential electricity consumption of
households in New Zealand (see Figure 1) and their electricity demand can in principle be
shifted to time periods outside of peaks without significant impact on service (e.g. heat
pumps can pre-heat living spaces; hot water can be stored in the cylinder; refrigerators can
remain cool). They also have the potential to be linked to smart controls. Hot water heaters
are already used for electricity demand response in a number of electricity networks in New
Zealand, however significant potential for greater utilization still exists.
This report summarises the methodology used and the results produced from the study. A
full and detailed description of the background, context, data sources, method and results
can be found in the accompanying Technical Report5.

Methodology
To estimate the potential for residential demand response, we integrated several data sets:
electricity demand profiles for heat pumps, resistive hot water heaters (not subject to ripple
control), and refrigerators collected in the GREEN Grid study6; together with data on the total
national electricity consumption of these appliances estimated from Energy Efficiency and

4

Energy Efficiency and Conservation Authority, “Energy End Use Database,” 2017, https://www.eeca.govt.nz/resourcesand-tools/tools/energy-end-use-database/.
5
Dortans, Carsten. “Estimating the Technical Potential of Residential Demand Response in New Zealand.” GREEN Grid
Technical Report. University of Otago: Dunedin: Centre for Sustainability, October 2018. http://hdl.handle.net/10523/8579
6
Ben Anderson, David Eyers, Rebecca Ford, Diana Giraldo Ocampo, Rana Peniamina, Janet Stephenson, Kiti Suomalainen,
Lara Wilcocks, and Michael Jack. “New Zealand GREEN Grid Household Electricity Demand Study 2014-2018,” September 4,
2018. https://doi.org/10.5255/UKDA-SN-853334.
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Conservation Authority and the Building Research Association of New Zealand sources7,8,9.
This data was analysed to create national average daily demand profiles for each of these
appliances. In the case of hot water, it was assumed that only a certain percentage of the
units were available for demand response to take account of existing usage.
These profiles were used to determine the national technical potential for residential demand
response. Two demand response scenarios were investigated:
-

Peak load shifting. This involves shifting the electricity demand of these three
appliances in all NZ households out of the daily morning and evening peak and
distributing it evenly across other times. For simplicity we assume this does not incur
any additional energy use. The national daily average electricity generation in summer
and winter is shown in Figure 2. Demand peaks in winter occur between 6 am and 10
am (morning peak) and again at 5 pm to 9 pm (evening peak). These peaks were the
focus of this scenario.

-

Reducing congestion. This involves reducing electricity demand from these three
appliances in all households during periods when the local or national network is
experiencing congestion. In the absence of other data, Aurora Energy’s (Dunedin)
control periods (during the 2012-2016 period) were used to represent congestion
periods for the purposes of this analysis. These congestion period events occur only in
autumn and winter, often at times of peak demand (see Figure 3). The total duration
of the congestion events averages fourteen hours in autumn, and eighty-two hours in
winter.

Figure 2: Daily average half-hour electricity generation profile in summer and winter 201710.

Energy Efficiency and Conservation Authority. “Energy End Use Database,” 2017. https://www.eeca.govt.nz/resourcesand-tools/tools/energy-end-use-database/.
8 Stats NZ Tatauranga Aotearoa, “Home Ownership by Households,” 2013 Census QuickStats about housing, March 18,
2014, http://archive.stats.govt.nz/Census/2013-census/profile-and-summary-reports/quickstats-about-housing/homeownership-households.aspx.
9 Nigel Isaacs, Michael Camilleri, and Lisa French, “Hot Water over Time - the New Zealand Experience,” 132 (XXXV
International Association of Housing Science (IAHS) World Congress on Housing Science, Melbourne, 2007).
10 Electricity Authority, “Grid Generation Trends,” Dashboard, 2018,
https://www.emi.ea.govt.nz/Wholesale/Reports/W_GG_C?_si=v%7C3.
7
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Figure 3: Distribution of congestion events for autumn and winter11.

Note that these are simplified scenarios to determine order of magnitude effects. Real
demand response strategies would need to be more nuanced, for example being regionally
specific and using methods to smooth the rebound effect.

Technical Demand Response Potential
The high-level results of the analysis of the “peak load shifting” scenario are shown in Figures
4 and 5. Estimated original baseline load profiles for the total demand of the three appliances
for summer and winter are shown in Figure 4.

Figure 4: Seasonal demand profiles for heat pumps (HP), hot water cylinders (HW), and refrigeration (REF)
and load shifting scenario (Shif.) for 100% HW availability unit.

These indicate that the total national half-hourly energy consumption of these appliances’
accounts for 20% of total New Zealand electricity generation during the winter evening peak
Mark Mason – University of Otago Energy Coordinator, Private Communication: "Aurora CPD Demand Management
Service" (2018).
11
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and slightly less than this in the morning peak (assuming 100% of hot water units are
available). This figure also shows the hypothetical peak load shifting scenario where the
electricity demand of these three appliances is shifted out of the morning and evening peak
and distributed evenly across other times.
Figure 5 shows the impact of the peak load shifting scenario on New Zealand’s total daily
electricity demand profile in summer and winter with a hot water unit availability of 100%
and aggregates the appliance level results shown in Table 1.

Figure 5: Estimated daily effects of the peak load shifting scenario on total electricity generation
profile assuming 100% HW unit availability

These results suggest that residential demand response has the potential to reduce overall
New Zealand electricity system load by up to 18% during the winter morning peak period and
by up to 20% in the winter evening peak period.
Table 1: Potential load reduction (as a percentage of total load) by appliance for 100% HW unit
availability.
Season

Period

Summer

Morning Peak

Summer

Evening Peak

Winter
Winter

Hot Water
(100%)
9%

Refrigeration

Heat Pump

5%

1%

8%

5%

1%

Morning Peak

10%

4%

4%

Evening Peak

12%

4%

4%

In combination, the appliances modelled could provide a maximum aggregated demand
reduction of 1.6 GW in the winter morning peak, and 1.2 GW in the winter evening peak. This
equates to an average daily energy reduction of approximately 5 GWh in the winter morning
and evening peaks (3.3 kWh per household) in winter. In the morning this comprises 3.2 GWh
for hot water heaters, 1.1 GWh for refrigerators and 0.8 GWh for heat pumps. In the evening
it comprises 2.7 GWh for hot water heaters, 1.1 GWh for refrigerators, and 0.9 GWh for heat
pumps. In contrast in summer reduced utilisation of heat pumps decreases the technical
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demand response to approximately 15% of total demand in the morning and evening peak
periods.
Table 2 shows how the overall results change with lower percentages of hot water unit
availability and Figure 6 shows this for winter while Figure 7 shows the results for summer.
Table 2: Potential aggregated (HW, HP, REF) load reduction (as a percentage of total load) for a range
of HW unit % availabilities.
Season

Period

100% HW units
available

80% HW units
available

60% HW units
available

40% HW units
available

Summer

Morning Peak

15%

13%

11%

10%

Summer

Evening Peak

14%

13%

11%

10%

Winter

Morning Peak

18%

17%

14%

12%

Winter

Evening Peak

20%

18%

16%

13%

Figure 7: Potential daily load reduction for HW, HP, and REF for different HW unit % availabilities in winter.

Figure 6: Potential daily energy shifting for HW, HP, and REF for different HW unit % availabilities in
winter.
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Analysis of the “reduce congestion” scenario showed that the average reduction of national power
demand during congestion periods (as opposed to peak periods) was approximately 600 MW for hot
water cylinders, 100 MW for heat pumps, and 200 MW for refrigerators, providing a total of 900 MW
(0.6 kW per household).
Table 3: Potential load reduction for ‘reduce congestion’ scenario by appliance for different HW unit %
availabilities
Available
HW units

Average
aggregated CPD

Hot Water
Power

Heat Pump
Power

Refrigeration
Power

Total
Power

100%

0.85 kW

570 MW

100 MW

200 MW

» 900 MW

80%

0.76 kW

480 MW

100 MW

200 MW

» 800 MW

60%

0.67 kW

370 MW

100 MW

200 MW

» 700 MW

40%

0.58 kW

250 MW

100 MW

200 MW

» 600 MW

Economic Value of Demand Response
An estimate of the economic value of these demand response scenarios was also undertaken.
For this estimate, current spot market prices were used as a proxy for time-varying prices
accounting for the cost of meeting variable demand, and congestion charges were used as a
proxy for the cost of lines infrastructure.
Spot market prices vary over time and season. The highest spot market prices are found in
winter and take on values of up to $150 per MWh whereas in summer they remain below $60
per MWh.

Figure 8: Daily average electricity generation and spot market price profile for winter 201712.

Electricity Authority, “Wholesale Energy Prices,” 2018,
https://www.emi.ea.govt.nz/Wholesale/Reports/W_P_C?DateFrom=20180520&DateTo=20180520&RegionType=ISLAND&
TimeScale=TP&WeightedBy=DEMAND&_si=db|VYBQKY,dri|1003,v|3; Electricity Authority, “Grid Generation Trends.”
12
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Spot market prices also vary significantly by region however, for simplicity, an average over
all regions was considered in this analysis. Electricity prices on the spot market follow a similar
trend to electricity demand but are often more volatile, particularly at evening trading periods
(see Figure 8).
Congestion charges are based on the power demand (i.e. charged in $ per average kW) during
periods when the local and national network is experiencing congestion. Aurora Energy’s
(Dunedin) congestion periods and charges (during the 2012-2016 period) were used to
represent congestion charges for the purposes of this analysis.
Applying these spot market and congestion charges to a baseline scenario without demand
response results in a total cost of approximately $540M per year (100% HW load availability),
with congestion charges making up 25% of this.
Applying these same costs to the “peak load shifting” scenario results in a total saving of up
to $60 M relative to the baseline, consisting of $20M in spot market prices and $40 M in
congestion charges (see Fig. 9).

Figure 9: Potential load shifting savings for HW, HP, and REF per year for different HW unit % availabilities
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The “reduce congestion” scenario resulted in saving all the congestion charges (CPD charges)
or a saving of about $100-70 M per year, depending the percentage of available hot water
heaters13. The percentage of savings (assuming 100% of HW units are available) attributed to
each appliance is shown in Figure 10.

Figure 10: Left: “Peak load shifting” savings by appliance per year. Right: “Reduce congestion” savings by
appliance per year for 100% HW unit availability.

From an individual household perspective the “peak load shifting” scenario equates to a
saving of approximately $40 per year and the “reduce congestion” scenario to a saving of
$75 per year.

Implications
The results suggest that curtailment and shifting of load from residential heat pumps,
refrigeration and hot water heating could reduce overall electricity system demand in winter
morning and evening peak periods by up to 20% in the absence of any other hot water control.
The annual demand response potential of 1.2-1.6 GW amounts to more than twice
Transpower’s proposed DR programme of 635 MW from both industrial and residential
demand response. Even if we assume that only 40% of installed hot water heaters are
available, this could still provide 0.9-1.0 GW and would still offer a substantial potential uplift
in demand response resource could it be harnessed.
If fossil fuels are needed to meet future increased peak demand (currently this is not the case
in New Zealand14), this reduction in demand would also result in a considerable potential
saving in Greenhouse Gas emissions whilst at the same time preserving hydro resources for
improved management of dry years.
Overall, even though the analysis was based on what is technically achievable under current
conditions, the results suggest that residential demand response could provide a partial

We incorporated a CPD charge of $112/kW/year in these results based on: Aurora Energy Limited (2018). Use-of-System
Pricing Methodology. Estimates of the marginal cost of new generation, transmission and distribution are up to double this
figure: Electricity Authority, Development of a Capacity Adequacy Standard (2008).
14
Khan I., Jack, M. W., Stephenson J., Analysis of greenhouse gas emissions in electricity systems using
time-varying carbon intensity, Journal of Cleaner Production 184, 1091-1101 (2018).
13
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solution to the problem of how to implement a future 100% renewable electricity system in
the face of rising demand because it could:
Provide a significant (up to 20%) load reduction at peak demand periods;
Help to preserve New Zealand’s hydro resource;
Avoid the need to employ high GHG emissions peaking plants;
Avoid over-investment in generation and lines capacity;
Provide greater demand flexibility to match increasing supply variability as the
proportion of renewable generation increases towards 100%; and
• Provide households with a means to offset energy bills by offering income generating
demand response services to lines companies and/or the system operator
•
•
•
•
•

Limitations and Future Work
This report focused only on the technical potential of residential demand response, assessing
the maximum energy (and its economic value) theoretically able to be shifted out of peaks.
The practical realisable potential was not assessed.
The demand response scenarios were designed to illustrate the order of magnitude of
residential demand response and are thus quite simplistic. Real demand response strategies
would need to be more nuanced, for example being regionally specific and using methods to
smooth the rebound effect. In addition, these results do not consider the market systems,
technologies and consumer behavioural change necessary to achieve residential demand
response in practice, nor how consumers would respond to the opportunity to shift their
demand. These aspects are likely to reduce the realisable demand response, but further work
is needed to assess this.
The study also only focused on three appliances that were perceived to have demand-shifting
potential. Further work is needed to assess the potential for permanent demand reduction
through significant efficiency changes, such as with widespread adoption of LEDs.
The method of estimating the economic value of the demand response is also simplistic and
used a limited dataset. The exact proportion of current hot water units already used for
demand response being an important unknown. These estimates therefore only provide a
guide for the potential value of residential demand response. For future work the availability
of regional specific pricing and congestion charges, understanding current rates of
implementation of ripple control of hot water cylinders, more up-to-date data on total
national demand and a nationally representative dataset of demand profiles would increase
the accuracy of future iterations of this modelling.
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