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Executive Summary

This report assesses the potential impacts of the ‘DEEDs’ strategies on operating greenhouse
gas (GHG) emissions and energy demands associated with New Zealand’s households. Central
to New Zealand’s plan to reduce household emissions [1], these strategies are:

e Decarbonisation of the electricity system (D)

e Electrification of space heating, water heating and cooking (E)

e Energy efficiency improvements of buildings to reduce energy demand (E)

¢ Digitalisation to improve energy management of buildings and energy supply systems (D)
¢ Electrification of vehicles (s)

The ‘DEEDs’ are assessed at neighbourhood level by modelling the combined energy
performance of a cluster of 60 households connected to a low voltage transformer.

Urban Energy Model (UEM)

A physics-based UEM was developed to simulate the energy performance of pseudo
neighbourhoods at four locations with significantly different climates: Auckland, Palmerston
North, Christchurch and Dunedin. Pseudo neighbourhoods are populated with a range of
model house designs, to represent the size distribution of New Zealand’s housing stock.
Varying levels of insulation are applied to model houses to assess the ‘DEEDs’ for ‘old’, ‘mixed
age’ and ‘new’ neighbourhoods. The initial ‘Baseline’ scenario represents the level of
technological uptake in each of the regions. Interventions and pathways are applied, which
change the levels of technological uptake from the baseline, to assess the impact of
interventions.

The UEM is an energy systems analysis tool with interconnected modules that model
household energy demands (space heating, hot water heating, cooking, and other plug loads),
private transport (domestic EV charging), distributed electricity generation (rooftop PV and
domestic batteries) and power load control. The UEM predicts energy consumption,
operational GHG emissions and time-series power demands for each household and the cluster
of households comprising a pseudo neighbourhood. The simulation tool is custom developed
software, written in Python and integrates open-source packages such as EnergyPlus and
PVlib. The tool is available freely on request; however it is most suitable for technically
proficient users.

The ‘DEED’s’ interventions and pathways that are assessed using the UEM are listed in Table
0-1 and the impact of selected interventions and pathways on GHG emissions and peak power
loads on the electricity network are shown in Figure o-1.

Key findings — interventions

Key findings for interventions and pathways are summarised below, where the full descriptions
of the interventions are listed in Table 0-1. The most significant finding is large reductions in
operational GHG emissions (up to 89%) can be achieved by utilising presently available
technologies.

Building energy efficiency

Increased levels of building insulation provide a slight decrease in household electricity
consumption and GHG emissions, however this intervention provides a more significant
reduction on peak loads for electricity networks, especially in older neighbourhoods and colder
climates.
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Electrification of buildings

Electrification of space heating, where all wood, gas, and electric resistive heaters are replaced
with heat pumps, moderately increases electricity consumption and peak power loads where
the current uptake of heat pumps is low.

Electrification of hot water heating, replacing the small levels of gas water heating with electric
resistive heating, leads to moderate increases in electricity demand and significant increases
in peak power load. However, the use of hot water heat pumps for all hot water heating leads
to significant reductions in electricity demand, energy consumption, GHG emissions, and peak
power loads.

Wood-fuelled space heating

Greater use of wood burners for space heating leads to a small decrease in emissions and a
modest reduction in peak power loads. Overall, it presents a promising strategy, particularly
for colder climates, for achieving reductions in GHG emissions while reducing electricity
consumption and peak power loads.

Electric vehicles (EVs)

Increased uptake of EVs leads to the greatest reduction of GHG emissions of all the
interventions assessed. EV charging without load control significantly increases electricity
demand and moderately increases peak power loads, which would require significant upgrades
to electrical networks. However, increases in peak power loads can largely be eliminated with
smart control of EV charging, without any notable loss in vehicle utility.

PV electricity generation

Increased uptake of distributed PV electricity generation leads to significant reductions in
GHG emissions. PV generation can also significantly reduce peak power loads and reduce
energy demands on the electricity network.

The use of domestic batteries can produce moderate reductions in peak power loads on the
electricity network. Greater reductions than shown in this report are expected by using smart
control of household electricity loads based on transformer load feedback rather than
household level peak management strategies.

Coupling PV with batteries marginally reduces network electricity consumption and peak
power loads compared with PV or batteries alone.

Key findings — pathways

Electrification and wood-fuelled space heating

This pathway combines full electrification of all homes and private transport, except wood
burners are used for space heating and heat pumps are used for hot water heating.

This pathway potentially reduces the operating GHG emissions of households by 72% - 80%,
depending on the location.

While electricity consumption is slightly higher (9%) in Auckland, it is lower in the three other
locations included in this study (Christchurch, Dunedin, Palmerston North). Peak power loads
on the electricity network reduce by 8% - 21%.

This pathway has the potential to significantly reduce household emissions without needing to
increase the capacity of the electricity network (not considering future growth of household
numbers), through the widespread use of established technologies:

e Hot water heat pumps
e Wood burning space heaters
e EVs

PATHWAYS TO NET ZERO RESIDENTIAL BUILDINGS AND URBAN COMMUNITIES IN NEW ZEALAND



Full electrification

This pathway involves full electrification of all homes and private transport, with heat pumps
used for space heating and hot water heating.

This pathway also potentially reduces the operating GHG emissions of households by 72% -
80%, depending on location.

Electricity consumption increases 5% - 16%, depending on location, but there is little change
in peak power loads on the electricity network.

This pathway also has the potential to significantly reduce household emissions without the
need to increase the capacity of the electricity network (not considering future growth of
household numbers), through the widespread use of a slightly different set of established
technologies:

e Hot water heat pumps
e Heat pump space heaters
e EVs

Electricity consumption increases with this pathway, which would need to be met with
additional electricity generation.

Full electrification and PV electricity generation with batteries

This pathway involves full electrification of homes and private transport with the addition of
solar PV and domestic batteries.

This pathway potentially reduces the operating GHG emissions of households by 86-89%,
depending on location. This pathway produces the greatest reduction in GHG emissions of the
three assessed.

Network electricity consumption decreases by 30-33%, but greater reductions can be achieved
by increasing PV generation capacity. More importantly, this pathway reduces peak power
loads on the electricity network by up to 10%.

This pathway has the greatest potential to reduce household emissions without the need to
increase the capacity of the electricity network (not considering future growth of household
numbers), through the widespread use of an expanded set of established technologies:

e Hot water heat pumps

e Heat pump space heaters
e EVs

e Solar PV with batteries

In summary, the results show there are technically feasible pathways to significantly reduce
GHG emissions from households, without creating overloading problems on electricity
networks.

Conclusions

Key technologies identified as playing a significant role in decarbonisation of households
include wood heaters, hot water heat pumps, space heating heat pumps, solar PV systems,
electric vehicles, and smart load control.

e The widespread uptake of hot water heat pumps can significantly reduce electricity demand,
energy consumption, operating GHG emissions, and peak power loads on electricity
networks. They are a promising technology for reducing emissions without overloading
electricity networks.

e The widespread uptake of wood-fuelled space heaters can produce small reductions in
operating GHG emissions but significant reductions in electricity demand and peak power
loads on electricity networks. Wood heating frees up capacity on the electricity network to
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support the electrification of private transport and are particularly suitable for colder
climates.

e The widespread uptake of EVs can significantly reduce operating GHG emissions due to the
large fraction of household emissions arising from private transportation. EV’s also
significantly increase electricity demand and moderately increase peak power loads on the
electricity network. However, it appears increases in peak power loads can be largely offset
by using smart control of EV charging and other building-related electricity loads.

¢ Rooftop PV can lead to significant reductions in operating GHG emissions, and a significant
share of PV-generated electricity can be consumed within the local network. However, at
high levels of uptake, PV generation can produce excess power supply leading to potentially
damaging high reverse peak power loads, which presents a risk to be managed.

The three pathways demonstrate that significant reductions in GHG emissions can be achieved
through deploying strategic combinations of technologies without increasing peak power loads
on the electricity network.

Identifying ‘best’ combinations of these technologies requires a comprehensive analysis of
their economics and impacts, including consideration of embodied GHG emissions, which
could be significant for batteries, solar PV, and electric vehicles, and changes in the country’s
power generation, transmission and distribution requirements. These considerations are
outside the scope of this report. However, the report provides direction concerning the energy
technologies and strategies that should be considered when assessing various pathways for
reducing household GHG emissions.
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Figure 0-1: Impact of selected interventions and pathways on household GHG
emissions and peak power load (95" percentile) on the electricity network
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Table 0-1

: Selected interventions and pathways for reducing

GHG emissions from households

INTERVENTION DESCRIPTION

Insulation All households have 2023 Building Code insulation

HPSH All households have heat pump space heating

Insulation & HPSH All households have 2023 Building Code insulation and heat pump
space heating

Ele CK All households have electric cooking

Ele HW All households have electric resistive hot water heating

HPHW All households have heat pump hot water heating

Wood SH All households have wood fuelled space heating

Gas CK All households have gas cooking

EV 40% 40% of private vehicles are electric vehicles

EV 100% All private vehicles are electric vehicles

PV 5kWp 40% 40% of households have 5kWp solar PV arrays

BT 2.4kWh All households have 2.4kWh domestic batteries

PV 5kWp & BT 6.4 kWh  All households have 5kWp solar PV arrays 6.4kWh domestic batteries

PATHWAY (combinations of interventions)

WDSH

All households have wood-fuelled space heating, electric cooking,
heat-pump hot water heating with load control, and electric vehicles
with load control

Full w Ele

All households have heat pump space heating, electric cooking, heat-
pump hot water heating with load control, and electric vehicles with
load control

Full Ele w DER

All households have heat pump space heating, electric cooking, heat-
pump hot water heating with load control, electric vehicles with load
control, 5kWp Solar PV arrays and 6.4kWh domestic batteries
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List of abbreviations

ADMD After Diversity Maximum Demand
BC Building Cluster

BEM Building Energy Model

BRANZ Building Research Association New Zealand
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CcC Christchurch City Council
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DR Demand Response

EECA Energy Efficiency Conservation Agency
EEUD Energy End-Use Database
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HCS Household Condition Survey
HEEP Household Energy End-use Project
HPHW Heat Pump Hot Water

HPSH Heat Pump Space Heating

HTS Household Travel Survey

HW Hot Water

HWC Hot Water Cylinder

LDC Load Distribution Curve

LOD Level of Detail

LV Low Voltage

MAE Mean Absolute Error

MAPE Mean Absolute Percentage Error
MBIE Ministry of Building Innovation and Employment
MOT Ministry of Transport

MUA Main Urban Area

MV Medium Voltage

PV Photovoltaic

SH Space Heating

SOC State of Charge

SUA Secondary Urban Area

SUD Single Unit Dwellings

TB Typical Building

TBL Typical Building Library

™Y Typical Meteorological Year

UEM Urban Energy Model

VKT Vehicle Kilometres Travelled
WDSH Wood-fueled Space Heating
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1. Introduction

New Zealand is committed to reducing greenhouse gas (GHG) emissions to meet a domestic
target of net-zero GHG emissions, excluding biogenic methane, by 2050 and an international
target under the Paris Agreement to reduce net GHG emissions to 50 per cent below gross
2005 levels by 2030 [1]. Identifying a suite of emissions reduction strategies that provides an
‘acceptable’ pathway to these targets is a challenge, not the least because it is difficult to assess
the impacts of various strategies and combination of strategies due to the complexity of the
energy system.

This report focusses on strategies to reduce emissions associated with New Zealand’s
households, which are approximately 11% of New Zealand’s total GHG emissions [1]. The
purpose of this report is to assess selected emissions reduction strategies, to inform the design
and development of future buildings and energy infrastructure, and to identify potential
pathways to net-zero towns and cities.

1.1 Aim and scope

The report’s primary aim is to assess the potential impacts of five GHG emissions reduction
strategies on the operational GHG emissions and energy demands of residential buildings and
urban communities in New Zealand. These strategies (‘DEEDS’) are:

e Decarbonisation of the electricity system (D)

e Electrification of space heating, water heating and cooking (E)

e Energy efficiency improvements of buildings to reduce energy demand (E)

o Digitalisation to improve energy management of buildings and energy supply systems (D)
e Electrification of vehicles (s)

New Zealand’s plan for reducing GHG emissions relies heavily on the ‘DEEDs’. This is the main
reason for their inclusion in this study. Another reason is they all contribute to the energy
performance of buildings, so it makes sense to consider them together.

This report is limited to assessing the impacts of the ‘DEEDs’ at neighbourhood level, by
modelling the combined energy performance of a cluster of 60 households. This represents a
‘typical’ number of homes connected to a low voltage transformer. Low voltage (LV)
transformers step the voltage from 11 kV, used for distribution, down to 230V for use at the
household level. They are susceptible to overloading and may need to be upgraded, especially
with electrification and distributed PV electricity generation strategies, so are a useful proxy
for the impact of the ‘DEEDs’ on the electricity network. While limited to neighbourhoods, the
results of this study can be used to infer the impacts of the ‘DEEDs’ at district and city levels.

As household energy performance depends on location, due to regional differences in climate
and types of energy technologies used in homes, the ‘DEEDs’ are assessed at four locations.
Household energy performance also depends on the age of homes, since building energy
efficiency regulations have changed over the years, so the ‘DEEDs’ are assessed with different
home ages.

The domains included in the modelling analysis are: household energy use; household private
car use (not accounting for urban form); and distributed electricity generation at household
level (i.e. rooftop PV and domestic batteries). Commercially available technologies are
modelled, so the emissions reduction strategies considered in the report are immediately
implementable.

The key outputs of the modelling analysis are:

e Household cluster power demands, including peak loads and load durations

e Household cluster annual energy consumption, disaggregated by energy type

e Household cluster annual operational carbon emissions (embodied emissions are out of
scope)

Embodied emissions and economic feasibility are out of scope for this analysis.
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1.2 Report structure

The report is structured as follows. Section 2 describes the overall modelling approach,
including how model neighbourhoods are composed and how the urban energy model works.
The decarbonisation interventions and pathways assessed in the report are also described in
this section. More detailed descriptions of how model neighbourhoods are formed, and the
modules comprising the urban energy model, are provided in Appendix Section 5.3 and Section
5.4, respectively. Verification of the modelling methodology is included in Appendix Section
5.6. Section 3 presents and discusses the key results of the interventions and pathways assessed
here. Comprehensive results are presented in Appendix Section 5.1. Section 4 presents the
conclusions of the study including key takeaways and limitations.

2. Methodology

2.1 Overview of the modelling approach

The approach used to assess the impact of selected ‘DEEDs’ involves annual energy simulations
of Building Clusters (BCs) with a bespoke Urban Energy Model (UEM) developed for this
project. BCs characterise the design of homes and the behaviour of occupants, including the
use of appliances and private vehicles.

BCs comprise of 60 ‘old’, ‘mixed age’ or ‘new’ homes connected to a low voltage transformer.
BCs are developed to represent neighbourhoods in four cities (Auckland, Palmerston North,
Christchurch and Dunedin) so that ‘DEEDs’ can be assessed for households throughout the
country.

The UEM is a physics-based multi-domain model that includes household loads (space
heating, hot water heating, cooking and other plug loads), transport (private vehicle travel),
and distributed electricity generation (rooftop solar PV and domestic batteries). The model
determines annual energy consumption, annual operating GHG emissions, and time-series
power demands for individual households and the whole BC. Where the operating emissions
are calculated from the power demand multiplied by a grid-emissions factor, or where a fuel is
used the mass of fuel used is multiplied by the fuel’s emissions factor.

Variable behaviour and random fluctuations are included in each domain to avoid all
households behaving the same way at the same time, which leads to unrealistic aggregate
behaviour. Simulations are conducted at a 60 second timesteps to improve modelling accuracy
and to enable smart power controllers to be modelled.

Physics-based
dynamic energy

Inputs: model: Ouftputs:
BCs > UEM »| Assessments
Yy
Domains:
District age — —  Energy demand
Space heating Plug loads
Location e — Electricity demand
Hot water Cooking
N e S Electric Vehicles PV e
& Pathways
Battery — Peak power

Figure 2-1: Overall modelling approach

PATHWAYS TO NET ZERO RESIDENTIAL BUILDINGS AND URBAN COMMUNITIES IN NEW ZEALAND | 3



The interventions and pathways (combinations of interventions) that were assessed are listed
in Table 2-1. The interventions cover a range of technologies and practices that can be

implemented now.

Table 2-1: Interventions and pathways for reducing GHG emissions

INTERVENTION DESCRIPTION

Insulation All households have 2023 Building Code insulation

HPSH All households have heat pump space heating

Insulation & HPSH All households have 2023 Building Code insulation and heat pump
space heating

Ele CK All households have electric cooking

Ele HW All households have electric resistive hot water heating

Ele HW w L.C All households have electric resistive hot water heating with load
control

HPHW All households have heat pump hot water heating

HPHW w LC All households have heat pump hot water heating with load control

Wood SH All households have wood fuelled space heating

Gas CK All households have gas cooking

Idealistic heating All households heated to idealistic full-comfort conditions

EV 40% 40% of private vehicles are electric vehicles

EV 40% w LC 40% of private vehicles are electric vehicles with battery charging
load control

EV 100% All private vehicles are electric vehicles

EV 100% w LC All private vehicles are electric vehicles with battery charging load
control

PV 5kWp 40% 40% of households have 5kWp solar PV arrays

PV 5kWp 100% All households have skWp solar PV arrays

BT 2.4kWh All households have 2.4kWh domestic batteries

BT 6.4kWh All households have 6.4kWh domestic batteries

PV 5kWp & BT 6.4 kWh All households have 5kWp solar PV arrays 6.4kWh domestic

batteries

PATHWAY (combinations of interventions)

WDSH All households have wood-fuelled space heating, electric cooking,
heat-pump hot water heating with load control, and electric vehicles
with load control

Full w Ele All households have heat pump space heating, electric cooking,
heat-pump hot water heating with load control, and electric vehicles
with load control

Full Ele w DER All households have heat pump space heating, electric cooking,

heat-pump hot water heating with load control, electric vehicles
with load control, 5SkWp Solar PV arrays and 6.4kWh domestic
batteries
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2.2 Building clusters

Building Clusters (BCs) are the main input to the UEM. A building cluster describes the
buildings, household composition, occupant behaviour, and technological uptake for the 60-
household cluster. The BCs listed in Table 2-2 are used to assess the impact of energy
interventions and pathways. The clusters represent pseudo-neighbourhoods with attributes
(such as distribution of building types, and technological uptake) that mimic the national
distribution, or where available, the local region. This approach produces results applicable to
regions and the whole country.

Building clusters and inputs for the baseline case are presented in Appendix 5.

The three neighbourhood ages (‘old’, ‘mixed-age’ and ‘new’) capture changes in building energy
efficiency over time. Newer neighbourhoods are built to higher energy efficiency standards,
which will affect the efficacy of interventions such as building insulation upgrades. ‘Old’
neighbourhoods are those built before 1969, ‘new’ are built after 2007, and ‘mixed-age’ have
building ages that approximate the national distribution of building ages.

Table 2-2: Building clusters assessed

LOCATION DISTRICT AGE
Auckland main urban area 0Old (<1969)

Mixed (Approximates national distribution)

New (>2007)

Palmerston North main urban area  Old (<1969)

Mixed (Approximates national distribution)

New (>2007)

Christchurch main urban area 0Old (<1969)

Mixed (Approximates national distribution)

New (>2007)

Dunedin main urban area 0Old (<1969)

Mixed (Approximates national distribution)

New (>2007)

2.3 Urban Energy Model (UEM)

The UEM is a physics-based multi-domain energy model that simulates the energy
performance of multiple buildings, minute by minute over a year. It has interconnected
dynamic models of buildings, hot water cylinders, electric vehicle batteries, solar PV arrays and
domestic batteries. Load control can be implemented on hot water cylinders, electric vehicle
charging, and domestic batteries. This means charging and discharging of multiple appliances
can be coordinated. The simulation tool is custom developed, written in Python and integrates
open-source packages such as EnergyPlus and PVlib. The tool is available freely on request,
however, is most suitable for technically proficient users.

The model can simulate multiple households with multiple energy ‘components’ associated
with each household. For example, one household may have one building, one electric hot
water cylinder, two electric vehicles, four differently orientated solar arrays and one battery
associated with it.

The overall architecture of the UEM is shown in Figure 2-2. A fuller description the Urban
Energy Model is included in Appendix 5.
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Figure 2-2: Urban energy model architecture

2.4 ‘DEEDs’ interventions and pathways
2.4.1 Interventions

Insulation

The insulation intervention upgrades the insulation of all buildings to the R-values in Table
2-3, which reflect the current insulation requirements of the Building Code for the climate zone
with the highest insulation requirements. This approach overlooks the different insulation
standards for the four locations considered in this study, however the results indicate that
building insulation has a relatively minor impact on GHG emissions compared to other
interventions. This approach significantly reduces modelling complexity without having a
significant impact on overall accuracy.

Table 2-3: R-values used in Insulation intervention

R-VALUE (W/m?)
Roof 6.6
Walls 2.0
Floor (on-slab) 1.7
Windows 0.6

Heat pump space heating (HPSH)

This intervention replaces all space heating equipment with heat pumps with a seasonal
coefficient of performance equal to 3.8 [2][3].

Insulation with heat pump space heating (insulation & HPSH)

This intervention combines the Insulation and HPSH interventions.

Electric powered cooking (Ele CK)

This intervention replaces all households cooking equipment with electric powered ovens and
cooktops.

Electric resistive hot water (Ele HW) and load control (Ele HW w LC)

These interventions replace all hot water heating with electric resistive hot water cylinders,
without (Ele HW) or with (Ele HW w LC) load control.

Heat pump hot water (HPHW) and load control (HPHW w LC)

This intervention replaces all hot water heating with hot water heat pumps with a seasonal
coefficient of performance equal to 3.5 and heating power to 2.6kW [4][5]. All other
parameters are identical to electric resistive hot water cylinders. Load control (LC), when
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implemented, restricts hot water heating during peak demand hours, i.e. 7am to 9:30am and
5:30pm to 9:30pm.

Wood-fuelled space heating (Wood SH)

This intervention replaces all space heating with wood-fuelled heaters with an efficiency equal
to 70%.

Gas-fuelled cooking (Gas CK)

This intervention replaces all cooking appliances with gas-fuelled ovens and cooktops with
efficiencies the same as electric cooking.

Idealistic heating

This intervention changes all occupant heating behaviour to ‘Idealistic’, i.e. full comfort heating
throughout the house.

Electric vehicles (EV) and load control (EV w LC)

This intervention increases the penetration of EVs to 40% or 100% of total private vehicles.
Vehicle battery capacity is 39 kWh and charging capacity is 7 kW, with full specifications in
Section 5.3.4. Load control, where implemented, restricts charging to off peak times, either
9:30pm to 1:30am and 11:30am to 3:30pm, or 1:30am to 5:30am and 11:30am to 3:30pm.
These staggered profiles avoid a concentrated power load on the electricity network at 9:30pm.

Solar photovoltaic generation (PV 5kWp)

This intervention increases the penetration of solar PV generation to 40% or 100% of total
households. PV arrays have a capacity of 5kWp and temperature coefficient of -0.4%/°C.

Array azimuths and tilts are randomly generated between -45° and +45° and between 10° and
35° respectively. Households with solar PV have only one array (with one set of azimuth and
tilt angles).

Domestic battery (BT 2.4kWh and BT 6.4kWh)

This intervention assumes all houses have either a 2.4 kWh or a 6.4 kWh domestic battery.
Battery characteristics are summarised in Table 2-4. Domestic batteries are charged during
off-peak periods and discharge during other times to reduce peak power loads on the electricity
network.

Table 2-4: Battery parameters

Battery capacity (kWh) 2.4 0r 6.4
Battery input power capacity (kW) 3.3
Battery output power capacity (kW) 3.3
Battery charging efficiency 0.9
Battery discharge efficiency 0.9

Off-peak times are staggered for each battery, with charging occurring from 9:30pm to 1:30am
and 11:30am to 3:30pm or 1:30am to 5:30am and 11:30am to 3:30pm. The staggered profiles
avoid creating concentrated peak power loads on the electricity network.

The battery discharging controller considers battery state of charge and the ratio of household
power consumption to the peak household power consumption over the last 7 days.
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Solar photovoltaic generation and domestic batteries (PV 5kWp & BT 6.4 kWh)

This intervention combines the 100% solar PV intervention with the 6.4 kWh domestic battery
intervention. However, battery charging is altered to charge exclusively when there is excess
solar PV electricity generation, i,e, when solar PV generation exceeds household power
demand.

2.4.2 Pathways
Wood space heating with full electrification (WDSH w Ele)

The WDSH w Ele pathway equips all households with wood fuelled space heating, electric
cooking, heat-pump hot water heating with load control, and electric vehicles with load control

Full electrification (Full Ele)

The full electric pathway equips all households with heat pump space heating, electric cooking,
heat-pump hot water heating with load control, and electric vehicles with load control

Full electrification with distributed energy resources (Full Ele w DER)

The Full Ele w DER pathway equips all households with heat pump space heating, electric
cooking, heat-pump hot water heating with load control, electric vehicles with load control,
5kWp Solar PV arrays and 6.4kWh domestic batteries.

2.5 Key modelling assumptions

Key assumptions in the UEM are outlined below.

= Assessments
— Grid emissions factor is assumed constant

= Baseline case — building clusters
— Building cluster buildings approximates national distribution of buildings
— Technological uptake in the building cluster matches either regional data (where
available), or national data

= Urban energy model
— Space heating
» HP have a constant COP, independent of temperature and partial load
— Hot water
» Daily hot water demand assumed to be 50L per occupant per day
» Hot Water Cylinders assume a uniform internal temperature
» HWHPs have a constant COP, independent of temperature and partial load
— Electric vehicles
= All charging occurs at home
— Plugloads
* Energy demand from plug loads is independent of household size and occupancy,
and instead represents the average national electricity demand due to plug loads
— Cooking
* Cooking energy demand from plug loads is independent of household size and
occupancy, and instead represents the average national electricity demand due to
cooking
- PV
* One set of panels are applied per household, for each household the azimuth angle
is assumed to be between -45° and 45° of North. Similarly, tilt angles are assumed to
be between 10°and 35°. Where values are randomly generated for each household.
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3. Results

This section presents the energy simulation results for selected ‘DEEDs’ interventions and
pathways. Figure 3-1 shows the relative impact of the interventions and pathways on GHG
emissions and peak power loads (95t percentile) on the low voltage transformer. Section 3.1
includes results for the baseline case. Sections 3.2 and 0 consider the results for the
interventions and Section 3.4 considers the results for the pathways. Results of a study to verify
the methodology are included in the Appendices Section 5.5.

PATHWAYS TO NET ZERO RESIDENTIAL BUILDINGS AND URBAN COMMUNITIES IN NEW ZEALAND | 9



08

SUOISSTUWO DD Ul UOTIONPAT %,
09 (U4

0t

<8

puoweI(] urpaun(y
arenbg :yoIny)SLIY)
o[SUBLI, [YION UOISIOWE]
J[oI1)) :puepONy

oo

o
Vo

;
ovo "“ ““““““““““““““

%m | ¥HQ M 91 [N Aemyped
i oId 1Ind Aemiyed
I M HSAM Aemyred
UMM L8
%0y dMIS Ad
%001 AH
%07 AH
3D seD
HS Poomy
MHJH
MH 21
PloElict
HSdH
uonemsul

L oc—

F0Z—

Fo1—

F ol

F0c

F o€

sa13orens sqga Jo 1oeduy

spuewop Jomod yead ur oFueyo 9,

Figure 3 1: Impact of selected interventions and pathways on GHG emissions and

peak power loads (95th percentile)
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3.1 Baseline case

The baseline case is designed to represent the current situation of urban households. Baseline
electricity use, energy use, GHG emissions, and peak power loads for the 12 neighbourhoods
are shown in Table 3-1.

The results in Table 3-1 show private vehicles do not significantly contribute to household
electricity consumption, as there is only 1 EV in baseline BCs. Private vehicles make a
significant contribution to household energy consumption (>50%) and GHG emissions (>70%)
due to the high emission intensity of transportation fuels. These results highlight the
importance of including transportation in the system analysis of the ‘DEEDs’.

Transportation energy use and GHG emissions are highest in Auckland and lowest in Dunedin,
following the trend in vehicle ownership and vehicle daily travel. These results are for Main
Urban Areas (MUASs). Secondary urban areas and rural areas typically have increased vehicle
ownership and daily travel distance and hence the trends in non-transportation and
transportation energy use will be exaggerated (higher energy use and carbon emissions) for
non-MUAs.

Location has a significant effect on non-transportation energy demands, being largest in
Dunedin and lowest in Auckland, with similar results for Palmerston North and Christchurch.
Differences in non-transportation energy demand are largely due to differences in the
locations’ climates and space heating technologies. Electricity demands are similar across all
locations.

Variations due to the age of homes are low, with the most significant difference in electricity
use (2.4%) being observed in Christchurch, and in energy consumption (3.5%) being observed
in Dunedin. The minor impact of district age is due to the relatively small difference in space
heating demand between different levels of house insulation compared with total electricity
use and energy consumption. Differences are most pronounced where colder climates drive
greater space heating energy demand (Christchurch and Dunedin).

Peak power loads on the low voltage transformer occur at expected times, i.e. mornings and
evenings of the colder months from May to August. There is a trend between maximum power
loads and total electricity consumption but no discernible trend between maximum power load
and neighbourhood age.

Stochasticity (randomness) is embedded in the UEM to mimic the natural variations in energy
use behaviour, so there may be differences in simulation results for a given scenario, despite
identical inputs. Multiple simulations of the baseline case are conducted for two cities
(Auckland and Dunedin) to determine the variability of results due to stochasticity. Results of
this analysis are shown in Table 3-2.

The EV results show a large degree of variability because there is only one EV in the baseline
scenario. Unmet hot water demand demonstrates moderate variability (2-3%). Cumulative
electricity demand, energy consumption, and GHG emissions demonstrate low variability
(<0.3%), which make these results reliable metrics of the impact of a ‘DEEDs’ intervention.
Power demands demonstrate greater variability (1.4-12.4%), with the largest variation seen in
minimum and maximum power demands. This indicates care needs to be taken when assessing
changes in power demand due to an intervention. There is less variability in the 95th percentile
power demand, so this metric and maximum power demand are used to assess the impact on
an intervention on the electricity network.
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Table 3-1: Summary of baseline case results for cluster of 60 households
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AND LOCATION (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (T) (T) (T) (kW) (kW)
Auckland Mixed 1.7 346.3 347.9 654.8 380.2 1035.0 162.8 41.4 204.2 163.8 85.7
New 1.5 344.5 346.1 654.7 375.0 1029.7 162.8 40.7 203.4 184.8 85.2
Old 1.5 347.5 349.0 654.7 384.2 1038.9 162.8 41.9 204.6 175.4 87.5
Christchurch Mixed 1.7 346.5 348.3 654.9 380.5 10354 162.8 41.4 204.2 174.5 86.6
New 1.3 364.6 365.9 516.2  430.3 046.5 128.3 44.1 172.5 171.8 93.5
Old 1.4 373.4 374.8 516.3  449.0 965.3 128.3 45.7 174.0 205.4 096.2
Dunedin Mixed 1.1 361.6 362.7 392.9 557.1  950.0 97.7 46.9 144.6 181.9 92.6
New 1.2 357.2 358.5 3931 537.3 930.4 97.7 458 1435 184.1 92.4
old 1.0 365.3 366.3 3929 570.5 963.4 97.7 476 1452  179.4 93.4
Palmerston North  Mixed 1.2 347.4 348.6 413.3 461.5 874.8 102.7 44.0 146.7  165.8 87.2
New 1.2 344.6  345.8 413.4 450.4 863.8 102.7 43.3 146.0 182.8 86.1
old 1.3 348.4 349.7 4134 470.0 883.5 102.7 44.8 147.6 172.3 87.9
Average 1.4 353.9 355.3 5059 453.9 959.7 1257  44.0 169.7  178.5 89.5
Average/household (kWh) 5.921 15.995 2.096 0.733 2.829 2.975
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Table 3-2: Variability of baseline case results for Auckland and Dunedin mixed age cluster of 60 households due to stochasticity
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(MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (T) (T) (T) (kW) (kW) (kW) (kW) (L.min) (km)
Auckland 1.9 346.2 348.2 655.1 380.2 10353 162.8 414 204.2 163.1 84.2 33.6 8.3 -247959.3 564.1
1.7 346.6 3484 654.9 380.6 1035.5 162.8 414 204.2 167.9 86.2 33.2 7.5 -244353.8 679.4

1.5 346.4 347.9 654.7 380.3 10350 162.8 414 204.2 165.1 85.7 33.4 7.9 -249266.4 602.3
1.5 345.9 347.4 654.7 379.9 1034.6 162.8 414 204.1 164.3 87.4 33.0 8.0 -245506.2 341.7

Auckland variability 24.1%  0.2% 0.3% 0.1% 0.2% 0.1% 0.0% 0.2% 0.0% 2.9% 3.7% 1.8% 9.4% 2.0% 61.8%
Dunedin 1.2 3617 362.9 393.0 557.2 950.2 97.7  46.9 144.6  169.7 91.6 34.5 8.5 -249089.2 650.0
1.3 361.7 363.0 393.1 557.2 950.3 97.7  46.9 144.6  161.6 91.3 34.5 8.2 -248063.5 ~788.8
1.2 361.6 362.8 303.1 557.1 950.2 97.7  46.9 144.6 183.0 93.5 34.0 8.1 -241752.5 117.5
12 3619 3631 393.0 5574 950.4 97.7 47.0  144.6 176.7 = 93.3 = 34.1 7.5  -245651.2  1145.5
Dunedin variability 8.4% 0.1% 0.1%  0.0% 0.1% 0.0% 0.0% 0.1% 0.0% 12.4% 2.4% 1.4%  11.7% 3.0% 152.2%
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3.2 Intervention results

This section provides relative results for the interventions listed in Section 2.4. Absolute results
are presented in Appendix 5.1. Results are presented for each location for ‘mixed age’ BCs.
Results for all three neighbourhood ages are considered for building energy efficiency
interventions, as these interventions are sensitive to age. Discussion of results is provided in
Section 0.

3.2.1 Auckland

Table 3-3: Relative change from baseline case for energy interventions on a
cluster of 60 households in a mixed age neighbourhood at Auckland
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INTERVENTION (%) (%) (%) (%) (%) (%) (B) (%) (%) (%) (%)
Baseline 0%| 0%| o0%| o0%| o0%| 0%| 0%| 0%| 0%| 0%
Insulation -1%| -1%| 0%| -3%| -1%| o0%| -3%| -1%| -2%| -1%
HPSH -1%| -1%| 0%| -3%| -1%| 0%| -4%| -1%| 6%| 3%
Insulation & HPSH -2%| -2%| 0%| -5%| -2%| 0%| -5%| -1%| 0%| -3%
Ele CK 1% 1%| o0%| 0%| 0%| 0%| -1%| o0%| 2%| 2%
Ele HW 7% 7%| 0%| 6%| 2%| 0%| 6%| 1%| 14%| 9%
Ele HW w LC 6% 6%| 0%| 6%| 2% 0%| 5% 1%| 28% | 22%
HPHW -25% | -25%| 0%|-23%| -8%| 0%|-22%| -4%| -9%|-28%
HPHW w LC -25% | -25%| 0%|-23%| -9%| 0%|-22%| -4%|-12%|-23%
Wood SH -8%| -8%| 0%| 27%| 10%| 0%| -4%| -1%| -9%| -11%
Gas CK -7%| -7%| 0%| 0%| 0%| 0%| 6% 1%| -6%| -12%
Idealistic heating 4%| 4%| o%| 10%| 4%| 0%| 5%| 1%| 5%| 5%
EV 40% 0%| 16%|-30%| 0%|-19%|-36%| 0%|-28%| 14%| 8%
EV 40% w LC 0%| 16%| -31%| 0%|-19%|-36%| 0%|-28%| 6%| 9%
EV 100% 0%| 41% 0% | -49% 0% 21%| 18%
EV 100% w LC 0%| 42% 0% | -49% 0% 5%| 13%
PV 5kWp 40% o0%| 0%| 0%| 0%| 0%| 0%|-19%| -4%| 16%| -7%
PV 5kWp 100% 0%| 0%| 0%| 0%| 0%| 0%[-46%| -9%| 5%|-13%
BT 2.4kWh o0%| 0%| o0%| 0%| 0%| 0%| 0%| 0%| -3%| 0%
BT 6.4kWh o0%| 0%| 0%| 0%| 0%| 0%| 0%| 0%| -4%| -3%
PV 5kWp & BT 6.4 kWh 0%| 0%| 0%| o0%| 0%| 0%|-46%| -9%| -8%| -16%
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3.2.2 Palmerston North

Table 3-4: Relative change from baseline case for energy interventions on a
cluster of 60 households in a mixed age neighbourhood at Palmerston North
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INTERVENTION (%) (%) (%) (%) (R (N (R (R (N (R (%)
Baseline 0% 0% | 0% | 0% 0% | 0% | 0% 0% | 0% | 0%
Insulation -2% | -2% 0% | -6% | -3% 0% | -5% | -1% 4% | -3%
HPSH 3% 3% 0% | -17% | -9% 0% | -6% | -2% 4% 4%
Insulation & HPSH 0% 0% 0% | -19% | -10% 0% | -8% | -2% | 13% 0%
Ele CK 1% 1% 0% 0% 0% 0% | -1% 0% 0% 1%
Ele HW 7% 7% 0% 5% 3% 0% 6% 2% 6% 7%
Ele HW w LC 6% 7% 0% 5% 3% 0% 5% 2% | 26% | 15%
HPHW -25% | -25% 0% | -19% | -10% 0% | -21% | -6% | -3% |-22%
HPHW w LC -25% | -25% 0% | -19% | -10% 0% | -21% | -6% | -15% | -22%
Wood SH -8% | -8% 0% | 21% | 11% 0% | -7% | -2% | -14% | -11%
Gas CK 7% | -7% | 14% 0% 7% | 14% 5% | 11% 0% | -11%
Idealistic heating 2% 2% 0% | 20% | 11% 0% | 19% 6% 9% 4%
EV 40% 0% | 11% |-30% 0% | -14% | -36% 0% | -25% | 11% 2%
EV 40% w LC 0% | 10% | -31% 0% | -14% | -36% 0% | -25% 0% | -2%
EV 100% 0% | 28% 0% |-36% 0% 12% | 11%
EV 100% w LC 0% | 27% 0% |-36% 0% 9% 4%
PV 5kWp 40% 0% 0% 0% 0% 0% 0% | -18% | -5% 0% | -8%
PV 5kWp 100% 0% 0% 0% 0% 0% 0% |-44% | -13% | -2% | -13%
BT 2.4kWh 0% 0% 0% 0% 0% 0% 0% 0% 2% | -3%
BT 6.4kWh 0% 0% 0% 0% 0% 0% 0% 0% | 2% | -3%
PV 5kWp & BT 6.4 kWh 0% 0% 0% 0% 0% 0% |-44% | -13% | -13% | -16%
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3.2.3 Christchurch

Table 3-5: Relative change from baseline case for energy interventions on a
cluster of 60 households in a mixed age neighbourhood at Christchurch
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INTERVENTION (%) (%) (%) (%) (%) (B (%) (%) (N (%) (%)
Baseline 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Insulation -3% | -3% 0% | -6% | -3% 0% | -5% | -1% | -8% | -4%
HPSH 1% 1% 0% | -10% | -5% 0% | -5% | -1% | -8% 1%
Insulation & HPSH -3% | -3% 0% | -13% | -6% 0% | -8% | -2% | -14% | -4%
Ele CK 1% 0% 0% 0% 0% 0% | -1% 0% 4% 2%
Ele HW 7% 7% 0% 6% 3% 0% 6% 1% | 2% 8%
Ele HW w LC 6% 6% 0% 5% 2% 0% 5% 1% | 10% | 12%
HPHW -23% | -23% 0% [-20% | -9% 0% |-20% | -5% | -13% | -22%
HPHW w LC -24% | -24% 0% [-20% | -9% 0% |-20% | -5% | -15% |[-20%
Wood SH -14% | -14% 0% | 46% | 21% 0% | -6% | -1% | -21% | -19%
Gas CK 7% | -7% 2% 0% 1% 2% 5% 3% | -10% | -9%
Idealistic heating 8% 8% 0% | 15% 7% 0% 9% 2% | 12% | 12%
EV 40% 0% | 12% |-30% 0% | -16% | -35% 0% |-26% | -3% 2%
EV 40% w LC 0% | 12% |-30% 0% | -16% | -35% 0% |-26% | -5% 3%
EV 100% 0% | 31% 0% |-40% 0% 3% | 10%
EV 100% w LC 0% | 31% 0% |-40% 0% 1% 6%
PV 5kWp 40% 0% 0% 0% 0% 0% 0% | -19% | -5% | -5% | -7%
PV 5kWp 100% 0% 0% 0% 0% 0% 0% |-45% | -12% | -6% | -13%
BT 2.4kWh 0% 0% 0% 0% 0% 0% 0% 0% | -10% | -2%
BT 6.4kWh 0% 0% 0% 0% 0% 0% 0% 0% | -9% | -4%
PV 5kWp & BT 6.4 kWh 0% | 0% | 0% | 0% | 0% | 0% |[-45% | -12% | -1% | -15%
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3.2.4 Dunedin

Table 3-6: Relative change from baseline case for energy interventions on

cluster of 60 households in a mixed age neighbourhood at Dunedin
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INTERVENTION (%) (%) (%) (%) (R () (R (R (R (R (%)
Baseline 0% | 0%| 0%| 0%| 0%| 0% | 0% | 0% | 0% | 0%
Insulation -3% | -3% 0% | 9% | -5% 0% | -6% | -2% | -8% | -5%
HPSH 7% 7% 0% |-26% | -16% 0% | -6% | -2% 6% 8%
Insulation & HPSH 2% 2% 0% |-29% | -17% 0% | -10% | -3% | -9% 1%
Ele CK 1% 1% 0% 0% 0% 0% 0% 0% | -3% 1%
Ele HW 7% 7% 0% 4% 3% 0% 5% 2% 4% 5%
Ele HW w LC 6% 6% 0% 4% 2% 0% 5% 2% | 20% | 16%
HPHW -24% | -24% 0% | -16% | -9% 0% | -19% | -6% | -9% | -21%
HPHW w LC -24% | -24% 0% | -16% | -9% 0% | -19% | -6% | -17% | -21%
Wood SH -12% | -12% 0% | 28% | 17% 0% | -7% | 2% |-22% | -17%
Gas CK 7% | -7% | 13% 0% 5% | 13% 5% | 10% | -12% | -9%
Idealistic heating 7% 7% | 0% | 21% | 12% | 0% | 11% 3% | -1% 7%
EV 40% 0% | 10% [-30% 0% | -12% | -35% 0% |-24% | -4% 3%
EV 40% w LC 0% 9% | -30% 0% | -12% | -36% 0% |-24% | -7% 0%
EV 100% 0% | 25% 0% | -32% 0% -2% 6%
EV 100% w LC 0% | 24% 0% | -32% 0% 7% 4%
PV 5kWp 40% 0% 0% 0% 0% 0% 0% | -18% | -6% 4% | -5%
PV 5kWp 100% 0% 0% 0% 0% 0% 0% |-44% | -14% 3% | -13%
BT 2.4kWh 0% 0% 0% 0% 0% 0% 0% 0% | -11% | -4%
BT 6.4kWh 0% 0% 0% 0% 0% 0% 0% 0% | -7% | -4%
PV 5kWp & BT 6.4 kWh 0% 0% 0% 0% 0% 0% |-44% | -14% | -10% | -16%
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3.3 Discussion of intervention results

3.3.1 Building energy efficiency and takeback effect

Results for the building energy efficiency intervention for different neighbourhood ages are
shown in Table 3-7. Results for the idealistic heating intervention (i.e. full comfort heating
through the whole house), used to assess the takeback effect, are shown in Table 3-8.

Table 3-7: Relative change from the baseline case for building energy
efficiency interventions on a cluster of 60 households in
varying age neighbourhoods at four locations

| -l 14
< X w
- 5 o =
[5) - = = a
@ > =z ) a -2
[ Y] o a < 0Z
o< © @ < g«
us 2 & 323 53
T w (&) =0 o0
INTERVENTION NEIGHBOURHOOD AGE (%) (%) (%) (%) (%)
Insulation Mixed -1% -1% -1% -2% -1%
New -1% -1% 0% | -13% -1%
fa) Old -2% -2% -1% -9% -3%
Z |HPSH Mixed 1% | 1% | 1% | 6% | 3%
2' New -1% -1% -1% -7% 1%
S old 1% | 2% | 1% | 3% 1%
< |Insulation & HPSH  Mixed -2% -2% -1% 0% -3%
New -1% -1% -1% | -12% -3%
Old -2% -2% -1% -7% -5%
- | Insulation Mixed -2% -3% -1% 4% -3%
e New 1% | 2% | 1% | 6% | -2%
2 old 2% | -4% | 2% | 0% | -4%
= |HPSH Mixed 3% -9% -2% 4% 4%
8 New 3% -9% -2% -1% 3%
&) Old 3% | -10% -2% 10% 6%
S |Insulation & HPSH ~ Mixed 0% |-10% | 3% | 14% | o%
=1 0 0 0 0 0
< New 1% -9% -2% 3% 1%
o Old 0% | -11% -3% 9% -1%
Insulation Mixed -3% -3% -1% -8% -4%
T New 2% | -2% -1% 2% | 2%
o old -4% -4% 2% | -15% -5%
2 HPSH Mixed 1% -5% -1% -8% 2%
|¢_> New 1% -4% -1% 12% -1%
(2] Oold 1% -5% -2% | -13% 1%
% Mnsulation & HPSH  Mixed 3% | 6% | 2% |-14% | -4%
© New -1% -5% -2% -4% -3%
Old -4% -7% -3% |-20% -6%
Insulation Mixed -3% -5% -2% -8% -5%
New -2% -3% -1% -9% -5%
Old -4% -7% -2% -7% -6%
= |[HPSH Mixed 6% |-16% | 2% | 6% | 8%
4 New 6% |-15% | -2% 8% 7%
2 Old 6% | -16% -2% 4% 9%
a
Insulation & HPSH  Mixed 2% | -17% -3% -9% 1%
New 3% | -16% -2% | -10% 2%
Oold 1% | -19% -4% -8% 1%
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Building energy efficiency interventions include higher levels of insulation and 100% uptake
of heat pump space heating. Overall, significant reductions can be seen in energy consumption
(-1% to -19%) and small but consistent reductions in GHG emissions across all scenarios and
interventions (-1 to -4%). Decreases were largest in colder climates (Christchurch and
Dunedin), where heat pumps have lower penetration, and in older homes with lower levels of
insulation.

Upgraded insulation leads to small decreases in total electricity consumption (-1% to -4%) and
slightly greater decreases in peak loads (-1% to 6%, 95t pct), following the same trends as with
energy consumption. Electrification of space heating with heat pumps leads to a small decrease
to moderate increase in electricity consumption (-1% to +6%), due to the substitution of wood
and gas heating. In almost all cases peak demand increases moderately (-1% to +9%, 95t pct).

Combining insulation with heat pumps tends to slight increases or decreases in total electricity
consumption (-4% to +3%) and generally leads to decreased peak loading (-6% to +2%, 95t
pct). Introducing thermal storage into heat-pump systems could be used to gain the advantages
of heating electrification without increases in peak loading. For example, charging an
underfloor heating concrete slabs during off-peak times to provide heating during on peak
times or using a hot water heat pump to store hot water during off-peak times and releasing
that heat into the space during on-peak times with fan coil units can be methods to electrify
space heating and access demand-flexibility.

Table 3-8: Relative change from the baseline case for idealistic heating intervention for
a cluster of 60 households in mixed age neighbourhoods at four locations
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3] = F 2 a
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= ] o o Z oZ
o< 14 m < aodg
g & £ 3f £F
me o O =0 &a
INTERVENTION (%) (%) (%) (%) (%)
Idealistic heating ~ Auckland 3% 4% 1% 5% 5%
Palmerston North 2% 11% 6% 9% 4%
Christchurch 7% 7% 2%  12%  12%
Dunedin 6% 12% 3% -1% 7%

A shift to all households heating “idealistically” (i.e. full comfort) shows the potential takeback
effect on space heating when heating costs are reduced due to increased levels of insulation
and/or reduced energy costs. With this intervention, significant increases can be seen in energy
consumption (4% to 12%) and peak loads (4% to 12%, 95t pct). The magnitude of these results
match or exceed the range of results seen with efficiency upgrades, so it is possible that
behavioural changes can offset any reductions in electricity consumption, energy demand,
GHG emissions and peak power demands due to higher levels of insulation. In the case of the
electrification of space heating, the combination of behavioural changes could lead to
significant increases in peak demands.
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3.3.2 Electrification

Table 3-9: Relative change from the baseline case for electrification interventions
for a cluster of 60 households in mixed age neighbourhoods at four locations
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INTERVENTION (%) (%) (%) (%) (%) (%)
Ele CK 1% 0% 0% 2% 2% 0%
a)
<Z( Ele HW 7% 0% -1% 14% 9% -7%
g |Ele HW w LC 6% 0% | -1% | 28% | 22% | 43%
3]
2 HPHW -25% | -10% -6% -0% | -28% | -14%
HPHW w LC -25% | -11% -6% | -12% | -23% 61%
= |EleCK 1% 0% 0% 0% 1% 0%
2 = |Ele HW 7% | 0% | -1%| 6%| 7%| -9%
=
E & |Ele HW w LC 7% | 0% | -1%| 26%| 15% | 43%
3 Z |HPHW -25% | -13% | -9% | -3% | -22% | -15%
&  |HPHWwLC -25% | -13% | -9% | -15% | -22% | 31%
3 Ele CK 0% 0% 0% 4% 2% 0%
X | Ele HW 7% | 0% | -1%| -2%| 8% | -7%
T
g Ele HW w LC 6% 0% -1% 10% 12% 42%
2 |HPHW 24% | -11% | -8% | -13% | -22% | -18%
S |HPHW w LC 24% | -11% | -8% | -15% | -20% | 32%
Ele CK 1% 0% 0% -3% 1% -2%
g Ele HW 7% 0% -1% 4% 5% -7%
& | Ele HW w LC 6% 0% -1% | 20% 16% | 42%
3 HPHW -24% -11% -90% 9% | -21% | -15%
HPHW w LC -24% | -11% -90% | -17% | -21% 33%

The impact of electrification appears to be largely independent of location. This is due to the
baseline case assuming that gas hot water heating and gas cooking uptake is a uniform fraction
of households throughout the country, as regional data on the uptake of gas appliances was
lacking. (See Appendix Section 5.3 for the derivation of technological uptakes for different
technologies). For regions with higher gas cooking and water heating uptake than the national
average, electrification of these loads will lead to increased electricity load and maximum
power demands, and further reductions in GHG emissions than the results here indicate.

A switch to all electric cooking results in a small increase in electricity consumption (~1%) and
peak loading (2% ,95™ pct). This small impact is likely due to the small proportion of
households with gas cooking in the baseline case (8.3%).

A switch to all electric hot water heating without load control results in moderate increases in
electricity consumption (~7%) and peak power demands (5-9%, 95% pct). Load control
increases peak power demand by 12%-22%, due to restricted heating times reducing the water
temperatures in HWCs and hence when switched back on a large portion of HWCs switch on
simultaneously (see Figure 3-2). This is a known effect and ripple timing is typically staggered
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for different regions to avoid an aggregate “bounce back” effect. More sophisticated load
control can overcome this effect [6].

Unmet hot water demand increases with load restrictions. Load control on electric hot water
cylinders reduces hot water serviceability by approximately 43% compared with non-load
controlled hot water heating. However, electric resistive hot water heating with load control is
widely deployed so this level of lost serviceability may not be totally unacceptable.

Load Duration Curve Peak load hour: July 5 9:31
200 - [ Max: 209.60 kW Il clectric vehicles
95th pet: 104.79 kW . Ki

= 175 50th pet: 32.50 kW coorIng
z Min: 7.75 kW B plug load
< 150 1 I hot water
§ space heating
3 125 I battery
et
5 100 1 PV
2
g "]
7
A 50

25 4

0 - T T T 0 T T T
0 200000 400000 560 580 600
Year (minute) Minute in day

Figure 3-1: Peak load hour and load duration curve for electrification of hot water
with load control intervention for a cluster of 60 households at Auckland

Hot water heat pumps significantly reduce electricity consumption (~ -25%) and peak
demands (-21% to -28% for 95 pct demand, or -3% to -13% of maximum demand), simply due
to increased appliance efficiency. Adding load control reduces peak power loads to between
(-12% to -17%, maximum demand) and increases lost hot water serviceability by 30-60%
compared with non-load controlled hot water heat pumps.

3.3.3 Non-electric

Non-electric interventions, including gas cooking and wood-fuelled space heating, reduce

power loads on electricity networks. Results for these interventions are summarised in Table
3-10.
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Table 3-10: Relative change from the baseline case for non-electric interventions
for a cluster of 60 households in a mixed age neighbourhood at four locations
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Auckland Wood SH -8% 10% -1% -9% -11%
Gas CK -7% 0% 1% -6% -12%
Palmerston North Wood SH -8% 11% -2% -14% -11%
Gas CK -7% 7% 11% 0% -11%
Christchurch Wood SH -14% 21% -1% -21% -19%
Gas CK -7% 1% 3% -10% -9%
Dunedin Wood SH -12% 17% -2% -22% -17%
Gas CK -7% 5% 10% -12% -9%

Wood-fuelled space heating reduces electricity consumption (-8 to -14%) and peak power loads
(-9% to -22%), but only slightly changes GHG emissions (-1% to 2%). Gas cooking reduces
electricity demand (~7%), moderately increases GHG emissions (1-11%), and decreases peak
power loads (0% to -12%). Overall, wood-fuelled space heating is a promising way to decrease
GHG emissions while significantly reducing peak power demands on electricity networks,
particularly for colder regions. Wood-fuelled space heating may be a complementary
technology for enabling electrification by mitigating higher electricity energy requirements and
peak loads. Gas cooking also reduces peak power loads on the electricity network but with the
disadvantage of higher GHG emissions.

3.3.4 Electric vehicles

Transport electrification interventions represent a 40% or 100% change of household vehicles
to full Electric Vehicles, with a battery capacity of 39 kWh (full technological capacities are
described in Table 5-20). Results for EV interventions are summarised in Table 3-11. EV uptake
significantly reduces GHG emissions, with reductions varying with location due to differing
vehicle ownership and travel demands in the four cities considered in this study. Greatest
impacts are seen in Auckland and the least in Dunedin.

A 40% penetration of EVs in the private sector leads to a 10% to 16% increase in electricity
consumption, -30% reduction in transportation energy, and -36% reduction in total carbon
emissions. A 100% penetration of EV’s leads to a 24-42% increase in electricity demand, a -8%
decrease in transportation energy, and -72% reduction in total carbon emissions. The relatively
high energy efficiency of EVs can be seen in the significant reduction they produce in
transportation energy.

Peak power loads are a key concern with EV uptake. Predicted power loads are affected by the
stochasticity in the EV model, which makes it difficult to confidently determine the impact of
EVs on the electricity network. A 40% EV uptake appears to increase maximum power demand
in the network by up to 14% across all locations, and a 100% uptake increases maximum power
demand by up to 21%.

Load control of EV charging significantly reduce power demands on the electricity network.
Load control restricts charging times, which reduces charging duration availability. However,
while load control reduces peak power demands it does not appear to reduce vehicle
serviceability.
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Table 3-11: Relative change from the baseline case for greater use of electric vehicles
for a cluster of 60 households in a mixed age neighbourhood at four locations
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A EV 40% -19% |-36% |-28% | 14%
2 |EV 40% w LC -19% | -36% |-28% | 6%
2
g EV 100% -49% 21%
<
EV 100% w LC -49% 5%
g EV 40% -14% |-36% | -25% | 11% 2% |-28%
EE EV 40% w LC -14% | -36% | -25% | 0% | -2% |-46%
%2 EV 100% -36% 12% | 11% | -9%
<
o |EV100% w LC -36% 9% 4% |-24%
5 |EV 40% 12% |-30% | -16% |-35% |-26% | -3% | 2% | -31%
2
2 |EV 40% w LC 12% |-30% | -16% |-35% |-26% | 5% | 3% | 0%
O
'Q EV 100% -40% 3% | 10% | -6%
[
5 |EV 100% w LC -40% 1% | 6% | 13%
EV 40% 10% [-30% | -12% | -35% [-24% | -4% 3% | -9%
Z
E EV 40% w LC 10% [-30% | -12% [ -36% |-24% | -7% 0% | -27%
§ EV 100% -32% 2% | 6% |-25%
EV 100% w LC -32% 7% 4% 0%

These results are for MUA locations which have lower vehicle ownership and lower daily
vehicle travel distance than SUAs and rural areas. Hence, results are expected to increase in
magnitude for non MUAs, increasing the efficiency of EVs for emissions reductions but also
presenting greater challenges for peak loading on networks.

Overall, EV’s are an effective means of emissions and energy reductions, while producing
moderate increases in peak loads, which can be mitigated with load control.
3.3.5 Distributed energy resources

Distributed Energy Resource (DER) interventions include PVs, domestic batteries, and
combinations of the two. DER results are summarised in

Table 3-12, with additional assessments for the proportion of PV generation that is self-
consumed, i.e. PV electricity consumed within the BC.
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Table 3-12: Relative change from baseline case of distributed energy resource interventions
for a cluster of 60 households in mixed age neighbourhoods at four locations
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PV 5kWp 40% 350.7 | -76.9 21% | -19% -4% 16% -7% -30.1
PV 5kWp 100% 350.2 | -188.3 66% 35% | -46% -9% 5% | -13% | -110.8
BT 2.4kWh 350.8 0.0 0% 0% 0% 0% -3% 0% 7.2
BT 6.4kWh 350.5 0.0 0% 0% 0% 0% -4% -3% 8
PV 5kWp & BT 6.4 kWh | 350.6 | -188.3 68% 37% | -46% -9% -8% | -16% | -112.3
PV 5kWp 40% 376.5 | -82.0 - 20% | -19% -5% -5% -7% | -55.2
PV 5kWp 100% 376.3 | -199.8 64% 34% | -45% | -12% -6% | -13% | -172.1
BT 2.4kWh 376.7 0.0 0% 0% 0% 0% | -10% -2% 7.9
BT 6.4kWh 376.1 0.0 0% 0% 0% 0% -9% -4% 8
PV 5kWp & BT 6.4 kWh | 376.3 | -199.8 66% 35% | -45% | -12% -1% | -15% | -163.6
PV 5kWp 40% 366.8 | -83.4 - 21% | -18% -6% 4% -5% | -53.3
PV 5kWp 100% 367.0 |-203.5 62% 34% | -44% | -14% 3% | -13% | -168.5
BT 2.4kWh 367.2 0.0 0% 0% 0% 0% | -11% -4% 7.5
BT 6.4kWh 367.0 0.0 0% 0% 0% 0% -7% -4% 7.9
PV 5kWp & BT 6.4 kWh | 367.3 |-203.5 64% 36% | -44% | -14% | -10% | -16% | -163.9
PV 5kWp 40% 351.4 | -77.6 ﬁ 21% | -18% -5% 0% -8% -47.5
PV 5kWp 100% 350.7 | -190.4 63% 34% | -44% | -13% 2% | -13% | -136.6
BT 2.4kWh 351.4 0.0 0% 0% 0% 0% 2% -3% 7.9
BT 6.4kWh 350.7 0.0 0% 0% 0% 0% -2% -3% 7.1
PV 5kWp & BT 6.4 kWh | 351.2 | -190.4 66% 36% | -44% | -13% | -13% | -16% | -128.5

Two levels of Solar PV penetration were assessed - 40% and 100% of households equipped with
a 5kWp solar PV array. Both levels of uptake result in significant distributed electricity
generation, equal to ~22% and ~54% of electricity demand respectively. However, not all PV
electricity generated is consumed within the cluster of households, 91-95% and 62-66% of PV
electricity generated is self-consumed for the 40% and 100% cases respectively, demonstrating
a saturation effect with the percentage of self-consumed PV generation reducing with higher
PV uptake.

In addition to energy production, PV generation leads to small to moderate reductions in peak
power demands, with ~-6% and -13% reduction for 95t percentile peak demand for 40% and
100% uptake respectively. Solar PV significantly reduces non-transport GHG emissions by
~-19% and ~-45% for the 40% and 100% case respectively, demonstrating a significant
reduction in household emissions are possible with onsite PV electricity production.

The minimum demand demonstrates a notable feature of PV generation. The negative
minimum power demand indicates reverse power flow, meaning the cluster is net exporting
power at a significant rate. Negative power flows can create issues, such as voltage regulation
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difficulties on electricity networks, and can affect the longevity of electricity distribution
infrastructure. Also, negative power flows can be significant and exceed transformer limits. So,
both maximum electricity demand and maximum exported electricity can potentially
introduce challenges for local electricity infrastructure. These technical challenges should be
considered when considering PVs benefits.

Batteries provide modest decreases in peak loading with reductions in maximum demand
between 0 to -4% (95 pct) for the 2.4kWh case and -3% to -4% (95t pct) for the 6.4kWh case.
Increasing battery capacity appears to have little additional impact on peak power load
reduction, for the battery capacities analysed. In this study, batteries aim to reduce household
peaks and receive no feedback from the transformer. Households may all reduce their peak,
which can occur at different times, however the transformer peak may experience less
significant reductions in peak load due to the diversification among the households.

The peak power shaving mechanism of batteries can be seen in Figure 3-3. This intervention
utilises a battery control logic that reduces household power demand independently of other
households. Greater reductions can potentially be achieved if household batteries are
controlled as a group.

Coupling batteries and PV marginally enhances the level of self-consumed PV electricity by an
additional 2-3% and enhances peak load reductions to -1 to -13% of maximum demand.

Load Duration Curve Peak load hour: May 11 7:56
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Figure 3-2: LDC and peak load hour for 2.4kWh battery in Dunedin

DER interventions present a means for GHG emission reductions, although the extent of
reductions are limited due to an already low emissions factor for New Zealand’s network
electricity. Batteries and battery-PV combination also present a means for moderate peak
demand reductions, with greater reductions potentially achievable with coordinated battery
control systems.

3.3.6 Summary of intervention results

Building efficiency

e Building efficiency interventions are best targeted to older aged districts and colder
climates.

e Improved insulation has only small impacts on electricity consumption and operating GHG
emissions but may also reduce peak loads where electric heating is ubiquitous.

e Space heating electrification can moderately increase electricity consumption and peak
demands, where heat pumps uptake is low.

e The takeback effect for space heating is significant and should be considered for
interventions, particularly for electrification and the impact on peak loads.
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Electrification

e Electrification of cooking leads to small increases in electricity demand and peak loads,
however the impact will be more significant in locations with high gas cooking penetration.

e Electrification of hot water leads to moderate increase in electricity demand and significant
increases in peak load. Hot water load control using simple time-based restrictions can lead
to increased peak loading due to “bounce back” effects.

e Hot water heat pumps lead to significant reductions in electricity demand, energy
consumption, operating GHG emissions, and peak loading, thus presents an opportunity to
reduce emissions with positive network outcomes.

Non-electrification

¢ Gas cooking presents an opportunity for small to moderate reductions in electricity demand
and peak loads, at the cost of similar increases in operating GHG emissions.

e Wood-fuelled space heating presents promising method for small reductions in operating
GHG emissions while significantly reducing electricity demand and peak loads.

Electric vehicles

e EVshad the most significant impact on operating GHG emissions of any of the interventions
assessed.

e EVslead tosignificant increases in electricity demand and moderate increases in peak loads.
However, peak loads were largely reduced with load control which had negligible impact on
serviceability. This indicates load control will not lead to notable missed travel.

e These EV results are for main urban areas, which have the lowest vehicle ownership and
travel distance. Secondary urban and rural areas will have significantly different results
(increased electricity demands and peak loading) and hence care should be taken to
extrapolate these results to those locations.

Distributed energy resources

e PV demonstrated significant levels of self-consumption within the building cluster, however
self-consumption saturates with increasing uptake.

e PV uptake leads to significant reductions of operating GHG emissions.

e PV can produce significant negative peak loads form solar export, and can even exceed peak
loading from electricity demands.

e Domestic batteries can lead to moderate reductions in peak loads, with no additional benefit
coming from increasing energy storage capacity. Peak load reduction potential is expected
to increase where control logic integrates signals such as LV transformer load.

e Coupling PV and batteries marginally increases self-consumption of PV generation and
decreases peak loads below what PV and batteries can achieve alone.

3.4 Discussion of pathways results

Three pathways, described in Section 2.4, are assessed. The first pathway (WDSHwkEle)
includes full electrification of household loads, except for space heating which is provided by
wood-stoves, and domestic hot water is provided by hot water heat pumps, and full-
electrification of transport; the second pathway (FullE) involves electrification of household
loads and transport; and the third pathway (FullEwDER) combines full electrification of
household loads and transport with the addition of solar PV and domestic batteries. The
relative results for the pathways are included Table 3-13 and absolute results in Appendix
Section 5.1

The three pathways produce similar reductions in operating GHG emissions ranging between
-72 to -89%, with the magnitude of reductions varying with location. The “FullEwDER”
pathway reduces emissions an additional -9 to -15% beyond other pathways, from reduced
non-transport emissions.
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The wood space heating pathway (WDSHwEle) reduces electricity demand in three locations,
with the magnitude of reduction increasing in colder climates, while the other two pathways
increase electricity demand. The wood space heating pathway reduces peak power demand by
-8% to -21% (-10% mean reduction).

Full electrification (FullE) produces a small to moderate increase of electricity demand (+5%
to +16%) and a small decrease or moderate increase peak power demand (-4 to +12%). The
addition of DERs (FullEwDER) maintains the increased electricity demand, however 31-33%
of demands were met by PV generation within the cluster, leading to a decreased need for
electricity from the network. The addition of DER also leads to a net reduction in peak power
demand on the network (-7% to -17%, 95 pct).

Overall, the three pathways demonstrate that significant reductions in energy and operating
GHG emissions can be achieved through the application of several key technologies with either
small additions to peak load or with significant reductions in peak loads. Wood heating, hot
water heat pumps, electric vehicles, and the application of load control all can play a significant
role in decarbonisation.
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Table 3-13: Relative results for pathways
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4. Conclusions

This report assesses a range of interventions and pathways for reducing operating GHG
emissions from New Zealand’s homes and urban areas, by using an Urban Energy Model
(UEM) to simulate the annual energy performance of a cluster of 60 households connected to
a single low voltage transformer. The domains of the UEM include space heating, cooking, plug
loads, electric vehicles, solar PV, and batteries.

The main results of the simulation analysis are presented in this report, including cumulative
annual energy demand, electricity demand, and operating GHG emissions, and peak power
demand metrics. The results provide a basis for comparing the relative benefits and costs of
different decarbonisation interventions and pathways; however, a full cost benefit analysis of
these actions is not considered in this report. The economics of the DEEDs and the effects of
embodied GHG emissions are not assessed here.

In total, 20 interventions and 3 pathways are assessed. The results provide insights into the
effectiveness of these ‘DEEDs’ strategies, identifying interventions which are most effective
and pathways that reduce operating GHG emissions without overloading electricity networks.

4.1 Key takeaways

Several technologies are identified as playing a significant role in decarbonisation of
households including wood heating, hot water heat pumps, electric vehicles, and the
application of smart load control.

e Hot water heat pumps lead to significant reductions in electricity demand, energy
consumption, operating GHG emissions, and peak loads, so is a promising technology for
reducing emissions without overloading electricity networks.

e Wood-fuelled space heating can provide small reductions in operating GHG emissions but,
importantly, they reduce electricity demand and peak power loads on the electricity
network. Wood heating increases the capacity of the network to support electrification of
private transport and other power intensive interventions.

e EVs can significantly reduce operating GHG emissions due to the large portion of household
emissions arising from transportation. EV’s also lead to significant increases in electricity
demand and moderate increases in peak power loads, creating a significant impact on the
electricity network. However, it appears peak loads on the grid can largely be managed with
smart control of EV charging and other building-related electricity loads, without
compromising the ability of EVs to meet private travel demands.

e Rooftop PV electricity generation can lead to significant reductions in operating GHG
emissions, and significant portions of this generation can be consumed within the local
network. However, PV generation can produce high negative peak loads resulting in
technical challenges at high levels of penetration, such as voltage regulation on the
electricity network.

More broadly, a range of results were obtained for the interventions assessed.

¢ Building energy efficiency interventions are best targeted to older aged districts and colder
climates.

e Improved insulation has relatively small impacts on electricity consumption and operating
GHG emissions but may reduce peak power loads on the network where electric heating is
ubiquitous.

e The takeback effect for space heating can significantly offset the operating GHG emissions
reductions of interventions. Therefore, takeback should be considered when forecasting the
impacts of space heating electrification and improvements in building energy efficiency on
GHG emissions from households.
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Three pathways assessed possible combinations of technologies. The pathways demonstrate
that significant reductions in energy and GHG emissions can be achieved through strategic
combinations of technologies without increasing peak loads on the electricity network.

4.2 Limitations

The work has several limitations. The scope of analysis was necessarily limited to existing
technologies and selected levels of uptake of the technologies assessed. For example, only 40%
and 100% uptake of 5kWp solar PV arrays were tested. Different levels of uptake may produce
better results. However, this report established the technologies and combinations of
technologies of most future interest for a more targeted analysis.

Data limitations required the use of simplifying assumptions. For example, a lack of detailed
regional housing data required the current use of building energy technologies to be based on
national data. For example, the proportion of gas hot water heating used a national average
figure for all regions but is likely more concentrated in some regions.

Household time of use energy data was also limited. So, this study created a range of power
time of use profiles from the Green Grid Study, which monitored the electricity circuits of a
limited number of households. More household data on occupant behaviour would enable
better power time of use profiles to be created, better capturing the diversity of behaviour, and
increasing the accuracy of the Urban Energy Model.

Embodied emissions were also out of scope for this analysis, which can be significant for many
of the most promising technologies (EVs, Batteries, and Solar PV). Including embodied
emissions would in all cases increase the total emissions, however it is the most comprehensive
means to compare technologies. While limited to operating emissions, this report highlights
the technologies which are most suitable for further analysis and will complement future
analyses that include embodied emissions.

A constant emissions intensity was used in this report, however emissions intensity for
network electricity changes with time. It is commonly thought that the emissions intensity
correlates highly with peak load, i.e. that peak times have the highest emissions intensity, and
hence that peak load reductions in this report are correlated with higher emissions reductions.
However, the relationship between load and power system emissions is more complicated and
it is not always true that peak times experience the highest emissions intensity [7]. This is in-
part due to the role of hydropower for load following and meeting peak demands in the New
Zealand power system. To fully understand the impact of demand reductions on power system
emissions, an appropriate power systems dispatch model should be employed and coupled to
the UEM.
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5. Appendices

5.1 Absolute results
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Table 5-1: Absolute results for energy interventions on a cluster of 60 households in a mixed age neighbourhood at Auckland

2 2 2 g
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Zf 42 ¥ % & #& § SF § 38 BE =8
INTERVENTION (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (T) (T) (kW) (kW) (kW)
Baseline 1.7 349.3 0.0 0.0 0.0 654.8 1036.4 162.8 204.3 163.8 85.7 8.5
Insulation 1.5 344.4 0.0 0.0 0.0 654.7 1024.6 162.8 202.9 160.5 84.7 8.0
HPSH 1.7 346.9 0.0 0.0 0.0 654.8 1023.1 162.8 202.7 172.9 88.2 7.5
Insulation & HPSH 1.4 342.7 0.0 0.0 0.0 654.6 1018.9 162.8 202.3 163.3 82.8 7.8
Ele CK 1.8 351.5 0.0 0.0 0.0 655.0 1036.3 162.8 204.1 167.0 87.6 8.1
Ele HW 1.8 374.0 0.0 0.0 0.0 654.9 1040.4 162.8 202.8 186.2 93.2 7.2
Ele HW w LC 1.7 371.6 0.0 0.0 0.0 654.9 1038.0 162.8 202.6 209.6 104.8 7.8
HPHW 1.5 261.2 0.0 0.0 0.0 654.7 927.6 162.8 191.3 149.8 62.0 8.2
HPHW w LC 1.6 260.8 0.0 0.0 0.0 654.7 927.2 162.8 191.2 143.8 66.1 8.3
Wood SH 1.6 322.6 0.0 0.0 0.0 654.7 1141.4 162.8 202.8 148.4 76.4 8.3
Gas CK 1.6 323.4 0.0 0.0 0.0 654.8 1036.2 162.8 206.7 154.1 75.4 8.5
Idealistic heating 1.7 361.2 0.0 0.0 0.0 654.8 1074.7 162.8 206.1 171.3 89.9 8.2
EV 40% 58.9 406.7 0.0 0.0 0.0 455.2 837.0 104.7 146.3 186.4 92.1 10.9
EV 40% w LC 58.4 405.8 0.0 0.0 0.0 454.7 836.0 104.7 146.2 174.1 93.0 9.3
EV 100% 146.7 494.1 0.0 0.0 0.0 146.7 528.1 15.1 56.6 198.5 101.2 8.9
EV 100% w LC 146.9 494.8 0.0 0.0 0.0 146.9 528.8 15.1 56.7 172.1 97.1 7.1
PV 5kWp 40% 1.7 349.3 -76.9 -3.9 73.0 654.9 1036.4 162.8 196.4 189.7 79.4 -39.1
PV 5kWp 100% 1.4 348.8 -188.3 -64.6 123.7 654.6 1035.9 162.8 184.9 172.0 74.5 -110.8
BT 2.4kWh 1.6 349.4 0.0 0.0 0.0 654.8 1036.6 162.8 204.3 159.3 85.4 7.2
BT 6.4kWh 1.7 349.1 0.0 0.0 0.0 654.9 1036.2 162.8 204.3 157.9 82.7 8.0
PV 5kWp & BT 6.4 kWh 1.4 349.2 -188.3 -60.0 128.3 654.6 1036.3 162.8 185.0 150.1 71.9  -112.3
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Table 5-2: Absolute results for energy interventions on a cluster of 60 households in a mixed age neighbourhood at Palmerston North

. 2 2 2 4
52§ 3 B0 g 2 & 5 ¢
s 45 2 5 2 #% 2 §5 & 2§ 5@ Z@
T TR o o o w - w O+ o =0 = =0
INTERVENTION (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (T) (T) (kW) (kW) (kW)
Baseline 1.2 351.5 0.0 0.0 0.0 413.3 877.7 102.7 147.0 165.8 87.2 8.1
Insulation 1.3 345.5 0.0 0.0 0.0 413.4 850.6 102.7 145.0 171.7 84.6 8.2
HPSH 1.1 361.9 0.0 0.0 0.0 413.2 797.1 102.7 144.3 173.1 90.4 7.2
Insulation & HPSH 1.2 353.1 0.0 0.0 0.0 413.3 788.3 102.7 143.4 188.1 87.1 8.2
Ele CK 1.2 353.5 0.0 0.0 0.0 413.3 877.4 102.7 146.8 166.1 88.3 8.1
Ele HW 1.1 375.4 0.0 0.0 0.0 413.2 901.6 102.7 149.5 175.6 93.6 8.0
Ele HW w LC 1.3 374.3 0.0 0.0 0.0 413.4  900.5 102.7 149.4 208.9 100.6 8.4
HPHW 1.1 262.4 0.0 0.0 0.0 413.2 788.6 102.7 137.9 160.3 67.8 7.6
HPHW w LC 1.2 262.5 0.0 0.0 0.0 413.3 788.7 102.7 137.9 140.7 68.2 8.1
Wood SH 1.2 321.7 0.0 0.0 0.0 413.3 973.0 102.7 144.0 143.3 77.3 7.6
Gas CK 1.2 325.3 0.0 0.0 0.0 471.4 935.3 117.2 163.8 165.9 77.3 8.4
Idealistic heating 1.3 3584 0.0 0.0 0.0 413.4  970.6 102.7 155.3 180.5 90.3 8.1
EV 40% 39.2 389.4 0.0 0.0 0.0 287.5 751.8 65.9 110.1 183.7 89.0 10.1
EV 40% w LC 38.1 388.3 0.0 0.0 0.0 286.4 750.7 65.7 110.0 165.6 85.8 8.7
EV 100% 98.5 448.3 0.0 0.0 0.0 98.5 562.4 10.1 54.4 186.3 97.2 8.9
EV 100% w LC 95.3 445.2 0.0 0.0 0.0 95.3 559.3 9.8 54.1 180.6 o1.1 8.2
PV 5kWp 40% 1.3 351.4 -77.6 -5.4 72.2 413.4 877.6 102.7 139.0 166.0 80.2 -47.5
PV 5kWp 100% 1.2 350.7 -190.4 -70.0 120.4 413.3 876.9 102.7 127.4 161.7 75.8  -136.6
BT 2.4kWh 1.3 351.4 0.0 0.0 0.0 413.4 877.6 102.7 147.0 168.9 84.2 7.9
BT 6.4kWh 1.1 350.7 0.0 0.0 0.0 413.2 877.0 102.7 147.0 162.2 84.2 7.1
PV 5kWp & BT 6.4 kWh 1.3 351.2 -190.4 -65.3 125.2 413.4 877.4 102.7 127.4 143.7 72.9 -128.5
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Table 5-3: Absolute results for energy interventions on a cluster of 60 households in a mixed age neighbourhood at Christchurch

SN 2 : g L
T - T
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INTERVENTION (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (T) (T) (kW) (kW) (kW)
Baseline 1.5 376.4 0.0 0.0 0.0 516.4 962.5 128.3 173.7 190.5 94.9 8.3
Insulation 1.4  364.3 0.0 0.0 0.0 516.3 935.5 128.3 171.6 175.6 91.5 7.3
HPSH 1.4 378.4 0.0 0.0 0.0 516.3 016.4 128.3 171.6 175.0 96.3 7.4
Insulation & HPSH 1.4 365.4 0.0 0.0 0.0 516.3 003.4 128.3 170.2 164.3 90.7 7.7
Ele CK 1.2 378.2 0.0 0.0 0.0 516.1 062.0 128.3 173.5 198.4 97.2 8.0
Ele HW 1.4 401.1 0.0 0.0 0.0 516.3 987.2 128.3 176.3 186.6 102.2 8.3
Ele HW w LC 1.5 399.2 0.0 0.0 0.0 516.4 085.3 128.3 176.1 209.9 106.6 8.5
HPHW 1.3 288.2 0.0 0.0 0.0 516.2 874.3 128.3 164.7 165.7 74.0 8.4
HPHW w LC 1.4 287.7 0.0 0.0 0.0 516.3 873.8 128.3 164.6 162.3 75.6 8.6
Wood SH 1.4 322.4 0.0 0.0 0.0 516.3 1165.5 128.3 171.2 150.9 76.5 8.3
Gas CK 1.2 350.4 0.0 0.0 0.0 528.0 974.1 131.3 179.0 170.7 86.1 8.5
Idealistic heating 1.3 405.2 0.0 0.0 0.0 516.2 1030.2 128.3 177.9 212.5 106.0 8.3
EV 40% 47.4 422.5 0.0 0.0 0.0 361.1 807.4 83.0 128.4 185.7 96.7 9.3
EV 40% w LC 46.7 421.8 0.0 0.0 0.0 3604 806.7 82.9 128.3 181.9 97.4 8.4
EV 100% 118.0 492.8 0.0 0.0 0.0 129.8 575.8 15.1 60.4 196.6 104.4 11.0
EV 100% w LC 117.0 492.0 0.0 0.0 0.0 128.8 575.0 15.0 60.4 192.2 100.5 8.6
PV 5kWp 40% 1.5 376.5 -82.0 -6.0 76.0 516.4 962.6 128.3 165.3 181.0 88.0 -55.2
PV 5kWp 100% 1.3 376.3 -199.8 -72.3 127.5 516.2 0962.4 128.3 153.2 178.5 83.0 -172.1
BT 2.4kWh 1.3 376.7 0.0 0.0 0.0 516.3 0962.8 128.3 173.8 171.5 92.7 7.9
BT 6.4kWh 1.4 376.1 0.0 0.0 0.0 516.3 962.2 128.3 173.7 174.0 91.6 8.0
PV 5kWp & BT 6.4 kWh 1.4 376.3 -199.8 -67.7 132.1 516.3 062.4 128.3 153.2 188.8 81.0 -163.6
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Table 5-4: Absolute results for energy interventions on a cluster of 60 households in a mixed age neighbourhood at Dunedin
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INTERVENTION (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) (T) (T) (kW) (kW) (kW)
Baseline 1.1 367.1 0.0 0.0 0.0 392.9 954.4 97.7 145.0 181.9 92.6 8.4
Insulation 1.0 355.6 0.0 0.0 0.0 302.9 904.3 97.7 142.2 166.8 88.0 8.0
HPSH 1.3 391.5 0.0 0.0 0.0 393.1 806.4 97.7 142.3 192.2 100.3 7.6
Insulation & HPSH 1.0 374.3 0.0 0.0 0.0 392.8 789.2 97.7 140.5 165.7 93.9 7.6
Ele CK 1.2 369.6 0.0 0.0 0.0 393.0 954.7 97.7 144.8 176.1 03.8 8.0
Ele HW 1.1 301.9 0.0 0.0 0.0 393.0 979.3 97.7 147.6 189.1 97.4 7.7
Ele HW w LC 1.3 390.3 0.0 0.0 0.0 393.1 977.6 97.7 147.4 219.2 107.4 8.6
HPHW 1.2 279.1 0.0 0.0 0.0 393.0 866.5 97.7 136.0 165.9 73.4 7.9
HPHW w LC 1.1 278.7 0.0 0.0 0.0 392.9 866.0 97.7 136.0 151.0 73.5 8.0
Wood SH 1.3 322.5 0.0 0.0 0.0 393.1 1112.8 97.7 141.8 142.8 76.8 7.9
Gas CK 1.2 341.4 0.0 0.0 0.0 442.6  1004.1 110.0 159.7 159.8 83.9 7.4
Idealistic heating 1.2 391.8 0.0 0.0 0.0 393.0 1071.2 97.7 150.1 179.8 99.2 7.3
EV 40% 36.5 4024 0.0 0.0 0.0 274.6  836.0 63.0 110.4 175.2 95.0 9.5
EV 40% w LC 35.8 401.9 0.0 0.0 0.0 273.9 835.5 63.0 110.3 169.5 92.8 7.5
EV 100% 91.5 457.3 0.0 0.0 0.0 91.5 652.8 9.4 56.8 178.4 98.5 10.8
EV 100% w LC 89.8 455.4 0.0 0.0 0.0 89.8 650.9 9.2 56.6 194.0 96.2 8.3
PV 5kWp 40% 0.9 366.8 -83.4 -7.3 76.1 392.8 954.1 97.6 136.4 188.5 88.1 -53.3
PV 5kWp 100% 1.2 367.0 -203.5 -77.1 126.4 393.1 954.3 97.7 124.1 188.0 80.5 -168.5
BT 2.4kWh 1.0 367.2 0.0 0.0 0.0 392.9 954.5 97.7 145.0 162.0 89.4 7.5
BT 6.4kWh 1.1 367.0 0.0 0.0 0.0 393.0 954.4 97.7 145.0 168.9 89.2 7.9
PV 5kWp & BT 6.4 kWh 1.2 367.3 -203.5 -72.8 130.7 393.1 954.6 97.7 124.1 163.3 77.4  -163.9
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PALMERSTON
CHRISTCHURCH NORTH AUCKLAND

DUNEDIN

Table 5-5: Absolute results for pathways
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PATHWAY MWh MWh MWh MWh MWh MWh MWh T T kW kw kw L.m/hh  km/vkl
Baseline 1.7  350.7 0.0 0.0 0.0 654.8 1037.8 162.8  204.5 163.8 85.7 8.5 -4158.3 225.4
FullE 146.4  406.6 0.0 0.0 0.0 146.4  406.6 15.0 41.8 168.0 84.1 8.3 -10044.5 50090.1
FullEwWDER 146.6 405.9 -188.3 -58.3 130.0 146.6 405.9 15.1 22.4 155.6 79.3 -111.8 -16568.8 5090.4
WDSHwEle 147.1 380.9 0.0 0.0 0.0 1471 523.5 15.1 41.7 151.1 78.6 7.6  -10204.4 402.3
Baseline 1.2 351.5 0.0 0.0 0.0 413.3 877.7 102.7 147.0 165.8 87.2 8.1 -4163.2 0.0
FullE 95.1 368.8 0.0 0.0 0.0 95.1 368.8 9.8 37.9 185.4 79.4 8.3 -10072.1 135.7
FullEwWDER 95.5 368.4 -190.4 -70.6 119.8 95.5 368.4 9.8 18.3 161.2 727  -136.7  -16441.5 197.1
WDSHwEle 95.9 320.7 0.0 0.0 0.0 95.9 545.9 9.9 37.7 148.4 67.3 7.5 -10076.8 166.7
Baseline 1.5 376.4 0.0 0.0 0.0 516.4 962.5 128.3 173.7 190.5 94.9 8.3 -4110.7 60.2
FullE 115.9 405.8 0.0 0.0 0.0 127.7 417.6 14.9 44.6 183.8 86.6 8.6 -10162.3 211.8
FullEwDER 117.1 405.7 -199.8 -74.3 125.5 128.9 417.5 15.0 24.1 170.6 80.5 -170.7 -16565.6 207.0
WDSHwEle 116.4 350.7 0.0 0.0 0.0 128.3 667.6 14.9 44.4 149.7 72.2 7.8 -10203.3 241.7
Baseline 1.1 367.1 0.0 0.0 0.0 392.9 954.4 97.7 145.0 181.9 92.6 8.4 -4024.7 25.6
FullE 90.2 393.3 0.0 0.0 0.0 90.2 393.3 9.3 40.4 180.0 88.4 8.5 -10036.6 242.2
FullEwWDER 89.2 391.3 -203.5 -80.5 123.0 89.2 391.3 9.2 19.3 171.3 79.7 -170.3 -16379.7  146.7
WDSHwEle 89.8 323.9 0.0 0.0 0.0 89.8 699.4 9.2 39.9 152.0 66.1 7.5 -10074.6  198.5
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5.2 Building cluster input files for the baseline scenario

The building cluster inputs for the baseline ‘mixed age’ neighbourhoods are included in Table
5-6. The ‘old’ and ‘new’ neighbourhoods are identical to the ‘mixed age’ neighbourhood, except
for insulation levels applied to the model homes.
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Table 5-6: Baseline building cluster for the mixed age district
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1 A | Concrete 2010-2019 | Original N3 w G HP+E | HP+E | 100 50 o] 0 0 |Electric |Noripple |Elec |Underheated
2 A | Concrete 1970-1979 Original N1 HP+E | HP+W | W+E | HP+W | 100 50 0 Electric | Ripple Gas | Underheated
3 A | Weatherboard |<1969 Original N1 | HP+E | HP+W | HP+W | HP+W | 100 100 1 1 1 1 1 Gas Noripple |Elec |Realistic
4 A | Sheet cladding | <1969 Original N1 HP w HP w 100 150 2 2 1 1 0 |Electric |Noripple |Elec |Idealistic
5 B |Brick <1969 Upgraded N2 | HP+E | HP+W | HP+W | HP+W | 100 50 0 0 0 0 0 |Electric |Noripple |Gas |Underheated
6 B |Concrete <1969 Upgraded N2 HP G HP G 100 50 0 o] 0 o] o |Gas Noripple |Elec |Idealistic
7 B | Weatherboard |1970-1979 Original N1 HP w HP W 100 50 1 1 0 0 0 Electric | Ripple Elec |Realistic
8 B |Brick 1980-1989 | Original N1 | HP+E | HP+E | HP+W | HP+W | 100 100 1 1 1 1 0 | Electric |Noripple |Elec |Underheated
9 C |Sheet cladding | <1969 Original N1 HP G HP HP+E | 100 | 100 1 1 1 1 o |Gas Noripple |Elec |Realistic
10 C |Concrete <1969 Original N1 HP w HP G 100 | 100 1 1 1 1 0 |Electric |Noripple |Elec |Idealistic
11 C |Weatherboard |<1969 Upgraded N2 w G G HP+E | 100 100 1 1 1 1 0 | Electric |Ripple Elec |Realistic
12 C | Concrete 1980-1989 | Original N1 | HP+E | HP+E | HP+E | HP+E | 100 100 1 1 1 1 0 | Electric |Ripple Elec |Idealistic
13 D |Weatherboard |1970-1979 Original N1 HP+E | HP+W | W+E | HP+W | 100 150 2 2 1 1 0 Electric | Ripple Elec |Idealistic
14 D |Brick 2000-2009 | Upgraded N3 G HP+E | HP+E | HP+E | 100 150 2 2 1 2 o0 |Electric |Noripple |Elec |Realistic
15 D |Concrete <1969 Original N1 G HP+E | HP+E | HP+E | 100 | 200 2 2 2 2 o |Electric |Ripple Elec |Realistic
16 D |Concrete <1969 Original N1 G HP+E | HP+E | HP+E | 100 250 3 3 2 3 0 Electric |Noripple |Elec |Idealistic
17 E |Brick <1969 Original N1 HP w HP W 150 50 1 1 0 0 0 Electric | Ripple Elec |Idealistic
18 E | Weatherboard |<1969 Original N1 HP+E | HP+W | W+E | HP+W | 150 50 1 1 1 0 0 Electric | Ripple Elec |Underheated
19 E |Sheet cladding | <1969 Upgraded N2 w G G HP+E | 150 50 1 1 0 0 | Electric |Ripple Elec |Underheated
20 E |Sheet cladding |1970-1979 Upgraded N2 G HP+E | HP+E | HP+E | 150 50 1 1 1 1 0 |Electric |Noripple |Elec |Realistic
21 E | Brick 2010-2019 | Original N3 G HP+E | HP+E | HP+E | 150 50 1 1 1 1 0 Gas No ripple |Elec |Idealistic
22 E | Concrete 1990-1999 | Original N3 | HP+E | HP+E | HP+W | HP+W | 150 50 1 1 1 1 0 Electric | Ripple Elec |Idealistic
23 F |Sheet cladding | <1969 Original N1 w G HP+E | HP+E | 150 50 1 1 1 1 0 | Electric |Ripple Elec |Underheated
24 F |Weatherboard |<1969 Upgraded N2 | HP+E | HP+W | HP+W | HP+W | 150 50 1 1 1 1 o |Gas Noripple |Elec |Underheated
25 F |Concrete 2010-2019 | Upgraded N3 HP w HP w 150 100 1 1 1 1 0 |Electric |Noripple |Elec |Realistic
26 F |Weatherboard |2010-2019 |Original N3 HP w HP w 150 100 1 1 1 1 0 | Electric |Ripple Elec |Idealistic
27 F |Brick 2010-2019 | Upgraded N3 | HP+E | HP+E | HP+W | HP+W | 150 100 1 1 1 1 0 | Electric |Ripple Elec |Idealistic
28 G | Sheet cladding | <1969 Original N1 w G HP+E | HP+E | 150 100 1 1 1 1 0 | Electric |Ripple Elec |Underheated
29 G | Weatherboard |2000-2009 |Upgraded N3 | HP+E | HP+W | W+E | HP+W | 150 100 1 1 1 1 0 | Electric |Ripple Elec |Realistic
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30 G |Weatherboard |1990-1999 |Original N3 | HP+E | HP+W | HP+W | HP+W | 150 100 1 1 1 1 0 Electric |Noripple |Elec |Underheated
31 G | Concrete 1970-1979 Original N1 HP+E | HP+E | HP+W | HP+W | 150 100 1 1 1 1 0 Gas Noripple |Gas |Realistic
32 G | Brick 1970-1979 | Original N1 G HP+E | HP+E | HP+E | 150 100 1 1 1 1 0 |Electric |Ripple Elec |Idealistic
33 H |Concrete 2020-2029 | Original N3 W G G HP+E | 150 100 1 1 1 1 0 |Electric |Noripple |Elec |Idealistic
34 H | Sheet cladding | <1969 Upgraded N2 HP w HP W 150 150 2 2 2 2 0 Electric |Noripple |Elec |Underheated
35 H |Brick 2000-2009 | Upgraded N3 | HP+E | HP+W | HP+W | HP+W | 150 150 2 2 2 2 0 Electric | Ripple Elec |Underheated
36 H | Sheet cladding | <1969 Upgraded N2 HP w HP G 150 150 2 2 2 2 0 |Electric |Noripple |Elec |Idealistic
37 H |Brick 2020-2029 | Original N3 | HP+E | HP+E | HP+W | HP+W | 150 200 2 2 2 2 0 |Electric |Noripple |Elec |Underheated
38 I Concrete <1969 Upgraded N2 | HP+E | HP+E | HP+W | HP+W | 150 | 200 2 2 2 2 0 | Electric |Ripple Elec |Realistic
39 I Sheet cladding |2010-2019 | Original N3 G HP+E | HP+E | HP+E 150 200 2 2 2 2 0 Gas Noripple |Elec |Realistic
40 I Concrete 1990-1999 | Original N3 HP G HP HP+E | 150 200 2 2 2 2 [} Gas No ripple |Elec |Idealistic
41 I Sheet cladding |1980-1989 | Upgraded N2 w G HP HP+E | 150 | 200 2 2 2 2 0 |Electric |Noripple |Gas |Idealistic
42 I Brick 1980-1989 | Original N1 HP W HP w 150 250 3 3 2 3 0 | Electric |Ripple Elec |Idealistic
43 J Brick 1990-1999 | Upgraded N3 HP w HP G 200 50 1 1 1 1 0 |Electric |Noripple |Elec |Realistic
44 J Weatherboard |1990-1999 | Upgraded N3 HP w HP W 200 100 1 1 1 1 0 Electric | Ripple Elec |Idealistic
45 J Concrete 1970-1979 Upgraded N2 HP w HP W 200 100 1 1 1 1 0 Electric | Ripple Elec |Underheated
46 J | Brick <1969 Upgraded N2 HP w HP w 200 | 100 1 1 1 1 0 |Electric |Ripple Elec |Realistic
47 K |Brick 2010-2019 | Original N3 HP w HP w 200 | 100 2 1 1 1 0 | Electric |Ripple Elec |Idealistic
48 K |Concrete 2000-2009 | Original N3 | HP+E | HP+E | HP+E | HP+E | 200 | 100 2 1 1 1 0 | Electric |Ripple Elec |Idealistic
49 K | Concrete 1970-1979 Upgraded N2 | HP+E | HP+E | HP+E | HP+E | 200 100 2 2 1 1 0 Electric | Ripple Elec |Realistic
50 L |Brick 2000-2009 | Upgraded N3 | HP+E | HP+W | W+E | HP+W | 200 150 2 2 2 2 o |Gas Noripple |Elec |Idealistic
51 L |Brick <1969 Upgraded N2 HP w HP w 200 | 150 2 2 2 2 0 |Electric |Noripple |Elec |Realistic
52 L |Concrete 1970-1979 Original N1 G HP+E | HP+E | HP+E | 200 150 2 2 2 2 0 | Electric |Ripple Elec |Realistic
53 M | Weatherboard |<1969 Original N1 HP+E | HP+E | HP+W | HP+W | 200 | 200 2 2 2 2 0 Electric |Noripple |[Elec |Realistic
54 M | Brick 1990-1999 | Original N3 | HP+E | HP+E | HP+E | HP+E | 200 | 200 2 2 2 2 [} Electric |Noripple |Elec |Underheated
55 N | Weatherboard |<1969 Upgraded N2 | HP+E | HP+E | HP+E | HP+E | 200 | 200 2 2 2 2 o |Electric |Ripple Elec |Realistic
56 N | Brick 1990-1999 | Original N3 | HP+E | HP+W | W+E | HP+W | 200 | 250 3 3 3 3 0 | Electric |Ripple Elec |Underheated
57 O | Weatherboard |<1969 Upgraded N2 w G G HP+E | 250 150 2 2 2 2 o |Gas Noripple |Elec |Realistic
58 O |Brick <1969 Upgraded N2 | HP+E | HP+W | HP+W | HP+W | 250 | 200 2 2 2 2 0 | Electric |Ripple Elec |Underheated
59 O |[Brick 2000-2009 | Original N3 HP G HP G 250 250 3 3 3 3 0 Electric | Ripple Gas | Underheated
60 O |[Brick 1980-1989 | Upgraded N2 | HP+E | HP+E | HP+W | HP+W | 250 | 300 4 4 3 3 0 |Electric |Ripple Elec |Realistic
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5.3 Building cluster formulation

5.3.1 Physical building inputs

Building inputs include the building floor area, number of floors, number of bedrooms, wall
construction, and level of insulation for each household. The distribution of physical building
characteristics (floor area, number of floors, number of bedrooms, wall construction) are
derived from Christchurch City Council (CCC) building records. The dataset provided detailed
building information not publicly available for the national or regional cases. The CCC building
records closely match the national frequency of number of bedrooms for a household, taken
from census data [8] and hence the CCC building records are assumed to be a suitable proxy
for the national distribution. The number of different building models which compose the 60-
household neighbourhood, along with their physical characteristics are shown in Table 5-7.

Table 5-7: Characteristics and quantity of buildings included in the analysis
including the typical building model designation

BEDROOMS FLOORS FLOOR AREA TB-MODEL QUANTITY

1 1 <=115 A 4
2 1 <=115 B 4
2 1 115-151 C 4
2 2 <=115 D 4
3 1 115-151 E 6
3 1 151-188 F 5
3 1 188-234 G 5
3 1.5 151-188 H 5
3 2 115-151 I 5
4 1 151-188 J 4
4 1 188-234 K 3
4 1 >234 L 3
4 1.5 >234 M 2
4 2 >234 N 2
5+ 1 >234 O 4
Total 60

Four types of wall construction are included in the analysis, selected as the four most common
types of construction in the CCC building records, which are: concrete block, brick,
weatherboard, sheet-cladding. The proportion of the wall constructions utilised are shown in
Figure 5-1.
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Wall constructions for Building Cluster
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= Brick with cavity
= Weatherboard
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33% (Fibre-cement sheet)

22%

Figure 5-1: Proportion of wall-constructions used in the building cluster

The analysis included four levels of thermal efficiency, listed in Table 5-8. Where profile N4 is
not used in the baseline case but is used in the insulation upgrade intervention.

Table 5-8: Building thermal efficiency profiles

PROFILE DESCRIPTION

N1 1977 insulation standard with wood-framed single glazing [9]

N2 1977 insulation standard upgraded to Healthy Homes and with non- [9]
thermally broken aluminium frame double glazing [10]

N3 2007 insulation standard with thermally broken argon-filled aluminium [11]
frame double glazing

N4 CV5 + PVC frame triple glazing Argon filled [12]

Insulation status is determined from building age with adjustments made for buildings with
upgraded insulation. Building ages were determined and assigned from the distribution of
building ages in the CCC building records for ‘Mixed’ clusters. Whereas all building in the ‘old’
clusters are aged ‘<1969’ and ‘new’ clusters all ‘2010-2019’. A proportion of houses were
determined to be rentals, determined by housing statistics: “Estimated number of private
dwellings in New Zealand By tenure” [13], and were hence upgraded to the “Healthy Homes”
insulations standards [10]. Further, a certain proportion of owner-occupied households were
deemed to have been upgraded, using proportions published by the BRANZ Household
Condition Survey (HCS) [14]. Hence, buildings were attributed an insulation status, “original”
or “upgraded”, and household insulation was determined from building age and whether the
building was upgraded or not, as per Table 5-9.

Table 5-9: Categories of building age and insulation standard

ORIGINAL UPGRADED

<1969 N1 N2
1970-1979 N1 N2
1980-1989 N1 N2
1990-1999 N3 N3
2000-2009 N3 N3
2010-2019 N3 N3
2020-2029 N3 N3
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5.3.2 Occupancy and occupant behaviour

Occupancy is assigned to households based on the number of bedrooms and overall household
occupancy distributions, per census statistics [15], as shown in Table 5-10. Occupancy
primarily drives DHW consumption, which is set to 50L per day per occupant [16].

Table 5-10: Household occupancy per number of bedrooms

OCCUPANTS
1 2 3 4 5 6 7 8 totals

1| 2 0 0 0 0 0 o |3

2| 4 6 2 0 0 0 0 o |12
g 31 7 [ 10| 5 4 1 0 0 o |27
8 4| 1 4 3 5 2 o | o o |15
ng‘ 5| O 0 0 1 1 1 0 o |3
ﬁ 6| o 0] 0] 0] 0] 0] 0] 0]

71 0O 0 0 0 0 0 0 0

8| o 0] 0] 0] 0] 0] 0] 0]
totals | 14 | 21 | 10 | 10 4 1 o o | 60

Heating behaviour described the heating schedules and set points used for different living
areas in buildings. Three types of heating behaviour are utilised following those used in EECA’s
Deep Retrofit Report and developed from the HEEP study, which are ‘underheated’, ‘realistic’,
and ‘idealistic’. These profiles are included in Appendix 5.5. Profiles are assigned in a
distribution to approximate known space heating demands based on the HEEP study and
EEUD [17], [18].

5.3.3 Transport

Vehicle ownership and travel demand vary based on region and whether the area is a Main
Urban Area (MUA), Secondary Urban Area (SUA), or Rural location. In this work only Main
Urban Areas are considered. The vehicle ownership and vehicle travel demands are assigned
based on values derived from the Ministry of Transports Household Travel Survey (HTS).
Vehicle ownership is and the distribution of vehicles in the BC are included in Table 5-11.
Vehicle ownership is assigned to specific households based on occupancy, such that higher
occupancy households have a greater number of vehicles. Travel demand based on fitted
distributions from the HTS in included in Table 5-12.

Table 5-11: Proportion of households with certain numbers of vehicles and

PROPORTION OF HOUSEHOLDS WITH N. VEHICLES (%)

AREA TYPE REGION 0 1 2 3 4 5 6+
MUA Auckland 6.65 | 46.25 37 7.35 2.1 0.51 0.16
Canterbury 7.42 | 49.67 | 33.92 | 6.58 | 2.08 | 0.33 0]
New Plymouth 10.68 | 52.57 | 30.6 5.13 1.03 0] 0]
Otago 14.48 | 46.8 | 29.12 | 8.59 1.01 o) o)
NUMBER OF HOUSEHOLDS WITH N. VEHICLES IN BC
AREA TYPE REGION 0 1 2 3 4 5 6+
MUA Auckland 4 28 23 4 1 0 0
Canterbury 4 30 21 4 1 0 0]
New Plymouth 6 32 19 3 0 0
Otago 8 29 18 5 0 0 0
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Table 5-12: Fitted daily travel demand and percentage of days with no travel
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AREA § 8 g = X2 o - = =
TYPE DISTRIBUTION REGION ® - ®  (km) (%) (km) (km) (%)
MUA Log normal Auckland 1.059 | O 23.29 [40.8 | 36.50% | 90.5 | 4.8 | 9.6
Canterbury 1.018 0 19.755 | 33.2 | 37.00% | 72.8 | 4.2 | 10.1
New Plymouth |1.058 | o 15.955 | 27.9 | 33.20% | 61.9 | 7.1 |12.9
Otago 1.082| o 16.28 | 29.2 | 40.10% | 65.2 4| 8.0

EV uptake is set by annual fleet statistics [19]. In the baseline case, EV penetration is only 1.7%
which corresponds to one vehicle in the 60-household cluster.

5.3.4 Technological uptake

Main technologies and fuels used for space heating by location was derived from the 2023
census responses to “Main types of heating used in New Zealand homes” [20]. The inverse
method was applied to determine the combinations of technologies used, i.e. where a
household heated with multiple fuels. The proportions of heating fuel per location are included
in Table 5-13.

Table 5-13: Proportion of main heating sources for different locations

& &

o T =) ] u o o

4 Is m 4 |5 0

3 2 W o < o & o

S =% £ 2 S = £ 2

: 27 § 5 3 %7 3§ 5

PROPORTION N. HOUSEHOLDS IN BC

HP 29.6% 2% 32% 1% 19 o) 20 o)
W 13.3% 24% 0% 20% 8 15 o) 12
G 12.5% 20% 8% 8% 8 12 4 5
HP + E 40.2% 34% 26% 39% 25 21 16 23
HP +W 0.0% 20% 24% 33% o) 12 14 20
W+E 0.0% 0% 10% 0% o o
G+E 0.0% 0% 0% 0% 0 0 0
E 4.4% 0% 0% 0% 0 0

Where multiple fuels were used to heat a house, the proportion of heating energy consumed
by each source was assumed to be that presented in Table 5-14 and heating source efficiency
listed in Table 5-15.
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Table 5-14: Proportion of heating by technology for the case where
multiple heating technologies are used

E HP w G
HP+E 30% 70% - -
HP+W - 50% 50% -
W+E - 30% 70% -

Table 5-15: Efficiency of different heating technologies

HEATING TECHNOLOGY EFFICIENCY
Wood stove 0.7

Gas heater 0.8
Electric resistive 1

Heat pump 4

Two fuel sources were considered for hot water heating, Gas and Electric. The proportion was
17% gas fuelled, and 83% electric fuelled, based on the household condition survey [14], which
corresponds to 52 households with electric hot water heating and 8 households with gas hot
water heating.

Electric Hot Water Cylinders (HWC) have characteristics derived from plumbing guidelines
and the HEEP study [18]. A household has a HWC volume capacity based on the number of
bedrooms (50L x number of bedrooms). Power capacities are set to 2.2kW, setpoints to 61°C.
The proportion of households with ripple control is 52%, determined from the “Ripple control
of Hot Water in New Zealand” report [21], which translates to 31 households in the cluster. The
control signal for demand response is assumed to restrict heating during peak times (7am to
9:30am and 5:30pm to 8pm).

Households are considered to use either electricity or natural gas as a cooking fuel, which
account for over 99% of cooking fuels, and the proportion of households using gas is
determined to be 8.57%, which translates to 5 households using gas cooking.

Electric vehicles are represented by the 40 kWh Nissan Leaf [22], which is the most common
type of electric vehicle [23]. The Nissan Leaf has a 39 kWh battery, and a mileage of
0.164 kWh/km. Battery charging efficiency is assumed to be 90%. The charger is the standard
2 kW trickle charger.

5.4 Urban energy model detailed modelling methodology

5.4.1 Space heating load and typical buildings

Space heating loads are imported from pre-simulated Building Energy Models (BEM) of
Typical Buildings (TBs) that compose a Typical Building Library (TBL). Each household has
an assigned TB. The TB BEM annual times series heating results are imported into the model.
As the BEMs are simulated with uniform deterministic heating schedules, stochasticity must
be added to avoid compounded aggregate loading. The imported heating loads are time-shifted
(forward or backward) by a randomly number. The random number is generated from a
distribution approximating the household departure times of the Ministry of Transport
Household Travel Survey (HTS) [24].

Typical building library

The TBL contains 15 buildings and is designed to approximate the distribution of New Zealand
Single Unit Dwellings (SUD), based on data attained from the Christchurch City Council (CCC).
Building characteristics are listed in Table 5-16. The building models are high Level Of Detail
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(LOD) models based on real buildings (hence “Typical”) and modelled off building plans.
Figure 5-2 includes images of a sample of TB models. The BEMs are fully zoned, i.e. they
contain separate thermal zones for each of the conditioned areas (lounge, kitchen, bedroom),
with fenestrations matching the real layout, shading to match window recession and eaves, and
a thermal zone for the roof space. These features result in the most accurate building energy
results, particularly time-based results [25].

Table 5-16: Characteristics of the 15 typical buildings included in the analysis

NUMBER OF BEDROOMS FLOOR AREA BEDROOM MODEL

1 1 <=115 1 A
2 1 <=115 2 B
2 1 115-151 2 C
2 2 <=115 2 D
3 1 115-151 3 E
3 1 151-188 3 F
3 1 188-234 3 G
3 1.5 151-188 3 H
3 2 115-151 3 I
4 1 151-188 4 J
4 1 188-234 4 K
4 1 >234 4 L
4 1.5 >234 4 M
4 2 >234 4 N
5 1 >234 5+ 0]

Figure 5-2: Images of sample typical building models
demonstrating a range of floor levels

The building models are pre-simulated with multiple configurations: four wall types, four
insulation levels, four heating behaviours, and four climate zones. In total 2880 configurations
were simulated. These configurations are described below in Table 5-17. Other building
simulation inputs are based on MBIE’s “H1 Energy Efficiency Verification Method H1/VM1”
[26] and professional judgement. Full inputs are available on request.
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Table 5-17: Variables included in pre-simulation

VARIABLES DESCRIPTION
Wall types Brick
Concrete

Fibre-cement sheet clad
Weatherboard clad
Insulation NZS 4218: 1977

NZS 4218: 1977 plus Healthy homes

2007 Building Code H1 standard

2023 Building Code H1 standard

Heating behaviours “Idealistically heated”
“Realistically heated”
“Underheated”
Climates Auckland

Palmerston North
Christchurch

Dunedin

The wall-types included were based on the most commonly occurring, determined from
querying the CCC buildings register. Insulation standards present a wide range of practically
encountered and aspirational insulation levels. The heating behaviours are taken from the
“Deep retrofit” report, which were derived from the BRANZ HEEP study [18]. The climates are
the locations considered in this study and the climate files used were the NIWA derived Typical
Meteorological Year (TMY) weather files derived from 2009-2023 [27].

For non-electric space-heating only the annual cumulative load is required. For households
with a portion of non-electric heating, that share of the annual space heating demand is
calculated and divided by the efficiency of the heating source to give energy demand for that
source. Table 5-18 presents the heating technology efficiencies.

Table 5-18: Heating technology and assumed efficiency

HEATING TECHNOLOGY EFFICIENCY
Wood stove 0.7

Gas heater 0.8
Electric resistive 1

Heat pump 4

5.4.2 Plug loads and cooking loads

Each household has a stochastic plug load and, if cooking is electrically fuelled, cooking load
associated. Plug loads are here defined as any household load excluding hot water, electric
vehicle charging, PV generation or battery charging and discharging, and oven or range loads.
Cooking loads here only include the operation of an oven or range top. Upon initialisation of
the UEM, each household imports a random plug and cooking profile from 300 profiles, where
each profile includes one year of real, but modified, minute-by-minute plug or cooking loads
data.

Plug loads and cooking loads are based on data extracted from the GreenGrid dataset [28]. Due
to the limited number of households where adequate data was available, synthetic data was
generated. Synthetic data was generated by creating pseudo years of data full of real days. The
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days were populated by sampling a day of real data from the donor data set. The data-day used
was within +- 10 days of the day being populated, hence maintaining seasonal trends. Overall,
the approach bridges the lack of data available and produces realistic time-based plug and
cooking loads, maintain the daily and seasonal patterns of demand.

5.4.3 Hot water heating

Hot water heating calculations utilises a simple thermal model (fully fixed) of an electric Hot
Water Cylinder (HWC), where the model implementation follows this work [6], [29]. The sub-
model takes HWC the input parameters detailed in Table 5-19. An energy balance is conducted
each minute to calculate the new cylinder temperature, considering Domestic Hot Water
(DHW) draw and heating power. Hot water heat pumps are simply modelled assuming a
constant COP and implemented by modifying the heating efficiency. Note the heating
efficiency refers to the heating element and does not account for heat losses due conduction
through walls, which is accounted for elsewhere.

Table 5-19: Inputs for the HWC sub-model with example values

DHW daily demand (L) 50 [30]
HWTC heating efficiency 1
HWTC heating capacity

(kW) 2.2
HWC setpoint (°C) 61
HWC control schedule “OffPeak (700-930_1730-2000)”
HWC control strategy “Schedule-Setpoint”

DHW profiles are annual minute by minute stochastic profiles that characterise the temporal
hot water draws, pre-generated using DHWCalc [31]. The first level of heating control is
thermostat based, where the heating element switches on below the setpoint and off above the
setpoint. Secondly, time-based schedules can be imposed that restrict when the cylinder can
turn on or off. Figure 5-3 demonstrates simulated hot water cylinder performance and the
DHW and control signal inputs.

PATHWAYS TO NET ZERO RESIDENTIAL BUILDINGS AND URBAN COMMUNITIES IN NEW ZEALAND | 47



HWC_T-Day: 10to 11 DHW - Day: 10to 11

0.12 — (0 _DHW
6l 4
0.10

0.08

0.06

(K)
(L/min)

0.04 1

0.02

— OHWCT 0.00

0 00 400 600 S0 1000 1200 1400 0 00 400 600 S0 1000 1200 1400

HWC P-Day: 10to 11

2000 A

0.8

1500 4

0.6 q

(W)
=]
fasi
=
(5]
-]

1000 4
049

500 4

6 QOIU 4U|ﬂ 660 &DIO lUiIJU 1260 14330 *‘3 QGID 4ﬂlﬂ ﬁﬂlﬂ &aﬂ mhﬂ 12;30 14510
Figure 5-3: Simulated HWC performance for a sample day, where the x-axis denotes
minutes in the day, figures include temperature (top left), DHW consumption (top

right).power demand (bottom left), Time-based control window (bottom right), where
1 indicates the cylinder can turn on and 0 the cylinder is restricted from turning on

Where gas is used to heat hot water, only the annual figure is required. The energy required is
heat the annual DHW consumption from 16°C to 50°C, accounting for 20% losses.

5.4.4 Electric vehicle charging

The electric vehicle sub-model includes a physics-based model of car battery charging and
discharging, due to imposed travel demands. The model is agent-based and follows a similar
logic to [32]. Inputs for the battery model are included in Table 5-20 and model inputs for
vehicle travel demand are included in Table 5-21. An energy balance is conducted on the car
battery each timestep, however travel demand is imposed (if any) as a concentrated load at
midday.

Table 5-20: Inputs for the EV sub-model with example values

Battery capacity (kWh) 39
Charging efficiency 0.9
Charging capacity 7
Mileage (kWh/km) 0.164

EV control schedule  “130am-530amAND1130am-330pm”
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Table 5-21: Travel demand inputs for the EV sub-model with example values

Distribution “lognorm”
Distribution shape parameter 1.059
Distribution scale parameter 23.29
Percentage non travel 0.365

Annual daily travel demands for each vehicle are generated at model initialisation. For each
day it is decided if the vehicle travels using the “percent no travel” input, and if the vehicle does
travel, a daily travel distance is generated according to the statistical distribution and
associated input parameters. Additionally, if the vehicle departs home that day, vehicle
departure and return times are generated by sampling real times from the HTS.

For each minute the battery model checks if the vehicle is at home and, if a control schedule is
implemented, whether charging is allowed, if these are both true the vehicle charges. The
vehicle charges to the maximum of either the charging capacity less the charging losses or the
battery charging function less the charging losses. The battery charging function relates
charging rate with battery State Of Charge (SOC), reflecting reduced charging power and
higher SOC. The charging curve follows a standard equation, as used in this work [32]. Travel
demands are imposed on the vehicle as a concentrated load at midday. Example results of EV
simulation are included in Figure 5-4.
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Figure 5-4: Simulated EV performance for a sample day, where the x-axis denotes
minutes in the day. Figures include EV battery SOC (left) and charging power (right)

Cumulative non-electric transportation demand, kilometres travelled, is calculated by
multiplying the mean daily travel demand by the number of days in a year and the percentage
of days with no travel. The number of kilometres travelled by diesel and petrol vehicles are
calculated by the fractions in

Table 5-22, where the figures are derived from the MoT annual fleet statistics for light
passenger vehicles [19]. Energy for transportation is calculated by multiplying kilometres
travelled for each source by the energy required per kilometre, these figures are derived using
the EECA Energy End Use Database and MoT annual fleet statistics [19].

PATHWAYS TO NET ZERO RESIDENTIAL BUILDINGS AND URBAN COMMUNITIES IN NEW ZEALAND | 49



Table 5-22: Kilometres travelled by vehicle fuel source
and energy used per km by fuel

FUEL FRACTIONS PER KM

Diesel fraction of km 0.13
Petrol fraction of km 0.87
ENERGY PER KM

Petrol (kWh/km) 0.75
Diesel (kWh/km) 0.96

5.4.5 Roof top solar photovoltaic generation

Physical models of PV generation are utilised. For each array, PV generation is calculated from
weather files using a transposition model. The PV sub model takes a range of physical inputs
for each array, summarised in Table 5-23. The weather files used are the 2009-2023 TMY files
which match the weather files used to simulate building heating loads.

Table 5-23: Inputs for the solar-PV sub-model with example values

Power of array (Wp) 5000
Temperature coefficient (%/°C) -0.004
Surface tilt (°) 28
Surface azimuth (°) 6

Solar generation is calculated for the year at model initialisation for each array. The effect of
local and topographical shading is ignored. Example results for Solar PV generation are
included in Figure 5-5, where generation is denoted as a negative load.
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Figure 5-5: Simulated PV generation for a sample day.

5.4.6 Domestic batteries

Physical models of domestic batteries are included. The sub-model simulates the charging and
discharging of batteries, performing an energy balance every timestep. When charging, the
battery charges the maximum of either the charging capacity less the charging losses or the
battery charging function less the charging losses, like the methodology for Electric Vehicle
batteries. The charging curve follows a standard equation. Battery discharging is limited by the
discharge rate or required discharge regulated by the control logic.
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Table 5-24: Inputs for the battery sub-model with example values

Battery power capacity in (kW) 3.3
Battery power capacity out (kW) 3.3
Battery efficiency charge 0.9
Battery efficiency discharge 0.9
Battery control schedule “130am-530amAND1130am-330pm”
Battery control strategy “off-peak schedule charge HH_peak_reduction”

Domestic battery control is more involved than other sub-models. Charging and discharging
can be schedule-based, rule-based, or both. Schedules restrict times for charging and
discharging, whereas rules-based controls relate charging or discharging magnitude to
variables. For example, schedule-based control is utilised to charge batteries during off-peak
times, however rules-based control is required to discharge batteries in proportion to
household peaks for peak-load mitigation.
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Figure 5-6: Simulated battery charging and discharging for a sample day
(left) demonstrates battery charging with PV generation and discharging to meet peak loads
(right) battery state of charge
5.4.7 Emissions intensity figures

Emissions intensity calculations depend on several specific energies, energy densities, and
carbon emissions factors. These figures are included in Table 5-25.

Table 5-25: Carbon intensity per fuel source

Gas 0.194 kg CO.e/kWh
Wood 0.0176667 kg CO.e/kWh
Electricity — grid 0.10278 kg CO.e/kWh
Petrol 0.248 kg CO.e/kWh
Diesel 0.254 kg CO.e/kWh
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5.5 Typical building model inputs

Table 5-26: Heating behavioural profiles

HEATING SCHEDULE
HOURS LIVING ROOMS LIVING ROOMS
OF DAY (dining, kitchen, living) BEDROOMS WCS/CORRIDORS  (dining, kitchen, living) BEDROOMS WCS/CORRIDORS
UNDERHEATED
12 am - 7 am N/A N/A N/A N/A N/A N/A
7am -9 am 16 14 N/A 16 14 N/A
9am-5pm N/A N/A N/A 16 N/A N/A
5pm-7pm 16 N/A N/A 16 N/A N/A
7 pm - 11 pm 16 14 N/A 16 14 N/A
11 pm - 12 am N/A N/A N/A N/A N/A N/A
IDEALISTIC
12 am - 7 am N/A N/A N/A N/A N/A N/A
7 am - 9 am 20 18 N/A 20 18 N/A
9am - 5pm N/A N/A N/A 20 N/A N/A
5pm -7 pm 20 N/A N/A 20 N/A N/A
7 pm - 11 pm 20 18 N/A 20 18 N/A
11 pm - 12 am N/A N/A N/A N/A N/A N/A
REALISTIC
12 am -7 am N/A 16 N/A N/A 16 N/A
7 am - 9 am 20 18 N/A 20 18 N/A
9 am - 5 pm N/A N/A N/A 20 N/A N/A
5pm -7 pm 20 N/A N/A 20 N/A N/A
7 pm - 11 pm 20 18 N/A 20 18 N/A

11 pm - 12 am N/A 16 N/A N/A 16 N/A
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5.6 Urban energy model verification

To verify the modelling approach the results of simulated baseline models are compared
against reference values. Household electricity consumption is compared against the national
average, household operating GHG emissions due to transport and non-transport are
compared against national figures, household contribution to cluster peak demand
(i.e maximum demand divided by the number of households) is compared against After
Diversity Maximum Demand (ADMD) figures for two Christchurch Medium Voltage (MV)
networks with approximately 2000 households. Finally, district end-use breakdown is
compared to the results attained by the Household Energy End-use Project. The simulation
values and relevant reference values are compared in Table 5-27, and energy end-use
breakdown is compared in Table 5-12.

Table 5-27: Comparison of per household simulated and reference values, where
needed normalised to household values from StatsNZ datasets [33]

AVERAGE VALUES

PER HOUSEHOLD SIMULATION REFERENCE DIFFERENCE REFERENCE
Electricity total (MWh) 5.95 7.15 -17% [34]
Carbon non-transport (T) 0.74 0.48 53% [35]
Carbon transport (T) 2.10 3.01 -46% [35]
Carbon total (T) 2.83 4.39 -36% [35]
After diversity max demand (kW) 2.08 2.6-3 0% [36]

Simulated Energy Breakdown HEEP 1 Energy Breakdown

0%

= Space heating 29% 34%

= Space heating

= Plug loads
= Plug loads
m Cooking
= Cooking
= Hot water
6% = Hot water
= EV

31%

Figure 5-7: Breakdown of simulation energy end-uses versus
HEEP 1 end use breakdown [18]

Generally, the average simulation results compare well with the reference values, indicating
the results attained from this research are reasonably accurate. So, relative impacts from
DEEDs interventions and pathways, attained from this research, can be treated as being
reasonably accurate.

There are two significant reasons to expect a mismatch between national reference values and
the baseline simulation results: (1) the composition of households and occupants in the BC’s
does not fully match the national case, and (2) the four locations monitored are not fully
representative of the whole of New Zealand. So, a perfect match is not expected, however the
results discrepancies are within reasonable bounds, which indicates the UEM developed here
does a reasonably good job of assessing the relative impacts of various energy interventions
and pathways.

Simulated electricity consumption is 17% below the reference value. There is a greater
deviation in operating GHG emissions, where non transport emissions for the simulated BCs
exceed the national average by 53%, and transport emissions are 46% less than the national
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average. The difference in transport emissions is due to MUAs being used in the analysis, which
have lower travel demand and vehicle ownership than SUA and Rural areas. Whereas the
reference values for non-transport household emissions (0.48T CO.e/household) seems too
low as taking average annual household electricity consumption (7150 kWh/household) and
the average grid emissions factor (0.102 kgCO.e/kWh) easily exceeds the reference value
(0.715T CO.e/household) and more closely aligns with the simulated value (0.740T
CO.e/household). So, overall, the differences in operating GHG emissions can be explained
and align well with simulated values.

A key concern of this research is the impact of the ‘DEEDs’ on peak power demands. The
maximum demand normalised to household for the simulated values is (2.98 kW /household)
which agrees well with the reference values provided by EDB Orion (2.6-3 kW/household). It
should be noted; the simulated results are less diversified (60 households) than the ADMD
reference values (~2000 households). Further diversification will generally reduce ADMD and
hence the simulated results look more favourable moving closer to the middle of the reference
range.

Finally, the simulated breakdown of energy end-use compares well with reference values. The
largest discrepancy is in space heating (simulated equals 23% versus reference equals 34%).
However, the HEEP study was conducted over several years between 1997-2005 and hence
does not reflect changes since that time. One major change since the HEEP data was collected
is the greater use of electric heat pumps for space heating, which can significantly reduce space
heating energy consumption (although the takeback effect leads occupants to heat their houses
more which offsets some energy savings). The adoption of heat pumps can easily account for
the 11% difference between simulated results and HEEP data. Taking the uptake of heat pumps
into account, the simulated energy end use proportions are in good agreement with reference
values.
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