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1. Introduction & focus of this webinar

2. Development of heat pump load profiles

3. Scenarios for heat pump uptake & impact on the distribution
network

4. Optimisation of heat pump operation & impact on the
distribution network

5. Summary

@ <45 minutes
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Digital & Services Innovation
Connected Home Service
Customer Data Analytics
Energy Services Innovation

Distributed Generation & Demand Side

Flexibility
Energy Storage Service
Distributed Power Service
Demand Response In Europe

Heat
Microgen Insight Service
Heat Pump Research Service
Roadmap Service
Pathways® Tool
Micro-CHP Service
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Consultancy
Market analysis and forecasts
Strategy
Propositions and customer research
Technology and product
Policy & regulation

Demand forecasts

Summits

European ‘Connected Homes and
Energy’

Energy Services
Micro-CHP
Heat Pumps & Ultilities
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Who is Electricity North West & what does it do? D

‘ale
Nnarth

» Owns, operates & maintains the north west of England’s
electricity distribution network

I+ Serves 2.4 million properties, 5 million people
I 1 of the 14 original GB DNO licence areas
I 1 of 6 DNO companies

Say
~~~~~~~

L

sy,

http://www.enwl.co.uk/the-future
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“Demand Scenarios with Electric Heat ElEDtr'iDitH

and Commercial Capacity Options”

Network Innovation Allowance project April 2015 — October 2016

A. Improved Peak Load Scenarios with Electric Heat
1. Generate baseline and future scenarios of ‘Grid and Primary’ load with initial improvements to method (summer 2015)

2. Develop disaggregated domestic heat pump scenarios — moving on from the single domestic heat pump type in
the ‘Transform’ model to up to ten heat pump / house type combinations, and modelling how load profiles are
affected by both thermal load and supplier/ system operator incentives —working with DELTA EE and Imperial
College (end 2015)

3. Deliver an improved assessment of thermal and voltage constraints for the secondary networks including heat
pump inputs (early 2016)

4. Generate baseline and future scenarios of load at ‘Grid and Primary’ and secondary networks including various incremental
improvements to inputs and method (summer 2016)

B. Commercial Capacity Options (based on Load Scenarios)

1. Definition of a ‘real options’ approach and tool to support decisions on DSM versus various scales of ‘Grid and Primary’
reinforcement under demand uncertainty

2. Identification and prioritisation of intervention options beyond the customer meter to address secondary networks
constraints
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1. Introduction & focus of this webinar

2. Development of heat pump load profiles

3. Scenarios for heat pump uptake & impact on the distribution
network

4. Optimisation of heat pump operation & impact on the
distribution network

5. Summary
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Overview of existing research & results on heat pump load D
profile analysis
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‘ Customer-Led Network
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technology

Heat pump load profiles from different UK projects for different winter days
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Key electric heat pump types considered DI_LTA
Energy & Environment

» Seasonal performance factor of 2.5 - 3.0

1 H
Lower temperature » Generates flow temperatures of up to 55° C
ASHP » Well insulated buildings & new builds
(La- , » Seasonal performance factor of 2.3 - 3.0
Higher temperature 0
ASHP » Generates flow temperatures of up to 80" C

» Older dwellings with a moderate thermal demand

» ‘Lower temperature’ ASHP plus a boiler
» Switches between fuel sources, based on efficiency / running costs
» Older, poorly insulated dwellings with larger thermal demand

Hybrid
ASHP

» Seasonal performance factor of 3.5 - 4.0, or higher
High cost due to ground works

New build or larger rural properties with moderate —
high thermal demand

Grou urce
he p >

v
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The housing stock in ENWL'’s region (the ‘North West’) is dominated by semi detached and terraced dwellings.

Breakdown of dwelling stock in the North West of England by house type

40%
3506 [ A ~83% of dwellings in the
North West region are
o 30% detached, semi-detached
g / ’ - y
= end terrace or mid terrace.
S 25%
3
u— 20%
o
= 15%
5_-5 ’ Source: NEED
n 10% database
o% |
Detached  Semidetached End terrace Mid terrace ) Bungalow Converted flat  Purpose built

l \ \ -‘\ | flat
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The six ‘heat pump — house types’ considered in this
study are:

Semi-detached dwelling with a hybrid heat pump
Semi-detached dwelling with a lower temperature ASHP
Semi-detached dwelling with a higher temperature ASHP
Terrace dwelling with a hybrid heat pump

Detached dwelling with a hybrid heat pump

o 0k wnN PR

New build semi detached dwelling with a lower
temperature ASHP

1950s semi detached 1900s mid terrace

I

Hybrid Heat Higher Hybrid Heat

Pump temperature Pump

Lower ASHP
temperature

ASHP
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Factors influencing suitability of types of heat pumps
to different house types:

Space inside for hot water tanks / internal units.
Space outside for external units / ground loops.
Gas connection for hybrid heat pumps

The density of housing.

1930s detached New build semi detached

Hybrid Heat Pump Lower

temperature
ASHP
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The load profile of a single heat pump in one dwelling varies significantly across the year for three key reasons:

Heat pump efficiency is significantly influenced by the outside air temperature.
The type of dwelling (age, size, insulation levels) the heat pump is installed in

The controls strategy / system set up

‘Average’ peak

‘1 in 20’ peak

Temperature during an 'average' peak winter day

Outside temperature (°C)
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Av. daily temperature = -2°C.

Heat pump runs during the morning
and evening heating periods to
provide space heating & hot water.

Back up heaters will typically not
run (unless daytime temperatures
drop below zero or -1 degrees).

Av. daily temperature = -5.5°C.

Temperatures typically vary from -8
to 0°C during ‘1 in 20’ peak days.

The back up heaters of ASHPs will
be operating.

The heat pump part of hybrids will
not be operating.
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High level approach for developing heat pump load profiles DI_LTA
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Step 1: Review of existing studies & trials focusing on understanding heat pump load profiles

v

Step 2: In-depth research & discussions with heat pump manufacturers and installers to understand
heat pump performance, control strategies and operation in real life installations

v

Step 3: Modelling of heat pump load profiles in different house types, using a building physics model
(enabling us to consider dwellings common in ENWL’s area, different heat pump types & different
temperatures)

v

Step 4: Testing & challenging of the heat pump load profiles with heat pump manufacturers and our
heat pump industry network

v

Step 5: Modification of the building physics model & heat pump assumptions to update & improve the
heat pump load profiles

v

Step 6: Final testing and validation of the heat pump load profiles with heat pump manufacturers and
our heat pump industry network

OUTPUT:
Robust and validated half-hourly load profiles for different types of heat pumps in different
house types

Experts in heat & distributed energy Highlights of ENWL'’s NIA project July 2016 15




Methodology for the development of the heat pump load profiles

using the Building Physics model

Managing Supplementary
Heat Source
In-line Heater or Boiler
modulates to maintain
Target Flow Temp

DHW Charging
Minimum Flow
Temperature of 55°C
when heating DHW Tank

Thermal Mass of Building Fabric
drives building response time
Higher Thermal Mass = Longer to

heat up & cool down

\

Unheated Attic

CCLTA

Energy & Environment

Building Fabric,
Infiltration Rates & Floor Area
based on Building Form & Age
We assume that loft insulation &
draught proofing has been applied
prior to HP installation

Heat Pump + Supplementafy Heater

In-line Heater or Boiler]

In-line
Heater

Air-Source
Heat Pump

DHW
Cylinder

Radiators

DHW Tank Temperature
55°C Set-Point

with 5°C deadband
(to limit cycling)

Using Smart Heating Controls
Heat Sources controlled based on heat demand
due to operative temperature within each room —
combining Time Controls with eTRVs

Experts in heat & distributed energy

Casual Heat Gains
(Defined by room based

on activity patterns)

Building Heat Loss

Temperatures & Heat Loads
calculated by Room

(Fabric, Infiltration, Cllmate
Ventilation) HourIy Data for:
Temperature
Solar Radiation
< Solar Heat Gain Wind Sp_eed
(via Fabric & Glazing) Humidity

Space Heating Schedules
Used for all Building-Heat Pump Combinations
21 *—o ® ® o
_ ) igher
E No rtr)ud;(day temperatures in
2510 setbackat Lounge, Dining,
g Weekends Study, Bathroom,
o218 " 9 | En-suite & Toilet
88,
Lo Reduced
SBSETY S ® ¢ P ®® | temperatures in
§ . 15 Bedrooms,
x Hallways &
14 @ ® ¢ O (Y Kitchen
0 4 8 12 16 20 24
Time of Day (hrs)
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Load profile for a HT ASHP in a semi over 2 days in an ‘average’ winter
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Load profile (un-diversified) for a higher temperature ASHP in a semi detached dwelling:
On an ‘average’ peak winter day electricity demand peaks at ~2.5kW

During the “1 in 20’ peak winter day, the back up electric heater is needed for large portions of the day. The back up
heater is 3kW in size resulting in an additional 3kW of electricity demand on very cold days.

Higher temperature ASHP in a semi

Load profile for a HT ASHP in a semi on an ‘average’ & ‘1 in 20’ peak day

6,000
——- o wiuiutadatadade Back up heater increases load by
'l \ l' \ ~3kW on a ‘1 in 20’ peak day.

5,000 o\ ! Y —
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Load profile (un-diversified) for a lower temperature ASHP in a semi detached dwelling:
On an ‘average’ peak winter day electricity demand peaks at ~2.2kW

During the “1 in 20’ peak winter day, the back up electric heater is needed for large portions of the day. The back up
heater is 3kW in size resulting in an additional 3kW of electricity demand on very cold days.

Lower temperature ASHP in a semi

Load profile for a LT ASHP in a semi on an ‘average’ & ‘1 in 20’ peak day

6,000
5,000
=
a 4,000
T On ‘1in 20’ days,
£ HP operates more
2 3,000 over night &
= during the day.
2
S
£ 2,000
Q@
L

1,000

increases load by ~3kW
on a‘1in 20’ peak day.

Back up heater

'‘Average' peak
==="11in 20" peak

Maximum load on
an ‘average’ peak
day is ~ 2.2 kW.
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Load profile (un-diversified) for a hybrid heat pump in a detached dwelling:
On an ‘average’ peak winter day electricity demand peaks at ~2.7kW

During the ‘1 in 20’ peak winter day, the heat pump part of the hybrid does not operate due to a reduction in the
efficiency of the heat pump. This results in zero load from the hybrid on “1 in 20’ days.

Hybrid heat pump in a detached

Load profile for a hybrid in a detached on an ‘average’ & ‘1 in 20’ peak day

3,000 .. .
Electricity demand from hybrids tends to be more

‘peaky’ as operation switches between the heat
2 500 pump and boiler

N
o
o
o

1,500

1,000

Electricity input to HP (W)

500

peak day is ~ 2.7 kKW.

Maximum load on an ‘average’

'‘Average' peak

==="1in 20" peak

The heat pump part of a hybrid

operate ona ‘1in 20’ peak day.

does not
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‘Average’ peak

‘1 in 20’ peak

Comparison of all six heat pump-house type load profiles on an DELTA

‘average’ peak and a ‘1 in 20’ peak winter day

Energy & Environment

Load profiles for different heat pump house types on an ‘average’ peak winter day
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DELTA

1. Introduction & focus of this webinar

2. Development of heat pump load profiles

3. Scenarios for heat pump uptake & impact on the distribution
network

4. Optimisation of heat pump operation & impact on the
distribution network

5. Summary
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The three scenarios considered are:

The ‘Delta-ee reference scenario’.
The *high’ scenario, aligned with the Transform interpretation of the national DECC high heat pump uptake, referred to as DECC 1°.
The ‘low’ scenario, aligned with the Transform interpretation of the national DECC low heat pump uptake, referred to as ‘DECC 4'.

Comparison of heat pump uptake under the three scenarios = : HP installed
1.200.000 ) CENArio base in 2050
B The ‘DECC 1’ scenario: By ‘ ,
%‘ 2050, just over half of all Low (DECC 4)) 127,570
2 homes in ENWL'’s region Delta-ee 434 479
2 1,000,000 will have a heat pump. reference ’
”n
§ High (‘DECC 1°) 1,158,115
E
c 800,000
Q Delta-ee’s reference Delt ‘
£ forecast: By 2050, 1in 5 sser?a;(raig referecne
2 600,000 homes in ENWL'’s region
c will have a heat pump. =—DECC 1
<
© \
£ 400,000 ——DECC 4
a
=}
g
= The ‘DECC 4’ scenario: By
< 200,000 2050, around 6% of
S C— o homes in ENWL’s region
o will have a heat pump.
0

2015 2020 2025 2030 2035 2040 2045 2050
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By 2025, we see close to 100,000 heat pump solutions being connected to ENWL’s network. This grows to ~430,000 units by
2050
Pure electric ASHPs will account for just over half of the heat pumps connected to ENWL'’s network by 2025, with high temperature systems
still accounting for the majority of this. ASHPs account for two thirds of systems connected by 2050.
Installed base of heat pumps in ENWL’s region — Reference scenario
500,000
450,000 -
(O]
S
o 400,000 By 2050, 1in 5 homes
g in ENWL’s region will _~33%
x 350,000 have a heat pump. hybrids
2
& 300,000
(%] -
£
S 250,000
o
g
< 200,000
kS
2 ~67%
& 150,000 L 0
3 ASHPs
T 100,000
@
£
50,000 I I I
e = m m W I I I I I —
S o s s S T S T S T T N
mASHP HT ®ASHPLT mHybrid low capacity Hybrid high capacity
Experts in heat & distributed energy Highlights of ENWL’s NIA project July 2016 24



CCLTA

Energy & Environment

We see little growth in the number of heat pump solutions being connected to ENWL’s network to 2030, with modest growth
occurring towards 2050. The installed base reaches ~130,000 units by 2050.
Pure electric ASHPs will dominate the sales and installed base of heat pumps connected to ENWL’s network to 2050, with low temperature
systems accounting for the majority of this.
Hybrid heat pump installations will see a very slow and small growth in penetration to 2050.

Installed base of heat pumps in ENWL’s region — Low scenario

140,000

120,000 By 2050, 1 in 20 homes
in ENWL'’s region will
have a heat pump.

100,000 hybrids
80,000
60,000
~68%
40,000 -
ASHPs
20,000 | | ‘ ‘ |
-nll I I I I
O A D9 O 6 10 A DD D N DD K 0 ) Q

9% D
PP R AR P P P S

- ~32%

]I

Installed base of heat pumps by heat pump type

B S S oS s

mASHP HT ®ASHP LT m®Hybrid low capacity Hybrid high capacity
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By 2025, we see over 200,000 heat pump solutions being connected to ENWL’s network, growing to 600,000 in 2030 and 1.1

million by 2050.

Pure electric ASHPs will account for just over half of the heat pumps connected to ENWL'’s network by 2025, with high temperature systems

still accounting for the majority of this.
In the 2030 to 2050 period, ASHPs and hybrids will each account for ~50% of installations.
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Key factors influencing the diversity of heat pump operation
Occupancy levels in dwellings

Unimodal versus bimodal heating system operation (i.e. one heating period — all day, or two heating periods — AM and PM).
The timing at which homes are required to be ‘warm’.

The volume of heat pumps over which diversification needs to occur (10s, 1,000s, 1,000,000s...)

Existing insights on diversification of heating system operation used in this study:

DECC: Heating system ‘switched
Assessment of heating controls impact on » g syst .
on / off’, unimodal vs bi-

domestic energy demand (2014) modal operation insights

Loughborough University:

Domestic active occupancy modelling (2008) & » Occupancy patterns in the
four-state domestic active occupancy modelling UK dwelling stock
(2014) studies

National Grid:
Data shared on gas demand of different

i hich heati t tart up in th
dwelling types over the year which heating systems start up in the

l Indication of the period of time over
morning, switch off in the evening.
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Diversification factors applied to heat pump load profiles on an ‘average’ peak winter day

CcLTA

Energy & Environment

Period of day

Type of winter day ‘Average’ peak winter day

Diversification % @ National level

Defines the proportion
| of heating systems that

are in operation at any

one time.

Morning heating period — peak period 80%
Morning heating period — shoulder 80%
Evening heating period — peak period 86%
Evening heating period — shoulder 86‘@
Set back 86%
Night / |os%
Duration over which heating systems are switched on / 3l hours

lllustrative heat pump load profile (undiversified), with the ‘perigd of day’ in*cated.

a

/\/\\///\/\_, .

o
>

High level diversification approach

%s above applied to undiversified
profiles at each period of the day.

Beginning in ‘morning shoulder 1’ we
stagger the start time of heat pumps
to reflect to 2 — 3 hour period over
which heating systems start up in the
morning.

This ‘staggering’ continues
throughout the day until the end of
‘evening shoulder 2’.

Night Morning | Morning i Morning Evenin Evening Evening! Night
shoulder 1 peak shoulder 2 Set back shouldergl peak shoulder 2
period period
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Starting point:
Undiversified load profile

End point:
Diversified load profile

Approach used to diversifying heat pump load profiles

CCLTA

Energy & Environment

Below, we illustrate our approach for diversifying heat pump load profiles at the national level.

Starting point: An undiversified load profile

WANRL

Time of day

Electricity demand

Electricity demand

4

Heat
pump 1

Step 1: Staggering the starting time of heat pumps over a 3-hour period

Heat
ump 6
e

08:00

Time of day

L U

3 hour time period over which
all heat pumps switch on.

Half hour
periods

Step 3: Apply the ‘diversification’ factors

Step 2: Calculating the ‘average’ load profile

when heat pump start times are staggered.
4 Load is 80% of the Load is 86% of the 4
‘average’ profile ‘average’ profile
=
el
: J
E :
2 g
2 2
g :
| 5]
A
w
> >
! ! Time of day Time of day
Morning Evening
peak period peak period During each half hourly period of the day, we calculate the average

For each of the different ‘periods’ of the day, we apply ‘diversification
factors’ (summarised on the previous slide). This reflects the share of
homes not running their heating system at various points of the day.

Experts in heat & distributed energy

electricity load from the 6 staggered heat pump load profiles. This
results in a ‘average’ load profile for one day for a population of heat
pumps that start up over a 3-hour period in the morning.
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Diversified heat pump load profiles DELTA

Energy & Environment
Diversified (at the DNO level) and un-diversified load profiles for a lower temperature ASHP in a semi detached dwelling an
‘average’ peak winter day.

I Typically, the diversification approach results in the maximum load of the profile of LT ASHP in a semi on an ‘average’ peak day
falling by ~20%, with the load profile being smoother and less ‘peaky’.

Undiversified vs diversified (@ DNO level) load profiles for a LT ASHP in a semi on an
‘average’ peak winter day

2,500
S, o Lower temperature
2,000 : s - . R ASHP in a semi
s N - ‘Average’ peak
2 1,500 : . : : . winter day
3 . H
2 : "
£ 1,000 :
g :
w .

500

0

O © © © & O © & & O ®
SELE LSS
SIS HE S

O 08 O O 8 &8 8 O8O & 8 & & O
QO Q AN Q QS Q0 O QO Q Q Q
SR NN NN OGN S N A

Diversified load profile (W) - DNO level

Undiversified load profile (W)
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Electrification of heat could increase peak load on ENWL’s network D

CLTA

by 35 GW Energy & Environment
Load profile* for an ASHP in a semi-detached dwelling
Load profile for a HT ASHP in a semi on an ‘average’ peak winter day
X s 6,000
8 = 5000 Maximum load on an ‘average’ peak
Q T ’ winter day is ~ 2.5 kW. This is less than
) = 4,000 half of that on a ‘1 in 20’ peak day. At the household level, heat pumps
m o .
© és,ooo \ can increase load by
Q| £ 2.5-5.5kW
é S 2,000
- w
1,000 v
O
8383883&s838883&e838883&838838388
8288838858833 2333I83533RAAQ i fh K dditi |
Overall impact of heat pump uptake on additiona
electricity load on ENWL’s network by 2050
Load profile fora HT ASHP in a semion a ‘1 in 20’ peak winter day
~ Low Reference High
< 6,000 ) ' )
L4 o scenario scenario scenario
] T 5,000
O e +3 kw ‘ ’
2| geoo Ao +025GW +0.85GW +2.5 GW
N g‘ 3,000
< £ 2.5 kW : ‘1 in 20’
8 2000 Back up heater increases load by +0.45 GW +1.5 GW +3.5 GW
= ~3kW on a ‘1 in 20’ peak day. peak
1,000 V_-d \_
0
8888888888888883888888¢888
82883885823 359834585838:5¢49¢Q
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Increases in peak load will require significant network reinforcement

Applying the heat pump uptake rates to 2050 & the load profiles developed to EA Technology’s Transform v5.0 model, LV
network reinforcement costs by 2050 are estimated at between £150million (under the low scenario) to £3.3 billion (under the
high scenario), if ENWL plans its network for a ‘1 in 20’ winter peak. The reference scenario investment costs, assuming around
20% of homes in 2050 have a heat pump, is around £340 million.

Cumulative number of interventions over time for each scenario — ‘1 in 20’ winter

@ 25,000 ST cTTTTTTTTTTTTTTTTTTT Y The high scenario results in ~£3.3 \
8 i RIIO-ED1 RIIO-ED2 i billion needing to be invested in
g 20,000 ! ENWL's network by 2050.
g | i
c I ]
£ 15,000 ! : —Low
3 i i The reference scenario results in —Ref
E 10,000 : ~£340 million needing to be High
o ! ! invested in ENWL’s network by 2050.
2 5,000 ! i ¥
C_5 : I r
> ] I
= ! ‘_(—/_/- m— ) pl —
S 0 r
PO S e B e e, B e N NN S AN o VA NV o\ A oV N A o N N N A N A ' TR . N .0 TN .0 T .0 BN o0 BN 4 NN .0 BN . NN 9.0 TS S WS S A A A A uS U W 1)
1© O O O O O O Ol O O O O O 0O OO0 0O O O O O O 0O O o0 O o0 oo oo oo o oo o o o
NN AN AN AN AN AN NN NN NN NN NN NN NN NN NN

Intervention required if network is planned for a ‘1 in 20’ winter peak Reference

Cumulative number of network ‘interventions’ by 2050 per scenario 2,145 3,808 21,482
LV transformer upgrades (ground mounted & pole mounted) 1,346 1,754 6,607
LV underground works (major & minor) 799 2,054 14,865
Other 0 0 10
Total investment required for upgrading the LV network (£) 150 million 340 million 3.3 billion
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‘1 in 20’ winter peak

Huge investments will be required in suburban feeders by 2030, and through to 2040. New build
estate feeders will require modest investments closer to 2050.
Under the high scenario, significant investment will be required during ED1, ED2 & during the 2030s in
feeders serving suburban areas (with large proportions of semi detached & detached dwellings).

______________________________________________

Investment required per 4 year period to 2050 per feeder type

CCLTA

Energy & Environment

Heat pump uptake under
the high scenario:

1.15 million by 2050

' \ ' \
- 1,200 - RIIO-ED1 i : RIIO-ED2 i Feeders supplying recently
S ! L ! built dwellings / housing
= 1,000 : T estates will require significant
E | g Suburban feeders will require investment during the 2040s.
= | i| significant investment during ED1,
S 800 | 1 ED2 and through the 2030s.
8 | ¥ \
- 1 1! 1
S 600 | . i "
> 1 1! 1
< | ! |
— 1 [ —— 1
g 400 | ' :
o I | I ‘
Q 1 [ 1
= 1 ! 1
S 200 | b :
9 | [ | —
— | 1! 1
: . Il - ! :
1 [ 1
g ' 2015 - 2018 2019 - 2022 ! |\ 2023 - 2026 2027 - 2030 2031 - 2034 2035 - 2038 2039 - 2042 2043 - 2046 2047 - 2050
e gy o ey
= V1 Central Business District m V3 Town centre
V6 Suburban street ( 3 4 bed semi detached or detached houses) LV7 New build housing estate
m V8 Terraced street m V9 Rural village (overhead construction)

m V10 Rural village (underground construction)

2022 2030 2050
Cumulative costs associated with LV 6 suburban street (£ millions) 285.9 933.8 2,311.6
Cumulative costs associated with LV 7 new build housing estate (£ millions) 0.7 27.9 9134
Cumulative costs associated with LV 8 terraced street (£ millions) 0 1.6 77.1
Cumulative costs associated with other LV feeder types (£ millions) 0 2.1 3.4
Total (£ millions) 286.6 965.4 3,306.5
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DELTA

1. Introduction & focus of this webinar

2. Development of heat pump load profiles

3. Scenarios for heat pump uptake & impact on the distribution
network

4. Optimisation of heat pump operation & impact on the
distribution network

5. Summary
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‘Optimisation’ of heat pump load profiles DI_LTA

Energy & Environment

Approach to optimising heat pump load profiles

Step 1: Diversify heat pump load profiles at the national level

v

Step 2: Identify the flexibility options & constraints around the operation of heat pumps
(without compromising on the level of comfort and timing of delivery of heating in a
dwelling)

v

Step 3: Define a scenario to 2050 for the evolution of electricity demand, the
generation mix, and the uptake of heat pumps at the national level

v

Step 4: ‘Optimise’ the operation of the electricity system at the national level via
shifting the operation of heat pumps to maximise use of lower cost electricity
generation. [[IMPERIAL COLLEGE MODELLING]

v

Step 5: Sense check and validation of modified load profiles

OUTPUT: Modified heat pump load profiles

Note: By ‘optimisation’, we mean that the operation of heat pumps are modified to maximise
the use of low cost electricity generation. The operation of heat pumps (and therefore the load
profiles) are not optimised to benefit the distribution network.
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Impact of optimisation on hybrid heat pump operation on a day in a DELTA
‘1 in 20’ winter and an ‘average’ winter week — Reference scenario Energy & Ervironment

Optimisation of hybrid heat pump operation can increase demand at peak times by up to 3kW

Un-optimised & optimised load profile for hybrid in detached on an ‘average’ peak winter day
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Impact of optimisation on electric heat pump operation on a day in

B,

Optimisation of ASHP operation can increase demand at peak times by up to 0.5 -1 kW (and in some cases by
a few kWs if the back up turns on).

CLTA

Energy & Environment

a ‘1 in 20’ and an ‘average’ winter week — Reference scenario

Un-optimised & optimised load profile for HT ASHP in semi on an ‘average’ winter day
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Electricity deman

e F|ectricity input to heat pump - optimised
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Un-optimised & optimised load profile for HT ASHP in semi on a ‘1 in 20’ winter day
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Impact on the network may be increased if heat pump operation is DELTA
‘Optimised*’ Energy & Environment

Influencing heat pump operation to maximise consumption of low cost renewable electricity could worsen
network impacts for DNOs

Cumulative number of network interventions required under the reference

scenario (for a ‘1 in 20’ peak winter day) with un-optimised & optimised heat Impacttc_af optlgr:ls\l?li’ heatt pun|1(p
pump load profiles operation on s networ

5.000 during a ‘1 in 20’ winter peak
' Modified heat pump operation means investment in
the network is required earlier, typically brought

4,000 forward by 3 — 6 years during the 2030s and 2040s.

Overall increase in
number of interventions
3,000 by 2050:
2,000 / ,———’ 2 4 %

Cumulative number of interventions

1 .
000 Overall impact on
investment required by
0 .
LOMNMNODODOANMSTULONODDOATANMNMTLLONONDOTANMITLH ONOOOO 2050
A A A A AN ANANANANANANANANNDNDNDNNNNNONNTITITITITITITST I S WO . .
eNeolololololololololololololololololololololololololoNolololoNoNoN oo N
— Reference — Reference with optimised heat pump operation
30% increase
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* optimised: for this part of the analysis, heat pump operation has been modified to maximise (or ‘optimise’) the use lower cost electricity within the UK wide energy system.
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1. Introduction & focus of this webinar

2. Development of heat pump load profiles

3. Scenarios for heat pump uptake & impact on the distribution
network

4. Optimisation of heat pump operation & impact on the
distribution network

5. Summary
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1. Electrification of heat using heat pumps will increase winter electricity demand by around
2.5 kW -5.5 kW per household.

2. Granular analysis of the types of heat pumps likely in Electricity North West’s region
suggests additional peak loads of ~250 MW up to 3.5 GW by 2050.

3. The Transform Model suggests this could result in network investment costs of £100s
millions to £ billions being required by 2050.

4. ‘Optimisation’ of heat pump operation in the interests of other energy system stakeholders
could increase peak loads on the distribution network by 5 —15% on ‘average’ peak winter
days, and as high as ~25% on a ‘1 in 20’ peak winter day.
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For more information...

Stephen Harkin, Delta-ee

Stephen.harkin@delta-ee.com Rita.Shaw@enwl.co.uk

» E-mail us for a copy of the presentation

» We’d be delighted to talk with you by phone or in

person

Demand Scenarios with Electric Heat and
Commercial Capacity Options

There is significant uncertainty around the timescale and location of future changes in peak electricity demand
Distribution network operators (DNOs) like Electricity Narth West need to make assumptions about the timescales
and location of demand growth so they can invest efiiciently in network capacity. Existing methods of demand
analysis and forecast do not capture and address this uncertainty in a structured way.

The aim of this project is to develop and better technical to current and future
load by distribution network asset, refiecting the associated uncentainties in load. We will deliver a set of scenarios
based on a corrected version of past demand which will then form the foundation for assessing two commercial

solutions to capacity problems.

As partof the project, we have worked with DELTA EE to improve our understanding of how domestic customers
switching their heating to heat pumps could affect the load on our network in winter. This analysis feeds into our
demand stenarios.
It was faund that heat pump uptake in our region could add 0.85 —3.5 GW of new load at peak times by 2059 Project documents
depending on the uptake scenario and outside temperature. Electricity North West will innovate and invegfto ensure
the region's network has enough capacity for the connection of heat pumps and other low carbon techndfgies.

« Project registration document

« Executive summary - heat pumps

« Full report - heat pumps

« Diversified profiles (spreadsheet) - heat pumps

As part of this work a set of load profiles were developed for domestic heat pumps, based on diversifying t
of building physics modelling of heat pump operation, for six combinations of ‘heat pump - house type’ (three>
source heat pumps and three hybrids). Local effects an our network will crucially depend on the type of heat pumps
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Dr Rita Shaw, Electricity North West

Download the report here:

http://www.enwl.co.uk/about-us/the-
future/nia-lcnf-tier-1/demand-scenarios
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