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EXECUTIVE SUMMARY (1/4) - APPROACH

This report is a deliverable under the
Multi-Asset Demand Execution (MADE)
project. Everoze has undertaken techno-
economic modelling to evaluate the benefits of
multi-asset co-ordinated delivery of flexibility
(FLEX) at an individual domestic property level.

Everoze’s modelling evaluates seven
customer types and electric vehicle use
case combinations. Everoze’s modelling is
undertaken over a single year. Core data
sources for delivering this modelling include
empirical trials of domestic EV, domestic solar,
and domestic hybrid heat pumps.

Multiple low carbon technologies are

assumed to be within each home. These

are:

* Solar PV

* Electric vehicle (EV) with bi-directional
chargers

 Stationary storage

* Hybrid heating systems

Everoze’s model architecture is shown to
the right.
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ESS: energy storage system
EV: electric vehicle
TSO: transmission system operator O O O O

DSO: distribution system operator
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EXECUTIVE SUMMARY (2/4) - RESULTS

The estimated FLEX value (£/household/year) accrued under best conditions
is shown in the two charts. Modelled benefits or ‘value’ from providing FLEX are
calculated as the savings in electricity costs and revenues from ancillary services, less any
cost of additional electricity imports. This excludes asset capital or operating costs and so
‘value’ as used in this report does not imply life-cycle value.

ELECTRICITY COST SAVINGS AND ANCILLARY SERVICES REVENUES

B Electricity cost savings B TSO service - FFR B DSO service - Demand response/constraint management

High Demand, Commuter | ——
High Demand, Paren | —
High Demand, Social - | —
Medium Demand, Commuter | —
Medium Demand, Social - | —
Low Demand, Commuter [ I E—
Low Demand, Socia |l

-£50 £- £50 £100 £150 £200 £250 £300

The estimated values are based on a ‘best conditions’ assumption: the property being located in
an area of local network constraints where high value DSO services are available, as well as a 100%
foresight assumption and 100% asset availability with no aggregation discounting considered. As such the
results lie in the upper range of what may be achievable.

Commuter (High)

£181 £245 £260

Not modelled Not modelled

Parent (Medium)

£256

EV Transport Pattern (and Usage Level)

Social (Low)

Low Medium High

Customer Type (Annual Demand and Occupancy Level)

The modelling considered a smart charging regime as a baseline and so the
estimated benefits are not materially sensitive to EV transport patterns.
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EXECUTIVE SUMMARY (3/4) - CONCLUSIONS

Key findings are as follows.

ELECTRICITY COST SAVINGS ANCILLARY SERVICES

* Value from peak shifting is sensitive to consumer type: Based on * Value from DSO services can be lucrative but is extremely location

current wholesale cost profiles and network charges, savings from peak shifting
is a smaller component of the overall value stack compared to ancillary services
revenues. The property demand and consumption patterns, as well as surplus
solar available at the property, have a high degree of sensitivity on cost savings
that can be achieved.

Value from peak shifting is tempered by additional energy imports
for ancillary services: The additional energy cost for providing ancillary
services has a material effect of reducing the savings in energy costs from peak
shifting. In some cases this can be higher than the annual savings in energy costs.

Low demand/EV utilisation customer types are only attractive for
DSO services: The value opportunity from peak shifting and smart charging is
low for customer types with low demand and low EV utilisation levels, and the
value stack is heavily reliant on DSO services. For such customer types, if DSO
service opportunities are not available, then there is little benefit from co-
ordinated FLEX at the household level. Moreover; if the EV is available for most
of the time during the evening peak period, then with the EV by itself
performing peak-shifting, an ESS would not be needed for such Low Demand
consumer types (unless DSO services are available and pursued).

sensitive: DSO services form a key part of the value stack, but are subject to
large variance in value depending the local network constraints and service
need. WPD’s SECURE service offers better value over the year compared to
the DYNAMIC service; although the latter has a higher utilisation tariff, the
likelihood of utilisation is lower. The right kind of DSO service opportunities
appropriate for the domestic portfolio would need to be pursued. If otherwise,
revenues from DSO services are not attractive.

Co-ordinated FLEX can help maximise value from DSO service
opportunities: A household or a portfolio being able to offer a higher volume
with co-ordinated and combined FLEX from the suite of ESS and EV available
would be able to maximise value.

FFR is a less attractive value proposition: FFR is a small portion of the
value stack, and so may not be worth pursuing given metering, testing and
associated administration costs unless the entry requirements are streamlined.
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EXECUTIVE SUMMARY (4/4) - CONCLUSIONS

ECONOMIC BENEFITS

[for ASSET OWNER,AGGREGATOR, PROPERTY OCCUPANT]

NETWORK BENEFITS
[for DSO]

£260 Domestic FLEX is a notable value opportunity — up to
£260 p.a. per household may be possible under best
p-a. conditions.

Select customers strategically: There is significant variance in potential value
from domestic FLEX across different customer type / EV use case combinations,
with some customer types offering a higher value opportunity to maximise FLEX
benefits over others.Targeting the right kind of consumers in the right postcode
with the desired energy and EV use behaviour would be key to maximise value.

Small clustered portfolios: Route-to-market for domestic DSR is expected to
be through aggregation. Larger portfolios will need to be clustered into smaller
subgroups (properties within a specific postcode) to target hyper-local DSO
services.

Understanding local DSO service opportunities: Constraint management
and demand response service needs for the DSO varies across the network, and

impact on DSO revenues is high if the right service opportunities are not pursued.

Early mover advantage: Ongoing regulatory reform on network charges, and
anticipated downward pressure on future DSO tariffs means an uncertain outlook
on future revenues. Fast movers capitalising on the current opportunities available
may benefit in the long run.

Domestic FLEX offers material peak load shifting potential

35-409% | for the DSO — between 35-40% reduction in peak loads on

the network compared to the Baseline Case (based on half-
hourly data).

* Incentivise optimisation of EV charging times: Although the recent

Department of Transport’s EV Smart Charging consultation prescribes a default
smart charging mode, this is not mandated for domestic charge-points and can be
manually over-ridden.There is significant benefit to the network from optimising
EV charging times and rates of charging, however, existing time-of-use network
charges are not visible at the household level so don’t provide a strong price
signal to incentivise this behaviour, which is at risk of being weakened further
through the ongoing network charging reforms.

Portfolio co-ordination approach delivers value: Co-ordinated FLEX
between LCT assets at a single property level is demonstrated to be able to
provide value to the DSO through peak-load reduction and demand response for
constraint management.There is however the risk of individual users optimising
their consumption behaviour to the same price signals creating new peaks on the
network.There is currently no price signal that incentivises portfolio co-ordinated
FLEX to deliver network benefits. Co-ordinated FLEX at a portfolio level is one
solution to deliver the desired outcome for the DSO.
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CONTEXT

Electrification of the heat and transport sector presents a significant
challenge for Distribution System Operators (DSO) to accommodate
disruptive demand technologies on the existing distribution network.
Distributed hyper-local assets, including those available at a home-level,
will be a key part of the solution to address these challenges.

Everoze has undertaken techno-economic modelling to evaluate the

feasibility and benefits of multi-asset co-ordinated delivery of flexibility
(FLEX) at a domestic property level. This work was completed as part
of WPD’s NIA-funded Multi-Asset Demand Execution (MADE) project.

Everoze’s modelling focus is at a single residential property level,
considering various flexible Low Carbon Technologies (LCTs) such as
solar PV, electric vehicle (EV) with bi-directional chargers, stationary
storage and hybrid heating systems. Modelling was completed for
various property types and this report presents key findings from the
feasibility assessment.

Everoze’s modelling objective is to evaluate the economic benefits of
providing FLEX at a residential property level. Delta-ee, one of the
project participants retained by WPD and PassivSystems, shall be
undertaking feeder-level modelling using outputs from Everoze
modelling to evaluate the impacts on the network.

-
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HOUSEHOLD DEFINITION (1/2) - CUSTOMERTYPES

A big driver of the multi-asset FLEX modelling outcome is the household
type which drives the electrical and heating demand and consumption
pattern, and associated factors such as property occupancy patterns, thermal
efficiency of the property, EV use and transport pattern, and FLEX assets
available at the property.

Although in the real world the combination of these factors can provide a
large number of possible customer typology with various sub-types, for
modelling purposes, a pragmatic set of representative customer types and EV
transport patterns have been considered.

Following discussions with PassivSystems and Delta-ee, three base customer
types defined by the type of property and household make-up have been
considered':

* High thermal and electrical demand — characterised by a 99-149 sq.m
1930’s semi-detached or Victorian terraced house; household of four, two
adults and two children

* Medium thermal and electrical demand — characterised by a 99-149 sq.m
1960’s terraced house; household of two with no children

* Low thermal and electrical demand — characterised by a 50-99 sq.m flat
constructed post-1990; single non-retired occupant

The age of the property (ie., thermal efficiency) and the day-time occupancy
pattern have a large impact on the property’s heating demand pattern as well
as the non-heating electrical loads during the day.

The defined customer types provide a sample selection of customer types
capturing variation in both the magnitude of demand (SCALE), as well as the
timing of demand (SHAPE).

| — Delta-ee’s Customer Segmentation note, May 2019

High thermal
and electrical
demand

One

=)

Occupied

D

Unoccupied

0

Unoccupied

4 kWp

2 kWp

| KWp

1930’s semi-detached/
Victorian terraced
house
(99-149 sq. m)

1960’s terraced
house

(99-149 sq. m)

1990’s flat
(50-99 sq. m)
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HOUSEHOLD DEFINITION (2/2) - EVTRANSPORT PATTERN

The Office for Low Emission Vehicles (OLEV) Electric Charge Point Analysis
(2017 Domestics)? notes EV charging behaviour to be a mixture of shorter
day-time charging and longer overnight charging. Although the data shows
plug-in between 4-7pm and plug-out between 7-9am to be popular times for
EV charging, there is greater variation of plug-in and plug-out times across the
wider data set coupled with a large variation in energy drawn for EV
charging.

High thermal
and electrical
demand

Therefore, differences in EV transport and charging patterns will have a large
bearing on the FLEX modelling outcome.To evaluate the relative scale of
impact on the modelling outcome, three EV use cases and transport patterns
with different intensity of EV use have been considered:

» Commuter use case with heavy EV usage — weekday commute to work,
and weekend visits to friends and family

* Parent use case with moderate EV usage — parent with school runs in the
morning with high-intensity social use multiple times during the day

* Social use case with occasional low-intensity EV use — three to four times
a week (one to two evenings).

The base customer types and the EV transport patterns were used to inform
the seven modelling cases considered by Everoze.These modelling cases
provide a reasonable set of representative cases for Delta-ee to undertake its
feeder-level modelling.

Property consumption data, heating pattern data, EV transport pattern data,
etc were obtained from different sources and were matched to the customer
types and modelling cases considered to inform the input data used in the
modelling. The modelling assumptions and data sources are described further
in Chapter 3.

2 — Department for Transport, Electrical Chargepoint Analysis 2017: Domestics, |13 December 2018

Commuter
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CORE APPROACH (1/3) - LOW CARBON TECHNOLOGY ASSETS

For each of the seven modelling cases, the household is assumed to have a
number of Low Carbon Technology (LCT) assets which can be controlled to
provide FLEX. Other than the solar PV installed capacity, the same asset size
and technical capability is used across the seven modelling cases.

The technical capability of the LCTs is interlaced with the relevant price
signals to make an economic decision for providing FLEX. Although the mix
of LCTs available at the property assumes a low carbon future, the price
signals are based on current year levels.

It is envisioned that route-to-market is achieved through aggregation, with
the LCTs at a residential level aggregated across a number of properties to
form a portfolio of LCTs. Everoze has not considered possible regulatory
barriers for domestic DSR as part of this work, and for modelling purposes,
Everoze has assumed that provision of ancillary services using domestic DSR
is possible from a regulatory perspective. In reality, an aggregator will take a
portion of the revenue generated from providing FLEX. Everoze modelling is
focused on estimating the total value achievable from providing FLEX and so,
sharing of value between stakeholders is not considered. Also, Everoze has
assumed no aggregator discounting of volumes in its modelling.

For modelling purposes, Everoze has assumed perfect forecasting accuracy in
property consumption pattern, solar generation pattern and EV transport
pattern.A more detailed record of assumptions on the LCTs and the price
signals used in the modelling is included in Chapter 3.

=

ROOFTOP SOLAR PV

* 4,2,or | kWp DC depending on customer type
*  Same solar generation pattern across the seven modelling
cases

HYBRID HEAT PUMP

* 2 kW air-source heat pump (AHSP) with a gas boiler
*  Can switch between ASHP and the gas boiler to serve
heating loads depending on which is cheaper

STATIONARY STORAGE (energy storage system — ESS)

* 10 kWh battery and 3.3 kWV inverter
*  Can perform peak-shifting using surplus solar or pre-
charging during night-time to capture a targeted price spread

ELECTRIC VEHICLE

* 33 kWh battery and 7 kW bi-directional charger
¢ Can defer charging time and regulate charging power
*  Can provide ancillary services when available/connected

everoze



CORE APPROACH (2/3) - DEFINITION OF BASELINE

MODELLING SCENARIOS
Two different modelling scenarios were considered for each customer type-EV use case combination:

I. Baseline Case which includes a selection of Low Carbon Technology assets with no coordinated FLEX provision

2. Optimised Case with the Low Carbon Technology assets operating in a coordinated manner (at a residential level) for FLEX provision.

i

Included, ASHP loads
optimised against price
signals

Included, installed kWp
based on customer type

Included, load-shifting
using surplus solar

BASELINE CASE

Included, load-shifting
using surplus solar and
: pre-charging as well as
signals ancillary service provision

Included, ASHP loads

Included, installed kW
nelmes, e > optimised against price

based on customer type

OPTIMISED CASE

=

Included — unidirectional
charger with smart charging

Included — bidirectional
charger with smart charging
as well as V2H/V2G service

provision

0° o
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CORE APPROACH (3/3) - REVENUE OPPORTUNITIES

Surplus solar generation during the day

is used to charge the ESS and EV

(when available), which is then discharged

during the evening peak demand period to reduce peak charges and reduce impact
of peak-time loads on the network. If surplus solar generation is not sufficient to
meet the evening peak demand volume, the ESS and EV pre-charge when the
energy price is low (e.g. night time) to top-up the balance volume for peak shifting.

Value accrued from peak shifting is the spread between the peak-time charge (Sell
action) and the cost of energy for charging the ESS/EV net of energy losses (Buy
action).A target spread of £10p /kWh is assumed in the modelling — peak shifting is
only performed for that day if the buy-sell spread is more than |0p/kWVh.

If additional surplus solar over that needed for peak-time loads is available during
the day, this is used by the ESS to shift loads during the off-peak hours.The
aforementioned economic decision driver is not applied in this instance.

FIRM FREQUENCY RESPONSE (FFR)

Night-time FFR for FFR availability windows
| and 2 (I Ipm-7am) outside of summer
months (May-Aug) is assumed as part of

the revenue stack.

Weekly FFR auctions are considered in the modelling in line with the ongoing FFR
auction trials; a success rate of 75% is assumed.

An FFR tariff of £5/MW/hour is assumed — this is based on the clearing prices in the
recent weekly FFR auctions.

A 3 kW service volume is assumed. As noted previously, route-to-market is
expected to be through aggregation to meet the minimum volume requirements.

DSO SERVICES

DSO services are procured by WPD to
manage constraints caused by a variety of
reasons across its network (ie. overloads
under peak demand conditions, overloads
during summer outage season).

S |

The seasonal, day-of-week and time-of-day need for demand response required by
WPD varies across its Constraint Management Zones (CMZs) depending on the
needs of the local network, which also informs the type of service procured by the
DSO. WPD currently procures two products across its CMZs:

I. SECURE — week-ahead notification of a scheduled demand turn-down or
generation turn-up

2. DYNAMIC — week-ahead notification of availability to provide demand turn-
down or generation turn-up, with a close to real-time notification to provide
response

Given the local nature of DSO service requirements, it is not possible to make a
generalised assumption on the service profile for use in the revenue stack.To
accommodate the variability in network constraint and service need across WPD’s
South Wales DSO region, a few scenarios with different DSO service stacks have
been considered in the modelling.

One of these scenarios is considered for the base modelling for the seven
modelling cases, with the assumption that the property is located in a part of the
network where the system need is represented by this scenario. The remaining
scenarios are considered in the sensitivity analyses.

These scenarios and other modelling assumptions (tender success rate, tariff,
service volume, etc) are described in Chapter 3.

everoze



MODEL ARCHITECTURE (1/2) - OVERVIEW

2. ESS and EV optimisation to maximise surplus-
solar capture with night-time pre-charging to
discharge during evening peak period, taking into
account the relevant price signals and targeted
minimum spread, whilst considering smart-charging to
minimise impact of EV charging on the network.

4. Set-up revenue stack: Outputs generated
from the Optimisation Module are reviewed to
consider different options for providing TSO/DSO
services, considering timing of asset availability, EV
transport pattern, as well as additional ESS/EV pre-
charging or recharging needs.

5. Simulation modelling: The
updated set of ESS and EV operating
instructions are used to perform a time-
step simulation for a full year, which
also provides the net site consumption
profile following delivery of FLEX.

_oemmsarion moouie 2 _simuLaTion MobuLe -
assets technical data and I [ | |
assumptions I [ .
~ I
~
i ~ | Consider hybrid heat I User intervention to | Time-step simulation of |
~ pump, smart charging, | layer in TSO and DSO I ESS and EV operations [
l ,. etc to derive a baseline I services during periods [l NNl 4 for the new and updated
\ -, |/ V4 case without co- \ where the assets are | operating instructions I
\ _ P [ / ordinated FLEX \ | free’ and unutilised I with TSO/DSO services I
-\ I I
o Z A\ /1 \ I 1
Revenue stack with price I \ L |
signals, and asset/site V I I I_
constraints for / \ | \ [ *
optimisation modelling ~ 7 \I\ " I\
\/ ~ MiX'mlse jUFPlts-;f;?r I \ Calculate savings and 6. Value accrual: The
~ \I \ capture and peak-sniiting Generate operating FLEX revenues for a net savings in energy
/ ~ considering asset | N : : oo
o instructions for ESS and single year, as well as net costs from peak-shifting
/ l , capability, revenue stack |l iy ‘ . .
. | EV for the baseline case site consumption for the as well as revenues
[ and set of operational
P constraints and I and the optimised case baseline and optimised from TSO and DSO
P 7 1 wenchians I CaS€ services are calculated.
- |
Hybrid heat pump - | t
optimisation and P - =

consideration of import

capacity constraint,
where applicable

I. Hybrid heat pump optimisation
performed by PassivSystems — this output is
used as an input in Everoze modelling.
Where there is an import capacity
constraint, the ASHP loads are reduced to
switch heat delivery over to the gas boiler.

3. Generate operating instructions:
The outputs are set of operating
instructions and pre-charge set-points for
the ESS and EV to maximise peak-shifting.
This also identifies when the ESS and EV are
idle and free to perform other services.

7. Multiple modelling
cases: The above
process is repeated for
different customer types
and modelling cases OO

considered. O

OOO

O
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MODEL ARCHITECTURE (2/2) - ILLUSTRATION

HH Consumption (kVVh)

From SP47 the previous day, ESS and EV are providing
FFR in a co-ordinated manner by sharing the FFR
delivery volume between each other. When either of
the assets is otherwise occupied (such as EV being
charged for transport and the ESS pre-charging), the
other asset provides the full volume of FFR required.

The ESS charges using the surplus solar generation
during the day which is used for providing FLEX (peak-
shifting or DSO service). The ESS ‘tops-up’ any
balance volume not met by the surplus solar by pre-
charging ahead of time during the night and also limit

off-peak hour load shifting to maximise FLEX delivery.

The ESS delivers the required DSO Service volume during the two-hour
period from SP33 to SP36. When the EV returns at this time, the ESS and
EV together discharge during the remainder of the peak-period to
perform peak-shifting in a co-ordinated manner such that the site loads
are zero during this period, The ESS runs out of charge during SP38 and
the EV meets the remaining FLEX need for SP39 by itself

Pre-charging for DSO

f—SIFE-SONSUMPTION PROF

I5 16 17 18 19 20 27 28 29 30 3l

Settlement Period

R A SAMPLE MODELLED DAY

32 40 41 42 43 44 45

e Baseline Case Net Consumption Profile e Optimised Case Net Consumption Profile Discharging during Pre-charging
service and peak-shifting peak-period for FFR
Charging using DSO
FFR (TSO Service) surplus solar Service FFR
generation
| EV is away and being driven
OO0
O O
everoze
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ECONOMICS

The estimated FLEX value (£/household/year) accrued for the seven
customer types and EV use case combinations is summarised here, including
a breakdown of the value stack for each of the modelling cases.

Commuter (High)

Not modelled Not modelled

Parent (Medium)

EV Transport Pattern (and Usage Level)

Social (Low)

Low Medium High

Customer Type (Annual Demand and Occupancy Level)

ELECTRICITY COST SAVINGS AND ANCILLARY SERVICES REVENUES

B Electricity cost savings B TSO service - FFR  mDSO service - Demand response/constraint management

High Demand, Commuter | —
High Demand, Parent - [
High Demand, Social |

Medium Demand, Commuter | —
I’ ”

Medium Demand, Social

Low Demand, Commuterl—// The energy costs (and revenue
] 3 from net export) for ancillary
Low Demand, Socia |l I .

services are captured in the
‘Electricity cost savings’ estimates
-£50 £- £50 £100 £150 £200 £250 £300

ELECTRICITY COST SAVINGS ANCILLARY SERVICES

* Large variation in potential value in * DSO revenues form a key part of the
energy cost savings across the modelling value stack — there is a high degree of
cases — primarily driven by difference in variability associated with these
evening peak-time consumption volume revenues (depending on the type of
and surplus solar available at the service, temporal and special variation in

property system need and service requirement) with
* In the long-term, this component of the no long-term revenue assurance.
value stack is subject to regulatory * TSO revenues form a small proportion

reform (e.g., Targeted Charging Review of the value stack

and Forward-looking Charges Review)

everoze



LOAD PROFILES (1/4)

The graphs present the net
consumption data for each modelling
case. There are two graphs per
modelling case — the Baseline Case
and the Optimised Case.

The individual data points represent
all the 30-minute settlement periods
over the year modelled. Plotting the
individual data points together with
the annual average profile
demonstrates the upper and lower
limits of consumption in a settlement
period as well as the spread of data
points between the limits. Negative
data points indicate when the
property is a net exporter of
electricity for that settlement period
(attributable to solar generation
exceeding the consumption needs of
the household or where the battery
and/or EV are providing ancillary
services).

The input profiles were characterised
by 24 usage consumption profiles
(two per month — one for weekdays
and another for weekend days). The
variation from day to day is driven by
the source data used for the solar
generation and heating demand.

The source data is described further
in Chapter 3.

Consumption per settlement period [kWh]

Consumption per settlement period [kWh]

£

R e NS

High demand — Commuter

4pm

8pm

Under a smart charging regime (considering the
smart charging consultation guidelines) , EV charging
commences at midnight.

Biggest spread in the day due to solar generation
variation. In reality, there will be more spread in the
general consumption pattern of the household.

Lower peak-time loads in Baseline Case is from
ASHP optimisation — heating loads supplied by gas
boiler when energy price is higher

Indiviudal settlement period consumption

==Annual average consumption

12pm

- Indiviudal settlement period consumption

=—Annual average consumption

Original consumptio

The EV charging loads are the key driver for peak
loads at the residential property. Optimising timing
and power level of EV charging results in the
reduction of peak loads on the grid.

Property consumption during off-peak periods met
from surplus solar available on certain summer days.

Overnight charging of the EV and the battery —
charging times are coordinated to ensure the loads
on the network are not compounded

Almost no consumption of electricity from the grid
during evening peak period with significant exports
to capture revenue from DSO services.

Optimised consumption data

During weekends, the available price spread is much
lower than during the weekdays and so peak-shifting
is done using surplus solar generation only (where
available)

Reduction in surplus solar exports as the battery
improves utilisation of surplus solar generation for
self-consumption and load shifting.

Note on the graph data: The individual settlement period consumption values are randomly spread across the settlement period they fall in so the data appear more spread in the horizontal axis than in reality.
This has been done to provide a better visualisation of the data so they are not all aligned in narrow lines in the middle of the settlement period.
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LOAD PROFILES (2/4)

High demand — Parent

6 12pm 4am 8am 12pm 4pm

w

£

w

N

o

8pm

- Indiviudal settlement period consumption

g
N

Consumption per settlement period [kWh]

=—Annual average consumption

'
w

Original consumption data

6 12pm 4am 8am 12pm 4pm

w

S

w

N

8pm

Consumption per settlement period [kWh]

g
N

- Indiviudal settlement period consumption

=—Annual average consumption

'
w

Optimised consumption data

High demand — Social

6 12pm 4am 8am 12pm 4pm 8pm

w

£

w

N

o

- Indiviudal settlement period consumption

)
N

Consumption per settlement period [kWh]

==Annual average consumption

'
w

Original consumption data
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LOAD PROFILES (3/4)

Medium demand — Commuter
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LOAD PROFILES (4/4)

Low demand — Commuter
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SCENARIO MODELLING RESULTS - GENERAL (1/2)

The seven modelling cases considered in the feasibility assessment provide a snapshot
across a broad variety of customer types. The LCTs, the revenue stack and other
inputs considered in the modelling have been assumed to be consistent across the
seven modelling cases to present a consistent base for comparison between the
modelling cases.

Modelling has been completed for a number of alternative input combinations to test
for sensitivity of various factors on the estimated value accrued. The tables
presented here show the various sensitivity scenarios considered, with the impact on
the modelled value of FLEX (annual energy cost savings plus revenues from TSO and
DSO services) shown in percentage. The reference case considered is the High
Demand customer type with the Commuter EV use case.

Case 2: Property import / export limit (compared to 14 kW)

Change Impact | Comments
10 kW 0% No change from reference case
5 kW -1% Site peak loads limited to 5 kW (22% less than the

reference case) whilst maintaining similar levels of value
compared to the reference case on annual savings

Expected impact on other modelled cases

Similar

Case |: ESS energy capacity (compared to 10 kWh)

Change

Impact

Comments

5 kWh

-26%

ESS is undersized for the DSO service stack considered in
the reference case. EV is not always available during the
DSO service period for this EV transport pattern and so
does not compensate for the ESS’s shortfall in service
delivery

6.75 kWh

-12%

ESS is sized minimally to cover the 2-hour service delivery
requirement for DSO services. The ESS is not large
enough to meet the rest of the peak-time loads during
days when DSO services are delivered.

7.5 kWh

-7%

The ESS is not large enough to fully meet the peak-time
loads during days when DSO services are delivered.

12.5 kWh

+1%

15 kWh

+2%

No notable benefit of having a larger energy capacity for
the ESS.

Expected impact on other modelled cases

Impact expected to be reduced for EV transport patterns
where the EV is available during peak-time / DSO service
delivery

Case 3: No ancillary services

Change

Impact

Comments

ESS and EV perform peak-
shifting only

-59%

DSO revenues are a big part of the value stack and so
revenues are significantly affected

Expected impact on other modelled cases

Higher where value in peak-shifting is lower
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SCENARIO MODELLING RESULTS - GENERAL (2/2)

Case 4: No V2G/V2H for EV - EV is operated to a smart charging regime

Change

Impact

Comments

Case 6: Unmanaged ‘dumb’ charging regime for the EV

Change

Impact

Comments

ESS performs peak-shifting
and provides TSO/DSO
services

-1%

Fewer FFR availability periods due to EV not providing this
service when the ESS is otherwise occupied (ie., pre-
charging during the night). FFR revenues are a small
proportion of total value and so impact is minor. Also,
impact is tempered as EV does not play a big role in
provision of DSO services for this EV use case/transport
pattern.

Expected impact on other modelled cases

Higher for a larger DSO service volume where this is possible

Case 5: No ESS in the house

EV, only peak-shifting

Change Impact | Comments

EV performs peak-shifting -81% Significant drop in value as vast majority of value for this
and provides TSO/DSO Customer type-EV use case combination is accrued by the
services ESS. Also difference between these two scenarios is

No ancillary services for 85% minor as EV has little role in providing DSO services for

this EV use case and the value from FFR services is low.

Expected impact on other modelled cases

Reduced for EV transport patterns where EV is available during
peak-time / DSO service periods

The baseline reference is
the EV operated to an
unmanaged charging
regime

+97%

Energy bill savings is significantly improved if the baseline
reference is unmanaged EV charging — this illustrates that
there is significant value from managing EV charging times
as has been demonstrated through other innovation
projects and trials

Expected impact on other modelled cases

Higher where value in peak-shifting is lower, varies depending
on EV transport and charging pattern

Case 7: Varying network charges

import tariff

Change Impact | Comments

West Midlands -2% Lower savings in electricity costs from lower DUoS

DUoS/TNUoS charges charges marginally offset by lower energy costs for

(low charges) ancillary services. Electricity cost savings is ~8% less than
the reference case.

South West DUoS/TNUoS +5% Higher savings in electricity costs from higher DUoS and

charges (high charges) TNUoS charges for the South West DNO zone.
Electricity cost savings are ~19% higher than the ref. case

DUoS charges reform — +2% Negligible effect as the differential in green/amber/red

charges reduced by 1.254p zone charges is still the same. Minor positive as energy

per kWwh! cost of round-trip efficiency losses are lower

No CM supplier charges in -9% Lower savings expected if CM supplier charges are no

longer charged on winter evening peak-time consumption

Expected impact on other modelled cases

Broadly similar level of impact on electricity costs expected,
however the percent-level impact on overall value is expected
to be lower
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SCENARIO MODELLING RESULTS - DSO SERVICES

As noted previously, there is a high degree of variability in DSO revenues
depending on the type of service, temporal and special variation in system
need and service requirement. A number of DSO service stack definitions
have been developed considering various scenarios for system need. One of
these nine DSO service stacks has been used in the base modelling for the
seven modelling cases. The remaining eight DSO service stacks, as well as
other factors impacting the estimated value, have been modelled against a
reference case to test for sensitivity on the DSO revenues.

The tables presented here show the various sensitivity scenarios considered,
with the impact on the modelled value of FLEX (from DSO services
excluding annual energy cost savings and TSO services) shown in percentage.
The reference case considered is the High Demand customer type with the
Social EV use case — this use case has the least EV utilisation level for

transport needs.

Case 8: Contract service volume (compared to 3 kW)

Change Impact | Comments

5 kw +67% Higher energy costs and so the annual energy cost savings
will be lower than the reference case

7.5 kW +150% | Annual energy cost is higher than the baseline case due to
increased energy imports to meet DSO service needs

Case 9: Weekly tender success probability (compared to 75%)

Change Impact | Comments

50% success probability -33% As DSO service subscription increases, this has an impact
on likelihood of being able to secure a DSO service

25% success probability -67%

contract

Case 10: Service tariff

Change

Impact

Comments

50% reduction

-50%

As market liquidity improves, a competitive procurement
framework will be implemented which will have a downward
pressure on the tariffs

Case | I: Days of week for service need (compared to 5 weekdays only)

Change Impact Comments

3 days (M/T/W) or (T/W/F) -40% Days of week for which demand response service is needed
varies across CMZs and also changes depending on the

7 days (incl. wknds) +40% month/season

Case |2: Alternative DSO service stacks' (compared to SECURE (W) Profile | ‘Narrow’)

Change Impact | Comments

SECURE Profile | ‘Narrow’ Equal amount of DSO service revenues from Summer and

- Summer and Winter +113%? | Winter season for service stack assumed. Depending on

- Summer only +7%?2 seasonal changes in property consumption patterns and EV
transport patterns, a seasonal revenue strategy could be
employed to optimise value accrual

DYNAMIC Profile | ‘Narrow’ Although the utilisation payments for the DYNAMIC

- Summer and Winter +77% service is higher than the tariff (availability + utilisation) for

- Summer only -11% the SECURE service over a single day, due to likelihood of

- Winter only -17% EV of not being dispatched on some days, overall the
SECURE service is more lucrative than the DYNAMIC
service for a similar service profile

DYNAMIC Profile | ‘Wide’ 20% utilisation probability resulting in low utilisation

- Summer and Winter -70% payments. Also, the availability tariff for the DYNAMIC

- Summer only -94% service (for the low utilisation probability) is not high

- Winter only -80% enough to incentivise pursuing this service stack
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FINDINGS

* Value from peak shifting is sensitive to consumer type: Based on current

wholesale cost profiles and network charges, savings from peak shifting is a
smaller component of the overall value stack compared to ancillary services
revenues. The property demand and consumption patterns, as well as surplus
solar available at the property, have a high degree of sensitivity on cost savings
that can be achieved.

Value from peak shifting tempered by additional energy imports for
ancillary services: The additional energy cost for providing ancillary services has
a material effect of reducing the savings in energy costs from peak shifting. In
some cases this can be higher than the annual savings in energy costs.

Low demand/EV utilisation customer types are only attractive for DSO
services: The value opportunity from peak shifting and smart charging is low for
customer types with low demand and low EV utilisation levels, and the value stack
is heavily reliant on DSO services. For such customer types, if DSO service
opportunities are not available, then there is little benefit from co-ordinated FLEX
at the household level. Moreover, if the EV is available for most of the time during
the evening peak period, then with the EV by itself performing peak-shifting, an
ESS would not be needed for such Low Demand consumer types (unless DSO
services are available and pursued).

ANCILLARY SERVICES

* Value from DSO services can be lucrative but is extremely location
sensitive: DSO services form a key part of the value stack, but are subject to
large variance in value depending the local network constraints and service need.
WPD’s SECURE service offers better value over the year compared to the
DYNAMIC service; although the latter has a higher utilisation tariff, the likelihood
of utilisation is lower. The right kind of DSO service opportunities appropriate
for the domestic portfolio would need to be pursued. If otherwise, revenues
from DSO services are not attractive.

* Co-ordinated FLEX can help maximise value from DSO service
opportunities: A household or a portfolio being able to offer a higher volume
with co-ordinated and combined FLEX from the suite of ESS and EV available
would be able to maximise value.

* FFR is a less attractive value proposition: FFR is a small portion of the value
stack, and so may not be worth pursuing given metering, testing and associated
administration costs unless the entry requirements are streamlined.

LOAD REDUCTION AT HOUSEHOLD LEVEL
* Large untapped benefit to the DSO from domestic FLEX: Loads can be

limited to ~33% of the 14 kW fuse limit at a property level without compromising
household consumption behaviour and savings that can be achieved (based on
half-hourly average loads). There is a notable potential for using residential
consumers to manage peak loads on the network.

BATTERY SIZING

* Not more than 3 hour energy capacity duration: A battery with energy
capacity duration longer than ~3 hours does not offer any notable increased
benefit for domestic FLEX at the property level (unless a service duration longer
than 2 hours is sought by the DSO).

* Optimise battery energy capacity to reduce CAPEX: A battery with a
smaller energy capacity duration can be used if EV utilisation is low and is available
more often during times when FLEX is provided (peak-shifting and DSO services).

* Inverter power driven by ancillary service volume: The DSO service
volume that can be offered is a key driver for selecting the power rating of the
battery inverter beyond the minimum level required for peak-shifting.
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RECOMMENDATIONS

ECONOMIC BENEFITS

[for ASSET OWNER,AGGREGATOR, PROPERTY OCCUPANT]

£260 Domestic FLEX is a notable value opportunity — up to
£260 p.a. per household may be possible under best
p-a. conditions.

Select customers strategically: There is significant variance in potential value
from domestic FLEX across different customer type / EV use case combinations,
with some customer types offering a higher value opportunity to maximise FLEX
benefits over others.Targeting the right kind of consumers in the right postcode
with the desired energy and EV use behaviour would be key to maximise value.

Small clustered portfolios: Route-to-market for domestic DSR is expected to
be through aggregation. Larger portfolios will need to be clustered into smaller
subgroups (properties within a specific postcode) to target hyper-local DSO
services.

Understanding local DSO service opportunities: Constraint management
and demand response service needs for the DSO varies across the network, and

impact on DSO revenues is high if the right service opportunities are not pursued.

Early mover advantage: Ongoing regulatory reform on network charges, and
anticipated downward pressure on future DSO tariffs means an uncertain outlook
on future revenues. Fast movers capitalising on the current opportunities available
will benéefit in the long run.

NETWORK BENEFITS

[for DSO]

Domestic FLEX offers material peak load shifting potential

35-409% | for the DSO — between 35-40% reduction in peak loads on

the network compared to the Baseline Case (based on half-
hourly data).

* Incentivise optimisation of EV charging times: Although the recent

Department of Transport’s EV Smart Charging consultation prescribes a default
smart charging mode, this is not mandated for domestic charge-points and can be
manually over-ridden.There is significant benefit to the network from optimising
EV charging times and rates of charging, however, existing time-of-use network
charges are not visible at the household level so don’t provide a strong price
signal to incentivise this behaviour, which is at risk of being weakened further
through the ongoing network charging reforms.

Portfolio co-ordination approach delivers value: Co-ordinated FLEX
between LCT assets at a single property level is demonstrated to be able to
provide value to the DSO through peak-load reduction and demand response for
constraint management.There is however the risk of individual users optimising
their consumption behaviour to the same price signals creating new peaks on the
network.There is currently no price signal that incentivises portfolio co-ordinated
FLEX to deliver network benefits. Co-ordinated FLEX at a portfolio level is one
solution to deliver the desired outcome for the DSO.

0° o
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FURTHER RESEARCH

The technoeconomic modelling suggests a need for subsequent research/action in
the following areas.

Develop model to adopt stochastic portfolio view. Everoze’s approach
under the MADE project has been to model value at an individual household
level. The next step is to adopt a probabilistic portfolio approach to ensure
optimal asset dispatch and manage uncertainties.

Validate and elaborate model through real world trials. The model
should be refined, developed and challenged based on empirical data from trials
of households with multi-LCT systems installed. For instance, it would be
important to probe energy service and mobility requirements in greater detail.

Ensure real life trial collates higher resolution temporal data: Current
modelling is based on half-hourly metered data. This averaging has the effect of
dampening short-duration peaks within the half-hourly period. It is
recommended to secure meter data at a more granular temporal resolution to
reach a more accurate view on the extent to which domestic FLEX can reduce
peak loads on the network.

Develop model to assess project internal rate of return (IRR) not just
value. Everoze’s approach has excluded asset capital or operating costs and so
‘value’ as used in this report does not imply life-cycle value. The next
recommended step is to create a rounded economic perspective inclusive of
capex and all opex. This will then determine the overall economic viability of
domestic flex to provide DSO and other services.

Streamline TSO requirements to ensure participation is worthwhile.
TSO services are shown to deliver a relatively small contribution towards the
overall value stack. As a result, if domestic FLEX participates in providing these
TSO services, it is particularly important that metering, testing and other
administrative requirements are streamlined, to make participation worth it.

Assess predictability of consumer behaviour further. Everoze’s approach
assumes perfect foresight of consumer behaviour, and thus represents an upper
bound on value that can be captured. A later model iteration could be
developed which addresses uncertainties in this area.

Review value stack again as DSO services transition towards a
competitive tender. At present, WPD is setting prices for its DSO services.
When WPD transitions to competitive tender, it is possible that price reduction
will be experienced; this might then amend Everoze’s findings.

Address the regulatory barriers to providing domestic FLEX. Everoze
has assumed that markets are open to domestic FLEX without friction. This is an
oversimplification; regulatory barriers should be explored and addressed.
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CONSUMER LOAD PROFILES
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The graphs show the consumer load data used in the modelling for each customer
type as provided by Delta-ee.The data does not included any electric heating loads.

The consumer load data are drawn from the ‘Powering the Nation’ dataset and are
provided as a representative weekday and weekend for each month of the year,
yielding 24 usage consumption patterns for each customer type.These 24
representative consumption patterns are used to generate a half-hourly consumption
pattern for a full year for use in the modelling. The total annual consumption
(excluding space heating loads) for these consumers are as follows:

* Low heating and electrical demand: 1,731 kWh per year
* Medium heating and electrical demand: 4,602 kWh per year
* High heating and electrical demand: 5,678 kWh per year

Delta-ee has identified the following limitations in using the ‘Powering the Nation’
dataset:

* Although the dataset includes 250 homes, only 30 homes were monitored for a
full year with the rest of the homes monitored for between | to 2.5 months. This
had resulted in anomalous step-changes in the consumption profile from month
to month due to unrepresentative homes being included in the dataset for some
months and not others. Delta-ee has performed some data processing to remove
consideration of such unrepresentative properties.

* Due to data protection considerations, the dataset does not allow fewer than four
homes to be viewed to present an average sample. Delta-ee has considered as
small a sample as possible for the customer types to minimise ‘peak flattening’ due
to averaging across a sample dataset.

Nevertheless, the dataset is deemed to be of sufficient quality for the purposes of
feasibility modelling.
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ASHP LOAD PROFILES
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The graphs show the ASHP electrical load data used in the modelling for each
customer type. These data are an output from the hybrid heating system
optimisation completed by PassivSystems based on 2018 heating profile data for a
selection of homes from the Freedom Project.

Data for 10 homes were provided, and following discussions with PassivSystems, the
following homes were used for the three customer types:

* Low heating demand: Home #10; 1,360 kVWh per year (ASHP) and 9 kWh per
year (gas boiler)

* Medium heating demand: Home #01; 3,065 kWh per year (ASHP) and 186 kWh
per year (gas boiler)

* High heating demand: Home #05 (with an altered home occupancy schedule
assuming day-time occupancy); 5,400 kWh per year (ASHP) and 392 kWh per
year (gas boiler)

The data from the three homes considered for modelling are for different heat pump
manufacturers — Mastertherm, Samsung and Daikin.

The hybrid heating system optimisation was performed against half-hourly electricity
price based on the cost of energy data (as described in a subsequent slide). The data
shows little ASHP operation during the evening peak periods where the cost of
energy is high.

Where there is a limit on import capacity for ASHP operation, the ASHP loads are
replaced with gas boiler to deliver an equivalent amount of heat output.The
replacement gas cost is calculated assuming a gas price of 7.22p per kWh and a
boiler efficiency of 85%.
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Note on the graph data: The individual settlement period consumption values are randomly spread across the settlement period they fall in so the data appear more spread in the horizontal axis than in reality.
This has been done to provide a better visualisation of the data so they are not all aligned in narrow lines in the middle of the settlement period.
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SOLAR PV AND GENERATION PROFILE
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Clip-arts used courtesy of Delta-ee’s Customer Segmentation note, May 2019

The graph shows the solar PV generation pattern used in the modelling. The data
shows the generation measured on the AC side of the inverter. A normalised
generation pattern was used in the modelling and the solar PV generation for each
customer type was scaled depending on the installed solar PV capacity specific to
that customer type.

The normalised generation pattern data is sourced from the 2018 solar PV
generation data provided by PassivSystems for a selection of 16 homes in the South
Wales region. These properties have different installed capacities (|-4 kVVp), azimuth
orientation and tilt angles. These properties have capacity factors ranging between
6%-12%.

The generation profile for Home #06 (2 kWp installed capacity, 180 degree azimuth
orientation and 35 degree tilt angle) was normalised against the installed solar PV
capacity to generate the normalised generation pattern in kWh per kVVp installed
capacity. This property has a capacity factor of | 1% which is in line with the typical
level expected for a roof-top solar installation.

The data set had a number of half-hourly settlement periods where no data were
recorded, more for some homes than others. Home #06 had |8 such records, largely
towards the end of the generation period during the day and so did not materially
affect the generation pattern. Everoze has assumed the generation to be zero during
such affected periods. Given the small number of affected half-hourly periods for the
assumed data set and the timing of the affected records, this does not materially
affect the modelling results.
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Note on the graph data: The individual settlement period consumption values are randomly spread across the settlement period they fall in so the data appear more spread in the horizontal axis than in reality.
This has been done to provide a better visualisation of the data so they are not all aligned in narrow lines in the middle of the settlement period.
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EVTRANPORT PATTERN (1/2)

Time of day

0O I 2 3 4 5 6 7 8 9 I01I 1213 14 1516 17 18 19 20 21 22 23

The images show the EV transport pattern used in the modelling for each customer
type as provided by Delta-ee. Delta-ee has noted that the transport patterns are
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Mon informed by National Transport Statistics (2018 update) as well as BEIS CP data.
Tue Similar to the customer load data, the transport pattern data are provided as a
Wed representative weekday and weekend profile, which is then applied across the full
::ur year for modelling.
Sat The shaded areas represent times when the EV is available on the driveway / is not
Sun being used, and unshaded areas represent times when the EV is being used for

Social EV use case - Low EV usage level transport. Everoze has assumed that when the EV is available on the driveway, it is

Time of day also connected to the EV charger. The charging pattern considered is a smart
2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 2| 22 23 charging strategy.
:lj: The images show the EV availability in one-hour windows, and the time of day shown
Wed is the time at the start of the corresponding one-hour block.
Thur Three transport patterns with corresponding levels of EV usage are considered to
E:t provide a representative spread of the customer types:
Sun * Commuter with high EV utilisation —Weekday commute to work, and weekend
Parent EV use case - Medium EV usage level visits to friends and family
Time of day * Parent with moderate EV utilisation — Parent with school run, high-intensity social
o I 2 3 4 5 6 7 8 9 I0 Il 1213 141516 17 18 19 20 21 22 23 use multiple times during the day
Mon * Social with low EV usage — Low-intensity utilisation — three to four times a week
Tue (one to two evenings)
Wed
Thur The mileage assumptions and EV state of charge assumptions used in the modelling
Fri are shown on the next page.
Sat -
Sun 00
Commuter EV use case - Heavy EV usage level O O
everoze
O O
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EVTRANPORT PATTERN (2/2)

Mon
Tue
Wed
Thur
Fri
Sat
Sun

Mon
Tue
Wed
Thur
Fri
Sat
Sun

Mon
Tue
Wed
Thur
Fri
Sat
Sun

0O I 2 3 4 5

2 3 45

2 3 45

Time of day
10 11 12

The table below shows the mileage assumptions and EV state of charge assumptions
used in the modelling, which has been informed by Delta-ee’s customer research
undertaken as part of the MADE Project.

6 7 8 9 13 14 15 16 17 18 19 20 21 22 23

Monday 7.12 miles for 5 mile school run, 25 mile commute
sociallevening activity 14.24 miles for visits to the
shops, and other activities
Tuesday - 5 mile school run, 25 mile commute,
Social EV use case - Low EV usage level 7.12 miles for visits to the 10 miles for other
shops, and other activities sociallevening activity
Time of day
6 7 8 9 10 I1 12 13 14 15 16 17 18 19 20 21 22 23 Wednesday - 5 mile school run, 25 mile commute
10.68 miles for visits to the
shops, and other activities
Thursday 7.12 miles for 5 mile school run 25 mile commute,
sociallevening activity 10 miles for other
sociallevening activity
Friday 7.12 miles for mid-day visit 5 mile school run, 25 mile commute
to the shops 14.24 miles for visits to the
Parent EV use case - Medium EV usage level shops, and other activities
Time of day Saturday - |4t2‘;r mile:hf(t); Sa:ﬁ’:;jay ;3tm2es for shoppingit an;i
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 qctvities With e chiidren aturday afternoon activity
Sunday 40 miles for visit to friends - 40 miles for visit to friends

and family and family

A mileage efficiency of 4 miles per kWh has been assumed as advised by Delta-ee.
No seasonal variation in efficiency (taking into account effect of hot/cold ambient
temperatures on EV battery efficiency) has been considered in the modelling.

It has been assumed that the EV is charged up to 100% state of charge for the start

Commuter EV use case - Heavy EV usage level of the following day.
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TECHNICAL ASSUMPTIONS FOR EV AND ESS (1/2)
Stationary Storage (ESS) Electric Vehicle (EV) The technical parameters of the stationary storage (ESS) asset and the EV used for

modelling are shown in the table here.The energy capacity and rated power of the

tJas::clie'zcyenergy 10lWh 33 kWh ESS assumed are based on a commercially available Sonnen battery'. The EV battery
usable capacity and charger power assumed are based on the largest model of cars
Rated power 3.3 kW (inverter power,AC) 7 kW (charger power,AC) in the Electric Nation data set.
Allowed state 5% to 100% of usable energy 20% to 100% of usable energy Everoze has assumed a floor limit for the ESS and EV, state of charge below which
of charge range  capacity capacity the battery is not discharged for FLEX. This is to preserve battery life, and in the
Round-trip 88% 85% case of the EV, to maintain a ‘buffer’ charge level at all times for short trips.
Sy Everoze has not considered any limitation of charging power for the EV at higher
SITE CONSUMPTION PROFILE FOR A SAMPLE MODELLED DAY levels of state of charge. In reality, it would be expected that at higher levels of EV
5 battery charge levels, say beyond 80% state of charge, the EV would be charging at a
_Efzzllze Case Net Consumption reduced power level (operating in constant voltage charging mode). This variable
4 o A charging power at higher state of charge levels has not been considered in the
= _Srz?i:z'sed Case Net Consumption Everoze modelling. As a result, it may be the case that the EV is under charge mode
E 3 ~ for longer and therefore is available for fewer HH settlement periods during the
\S/ 5 night time for provision of other services (such as FFR — provided in a co-ordinated
.é manner with the ESS).
% I For the optimised case, with a view to minimising the impact of EV charging loads on
; 0 the network, Everoze has assumed a 50% de-rating on the EV charging power to
T I 3 5 7 9 11 1315 17 19 21 23 25 27 29 31 7 39 4] 43 45 47 consider a managed ‘smart charging’ scenario.This means the EV will be in charging

mode for more HH settlement periods compared to the base case, however the

- impact of EV charging loads on the network is vastly reduced.
2
Settlement Peri The ESS and EV round-trip efficiency assumptions are informed by Everoze

EV charging during night ESS charging during night time is limited to happen experience. No asset downtime assumptions have been used, and the ESS and EV
time is limited to happen between 4:30am up to 7:30am. Additionally, ESS (when connected) are considered to be fully available during the year.
between |2am up to pre-charges for one SP ahead of commencement
4:30am of the FFR delivery periods
everoze
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TECHNICAL ASSUMPTIONS FOR EV AND ESS (2/2)

Stationary Storage (ESS) Electric Vehicle (EV)

Usable energy 10 kWh
capacity

Rated power 3.3 kW

SITE CONSUMP

.

33 kWh

(inverter power, AC) 7 kW (charger power, AC)

Allowed state 5% to 100% of usable energy 20% to 100% of usable energy
of charge range  capacity capacity

Round-trip 88% 85%

efficiency

TION PROFILE FOR A SAMPLE MODELLED DAY

e Baseline Case Net Consumption

Profile

4
. e Optimised Case Net Consumption
= 3 Profile
£
c
S 2
)
o
£
2 |
c
(o}
O
I o0
L I 3 5 7 9 Il I3 I5 17 19 21 23 25 27 29 3l 7 39 41 43 45 47

Settlement PerT

EV charging during night
time is limited to happen
between |2am up to
4:30am

ESS charging during night time is limited to happen
between 4:30am up to 7:30am. Additionally, ESS
pre-charges for one SP ahead of commencement
of the FFR delivery periods

The Electric Vehicle Smart Charging' consultation published in July 2019 sets out a
few proposed operational requirements for system security reasons.A summary of
the requirement as set out in the consultation paper is included in italics with
Everoze comment on modelling assumption in non-italicised text:

I. Randomised delay of up to 10 minutes on charge-points which can be overridden if
providing ancillary services such as FFR — as the modelling resolution is 30-minute
periods, this randomised delay function has not been considered in the modelling

2. Minimum charging current/power when vehicle is connected to charge-point and is
charging, except for when the EV is providingV2G services — a minimum charging
power is not considered in the modelling

3. Default installation mode (not mandated, with manual override) for home charge-points
where charging is delayed until a specific off-peak time (say midnight to 6am) — this
has been considered in the modelling where EV charging (for transport needs
and for FLEX) is not done before |12am

Additionally, time windows for ESS and EV charging have been considered in the
optimisation modelling such that the ESS and EV are not set to charge at the same
time therefore avoiding the impact of cumulative charging loads on the network.The
time period limits considered are shown on the graph to the left.
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COST OF ENERGY
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0.1

0.1 ~

12pm

4am 8am 12pm 4pm 8pm

+ Individual HH period cost of energy

12pm

Prominent peak in the cost of energy
during evenings — there is both inter-day
as well as intra-day variance. This is
attributable to the differences in DUoS,
TNUoS and CM supplier charging

Time-of-use cost of energy profile - Weekday

4am 8am 12pm 4pm 8pm

+ Individual HH period cost of energy

Weekends have a smaller peak during
evenings

Time-of-use cost of energy profile - Weekend

The cost of energy (ie., the wholesale energy price plus network charges plus non-
energy charges) is used as the price signal for the customer energy cost. A half-
hourly timeseries for a full year has been used in the modelling, and is made up of
the following components:

* Wholesale market price: the 2018 hourly day-ahead price obtained from publicly
available sources

* DUoS charges: charges for LV Network Domestic tariff class from the most
recent WPD South Wales charging statements (April 2020 — March 2021) has
been assumed.To capture the change in DUoS charges in a given calendar year (as
DUOoS charging year commencing in April), the 2019/20 charges for Jan-Mar and
the 2020/21 charges for Apr-Dec have been assumed.

* TNUoS charges: published NHH tariffs for the South Wales TSO charging zone
has been used. Similar to the approach taken for the DUoS charges, to capture
the change in tariffs from April in a given calendar year, the published 2019/20
charges for Jan-Mar and the NGESO forecast for 2020/21 for Apr-Dec have been
assumed.

* BSUoS: From NGESO published charges for 2018 (for each HH settlement
period)

* CM supplier costs: Assumption of an operational/settlement costs rate of
£0.03/MWh and CM supplier charge of £89.87.MWh (for winter evening peak
only).

* Other costs, renewables levies,VAT — Assumption based on Eurostat data
provided by Delta-ee.The values for the customer demand band “TOT_KWH’ has
been used.

For energy export, it is assumed a tariff similar to the ‘Octopus Agile’ tariff is
available for the property.The value of export (surplus solar generation and ESS/EV
net export to the grid) is therefore assumed to be the wholesale energy price.

everoze
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Note on the graph data: The individual settlement period consumption values are randomly spread across the settlement period they fall in so the data appear more spread in the horizontal axis than in reality.
This has been done to provide a better visualisation of the data so they are not all aligned in narrow lines in the middle of the settlement period.



DSO SERVICES (1/2)

SYSTEM NEED AND SERVICE PROFILES

These system need profiles have been developed based on the DSO service need identified in
WPD’s 2019 Phase | ITT for demand response services across the various CMZs, and the same
has been discussed with WPD to confirm they are sensible assumptions for developing scenarios.

Time of day
0O I 2 3 4 5 6 7 8 9 1011 1213 1415 16 17 18 19 20 21 22 23

s mmer 1

Profile | (Narrow') - Summer and Winter

) WD
Winter
WE

Constraint and system need across all months for the respective season: Summer — May to Oct
(3:30pm to 7pm), and Winter — Nov to Apr (3:30pm to 7pm). This is only during weekdays.
WPD advise that the SECURE service will typically be contracted for this type of system need,
but also notes that the DYNAMIC service may be contracted in some instances.

Time of day
0O I 2 3 4 5 6 7 8 9 1011 1213 141516 17 18 19 20 21 22 23
Summer D
_wo I
Winter
WE

Profile 2 ("Wide') - Summer and Winter

Constraint and system need across specific months during the respective season: Summer — May
and June (8am to 9pm), and Winter — Nov to Feb (7am to 7pm). This is only during weekdays.
WPD advise that the DYNAMIC service will typically be contracted for this type of system need.

For both profile types noted above, services would be contracted for Summer and Winter
season separately, and not all CMZs will have a requirement during both Summer and Winter
seasons.

DSO services are hyper-local and WPD’s requirements for demand response across
its Constraint Management Zones (CMZs) vary i) seasonally / months of the year, ii)
day of the week, and iii) time of the day.Therefore it is not reasonable to assume a
‘generic’ service profile for modelling purposes as the network need varies from
location to location.

To accommodate the variability in network constraint and service need across
WPD’s South Wales region, Everoze has defined a few system need profiles with
WPD’s inputs. Depending on the network need,WPD either procures the SECURE
service or the DYNAMIC service. Considering the four system need profiles (one
per season), Everoze has drawn a number of DSO service stack scenarios as
described below:

System need DSO Tender Utilisation
scenario Service success rate' | probability rate!

Summer and Winter

2 Profile | ‘Narrow’ Summer only SECURE 75% N/A
3 Winter only

4 Summer and Winter

5 Profile | ‘Narrow’  Summer only DYNAMIC 75% 80%
6 Winter only

7 Summer and Winter 20%
8  Profile 2 ‘Wide’ Summer only DYNAMIC 75% 5%
9 Winter only 20%

Scenario #3 is considered in the main seven modelling cases. The other scenarios
#1,#2 and #4 to #9 have been considered in the sensitivity analysis for a specific
reference case.
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DSO SERVICES (2/2)

SYSTEM NEED AND SERVICE PROFILES

These system need profiles have been developed based on the DSO service need identified in
WPD’s 2019 Phase | ITT for demand response services across the various CMZs, and the same
has been discussed with WPD to confirm they are sensible assumptions for developing scenarios.

Time of day
0O I 2 3 4 5 6 7 8 9 1011 1213 1415 16 17 18 19 20 21 22 23

WD

s mmer 1

WE
WD

Winter 1

Profile | (Narrow') - Summer and Winter

Constraint and system need across all months for the respective season: Summer — May to Oct
(3:30pm to 7pm), and Winter — Nov to Apr (3:30pm to 7pm). This is only during weekdays.
WPD advise that the SECURE service will typically be contracted for this type of system need,
but also notes that the DYNAMIC service may be contracted in some instances.

Time of day
0O I 2 3 4 5 6 7 8 9 1011 1213 141516 17 18 19 20 21 22 23

Summer . emE @
WD N
Winter
WE

Profile 2 ("Wide') - Summer and Winter

Constraint and system need across specific months during the respective season: Summer — May
and June (8am to 9pm), and Winter — Nov to Feb (7am to 7pm). This is only during weekdays.
WPD advise that the DYNAMIC service will typically be contracted for this type of system need.

For both profile types noted above, services would be contracted for Summer and Winter
season separately, and not all CMZs will have a requirement during both Summer and Winter
seasons.

A minimum 2 hour service delivery is required by WPD for demand response, and
for modelling purposes, Everoze has assumed the assets to provide FLEX response
for no more than this minimum 2 hour requirement.

For each of the DSO service stack scenarios, Everoze has assumed that the site will
be dispatched for demand response during 4pm to 6pm coinciding with periods
where the network loads are highest. A contract service volume of 3 kW is
assumed for the DSO service stacks.

WPD pays an availability payment and a utilisation payment for the DSO demand
response services.The tariffs are currently set by WPD — the following tariff
assumptions are used in the modelling (as discussed with WPD):

SECURE £125 per MW per hour £175 per MWh
DYNAMIC £5 per MW per hour £300 per MWh

Everoze has made the following assumptions with respect to contracting for the
SECURE and DYNAMIC services

» SECURE: It is assumed that service availability is declared and is scheduled by
WPD for the two hour period noted above. Availability payments are made for
this two hour period with utilisation payments made for the energy volume
provided during the contracted period.

* DYNAMIC: It is assumed that service availability is declared and the site is armed
by WPD over the full period of service need. DSO dispatch instruction is assumed
to be received during the two hour period noted above. Availability payments are
made for the full period of service need, with utilisation payments made for the
energy volume provided during the 2-hour dispatch period.
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