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Our Modelling Methods publication is just one of a suite of documents we produce as part of ouukeit
Energy Scenarios (FES) process. A huge amount of work including modelling, analysis and
interpretation goes into the production of the maimlocument. For ease of usere only highlight
significant changes to our modelling methods in the main FES docurhélongside this publication we
have theScenario Frameworkhat details all the assumptions and levers that are used as input into our
models. OurData Workbookcontains all the outputs from the numerous models; the detailed tables,
graphs and chartsWe also publish a summary documeRES in- 5 and our FAQs. For more

information and to view each of these documents visit our website

Data Key

Workbook Changes
Future Energy Modelling Scenario Regional FESin5
Scenarios Methods Framework breakdown

As our modelling continues to evolveve will update this document to reflect those changes, ensuring
our latest methods, models and techniques are shared. As with our other FES documents we welcome
your feedback, please contacslat:fes@nationalgriésocom

The keys to the process charts used in this document are summarised below

[ Input ] Module Submodule Intermediate
otitnnt

Covid-19 will impact many aspects of the future of energy. However, the uncertainty and lack of
evidence at the time of analysis means that it has not been included in FES20. The impact of Q8vid
will be discussed with stakeholders in theecord half of 2020 and will form part of FES 2021.

We include a Five Year Forecast within thEES documenand DataW orkbook. This is developed

di fferently to the scenari os. 't repr etheegort-s t he ESO6
term. In most cases, key levers or assumptions are in the middle of the scenario range. The scenarios

then reflect uncertainties around this view, projecting beyond the first five years all the way out to

2050


https://www.nationalgrideso.com/future-energy/future-energy-scenarios
https://www.nationalgrideso.com/future-energy/future-energy-scenarios
file:///C:/Users/maria.tolokonskaya/OneDrive%20-%20National%20Grid/Modelling%20methods/fes@nationalgrid.com
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This section desébes the methods used to model energy demand. Energy demand modelling is split
into five components

Electricity demandoverview.
Gas demanaverview.
Industrial and commercial demand

Residential demand

a > D oE

Road transport demand

Future projections for annual and peak are created using forecasts and assumptions from other FES
models e.g.

1 Industrial and commercial demands

1 Residential appliances and air conditioning
1 Heat and district heatand
il

Road and rail trarsport

Annual demand

In the FES document AConsumer Viewo chapter, we cons
where (transmission, distribution or on site) the electricity is generated. Demand is weather corrected to

seasonal normal for annuals. Mooger, it does notinclude losses, exports, station demand, pumping

station demand or other forms of storage demand. Annual losses data is in the FES data workbook.

When we illustrate residential, industrial and commercial, heat and transpa@mponents we have not
assignedhe distribution or transmission losses. We estimate these losses at the system level to average
around eight per cent. Where annual electricity demands are discussed, it is normally given in financial
year.

We do not have drect information on the makeup of demand so these components have to be
estimated.

The Department for Business, Energy and Industrial Strate®FE(S publishes monthly saleslata for
residential, industrial and commercial demand and this forms the basi®ur demand estimates. For
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ead annual FES, the latest Energy Trends dataiggdand this frequently brings small revisions to
history.

The Energy Trends residential annual data is annually weather corrected, using information from
Elexon.

Industrial and commercial demand is assumealhake up the remaining underlying demand and is
split using ratios from Energy Trends.

Estimated losses are calculated from internal data sources and may differ from other publications.

Demand components historic
We calculate underlying historic demanas follows:

1 We start with National Grid transmission system data. We take GB historic, weather corrected,
meteredi Nat i enmadd . DThi s is the total demand seen from
network, excluding interconnector exports, station demandnd pumping demand

1 Weather corrected data is published iime Electricity Ten Year StatementETYS! and the FES
data tables

T Out-t urn ANati onal Demandod dédta is published on our

1 We then add an estirate of the output from nontransmission generabon, by taking our view of
capacity of distribution connected generation, including an estimate for those that are
individually <IMW in size.

9 Output across the yeaand at the time ofpeakdemand relative tathe installed capacity (i.eload
factor) for these aralerived from a number of source

9 In house data (half hourly transmission generation, solar and wind data);
i ElectralLink;

I The Digest of UK Energy Statistics (DUKESand

1

Datasets purchased from thirgarties.

To get historic peak demands for theomponents of demand:

1 We take annual, weather corrected, Energy Tends residentiamanddatg

I We create a peak using weather corrected residentiaimanddata from Elexon
1 The remaining peak demand igssumed to be industrial and commercjand
il

Remaining peak demand is split using Energy Trends proportions



https://www.nationalgrideso.com/insights/electricity-ten-year-statement-etys
https://www.nationalgrideso.com/balancing-data/data-finder-and-explorer
https://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes
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Demand component$ summer

Summer minimum demands (looking at minimum underlying demand on the system and the impact of
solar) are created in amiilar fashion to peak. The differences are:

Summer demands take observed historic demand as a start point
Solar generation has a significant effect on demand as installed capacities increase

No demand side response is currently assumed due to little infation on summer behaviour,
particularly demand turn-up.

Sorage is modelled as demand, rather than generation, at times of system minimum demand

A small increase in summer minimum demand for additional residential air conditioning load due to
the potential impact of climate change is added to FES demafuatsilustrative purposes. For

instance, this was just under 1GW by 2050 in the period 1pPpm in our Steady Progression
scenario in FES20. We will model aonditioning in more detail in future publications once we

have sufficient quantitative evidence

[ Residential H Commercial } [ Industrial ] [ Transport } { Fydrogen ] [ Power ]

conversion generation

Underlying GB gas demand

Figure 1. Total annual demand is underlying GB demand plus losses, shrinkage, and exports via
Interconnectors

The annual gas demand is defined as theaiotocal Distribution Zone (LDZ) consumption, plus th

consumption at sites that are directly connected to the National Transmission System (NTS). Total GB

annual gas demand includes gas exported to Ireland via the Moffat interconnector and exports to the

continent via Interconnector UK. In the energy demathsection of the FES document, demand only

refers to underlying GB demand (excluding interconnector exports) whereas in the supply section gas

supplies are matched to total In view of experience fromthest Mar ch 2018 ABeast from
extreme cold weather events could still occur on a fairly regular basis even in a warming climate. It was

agreed that it is more appropriate to use the naimate change adjusted weather data for modelling

peak demad whilst we continue to use the adjusted data for melling average demand.

Our hybrid heat pump modelling capability uses insight from the FREEDOM Projétd more
accurately represent the upturn in gas demand by these appliances in the winter periodthan impact
on peak gas demand.



https://www.westernpower.co.uk/projects/freedom

nationalgrid=S0

Total underlying GBgas demand is put together by modelling the following individual gas demand
components: residential, commercial, industrial, transport and gas for power generation. These
components are separated into demand which is connected at disttion and transmisi®n level. We
also model the gas demand required for the conversion to hydrogen where is this is appropriate to the
scenario.

Exports to Ireland and continental Europe as well as NTS and LDZ shrinkage are added to underlying
GB demando gain total gas dmand. The scenario forecasts for Irish exports are based on Gas Network
Il rel andds Net wor k Treveriad thee mexteld yteap®ibda To caved theBperiod from
then until 2050, we use some regression analysis in the shorter term, and thenlinenassumptions on
alignment with decarbonisation targets and development of Irish gas demand with indigenous supply
forecast data.

Gas demand for power station generation is derived from the paBuropean BID3 generation dispatch
tool which produces an harly dispatch for the GB electricity system. This is covered in more detail
within the electricity supply section.

annual gas demand (includg interconnector exports). Losses, and gas used for operating the system,

(commonly referred to as shrinkage) aiacluded at the total system level. All values are weather

corrected where appropriate to ensur theresalts.dPeak 6t al | ow
gas demand is calculated for aid-20 day, as described in our Gas Demand Forecasting Methoddlog

but with the following updates:

In consultation with the Gas Distribution Networks, we have used a natiimate change adjusted
weather history for forecasting undiversified peak-lin- 20 demand at LDZ level.

This has come about @015 it was recogried that weather data associated wikiistorical gas
demandshould be adjusted to account for global warminghis gave rise to using clinta adjusted
weather history. However, more recently, it has been recognised that peak demands do not follow the
sameassumption because extreme weather variations remain, or even increase, with global

warming. For this reasonthe total annual demand uskdoes not take climate change into account. The
climate change impact comes into play in how the demand is spreadfipes across the year.

Gas for Hydrogen conversion

Natural gas use for hydrogen conversion is modelled from the total hydrogen demandesfhom across

our heating, transport and generation demand modelhe source of the hydrogen ibased on FES2020

framework assumptionsvhich are in turn informed by the research and stakeholder engagemerg

conduct ahead of each FES. Once we know how chuhydrogen is needed, and how it is assumed to be

produced, we can work out the natural gas required to produce thigdrogen. For hydrogen supplied

through methane reformation processes, a projected conversion efficiency combining process efficiency
andshrinkage from the plantds own use fuel determines

Our industrial and commercial (I&C) demand model, ARUP, forecasts gas and electricity demand for 24
sub-sectors of I&C activity including offces, hotels, retail, agriculture, manufacturing, construction and
high intensity production processing.



https://www.cru.ie/wp-content/uploads/2018/12/CRU18269a-GNI-Network-Development-Plan-2018.pdf
https://www.nationalgrid.com/sites/default/files/documents/8589937808-Gas%20Demand%20Forecasting%20Methodology.pdf
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The primary part of the model, Macroeconomic Module (MEM) uses regression analysis, where
economic output and energy prices are the principal explanatarariables. Once these two variables are
determined, they feed into the second module, Energy Demand Module (EDM)dTeconomic
scenarios comprised of 24 individual sudector output forecasts, and one retail energy price from
Oxford Economics were usedtcreate energy demand for the industrial and commercial sectors.

Split demand
by fuel type

Economic Embedded
/," activity ¥ Total energy - generation . =

> MEM EDM —+ demandby — ETM - 4 investment
ry sector rYy e
. Energy “ Energy Efficiency |~ decisions
Levers prices measures
Capital
constraints

Relationship T
between histaric a
demand and inputs Savings/Fuel switch §
due to embedded SRR
generation Impac

Commodity
prices

Fixed assumptions

Energy prices

~,

A

Individual demand
for each sub-sector

Aggregation

Figure2: ARUP model f@ industrial and commercial demand

The model examines these 24 sigectors and their individual energy demands, giving a detailéidw of
GB demand, and uses an errgprrecting model to produce projections for each stgector individually.
The model then has two further components in the Energy Technology Module (ETM), a botteup
tool, that analyse how energy demand is affected the increase in energy efficiency, and the
deployment of onsite electricity generation and alternative lower carbon heatitechnologies.

These modules consider the economics of installing particular technologies from the capital costs,
ongoing maintenanceosts, fuel costs and incentives. These are used along with mficancial

indicators such as gearing ratios and interrate of return (IRR) for each suisector to consider if the
investment is economically viable and incorporates the likely uptake estof any particular technology

or initiative. This allows us to adjust the relative costs and benefits to see what is nexglio encourage
uptake of alternative heating solutions and understand the impact of prices on onsite generation, which
give our senarios a wider range.

We also incorporate energy efficiency improvements in certain end uses of gas and electricity for any
energy efficiency improvements not covered in the main model.

The individual subsector forecasts are then aggregated and the treimdgas and electricity demand
forecasts are applied to the latest year of actual gas and electricity demand.

The component parts we use to model residential energy demand are: appliances, lighting, heating
technologies, insulation, i conditioning, and home energy management systems.
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Our base housing and population assumptions, developed from analysis ©xford Economics, are
consistent across our modelling scenarios. We assume that the populatiddBfeaches 68.6 million

and tha the number of homes grows to 31.9 million by 2050 in all of our scenarios. These compare to a
population of 64.9 million aad 28.3 million homes in 2019.

We create residential electricity demand from individual data sources which are then summated to a
national level and use deterministic scenario modelling where we wish to illustrate policy outcomes, or
current social trends which may not be reflected inhistoric data.

For each component part, we use historical data, where available, as our starting point. The main source
is BEI®Energy Consumption in the UKdata We also gather information on mobile phones, tablets

andwi-f i rout ers f r onivatidd$ Madket Beport€ o mm
Appliances
Datafrom BEIS |5
~—
Population and Forecas_ted nur_nber of
housing domestic appliances
assumptions , . Aggregate Annual total domestic
\ / best fit : )
——»f 7%° ;n:grgssm individual EEE— appliance
ysis - o .
4 N Electricity projections consumption
Residential consumption
telecoms data projections for each
~ appliance

Figure 3: General appliances model

A

Annual energy Sensitivitycheck | Create scenario
demand using EU EEI ranges

For demand from appliances, we create projections of annual energy demand using:

A selection of historic assessments

Housénold projection dataprovided by external consultants

Outcomes from reported external projects

Regression analysis, based on 5 to 20 years history depending on the data quality

Deterministic factors like social trends, government policy or global events

=A =4 =4 =4 a4 =4

Econometric methodgo determine trends against soci@conomic factors such housing,
population, GDP, productivity, household disposable income.

Source data used in these projections is cleansed to remove outliers. We benchmark these against
stakeholderfeedback and trialot comes. We adj ust each projection
create the final results for each component.

" DECC, Energy Consumptiomithe UK, April 2016,
8

W i

tt


https://www.gov.uk/government/collections/energy-consumption-in-the-uk
https://www.ofcom.org.uk/research-and-data/multi-sector-research/cmr
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Lighting

Residential light modelling uses Energy Consumption in the UK (ECUK) datamodel possible
outcomes in demad from light. Historic trends in number of bulbs and demand per bulb are modified
using the potential outcomes from social trends in lighting (so called mood lighting, and multiple LEDs
on decorative pieces) and light bulb policy (e.g. EU Halogen legisiaji

Heat
Electric heating

Delta is a rulebased uptake model for domestic heating appliances. The model combines information
about GB housing segments, assumed levels of building and appliance efficiencies, consumer behaviour
factors, appliance and fuedosts, to calculatéuture domestic heating technology mix. Key outputs are
number of units of each technology installed and annual consumption of electricity, gas, and other fuels.

Housing shock

Insulation rates

Consumer attitude

Current number
of appliances

Technology cost
CUNVES i
Calculate Project uptake o
- of domestic Mumber of .
Technolog thermsal | o e o e
i -
pemm":; demand technologies by appliance
CUMVES

Installed capacity
of micre CHP's
and fuel cells

Total fuel
consumption

Technology
uptake curves

Fuel prices

Breakdown by
fuel type (gaz,
electricity, oil)

Projected new
build rates

Ringfenced
technology

Figure 4: Delta heat pump model. Ringfenced technology includes hydrogen, distribution heat, and biofuels.



https://www.gov.uk/government/collections/energy-consumption-in-the-uk
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Gas heating

For residential gas demand, we use the outcomes of our heating technology model, which creates
projections of a variety of heating technologies:

1 Gas boilers

1 Heat pumps, includingair source hybrid, ground source and gas
1 Fuel cells

1 Micro-combined heat and power (MCHP)

1 Biomass boilers

9 Electrical resistive heatingand

1 Oil boilers.

Hydrogen heating

We include hydrogen for residential heating in all net zero compliant scenariasd we havealso
introduced hydrogen blending with natural gas supplies in Steady Progression. In keeping with the
Scenario Frameworkhydrogen has been developed through centralised technology of steam methane
reforming (SMR) and autothermal reforming (AR), both ofwhich must also include carbon capture,
usage and storage (CCUS) in order to be net zero compliant.

The modelling principally follows the roll out approach of the H21 stud$; where over time a hydrogen
network develops and enables the convensi of moreand more major cities to hydrogen.

Our modelling assumes the conversion of all residential heating to hydrogen boilers within each city at
the time of roll out. To do this we determine the displacement of thermal demand resulting from the
hydrogen roll out and then process the remaining demand through the heating technology model

The road transport model, including battery electric, plug hybrid electric, natural gas and hydrogen
vehicles, utilises multiple strands to produdée annualdemand for each fuel type. The model looks at
passenger cars, light goods vehicles, heavy good vehicles, motorbikes and tiuuseaches.

To model the uptake of various road transport types and fuels we use a total cost of ownership model.
Assunptions on the increase and decrease of various factors include: battery costs, fuel costs, and
vehicle efficiency for different scenarios, and any changes to legislation such as the ban on sales of
internal combustion engines. This is reflected in our scanos with sales of internal combustion engines
removed from 2040 in our Steady Progression scenario, from 2035 in Sydteansformationand
Consumer Transformation and from 2030 in the Leading the Way scenario. These uptake rates for the
different scenaros, in reldion to the expected sales projections for all vehicles, determined by the total
cost of ownership and the rate of which older vehicles are scrapped, gives the expected number of low
carbon vehicles on the road.

The number of miles driven per yar, determined from previous average mileage, along with the
propulsion ratio (kwh/Mile), produces the kWh/year of the low emission vehicle fleet.

10

11


https://www.northerngasnetworks.co.uk/wp-content/uploads/2017/04/H21-Report-Interactive-PDF-July-2016.compressed.pdf
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The influence of autonomous vehicles (level 4 automatidmnd above) is included within the scenarios;
andwhere they are shared vehicles this influences the number of other cars they displace.

Transport demand at system peak and minimum

The peak and minimum demand calculation method changed from FES 2019 with the introduction of a
full vy e adevlspaprder ENatioeal Innovation Allowance (NIA) project?, covering both
residential and nonresidential charging. The study informed that at that time, 75% of charging events
occurred at the home, with the remainder at workplace and public charge points. émgtions on the

split of annual charging amounts betweedifferent charging locations are included on a scenario basis;
for example, more residential charging is included in decentralised scenarios; whilst more public

charging is included in centralised snarios.

The following table shows the charging locativassumptions in the FES 2020 Scenarios for cars, vans
and motorbikes, and excludes cars used as autonomous taxis in the Leading the Way scenario. Robot
taxis are assumed to charge at depots, off pgale. Buses and HGV charging is assumed to equallytspli
between work and public charging locations. At the evening winter peak on the transmission system
(5pm-6pm), home charging is assumed to be influenced by time of use tariffs, whereas public and
workplace charging is assumed to be n@mart as drivers poritise their journey home.

Table 1: FES2020 Assumed Car, Van and Motorbike Charging Locations at time of system demand peak.
This excludes vehicles that are used as autonomous taxis which are assumed to charge at other times of
day. Vans and HGVs are split equally between Work and Public charging locations in all scenarios

Scenario Residential Work Public

Consumer _ 79% 13% 8%

Transformation

System 41% 24% 36%
Transformation

Leading the Way 75% 15% 11%
SteadyProgression 55% 20% 25%

Five Year View 75% 15% 11%
Vehicle-to-Grid

During 2019 we consulted on our Vehicko-Gr i d ( V2 G) analysis and ®arri

information gathering exercise on future road traport. Following feedback received through these,
we have built on our assumptions from the conservative approach taken in 2019, to show a wider range

of outcomes in FES 2020 for V2G.

11
12
13

ed

12
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https://www.smmt.co.uk/wp-content/uploads/sites/2/SMMT-CAV-position-paper-final.pdf
https://www.smarternetworks.org/project/nia_ngso0021
https://www.nationalgrideso.com/news/future-energy-scenarios-bridging-gap-net-zero
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We assume that:

i1 Only aproportion of the most engaged consumer segmentdl participatein vehicle to grid
services due to the additional cost of the charger and awareness or inclination to make use of
V2G Technology.

i Private cars with 7kW smart bidirectional chargers are\ailablei based on a typical mass
market charger ad cars on sale in 2019.

1 On average, owners offer 50kWh in their battery for V2G use.

9 This takes into account the average 2018 UK daily car commute 6f3@0miles (Department
for Transport Average Annual @r Mileage).

1 Mass market electric cars on sale &2020 have a minimum usable range of 90 miles, leaving
at least half the theoretical range unused at the end of each day.

1 We have taken this to equate to circa 50kWh of residual charge available to V2@ ased
this value within the analysis.

9 As this is @ emerging area we will continue to review these assumptions in future
publications.

1 There is a slight delay between adopting an electric vehicle, and adopting a time of use tariff or
Vehicle to Grid Tariff.

1 V2G becomes a mass market option from the m2D20s (EU: CCS V2G standard planned for
rollout). 14

The following table summarises our assumptions in FES 2020 for driver adoption of VehioleGrid

and Time of use tariffs (TOUTs). Feedback is welcoasethese assumptions are new for FES 2020.
Further details the derivation of percentages is available in the later discussion of demand side response
modelling.

Table 2: Assumptions in FES20 for time between ownership of an electric vehicle and participation in smart
charging & V2G, along with assumed adoption rates of each

Years Lag: Participation Participation
Smart Years Lag: V2  in Smart rueip
. ) inv2G

Charging Charging
Consumer _ 0 5 730 26%
Transformation
System 1 10 60% 129
Transformation
Leading the Way 0 5 83% 45%
Steady 2 15 54% 11%
Progresion
Five Year View 1 5 66% 13%

14

13


https://theenergyst.com/evs-v2g-vehicle-to-grid-battery-storage-smartgrid/
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AEDAS

The main purpose of AEDAS is to collate all the demand components in one plagatoulate annual

electricity demand, peak and minimum electricity demand, and sgst losses.

The table below summarises inputs and their suppliers.

Table 3: Suppliers and inputs of AEDAS

Supplier

Appliances Model

ARUP

BEIS- Energy
Trends

Delta heat

Distributed
generation

District heat

DSR Model

BEIS- ECUK

Electricity supply
team

Elexon

Inputs

Annual electrical demand from cold, computing, cooking,
consumer entertainment, lighting, weand air conditioning
appliances

Raw electricity demand with industrial & commercial heat
pumps included

Annual residential, industrialand commercial demand

Annual demand

Total capacity
Annual generation
Peak and minimum generation

Summer generation output under normal and average warm
spell conditions

Annual demand. Peak andchinimum demands calculated in
AEDAS, based on heat pump peak modelling

Residential Demand $ie Respond (DSR)
Industrial and commercial DSR
Triad split of generation and DSR

Heat and rail demand

Distribution wind double count correction

Outturn and weather corrected data
Annual demand

Half hourly residential profiles
Direct connects demand

14
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ETYS Peak transmission losses

EV Annual demand, peak demand, summer min am/pm, V2G dat:
Heat pump Peak andminimum demand, impact of home thermal storage
Hydrogen Annual SMR demand

CCS demand (non hydrogen)
Electrolysis demand
Hydrogen Storage Demand

Storage Capacity (storage)
Power (charge/discharge)
Annual demand
Peak and minimum demand and loaf@ctors

UKTM Soft guidance on demand levels for 2050 compliance
Week 24 Distribution losses (~6%)
ESO short term Historic demand

demand forecast Transmission losses (~2%)

Station demand (600MW at peak, 400MW Summer, 5TWh/yr)
Pumping demand (5TWh/yr)
Annual/Minimum/Peak demand on the transmission system

In bringing the demand information together from these separateodels, the overall level of demand is
calibrated against historic data and other forecasts made by the National Grid ESO short ternadém
forecasting team. This ensures alignment of FES with the best data available to National Grid ESO.

Demand scenarioare compared against historic otttirn data and scenarios, and projections made by
Committeeon Climate Change, UKTimes and BID3 to em® that demands within the FES are credible
and consistent with other views.

MAGDEM

Similarly, MAGDEM aggregates totajas demand from individual components, and then splits it by
LDZs. Each model from the table below feeds into MAGDEM.

15
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Table 4: Suppliers and models that feed gas demand data into MAGDEM

Model components

LDZ monitor BID3

Large loads Gas supply match
NTS shrinkage ARUP

Gas distribution networks District heat
Moffat interconnector Delta heat

BEIS- planning

Electricity supply components include electricity generation installed capacity, electricity generation
output, interconnectors and storage. Our scenarios consider all sources and sizes of generation,
irrespective of where and how theyare connected; from large generators connected to the National
Electricity Transmission System (NETS), mediugize industrialand commercial generation connected
at the distribution level, through to smalscale, sukl MW generation connected directly to commercial
premises or domestic residences throughout GB.

In addition, in all scenarios there is enough supply to meet demarithis means all scenarios meet the
reliability standard as prescribed by the Secretary of State for Business, Energy and InduStretegyi
currently three hours per year loss of load expectation (LOLE). Details on how LOLE is calculated are
given in the annex to this document.

The electricity supply analysis covers all years between now and 2050. In the first few years offittie
horizon, our analysis is largely driven by market intelligence, including the Transmission Entry
Capacity (TEC) Registér, Embedded Registéf, Interconnector RegisteY and data procured from third
parties. In addition, we consider commercial contess such as Capacity Market (CM) Contracts and
Contracts for Difference. Between 2020 and 2030, there is a mixture of market ligehce and
assumptions, with assumptions playing an increasing part towards the end of the decade. Examples of
these assumptins are that there is no coal fired generation after 2025 and that the 30GW of offshore
wind targeted by 2030 will be met in alllhe net-zero compliant scenarios. Beyond 2030, less market
intelligence available so we rely more on our framework assumptidhat are used to reflect

uncertainty across the scenarios. These can be accessed i8¢baario Frameworldocument.

The electridty supply analysis in FES does not include network or operability constraints on the

transmission or lower voltage networksAs an example, to illustrate what this means, we assume there

are no internal network constraints on the GB network. In terms ofperability, this approach means we

dond6t constrain our scenarios to incl uckesughbsant t hat
inertia, frequency response or voltage support. These challenges are assessed as part of our other

Electricity SystemOperator publications, which use the FES assumptions. Network capability is assessed

15
16
17

16



https://www.nationalgrideso.com/connections/registers-reports-and-guidance
https://www.nationalgrideso.com/connections/registers-reports-and-guidance
https://www.nationalgrideso.com/connections/registers-reports-and-guidance
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as part of the ETY8 and Network OptionsAssessment (NOA). Future operability challenges are
analysed in the System Operability Framework (SGF)

Transmission installd capacities

The electricity supply transmission installed capacities uses a rule based deterministic approach. This
conssts of an individual assessment of each power station (at a unit level where appropriate) is
completed, considering a wide spectrunf mformation, analysis and intelligence from various sources,
such as those mentioned above.

The scenario narratives prode the uncertainty envelope that determines the emphasis placed on the
different types of generation technology within each scenarigach power station is placed accordingly
within their technology group in order of likelihood of that station being availale in each year.

The placement of a power statiowithin this likelihood is determined by several factors, such as market
intelligence, energy policy and legislation. Project status and economics, which are applicable to that
power station, are also coidered. The contracted capacity or TEC Register provides the starting point
for the analysis of power stations which require accessthe NETS. It provides a list of power stations
which are using, or planning to make use of, the NETS. Although the cormtied capacity provides the
basis for most of the entries into the total generation capacity, the analysis is not limited to genesator
with a signed connection agreement. Other projects where information has been received in the very
early phases of scopin(i.e. preconnection agreement) are also considered.

Distribution installed capacities

Our distributed generation installed capatiés include those nortransmission sites that are greater than
1MW and are typically connected to one of the 13 distribudn networks. We also include sites that are

|l ess than 1MW (fAmicro generationo) andtlytohe s mal

properties behind the meter (e.g. rooftop solar).

18
19
20
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https://www.nationalgrideso.com/insights/electricity-ten-year-statement-etys
https://www.nationalgrideso.com/insights/network-options-assessment-noa
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For sites greater than 1MW we consider 30 technologies coveringtb@newable and thermal
generation:

Table 5: Technologies considered in the Distributed generation model, 1MW or above

Technologies for renewable and thermal generation

Gas CHP Diesel reciprocating Engines Tidal
Advanced Conversion Gas Reciprocang Engines Waste
Technology (ACT) CHP Fuel Oil Wave
Anaerobic Digestion Advanced Conversion Technology (ACT) Solar

C_HP Anaerobic Digestion Wind Onshore
Biomass CHP Coal CHP Wind Offshore
Geothermal CHP Biomass Dedicated Battery
Sewage CHP Hydro Compressed Air
Waste CHP Landfill Gas Liquid Air
Onsite Generation Sewage Pumped Hydro
CCGT

OCGT

To determine the currentvolumes of renewable generation we obtain data from various sources
including the Ofgem Feedn Tariffs (FiT) registet! and the Renewable Energy Planning Datab&sd-or
thermal generation we use the Combined Heat and Power Quglitssurance (CHPQA) regist& and
the CM register. The projections per technology capacity are based on growth rates that reflect
historical trends and any changes in the market conditions. Where available, growth of known future
projects is used.

For those sites less than 1MW, ihading generationor storageat residential leves, we consider 11
technologies:

Table 6: Technologies included in sub 1MW generation

Technologies for renewable and thermal generatipsub 1MW capacity

Biogas CHP Battery
Biomass CHP Hydro
V2G Fuel Cell
mCHP Solar
Anaerobic Digestion Wwind
Gas CHP
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Baseline data, from Renewable Obligation Certification Scheme & data, at GB level per technology
has been used to determine the starting point andstorical trends have been ugdgo project the
deployment of sub 1MW generation in the future.

Electricity generation output
BID3

Since FES 2017, we have calculated power generation output using a model created byAE&tléd
BID3. This is a parEuropean electricity dispatch model cable of simulating the electricity market in
GBand other countries.

The model uses the supply and demand assumptions as inputs. This includes all of our capacity
assumptions, annual demals and fuel prices. The full list of inputs and outputs is summadsin Table
7 below. The simulations are based on engser consumption meaning that generation connected to
both transmission and distribution networks are considered as supply.

24 Formally known as Payry.
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Table 7: Inputs and outputs of BID3 model

Installed and projected generation capacity = Capacity Market Registers

data Generation d#a
Interconnector capacity data and projections Interconnector data

Forecast annual demand data
Demand Side Response volume & prices Internal FES modelling

Annual demand data
Demand Side Response

AFRY
Plant information
Historic weather profiles

ENTSO
European scenario data

ENTSO, AURORA, Oxford Economics, BEIS,
Wood Mackenzie, Ofgem

Fuel and carbon prices

Outputs

Power station generation
Interconnector flows
Emissions

BID3 works by seeking to find the optimised way to meet demand using available generation, based on
minimising total cost. It can analyse the impact of different weather conditions usipgpfiles based on
historic actual demand. The electricity generatiooutput modelling for FES 2020 is based on the

historic year of 2012 as this is deemed to be a fairly average year with colder and milder spells. BID3
creates an hourly time series of deand using the annual value from FES and the relevant historic

hourly profile according to:

BID3 hourly demand = FES annual demand / (24 * 365 * hourly profile value)

The total generation output from BID3 may be slightly different from the annual demamdmbers
published in FES. There are several contributing factors, which include that the BID3 output is used to
meet demand from interconnector exports and storage ame fact we use actual weather from a
particular year.
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All electricity generation is malelled with an average availability to allow for maintenance arnd
simulateforced outages. This varies on a monthly or quarterly basis to allow for seasonal variatiods
is based on observed patterns from historjjhe electricity generation output is alculated by modelling
GB and Europe. The outputs from the dispatch model are used to produce the FES annual power
generation outputs for different generation technologs including interconnector annual flows. In
addition, the outputs from Combined Cycl&as Turbines (CCGTs) are used as an input for the gas
demand modelling.

Electricity power generation carbon intensity

The electricity generation output modelling done vthin BID3 also calculates the amount of carbon
emitted for each plant in tonnes. The wdel calculates C®emissions for boiler use, ntoad, start up
and generation as part of the calculation for meeting hourly demand. Utilising the same dispatch data
from the BID3 model as for electricity generation output, the Cntensity is calculatedaccording to:

#IcAT EOOETICIDT AOKLOET 1

#IcET OATQEEGU % A K OO AETAD & B &

Electricity generation output refers to GB generation only2lease see more information in the FES Data
Workbook.

This carbon will include al generation within the supply assumptions that are dispatched to run by the
BID3 model. The current carbon intensity forecast by National Grid Electricity System Oper&tovill
only include those sites that the ESO has visibility?ftherefore, there wil be differences between the
two values as the methods and data are different.
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In the FESwe modelnatural gas that enters the National Transmissi System (NTS) andatural gas

that is injected directly into the Distribution Networks (DN). We do not include gas that does not enter
either the transmission or distribution networks. This could include, for example, gas used offshore in
oil or gas praluction, or small amounts of biogas generated and used on the same site. Both these
appear in

cda egories

or supply.
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The gas supply pattern for each scenario is created fritra different gas supply components, described
in more detail below. The models we @sare supported by market intelligence, historical data and
assumptions developed from knowledge gathered from stakeholders.

Potential supply ranges are derived for eashipply component from bottom up analysis of the
maximum and minimum supplies into th&sB market across the all FES modelled years. These ranges
take account of the physical infrastructure and the possible gas volumes arriving at each supply point.
Once the gas demand is determined for each scenario the supply components can be matched. The
Scenario Frameworldrives the level of each supply type based on political, economic, social and
technological factors. In the rest of this section we describe each dymomponent in more detalil.

projetctions
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Figure 5: General gas supply process chart. Note, for continental interconnectors add European gas demand
and supply data as input.

UK continental shelf (UKCS)

The UKCSis the seabed surrounding the United Kingdom. From this region gas producers extract
natural gas which is mostly s# to the UK. A small amount of gas from the UK sector of the North Sea
flows to the Netherlands rather than to GB, but we do not considdrat in FES.Our projections for

UKCS

producti on

ar e

derived

us i

ng

a akeholkddr feedeacko f

gathered during our stakeholder consultation period, and commercial market intelligence. We create
ranges by making adjuments to the date and scale of future field developments based on historic
production and the economic and politideconditions as laid out in theScenario FrameworkFor

Stati

gas p
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example, in the high case we might assume that all projected field developments éapm schedule.
In the low case, we assume that some new developments will be delayed or not go ahead at all.

Norwegian supplies

Our analysis of Norwegian gas is usually divided into the North Sea, the Norwegian Sea and the Barents
Sea. Gas is exportdry pipeline to several countries in NW Europe, including the UK, and also as LNG.
Norwegian LNG is included in oulLNG analysis. First, we create a total production range for existing

and future Norwegian fields. Our primary data source is the NorwegiaatRleum Directoraté’. The

range is derived by making separate assumptions for future field development based tarikis

production and the future economics. For example, in the high range we assume a high level of
production in the Barents Sea, whereasthe low range we have no production from this area. Once we
have created a production range, we then calculate howch will come to the UK,usinga mixture of
historic flows and existing contractas a guideFinally, we test our projections with indusy experts to
ensure our projections are credible.

Shale gas

Shale gas is still at a very early stage of developmaemnid there are no wells in commercial production.

For several years we have based our projections on analysis by the Institute of Diredtor FES20the
analysis is based on a rep&tby UKOOG, the trade body for onshore developers. This makes useaté d
published by Cuadrilla following the fracking of the Preston New Road site. We use flow rates based on
this report and create our hig and low cases by using different assumptions on the number of wells that
will be drilled.

Liquefied natural gas (LN®

LNG is traded in a global market connecting LNG producers to natural gas users. As such, the deliveries
of LNG are subject to market faes such as the arbitrage between global market prices and particular
weather spikes driving a change in gas demande\&ssume that a minimum level of LNG will always be
delivered to the GB market, and our assessment of this is based on historic leveéseTlevels are flexed
based on the volume of GB gas demand and indigenous supply.

Continental interconnector imports

The GB market is connected through the IUK interconnector to Belgium and the BBL interconnector to
the Netherlands. For future continerdl interconnector imports we look at gas supply and demand

across north west Europe and estimate the potential gasilabée for export to GB. Projected flows

through the interconnectors are compared to the historic interconnector imports observed oves thst

3-4 years. We recognise that gas can be both imported to GB and exported through IUK, and from 2019
also throudh BBL.

Generic imports

The balance between LNG and continental gas is very hard to prefictthe reasons described in the
sections abwe. For example, in mid2018 we were expecting low deliveries of LNG to GB for the
coming winter. In fact, conditions in the world market were such that deliveries to GB reached near
record levels, catching nearly all industry commentators and playerssyrprise. By mid2019 deliveries
had fallen again, but then picked back up again later in the year and in to 2020p#Agections for future
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years carry even more uncertainty than for the season ahead, we project only a maximum and minimum
range for bothLNG and continental gas, and leave the balance to be made up by generic imports. This is
gas that can be any mixturefdNG and continental gas. The calculation ensures that if all the generic
import were to be LNG then the generic plus the minimum LNG ralady assigned must not be greater

than the capacity of the LNG terminals. A similar calculation ensures that theentonnector capacities

will not be breached.

Annual supply match

UKCS output  —

Morway output

Shale output

Green gas .| Maich gas supply
output " to demand

LNG output

Interconenctor

output

Demand
statements.

S —

Figure 6: Annual match process chart

The annual supply match allocates gas supplies to meet demand using a ranking order. We allocate
indigenous gas productio® UKCS, shale and green gasto our supply match first, because it is all
UK based and will have large domestic supply chain inveents in place. There is also less opportunity
for these supplies to reach other markets, unlike LNG for example. Followingstive allocate the
Norwegian imports, the levels of which are driven by th&cenario FrameworkThen minimum levels of
LNG and coninental gas imports are added. Finally, a supply/demand match is achieved by allocating
generic import, which as mentioned afive can be made up of either LNG or continental pipeline gas or
both.

Peak gas supply

We carry out the peak supply match to ensuirrent domestic production and import infrastructure

can meet a peak demand day. For indigenous gas producliolKCS shaleand green gad there is a

20% difference between maximum and minimum production levels across the seasons. This is based on
obsewed values from offshore UKCS production. For onshore shale gas there is currently no data to
derive a likely difference betwen maximum and minimum. As these sources are likely to be base load,
but with outages for maintenance, we have used the same maximto minimum swing as for the

UKCS.
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For imported gas and storage, the design capability of the import facility is used t@dwaine the
capacity. This may differ from the approach in shortderm documents, such as the Winter Outlook,
which are based on earterm operational expectations.

The total of these supplies is then matched to the peak demands to calculate the marginpgly over
demand. We also carry out security of supply analysis where we remove the largest piece of
infrastructure from the sypply mix and again calculate the margin of supply over demand; this is
referred to as an NL assessmefit

Biomethane

Biomethane is a naturally occurring gas that is generated from anaerobic digestion (AD). AD is a
biological process where microorganisms break down organic matter such as sewage, plant material and
food waste in the absence of oxygen to produce iethane.The unrefined product is usually referred

to as biogas. It is not suitable for injection into gas networks but can be used fosiba electricity

generation and heating. When biogas is refined to make it suitable for network injection we refertt
asbiomethane. The biomethane range is derived using the latest information available from biomethane
sites currently connected to a gas networ k, and the
possible future connections. To derive the Higand low case we apply different growth rates and
assumptions to new connections due to the differing economic and political conditions within each
scenario. To support our projections we use market intelligence and test our results with relevant
industry experts

Bio substitute natural gas (BioSNG)

Bio substitute natural gasBioSNQ is a gas that is derived from household waste. The process uses high
temperatures to produce a synthetigatural gas which, after cleaning and refining, can be injected into

a gas nawvork. BioSNG is in the early stages of development. A commercial demonstration plant has

been under development with funding from Of gembés Net
supply range is based upon the flow information published in the G documentation plus

assumptions on the number of facilities, based upon the economic and political conditions for each

scenario.

Hydrogen supply in each scenario is based on FES2020 framework assumptions. These are informed by
the reseach andstakeholder engagement conducted on different hydrogen supply technologies

including methane reforming with Carbon Capture Utilisation and Storage (CCUS), networked
electrolysis, offshore or nometworked electrolysis, biomass gasification and hydyen inport.

Networked electrolysis is analysed in conjunction with the power generation technologies mix and the
curtailment level of generation in each scenario. Offshore connected orsimore electrolysis not
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