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Background to the Home Energy Model

What is the Home Energy Model?

The Home Energy Model (HEM) is a calculation methodology designed to assess the energy
performance of homes, which will replace the government’s Standard Assessment Procedure
SAP).

The Home Energy Model is still under development and its first version will be implemented
alongside the Future Homes Standard (FHS) in 2025. We are publishing information about the
model while it is still at a formative stage to enable industry to participate in the ongoing
development process.

Where can | find more information?

This document is part of a wider package of material relating to the Home Energy Model:
Home Energy Model technical documentation (e.g. this document)

What: This document is one of a suite of technical documents, which go into further detail
on the methodology and the validation exercises that have been carried out. We intend to
update and produce further technical documentation throughout the model development
process.

Audience: The technical documentation will be of interest to those who want to
understand the detail of how the Home Energy Model works and how different
technologies are treated.

The Home Energy Model consultation

What: The Home Energy Model consultation, which explains the overhaul to the SAP
methodology and seeks views on the approach taken by the new Home Energy Model.

Audience: The Home Energy Model consultation will be of interest to those who want to
understand the proposed changes to the SAP methodology and wider SAP landscape.

The Home Energy Model reference code

What: The full Python source code for the Home Energy Model and the Home Energy
Model: FHS assessment has been published as a Git repository. This code is identical to
that sitting behind the consultation tool. We are currently considering whether the open-
source code could serve as the approved methodology for regulatory uses of the Home
Energy Model.



https://www.gov.uk/government/consultations/home-energy-model-replacement-for-the-standard-assessment-procedure-sap
https://bregroup.com/sap/
https://bregroup.com/sap/
https://www.gov.uk/government/consultations/the-future-homes-and-buildings-standards-2023-consultation
https://www.gov.uk/government/publications/home-energy-model-technical-documentation
https://www.gov.uk/government/consultations/home-energy-model-replacement-for-the-standard-assessment-procedure-sap
https://dev.azure.com/BreGroup/Home%20Energy%20Model
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Audience: The reference code will be of interest to those who want to understand how
the model has been implemented in code, and those wishing to fully clarify their
understanding of the new methodology. It will also be of interest to any potential
contributors to the Home Energy Model.

Related content

To understand how this methodology has been implemented in computer code, please see:

elec_storage heater.py
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Overview

Electric storage heaters are room heaters which typically use off-peak electricity to heat up a
high thermal mass core, then release this heat later when space heating is required. Their use
is long-established in the UK and they have historically been a helpful technology in terms of
smoothing the load on the national grid.

The main factors determining their performance are their storage capacity, their ability to retain
heat and their ability determine the correct amount of heat to store each night relative to the
next day’s requirement.

This paper sets out the methodology used to determine the energy performance of storage
heaters within the Home Energy Model core engine.

Methodology

The Home Energy Model’s (HEM'’s) electric storage heater model focusses on modelling the
energy balance of two components of the heater, the core and the case, making use of a
mixture of empirical performance data and physical modelling. It is intended that the necessary
empirical data will come from the product characteristics database (PCDB) (or future
equivalent), such that the user would simply select the product from a list and the correct
performance data would be imported.

The objective of this model is to predict the overall electricity input and heat output of a storage
heater under various conditions such as room temperature, air flow rate, heating rate, and
others.



HEM-TP-13 Storage heaters

Q_dis
Damper
)—// . Q_out_wall

e \
s

o r'.l
|~

| Q_out_ins

™ Core
~

~ Insulation

" Air gap
“\.\

™~ Wall/lcase

Q. in

-
~—=+—— Inlet vent

Figure 1 — Diagram of a storage heater

1. Governing equations

The governing equations of the model describe the energy balance of the core and case
(referred as ‘wall’ in the equations) of the electric storage heater. The equations relating to the
temperature of the core and case are defined and used in differential form, as follows.

Temperature variation in the core of the heater:

chore — ( 1
dt mass

* Cpcore) * (Qin - Qout_ins - Qdis)

Temperature variation in the case of the heater:

dTwall 1
= k . —
dt thermal_mass_wall (QOUt—mS Qout_wall)
Where:

Teore IS the temperature of the core of the storage heater [°C].

Twau is the temperature of the wall (case) of the storage heater [°C].

mass refers to the mass of the core element of the heater [kg]
thermal_mass_wall represents thermal mass of the storage heater wall [Wh / K]

cpcore denotes the specific heat capacities of the core material [J/kg/K]

Q;, represents the electrical energy input to the core of the heater [Wh]
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Qout ins represents the heat transfer from the core, through the insulation to the case [Wh]

Qgis represents the heat transfer from the core to the air passing through the heater and into
the room [Wh], and

Qout wau represents the heat transfer from the case to the room [Wh]

1.1 Heat Transfer equations

The heat transfer to the room due to air passing through the heater (when damper is open and
the fan is potentially on), Q,;s, is determined based on the temperature difference between the
core and the room air. The heat transfer rate is calculated as follows:

Qgis = h* A x (Tcore — Tair)

Where Q 4 is the rate of heat transfer, h is the convective heat transfer coefficient, A is the
surface area between the heater core and the air and Tair is the temperature of the room air.

Because the convective heat transfer coefficient, h, depends on a complex relationship
between various factors including the physical properties of air such as its density, viscosity,
and thermal conductivity, as well as flow conditions like velocity, turbulence, and orientation
relative to the surface, we have chosen to determine the value of 'h * A’ (hereafter referred to
as the heat loss parameter) experimentally for each electric storage heater type, storing
performance properties in the PCDB (or future equivalent). It is expected that there will be a
strong correlation between ‘h’ and the difference in temperature between the heater's core and
the room air, which is to be captured during the lab test. The specification of this lab test will be
formalised in due course, but we envisage a full charge / discharge test which determines the
heat output characteristics over the full range of charge levels. In this test the performance of
electric storage heaters can be characterised in ‘on’ mode (with damper open and potentially
fan assistance) by measuring the mass flow of air leaving the unit, the temperature of the air
being discharged from the unit, the core temperature and the ambient air temperature:

h x A = mass_flow_air * (¢, * (Toutsafe — Tair))/(Tcore — Tair)
where ¢, is the specific heat capacity of air [J/kg/K].

Once the heat transfer to the room due (Q;;) is calculated, the mass flow of air required to
pass through the core and, in the case of fan-assisted units, the mass flow of core air mixed
with room temperature air (to avoid exceeding a safe supply temperature), is calculated to
determine the amount of fan energy required to deliver Q,;, safely into the room:

mass_flow_air = Qdis/(cp * (Tout_safe - Tair))

The value of mass_flow_air [kg/s] is dependent on the specific electric storage heater unit and

will be determined by the temperature difference between the safe supply temperature from
the heater and the room temperature, (T, sare = Tair)-
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The following data sets "labs_tests 400" and “lab_tests _400_fan” contain lists of temperature
differences between the core and the room, and corresponding heat loss parameter
characteristics for two illustrative products® — the latter one being fan-assisted. The
labs_tests 400 list is used to evaluate the heating performance of the electric storage heater
when it reaches approximately 400°C and discharges heat, reducing its core temperature in

the process.

For the demonstration version of HEM software being made available for the consultation, the
data for the illustrative fan assisted unit is always used when storage heaters are selected by
the user. When HEM comes into formal use, the user would select the actual product used
from a list contained in the PCDB (or future equivalent).

labs_tests 400 =[
[324.91, 1.77 ],
[ 286.52, 1.58 ],
[254.93, 1.4 ],
[ 228.63, 1.25 ],

labs_tests 400 fan =[

[270.15, 5.03 ],
[202.2, 5.03],

[151.33, 5.03],
[113.24, 5.03],

[206.41, 1.13], [84.73, 5.03],
[187.41,1.02], [63.39, 5.03],
[171.03,0.92], [47.42, 5.03 ],
[ 156.79, 0.83], [35.47, 5.03],
[ 144.29, 0.75 ], [ 26.53, 5.03 ],
[133.25, 0.68 ], [19.84, 5.03 ],
[123.42, 0.62], [14.84, 5.03],
[114.57, 0.6 ], [11.1,5.03],
[106.36, 0.6 ], [8.31,5.03],
[98.73, 0.6 ], [6.22, 5.03],
[91.65, 0.6], [4.66, 5.02],
[85.07, 0.6 ]] [3.49, 5.03],
[2.62,5.02]]

1.2 Energy transfer from case to room, Q,u¢ waun

The energy transfer in the time step to the room from the heater wall (case) has been modelled
as if it behaves like a normal emitter, using the same exponential discharging equation applied
for other emitters (e.g. radiators) in HEM:

Qout_wall =C* (Twall - Tair)n

¢ and n will be product specific, so will also form part of the PCDB (or future equivalent) record.

" These are derived from real product data kindly supplied by a manufacturer, so should be realistic. However, in
practice performance will differ considerably from product to product.
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1.3 Energy transfer from core to case, Q,u: ins

The energy transfer in the time step from the storage heater core to the case of the unit is
described by the following formula:

Qout_ins = Ucore_wall * A * (Tcore - Twall)
Where:
A is the area of the surface separating the core and the case [m2]

Ucore wau 18 the U-value for the combined layers separating the core from the case (insulation
layer and air gap) [W/m2K]

1
Ucore_wall = 1/(% + Rair)

The air layer is characterised by a thermal resistance (R;;-), which will vary depending on
whether the air is relatively still or is flowing. This is set to one of two values:

Ra.ir on, When the damper is open and there’s convection through the air gap [m2K/W]

Rgir orf» When the damper is off and the air is still or slowly moving inside the case [m2K/W].

Typical values are assumed at 0.17 m2K/W when the damper is OFF/closed and 0.07 m2K/W

when the damper is ON/open.

1.4 Electric energy input to core, Q;,

The electrical energy input to the core, electric_charge(t, T.,..), is determined based on the

control system logic. For the simple control system so far implemented, the unit is assumed to

charge if the following three condition are met:

e The time falls within the off-peak period for the selected electricity tariff

e The temperature of the core is less than or equal to the target temperature (Tcore target
or Tcore_max)

e The room temperature is less than or equal to the room temperature cut-off value. (Thi
is effectively a simple automatic charge control, increasingly limiting the amount of
charge stored as the weather warms up.)

When active, the electrical energy input is set to a constant value as per the charging power
rating of the unit (from the PCDB (or future equivalent) record). When the core temperature
reaches the target temperature, the unit switches off the charging process and keeps throttlin

S

g

the power in to maintain the target temperature for as long as the charging process is allowed

(e.g. the remainder of the off-peak hours). Further control options are likely to be added in
future.

10
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Future development

Further development of the control options is anticipated, including for controls capable of
responding to variable time of day pricing and emissions factors, and the availability of
renewable energy generated on site (e.g. PV).

11



This publication is available from: https://www.gov.uk/government/publications/home-energy-
model-technical-documentation



https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gov.uk%2Fgovernment%2Fpublications%2Fhome-energy-model-technical-documentation&data=05%7C01%7CRebekka.Bussen%40energysecurity.gov.uk%7C790a17c9737944ce551c08dbf69bbd5b%7Ccbac700502c143ebb497e6492d1b2dd8%7C0%7C0%7C638374920977487337%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=PhakxUuhcm2pQAPQ0uQ0uiOC95T%2BZxt2vU%2FgNVWPbsA%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gov.uk%2Fgovernment%2Fpublications%2Fhome-energy-model-technical-documentation&data=05%7C01%7CRebekka.Bussen%40energysecurity.gov.uk%7C790a17c9737944ce551c08dbf69bbd5b%7Ccbac700502c143ebb497e6492d1b2dd8%7C0%7C0%7C638374920977487337%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=PhakxUuhcm2pQAPQ0uQ0uiOC95T%2BZxt2vU%2FgNVWPbsA%3D&reserved=0

	Contents
	Background to the Home Energy Model
	What is the Home Energy Model?
	Where can I find more information?

	Related content
	Overview
	Methodology
	1. Governing equations
	1.1 Heat Transfer equations
	1.2 Energy transfer from case to room, ,𝑄-𝑜𝑢𝑡_𝑤𝑎𝑙𝑙.
	1.3 Energy transfer from core to case, ,𝑄-𝑜𝑢𝑡_𝑖𝑛𝑠.
	1.4 Electric energy input to core, ,𝑄-𝑖𝑛.


	Future development

