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Preface
The launch of BSRIA’s Guide to Energy Storage in Buildings comes at the timeliest
of moments, when the built environment is going through changes that are
unprecedented in their speed and their impact, with smarter and more efficient
use of energy being one of the key dimensions of this change. Energy storage is a
key component of this and this guide helps to explain why.
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In the UK, as in most developed countries, some 40% of all the energy consumed is
accounted for by buildings and their services, including heating, cooling, hot water,
cooking and operation of building appliances. Buildings rank alongside transport
and industrial processes as the dominant consumers of energy. It follows that any
serious attempts to change the way that energy is used are likely to have an impact
on buildings in some way.
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Since the 1980s there has been a growing consensus (despite some dissent) that
the way energy is generated and used by human societies is contributing to longterm climate change which is likely to have ever more serious environmental,
social, economic and political consequences. In particular, use of fossil fuels is
raising the levels of greenhouse gases such as CO2 which most scientists believe are
contributing to global warming.
This has prompted concerted action, especially within the European Union, to shift
energy production to sources which release much less CO2, and in particular to
those that are renewable. We have now reached the stage where, under optimal
conditions, countries such as the UK and Germany can for a period generate
more than 50% of the electricity needed to meet immediate demand, using such
renewable sources as solar and wind power. These contribute not just to the national
grid, but can also be used to generate power at a more local level, for example in
a campus or even a building.
Until recently, the most readily available ways of storing energy, and in particular
electrical energy, have tended to be inefficient, expensive or both. This is now
changing. In the last decade or so, major investment has been made in battery
storage technology in particular. In Germany for example (where residential
electricity tariffs are typically higher than in the UK) there is already a small but
significant and growing market for residential batteries. In 2017 the UK government
confirmed that battery storage was seen as an essential plank of the UK’s energy
policy.
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A study published by The Energyst magazine in October 2017[1] indicated that 55% of
organisations surveyed were considering investing in some form on on-site storage.
Of this 55%, 16% (or 9% of the total sample) had already invested in batteries of
varying size. Most organisations were looking to see a positive return on investment
in 5 to 7 years or less. Even allowing for possible sampling bias, this represents a
significant trend.
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BSRIA research has also shown that on-site energy storage frequently forms part of
a more general enhanced building energy management solution which includes
such elements as demand reduction (or ‘peak shifting’) onsite power generation
and power quality management.
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This guide provides an excellent, clear, concise introduction to the different types
of energy storage solutions available, explaining how they work, and what their
particular strengths and weaknesses are. It also looks at how the technology is
evolving. It should be essential reading for all who care about the future of building
services.
Henry Lawson
Senior Market Research Analyst
Worldwide Market Intelligence
BSRIA
December 2017

©BSRIA

ENERGY STORAGE IN BUILDINGS – A TECHNOLOGY OVERVIEW

BG 73-2018 Energy storage in buildings - a technology overview 230118.indd 5

BG 73/2018

| v

06/02/2018 17:04:58

PL
E
SA
M
BG 73-2018 Energy storage in buildings - a technology overview 230118.indd 6

06/02/2018 17:04:58

Contents

2

Introduction

1

1.1

How to use this guide

1

1.2

Why store energy?

2

1.3

A note on thermodynamics

4

Thermal Energy Storage

7

2.1

Benefits

7

2.2

Policies, regulations and support mechanisms

8

2.3

A note on physics

9

2.4

Categories of thermal storage

12

2.5

Building fabric thermal storage

14

PL
E

1

		Case study: The Elizabeth Fry Building		

16

Ice thermal storage

17

2.7

Earth tubes

19

2.8

Ground source heat pumps

19

2.9

Phase change materials

21

SA
M

2.6

22

		Case study: Thermal storage at Vojens District Heating

27

3

Electrical Energy Storage

29

3.1

Policies, regulations and support mechanisms

32

3.2

Batteries

33

3.3

Lead-acid batteries

36

3.4

Lithium-ion batteries

37

		Case study: The Hub, Bristol
2.10

Hot water storage

24

2.11

Molten salt

26

		Case study: Battery storage at Gateshead

38

3.5

Flow Batteries

40

3.6

Electric vehicles and second life batteries

42

3.7

Kinetic and potential energy stores

43

Glossary

47

References

48

BG 73-2018 Energy storage in buildings - a technology overview 230118.indd 7

06/02/2018 17:04:58

PL
E
SA
M
BG 73-2018 Energy storage in buildings - a technology overview 230118.indd 8

06/02/2018 17:05:02

1.1

How to use this guide
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1 Introduction
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The science of energy is a vast subject and the challenge of energy storage has always
been a major part of that. This guide is a brief introduction to the topic of energy storage
in buildings, for use in heating, cooling, hot water and ventilation, as well as power for
appliances, lighting and other equipment. Energy storage in this context is defined as the
reversible process of storing and then using energy in some form. It does not include the
storage of manufactured fuels, such as gas, oil or biomass.
The purpose of this guide is to explain the fundamental principles of energy storage and to
describe the main system types and the forms that they take. It sets out to familiarise the
reader with the science behind the different types of energy storage, but it is not intended
to be a science or engineering textbook. References are included throughout the guide,
for those readers who wish to find more technical detail. Some cost estimates are included,
but the reader should be cautious when using those. In battery storage in particular,
technology costs are evolving rapidly.
Case studies have been included in order to illustrate how different energy storage
technologies have been applied in the past, so that readers can appreciate some of the
practicalities that are involved in these projects and gain an understanding of how mature
the different systems are. In particular, battery storage systems have received a great deal
of media coverage in recent years and a recent example of this is included.
The guide is structured with two main sections, dealing with thermal and electrical energy
respectively. Subsections address the main types of technology or the applications to
which they are put. Definitions of some of the technical terms used can be found in the
glossary at the end of this guide. Numbers in superscript square brackets[1] refer to articles
and publications, details of which can be found at the end of this guide.
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Case Study – The Hub, Bristol
The Hub is the 11,255 m² regional headquarters building of consulting firm
Atkins, in Bristol. It was designed in house by Atkins and was completed in
2009. The building incorporates numerous renewable and passive design
features including solar shading, natural daylighting and exposed thermal
mass. The heating and cooling requirements of the building have been
addressed by the designers by using intra-seasonal energy storage, in the
form of a 150 kW closed-loop, reverse-cycle ground source heat pump
(GSHP) to supplement the boiler and chiller plant.
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Figure 8: The Hub - Picture courtesy of Atkins
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Engineering services: Test, compliance and consultancy support services for
clients, designers, constructors, manufacturers and facilities managers
Instrument solutions: Hire, sales and calibration of instruments
Market intelligence: Off the shelf reports, bespoke studies and management
consultancy for global markets
Information and membership: Bookshop, library, training, networks and events

Head Office: Old Bracknell Lane West, Bracknell, Berkshire RG12 7AH UK
T: 0800 254 5700 (UK) or +44 (0) 1344 465 600 | F: +44 (0) 1344 465 626
BSRIA North: 68 Walton Summit Road, Bamber Bridge, Preston PR5 8AQ UK
T: +44 (0) 1772 754 380
E: bsria@bsria.co.uk | W: www.bsria.co.uk
Overseas offices in United States, China, France and Spain
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