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ABSTRACT

A new IEA Task has recently been initiated to depel
new storage materials. This Task is implementech as
Joint Task between the Solar Heating and Coolit¢Q)S
and Energy Conservation through Energy Storage
(ECES) Implementing Agreements, and is entitledA'IE
SHC/ECES 42/24: Compact thermal energy storage:
material development for system integration”.

The objective of this Task is to develop advanced
materials for compact storage systems, suitableoniyt

for solar thermal systems, but also for other reatses
heating and cooling applications such as solaricgol
micro-cogeneration, biomass, or heat pumps. Th&k Tas
will cover phase change materials, thermochemiod a
sorption materials, and composite materials and
nanostructures, and will include activites such as
material development, analysis, and engineering,
numerical modelling of materials and systems,
development of storage components and systems, and
development of standards and test methods.

The main added value of this Task is to combine the
knowledge of experts from materials science as agll
solar/renewable heating and energy conservatiore Th
Task has officially started on January 1, 2009, waiitl
last for four years.

BACKGROUND

Thermal energy storage is an important technolagy f
renewable energy systems. By improving the
effectiveness of thermal storage, the effectiverdsall
renewable energy technologies that supply heatbean
improved.

Particularly for solar thermal systems, thermal rgne
storage is essential. To reach high solar fractidtns
necessary to store heat (or cold) efficiently fonder
periods of time. Until now, no cost-effective coropa
storage technologies are available to do this. ikgh
solar fraction systems, hot water stores are expersd
require very large volumes of space. Alternativirasge
technologies, such as phase change materials (P&ids)
thermochemical materials (TCMs) are available on a
laboratory scale. However, more research and
development is needed before these technologiebe&an
developed into commercial solutions.

In several IEA Annexes, both ongoing and completied
was concluded that materials are the main bottleif@c
finding effective solutions for compact thermal ege
storage, and that there is a need for new storagerials
with a higher specific energy storage density anwlet
material cost.

Around the world, several groups are working omegit
thermal energy storage materials or applications.
However, these activities are not sufficiently kak The
current activities are either limited to specific
applications, or to specific materials. What isdeskis a
way to bring the ongoing work on materials and
applications together. This is one of the most irtgod
motivations behind the new Joint IEA SHC/ECES
Task/Annex 42/24, that has started officially omuky

1, 2009.

After two expert meetings, one in October 2007 in
Zurich, Switzerland, and another in April 2008 ietten,

1 Most notably IEA ECES Annex 17 [1] and IEA SHCKT2® [2].
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the Netherlands, a proposal for the Task was pteddn
both the ECES and SHC ExCos in November and
December 2007, respectively. Both ExCos were very
positive on the scope and topic of this task, aadeh
approved the start of this Task as of January @920he
task will last four years, i.e. until December 20The
main challenge for this task is to bring togethextemial
experts and application experts (particularly solar
applications, given the primary scope of the task).
Because of this, it was decided that this task Ishtake

the form of a joint task between these two Impletingn
Agreements.

The Task's will be coordinated by two Operating rge
Wim van Helden of ECN, The Netherlands, and Andreas
Hauer of ZAE Bayern, Germany. The official kick-aff

the task was held in Bad To6lz, Germany, from Fefyrua
11-13, 2009.

THERMAL ENERGY STORAGE TECHNOLOGIES

There are several ways to classify the technologits
which thermal energy can be stored. One of thege is
use the underlying physical principle for storagdis
leads to four main groups of storage: sensible, thaiznt
heat, sorption and thermochemical storage. Thearelse
stage of these technologies ranges from marketren&iu
fundamental research, respectively. In the follgwin
section, these technologies will be briefly dessipas
well as their typical applications.

Sensible heat

With sensible heat storage, thermal energy is gtor¢he
heat capacity of a substance, for instance watdrenV
heat is supplied to the water its temperature vidé,
hence the word sensible. The heat capacity of tienal
determines the specific amount of energy that can b
stored. Because of its very high heat capacityemiatan
ideal heat storage medium. Therefore, the vast nityjo
of heat storage systems currently use water asragst
medium. Above 10TC, other materials like thermal oil or
concrete are more suitable as sensible storagaimedi

The range of storage capacities covered by sensible
systems is very large. For district heating andydar
buildings, heat and cold storage systems with water
carrying underground layers (aquifers) are usetfefint
layers, on depths ranging from tens to hundreds of
meters, are used to store the relatively warm asid c
water separately. Capacities of aquifer thermalrgne
storage systems range from tens of thousands te mor
than a million cubic meter water equivalent.

Another type of large-scale sensible heat storaggs u
water pits or large buffer tanks. In these systeths,
temperature is higher than in aquifer storage systeso
thermal losses must be minimised with thermal eu$orh.

In many cases, these systems are used to storehsala
for district heating systems. Most systems of thjie can
be found in Denmark, combined with central solar

thermal systems, and in Germany, where they am@ als
combined with decentralised solar thermal collextor

At the building level, insulated water tanks arediso
store heat. Typical storage volumes range fromlits

for solar domestic hot water heating up to several
thousands for domestic space heating.

At high temperature, sensible heat can be stored in
thermal oils like silicone oil, or in solid mategalike
concrete. An example of the latter is concentraeldr
power: during the daytime, high temperature heatnfr
concentrating parabolic trough receivers is parigd in

a steam driven power plant, and partly the heatdeed

at temperatures of 400 to 5@in large, well insulated
blocks of concrete. By storing the heat, the poplent is
able to generate power around the clock.

L atent heat

It takes energy to let a substance change its pliase
instance from solid to liquid or from liquid to gaBhe
heat necessary for this transformation is calléshlsheat,
because the phase transition takes place at a fixed
temperature, without resulting in a temperaturedase.
Storage using latent heat storage can be more ampa
than storage using sensible heat. For instancehebaé
needed to melt 1 kg of ice is equal to the heatlegd¢o
heat water from TC to 8CC.

Latent heat can be stored in many types of maserial
called phase change materials or PCM. At low
temperatures, latent heat storage is used in eefiign
or cooling systems, either to boost the maximumkpea
output of the systems or to enable the use of ghagpt
time electricity for refrigeration or cooling at ytame.
Waterlice is often used as PCM in such applications

At room temperatures, PCM storage is used to iserea
the passive or active solar fraction of room heptior
some time now, several building products have been
introduced to the market with an integrated lateeat
storage material, like wood fibre board or gypsuard.
With these products, the heat capacity of constmct
elements in a building may be increased, helping to
dampen indoor temperature fluctuations, thereby
increasing indoor thermal comfort.

Latent storage of solar thermal energy for hot viagper
production is still in development. As the temperat
range in this application is rather large, lategdtrstorage
loses its relative advantage of a high latent h&ae
effectiveness of PCM is further decreased by its lo
thermal conductivity. Both the increase of latemath
storage capacity and of thermal conductivity aeertiain
topics of R&D for this technology.

At higher temperatures, e.g. for concentrated subaver
applications, molten salts are used as latent steahge
medium. Typically, mixtures of sodium nitrate and
potassium nitrate are applied to store heat betB6&tC
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and 400C. In these applications, hew materials are being
searched for, that enable storage at higher termpesa

as higher driving temperatures increase the CSHt pla
efficiency.

Sor ption

A third class of thermal storage technologies iptson
technology. In sorption, a vapour is adsorbed Kigud
or a porous solid, and heat is released that cansbd
externally. The temperature at which this proceses
place depends on the substances used and on #Hseigre
of the system. When heat is fed into in the systim,
vapour is driven out of the sorbent. Well knownpsimm
materials are silica gel and zeolite: these mds&egan
take up water vapour with a mass equal to sevinaist
their own mass.

Sorption technologies are used in thermally driven
cooling machines. The amount of active sorptionemiailt

in these applications is not that large, so mdtenat is
less of an issue than in typical heat storage egjiins.
The development activities for sorption thermalrage
materials are therefore mainly aimed at findingeriats
that are sufficiently cost-effective.
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Figure 1 — Principle of thermochemical storage.
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Thermochemical

The highest potential for compact thermal storagéni
thermochemical materials. The development of this
technology is still in an early stage. In thermaufeal
storage, heat is used to split a substance in éparate
components, that can be stored separately withwergg
loss. When the heat is needed again, the two sulesta
are brought together in a reactor, reproducingptiginal
compound, and generating the required heat. Ircipts
every reversible reaction between two componentdea
used. Most chemical reactions, however, generah hi
temperatures and thus also need high temperatares f
heat storage.

Most thermochemical materials that are currentlgdesn
development are chemisorption materials. The seorag
principle is comparable to adsorption, but in tase the
uptake of a vapour results in an actual changehé t

crystalline structure and the chemical propertiéshe
material. Examples are salt hydrates, like copper
sulphate, calcium chloride or magnesium sulphates€
have relatively low hydration temperatures, makimgm
suitable candidates for the storage of solar therma
energy.

Other chemical reactions that are studied for tbeage

of higher temperatures (around 360) are the reaction of
magnesium oxide with water vapour to form magnesium
hydroxide. Storage at even higher temperaturesydsst
45¢°C and 500C, is studied with the formation of
ammonia from hydrogen and nitrogen.

Storage densities of material classes (MJ/m3)
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Figure 2 — Comparison of the range of storage dessi
for different thermal energy storage material cless

OBIJECTIVE AND SCOPE

The objective of the new IEA Task is to develop
advanced materials for compact storage systentsbieii
not only for solar thermal systems, but also foneot
renewable heating and cooling applications suckoter
cooling, micro-cogeneration, biomass, heat pumps,
concentrated solar power and district heating.

A secondary but equally important objective of thask
is to create an active and effective research m&two
which researchers and industry working in the fiefd
thermal energy storage can collaborate.

The Task covers phase change materials, thermocakemi
and sorption materials, and composite materials and
nanostructures. It includes activities such as rizte
development, analysis, and engineering, numerical
modelling of materials and systems, development of
storage components and systems, and development of
standards and test methods.

The main added value of this Task is to combine the
knowledge of experts from materials science as all
solar/renewable heating and energy conservatiaeadly

at the start of the Task, 1 January 2009, more Gtan
experts from over 25 organisations from 15 coustrie
started their contribution to the Task work.
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This work is subdivided into two main subtasks:
Materials and Applications, reflecting the conttiba
from the two different IEA programs. Each subtask
consists of several Working Groups that are briefly
described below.

M aterials Engineering and Processing

The heart of the work is in this working group, ttihas
the objective to study and understand compact gtora
materials and develop new materials with better
properties, and to develop new processing techresog
that enable low-cost and large scale productiothe$e
materials. This is a long-term goal, which is ngpected
to be achieved within the duration of the Task. Wuek
will include the synthesis of new materials,
determination of materials characteristics, findamgimal
methods for micro- and macro encapsulation of gmra
materials and developing novel production princple

the

The first activities in this Working Group includee
characterisation of compound of salt hydrates as
thermochemical materials, the improvement of sysithe
methods of zeolites and the use of nano-sizedcpestfor

the stimulation of crystallisation in phase change
materials.

M aterials Testing and Characterisation

The performance characteristics of novel thermargn
storage materials like phase-change materials or
thermochemical materials, often cannot be deteminase
straightforward as with sensible heat storage nadsern
order to have proper comparison possibilities appate
testing and characterisation procedures should be
developed and assessed.

The activities in this Working Group are aimed la¢ t
development of these new procedures and include
comparative testing of materials and their required
methods, long-term stability determination and pre-
standardisation of testing methods.

Numerical M odelling

With highly sophisticated numerical models, it sliobe
possible to find ways to optimize storage materials
combination with system components like a heat
exchanger or a reactor. To this end, the existioglats
that describe the processes on very different tesgales
have to be combined. Using multiscale modellings it
possible to make the right coupling between models
the molecular scale with models on the scale angoéi
storage material or on the scale of a reactor.

Within this working group, steps are taken towatisse
multiscale models for phase change materials and
thermochemical materials. The group has begun to
describe the state-of-the-art modelling techniqfes
PCM and TCM on three different length scales: micro
meso and macro.

Apparatus and Component I ntegration

The storage apparatus is composed of the storafgziaha

and the equipment or components necessary to charge
and discharge the storage material in a controled
optimal way. These components include heat excliange
pumps or fans, and chemical reactors. In orderrteeaat
optimised apparatus configurations, work will bené@n
storage container and reactor design, storage afosar
design based on the selected storage material, heat
transfer optimisation and apparatus and components
performance assessment.

Applications

The Applications subtask has three Working Groups,
divided along the typical storage temperature gf@p
of applications: cooling, heating and domestic \water,
and high temperature applications. Although
applications themselves place very different rezyognts
on storage technology, the steps that must be taken
very similar for all applications. Hence, the aitids
within the Working Groups in this Subtask are very
similar as well.

the

The activities serve the underlying guidance ppleciof

the materials development within the limitations tbé
application. The materials development will be clieel

by the desired system performance. A constant
assessment of performance criteria for a giveniegtn

will be used to determine the chances for a given
material/system combination. These criteria can eeom
from economic, environmental, production technology
market considerations. Activities in the Applicatio
Working Groups include, amongst others, definitmfin
application boundary conditions, definition of régd
thermophysical properties for each applicationec@n

of relevant candidate materials and system teclgieso
and performance assessment and validation.

Common Working Groups

Theoretical Limits, System Integration and Disseation

are three working groups that are common and mbtopa

a subtask. In the first, the theoretical limits cimpact
thermal storage materials and systems from a pdysic
technical and economical viewpoint are determinfal.
estimate is made of the maximum possible performanc
to be expected from a thermal storage system iiveng
application, giving a set of reference points fhe t
comparison of lab tests, field tests and commercial
systems.

In System Integration, a mapping is made of all the
problems to be solved when making the storage reyate
part of the complete energy system.

Finally, within the Dissemination Working Group,eth
necessary growth of involvement of new experts,
especially from the materials field, is assisted.
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CONCLUSION

The new Joint Task will help to make new compact
thermal storage materials and components availatire
future. These will enable a much higher fractiorsofar
thermal energy to be gained by solar thermal system
and lead to better and more compact storage systens
will increase the efficiency of a number of other
technologies, in buildings, industries, in dissicnd in
power generation.

The work in this Task has started in the beginmhthis
year and will last 4 years. Although the group adie
exceeds 60 experts from 15 countries, a lot of vk to

be done and certainly the hands and brains of more
experts are needed to increase the chances ofssucce
Hence, experts from industries and research orgtois
worldwide that are active in this field, are coliljia
invited to join the Task. If you are interestedeade
contact the authors of this paper or your nati&®@@ES or
SHC ExCo member.

In the meantime, work on a political and decisioaker
level has to be continued in order to increasefuhding

for better coordinated and more profound researchis
field on an international level. Certainly, theatien of a
new and strong Renewable Heating and Cooling -
European Technology Platform, in which Storage
Technology is identified as a key technology, vdiip
this process. But most important is to attract ypand
enthusiastic researchers that can help to make acmp
thermal storage a real enabling technology.

MORE INFORMATION

More information on this task can be found on theeskr
websites at www.iea-shc.org/task42 or on
Www.iea-eces.org
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