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1. Introduction

As every (engineering) system a thermal energy storage system has life cycle.

And at the end of the life time of the thermo-chemical or PCM storage system a recycling has to be
planned and organised. For this activities the recycling path for the materials has to be known and the
dismantling has to be described. This recycling can include a further use of parts in other storage
systems at other locations — “reuse” - or a inserting in the general material flow of raw materials.

Any regulations relating the security instructions — see D2.1 materials data sheet — have to be
followed. A successful recycling is energy and material efficient and sustainable.

In this deliverable D2.5, for each development line (A, B & C) a “Report about the materials
handling & recycling path” of the storage materials itself - zeolite, aqueous sodium lye and sodium
acetate. The recycling of the storage material containing components — like tanks and tubing etc. - is
summarised and described in a separate section (4) for all development lines.

2. List of deliverables in work package 2

D2.1: (SPF) Electronic and printed materials quality & purity data sheet (M12).

D2.2: (AEE INTEC) Listing of the values of the main thermodynamic parameters in the
aimed temperature range (M24).

D2.3: (SPF) Input equations for the component simulation tools (M27).

D2.4: (THW) Material(s) ageing stability (M36).

D2.5: (SPF) Report about the materials handling & recycling path (M42).
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3. Development Lines

3.1 DEVELOPMENT LINE A

Jochen Janchen, Techniche Hochschule Wildau, Germany. Waldemar Wagner, AEE INTEC
Gleisdorf, Austria.

3.1.1 Storage material of development line A

Zeolite-Water: Faujastic Zeolite (Sorbent) and Water (Sorbate)
Thermo-physical Properties of zeolite.

Sorption material: Faujastic zeolite 13XBFK an X-type zeolite
Chemical composition: Na,O Al,O; mSiO, nH,O (m < 2.35)

3.1.2 Storage material recycling path of development line A

The following section contains a formal (general) descriptions of the recycling path of the
water sorbent-sorbate storage material (13XBFK) used in the development line A. The
materials stability data are form measurements (cf. below) and a mathematical description
can be derived from references [1] if needed. For the materials handling in the recycling this
description can be used in combination with the “Electronic and printed materials quality &
purity data sheet” — the Deliverable D2.1 of month M12.

In the course of the project it came out that the hydrothermal stability of the zeolite 13XBFK,
NaYBFK and 4ABFK are very high for temperatures up to 200°C. To be on the safe side an
extra-long test of 13XBFK, finally used in the storage, was performed during significant
stronger conditions as usually found in the storage. The test went over 300 to 475 cycles
within a period of time of 3.5 years. The results are shown in Figures 3.1.1 and 3.1.2. As can
be seen the adsorption capacity suffer to some extend from the much stronger hydrothermal
conditions of the cycling test. The adsorption capacity is reduced by 27% up to 300 cycles.

0,35
0,30 |

0,25

0,20
0,15 |

0,10

adsorbed amount in g/g

0,05 |

O’OO 1 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300

number cycles

Figure 3.1.1 Cycle- and hydrothermal stability of binderless Kostrolith® molecular sieve 13XBF during
significant higher hydrothermal stress as applied in the storage: desorption temperature 300°C,
heating rate 20 K/min and 18mbar water partial pressure (closed system).
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Fig. 3.1.2 Photo of the sample 13XBF after 475 cycles adsorption/desorption during high hydrothermal
stress, no changes of shape, colour or mechanical strength of the beads could be observed.

However, the number of cycles of the seasonal storage is less than 25 with a degradation of
10.5% of the adsorption capacity. Parts of the zeolite crystals are transformed into non-
porous, harmless alumino-silicate phases just reducing the water adsorption capacity [2].
But, as already pointed out, almost no degradation of the zeolite is expected because of the
lower charging temperatures not exceeding 180°C.

Other properties such as mechanical strength, appearance of the beads (colour, shape) do
not change at all as illustrated in Figure 3.1.2. Further, the zeolite is with water vapour in
contact only. Because of the closed system no contamination with environmental
components is likely.

Conclusion: It seems very likely to re-use and re-sell the zeolite filling for other applications
such as drying agent. The re-use and re-selling of the zeolite component of the storage
would reduce the costs significantly.

3.1.3 Storage material recycling path of the construction materials line A

The section 4 contains a general hint and references of the recycling of the metal
construction materials (dominantly) used for the storage in the development line A, B and C.
See section 4. The photos in figure A1 and A2 show the storage material container.

Fig. Al: Photo of the whole system. The two Fig. A2: Footprint photo of the steel container of
insulated sorption storage tanks in the back, the  the adsorption storage system. The Faujastic
water reservoir in the front, and on the left side zeolite 13XBFK material has a granular

the buffer with the hot water tank on top. structure.
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3.1.4 References of development line A

[1] W. Lutz, H. Toufar, K. Kurzhals, M. Suckow, Adsorption, 405-413, 2005, Investigation
and Modelling of Hydrothermal Stability of Technically Relevant Zeolites.

[2] H.Fichtner-Schmittler, W. Lutz, S. Amin, A. Dyer, M. Wark, Zeoloites, 750
755, 1992, Hydrothermal damage of ion-exchanged A-type zeolite cation-direct
mechanisms of phase transformation.
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3.2 DEVELOPMENT LINE B
Paul Gantenbein and Xavier Daguenet-Frick, HSR-SPF, Rapperswil, Switzerland.

3.2.1 Storage material of development line B:

Aqueous Sodium Hydroxide — NaOH-H>O
Thermo-physical Properties of Aqueous Sodium Hydroxide — NaOH-H,O.
Absorption Material (liquid): Aqueous Sodium hydroxide Lye (NaOH-H,0O)

3.2.2 Storage material recycling path of development line B

The following section contains formal (general) descriptions of the recycling path of the
aqueous sodium-lye storage material used in the development line B. The relevant
application ranges are defined in other deliverables of the project. The data description are
mainly form the references [1, 2] or derived thereof. This document can well be used in
combination with the “Electronic and printed materials quality & purity data sheet” — the
Deliverable D2.1 of month 12.

In the general industrial materials handling the concentrated or diluted sodium lye can be
shipped back to the supplier or there are specialized firms which are able to treat and recycle
sodium lye. In case of development line B the supplier is the Thommen-Furler company in
Switzerland (http://www.thommen-furler.ch/) [5]. For the recycling procedure, on the
company’s home page one can enter the CAS number (CAS-Nr. 1310-73-2) and a variety of
possibilities are presented.

& DE | FR | Home | Kontakt |

THOMMENY] FURLER JGREENPOOL

Chemikalienversorgung — Umwelttechnik — Sonderabfallrecycling. Alles aus einer Hand!
UBER UNS NDUSTRIE AUTOMOTIVE MOBIL SCHMIERSTOFFE ADBLUE® BY BASF DIENSTLEISTUNGEN INFOSHOP

Sie befinden sich hier: Home

Herzlich Willkommen

Wir wiinschen Ihnen einen angenehmen Besuch

Infoshop

Bitte geben Sie zur Schnellsuche Ihre gesuchte Artikelnummer ein.

1310732 % W

UN-N. [ 11 = 1

EINECS-Nr 4 4l ;

VeVa-Code Juni 2015 Juni 2015 Juni 2015
Stichwortsuche Produkte & Geschaftsmodell Firmengeschichte

Dienstleistungen ChemCare®
Fig. B1: First page of the homepage of a materials supplier and recycling company in Switzerland.
The CAS-Nr. 1310 of Sodium lye as input is shown.

Sodium lye can be neutralized by hydrochloric acid to form salt water plus heat. The reaction
follows the equation B1:

(B.1)

Where the heat released is 55.8kJ/mol. For this reason the neutralization has to
be carried out slowly.

The cleaning of a sodium lye containers (storage material containing equipment) will be done
by aqueous citric acid CsHgO,. The chemical reaction for this neutralisation is shown in B2:

(B.2)
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The formed aqueous trisodium citrate (NasCgHs05) is a common used food additive which
can be flushed to the waste water.

https://en.wikipedia.org/wiki/Trisodium_citrate: Sodium citrate is chiefly used as a food additive,
usually for flavour or as a preservative. Its E number is E331. Sodium citrate is employed as a
flavoring agent in certain varieties of club soda. Sodium citrate is common as an ingredient in
Bratwurst, and is also used in commercial ready to drink beverages and drink mixes, contributing a tart
flavor. It is found in ice-cream, jams, sweets, milk powder, processed cheeses, carbonated beverages,
and wine [6].

At the current development line B project status the sodium lye contamination with container material
metals and or there (possible) oxides as well as sodium carbonate is not known. But in the regular
recycling procedure samples will be taken from the storage material and these will be chemically
analysed to find out whether it contains afore mentioned components. After this measurements are
finished a decision about the further use of the sodium lye has to be taken.

3.2.3 Container material recycling path of development line B
The inner surface of the steel DIN 1.4404 containers will be slightly covered by sodium lye or if

dried/crystallised, just with sodium hydroxide (NaOH). If this is the case the tubes, containers and
pumps etc. can be cleaned by aqueous citric acid C¢HgO-. The procedure and the following product
are described in the section above.

In section 4 of this document a list of the container materials is given and a hint to the recycling is
given — we refer to the method Vaillant GmbH has established. Figure B shows photos with stainless
steel main components of the sorption storage system in development line B.

Fig. B5: Heat and mass echanger and manifold  Fig. B6: Vacuum envelpe of the absorption-

of the absorption/desorption unit in the sodium desorption (A/D) and the evaporation-

hydroxide storage. Tube bundle falling film condensation (E/C) units of the sodium hydroxide
concept made of Stainless Steel DIN 1.4404 storage. Material: Stainless Steel DIN 1.4404
(V4A), AlSI 316L. (V4A), AlSI 316L.

3.2.4 References relating material recycling of development line B
[1] J. Olsson, A. Jerngvist, G. Aly, Thermophysical Properties of Aqueous NaOH-H,O Solutions at
High Concentrations, International Journal of Thermophysics, Vol. 18, No. 3, 1997 (Springer).

[2] Solvay Electrochemistry & Derived Specialities, Liquid caustic soda; Solvay SA Rue du Prince
Albert, 33, B-1050 Brussels.

[3] A. L. Horvath; Handbook of Aqueous Electrolyte Solutions — Physical Properties, Estimation
and Correlation Methods.

[4] K. Feldkamp: Der Warmeubergang beim Sieden von wéssrigen Lésungen.

[5] http://www.thommen-furler.ch (2016.01.18.).
[6] https://en.wikipedia.org/wiki/Trisodium_citrate (2016.01.18.).
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3.3 DEVELOPMENT LINE C

Gerald Englmair, Simon Furbo, Mark Dannemand, Technical University of Denmark DK-2800
Lyngby, Denmark. Christoph Moser, Hermann Schranzhofer. Graz University of Technology,
Austria.

3.3.1 Storage material development line C:

Salt water mixture: (54 7 58)% NaCHsCOO and (46 i 42)% water
Thermo-physical Properties of salt water mixture.
Phase Change Material: Sodium acetate tri-hydrate

3.3.2 Storage material recycling path development line C

The following section contains formal (general) descriptions of the recycling path of the
Sodium Acetate Tri-Hydrate storage material used in the development line C. The materials
treatment and the application ranges are defined in other deliverables of the project. This
description can well be used in combination with the “Electronic and printed materials
qguality & purity data sheet” — the Deliverable D2.1 of month M12.

The recycling of SAT is not a simple task, due to necessity of pure SAT in the majority of its
applications. The recycle has to include first a chemical process to divide the different
components, in case there was an addition of some agents, which is a costly procedure.

The remaining possibility is the disposal of SAT. SAT can be easily dissolved in water and
removed through the drainage system. The environmental effects of sodium acetate have
been assessed in [2], and it has been concluded that negative effects on both aquatic and
terrestrial ecosystems are minimal. However it depends on which additives are mixed with
SAT and the amount of material which is involved. Therefore aspects of material handling
and proposed material path for additives applied in the system demonstrator will be
explained in the following paragraphs.

Carboxyl Methyl Cellulose, CMC is a common used material in food and pharmaceutical
industries and in various products as toothpaste, detergents and water-based plants as a
thickener or stabilizer emulsion. It is a non-toxic material, which could still damage the skin,
the eyes, the respiration and digestive system if humans get in contact with it. CMC usually
ends up in wastewater treatment plants or in the environment, due to the fact that it degrades
complete at slow rate [3].

Graphite is a commonly used material in several industrial applications, especially in
thermochemical processes, due to its high thermal conductivity. It is a slightly hazardous
material, damaging especially for the respiratory and cardiovascular system. The most
damaging impact on the environment from the use of graphite consists in the mining
condition. [4]

Paraffin oil has also a wide industrial application and as a cosmetic additive. It is hazardous
for the human respiratory system, that implies safety when handle it. It does not cause very
harmful effect on the environment: both terrestrial and aquatic organism are not highly
affected. Moreover, in the long term is expected to be biodegradable. [4]

Ethylenediaminetetraacetic acid, EDTA is a material mainly used in industries, for instance
in the textile industry and in pulp and paper industries, to sequester metal ions in aqueous
solutions. EDTA is also used in medicine among other things to bind metal ions in the
practice of chelation therapy and to remove inorganic debris (smear layer) and lubricate the
canals in connection with endodontic therapy. [5]

EDTA exhibits low acute toxicity. It has been found to be both cytotoxic and weakly genotoxic
in laboratory animals. Oral exposures have been noted to cause reproductive and
developmental effects. The longevity of EDTA can pose serious issues in the environment.
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The degradation of EDTA is slow. It mainly occurs abiotically in the presence of sunlight. The
most important process for the elimination of EDTA from surface waters is direct photolysis
at wavelengths below 400 nm. In many industrial wastewater treatment plants, EDTA
elimination can be achieved at about 80% using microorganisms.

Therefore, it is suggested to take into consideration the idea of dividing at least the graphite
from the SAT mixture before the disposal is realized. However, SAT can be easily dissolved
in water and removed through the drainage system, while CMC and the paraffin oil are
biodegradable. The storage material containing components are steel modules, expansion
vessels and metal pipework (including fittings).

In conclusion, it is possible to say that the use of SAT in long-term heat storages has not a
big impact on the environment and on the society, which make it easier to promote this
technology on the market.

3.3.3 Container material quality development line C

In table C1 of section 4 a list of the relevant main components and the material thereof is
given for development line C. As mentioned above, the storage material containing
components are steel modules, metal expansion vessels and metal pipework - including the
fittings. Figure C1 shows a photo a steel heat storage module tested in a laboratory test
facility.

Fig. C1: Photo of a steel casting of a Sodium acetate tri-hydrate PCM module.

3.3.4 References of development line C
[1] Inc. compliance Education. Safety Data Sheet. Material Name: Sodium Acetate,

Thrihydrate. Pages 1-9, 2015

[2] S. S. Bang and D. Johnston. Environmental effects of sodium acetate/ formate deicer,
ice shear. Archives of Environmental Contamination and Toxicology, 35/4): 580-587,
1998.

[3] Cornelis G. VanGinkel and Sarah Gayton. The biodegradability and nontoxicity of
carboxymethyl cellulose (ds 0.7) and intermediates. Environmental Toxicology and
Chemistry, 15:270 — 274, 1996

[4] Roberta Orlando. Phase Change Material Heat Storage using Stable Supercooling.
Master’s Thesis. Technical University of Denmark, Department of Civil Engineering,
August 2015.

[5] https://en.wikipedia.org/wiki/Ethylenediaminetetraacetic_acid#Industry.
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4. Container materials of development lines A,B & C
The storage material containers are iron based corrosion resistant (steel or stainless steel) metals.
The tubes and installation material for the heat transfer fluids depends of the type of the loop and is

made of either steel, stainless steel or non-ferrous (copper, brass) metals.

For this reason it makes sense for all development lines A, B and C to summarise the description — or
mentioning - of the recycling path of these materials in a separate section. It is also obvious that the
description is based on known and established metal recycling procedures and therefore the section
will be kept short. The reader is presumed to follow recommended and known “recycling companies”.
In the following for each development line a table of the main components and the material they are
made of is given. Based on these tables the materials are listed in a descending order and the
recycling path is described for the iron based and the non-ferrous metal. A reference list — institutions
and companies - at the end of this section shows the established recycling procedures for the used
container materials. But a prerequisite of the recycling is a professional cleaning of the storage
material containing components. As an example, at this status of our project we mention the recycling
process the Vaillant GmbH (COMTES Participant 7) is applying — see below “Table A, B & C -
summary.

4.1 Tables of the container materials
Table Al - development line A (from table A3 in D2.1):

Container component

Material definition
/ Material Number
(DIN / ASTM etc.)

Remarks

1 Solar Collector Copper, glass, Evacuated tube collectors or
aluminium evacuated flat plate
collectors
2 Heat exchanger between collector and X Temperature range: 20 -
secondary loop 200°C.
Medium: Synthetic heat
transfer oil (primary loop) /
glycol (secondary loop)
3 Pump of the solar collector loop X Tmax = 200°C. Medium:
Synthetic heat transfer oil
4 3-way valve X Tmax = 200°C.
5 Solid sorption heat storage tanks
5-1 - Adsorber container Steel Vacuum reinforced
5-2 - Heat exchanger Copper
5-3 - Insulation
6 Hydraulic circuit
7 Pump of the adsorber tanks / heat X Tmax = 200°C.
exchanger loop Medium: Synthetic heat
transfer oll
8 Steam piping from the adsorber tanks to Vacuum components
the EV/CO
8-1 - Vacuum valve V4A (Steel)
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8-2 - Piping V2A (Steel)

9 Condenser / evaporator tank Vacuum components
9-1 - Container Steel Corrosion resistant
9-2 - Heat exchanger Copper

(evaporator/condenser)
9-3 - Pump X

10 Ground-heat exchanger X
11 Secondary loop pump X
12 Small storage tank with external Steel Volume 300l

domestic hot water preparation
Table B1 — development line B (from table B1 of D2.1):
Container component Material definition | Remarks

/ Material Number
(DIN / ASTM etc.)

1 Solar Collector field Copper, glass Evacuated tube collectors or
evacuated (e.g. Kinsgspan
Thermomax HP 400 20/30)
2 External heat exchanger (heat Stainless Steel Temperature range:
exchanger between collector and RT — 135 °C.
storage tank) Fluid: Glycol (primary loop) /
Water (secondary loop)
3 Pump of the solar collector loop Steel Tmax = 135 °C. Fluid:
Monopropylene Glycol
4 Pump of the storage tank loop Steel Tmax < 100 °C. Fluid: Water
4 3x 3-ways valve for charging the storage Brass Tmax < 100 °C. Fluid: Water
tank
5 Storage tank Steel Tmax = 95 °C. Fluid: Water
Flow heater for domestic hot water pre Stainless steel Tmax = 95 °C. Fluid: Water
heating
7 3-way valve for domestic hot water Steel Tmax = 95 °C. Fluid: Water
primary loop
8 Pump of the domestic hot water primary Steel Tmax = 95 °C. Fluid: Water
loop
9 Heat exchanger for the domestic hot Stainless steel Tmax = 95 °C. Fluid: Water
water
10 3-way valve of the domestic hot water Brass Tmax = 95 °C. Fluid: Water
secondary loop
11 3-way valve for the charging of the Brass Tmax = 95 °C. Fluid: water
sodium lye storage tank
12 Pump for charging of the sodium lye Stainless Steel DIN | Tpa = 95 °C. Fluid: water,

storage tank

1.4404

AISI 316L
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13 Sodium lye storage tank Stainless Steel sodium lye, NaOH
DIN 1.4404 Corrosion resistant

14 Heat and mass exchanger sodium lye Stainless steel Fluid: Aqueous sodium lye,
DIN 1.4404 Water, Corrosion resistant

15 Heat and mass exchanger water vapour Stainless steel Tmax = 95 °C. Fluid: Water
DIN 1.4404 Corrosion resistant

16 Tubes for sodium lye Stainless Steel Fluid: Aqueous sodium lye
DIN 1.4404 Corrosion resistant

17 Tubes for water Stainless Steel Tmax = 95 °C. Fluid: Water
DIN 1.4404 Corrosion resistant

18 Pump for the floor heating loop Steel Tmax = 95 °C. Fluid: Water

19 3-way valve for the floor heating loop Brass Tmax = 95 °C. Fluid: Water

Table C1 — development line C:

Container component

Material definition
/ Material Number
(DIN / ASTM etc.)

Remarks

1 Solar Collector field Copper, glass Evacuated tube collectors or
evacuated (e.g. Kinsgspan
Thermomax HP 450)
2 Tubes for collector loop Copper
3 External heat exchanger (heat Stainless Steel Temperature range:
exchanger between collector and RT — 135 °C.
storage tank) Fluid: Glycol (primary loop) /
Water (secondary loop)
4 Pump of the solar collector loop Steel Tmax = 135 °C. Fluid: Glycol
5 Pump of the secondary loop Steel Tmax < 100 °C. Fluid: Water
6 Pump of the PCM storage loop Steel Tmax < 100 °C. Fluid: Water
7 11x 2-ways valves for control Brass Tmax < 100 °C. Fluid: Water
) Buffer storage tank Steel Tmax = 95 °C. Fluid: Water
9 Electrical backup heater Steel Tmax = 95 °C. Fluid: Water
(in buffer storage tank)
10 Sodium acetate tanks (modules) Steel,
Stainless steel
11 Tubes for water Steel Tmax = 95 °C. Fluid: Water
12 Insulation material for tanks and Mineral wool or

pipework

foam insulation
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Container component Material definition | Remarks (recycling
/ Material Number | procedure according
(DIN/ ASTM etc.) reference list)
1 Storage material tanks (line A & B) DIN 1.4404 Stainless Steel
V2A = DIN 1.4301 | AISI 304 & AISI 316L
V4A = DIN 1.4401 Steel corrosion resistant
2 Sodium acetate tanks (line C) Steel Corrosion resistant
3 Heat exchanger (line A) Copper Bare copper
4 Heat exchanger (line B) DIN 1.4404 AISI 316L
5 Heat exchanger (line C) Steel DIN 1.4301/1.4401
3 Installation material Brass Copper Zinc Alloy; DIN
CEN/TS 13388

In case of replacing — for example - a heating unit of a building, the Vaillant GmbH is transporting the
old component to is manufacturing site, dismounts the component in the different metal parts —
materials — and a contracting recycling company is responsible for the introduction of these materials

in the materials cycle for reuse.

4.2 Internet references for i metal - recycling

[1] http://www.bssa.org.uk/topics.php?article=92 (2016.01.19.)
[2] https://www.kupferinstitut.de/de/werkstoffe/system/recycling-kupfer.html (2016.01.19.)

[3] http://www.copper.org/environment/lifecycle/ukrecyc.html (2016.01.19.)

[4] http://www.tatasteeleurope.com/en/sustainability/steel-for-a-sustainable-future/the-life-cycle-of-

steel/recyclable-or-recycled (2016.02.26).

COMTES Deliverable D2.5



http://www.bssa.org.uk/topics.php?article=92
https://www.kupferinstitut.de/de/werkstoffe/system/recycling-kupfer.html
http://www.copper.org/environment/lifecycle/ukrecyc.html

