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1 Goal 

The goals of this contribution can be summarized as: 

(i) Definition of boundary conditions for industrial applications to enable the assessment of TES technologies with 

regards to their ability to be integrated in various industrial applications. 

The assessment is focused on industrial application where the TES unit can serve to recover waste heat (batch 

processes) and where the TES unit can be used for peak shaving to reduce investment and operational costs. 

Below is an overview of the contributions received from the participating institutes. 

2 Results 

2.1 Overview of projects 

2.1.1 FAFCO SA project – HSLU 

The aim of this project is to find materials and possibilities that allow thermal storage at temperatures in the range 

of 8 to 15 ° C (PCM8-15) and 50 ° C (PCM50) in addition to today's ice storage. 

Ice storage for storing latent heat for cooling purposes are now operated with water. For new applications in the 

field of air conditioning and heating, a higher temperature level is exergetically much cheaper. Based on the PCM 

with the phase transition temperature of 50 ° C, the storage density can be achieved in the useful hot water storage. 

This reduces the storage space of the thermal energy store. The material chosen has phase change occurring at 

10°C. 

This project has now been closed and had a duration of 42 months. 

2.1.2 SUNAMP Ltd project – HSLU 

The project aims to develop, test, and validate a thermal energy storage technology for refrigeration processes (-

30C<T<-5 C). The proposed cold storage technology is characterized by a higher power output and more compact 

design compared to the products commercially available in the market today. The project scope includes validation 

of the technology performance and cost at industrial scale as to make the project outcome as close to a commercial 

product as possible.  

TES allows to decouple production and supply of cold which can be beneficial for the efficiency of the system (cold 

can be produced when most beneficial, e.g. during night at low ambient temperatures). Furthermore, cooling utilities 

can be dimensioned smaller since demand peaks can be mitigated using the storage. Finally, storage allow a 

geographical decoupling of cold production and sink and may hence be utilized in transportation of to be cooled 

goods. 

2.1.3 Industrienanlagen Hoffmeier GmbH – ZAE Bayern 

Mobile energy storage systems working with Zeolite in an open sorption system can utilize industrial waste heat in 

cases where a pipeline bound connection is not cost sufficient.  

A demonstration plant using extraction steam from a waste incineration plant to charge the storage with 130 °C hot 

air and an industrial drying process as customer 7 km far away from the charging station was built, operated and 

monitored over one year. The storage contains 14 tons of Zeolite and uses at the discharging station exhaust air 

from the dryer with 60 °C and 0.09 kg/kg humidity to realize a storage capacity of 2.3 MWh, saves 616 kg carbon 

dioxide per cycle and shows no degradation within accuracy of the measuring equipment. Misdistribution through 

the packed bed of zeolite prohibits the desired power output. The prime energy costs can be reduced down to 73 

€/MWh considering small-scale mass production [1]. 
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2.1.4 Latherm GmbH Project – Uni Bayreuth 

The project consists of using waste heat from a block-type thermal power station as source (see Annexe – 

Supplementary Material). The storage unit was mobile and built based on a sea container. The potential heat sinks 

are swimming pools, schools and low process heat. The melting point of the PCM (sodium acetat trihydrate) is 58.3 

°C. About 20 t of the storage material were used. The max temperature is up to 95 °C. 

2.1.5 Enolcon GmbH Project – Uni Bayreuth 

A large test facility for sensible high temperature storage which was developed by enolcon. One application for the 

storage is the use of waste heat in a brick factory. The waste heat during the burning is stored and used later on 

for drying bricks. In small to middle brick factories this drying and burning process is more or less a patch process. 

Generally temperatures between 200 and 350°C are used and standard volume flows comprise of 8.000-10.000 

m³/h. Charging is performed directly with the flue gas while discharging is performed with ambient air. Due to dew 

point, the temperature in the stack can never be below 100°C. On the other hand, if charging temperature gets too 

low (below 300°C), an existing backup burner can be used. 

2.1.6 Technische Universität Münich TUM – Industrial Project 1 

In the course of the “Energiewende,” the German electricity market is undergoing major changes. The state-aided 

priority of renewable generation has led to a significant decline in electricity prices. This reduces the profit margin 

of cogeneration units and increases the necessity of flexible operation to avoid electricity production when spot 

prices drop below marginal costs. In this work, a 100 MWel combined-cycle (CC) power plant supplying heat and 

power to a paper mill is investigated. Currently, the plant is operated heat-controlled and is therefore unable to react 

to changing electricity spot prices. With the integration of heat storage, the plant is enabled to switch to power-

controlled mode.  

To evaluate the technical impact of the storage, the plant and a thermochemical MgO/Mg(OH)2 storage are 

modeled using the stationary process simulation tool EBSILON PROFESSIONAL. Different operation modes are 

investigated and results are used to derive a mixed integer linear programming (MILP) model to optimize the 

operation of the plant/storage system. Using this method, the overall economic impact of the storage on the plant 

operation is quantified [2]. 

2.1.7 Technische Universität Münich TUM – Industrial Project 2 

In this study a novel buffer storage for the thermal decoupling of gas turbine (GT) and heat recovery steam generator 

(HRSG) during startups and shutdowns is presented to the scientific public. The storage consists of a matrix of 

metal plates, placed in the flue gas channel between GT and HRSG, which is heated up during startup and cooled 

down during shutdown thus reducing the thermal gradients in the actual HRSG. The limitation to fast startups in 

combined cycle gas turbine (CCGT) plants is usually fatigue induced damage in critical components in the HRSG.  

To investigate the influence of the storage on the fatigue damage, a transient modeling strategy of both, storage 

and HRSG, is developed. It is found, that in the investigated plant such a storage is capable of reducing the cycling 

fatigue damage in the most critical part of the HRSG by up to 90% and therefore enables to act the GT as flexible 

as if no HRSG was connected to it [3]. 

2.1.8 German Aerospace Center DLR – Industrial Project 1 

In the cogeneration plant in Saarland, Germany, process steam is produced by burning mine damp in a gas turbine 

and producing steam in a heat recovery steam generator. One of the customers requires a very constant delivery 

of high quality steam, for which a backup boiler is kept at warm load in order to assume steam production within 

two minutes if the gas turbine trips.  

The goal of the storage integration is to reduce fossil fuel use by reducing the load of the backup boiler to cold load, 

from which it requires fifteen minutes to assume steam production. For these fifteen minutes, the latent heat storage 

unit will produce steam for the steam customer. Sodium nitrate is the storage material, and the mass of the storage 

unit, including storage material and insulation, will be approximately 60 tons. The storage unit will discharge with 

an evaporation of feedwater to steam in the tubes. During charging, the steam will not be condensed, so that it can 

also be sent to the steam customer.  
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This work is being conducted in the project TESIN (Contract Nr. 03ESP011), which is partially funded by the German 

Federal Ministry for Economic Affairs and Energy [4]-[5]-[6]-[7]. 

2.1.9 German Aerospace Center DLR – Industrial Project 2 

In combined-cycle gas turbine (CCGT) power plants, electricity and heat production are coupled. Combustion in the 

gas turbines generates electricity as a first step, then the exhaust gas is sent to a heat recovery steam generator 

(HRSG). The steam produced in the HRSG can either be sold directly to industrial clients or sent to a series of low- 

and high-pressure turbines to generate further electricity, raising the round-trip efficiency of the power plant. Gas 

turbines often serve as peaker power plants and during times of low power demand, it is not in the interest of the 

power plant to continue generating electricity. Thus the production of steam is also curtailed.  

Integration of a thermal storage system can decouple the power and heat supply by charging the TES with excess 

heat during times of high power demand. Then, when power demand is low, thermal energy from the TES supports 

the steam boiler and heat is produced. This integration provides flexibility to compensate for fluctuations in variable 

renewable energy, supports grid stability and delivers balancing energy. A TES integrated into CCGT plant is a 

classic example of a retrofit application, in that it exploits a technical and economic potential in an already-existing 

process. The storage material selected constitutes of especially-engineered ceramic bricks and bulk storage from 

natural stone [4]-[8]-[9].  

2.1.10 German Aerospace Center DLR – Industrial Project 3 

In compressed air energy storages (CAES), electricity is used to compress ambient air which is then stored in an 

underground compressed air storage system consisting of a large cavern. During the initial compression process 

(shown in HP), heat is released as waste which contributes to a lower round-trip efficiency. Adiabatic compressed 

air energy storages (A-CAES) address this problem by reintegrating the compression heat into the discharging 

cycle.  

During loading of the A-CAES (compression of ambient air), the TES system absorbs the compression heat and 

stores it until the A-CAES is discharged, at which point it is reintegrated and used to preheat the cavern air before 

entering the turbine. This increases the round-trip efficiency of the A-CAES storage process from 50% without TES 

to 70% with TES. By increasing the round-trip efficiency of the process, integration of the TES system contributes 

to reducing fossil fuel consumption of the power plant and subsequent emissions.  

Although only 2 CAES installations currently exist in the world, this can be considered a retrofit integration because 

the TES system is being integrated following design of the power plant and CAES [4]-[10]-[11]-[12]. 
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2.2 Summary 

Table 1: Summary of data collected from running and closed industrial projects. 

NR. INSTITUTION CONTACT PERSON 
INDUSTRIAL 

PARTNER 
SOURCE / SINK 

CHARGING/ 
DISCHARGING 

TEMPERATURE (°C) 

CHARGING/ 
DISCHARGING 

TIME 

TYPE OF 
STORAGE 

CAPACITY POWER 
CYCLING 

FREQUENCY 

1 Hochschule Luzern HSLU 
Rebecca Ravotti 

rebecca.ravotti@hslu.c
h 

FAFCO SA 
Cooling unit/freezing 

process  
20°C/ 7°C 14h /both Latent - 2 kW - 

2 Hochschule Luzern HSLU 
Rebecca Ravotti 

rebecca.ravotti@hslu.c

h 

SUNAMP Ltd 
Cooling unit/freezing 

process  
-5°C/ -30°C 

Approx 20 

min/both 
Latent 

20-60 kWh 
Application 

dependant 

- 

Case 
dependant. 

Typically 1-5 

cycles per 
day 

3 
Zentrum für Angewandte 
Energieforschung ZAE 

Bayern 
Christoph Rathgeber  

Industrienanlagen 
Hoffmeier GmbH 

Incineration 
plant/industrial drying 

process 
130°C/ 60°C 12h/16h Sensible 2.3 MWh 

225 kW 

(charging), 
154  kW 

(dischargin

g)  

99 cycles in 1 
year 

4 Uni-Bayreuth 
Andreas König-

Haagen 
Latherm GmbH 

Waste heat from 

block-type thermal 
power station/Low 

process heat 

95°C/ 58°C 7-14 h / 18 – 36 h Latent 2.3 MWh 

Max 250  

Kw 
(dischargin

g) 

Case 
dependent 

typically about 
200 cycles 
per year 

5 Uni-Bayreuth 
Andreas König-

Haagen 
enolcon GmbH 

Waste heat from brick 
factory/ 

350°C/200°C 1h/both Sensible - - - 

6 
Technische Universität 

Münich TUM 
Annelies Vandersickel - 

CC power plant/paper 
mill 

245°C/265°C 6.5h/1h Chemical  13.7 MW - - 

7 
Technische Universität 

Münich TUM 
Annelies Vandersickel - 

Gas turbine/heat 
recovery steam 

generator 
590°C/350°C 

Response time of 
TES 15 min 

Sensible 420 MW 
Gross 127 

MW 
Cycle length 
min 80 min 

8 
German Aerospace Center 

DLR 
Maike Johnson - 

heat recovery steam 
generator outlet/steam 

customer 
103/ 350°C 

Response time of 
TES 2 min 

Latent 5.22  MWh  6 MW 

Min cycle 
length over 

15.25h, once 

per month 

9 
German Aerospace Center 

DLR 
Maike Johnson - 

Exhaust gas 
turbine/heat recovery 

steam generator 

400°C/600°C 
Response time 

TES lower than 1 

min 

Sensible 3000  MWh 250 MW 

Min cycle 
length over 

4h, once per 
day 

10 
German Aerospace Center 

DLR 
Maike Johnson - 

Compressor 
heat/Power block 

400°C/600°C 

Response time 

TES lower than 1 
min 

Sensible 340 MWh 34 MW 

Min cycle 

length over 
4h, once per 

day 
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4.1 Uni-Bayreuth Latherm Project – Block-type thermal power 
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