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1.  Introduction ï Technology development HTTES 

HTTES-Development  since 2010 - 2015: 

Demonstration 

ĂH2Pñ (Heat-to-Power) 

Test operation &  

validation 
Solutions General specification 

ÅORCTES plant 

capacity > 1 MWhth 

ÅCharging-/discharging 

power up to 1850 

kWth 

ÅStorage mass > 10 t 

ÅTemperature up to 

600ÁC 

Åhth > 90% 

 

ÅMaterial tests 

ÅFlow tests 

ÅMass- and energy- 

balances 

ÅPressure loss tests 

ÅDesign- and module 

alternatives 

ÅCharging- and 

discharging cycles 

ÅStorage material 

sand/stones 

ÅHeat carrier medium 

Ăairñ 

ÅApplication 

/combination of 

proven components 

ÅOptimised 

arrangement of 

storage material 

ÅIntegrated concept 

ÅFiling of patents 

Å Economics 

 CAPEX Ć 

 OPEX Ć 

Å Robustness 

Å Fit for future 

Å Application Ăopenñ 

Å IP-protectability  

Å Simple 

ÅR&D basics available 

V  

V  
V  

V  

V  

V  

V  
V  

V  

Technical development 

Inception to realisation 
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1.  Introduction ï Principal module setup 

  
  

  

The storage principle is based on several parallel layers containing the storage material (so called 

Ăstorage material wallsñ). A horizontal air flow trough these walls is used for charging/discharging. 

Advantages 

Á flexible design of storage modules 

Á size of storage material walls adjustable 

Á use of different storage materials 

Á large charging/discharging capacities 

Á etc. 

storage material 

principal sketch: 
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1.  Introduction ï ORCTES-Demonstration plant 
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1.  Introduction ï ORCTES-Demonstration plant 
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1.  Introduction ï Principal setup overall storage system 

In a HTTES-system several storage modules can be used. They can be charged and discharged 

individually and independent. There is as well the parallel operation of several modules possible, 

or a serial operation whereby two or more modules are in operation. This leads to two positive 

effects: 

 

ÅThe thermal charging- and discharging-capacity (MWth) can be extended independent and 

easily from the storage capacity (MWhth).  

 

ÅAn āunsharpó thermocline (area between cold and hot material) can be recovered in the 

following module, the storage efficiency is increased. 

 

Example: M1 is almost charged, charging M2 starts, M3-5 discharged  Example: M1 is charged, charging M2, M3-5 discharged  
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Case A1: no energy storage 

CAPEX: 0 ú 

Example: High temperature exhaust heat within a production process (between 250 ï 600 ÁC) in a time 

interval between 4 ï 8 a.m.. Heat demand from another process with same energy amount between 16 ï 

24 p.m. 

OPEX (gas demand):    ca. 260.000 ú 

Dumped exhaust 

heat (20 MWh) 

process heat 

with gas burner 

4 

0 4 8 20 12 16 24 Uhr 
0 

1 

2 

3 

MW 

Qth 

5 

Qth 

CAPEX: ca. 800.000 ú 

OPEX (gas demand):    0 ú 

Exhaust heat is stored  

4 

0 4 8 20 12 16 24 Uhr 
0 

1 

2 

3 

MW 

Qth 

5 

Qth 

Payback period : approx. 3 years 

Case A2: High temperature thermal energy storage 

No dependency on gas market 

Additional dependence on gas 

market 

2.  Application ï Thermal energy storage and ORC 
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Thermal energy storage systems allow a high energy efficiency by optimizing the 

use of high temperature exhaust heat on best exergy level. In addition, CAPEX 

costs could be reduced! 

Case B1: large scale ORC-plant 

CAPEX: 2.200.000 ú 

Example : High temperature exhaust heat within a production process (approx. 500 ÁC) between               

4 ï 8 a.m. No reuse of process energy possible. Exhaust air is used for electrical energy production.  

Reduced electrical energy costs per year:  

approx. 200.000 ï 250.000 ú 

Exhaust heat (20 MWhth) is directly 

used in ORC-plant            

(approx. 4 MWhel) 

4 

0 4 8 20 12 16 24 Uhr 
0 

1 
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MW 

Qth 

5 

Qel 

CAPEX: ca. 1.300.000 ú 

Exhaust heat (20 MWhth) is stored in the 

thermal energy storage and used in a small 

scale ORC-plant over a long time period 

(approx. 4MWhel) 

4 
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Case B2: small scale ORC-plant and high temperature 

thermal energy storage 

Qel 

Reduced electrical energy costs per year:  

ca. 200.000 ï 250.000 ú 

2.  Application ï Thermal energy storage and ORC 
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3. Operational results ï ORCTES 

Impressions of the University of Bayreuth ï ORCTES,  

February 2016 
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3.  Operational results ï ORCTES 
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Discharging phase 
 

Holding 
phase 

3.  Operational results ï ORCTES 

Successful demonstration of thermal energy shifting and electricity production 

ÁAfter charging the storage on a level of 500 kWhth(@300 ÁC) and a holding period of more 

than 90 min, the storage is discharged  

ÁDuring discharging, an air flow on constant temperature level (@265 ÁC) is provided and 

directed to the ORC.  

ÁHot commissioning of ORC-plant took place with first electricity production 

 

Charging phase 

electricity production  
with ORC 
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3.  Operational results ï Charging with temperatures 

above 400 ÁC 

Charging temperatures of more than 400 ÁC are possible in the storage material, design 

of the existing plant aims for 600 ÁC 

ÁSmooth behavior of the temperatures within the storage layers, equal temperature 

distribution through the layer  

ÁTemperatures at the outlet of one layer (bottom and top) are increasing at the same time 

indicating an equal temperature behavior over the height of the storage walls 

 


