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Introduction

Motivation: Cost uncertainty!

Assumption:

Costs of energy supplied by the storage
<

Costs of energy from the market
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Introduction

Motivation: Cost uncertainty!

Assumption:

Annual payment for storage investment

<

Annual savings of reference energy costs
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Methods

ZAE BAYERN

Top-Down approach:
Maximum acceptable storage capacity costs

How much may (thermal) energy storage cost?

Bottom-up approach:
Realised storage capacity costs
How much do existing storages cost?
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Top-Down approach
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Top-Down approach E
Annuity factor ANF ZAE BAYERN

ANF - investment costs = Annual payment for storage investment
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Top-Down approach

e 4

4 -

4 >
4
I\'; -
\ o
i >
= >

ZAE BAYERN

Annuity factor ANF
ANF - investment costs = Annual payment for storage investment
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Top-Down approach

Maximum acceptable storage capacity costs SCC__.

Assumption:

Annual payment for storage investment

= Annual savings of reference energy costs
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Top-Down approach

Maximum acceptable storage capacity costs SCC

-

acc ZAE BAYERN

Annual payment for storage investment

= Annual savings of reference energy costs

SCCyec * ANF = REC - Neyele

SCCyhec =

REC - Neycle

ANF

SSTES 2017/
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REC = reference energy costs
(heat / cold suppy)

Ncycie = Storage cycles / year

ANF = annuity factor
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Top-Down approach

Maximum acceptable storage capacity costs SCC

SCCyhcc =

REC - Ncycle

ANF

ZAE BAYERN

acc

REC = reference energy costs

(heat / cold suppy)

ANF = annuity factor

User class REC / €-kWh_*
min.  max. _min._ max.
Industry 0.02 | 0.04 0.25]| 0.30
Building 0.06 | 0.10 0.07] 0.10
Enthusiast 0.12 | 0.16 0.04| 0.06
f
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© ZAE Bayern

Nycie = Storage cycles / year



Top-Down approach

Maximum acceptable storage capacity costs SCC,__. ZAE BAVERN

SCCyhcc =

REC = reference energy costs

REC - NCYEle (heat / cold suppy)

ANF

Nycie = Storage cycles / year

ANF = annuity factor

User class REC / €-kWh_,*
i, e 17 .
Industry i’o.oz i 0.04 0.25 EIO.BO i
Building i 0.06 i 0.10 0.07 iO.lO i
Enthusiast E 0.12 E 0.16 0.04 é0.06 E
" -
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Top-Down approach E
Maximum acceptable storage capacity costs SCC

ZAE BAYERN

aCcC

5000 :

- lupper limit

1000 -

cycle

- Short-term storages allow much higher SCC.,.. than long-term storages!

acCcC
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Bottom-Up approach
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Bottom-Up approach
Realised storage capacity costs SCC,_,,

Questionary within
IEA SHC Task 42 / ECES Annex 29

SCCreal =

INC

SC

SSTES 2017/
January 20, 2017

INC =
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|EA SHC J ECES Task 42 / 20
A e e ———— e e I ey | e
‘WG C: Economical Evaluation -» What are the costs of Thermal Energy Storages? |+ Actual values Eupected values
u TES material € £
L | Tidle of E E » | Storage bin €
{max. 3 words) [ g Charging device € £
o Name 7 3 ing device € €
d— Contact person Afiiation E Total € £
- aatiers - = plominal pperation costs €/ cydle | £/ oyl
8 Phone | Fax | | e-mail | | [specify)
Institution{s] involved had Additional costs (specity) € €
8 | Industrial parmer(s) involved 41 | Comments
% | Funded by
1 Sensiole
[ ] Typeormes PC
12 | (mark the appropriate} TCM Comments line by line:
- Other [specify) 14 Briafly dascrine the purpose of the thermal enargy storage. If avallabie, please
inclutle pictures or & scheme.
“ ::,:::: ;:'“::I;_g:;*] 1722 I?ln::sz use values for the mass flow rate as it is more dearly than the wolume
13 | Storage material 17-25 Min,, Max.: typlcal temperature rangs during operation
1% | Heat transfer medium (HTM) Neminal: nominal values correspond 1o the standard cherging respectively
bl HTM mass flow (kg/s) Min, Max Nominal discharging cycle
E _g 2 Min. = @ Mi prs ‘storage capacity that cormesponds to the nominal operation mode
1 5 Temperature (“C) § g Man § E g Max. 3031 gross volume/mass: Incleding charging and  discharging  devices, heat
) & Namingl Naminal exchangers etc.
[zt | Power (kW) Max Bveraze Nominal 32 ‘What is the basis for the cost evaluation?
2 HTM mass Now (kg/s) Min, M Nominal a3 Please give values for the actual costs and reasonable values for costs that can
22 | 3 Sy Min. o| Min. be laallse«_:l inthe near future.
[2a | g Temperature (°C) E E | max sE 5 Max. 28 = surm of line 34 10 37
1 F I pr—— Norl 39 £ Service costs, auxiliery energy
[2=] Power [KW) Max Average Naminal & .8 engineering costs
27 | Mominal storage capacity (KWh) Ei S Add comments that might be helpful to facilitate comprehension or add
2 | Full opces per year necessary Information.
28 | Cycles during lifetime.
30 | Storage volume {m') Gross volume ] | Storage material |
31 | Storage mass [kg) Grossmass | | storage material |

Investment costs

(material

+ storage container / reactor

+ charging/discharging device)

Installed storage capacity
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Top-Down & Bottom-Up approach
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Long-term storages for building applications

ZAE BAYERN
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Long-term storages for building applications

ZAE BAYERN

o 7 1 1 — uilding
3 e e e S B e L
- g g = / — S .
s -Rs1 T I T T
8 -T"ﬁﬁa 1 e = -
N 1 -.‘ —— =1
12~ a7
0.3? 5 TRi9 | | | | | | |
1 2 3 4 5 6 ¥ g 8 9 10
storage description INC/€ SC[/kWh, SCC.,/€kWh_*
1: NaOH storage Seasonal heat storage based on 8,000 —
(EMPA) closed NaOH sorption ! 32,400 2,500 3.20-13.0
c Sh
2: Ottrupgard, 1995 Lot water; 1,500 m% 1 225,500 43,500 5.18
35-60°C

3: Sunstore 2, 2003 10,000 m3 water; 35—-90 °C 1 671,100 638,000 1.05
4: Sunstore 3,2013 60,000 m? water; 10— 90 °C 1 2,281,900 5,570,000 0.38
>: Sunstore 4, 2012 0 454 113 water; 10— 90 °C 1 2,671,100 6,960,000 0.41
(PlanEnergi)
6: Ackermannbogen ¢\ 13 \vater: 20— 90 °C 1.6 942,400 472,400 1.99
(ZAE Bayern)
7: Attenkirchen Hot water + borehole heat
(ZAE Bayern) exchanger; 27,000 m3; 10—-90 °C 1.7 327,300 654,600 0-20
8: SAT storage Seasonal heat storage, super- 2,700 —
(DTU, Univ. of Graz) cooled sodium acetate trihydrate 1=10 4,120 13-26 104-317




Long-term storages for building applications %

ZAE BAYERN
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-> Seasonal storage only economical via large hot water storages (at present)
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Hot water storages < 30 m3 ' =

ZAE BAYERN

1000 -
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o
o
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SCC
o
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/a’

cycle

- Storages can be integrated in a variety of systems with different Neyele
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Hot water storages < 30 m3

ZAE BAYERN

A
p

ca

—_
-
o

-4
13
TRL 9

rea

. SCC__ /€kWh

acc

SCC

i
o

storage

9: VSI—30 m3 (ZAE,
Hummelsberger)

description

Vacuum super insulated water
storage; 30 m3; 5—95 °C

12.5

10: allSTOR VPS/3

2000/3-7 (Vaillant) 2,000 | water; 5—-95 °C

17.6

11: VSI — 5 m3 (ZAE,
Hummelsberger)

Vacuum super insulated water

storage; 5 m3; 5—95 °C 2030

31.7

12: actoSTOR VIH

RL 500-60 (Vaillant) ~00 | water; 5-110°C

10-300

84.4

13: actoSTOR VIH

CL 20 S (Vaillant) 20 | potable water; 10—-70 °C

100 - 2000

715
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Hot water storages < 30 m3
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— Attractive for industrial applications If N Is high
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Short-term storages for industrial applications
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Short-term storages for industrial applications E

ZAE BAYERN

real

100 -

’ SCC

scc,

storage description INC/€ SC/kWh_, SCC.,/€kWh_*
14: Ice storages Storages with spherical 5,000 -
-1 - 20-2
(Cristopia) nodules filled with water / ice 120 =150 10,000 0-25
15: SAT mobile storage . :
(Univ. Bayreuth, Mobile PCM storage (sodium 5y _ 500 99000 2,500 39.6
acetate trihydrate); 40 — 90 °C
LaTherm)
16: Dual media storage Sensible storage;
(ZAE Bayern, GieRBerei stone + heat transfer oil; 200 400,000 6,500 61.5
Heunisch) up to 300 °C
17: Mobile sorption . :
heat storage 3\/ ;‘Slti LZ‘:\?';:EO '\:‘edr“St”a' 240 440,000 9,200 47.8
(ZAE Bayern) Y
SSTES 2017/ © ZAE Bayern 16
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Short-term storages for industrial applications E
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-> Ice storages cost effective, other technologies within reach
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Short-term PCM & TCM storages for %
building applications ZAE BAVERN
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Short-term PCM & TCM storages for
building applications
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ZAE BAYERN
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Short-term PCM & TCM storages for - =

building applications ZAE BAYERN
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- Some storages already cost effective,
others at lower TRL with higher investment costs
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What are the major influencing factors
on the cost effectiveness?
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Top-Down Approach
Maximum acceptable storage capacity costs SCC

ZAE BAYERN

acc

limited by market

/ determined by
REC - N application
SCC... = cycle and storage!
dCC A N F
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Bottom-Up Approach SCCoon = INC

Investment cost INC distribution SC AE BAYERN
NaOH (EMPA) Eag I (a) actual costs
b) (b)  expectable costs
SAT (DTU/Graz) 58.3 [ ]

SAT mobile (Bayreuth) I
Dual media storage (ZAE) I

MobS (ZAE) ggg ]

SolarHeatCool (ZAE) Egg I

TubelCE (VITO NV)

Dishwasher (ZAE) gg; ]

RT58 (VITO NV)

R

raroquinone (Lleida) NN

RT60 storage (UPV-EHU) Egg ]
]

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m heat storage material
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Summary
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A simple tool for the economic evaluation of E
thermal energy storages ZAE BAYERN

Top-down & Bottom-up approach:
Annual payment for storage investment

<!

Annual savings of reference energy costs
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A simple tool for the economic evaluation of
thermal energy storages

Top-down & Bottom-up approach:

INC REC * Ngye
SCCreq = Y <| S5CCucc = AN;YC -

Most influencing: Annual number of storage cycles N e

Applications with high N

cycle-

—> All storage technologies can be economical

- Systems should be compared regarding physical and technical
attributes (and TRL)

SSTES 2017/
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Thermal energy storages with additional benefits

,Power” storages (e.g. DHW storages)

e Stand-alone systems (e.g. self-sufficient solar energy supply)

 Comfort applications (e.g. PCM in textiles / transport boxes, self-cooling
beer barrel with zeolite)

e Increasing flexibility (e.g. CHP + district heating/cooling + TES:
decoupling of electricity and heat/cold production = higher electricity sales)

SSTES 2017/
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Energy Procedia Volume 91, Pages 197-217 & 226-245
Proceedings of the 4" International Conference on Solar Heating and Cooling for

Buildings and Industry (SHC 2015)
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New phase 2017 — 2019
Task/Annex 58/33 ZAE BAYERN

PCM TCM
Subtask 1: “Development of Improved TES Materials”
Subtask 1P Subtask 1T
Stefan Gschwander (ISE, DE) Alenka Ristic (NIC, SI)
Subtask 2: “Material Testing under Application Conditions”
Subtask 2P Subtask 2T
Christoph Rathgeber (ZAE, DE) Daniel Lager (AIT, AT)

Subtask 3: “Component Design for Innovative Materials”

Subtask 3P Subtask 3T
Ana Lazaro (Uni Zaragoza, ES) Benjamin Fumey (EMPA, CH)

Subtask 4: “Energy Relevant Applications for an

Application-oriented Development of Improved Storage
Materials”

AndreasHauer (ZAE, DE) and Wim van Helden (AEE INTEC, AT)

-> Kick-off meeting: April 5-7, Lyon
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Thank you for your attention!

Christoph Rathgeber
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