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Fraunhofer-IFAM 

• Fraunhofer Institute for Manufacturing  

Technology and Advanced Materials IFAM 

• Part of Fraunhofer Gesellschaft (66 

Institutes, 22,000 employees, annual 

research volume of €1.9 billion) 

• IFAM: 500 Employees 

 

• Division of Energy Systems  

Analysis (formerly Bremer  

Energie Institute) 

– System Analysis 

– Energy Efficiency 

– Energy Economics 

– Renewable Energy  
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Background: need for balancing I 

• German Electricity supply to be based on wind and solar 
power 

• 80% from renewable sources in 2050 

• Residual load to be very fluctuating  

5 

[Krzikalla et al. 2013] [Krzikalla et al. 2013] 

Predicted renewable electricity production  
Predicted load, production and  

residual load in 2030 

Biomass 
Geothermal energy 
Photovoltaic 
Wind power offshore 
Wind power onshore 
Hydrogen power 



Background: need for balancing II 

• Predicted sorted residual load duration curve for 2030 
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Research Projekt MuGristo 

Title: Multi Grid Storage - MuGriSto 

”Analysis of Measures to balance inflexible 

electricity generation by linking electricity-, 

gas- and heat networks in comparison to 

other storage mechanisms“ 

• Supported by the 200 million € Program 

“Energy Storage funding initiative” of the 

federal government 
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Interactions between electricity- gas- and heat grids 
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Energy conversion chains investigated 
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Comparison of energy conversion chains 
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• Challenge: P2G and P2H difficult to compare on the same basis 

Power to Gas: 

 

 

 

 
– Direct “recovery” of electricity possible (optional heat generation) 

Power to Heat: 
– Direct „recovery“ of electricity not possible 

– Requirement for heat usage 

– Heat use is saving gas in a gas boiler 

– This “virtual gas” is converted in times  
of electricity demand  

– optional heat generation during times  
of electricity demand 

electricity H2 CH4 

heat 

Electri

city 

electricity 

heat 

Electri

city 



Analysis of exergetic storage efficiencies I 

Assumptions 

• Exergy content: 

– Electricity: 100% 

– Gas: 60% (H2 and CH4) 

– Heat (90°C): 22% 
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Some results of exergetic storage efficiencies 

13 

0%

50%

100%

150%

200%
G

ro
u

n
d

 s
o

u
rc

e
h

ea
tp

u
m

p

A
ir

 h
ea

tp
u

m
p

Li
-I

o
n

en
 B

at
te

ry

R
ed

o
x-

Fl
o

w
B

at
te

ry

P
u

m
p

 s
to

ra
ge

C
o

m
p

re
ss

ed
 a

ir
st

o
ra

ge

El
ec

tr
ic

 b
o

ile
r

H
TE

L

H
TE

L 
+

b
io

l. 
M

et
h

an
.

al
ka

l. 
El

.

H
TE

L 
+

ca
t 

M
et

h
an

.

al
ka

l. 
El

. +
 b

io
l. 

M
et

h
an

.

al
ka

l. 
El

. +
ca

t.
 M

et
h

an

P
EM

EL

P
EM

EL
 +

b
io

l. 
M

et
h

an
.

0%

50%

100%

150%

200%
G

ro
u

n
d

 s
o

u
rc

e
h

ea
tp

u
m

p

A
ir

 h
ea

tp
u

m
p

Li
-I

o
n

en
 B

at
te

ry

R
ed

o
x-

Fl
o

w
B

at
te

ry

P
u

m
p

 s
to

ra
ge

C
o

m
p

re
ss

ed
 a

ir
st

o
ra

ge

El
ec

tr
ic

 b
o

ile
r

H
TE

L

H
TE

L 
+

b
io

l. 
M

et
h

an
.

al
ka

l. 
El

.

H
TE

L 
+

ca
t 

M
et

h
an

.

al
ka

l. 
El

. +
 b

io
l. 

M
et

h
an

.

al
ka

l. 
El

. +
ca

t.
 M

et
h

an

P
EM

EL

P
EM

EL
 +

b
io

l. 
M

et
h

an
.

Exergy content of electricity output (present day technology) 
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Exergy content of heat output (present day technology) 

Exergy content of electricity output (future technology) 

Exergy content of heat output (future day technology) 

Range best vs. worst case (different CHP-Units, present day and future technology) 



Analysis of storage costs I 

Applications for energy storage devices vary greatly.  

Example: balancing of electricity market cannot be 
compared with other applications like e.g. batteries for 
electric cars or solar home systems 

Assumptions: 

• 2.500 hours of operation per year ( capital costs per 
kWh) 

• CHP-units already installed  ( only extra costs for heat 
storage and increased rating to allow for electric load 
following rather than heat lead operation [Schulz, W., 
Brandstätt, C., 2014]) 

• Credit for generated heat (using the cost of heat from a 
gas boiler) 
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Analysis of storage costs II 

 

15 

-15

-5

5

15

25

35

45

El
ec

tr
ic

 b
o

ile
r

A
lk

.

A
ir

 h
e

at
p

u
m

p

G
r.

 s
o

u
rc

e 
H

P

H
TE

L

C
o

m
p

r.
 a

ir
 s

to
r.

R
ed

.-
Fl

. B
at

te
ry

P
u

m
p

 s
to

ra
ge

P
EM

EL

Li
-I

o
n

. B
at

te
ry

St
o

ra
ge

 c
o

st
 [
€

ct
 p

e
r 

kW
h

 e
le

ct
ri

ci
ty

 o
u

tp
u

t]
 

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

al
ka

l. 
El

.
b

io
l. 

M
et

h
an

.

H
TE

L 
+

b
io

l. 
M

et
h

an
.

al
ka

l. 
El

.
ca

t.
 M

et
h

an
.

H
TE

L 
+

ca
t.

 M
et

h
an

.

P
EM

EL
 +

b
io

l. 
M

et
h

an
.

St
o

ra
ge

 c
o

st
 [
€

ct
 p

e
r 

kW
h

 e
le

ct
ri

ci
ty

 in
p

u
t]

 

-15

-5

5

15

25

35

45

El
ec

tr
ic

 b
o

ile
r

A
lk

.

A
ir

 h
e

at
p

u
m

p

G
r.

 s
o

u
rc

e 
H

P

H
TE

L

C
o

m
p

r.
 a

ir
 s

to
r.

R
ed

.-
Fl

. B
at

te
ry

P
u

m
p

 s
to

ra
ge

P
EM

EL

Li
-I

o
n

. B
at

te
ry

St
o

ra
ge

 c
o

st
 [
€

ct
 p

e
r 

kW
h

 e
le

ct
ri

ci
ty

 o
u

tp
u

t]
 

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

al
ka

l. 
El

.
b

io
l. 

M
et

h
an

.

H
TE

L 
+

b
io

l. 
M

et
h

an
.

al
ka

l. 
El

.
ca

t.
 M

et
h

an
.

H
TE

L 
+

ca
t.

 M
et

h
an

.

P
EM

EL
 +

b
io

l. 
M

et
h

an
.

St
o

ra
ge

 c
o

st
 [
€

ct
 p

e
r 

kW
h

 e
le

ct
ri

ci
ty

 in
p

u
t]

 

-15

-5

5

15

25

35

45

El
ec

tr
ic

 b
o

ile
r

A
lk

.

A
ir

 h
e

at
p

u
m

p

G
r.

 s
o

u
rc

e 
H

P

H
TE

L

C
o

m
p

r.
 a

ir
 s

to
r.

R
ed

.-
Fl

. B
at

te
ry

P
u

m
p

 s
to

ra
ge

P
EM

EL

Li
-I

o
n

. B
at

te
ry

St
o

ra
ge

 c
o

st
 [
€

ct
 p

e
r 

kW
h

 e
le

ct
ri

ci
ty

 o
u

tp
u

t]
 

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

al
ka

l. 
El

.
b

io
l. 

M
et

h
an

.

H
TE

L 
+

b
io

l. 
M

et
h

an
.

al
ka

l. 
El

.
ca

t.
 M

et
h

an
.

H
TE

L 
+

ca
t.

 M
et

h
an

.

P
EM

EL
 +

b
io

l. 
M

et
h

an
.

St
o

ra
ge

 c
o

st
 [
€

ct
 p

e
r 

kW
h

 e
le

ct
ri

ci
ty

 in
p

u
t]

 

Range best vs. worst case  



Content 

• Introduction and Background 

– the need for balancing 

– research project MuGriSto 

• Comparison of Energy Conversion Chains 

– exergetic storage efficiencies 

– Storage costs 

• Energy Model MuGriFlex 

– Introduction 

– Sample scenarios 

 
16 



Model-Structure of MuGriFlex-Model (example P2H) 
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Operation of different heat generators 
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Operation schedule (example P2H) 
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Sample scenarios of a P2H chain 
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