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1. Introduction s
% 4DH
Zj Industrial sector: 20% - 50% energy released to the ambient ™™
RN Building sector: represents 40% total energy use

Objective: Use industrial surplus heat in district heating via
mobile thermal energy storage (M-TES)

- load shift in space and time
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2. Methodology

fj . . . 64[2!-'“9
e  High energy storage density

MINES
Nantes

o Sufficient thermal
Swedish .
mergy Ageney —— charge/discharge rate

* Transportation flexibility
e Cost effectiveness
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2.1. Latent Heat Storage &

PCMs have ER

) Phase Change Energy [IEIVEEN|4)/<:] AN
- small temperature swing Storage Capacity [kWh/ton]
MINES - large enthalpy :
Nantes .. . . Peak melting point ~110 [ C]
- application-suited working
temperature range 1480 [kg/m3] in solid
Swedish state
Energy Agency 250 1300 [kg/m?] in liquid
state
200
X Viscosity 2.90 x 1072 [Pa s]
§150 (Solid)
3 1.60 x 102 [Pas]
& 100 (Liquid)
“ - Thermal Conductivity 0.326 [W/m-K]
0 ™ 1,
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Tempearture (°C)
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£ 2.2. Performance Mapping i

4DH
ﬁ 4th Generatio_n D:.:t‘;ic: Heating
i 100% |
Nantes 9 0%

80%

Swedish
Energy Agency 70%
60%
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Capacity (%)

0 1 2 3 4 5
Time (hr)
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2.3. Techno-Economic -.La;-“

Optimization 4DH
/ 1 1 1 e Distiict Hoeting
;/Z e Objective Functions:
i 1. Minimize CAPEX
2. For the minimum CAPEX, minimize OPEX
Swedish
Energy Agency

* Constraints:
1. User load profile
2. Case specific boundaries

e Variables:
1. Operating conditions
2. Logistics/ Operating mode
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3. Results

LLE
A L

= J-zrsx‘ .
)

4DH

4th Generation District Heating
ies and Sy

International Conference on Smart Energy Systems and 4th Generation District Heating, Copenhagen, 25-26 August 2015




W
e
\\\

x&
s \\\\\\\\\\\\1

s
=
| .
Q
Q
=
0
O
@)
Q
QO
@
2
o
<
u\\&

\\\\
\\ __
\\

\\\\\&\
\\\\\\
\\\\\\\\
\\

I | | |
0505050/
m N N o

(Aep/umn) peo

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Daily Load (MWh/day)

=
Winter time = 10X higher thermal power demand

[ ]
]
Suomi
Stocléholm

e
(E4)
Upp(;:.ala
€18

Ln
—
o
N
R
[0}
>
(o))
>
<
(]
o
L0
N
c
()
(o))
(]
<
=
(8]
[oX
]
(@)
o)
=
=]
@©
[}
I
+—
.2
S
s
2
(@]
c
i
=]
©
S
Q
=
(¢}
O
<
=
<
©
=
@©
()]
IS
(]
-
[
>
(0))]
)
(o))
S
(]
c
LLl
e
@©
S
n
c
(]
(<))
(&)
=
[¢)]
S
(8]
—
c
(]
O
<
=
S
=]
@©
c
S
Q
e
c

LV |w0
@ 3
2t BE @'-
=]
i 4

Norwegian Sea

Sandviken<
Sal
Vasteras
Q
Eskilstuna

Avesta
1+



LLE

3.1. Case Study: Hedesunda N

reas
A >

Non Optimized Operating Strategy with full Storage 4D|_i""

. 100% -

95% -

w

v
=
c
=)
v T 90%
- 3
E' o 85%
« 2 &
S § 80%
3 g 75%

1 =
§ & 70%
% 65%
o0 — }
S Jan Feb Mar Apr May | Aug Sep Oct Nov D 60%
o an e ar Apr ay Jun Jul ug -ep ct ov Lec Jan Feb Mar Apr Maj Jun Jul Aug Sep Okt Nov Dec
& Month of Year Month of Year

B 5 hr Transport 714 hr Transport 3 hr Transport =S R Wrangport-4~4 b Transpett-e-3ihe Transport

—+—2 hr Transport——1 hr Transport
® 2 hr Transport m 1 hr Transport

Reduced number of MTES by 33% if control strategy is optimized for high thermal
power demand period

High thermal power demand—> Partial storage for minimum number of MTES
Low thermal power demand—> Full storage for maximum capacity per trip, min
number of trips
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20 €/kWh
MINES VR ST ENTEE R 160 €/m? heat
Nantes transfer area for

40 foot container

Swedish 20% of MTES unit
Components cost
Energy Agency w 45 k€ for the
considered case

el elaedoiee S 1€/km, 0.4€/km
and 0.1€/km for
road, rail and
maritime
Replacement of
PCM after 5'000
cycles
Maritime: 9 g/km
Rail: 20 g/km
Road: 900 g/km

Operation and
Maintenance

Transportation CO,
emission

3.1. Case Study: Hedesunda

iil
SOF

3
4DH

4th Generation District Heating

and Sy

4%
Pay Back Time 12 years

I e I

Optimal 49 €/MWh 62 €/MWh 86 €/MWh

Cost
Scenario
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Source: AP Mgller-Maersk, 2014.

IEA and UIC, 2014.
Na et al, Atmospheric Environment, 2015.
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3.2. CO, Emission in Cost sg"

VETENSKAP

9 OCH KONST 2

%

e Optimized Scenarios

r .

< >
<

d Sy

fj 70-0 4“_\rGe:'Leratiu_n D::;tricl Heating
<

.'\-'\ | . — ! .

Nantes < 600 | . "

S 50.0 o INn Fomparlson wi
- B boiler:
Swedish = 40.0 [ . .
Energy Agency

30.0 , , - Diesel: 216 kg/MWh

LPG: 136 kg/MWh

00 —= —= = = e el e = = - _=  Biomass: carbon
Jan Feb Mar Apr Maj Jun Jul Aug Sep Okt Nov Dec heutral?

m = ™ Maritime = ®m MRail Truck

e Lower CO, emission with Martime (100X) and Rail (50X) as compared to Road
* Lower user load demand = lower CO,
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3.2. CO, Emission in Cost L8
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Optimized Scenarios g

/ 4th Generation District Heating
Transportation Time (hr) Technolngles and Sy
/ 5.5 5 4.5 4 35 3 2.5 2 1.5 )}

()]
” &

Nantes & ' A i N—
S 105 - R—
= N s .

& c ‘
Swedish L 1 “—'—'4 =
Energy Agenc o
gy Agency N o 095

ES
L -~
2 § 09 - _
7
S 085 -
& \
] 0.8 —
2
2 0.75
-% 1 2 3 4 5 6 7 8 9 10
o

Transportation Cost (SEK/km)

—m— Ratio of Total Cost —+— Ratio of CO2 Emission

Cost optimized scenarios lead to 20% cost reduction but brings 3% - 8% of CO,
increase due to operating mode with more frequent transport.

International Conference on Smart Energy Systems and 4th Generation District Heating, Copenhagen, 25-26 August 2015

13




3.3. Sensitivity Analysis <5~
e

160% ——
140%
MINES o
Nantes E
% 120%
o
s '1
Swedish g 100% H N .
Energy Agency ‘
80% - - — — — r — ‘ J
60‘%) = T T - .
1 SEK/km 2 SEK/km 3 SEK/km 4 SEK/km 5SEK/km 6 SEK/km 7 SEK/km 8 SEK/km 9 SEK/km 10 SEK/km
M Half PCM Price B Double PCM Price ® Non Optimized Logistics M Fast Cycling
B Slow Cycling W Half Transport Time ¥ Double Transport Time

* PCM price and storage performance have a preponderant impact on low cost

slower transportation scenarios
* Operation optimization and logistics is reflected more on high cost fast

transportation scenarios
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Allowable Cost (€/MWh)

Hidden for confidentiality

Nantes
10 - PER 181 mth' 191 mth'!
Swedish 0
Energy Agency Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
m Daily Load (MWh/day) N Allowable Cost per MWh Distance 48 km 58 km

Annual 4.3 GWh 7.2 GWh

Demand
. Average 550 600
GERITIEE 57€/MWh 76 €/MWh 123 €/MWh
ot CO2 by  ke/MWh/ ke/MWh/
Road yr yr

Scenario

PER= Peak power to average
load ratio
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4. Conclusion
TR ) -
4DH
fj 4“_\rGe:'Leratiu_n D::;t‘;ic(, Heating
A e Approved concept
MINES
Nantes
e PCM selection = M-TES setup =2 Logistics modeling =
E,fggj'j\gency Economic Optimization =» Environomic performance

e Economic viability with fast and cheap transportation,
optimized operating strategy, enhanced storage
performance and low material/component cost

e Economic optimum as trade off to environmental
benignity
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Tl 5. Future Wor A
4DH

ﬁ 4th Generatio_n D:'t‘;ic: Heating

(N[g  Experimental and pilot plant validation

IVIIINLES

antes e Complete environomic scenario mapping of full

Swedish range end-user power to energy profiles
Energy Agency
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