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Integrated Energy Systems

» Also called multi-vector energy systems, multi-energy systems, multi-energy carrier,

energy system integration, integrated energy networks
o Interdependent and interacting energy sources, energy supply networks and energy demand

organised for production, delivery and consumption of energy.

Electricity networks :

Absorption Electric
chillers chillers

Gas networks
Heat networks
Cooling networks
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Integrated Energy Systems (2)

» Characteristics:

Complementary advantages of various energy vectors
for system design and operation.

Exploring and facilitating the integration of local
sustainable and renewable energy resources.

C. Improving energy efficiency and reducing energy cost.
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Examples — District Heating and Cooling Systems

Public buildings e.g

Off gas grid

CARDIFF

UNIVERSITY
PRIFYSGOL

(AERDYH

&

SELLING POWER

TO GRID

e

SELLING GRID
BALANCING

SERVICES

Department for
Business, Energy
& Industrial Strategy

.
.
.
0
.,

Gedveuisurey
o LATTON
oo
'o..
v

WHAT IS A HEAT NETWORK?

ELECTRICITY PRIVATE WIRE
GENERATED BY SELLING ELECTRICITY
COMBINED HEAT AND -

POWER (CHP)

ENERGY CENTRES"
FUELS/TECHNOLOGIES
PRODUCING HEAT AND

/OR COOLING AND
POTENTIALLY ALSO POWER

> ™~ / (gas, oil, biomass,
e° " Heat pumps biogas, electric)
</ (water, air, ground)\ Solar (thermal/PV)
»‘i‘/ Industrial processes | ™ Chillers
& ] Mine water ) e
: ! Geothermal

| London Underground
g Sewerage

/696273/HNIP_What_is_a_heat_network.pdf

town hall

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file
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Examples — District Heating and Cooling Systems (2)

https://www.engie.com/wp-
content/uploads/2017/08/infographiel_va.png

ICE STORAGE CHILLED WATER
STORAGE
| l
ENERGY STORAGE

Limtis the use of machines
o produce cooling curing
peak hours

Provides a coutinuous supply
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AUTOMATED ENERGY
TRANSFER STATION

Trans®ers cooling from
the primary to the secondary
network In each bullding.

DISTRIBUTION NETWORK o

1 is entirely ungderground and carries
chi'led water from the production plants
Or storoge tanks to the encrgy transfer
stations

1T has two pipes: one to supply chilled
water, the other to return from
the buildings woater

CONTROL ROOM

Centralizes remote
supervision and monitoring
of the equipment

PRODUCTION PLANT

Produces codling encrgy

The neat generated by

the production cguipment

IS Qissipated either by cooling
Lowers Or by a Jocal water
resource, such as a river,

sea or Lake,
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Thermal Energy Storage for Cooling using Ice

» Typical cooling systems comprise ce storage I
standard cooling equipment and cooling — Tank — Heat
system exchange

an energy storage tank. o

“=
. *
Chiller

‘-..._____—______...-"

Energy discharge

Energy storage

LI

Power generation

http://www.calmac.com/icebank-energy-storage-model-c

» Thermal energy storage (TES) serves as a battery for
Load profile a cooling system.

: » The ice-based TES can provide flexibility to a district
0 4 8 12 16 20 24h cooling system (e.g. shifting cooling loads, peak
Shaving cooling peak demand shaving) without disruptions to the costumers.
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Thermal Energy Storage for Cooling using Ice (2)
» Why an ice storage tank?

= Water has well-known properties during phase change.

] . . . . . http://www.calmac.com/icebank-energy-
= Employed in known district cooling systems (e.g. University campus). storage-model-c
= The energy storage in this work is based on an ice bank tank.
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Thermal Energy Storage for Cooling using Ice (3)

» System operation. There are three operating modes.
= Stand-by mode:
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Modelling Approach

» To understand the interactions
between energy vectors in an
integrated energy system and to
design effective control strategies,
dynamic models are required.

» The animation shows how the ice
storage tank works.

= Two tubes are rolled-up in a spiral.

= Flows in the tubes are in a counter-
flow direction.

= This forms a heat exchanger per
horizontal level.

CARDIFF

UNIVERSITY
PRIFYSGOL

(AERDYH

11

"o TUKES2019

UUUUUU qy Storage Conference



Modelling Approach (2)

» Energy balance: A set of differential equations describe the thermal behaviour of water
and the refrigerant.

» Knowledge of the following is required:

= Dimensions of the tank, water mass,
pipe length and diameter.

= Thermophysical properties involved in
the heat transfer process: thermal
conductivity (k), specific heat (Cp),
density (o ), viscosity (v ).

= The heat transfer coefficient (U ) can be calculated using the mass flow rate and the
temperatures of water/ice and the refrigerant.
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Modelling Approach (3)
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Modelling Approach (a)

» ‘Splitting (Stratification) Approach’. Each node considers:

=" Parameters. = Thermophysical properties. = Dynamic properties.
dT,,.
Vi PuCow —=t = AU (t,v,k, p,Pr,Nu, D )(T, =T, )
dTRbi v
Ve PrCo & o = MeCor (Ty —Tg )+ AU (t,v,k, p,Pr,Nu, D, )(T,, —Ty)
1
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Modelling Approach (5)

15

» The set of non-linear differential equations describing the thermal behaviour of the TES

is coded in MATLAB (as an S-function). The script is used as a block in Simulink.
[Ticeboniim X [ ¥] |

T
Tw a1
Tro1
Ty b1

TRai
TWai
Trbi
Twi

TRan
TWan
Trbn

LT Wb
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mep ATy _o + AtUAT _2/VRq1PRa1Cp

1 function xdot = icebankl (t,x,N,mf, TrI)
AtUATl_Q/VWa1,0Wa1Cp 2 tVolume total water is divided by 2 for each heat exchanger pipe
mepdTh o + AtUATT o /VRp1PRO1Cp 3= | Vwa = Y/ (2W)
4 $pipe Longitudinal area
AtUAT o /VwpiPpwbicp s- |ap = p(ay/n;
6 — wp = P(3):
= Vr = P(6)/N;
. 8 - Ac = P(2):
mep ATy 411 + AtUAT; 311 /VRaiPRaiCp g3y |2 -
10 - kp = P(7):
ALUAT; i1/ VW a1l PW aiCp =
mepdT; i1 + AUAT; 11 /VR1PRbICp 12
A UAT_ ; Vi . - C 13 $%%iIce width
t i z—l—l/ WbiPWbiCp 14 xdot (:,1) ={(mf*cp*(TrI-x(1)))+(Alp*U)/ (Vr*cp*rha); =
15 xdot(:,2) =((Rlp*U~(x(1)-x(2)))+(Ri*Uiw)/ (Vwa*cp*rho); -
1é xdot (:,3) =((mf*cp*(x(i+1)-x(1)))+(Rlp*U)/ (Vr*cp*rhao); _
) . 17 xdot (:,4) =((Rlp*U*(x(3)-x(4)))+ (Ri*Uiw)/ (Vwa*cp*rho); =
mep AT, 1 + A UAT, 1 /VRanPRanCp 18— | i =5:4:N;
A UAT. 4 Vi c 19 xdot (:,1i) = ((mf*cp*(x(i-1)-x(1)))+ (Alp*U)/ (Vr*cp*rho); -
. t n—1—n/VWanPWancp 20 ®doT (:,1+1) =((A1p*U* (x(1)-x (i+1)))+(Ri*Uiw)/ (Vwa*cp*rho) ; -
meCSTn—l—n + AtUAT, _1_»/VRbnPRbN Cp 21 xdot (:,1+2) = ((mE¥cp* (x(i+6)-x(i+2)))+(Alp*U)/ (Vr*cp*rho); -
AtUATn_ 1—n /Vanprn Cp 22 xdot (:,143) = ((Rlp*U=*(x(1+2)-x(i+3)))+ (Ri*Uiw)/ (Vwa*cp*rho); =
23 — xdot = xdot(:);
._l D
—Ij—@
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Simulation Results

» The suitability of the model is assessed through time-domain simulations conducted in
MATLAB. Only the TES tank is simulated.

» Charging and discharging processes are examined.

Compressor
Chiller

T

T?»a,**a |
| = 1) < ®

T:ﬂ J
t 3 ' Heat Exchanger
m v
(—I < <« < <« <«
IR
Ice storage tanks 16 fUKESzO]g



Simulation Results (2)

» Charging process:
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The mass flow rate of the refrigerant
is kept at a value of m, =26 kg/s.

The initial temperature of the water
is 15°C.

The input temperature of the
refrigerant is —6°C.

The behaviour of water/ ice is shown

for the last heat exchanger node
(both tanks).

The behaviour of the refrigerant is
shown at the bottom (both tanks).
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Temp (°C)
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Simulation Results (3)

» Discharging process:

The mass flow rate of the refrigerant
is kept at a value of m, =26 kg/s.

The initial temperature of the ice is
~1°C.

The input temperature of the
refrigerant is 16°C.

The behaviour of water/ ice is shown
for the last heat exchanger node
(both tanks).

The behaviour of the refrigerant is
shown at the bottom (both tanks).
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On-Going Work
» Next Steps

* The performance of the ice store model will be verified through some experimental data

available from a University campus.

Tpcm
= The hydraulic performance of the g
complete cooling system, including the SoC S
ice-based TES, piping, valves, pumps,
and heat exchangers will be assessed in PCM Tank
Apros (a commercial software to T, T,
simulate processes). Experimental data > . :
will be used for comparison purposes. . Apros mn >| Apros di
m AP
= The thermal performance will be > _
incorporated from the MATLAB model. Two circuits Point
(Node)
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Concluding Remarks

" Modelling of TES and PCM (ice) has enabled us to gain knowledge and understanding of
heat transfer for district cooling applications.

" The modelling approach is based on thermodynamic processes reported in the open
literature.

" The ‘stratification approach’ has been used to model hot water storage tanks. This work
has been published (ICAE/Energy Procedia).

" The research ambition is to carry on developing our models:

o The work linking thermal storage (MATLAB) with Apros was presented in Finland (May 2019).
o The modelling methodology will be submitted to a journal soon.

o A case study with experimental results from a University campus will be submitted to a
journal. Work is in progress.
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