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Due to the intermittent nature of renewable heat sources, the inclusion of 
thermal energy stores (TES) in 4th generation district heating is crucial. 

Introduction



i. A novel model was used to simulate a theoretical ultra-low carbon district heating network (ULC-DHN) located at 

Holywell Park, Loughborough University (Loughborough, UK).

ii. The proposed ULC-DHN system includes heat pumps (HPs), evacuated-tube solar thermal collectors (ETSTCs) and 

seasonal thermal energy storage (STES) to provide heat to buildings.

iii. Both a) real historic half-hourly CO2 emissions per kWh of electricity and b) real historic half-hourly heat demands 

for Holywell Park are used in the simulations.

iv. The effect of:

a. Using onsite Wind-generated electricity vs. using onsite PV-generated electricity to power the HPs;

b. The location of the ULC-DHN - three locations were assumed: Loughborough, Bournemouth and Glasgow -

on the share of heating demand met by onsite zero-carbon heat sources and the levelized cost of heat (LCOH) for the 

period 2000 ς 2019 (20 years) was studied.

Objectives



Methodology : Map of the Holywell  Park at Loughborough University  (UK) showing the three  buildings  and 

the proposed  ULC-DHN. 

ETSTC + HP



Methodology : Flow diagram illustrating  the order  of priority  of heat supply  approaches  for  the ULC-DHN 

configurations . 
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Location and time

District Heating Network Holywell Park, Loughborough University, 

Loughborough, (UK)

Locations studied Glasgow, Loughborough and Bournemouth 

(UK)

Time-period simulated 2000 - 2019

STES system main parameters

Charging temperature for STES (°C) 60

VSTES (m
3) 20,000

Initial assumed heat stored in STES (% of the maximum storage capacity) 0%

Heat and electricity main parameters

Electricity from the grid used by HPs to fully meet demands (kWh per half hour) Predicted

AETSTC (m
2) 10,000

On-site PV capacity (MW) 1.5

On-site wind capacity (MW) 1.5

HPs

Total number Predicted

Heat Capacity per unit (kW) 500

Methodology : Key parameters  specified  for  the simulation .



SHARE OF HEATING DEMAND MET BY ONSITE ZERO-CARBON HEAT SOURCES 
WHEN USING PV-GENERATED ELECTRICITY TO POWER HPs



1 
Ja

n

3 
Ja

n

5 
Ja

n

7 
Ja

n

9 
Ja

n

11
 J

an

13
 J

an

15
 J

an

17
 J

an

19
 J

an

21
 J

an

23
 J

an

25
 J

an

27
 J

an

29
 J

an

31
 J

an

0

200,000

400,000

600,000

800,000

0

500

1,000

1,500

2,000

2,500

4,500
6,000
7,500

k
W

h
 p

e
r 

h
a
lf

 h
o

u
r

 ETSTC  STES

 GSHPs powered by on-site generated electricity  GSHPs powered by zero-carbon grid electricity

 GSHPs powered by non-zero-carbon grid electricity  Excess heat not stored or shed

Loughborough, PV, January 2019

0

500

1,000

1,500

2,000

2,500

4,500
6,000
7,500

H
e
a
t 

d
e
m

a
n

d
s
 

(k
W

h
 p

e
r 

h
a
lf

 h
o

u
r)

H
e

a
t 

s
to

re
d

 

in
 S

T
E

S
 (

k
W

h
)

RESULTS: share of heating demand met by the different heat sources considered for 
the ULC-DHN 
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RESULTS: share of heating demand met by the different heat sources considered for 
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V In the autumn/winter 
months heat is 
supplied mostly by 
HPs powered by non-
zero-carbon grid 
electricity

V In spring/summer heat 
is mostly supplied by 
onsite zero-carbon 
heat sources, i.e. HPs 
powered by onsite PV-
generated electricity, 
ETSTC and STES



PV-GENERATED ELECTRICITY vs. WIND GENERATED ELECTRICITY TO POWER HPs
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V When using onsite 
wind -generated 
electricity to power 
HPs, heat demands 
can be mostly met by 
zero-carbon onsite 
heat sources for the 
whole year 2019
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RESULTS: share of heating demand met by the different heat sources considered for 
the ULC-DHN 

When reaching the maximum 
STES storage capacity:

1) Any extra electricity 
produced by onsite 
wind -generated is sold 
to the grid. 

2) Any extra heat produced 
by ETSTC is shed or used 
in other applications
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EFFECT OF LOCATION ON THE SHARE OF 
HEATING DEMAND MET BY ONSITE ZERO-CARBON HEAT SOURCES 
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RESULTS: Average irradiance,  air temperature,  PV capacity  and Wind capacity  for  
Loughborough, years 2000 - 2019


